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Abstract

This special project develops the gas flow control and measurefnent system
via the touch screen. The developed system consists of two parts: the microcontroller
part using Arduino Mega 2560 and the display part using Nextion Touch Screen model
NX4827T043 with the resolution of 480 x 272. The system can be used to control 4-
different types of mass flow controllers simuttaneously. Information of each mass flow
controller such as type of mass flow controller and value of full scale can provide to
the system via the touch screen. The control system receives the operating command
such as type of gas to be used and gas flow rate in sccm via the touch screen also.
The controller converts the value of flow rate to digital signal and send to 12-bit
MCP4922 D/A module to convert to analog signal with the value between 0 and 5
volts. This signal which is equivalent to the flow rate of 0 and full-scale value, will be
sent to the mass flow controller. As the gas flow through the mass flow controller
generates an analog signal that equivalent to the actual flow rate and is sent to
microcontroller via analog input port. The microcontroller convert this value to flow
rate in sccm and display on touch screen. The developed system is tested by
comparing performance with the commercial product. Comparison results in all cases,

the maximum difference is less than 3.61%

Keywords : Arduino Mega 2560, Mass Flow Controller, Nextion Touch Screen Display
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D/A -Digital to Analog Converter
GND Ground
CLK Clock
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a v ' d & P a 1 a4 o = o« y oo
gaumgiives dauasiilureavaiianizdnd uagnilaguneasiiena 18 (Vapor)” finwil

useBmwmilenszwineymatiosunn symaszegvinisiunadlawSouiisuiuvesvaiuay

yoauds fatly wleussefndliluaivue Aefauninsanaiduntvusiiussy ¥ililiguss
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Aedlanddnaly fai)

1)

2)

3)

a)

Aedisusraduvineshiviuey wWasuwadlumumusivesg ussy

Tumvuglafveiisuiradudinasmunimugiu 1y dussglunivus

=, o al I

NIINaUIUN 1 anT ﬂ’lﬁ'i]ﬁlﬁﬂi’NL‘fJUVli\lﬂﬁNfl‘lEll’]Wi 1 85 W58

bl

fefiusedamilorssnineunia (luana wisezaey) desuin Juviili

o A4 o oa ' -
2YNATDINYAWIALATIUVINGD LLW‘iﬂiz'il"lEJLg\NﬂW‘UUSVIUi'i’-Q

<

2/ & dl IJ v < o E‘f’ 1 e
fwaglumeusiiasuulaniinasld Usinasvesingaziuegiu

o) @ o

avail AusuLassoulua daiutdlausnusuinsvasineasfieauen

v

aangil anufuuazduauluadie Wy fMeesndiay 1 lualiviuins

) oo

22.4 dm? figamadl 0 °C ATWA 1 ussEA (STP)
arsfegluaniuzfedianumnuiuiesnidesgluannrveunaiuay
vaeude 1y ot fiaaumuaudy 0.0006 g/cm? i uutuds
0.9584 g/cm® #4100 °C

Areanunsounsly wazunslidunsesieiiusidamieassuinluana

ﬁaﬂm'waqma'mas'uam%a



5) Reisnatudus 2 siatulvdeinunldlunsusifonty fausasyiin
ssundnanfuetvanysaind sufedumanvesiaduasifen vie
Wuansazais (Solution)

6) fednlnalifiduaslusild wu freeendiau (0, Awlalaiau (Hy) e
aveulasenles (CO,) udfineunvilniid Wy Avlulniulaeenles
(NO,) fiEvmaune Merasiu (CL,) Sddounumdes feleleu (0, i
USavisiiahiduun usu

2.1.2 U3 aamgil uasAmNAY
msTausunsesiing iesnnfeussgluntvuslaifanszaefunitus

24
a ot

sunasvesing SulmneiBnastesnisusiussyiiei mhoveniunms
Afeulide gnuiadladiuns (dm?) iedns (liten) vie gnurAfigudluns (cm?)
(1 dm?=1000 cm?)

gamail (Temperature) Wusnasiditlfuanseduaruieu-Buresans
paumgiilduenlivsuiisdinasanuieutesans nande asfilgumgliviniuuan
iftssfuanudeurinfuusernesivinasadeuliviiufld idedeTngamai
Mdfuathaunsmansfemesluiiines

nsingamaiivesnig msimgamgiinanduiliivaisuu fe waidea
wadu wusuled Tsweiuwazusaiu usnisirgumgiivesinediulngld wasidiu
a3 (Kelvin Scale) w3ai3andn wmsndruduysal (Absolute temperature scale)
dydnwal K wavasiwaidea gumniinaiu wazesruTadpalimmdiusius

gamailieadu (K) = eswieadua (°C) + 273.15

A vanede usiinssidemieituil fkmnduusaiu desnam

sugasfeiinanluanavesierundeanivug mszasiuauiurasiefousd

d 1 ) )

T:uLaqa-uaqﬁwnszmmawumauﬁmﬂaa*ﬁuﬁﬂaqm'uux wazAMAUYINwilaY
Wil iaitdnlaveinirus mytamusuresfing mheildianusy
1dur usssma Dafwnsusen Tafusemaamas Ysuddenisas i2 v ved
dvsumheieale lduraaa (Pascal)

Fadoydnwal Pa uagmiaesing q fiavuduius Fail

1 U558IN77 = 760 faduns = 760 nasd (Torm) = 14.7 Joud/a15194
(lb/in?) = 1.01325 x 10° Uramia (Pa) = 1.01325 x 10° dasu/a1s1aums (Nm?) =
1.01325 15 (bar)

1 fadwasusan = 133.3 Wsu/msnuns (Nm)



213  Ussmveding

PnmsAnwautRvesie araunsautsiessniu 2 Ysuian fe fgan
AR (Ideal gas) uazfinwe3s (Real gas)

2.1.3.1 finvgnuni (Ideal gas)

Frwgauaf (Ideal gas) WiaiSendrineauysal viofwauui Wy
feilifiogede dfnermansimunsuileasuntanRnn q MRaafufis
Tneliinganssudulununguasielidirigungivismudula fe
augizﬁlﬂuﬁwﬁlﬂﬁu‘m§ﬂmﬁmiwiwﬂmaqauuua"'laawmﬁwqmuﬂa

1) Freuszneuielianadiuiunnn naluanaidnvusduieu

naxfifluawir iy ﬁmmﬁmgiuqﬁu‘fuiuLaqﬁmehf‘fasﬁumﬁq
wasnszABULUUBAVEUALYsal

2) Feiwnassvesiuananndatiaounn dawFeudieuuiinms

yoafvanIuE ﬁaawmméfml‘%umwadmaqaﬁdﬂ

3) laiflusela q nssvideluanalidtezfunsindnuisusafage

viaunsuiusiiudedlaniinssyidelianade

) msiedeuiivestanafunuudu Famnefivitlmanaannso

\ndeuiildasmnyniienie
gnsmugauAl
PV = nRT

ATTUAU

b
(o]

Wl

USuasuaenig

Zz2 < D
b
()

Jawulutanaviamun

b
®

Funuluaveing

=
o) |
[O]

P
D Db
)]

[s))

AAIYBINY 8.314 J/mol

gamail (K)



2.1.3.2 19939 (Real gas)

Fa9934 (Real gas) mnedafeitliidulumiungane q vesfine
auysal uieiifiegeslusssumni fussBaumiersewinluanatios udly
vnannzfweienafiautilndifssiufeaysolld Aefigamgiguuas
Awsusung feesilaalndifsiufeanysoinniigaiigamaiiies
LasAuiy 1 ussemARameden (nert gas) autRvasieiidnuiuliun
1@ UBinas Ay gamgdll mathaudeu wasnisuws Wiy

dlendnfisine aefipessyiuns gamgil wasAuAuAY \lesann
WuaudAamezvesing (intensive properties) Usu1as (Volume) lun1sin
Yimasvesfinelimizagauiadiadiuns (dm?) dudumiisdesldmiag
anuraiiguRwns (cm®) gaungil (Temperature) indesdlefliingungiife
wesueiined wednefmia uazlnlsiines wmsdwillingungiife
wandud (0 waiu (K vwsuled (F) uadlawed (R) dwiumsdnnaides
Feld ey ideiSenitesndiysal (Absolute Temperature) AYMENWS
sewimaluiuwaldod

K S\ el

\asnniinasvasimasuulasiuaugaumgiiuazaiudy il
mazanlunmaTeudisulinnsvesitg Taimungamgiivazaiuny
mmj.i"m'ﬁu L‘%'an%aiwamasqquﬁuazmwﬁummgw (Standard
Temperature and Pressure : STP) Fafiguugiiindu 0 °C AuFy 1

USS8INA 130 760 mmHg

22 il

Uhinawesasinisvarasfelussuumuaudnsmsiva sgldmiieves standard

liters per minute (stm) 3@ standard cubic centimeters per minute (scem) T 98 0

sermEaLiEd uash 1 mnuduussena esnfweeuad 1 Tua wiiuSinm 22.4 8ns #
4 < @ ot a & [T | v &

0 sealded uasit 1 AmduuTsenma Falulassuiiasiaglimiisnsiaiu

standard cubic centimeters per minute (sccm)
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231  dwsznaudas q aeluiaiasauquinsinsive
wiaatasasimsiva Aldlulassrufiael fuliazsBoatateduszney
nan 9 melundoadil
1) Base Ao dawveiduduauiaauazgaieudavesdudseneudn 4 u
sindesmuausamsiva imhiduvelbiieiu
2) Sensor fie duilnsiaingamyil Faviefinvintailivuadusigudnans
FiEnnn Jadimsmevauaseiiiomesinnsidsulainisivavesfine
k)
3) Bypass A8 daufilufeutaiioufiu Flow Splitter azidudnsinisiva
sewiniimelvaduisunafulvaiudisues devimauFuiiouan
aslmavasfndlunsldon '

4) Control Valve s @rumivandalunisdmuanisinavesinglag

d'vd'o v L]

navausredyaIaiaadll dediaiimifiduadeundiil fe

a

Piezoelectric, vaaanlwih uaz gaumgil

d
232 winnIniluTaNeIatAIUAN

detifrelvadiluivieuiewa fvazueniiemnisinasenidu 2 imnede
Inariwvieuisniduaznnishelvaluvieund dlefeitlvarureuremaazyinli
ynaan 2 gaumgiifiunnsefiy omndlefeinatuusmediusn Munsam

¥ o/

zoundansluvie wlemelvasiiu feszmauiourestaaamusninaduluag

v ol @ a a o 1 @ o % o qVa |
QQW']‘LVWI'UﬂaqﬂﬁnLﬁﬂuqmﬂﬂuum'\ﬂ'}l'ﬂ)']ﬂa')ﬂﬂ?ﬂ 2 ‘ﬂﬁVl'ﬂ'Mlﬂﬂﬂ')']Nuﬁﬂﬂ'N‘uaﬂ

gamgilivesraaniniu dielAnAnuuandvesguvgiasviliiAinwsduiiuanaa

9

L 1 4 1]

fu widsmalvesuindiinaraliauna agldusaadeulnih 0-5 Taad uddedn
selufanees ADC itedernsenundudiuvesending uddilolafita3es mass flow
Aamslvavesfiieiiuswiulineg f1 CPU agvinsussinanaiiiidasnsivaves
ﬁﬂmﬁlumﬂ%uﬁuﬁauiqﬁuﬁﬂﬁqa%u azvinnsdanslug control valve iiiavinnas

UFuieauasinuansinisinavesinglnnaad



< = Y [:3
Ui 2.1 iTesnruRuaRsINTsIvavasuiia (Mass Flow Controller) uas

o o o
29AUsZNAUYBIATEIAIVANIATINTT INAYBITY

Output Indication
Control Valve >

CPU

A

ADC N Bridge Circuit [€

< o [
sUil 2.2 lnezunsunisnauauvaAIBIRIUANERTINTTINA

24 2wswasdygruaineadudygrmeunaen

Digital to Analog Converter (D/A) v’t’mﬁwﬁuﬂaaﬁagawaé’wéﬂwnmi\hzmanatﬂu
Fyarality Thidudyaaiuyediuild dudald Wunisuanawadeya (Output Unit)
digital-to-analog conversion Wunseuaunsddyanuiinsimunsssiu visaaiugdnau
nile (Und Ao 2 anuy) viednauninea Wdudygraihiddaduiuvesaaius wie
dyaeuasn et nszurumsvashiilunswasdeyanauiames Dupudides
Tranunsadsinuaislnsdwn twisted pair Tursasivieniliduiteiduil Sendn digital-to-
analog converter (DAC) Iﬂﬂ‘lﬁu‘ﬁ_ﬁu digital-to-analog conversion #5991uAY analog-to-
analog conversion 1 analog-to-analog converter (ADC) 'mag:‘luuwsmiﬁ'amidamn
DAC dnyaufineadseen svaseiudnyaualneadidn Tunsdiil DAC 1mseglunasdennn
ADC e‘!’cgzmmamﬁana'qaanazLﬂumaﬁuﬁmmwmamﬁanﬁmﬁﬁmmwmﬁﬁmaa WUy binary
szusngiiutaninueuine1 ves 1 uaz 0 Faazlsifimnamuiedeniseu usiile DAC 19
pansadyyUATBawLY binary SeUsingradnsifiauming Faorvazu dos A

P -
Feaauss waznalnnisideu
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ssuun1sulasfanealfusunden (digital-to-analog conversion system) 3
Tﬂav‘i’a‘lu‘lu‘[ﬂiﬂauﬁqmas’avanTUsunsu'lﬁeia%’auaﬁ%maa (azgauvaafiueundien) senin
lugUrassiadilavgiuaes a1ty Latch Fufunseshdneatiaireaniady-vasuas syt
muvauaﬁ‘hwsaunuama’lmnmwmﬂaqmmaatﬂuamaan (DAQ) Lwammiuﬂawauau
DAC als'hﬁsmu‘hammeanizuammwmwuqL'duismjmaaﬂumsuﬂawau‘lammaatﬁu
surdenlatliioinaluzureanszud wasuuainszuaiiuliading (curent-to-voltage
converter) Tagunfiasneann op-amp azvimthilwlasnszualiedluguvedhadiag gavie
Fyaraeundeniildasgnacluds low-pass fitter i dneadUssneudygruaiuige

penly vlvdyaahamaaiewwaddidnuasidudug (quantized analog output)

=1

12-bit DAC | Low-pass = Vou

filter
D[ w |

A o
E'U‘VI 23 iz'u'ummﬂmnwaad’luamﬁan

Micro- l,: 12-bit

controller latch

[NARARRRNRR
VYVVVYVVVVYYY
YYVVYVYYYVYYY

INARRRRARARA

2.4.1 Binary-weighted-input DAC

Nfaiﬁuﬁwﬂaamsuﬂaaé’mmmﬁﬁmaatﬂuamﬁan Usenaulumeneas 2

dhusuansluguil 2.4 Asesulasiinen 4 Smdueunden Uszneulumenesdi

7 1 Aolasatnodadiunt wasdiui 2 wamalugudl 2.5 Aevesvnenagan dmiy

2asveRasInEliiinesuestwsuiidugunsaldlumsviho

flnoadunn BUTABNLAWA
D CB A

- Tasedei 29959818
k| ) | ()

ATUNY Hay
0-3V

d - Y-
JUf 2.4 LHUAMNTaULERITTuURRIRaaluaunden
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Snvarreteauuandfsguil 2.5 n YssnaulumeBunas fie input inverting
waz input non-inverting 2sasvewpavueudildlunisulat D/A fersasugienuy

nduma fanandluguii 2.5 9

Input inverting -
. . Output
Input non-inverting +
(n)
Re
———VW———]
Rin
—VW\— 7
Vin S N
l f—+ -LVout
(v

o o
Uil 2.5 sauuauiuazieesvensuuunaUIG

2.4.2 R/2R Ladder DAC
aa & 2 ot d a a o a & 1
19vswasidnsailiusundeniidhuniisdunaiidiuiulauiniu (wu D/A
g 12 Tn ssdailyuiGesdanuuniuil LSB exilArgannuszina 2M il
' Y] ] o ' @ ' o -
YaymlumsmAarUAMUNIUAIAI 4 Fusneeiude 12 A1 Fadin15eenluUNaTh
Y » » ' ¢ v o < q v
Meannudiuniutios 9 Wi 2995 D/A WUU R/2R waniaad Awansluzui 2.6 Fald
Fduynuiites 2 AwinduRe 10 kQ was 20 kQ i lieentuulazainaaasulas
D/A ladradu

+Vref
o 1 (LS/B\) 2R 2R = 20 kQ
——O

o0 o—wnw—1 - L__.
’ (MmsB) ,__r‘ >__— Yo

U 2.6 2993 D/A 4 {in wuu R/2R uanwes
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2.43 gluuumsdatieya (SPI Serial Interface)
dm¥u Module iifldasdasdsdaya Digital Input Wiy Module Tudnuniz
w04 Serial (SP)) Tngaeiinsdimduazdidayaludeiunisas 16 Bit (2Byte) don1s

Convert dgyayieu Digital 1 A1 Tnefigunuukanlumsmn

<
AN 2.1 uamgﬂu.uumida Command uay Data

Upper Half:
Bit15 Bit14 Bit13 Bit12 Bit1i1 Bit10 Bit9 Bit8
A/B BUF GA SHDN D11 D10 D9 D8

Lower Half:
Bit7 Bit6 Bit5 Bitd Bit3 Bit2 Bit1 Bit0
D7 D6 D5 D4 D3 D2 D1 DO

Bit 15 A/B : DAC, %38 DAC, Select bit dwiuidien Channel Output

1 = Write to DACg 19471 Output Channel B

0 = Write to DAC, 1941u Output Channel A
Bit 14 BUF : V.. Input Buffer Control bit dmuranualiusesusadaiiTuidnan
s Buffer wssluitinu Buffer

1 = Buffered Wiussrusnedaisudransiw Buffer meluwes MCP4922

- 0 = Unbuffered Triusasudnadaiisuitunlaisig Buffer meluves MCP4922

Bit 13 GA : Output Gain Select bit dmiuideninasivangveddaaa Output

1 = 1x 381A Vo = Vier X D/4096

0 = 2x LR Vo = 2 X Vier X D/8096

\dle D = A1we4 Digital Input §7u 10 (DO - D11)
Bit 12 SHDN : Output Power down Control bit 14i11ua Module Shutdown
Tvifiu DAC

1 = Output Power down Control bit: UWires Output ¥ 191uUn@ DAC

¥y

0 = Output buffer disabled, Output high impedance: Uliles Output b

1197 DAC Standby Mode
Bit 11-0 D11 - DO : DAC Data bits #ieya Digital 12 Bit Jafifinegszwine 0 - 4096
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Fumenlunisdstayauas Command annsafinsantiaingusuans R
Syududeatvualiion CS way LDAC (fu 1 A1ald fessyiinis Wiite Command
wavdstieya sxfoaimualivt CS = 0’ uimmueiie Clock 4 bit Configuration way
12 bit data nudEy Teyaitavgndsesnlufiun SDI Taaidudaii 15 senluiliula
usn wdndedeyansu 16 bit Afmualien CS = ‘17 udBededayga Latch (30
0 iy 1) Wil LDAC dqygnauidneatign Convert Wueunden ﬁﬂsgndqaanm‘?‘i
41 Output 'luChanneh?isﬂ‘ﬁ'ﬁwuﬂH FaszduuseruiioanuniiasiialndiAsiueni
Anuangastiedu nvesa §11 €S, SCL waz SDI Lildgn Pull Up 2nmeuen
vasald §léados Set Jumper vuvainumiediu ENA dat Wieviin1s Pull Up

Tiundrygua 3 21

&\ /
7.8 .9 10 11 12 13 4 15 (mode 1,1)
SCK {mode 0.0}
o— config bts i 12 data bits
s0I A8 JBUF}GA) 5HoN JD11)D10] Ds} D8] 07] D6 05§ D4 03) 02) 01) 00
1
LDAC \ /.--.---- ]

?Jﬁ 2.7 Timing Write Command

2.5 Gas Factor

0 o« dl o I‘: o 1 Iy A a ] al el 1
mwsuLﬂiaamuquamwn'ﬁlwauummmas'ziuﬂwﬂ'nuﬂul.mnu geiiAnnaluiana
Fmulauana ﬂ'ﬁﬂ':'mqﬂ'nu%'auﬁi’mww'uaaﬁw wasAunuiLduefiglivindy 3
-J <4 . ﬂ' v o o & :’I d‘
\ilee91n Mass Flow aziinas Calibrated iielddniufiteiug lun1snagauiasatnivgy
o’ a‘ 5 L3 at 3 o d' = a o/ :’I < v /0
Snsnsivafieenwuutiuasdedinisléfefiauazefindu Mass Flow satiufseldan Gas
d v [} J o d LY -4
Factor Waitnndglunsmardnsinisivaiuna3awesning
Gas Factor Hugavsuendasidiuvesnisivavasing Inenviavasiedueiiaisne
nnAsesmuausasINsiva Saiwitlilunsuiudivude fglulasiau (N, naaed

1 ] -4 :’I « @ &’
wamIAR Gas Factor TUmasNI¥UUUNIU
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A R »
A1 2.2 ATNUEAIAT Gas Factor vsuAazig

SpecificHeat,CP Density Conversion
Gas Symbol
cal/g°C ¢/l @0°C Factor
Air - 0.240 1.293 1.00
Argon Ar 0.1244 1.782 1.39
Hydrogen H, 3.419 0.0899 1.01
Nitrogen N, 0.2485 1.250 1.00
Oxygen 0, 0.2193 1.427 0.993

annsasnueRIINsinanuaalanall

Gas Factor veafneilsAIuA
Full Scale New = z x Full Scale
Gas Factor 183%Un Mass Flow

Set Point
Vout = X 5v
Full Scale New
Vout’ g Ausesulyia #lud Control valve

L U ) A g
Full Scale new fie Sns1nslnagegarilmivenias Mass Flow lilumugudasimslua
geefing AldannsAnan
FullScale  fa sasn1sivagegauaunies Mass Flow flimuaudnsnisinavesing

. « 1w e v ] Y Y
Set Point fio Ardmsnsivangldteudruqadudd

2.6 qeduAd

w98 Nextion NX4827T043 - 4.3” 1Julluy Resistive Favelulad Resistive fioh
Hunuuiussusanaswnsiunasiduussiananeg endieane wu Suewns Frugitld
1AT84 POS IUAIUANNNAGAAMATTY sumaldlugunsainnwnagng PDA, Mobile (udiu
Touch ScreenlUU Resistive avlssneudslawemuuigavduuasiaaifudiileguu

e o

Fuudedusewing 2 awesmodianuaudeimihiiuenlbilidlures 2 lawesdudaniu
msziulures 2 westasiadeudsarsdnhliihifquandilusuadlunassiinns
Jdeunszuaiiawesansih wazilenail Touch Screen asvinlinags 2 awweidatisiy
PnssmusitzAaAnzuali Faazuansndlunudwnisitduda Wedwa

J 3 v o ) A LY
ﬂ’lﬂib’I.L?IGI']HLL‘U’]GNLLaSLLU'JUaUﬁﬂz‘lﬂﬂﬁu‘MU\iﬂﬁuNHUUWL‘I'WEl
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PET tim
~—— Top circuit layer

1TO conductive
coatng

31Jﬁ 2.8 98 Nextion NX4827T043 - 4.3” WUU Resistive

2.6.1 N15PBNUWUUNTINIBHUAE
n1508nLUUNEI98 Nextion Huaursasenuuulasld Tusunsu
NextionEditor #slusunsuiignesnuuuniielfaiudmiunthes Nextion winfu &
annsadaniuvievuianinnesene Nextion 1o
msléfnilusuns NextionEditor #ugiu feil
1) Download lUsunsa NextionEditor
910 https://nextion.itead.cc/fag-items/nextion-editor-download/

[

NextionEditor

sUil 2.9 Wsunsu NextionEditor

2) \ilealusunsu NextionEditor zuanntinfelun151danuvee99
Nextion diglsnthaeiiisdesmsssnuuululusunsuiunediumiiiee
Nextion #sluarulassarufiewil avldae Nextion ju NX4827T043 -
43" yutautinee 43 52 (480 x 272) 9 ntuviinisiden
NX4827T043 011 iilelvimsafuaaiitsildan wazdniagannsaiden
Display v8338l631684n13 wudandeuuiuey Tnslulassufivewle

WBenldesuuunuiusy (0 Horizontal)



16

Character Encoding

i Ll | )

i‘UVI 2. 11 umma’lumsmmsumﬂm'muawa Next|on maanu,uuwu'ma

3) dlevnsReAvtineeveus1sausasLal ﬂsl,%'wzjwﬁwaﬁmﬁmﬁwmi

v L 24 d < J A v
panuuUULNee Ingldiadeslion1ag AU INBINTS

Main Menu : wauipasile Toolbar 619

Components : (A3adilas9 ildlun1seenuuumiings Nextion i
U Button Textbox Picture wazduq

Picture & Front Library : waudildlun1sdwinangunimuazaing
Wous

Compiler Output Window : WAULEAANLZYBINITHNY Wievi

A13 compile
Event Area : Wounlal@eu code

Attributes Editing Area : uauuaniIaunly Properties 8491
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® Page Area : unuillfuanssruaumimieansnsaiiumhlunsi
1

" y P
® Display Area : @ufiuanIalun1ToeNKUY

s gipna | Components

’ ""‘" Page Area
Hotmect Display Area

_ — - R e o [ S veneeres b
Picture & Front }| x |

sakd car

(Pt ovet sase bon comporert e | oo h

L Cosw

\ibrary | Compiler Output f - Attributes
it Window Event Area Editing Area
| S b ¥ ik e b b

A el . T E e —— ..,.«.“ = s =%

sthn 242 amﬂsvnau'uae'wiunm NextionEditer

a) dleviniseenuuuiasaudlsvinnisoninanlwanuasae Nextion 1ng
Aseninga1u txt asly SD Card #sa1u13ailalagly File > Open
build folder > copy IWdeu .txt > paste #1 SD Card wdati SD Card
Tudwivanlndanilu Nextion laiae

Arduino

Arduino Wuvesalulasneulnsaeinizga AVR Aifinswaniuuy Open Source A

finsiWawedoyaiidu Hardware uaz Software fauase Arduino gnesnuuunliliau

L [ 5 <t o v va v o 5 A’ v g i a a o '
1odne m‘uummmza'msugﬁumuﬁnm mucg"l'muma'lu'lsnmuﬂaa PNULAL WRIURBEBA

Jashuesn wielusunsusalasnnay

AudrBveuein Arduino lunisiegunsailaiudi1eg Aegliauaiuisnneieas

a o & v A e o P
alaﬂ“iaunaﬂ"ﬂﬂ"Uuaﬂua'ﬂ'ﬁauﬂatﬂ"u"ﬂ'lﬂ I/0 'UaﬂUa%ﬂ ﬂ%alwaﬂqquaﬂﬂ'ﬁ]?ﬂu'ﬁﬂ

\Bandefuuesalasy (Arduino Shield) Uszianmiag 19U Arduino XBee Shield, Arduino
Music Shield, Arduino Relay Shield, Arduino Wireless Shield, Arduino GPRS Shield 18 u

v - o ¢ ¢ 3 Y o Y ' o
AU UNABUNUUDIAVUUBIA Arduino I.I.ﬂ']l.‘llEINTUiU.ﬂ?NWN'N’IﬂB‘lﬂI.aEI
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) A o ¥ = Jq
2.7.1  yawsuiniliuein Arduino Wuhitley

1)
2)
3)
4)
5)

fesensWann Tguuuuidsiugu Lidudeummnzdm3ugisudu
i Arduino Community nauAuisufuiamiudeuss

Open Hardware ¥ilvgldannseivesaludasealfnuldvatsnu
PRGRIFIETE

Cross Platform ansawannlusunsuuu OS lafle

2.7.2 Layout & Pin out Arduino Board (Model: Arduino MEGA 2560)

I?CSP Port : Atmegal6U2

10. I/O Port : Digital

¥ [9. ICSP : Atmega 328

<

3. MCU : Atmega16U2

8. Reset Button

4. Power jack | —>

1)

2)

3)

4)
5)

6)

7

8)
9)

7. MCU : Atmega 328

5. Power Port || 6. 1/0 Port : Analog

guﬁ 2.13 d2uussnauvad Arduino Meg 2560

ICSP Port 84 Atmegal6U2 WHunesaiildlusunsu Visual Com port
UU Atmegal6U2

USB Port : 1 m3usiedu Computer titedulyanlusunsudh MCU uae
Telnlviduuein

MCU 984 Atmega16U2 1fu MCU #iviantinilidiu USB to Serial lag
Atmega328 azfinsiaiu Computer 61 Atmegal6U2

Power Jack : $ulwann Adapter Tngflussiuegsewing 7-12 V

Power Port : Iiassvesvaiatiiadeanisdeluliduisesntsuen
Usznauseuilwides +3.3 V, +5V, GND, Vin

/O Port : uananazilu Digital /O Wa3 Favasudu vesiudyyn
punden MY AO-AS

MCU : Atmega328 1Ju MCU #llduuuein Arduino

Reset Button : {uu Reset Ténaulasasnisl Mcu Gumsviailm
ICSP Port : Atmega328 iumesiildlusunsu Bootloader
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10) I/O Port : Digital I/O Fudun DO B D13 uBN9ING Ve Pin azvimling
Suq aAnde 1wy Pin0,1 WU TX, RX Serial, Pin3,5,6,9,10 uag 11

WHuwn PWM
Arduino Mega 2560 vasajulugiluvesnszqa Arduino sigmandfsiieg
Wis@uan Arduino Uno R3 148w ATmega2560 fifimizmnudumay 256 KB uwsu
8 kB 1¥lwidss 7 81 12V uiaﬁ'u‘vaﬁswagiﬁ 5V i Digital Input / Output 11§
54 91 (Wu PWM l¢f 14 1) §i Analog Input 16 91 Serial UART 4 % 12C 1 4@ SPI

o v v

1 9 Wulusunsuuy Arduino IDE uazlusunsuitu USB mnzdmiugiauls
L'%'nﬁut‘%‘au"ﬁimiﬁwuﬂﬂmﬂau‘[wsamaﬁﬁaamsua%ﬂ Arduino TifiviEAIF
wasU AR Iseldemunntu
2.7.3  msldeulusunsu Areduino IDE

Arduino a:ldlUsunsuiiidenda Arduino IDE lunisldnudmiuntsidioulda
Tsunsun1en C/C++ wag Compile Tusunsuasluvasa nisldaulusunsy Arduino
*ﬁuﬁwu il

1) Download lUsunsu Arduino IDE 330

U https://www.arduino.cc/en/Main/Software

2) iiaUalusunsu Arduino IDE szuanantiinedszy laedidiudssney

A1) Al

Text Editor

3U 2.14 asdusznauvasTusunsu Arduino IDE
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. d d I‘l 1
® Main Menu : LLﬂUVlLLﬂmuJ‘l.&‘UENﬂ‘]ﬁ\!GI’N q

File : Wyiaziisataafiunisopen, save 3o close uaz
Frdeenafinmsy

Edit : LugﬁasLﬁﬂdﬁunﬂiantanﬁﬂﬁ"ﬁué"; A"

Sketch : Lugﬁ’ﬁ]:ﬂLﬁﬂ’]ﬁ’Uﬂ’liUﬁi}ﬁﬂé’dm‘fﬂum‘i compile,
upload vaslusunsuldvesavienisiuilndves library
Tools : wyiezimiunsinguuuuvedtdalulysunsy, s
\d0n Board Manger waz n1siden Serial Port

Help : wyiliieatun1stiemde wiedeyaiieafiulusunsy

Iidenumil

® Tools bar : upuAdsiinIsledues

v - Verify/Compile (Jumsesedeunsideumdsldnsing
9 Tulusunsu
= : Upload sUlnasldnadluueia Arduino
A ¥ 1
B . New atslndlmi
L Open (Ualwa

L save Sudiniund

® Serial Monitor : M3WantiaN Serial fagu Mnansdayasynsu

v o ' & 5 o '
Taesiaadinisee Board Arduino wazidan Serial Port N1313auMa

Tiigndes

[¥] Autoscrall || Show tmestamp

g't.lﬁ 2.15 Serial Monitor
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® Tabs : uauildidenlndlusunsuusass lunsaiidsulusunsy

Usznausenavaiama

o Text Editor : iuituiidwmiudeulusunsune C/C++
- Setup : Wumsilsulusunsuduny Mo muad1va i
wU5A19 9 MUUAAINITVINIUTBIVIAT 9 wiasusuFenld
lausn3 28
+ TR Lflumsv‘i'muﬁﬁé’ﬂumzmiv'i'muﬁauQﬂsiaLﬁaq
aaoanan Insfifidunelusrlddiusunsauiefudan
mMsUszanana udrdie1AnmesnyIfIe 9 \eAIUANNTS

MU

Set Up

Loop

UM 2.16 n1silisu code Tulusunsu Arduino IDE

& da v & -
® Message Area : \Huunnudwanis Compile Tsunsu wve

A01UNTAIMIUTBIlUSILASY
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ATn1sALUUIIUY

TuunifaznanisgunsalitldluniseenuuugamuauuazuannansiauHILIe

Fua waznszuiunsinanululsaziunau

3.1 aunsal

3.1.1 Arduino Mega 2560 Microcontroller Board
Wudumuaumvinu Flumiateiiadliwesaursdauwiniu 1o
1) wesn USB dmiuswivaalusunsy
2) wain power 5V waz GND
3) Wesn Input Analog
4) wasn I/0 Digital

- -

g'dﬁ 3.1 Arduino Mega 2560 Microcontroller Bored

3.1.2 - Nextion NX4827T043 - 4.3” TFT LCD Intelligent Touch Display

Huduauaunsdsay negldazinisnaiinieduda \ieldeniuy
Lasdnaisdasnaitedenisludeia Mass Flow Controller fin1sldeu 2 1 Ag
91 TX wag RX

5Uil 3.2 99 Nextion NX4827T043 - 4.3
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4 o 3
@159 3.1 uanerandunisldeuvasaa Nextion

38 Nextion Function Connect to Arduino
Blue line X Port Digital RX1 Arduino
Yello line RX Port Digital TX1 Arduino
Red line +5V 5V

Black line GND GND

.0,

o ' N o .
gﬂw 33 1ﬁa=u.niumil.ﬂauﬂa 9 Nextion nuU Arduino

3.1.3 luga MCP4922 D/A vua 12 U
Huduladygraniseadiueundentuin 12 Tn Tddmivwlasdyyi

aa ¢ v o 2 d o A @ &
s3neavesvein Wiludygraeudeniedilufuaiesmunudainnislva Tae IC U

svannsadenliduaanaingla 2 Yesdynu

5Uil 3.4 Tuga MCP4922 D/A B9 12 Tn



as1afl 3.2 uanailandunisldauvasluga MCP4922

24

Line Color | lapa MCP4922 Function Connect to Arduino
Red 1 VDD 5v
- 2 NC -
Orange 3 S Port Digital 34 Arduino
Blue 4 SCK Port Digital 52 Arduino
Green - SDI Port Digital 51 Arduino
- 6 NC -
- 7 NC -
Yellow 8 LDAC Port Digital 2 Arduino
Red 9 SHDN 5V
Remote Set Point Input
Cyan 10 VOUT B
of Mass Flow CH2
Red 11 VREF B 5V
Black 12 VSS GND
Red 13 VREF A 5V
Remote Set Point Input
Cyan 14 VOUT A
of Mass Flow CH1

.........................

-----------------

......
-----

-------

oooooooooooooo

fritzing

sUl 3.5 maaudeszwitsluga MCP4922 D/A fiuuain Arduino
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3.1.4 Step up & Down (Buck & Boost) 5 - 32V to 1.25 - 32V 4A
Hunsesisuasanusssuuuuysuald luduielflugaluas 3 & Taui

fausnazuuidula oC 5 Taad ieunisidediifuseduiauaziuga MCPa922

D/A . DC 9 Thadt titerfiumsidesdlifuuade Arduino uay 4 Channel Relay Module

a o o < = v o o o
wagdndazusuduln oc 12 had eidulnidsdiifuiaissniuaudasinisiva

3.1.5 Power Supply

19 Juundsdnglnuazudativnszuaaduidulnnszuansa 24 vy iy

<« J @ o
ﬂEJUIVIiaLﬁE]iLLﬂSLﬁiﬂ\lﬂ'JUQuﬁﬂi'lﬂ'lilﬂa‘ﬂaﬁﬂ'ﬂl

;:;Uﬁ 3.7 unasanglwnssuanss

A15197 3.3 msiausia Power Supply

Pin of Power Supply Connect
L 91 line Y84 Switch
N 91 Output U84 Switch
GND 97 GND 983 Switch
V+ +24 'V
V- oV
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3.1.6 4 Channels Relay Module 24 VDC
vesnitaduunn 4 ges e inm Connector Mtatifiu NO/COMNC
ansoldiulmanlusesuliih DC uaz AC Taelddyaalunisauaunisviie

sedyaaladn TTL Tneazldifusudenlunmadentdln 24 vDC v3e 12 VDC

g‘dﬁ 3.8 4 Channels Relay Module 24 VDC

3.1.7 Mass Flow Controller
\Judumsmuguensinsivavesing adaiasesaxdl connector Wunadn

DB15 pin dmiuseuinsaslulasreulnsaae’ wiavldifies 6 vivindu laun v
1,2,5,7,8 wag 10

E‘Uﬁ 3.9 Mass Flow Controller
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a15197 3.4 mswdauds lulasraulnsaiaasiu Mass Flow Controller

Pin of Mass
Function Connect
Flow Controller
0 to 5 Vdc Flow Signal
1 GND
Common
: 0 to 5 Vdc Flow Signal Port Analog A1, A2, A3
Output wag Ad Arduino
3 Common -
4 Open (Purge) -
5 Common, Power Supply GND %849 Power Supply
6 (unassigned) -
+12 Vdc (Optional +24
7 Iwuanan Power Supply
vdc*) Power Supply
8 Remote Set Point Input 971 OUT w83 MCP4922 D/A
d 4 to 20 mA (-) Flow Signal
Return (use with 14)
Remote Set Point Common
10 GND
(use with 8)
+5 Vdc Reference Output
11 21 Vref 983 MCP4922 D/A
for Remote Set Point
12 Valve Off Control -
Auxiliary +12 Vdc
* (Optional +24 Vdc*)
Power Output
(For Loads <100 mA)
4 to 20 mA (+)
14 =
Flow Signal Output
15 Chassis Ground -
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. :r,,,,, —— -—._--__—__71 O

< ' &
3Un 3.10 mﬂiaunaﬁaqqﬂnmimnun

3.2 5¥UUAIUANSATINIS InavasinYsuIadudE

ﬂ. @ 4 i l‘: d 0 ¥ ¥
insesmuAudnsIMsivavasieililunmanaseniutuniamlasenuuunazaing
Fuan Tasnmsiuvesssuutiudunsmuaudnsmsivasesinedelilaspeulnsaaes
i ' o o ' Y 3 P |
Arduino Mega 2560 W1 Mass Flow FeFdauuazZULAMNAKNIUIDVDAUNE Nextion FaunTad

a1 uuniidnwueaal
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3.21 AIULENIHALAZNTTHINY

dunanmanazn1sdeny Guduannsilianies udrvedudassudniua
wiusnuaranunsadsnuiiueeduda faduanntsidentdesdygiuidenisa
aruANsaINIsiva niussirguiniidenundsdneln Faspadenlvimunzaudiu
Lﬂ%'aam'uQué’mwmﬂuam‘%‘aaﬁuq sonezinndenvinvesfieiinsaiuiedes
muquuazLﬁan‘dﬁmmﬁwﬁﬁaems‘l{flumsﬂmﬂuuﬁdmnﬁu%ﬁﬂmiﬁv'whm Full
Scale Waw Set Point en1smerrdnsIn1svamuiifesnis edsradaudes
ngwihiideanisdanuieiasmuaudasmslvavasig glaidosntsserntaainis
awiiuin fanansonat “Start” WelEusiuntsineuldiag uddaInsRanaly
mslua Winady “Clock” terdngwiindanat wdannsanada “Start” \alusu
nsvinauléias TusunsuasinisnsivaeukarAuInaiinaly udazdenlud
Tuga MCP4922 D/A wun 12 Un iaasusiinaliidudyaaln 0-5 Vv uddsen
Wduadasmuausamnisive niuiiesniuaudasinsivaszdsrnriu A/D a9
Arduino wdlusunsuvhnsfunAdasnsivailaiuiman A0 Tumise scem

4:‘ e g el A’
‘uwzmmmuamLﬂuuwummswmu‘uaﬂﬂsu,nsu MU
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Tuma MCP4922 D/A $utiaa Digital uduUauiiudiye il Analog

o
W

BUMS

Ee

vyﬁwaé’uﬁauamuawﬁ'msn

St

‘ v T B ‘
| nevthedudaiiaidentesdygy o |
|

BER LGBl

1
| |

|
|

| g & v | g
| dendesdyqnuiiazmusudannisiva <

T1
[ |

(denuvasinginlimnsiunslinuiueies Mass Flow,

b

HontiinvainngvemIn Mass Flow | |
I

e R b

| | Uausi Full Scale YauAIas Mass Flow ] 1

Bl N Tt

a o o Y |
denvilavasieiissmuaudnsinulva | |
2 - 7 A 1
< {pue Set Point vesdasimislua_ > | 4 :
e g s | indesmuaudaTnsiva

fazatlunIsinnuves

l TLidaan

o o o : I~
asavdeu AnnuAmleull uavdsoya Digital

(e a1 T

S22 ¢ A8 o

Fudya e Analog 1183 Mass Flow

AN

J o o ‘/
uAndnsnsivanlasuniain AD /

! b

° " w - '
Auanadasinsivansuain A/D Wilumiae sccm

3 b

- aresdymeu

|

UMY

° o o o
3.13 1ﬂa=uﬂ5uﬂ'ﬁ'ﬂ'N'“ﬂla‘ltﬂiaiﬂQUQﬂaﬂi'ln'ﬁ‘lﬂaﬂa\lﬂ"ﬁ
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322 MISHINUTBITTUUAIUANSATINTS AU uIaANAE

Touch Screen Micro MCP 4922
Display Controller D/A
A

Jl Analog ‘,f‘

JU# 3.14 laazunsunanevanniavine

Mass Flow

3.2.2.1 n51¥auszWiNe Mass Flow Controller fiu 9adueis
NLRUTILEnIN1s19Iuzin1sdeA19nasulnsataa iy
Fuiged uarfuanduinarniduesdniiviaiievinismuauuazsiu
anTuzveTULYD S Tma'l‘ﬁ'ﬁmnvnmaméanﬁ?aud 0-5 Taan M3TudayeyIuan
\Wuwesavlilugaitegluvesa Arduino A/D wu1a 10 In Wiesudayai
Husurdenndureiuasuwandudinealunsldswanuzveaduiges
'l.uaiwuaqmidqé’m,tgwcu‘lUﬂ'wqun'ﬁv‘i'muﬂaaL%uwa%ﬁ"u 14luga
MCP4922 D/A 1u1a 12 9 wlasdygufaneasinuesa Arduino 1y

o/ -3 <
duneundenlumunuiduiges

Digital
——»  Arduino
MCP4922
AU D/A
12 Bit
Analog Mass Flow Analog
Controller

o 4 . : o .
5Uil 3.15 unudsuansnisideunsiassnitaduigeiiu Arduino
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3.3  YUAIUNISNAADY

331 nveassil 1
1) tuadesmuaudasnisivafieenuuuanileud Set Point = 10, 20, 30,
, 100 sccm AuERy
2) Foladuenarinaiieanainluga MCP4922 D/A wiliuinAnadlumnsns
3) pAIAINEAdUNA HIU Serial Monitor ¥89LUsWAsY Arduino ide wao
Uufinuaadlumsn
332 nveaad 2
iasesrruaudasInisinavesfnefiesnuuulunaaeuiuszuy RF
Magnetron Sputtering eIsuliisuAmauduitldaniaiesmuaudnsinisiva
yesieiisenuuuiuiiasmuaNdnsIMsivavesite su ROD-4
1) seissmuausnsnisivavesfnedifuszsuuayyiniAves RF
Magnetron Sputtering
2) ‘v‘hnmﬁan*&mé’zgzywﬁmuaué’mwms'lwaﬂmﬁw Taevinsdusialui
wii19e Channel fiisdesnisiden leidandesdaaialduds asud ing

nihdaly Weviinisiden Volt wazidva

o o o o
5\]7‘ 3.16 Mu'l‘imuamﬂ'ﬁtaaﬂﬂaﬂ ‘Uu 'mmila“ll'lﬂ‘]‘iﬂ":‘ljﬂuaﬂi'ln'lﬂ‘lﬂa

3) yanasiden Volt ivelimungauiuLA3ee Mass Flow fatiuq 310wy
duifaiu “>"ielumtiiveaniinsdviinvesing Mass Flow uay

Type of Gas

= - =) s o
JUM 3.17 wilnvauansn1siaan Volt tna limunsaunuia3ad Mass Flow
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4) yhnsidensiinvasinevas Mass Flow waztaus Full Scale R
muAusasimsivadatiug @dunisvaassesld Mass Flow Ar wazii
Full Scale 100 sccm) Tﬂwﬁwaazuamwaﬁé’li&wﬁanl’a'fiauvlﬁ"l a1
Lispsnsufllvinadu “>” ldlas windssnsudly Widuiai Textbox

o v o o Ay VI T T, v v
idpanisudly iewdsusiidesnis ndududaindy “>”weludaniy

o a '
JUN 3.18 wiNvLERINTSIAaNYTAYEY Mass Flow uaziaudi Full

¥23aN13R9AIAT Type of Gas wav Set Point

mass row [

FutLscace [ s

o Y o
Scale ‘UENl.ﬁiENﬁ'JUﬂ‘uaﬂﬂn'ﬁ‘lﬂaﬂmm'U

o =l = o d. o J U

5) n1siaentiavedn1gnaILyinnis Flow M Type of Gas waztUoum Set
Point *vaua‘%‘amauqué’mm'rﬂua @slun1sneaesazyiinis Flow Ne
Ar, O, uay N, Ingagyinnis Flow 8ns1n1sinamaus 10-100 sccm) Wio

v w_a

1 d ¥ ¥ v U J g L4 :‘I
HourndeuSesudridudandy “>” deludmivemssanailunis

o a o d o o
jU# 3.19 winveudaInsidenyiinvasnienazianis Flow W Type of

Flow gas

rvee oF 6As [
SET POINT - scem

. 2 o o
Gas uaztaunn Set Point uaqmsaamuquanﬂn'ﬁ'lua
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7)
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mMnfsaNseaatuns Flow gas annsaviinsdudan Textbox amd
A1A1 Time On , Time Off , Time Total uag %Flow Off Tun1s Flow
Aadlunielu Chamber antududaiidu “>” iweludmiiveanis

LANISMSINITINaIRIENe 4 Channel

] 1) o Y
E‘U‘VI 3.20 ¥NBUAAINTITAIIAN ‘UiNlﬂiENﬁ’]UQilaﬁi’ln'lﬂ'Vlﬁ

Fwiingeagiinsudu 2 uwuAsdnnnada “start” axdumsiiudu
msaunuuliifinanieites widmanady “Clock” aziunis
Susumahoudunamuiiisdedily deviinsaadu “Start” wie
“Clock”™ LﬁaLéumsv‘hmu-uaaLﬂ%‘amwﬂué’mwmi‘lua'uaaﬁwﬁ
genuuy MefiagAseq nadhgsyuu Mmdnsnisinaedymazuansuy
wiae AU ntutiingasinisivavesfeuasmamduildannns
naaes mndesnsvgan1sinulinaly “Stop” udnilessnnduly
uilusn Type of Gas w3a Set Point TinaUy “Edit” visadmnAaanis

s < 1 a’ ‘J v U
nduluidentdesdtyguaus Wnadu “Home”

o 0] a v ° ° o
E‘U“ 321 'Wu’lQauﬁﬂqﬂ'liﬂ']'l.lﬂ‘uﬂ'ﬁﬁuﬂuﬂqwqi'lu, ‘Mﬁlﬁﬂ'ﬁ“'lﬂ'lu“ia

a o Y o o
BUAUNITTITURUUALIAN ﬂauniaemur]uanﬂms‘lnau.az

. o o o
uammLa'\ﬁvgnﬁ'lé’mnmsaamuquanﬂmﬂwaﬂmmm
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NanN153uasanuII8Na

WNaN1INAaal

<
4.1.1 WANMARBM 1
ilatlourn Set Point = 10, 20, 30, ..., 100 sccm udrialaadio1ANAYD
Tuga MCP4725 D/A uigrrAdnsadunarudisaueiinesyeslusunsu Arduino

IDE &sldnanaasinail

o : o o (14 o
A15199 4.1 HANIINAABITENIN Ve (V) AU 37U Byte U84 N9 Ar NU Ar

Set Point Byte Byte Vit Voit Vout
Binary E
(scem) CH1 CH2 CH1 CH2 AU

10 000110011001 | 409 409 0.487 0.497 0.50
20 001100110011 | 819 819 0.983 0.990 1.00
30 010011001100 | 1228 | 1228 1.473 1.482 1.50
40 011001100110 | 1638 | 1638 1.967 1.977 2.00
50 011111111111 | 2047 | 2047 2.458 2472 2.50
60 100110011001 | 2457 | 2457 2.957 2.959 3.00
70 101100110010 | 2866 | 2866 3.451 3.447 3.50
80 110011001100 | 3276 | 3276 3.944 3.940 4.00
90 111001100101 | 3685 | 3685 4.427 4.433 4.50
100 111111111111 | 4095 | 4095 4918 4.930 5.00
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4500

4000 &
3500 =
o
3000 o
j‘% 2500 o
2 2000 o) 0 Byte CH1
=2
= 1500 = ¢ Byte CH2
1000
B
500
0
0 1 2 3 4 5 6
Vout (V)
o o o . L °
Ui 4.1 nymluansauduiugszndne Vout (V) AU 31u7u Byte
AATIZIHANIINARDY

INNINABBINUIT Vo, AIFRINNIS TR miUAsuuladlumusiuiu byte
dasniddetioudn set Point dudaly seuvazdsdidauazdedoyalasiiudesiain
15 T sonlududausn udmndeioyansu 16 On sxlvandeyaiign Convert ué
sanlufiv output dyawidmeaszgn convert lusutaen wgndioanuniivn
Output Tudosdryaaiisosnsld Faszduuseduitesnuniuasulstiuassiudnuau

a .J ' .
Jantouniniuan Set Point
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o
4.1.2 WAN1INARBIN 2
deiaiesmuaudnsilvavesfineiiainsiulunadeuiuini 83A1UANEAT)
o L 4 -~ ¥ J o A
mslvavesfinaidnszuuaayIN1AYes RF Magnetron Sputtering UaIgAIALALN
Eitsusummusuiildanmsmuaudannsivameiasesmuaudasinisiva u

5 =y
ROD-4 laman1snaaes sl

J o o
An974i 4.2 wan1smaasIn1sAIuANSAIINsInavesfitgetineu (An) (aeld
Y C [ < X
Mass Flow 184 Ar fiua3asaauquansinisinaiainetiu uazld Mass Flow vas

o o [ '
H, fulaTasrauaudnsInN1siva ju ROD-4)

LY s d' 1 4 -J a d v n#'

M3 | AUAUTIAIUANAIBLASBIAIUAYN AUAUTIAIUANAILLATDIAIUAN
1 A v

N9 989 Mass Flow 3u ROD-4 983 Mass Flow fieenuuuiu

va (x 10" mbar) (x 10 mbar)

(scem)| 1 | 2 | 3 | X+ Uncertainty| 1 2 | 3 | X+ Uncertainty

10 0,7, 4 1.7 0.7+£0.00 06 | 0.6 | 0.6 0.6+0.00

20 or gl - — 1.1+£0.00 11110 10 1.0+0.04

30 L5 16641 1.5+0.00 14|14 | 14 1.4+0.00

a0 1.9 19149 1.9+£0.00 18 118|138 1.8+0.00

50 222 2202 2.2+0.00 20| 20| 21 2.0+0.04

60 26 | 26 | 26 2.6+0.00 24 | 24 | 24 2.4+0.00

70 29129129 2.9+0.00 L.l 2T 27 2.7+0.00

80 3013030 3.0+0.00 29 RIA 29 2.9+0.00

90 34|34 |34 3.4+0.00 3201 F2 | 3.2 3.2+0.00

100 | 36| 36|36 3.6+0.00 34 | 34| 34 3.4+0.00
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4.00E-01

3.50E-01 & E
. 1l
3.00E-01 a 9 O AuRUTiAIUANATY
ry 4
250601 E LATBIAIUANTBY Mass
3 a Flow ju ROD-4
< 2.00E-01 o :
>§ 9 v o v
= & AufuiinluauaaY
& 1.50E-01
€ : g \A3DIATUANTBY Mass
1.00E-01 B Flow Tlaanuuuiu
5.00E-02 ¢
0.00E+00
0 20 40 60 80 100 120

Sasansivarasfiearineu (scem)

d o i or o
5Uil 4.2 nsmludaspnuiuiudsswinedasnisivavesineenineu (sccm)
fluA1A AU (mbar)

AATITVRANITNAGDY
1 £ d v d‘ L o 5

INMIAasINUANRuTldINATeImIuANdRs NI InaTeineivdes
oiin vasuutasiuausasinisivavesie WewnUiunsveaingavulsiunse
Suausuly Chamber Tnafidladnsinisivavesfieiuiu aziiliauduvesing
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#define PRINT_NEXTION_COMMU 0

#define PRINT_DEBUG 1

[/ R AR
// DECLARATIONS

//: ############################################## HHHHH R

#include "NextionHardware.h";

#include "NextionText.h";

#include "MCP4922.h"

#include <SPLh>

MCP4922 DAC_A(51, 52, 53, 2); // (MOSI/SDI,SCK,CS,LDAC) define Connections for
MEGA board

MCP4922 DAC_B(51, 52, 34, 2); // (MOSI/SDI,SCK,CS,LDAC) define Connections for
MEGA_board

//

// Set Timing

//

int stateValue1, stateValue2, stateValue3, stateValued; // Wnsifuaiiide

stateValuel,stateValue2,stateValue3,stateValued

unsigned long Showvaluel, Showvalue2, Showvalue3, Showvalued, //msfiuania

Laﬂﬁtﬂuﬁwwtﬁuﬁ%a Showvalue1,Showvalue2,Showvalue3,Showvalued



float x1; // l¥mafuAdnasnis x1
i 74 . o Aﬂ‘
float x2; // lAsiiuAmidaiawite x2
1Y ¢ e oo
float x3; // l¥msifivAmdiaunde x3
Y] & 1w o
float x4; // lgnsiiuAfasnTe x4
float x5; // MmsifiuAmdaritie x5
float x6; // M¥msifiuAiaviite x6
v P ad
float x7; // ¥nsiiuAdiaunie x7
27 - 1w Jd
float x8; // Min1siAuAIsI@INTS X8

float x9; // gmsiiuAdiavite x9

float x10; // ¥nsiiuadasnde x10

//

// Channel 1

/
float Vout_1;// Wnaiftuddaianiide vout_t

float Vout_sccm_FS 1; // Wnsifumuaviide Vout_sccm_FS_1
float Vout_scem_SP_1; // Tdisifusndianitie Vout_scem_SP_1

float FSN1, SPN1, FS1, SP1, GF1, GML; // Mmsifiuddiaviite
FSN1,5PN1,FS1,5P1,GF1,GM1

float Flowratel, Flowout1; // T¥nsifuAiiaedide Flowratel was Flowoutl
float A, B; 7/ Mnsifiuddianiite A uas B
int analogValuel = 0; // Mmsfiuadaeitte analogValuel

float avgAnalogValuet; // M¥nsiiuadaaniite avgAnalogvaluel
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//

// Set Timing channel 1

//

unsigned long T_LED1 = 0; /naifusiaeiidusnududite T LED1
unsigned long B_LED1 = 0; //nsfumiaeidusauduite B LED2
unsigned long C_LED1 = 0; Jmsduamdaiiiusauduiite ¢ LED3
int T_statel, B_statel, C_statel; // Mmafudiide T _statel, B_statel, C_statel

float timermin1, timer_off1, timer_on1, Percen_off1, Duty_cyclel; // Wmaiduiive

timermin1, timer_off1, timer_on1, Percen_off1, Duty_cyclel
boolean TimeOn1 = false; // 1491@01urTimeOn1

bootean TimeOff1 = false; // 1931@a1uz TimeOff1

boolean BUnkLED1 = false; // 1991@0usBlinkLED1

boolean TimingLED1 = false; //lt¥1a@n1ug TimingLED1

boolean ADC1 = false; //1937a@a1usADC1

char hri[10] = {0}; /% hr1 iudeyadiubyteluchanfiufaae[10)
float led_hrl, len_hr1 ; // Wnmaifumdaiariie led hrl uaz len_hrl

int ihr1; // Wnsiuddaeiide i
char min1[10] = {0}; /% min1 fiudeyailubyteluchanAudnat[101é
float led_min, len_min1; // Timaifusidiariite led_minl uay len_minl

. .. v Y - ..
int imin1; // Iﬁﬂ'ﬁtﬁummta'lm%a imin1

char sect[10] = {0}; /1% sec1 iudayailiubytelucharfiudian[101f
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float led_seci, len_secl; // T¥nnsiiuAiilasiive led_secl way len_secl

9 | @ ad
intisect; // l¥nsiiuAdiiaside isecl

char T_on1[10] = {0}; /W T_on1 iudeyailubyteluchaniivdnau10]/
float led T ont, len T onl; // Mnafuddaaniide led T onl uag len T onl

int iT_on1; // WnsiiuAndaenve ihrt

char T_off1[10] = {0} /W% T_offt \fiuffeyaliubyteluchanfuda[10]6
float led T offt, len_T_off1; // Wnsiiudialaeiite led T off1 uag len_T_offl

int iT_off1; // Wnsifurifiauiite imini

char Per_off1[10] = {0}; /Wi Per off1 \Audeyadubytelucharfiudiaal10

float led Per off1, len_Per off1; // Wnsifuddaniide led Per_offl uag

len_Per offt

int iPer_off1; // Mmsiiuadaunive isecl -~

//

// Channel 2

/!

float Vout_2; // ¥n1sifiudrdiaeiie vout 2
float Vout_sccm_FS_2; // Wnmifusdauaniide Vout_sccm_FS 2
float Vout_sccm SP_2; // Mmsium#aaniide Vout_sccm_FS_2

float FSN2, SPN2, FS2, SP2, GF2, GM2; // Wansifudimiaiite
FSN2,SPN2,FS2,5P2,GF2,GM2



float Flowrate2, Flowout2; // Wﬂ'l’il.ﬁuﬁ'lﬁ”ll.aﬂﬁ%a Flowrate2 way Flowout?2
float C, D; // MmsifiuArdaniite C was D
int analogValue2 = 0; // T¥nsifiuadaeiite analogValue2

float avgAnalogValue2; // WnnfuAdiariide aveAnalogvalue2

/!
// Set Timing channel 2

/

unsigned long T_LED2 = 0; /msifiudwaiawifudwauwiuiide T_LED2

[ ° &

unsigned long B_LED2 = 0; /mafiuaiariidusnuiuide B_LED2

o e &

unsigned long C_LED2 = 0; /msfumdevidusnnuduite ¢ LED2

int T_state2, B_state2, C_state2; // Wnsifiudiide T state2, B_state2, C_state2

51

float timermin2, timer_off2, timer_on2, Percen_off2, Duty_cycle2; // Mmsifudiite

timermin2, timer_off2, timer_on2, Percen_off2, Duty_cycle2
boolean TimeOn2 = false; // l931a@an1ugTimeOn2

boolean TimeOff2 = false; // I¥aausTimeOff2

boolean BlnkLED2 = false; // T9d1a@n1uzBlink ED2

boolean TimingLED2 = false; /A4 1@n1ue TimingL ED2

boolean ADC2 = false; /Ad31@n1uzADC2

char hr2{10] = {0); /1% hr2 \iudeyaifubyteluchanfiudnan(10}
float led_hr2, len_hr2; // M¥nsiiuddiaeiite led hr2 uag len_hr2

intihr2; // WnnsifuAiauiide inr2
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char min2[10] = {0}; /1% min2 Lﬁuﬁ’ay)mﬁubyte‘lmhanﬁuﬁﬁLa‘u[lO]ﬁ".l
float led_min2, len_min2; // Wnmsiiuddaniide led_min2 was len_min2

. .. [ 1w ad
int imin2; 7/ 18nsiiuAndaari®e imin2

char sec2[10] = {0); /W sec2 iivtayalubytelucharifiudaau(101i
float led_sec2, len_sec2; // Wsfusiiaiite led_sec2 uay len_sec2

int isec2; // l¥nsiiuAdaiaunide isec2

char T_on2[10] = {0} /W T_on2 iiiufieyaifubyteluchaniudau[10]#7
float led T on2, len_T on2; // TmsfiuAdaiauiite led T on2 uag len_T_on2

int iT_on2; // WnsifivArdiiawnte inr2

char T_off2[10] = {0} /W T_off2 iudieyailiubyteluchanfudiau(101i
float led_T off2, len_T_off2; // Wnisifudaiavitte led_T_off2 uas len_T_off2

int iT_off2; // ldnsifiuArdialaritie imin2

char Per_off2[10] = {0); /W% Per_off2 \fiudieyailiubyteluchanfiudiau[10}

float led_Per_off2, len_Per_off2; // Wnsfiurdaaeiive led Per_off2 uag

len_Per_off2

int iPer_off2; // M¥nsiiuAdalaeiite isec2

/!

// Channel 3

//
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float Vout_3; // Wmsiftudsaiaviide Vout_3
float Vout_sccm_FS_3; // WnsiuAdianitde Vout_scem FS 3
float Vout_sccm_SP_3; // MWnsifiurdaiaeiide Vout_scem SP_3

float FSN3, SPN3, FS3, SP3, GF3, GM3; // dn1sifiuddaviite
FSN3,SPN3,FS3.5P3,GF3,GM3

float Flowrate3, Flowout3; // T¥nafiusdnanitte Flowrate3 uas Flowout3
float E, F; // Wnafuaiiauiide E uaz F
int analogValue3 = 0; // T¥naifiusdaaniide analogvalue3

float avgAnalogValue3; // T¥nsifiuAdaianiide aveAnalogValue3

//

// Set Timing channel 3

/!

o &

unsigned long T_LED3 = 0; //n1sifiuAnsaiatil fususiuiide T LED3
unsigned long B_LED3 = 0; /msifiuAdiavilifiudmouduitte B_LED3
unsigned long C_LED3 = 0; J/msdusiaeidusunduiite ¢ LED3
int T_state3, B_state3, C_state3; // 1¥nsiftuAniide T_state3, B state3, C_state3

float timermin3, timer_off3, timer_on3, Percen_off3, Duty_cycle3; // Wnsifudniide

timermin3, timer_off3, timer_on3, Percen_off3, Duty_cycle3
boolean TimeOn3 = false; // 1¥d1d@n1usTimeON3

boolean TimeOff3 = false; // T¥31d@n g TimeOff3

boolean BUNKLED3 = false; // 1431an1ugBlnkLED3

boolean TimingLED3 = false; //l¥d1a@aus TimingLED3

boolean ADC3 = false; //1431a@n1uzADC3
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char hr3[10] = {0}; /1% hr3 Wudeyalubyteluchaniuduag[1016
float led_hr3, len_hr3 ; /7 limsiftuddanitde led_hr3 uas len_hr3

. v Y 4
int ihr3; 7/ I¥nsiuddaunive ihr3

char min3[10] = {0}; /W min3 AuteyadubyteluchanAudiav[10]d
float led_min3, len_min3; // '(.'B’n'ﬁLf‘]Uﬂ"lﬁ'lLaﬂﬁ%a led_min3 way len_min3

A 3 Y A4 . .
int imin3; // I‘Uﬂ"liLﬁUﬂW]’)Lﬁ'lMdﬂ imin

char sec3[10] = {0); /% sec3 iudeyadubyteluchariufaav(10]67
float led_sec3, len_sec3; // Wnsifiudalauiide led_sec3 wag len_sec3

int isec3; // l¥msiiuAdiawns isec3

char T_on3[10] = {0}; /% T_on3 udayailiubyteluchanfiufauan[ 1012
float led T on3, len_T_on3; // Wnsifudaniide led T _on3 uag len_T_on3

int iT_on3; // Wnsifiufndaaviie ihr3

char T_off3[10] = {0 /W T_off3 iiudeyailiubyteluchanfudas{10)
float led T_off3, len_T_off3; // MWnaiiumdiaeiite led T off3 uwaz len_T_off3

i

int iT_off3; // WnsifiuArdauie imin3

char Per_off3[10] = {0}; /W% Per_off3 iiufieyaifiubyteluchanfiudiav(10i

float led_Per_off3, len_Per_off3; // MnsifuAdaanitde led Per off3 uay
len_Per_off3
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int iPer_off3; // l¥msifiuAndiavnte isec3

//

// Channel 4

//
float Vout_4; 7/ Wmaifiudrdaaviite vout_a

float Vout_sccm_FS_4; // Wnsiiuadnaviide Vout_sccm_FS 4
float Vout_sccm_SP_4; // T¥nsiiuAdaeiide Vout_scem SP_4

float FSN4, SPNd, FSa, SP4, GF4, GMd; // ¥nsiiuaaaianiide
FSN4,SPN4,FS4,5P4,GFa,GM4

float Flowrated, Flowoutd; // Wnsfusiianiite Flowrated was Flowouts
float G, H; // THnsifumfaeive G uas H
int analogValued = 0; // Mnsfiuandaeiide analogvalued

float avgAnalogValued; // 'l‘ffmil.ﬁuﬁ’lﬁmaﬂﬁ%a avgAnalogValued

//

// Set Timing channel 4

//
unsigned long T_LED4 = 0; Jmsduaiasiifusuudiuiite T LEDA
unsigned long B_LED4 = 0; Jmsdumiaiidusaudiuiite B LEDA
unsigned long C_LED4 = 0; /msifiusdianiiifusnuduiite ¢_LED4
int T_stated, B_stated, C_stated; // M siiuAniide T stated, B_stated, C_stated

float timermind, timer_off4, timer_ond, Percen_off4, Duty_cycled; // Wnsifudiide

timermind, timer_off4, timer_on4, Percen_offd, Duty_cycled
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bootean TimeOn4 = false; // 1437aa1uzTimeOnd
boolean TimeOff4 = false; // M¥31@a g TimeOff4
boolean BlinkLED4 = false; // 14i1anmuBlinkLED4
boolean TimingLED4 = false; //l¥31a0 s TimingLED4

boolean ADC4 = false; /A¥i1an1usADC4

char hra{10] = {0}; /1% hra \iudeyafubyteluchanfiudiav(101#
float led_hrd, len_hrd ; // T¥msifumdiaeitte led_hrd uas len_hrd

[ Y A
int ihrd; // 1¥nsifiuAdaaeiide ihrd

char mind[10] = {0} /W mind iiuvdeyaifubyteluchanfudian(10#
float led_min4, len_mind; // Wnsduediaeiite led mind uag len_ming

. .. 2 Y dd
int imind; 7/ ldnsifuAadaenide iming

char seca[10] = {0}; /1% seca iiudeyailubyteluchariuduan(101#
float led_secd, len_secd; // T¥nsifuAdaaniide led_secd uas len_secd

int isecd; // l¥n1siiumdaaaiite isecd

char T_ond[10] = {0}; /W T_on4 \iudeyalubyteluchariudnan(10)i
float led T _ond, len_T_ond; // Mnsurdaianiide led_T_on4 uay len_T_ond

. . » '\ o
int iT_ond; // Wmsifuddaasinte ihrd

char T_offa[10] = {0} /W T_offé ifiudeyaiubyteluchanfiudan(10)

float led T offd, len_T_off4; // Mmsfiuadasiite led T offd uas len_T_offd
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int IT_offd; // Wmafiurwhiarie imind

char Per_offa[10] = {0}; /% Per_offd wiudieyaifubyteluchanfiudaiau 101

float led_Per off4, len_Per_offd; // MmsifuAdaianitte led Per offd uay

len_Per_offd

int iPer_offd; // TmsifiuAiaaainde isecd

//

// CPU tick

//

#define INTERVAL 10 // ms WJunsivuaad define Hudrdunmutenudle

INTERVAL Usanglulusunsudnasiviniu 10 ms
unsigned long previousMillis; //ﬂ'ﬁLﬁUﬂ"’JLaﬂﬁtﬂuﬁ’lmutﬁu fide previousMitlis

boolean  tick_state; // 19inanus tick_state

e

//

// TASK BLINK

//

#define TIME_BLINK 1000 // ms = 100 * 10ms farian
int MY_TIME_BLINK = 500; // Wumbheeusiidmuald MY_TIME_BLINK = 500
boolean Blink = false; // THsranuglninsswiu

int taskBlink CNT; // 91321 [1,20] / C++[0,19]

//




// Serial communication variables

//
char incomingChar; // Wnsiftusniide incomingChar
. 27 o 1w o

int byteldx; // Tﬁn’ﬁmummtaw% byteldx
boolean nextionStxCome, nextionEtxCome;

byte dataBuff[6];

//

// Nextion variables ch1

//

char buffer[100] = {0 //W buffer iiufayalubyteluchanfudiav[100]i
int len_buff, ibuff ; // lin"mﬁuﬁ'lﬁ'naﬂﬁ%a len_buff uay ibuff
char buffer1{100] = {0} /W buffer1 Wudayaliubyteluchanfiufiaul100)#

int len_buff1, ibufft ; // M¥msiiumdaeiide len_buffl wag ibufft

char number[100] ; /1% number ifiudeyailubyteluchanfudiav[100]#7
int len_num, inum; // MWmsifiuAdiauiide len_num uwas inum
char number1{100] ; /W% number1 Wivdeyaifubytelucharfiudan[1001#

int len_num1, inum1; /7 MnsifiuAdalai@e len_numi uaz inumtl

4

// Nextion variables ch2

//

char buffer2[100] = {0); /W buffer2 iufayailiubyteluchanfiudaiaul100)6

58
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int len_buff2, ibuff2; // Hnsfuamiiaeiite len_buff2 uag ibuff2
char buffer3{100] = {0}, /W% buffer3 udeyaliubyteluchanfiugaiae[10016

int len_buff3, ibuff3; // Tnsfiuaimiariite len_buff3 uag ibuff3

char number2[100] ; /% number2 fiutiyaifubytelucharifiugiav[100Ji
int len_num2, inum2; // T‘ﬁnmﬁuﬁﬂﬁ'ztaﬂﬁ?}a len_num2 uay inum2
char number3[100] ; //1% number3 Lﬁuﬂal\‘latflubyte'lucharl.ﬁuG'hLa‘u[l00]05'”.1

. . v Vv o .
int len_num3, inum3; // TimsiiuAndaiaede len_num3 uag inum3

//

// Nextion variables ch3

/"
char buffera[100] = {0}; /A% bufferd \iudiayaiiubyteluchanfudaiau[100]57
int len_buffd, ibuffd ; // Wnaiuddalaniite len_buffd uag ibuffd

char buffer5[100] = {0} /A buffers ifiudsyailiubyteluchanfudiau[1001#

int len_buffs, ibuff5 ; // MnsifuAdaniide len_buffs uay ibuffs

char numberd{100] ; //Wf numberd LAudeyaidubyteluchanfiudatav100)f
int len_num4, inum4; // T‘Ei'ﬂ’l‘iLﬁUﬂ'Wﬁ'JLa"uﬁ‘?ja len_num4 uay inumd
char numbers[100] ; /% number5 Wiudeyalubyteluchanfivdianl100]#

. R Y} v w ol R
int len_num5, inums; // MnsiiuArdaiaeiide ten_numS wag inum5

//

// Nextion variables chd
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/!

char buffer6[100] = {0}; /W% buffer6 \iuteyaifubyteluchanfiudaas[100)#
int en_buffs, ibuffé ; // nmfiuddataniie len_buffe uay ibuffe
char buffer7[100] = {0}; /W buffer7 Wiudeyaidubyteluchanfiudaau]100]d

int len_buff7, ibuff7 ; // T¥msifiuifiaeiide len_buff7 uas ibuff?

char number6[100] ; /% numberé Wudeyailiubyteluchanfiudaae[100]#
int len_numé, inumé; // M¥nsifuArdaniide len_numé wag inumé
char number7[100] ; /% number7 Wudayaifiubyteluchanudiaut100]d

int len_num7, inum7; // WnsifiuAdiasiive len_num? uas inum?

//

// Show Text After Massflow Process

/
float V_ch1, VtoScem 1 ; // WnnsifuArdaianiide V chi wag VtoScem_1
char sbuff1[8]; /W sbufft \udeyaifiubyteluchanfudau(s]i

double MassflowtoNextion1 ; // T¥nsifiuAianiite MassflowtoNextionl

. ) Y dd
String valuel; // TmsiiuAmdaande valuel

float V_ch2, VtoScem_2; 7/ Wnsiudwaiawitte V_ch2 wae VtoScem _2
char sbuff2[g]; /% sbuff2 iiudeyaifubyteluchanfiudanaisli
double MassflowtoNextion2 ; // 'h'i'ﬂ'mﬁuﬁﬁﬁ"uaﬂﬁ‘?;a MassflowtoNextion2

. 1 oW PR
String value2; // l¥nsitudndawiide value2



float V_ch3, VtoScem_3 ; // nsifiuAdaaeiide V_ch3 wag VtoScem_3
char sbuff3[8); /W sbuff3 iiudeyailiubyteluchanfiudav(glm
double MassflowtoNextion3 ; // T¥nafuiiasiite MassflowtoNextion3

. v o
String value3; // MHnsiiudrdaaende value3

float V_chd, VtoSccm_4 ; // Wmsiustaeiide V_chd wag VtoScem_a
char sbuffa[sl; /1 sbuffa iiudeyailubyteluchariudiav(slin
double MassflowtoNextiond ; // WnnsifuAsianitte MassflowtoNextiond

. I | @ ol
String valued; // T¥nnsiiiusdiiaeinte valued

char sbuff5[8]; /W sbuffs tiuteyaiiubyteluchaniuduan(slin
char sbuffé(sl; /W sbuffé iiudeyatliubytelucharifiuaiaulgld
char sbuff7[s]; /W sbuff7 iudeyailiubyteluchariiudaiau(gli

char sbuff8[s]; /W sbuff8 iiudeyailubyteluchariugau(s]dn

/

// Select Voltage

/
int pinl_24v = 4; // fmunrelayfite pin1_24v fivn 4
int pin2_24v = 5; // fmusrelayfite pin2_24v i 5
int pin3_2dv = 6; // fmuarelayiite pin3_2av i 6

int ping_2av = 7; // fvusrelayfito pind_24v fiv 7
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[/ R R S
// SETUP
[/ R S S

void setup() {

systeminit();

Serial.print("Software started. Hello PC.");
pinMode(13, OUTPUT); //dedayayas vfeeniinn13
digitalWrite(13, LOW); /Avitendnmen13 \uasdn 0

Serial.begin(115200); //fmuadastuenavesntsiudsiays 11520000877 set baud
rate to 115200

SPl.begin();

pinMode(A1, INPUT); //5utieyalvdandauivetAl
pinMode(A2, INPUT); //3utieyalidandinivecA2
pinMode(A3, INPUT); //3utayalvidandeuveAs

pinMode(Ad, INPUT); //Sudeyalvidunduuatad

pinMode(pin1_2dv, OUTPUT); //ddnyqnail¥eanfivivespini_24v
pinMode(pin2_24v, OUTPUT); //dsdeganaileaniiviuespin2_24v
pinMode(pin3_24v, OUTPUT); J/dsdeyanadlfeeniivivespin3_24v

pinMode(pind_24v, OUTPUT); //dsdanalieaniivivesping 2av



void voltagel(unsigned int A)
{
DAC_ASet(A, Q); //\@aAndacyeschannell
}
void voltage2(unsigned int C)
{
DAC_A.Set(A, C); //i¥nfindactechannel2
}
void voltage3(unsigned int E)
{
DAC_B.Set(E, G); /AinA1dactaichannel3
}
void voltaged(unsigned int G)
{
DAC_B.Set(E, G); //\@@A1dacuaichanneld

}

63

[/ R R R

// LOOP

[/ R

void loop()

{



listenNextion(); //WandulistenNextion

tick(); //Mandu tick

Check12Voltch1(nextionStxCome && nextionEtxCome && dataBuff[0] == Ox1E &&
dataBuff[1] == 0x02 && dataBuff[2] == 0x01); // 65 1E 02 01 FF FF FF set relay 12v
chil ‘

Check12Voltch2(nextionStxCome && nextionEtxCome && dataBuff[0] == Ox1F &&
dataBuff[1] == 0x02 && dataBuff[2] == 0x01); // 65 1F 02 01 FF FF FF set relay 12v
ch2

Check12Voltch3(nextionStxCome && nextionEtxCome && dataBuff[0] == 0x20 &&
dataBuff[1] == 0x02 && dataBuff[2] == 0x01); // 65 20 02 01 FF FF FF set relay 12v
ch3

Check12Voltchd(nextionStxCome && nextionEtxCome && dataBuff[0] == 0x21 &&
dataBuff[1] == 0x02 && dataBuff[2] == 0x01); // 65 21 02 01 FF FF FF set relay 12v
chd

Check2aVoltch1(nextionStxCome && nextionEtxCome && dataBuff[0] == Ox1E &&
dataBuff[1] == 0x03 && dataBuff[2] == 0x01); // 65 1E 03 01 FF FF FF set relay 24v
chl

Check2aVoltch2(nextionStxCome && nextionEtxCome && dataBuff[0] == Ox1F &&
dataBuff[1] == 0x03 && dataBuff[2] == 0x01); // 65 1F 03 01 FF FF FF set relay 24v
ch2

Check24Voltch3(nextionStxCome && nextionEtxCome && dataBuff[0] == 0x20 &&
dataBuff[1] == 0x03 && dataBuff[2] == 0x01); // 65 20 03 01 FF FF FF set relay 24v
ch3
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Check24Voltchd(nextionStxCome && nextionEtxCome && dataBuff[0] == 0x21 &&
dataBuff[1] == 0x03 && dataBuff[2] == 0x01); // 65 21 03 01 FF FF FF set relay 24v
chd

checkChanneli(nextionStxCome && nextionEtxCome && dataBuff[0] == 0x2A &&
dataBuff[1] == 0x0C && dataBuff[2] == 0x00); // 65 2A 0C 00 FF FF FF 'L]u start
f513a9uUAT FullScale and SetPoint chi

checkChannel2(nextionStxCome && nextionEtxCome && dataBuff[0] == O0x2A &&
dataBuff[1] == OxOE && dataBuff[2] == 0x00); // 65 2A OE 00 FF FF FF t'j:u start
n519dauAT FullScale and SetPoint ch2

checkChannel3(nextionStxCome && nextionEtxCome && dataBuff[0] == 0x2A &&
dataBuff1] == 0x10 && dataBuff(2] == 0x00); // 65 2A 10 00 FF FF FF {Ju start
m319d@auml FullScale and SetPoint ch3

checkChanneld(nextionStxCome && nextionEtxCome && dataBuff[0] == 0x2A &&
dataBuff[1] == 0x12 && dataBuff[2] == 0x00); // 65 2A 12 00 FF FF FF 'l!u start

~

®379ad0uA1 FullScale and SetPoint chd

checkSTOP1(nextionStxCome && nextionEtxCome && dataBuffi0] == 0x2A &&
dataBuff[1] == 0x0D && dataBuff[2] == 0x00); // 65 2A 0D 00 FF FF FF {ju stop chl

checkSTOP2(nextionStxCome && nextionEtxCome && dataBuff[0] == 0x2A &&
dataBuff[1] == OxOF && dataBuff[2] == 0x00); // 65 2A OF 00 FF FF FF l'ju stop ch2



checkSTOP3(nextionStxCome && nextionEtxCome && dataBuff{0] == 0x2A &&
dataBuff[1] == Ox11 && dataBuff[2] == 0x00); // 65 2A 11 00 FF FF FF ﬂu stop ch3

checkSTOP4(nextionStxCome && nextionEtxCome && dataBuff[0] == 0x2A &&
dataBuff[1] == 0x13 && dataBuff[2] == 0x00); // 65 2A 13 00 FF FF FF 'Q:J stop chd

taskBlink(tick .state); //aridutaskBlink

TimeControl1(tick_state & BUinkLED1); //#lariguTimeControl1
TimeControl2(tick_state && BlinkLED2); //sfifuTimeControl2
TimeControl3(tick_state && BlinkLED3); //fsfifuTimeControl3

TimeControld(tick_state && BUnkLED4); /R FuTimeControl4

taskTimeOn1(tick_state && TimeOn1); //MaridutaskTimeOn1

taskTimeOff1(tick_state && TimeOff1); //WendutaskTimeOff1

taskTimeOn2(tick_state && TimeOn2); //#atutaskTimeOn2

taskTimeOff2(tick_state && TimeOff2); //RandutaskTimeOff2

taskTimeOn3(tick_state && TimeOn3); //MrtutaskTimeOn3

taskTimeOff3(tick_state && TimeOff3); //WridutaskTimeOff3
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taskTimeOnd(tick_state && TimeOn4); //#krtutaskTimeOn4

taskTimeOffd(tick_state && TimeOffd); //fenHutaskTimeOff4

taskMeasureFlowl(tick_state && ADC1); //fandutaskMeasureFlowl
taskMeasureFlow2(tick_state && ADC2); //fridutaskMeasureFlow2
taskMeasureFlow3(tick_state &% ADC3); //WsfidutaskMeasureFlow3

taskMeasureFlowd(tick _state && ADC4); //MandutaskMeasureFlowd

TimingStartONOFF1(nextionStxCome && nextionEtxCome && dataBuff{0] == 0x2A &&
dataBuff[1] == Ox14 && dataBuff[2] == 0x00); // 65 2A 14 00 FF FF FF {Ju start timing
chi

TimingStartONOFF2(nextionStxCome && nextionEtxCome && dataBuff[0] == 0x2A &&\
dataBuff{1] == 0x15 && dataBuff[2] == 0x00); // 65 2A 15 00 FF FF FF U start timing
ch2

TimingStartONOFF3(nextionStxCome && nextionEtxCome && dataBuff[0] == 0x2A &&
dataBuff[1] == 0x16 && dataBuff[2] == 0x00); // 65 2A 16 00 FF FF FF 1u start timing
ch3

TimingStartONOFF4(nextionStxCome && nextionEtxCome && dataBuffl0] == 0x2A &&
dataBuff[1] == 0x17 && dataBuff[2] == 0x00); // 65 2A 17 00 FF FF FF 1!11 start timing
chd

resetNextionEtxCome(); //Mand resetNextionEtxCome
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/!
// Check 12 Voltage

/

void Check12Voltcht {boolean _flag) //#fifucheck12Voltchl
{

if (_flag)

{

digitalWrite(pin1_2dv, LOW); //Wandnmurvespini_24v 1iuasdn 0 vieilidyaail
12 Thad

}
}
void Check12Voltch2 (boolean _flag) //Wfiducheck12Voltch2
{

if (_flag)

{

digitalWrite(pin2_24v, LOW); //Wiiesimavivespin2_24v Wuasin 0 viedidyq il
12 Taan

}

}

void Check12Voltch3 (boolean _flag) //#efucheckl2Voltch3

{
if (_flag)
{

digitalWrite(pin3_24v, LOW); //Wionsmavaspin3_24v uasdn 0 viaddyqnalv
12 T2ad
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}
void Check12Voltchd (boolean _flag) //#anducheck12Voltchd
{

if (_flag)

{

digitalWrite(pind_24v, LOW); //Iiarsimavivaaping_24v \uaadn 0 v3elidyqalv
12 Taas

}

}

/

// Check 24 Voltage

//

void Check24Voltch1 (boolean _flag) //#ariduCheck24Voltchl
{

if (_ftag)

{

digitalWrite(pin1_24v, HIGH); //Wiedwaiwatpinl_24v uasdn 1 videiidyaal
24 Tad

}
}

void Check24Voltch2 (boolean _flag) //#arituCheck24Voltch2

{

if (_flag)
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digitalWrite(pin2_24v, HIGH); //Whewimavvespin2_24v 1Wuaedn 1 wisiidayeaily

24 Thad
}
}
void Check24Voltch3 (boolean _flag) //arifuCheck24Voltch3
{
if (_flag)
{

digitalWrite(pin3_24v, HIGH); //Wiesiwavvespin3_24v ihuasdn 1 videlidygalln
24 Than

}
}
void Check24Voltchd (boolean _flag) //RiiuCheck24voltchd
{

if (_flag)

{

digitalWrite(pind_24v, HIGH); /1o dimmuvesping_24v uaedn 1 visiidyaaln
24 Taan

}

}

//

// Timing

//

void taskTimeOn1 (boolean _flag)
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if (_flag)
{

if (millisQ > B_LED1) //¢millsOfiAnannnanB_LED1

{

B_LED1 = timer_on1 + millis(); //IﬂEJ‘V}ﬂ‘]timer__on1(L‘)a'117iﬁ'1‘VlUﬂ) Tusunsuazdl
JeueyreuHIGH AadilWLEDRATIvN12 asaaniiiivun uasﬁuamdadaﬁ’cyzmmLOWmauﬁ

AUALIA
B statel = IB_statel;
if (B_statel == 1)
{
A = (4095 * SPN1) / FSN1 ; //wtasdin SPN1 ¥ilvl nA agllutiag 0-4095 byte
voltage1(A); //ifme1 DAC Voltage

ADC1 = true; //0adaridu ADC1 -

else

ADC1 = false; //UaWaridu ADC1
B_LED1 = 0; /3w B_LED1

B _statel = 0; //3\fnA1 B_statel
TimeOn1 = false; //Unaiaridu TimeOn1

TimeOff1 = true; //daentu TimeOff1
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}
void taskTimeOn2 (boolean _flag)
{

if (_flag)

{

if (millis) > B_LED2) /8 miltsQiiFunnndnB_LED2

{

B_LED2 = timer_on2 + millis(); //Tﬂav!ﬂqtimer_on1(L'Ja'1ﬁﬁ"muﬂ) TUsunsuazas
dryeyruHIGH PadhlWLEDRATIvN12 anuaniidivun u.a::ﬁ'uaﬂLﬁ'aaiqé'zytmmLOWmauﬁ

wuaLAaN
B state2 = IB_state2;
if (B_state2 == 1)

{

C = (4095 * SPN2 ) / FSN2 ; //utaarin SPN2 vilviF1C agllutiae 0-4095 byte

voltage2(C); //\dnA1 DAC Voltage

ADC2 = true; //Untandu ADC2

else

ADC2 = false; //Un#aridu ADC1
B_LED2 = 0; //3idnA1 B_LED2
B state2 = 0; /319nA1B_state2

TimeOn2 = false; /AU TimeOn2
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TimeOff2 = true; //AUavandu TimeOff2

}
void taskTimeOn3 (boolean _flag)
{

if (_flag)

{

if (millis() > B_LED3) /8 milts(fiAunni1B_LED3

{

B_LED3 = timer_on3 + millis(; /Aagmnqtimer_on1(anfiivum) Wsunsuszds
FoyarauHIGH iaduIWLEDRRTw112 maaaniifmun uazAvanileddygruLowneud

AL
B state3 = IB_state3;
if (B_state3 == 1)
{
E = (4095 * SPN3 ) / FSN3 ; //uwuasr1 SPN3 viWAE aglutaa 0-4095 byte
voltage3(E); //AdmA1 DAC Voltage

ADC3 = true; //UsHandu ADC3

else

ADC3 = false; //Unandu ADC3



B_LED3 = 0; //3\¢mAn B_LED3
B_state3 = 0; //3\fimfi1 B_state3
TimeOn3 = false; //Aaratu TimeOn3

TimeOff3 = true; //UaWandu TimeOff3

}

void taskTimeOn4 (boolean _flag)
{
if (_flag)

{

if (millis) > B_LEDA) /e millsOfiAunnninB_LED4

{

B_LED4 = timer_ond + millis(); //Tnavgnqtimer_on1(L'Ja'1-7iﬁmuﬂ) TUsunsuzdd
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FyrauHiGH RadulWLEDRRTIvN12 munaniifmun uazduandieddyul OWneud

nuALIAN
B_stated = IB_stated;
if (B_stated == 1)

{

G = (4095 * SPN4 ) / FSN4 ; //udasra SPNA vilviAnG aglutas 0-4095 byte

voltaged(G); //dnen DAC Voltage

ADC4 = true; //Umitandu ADC4



else

ADC4 = false; //Un#andu ADC1
B_LED4 = 0; //3\%wein B_LED4

B stated = 0; //3\dnf1 B_stated
TimeOn4 = false; //UaWardu TimeOnd

TimeOffd = true; //Aaandu TimeOffd

}

void taskTimeOff1 (boolean _flag)
{
if (_flag)

{

if (millisQ) > C_LED1) //fmillsOfiAmnainC_LED1

{

C_LED1 = timer_off1 + millis(); //Tﬂtw;ﬂ']timer_onl(l.':a'ﬁ'lr‘i'mum) Tusunsuaza
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FoyyreuHIGH AadulWLEDARTIn 12 suvianiinvua uazduanuloddryqulOWasui

nuALAN
C statel = IC_statel;
if (C_statel == 1)

{

A = (4095 * SPN1 * Percen_off1 ) / FSN1 ; //utasdin SPN1 vilvienA aglutias 0-

4095 byte
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voltage1(A); //\3nA1 DAC Voltage

ADC1 = true; //\Uswantu ADC1
else

ADC1 = false; //Un#ardu ADC1
C_LED1 = 0; /31¥nA1 C_LED1
C_statel = 0; //3&nAn C_statel
TimeOff1 = false; //AlaNantu TimeOff1

TimeOn1 = true; /AUaWantu TimeOn1

} -
void t'ask'l“lmeOfFZ (boolean _flag)
{

if (_flag)

{

if (millis() > C_LED2) //6mills(fifAnannnanC_LED2

{

C_LED2 = timer_off2 + millis(); //lagmnatimer_oniiatfiimun) TUsunsuaza
dryeyauHIGH AaiWLEDARTINN12 sunaniiivun wassvanidledsdyguLOwneud

nualIan

C_state2 = IC_state2;
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if (C_state2 == 1)

{

C = (4095 * SPN2 * Percen off2 ) / FSN2 ; //uwdasdin SPN2 viliAnC aglutas 0-
4095 byte

voltage2(C); //\§nA1 DAC Voltage

ADC2 = true; //WUawandu ADC2

else

ADC2 = false; //Unarndu ADC2
C_LED2 = 0; //3\nA1 C_LED2
C_state2 = 0; //3&nAn C_state2
TimeOff2 = false; //UaRantu TimeOff2

TimeOn2 = true; /A UaHaitu TimeOn2

}

void taskTimeOff3 (boolean _flag)
{

if (_flag)

{

if (millis) > C_LED3) //AmillsOfifsnnadnC_LED3

{



78

C_LED3 = timer_off3 + millis(; //Iﬂﬂ'!qﬂ‘]timer_on1(L’Ja’n7llﬁ’l1ﬂuﬂ) Wsunsuazds
&y reuHIGH AaduWLEDRRTIN12 muanfifmun uasivanilededoyanaLOwseui

nUALIAN
C_state3 = IC_state3;
if (C_state3 == 1)
{

E = (4095 * SPN3 * Percen_off3 ) / FSN3 ; //wUaqfin SPN3 vilAE aglutaa 0-
4095 byte

voltage3(E); /A DAC Voltage

ADC3 = true; //Unawandu ADC3
else

ADC3 = false; //Uniaridu ADC3
C_LED3 = 0; //519nf1 T_LED

C_state3 = 0; //31nAn state

TimeOff3 = false; //Uaanidu TimeOff3

TimeOn3 = true; /A Uaaidy TimeOn3

}
void taskTimeOff4 (boolean _flag)
{

if (_flag)
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if (millisQ > C_LED®) //8millsOfiAnannninC_LED4

{

C_LED4 = timer_off4 + millis(); //Tﬂavgnqtimer_on1(L'Jmﬁﬁ'muﬂ) TUsunsuazds
Aty uHIGH (A TUlALEDART12 Amaniifvun uazﬁ’uami']'aeiaﬁfy,m'lmLOWmauﬁ

nuALI_a
C_stated = IC_stated,
if (C_stated == 1)

{

G = (4095 * SPN4 * Percen_offd ) / FSN4 ; //utasfin SPN4 ¥iliiAnG ogflutaa 0-
4095 byte

voltaged(G); /\¥nA1 DAC Voltage

ADC4 = true; //Uaflandu ADC4

else

ADC4 = false; //Ua#angu ADCA
C_LED4 = 0; //3\@ne1 C_LEDA
C_stated = 0; //3\¥nAn C_stated
TimeOffd = false; /Aarntu TimeOff4

TimeOn4 = true; /ANy TimeOn4
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void TimeControl1 (boolean _flag)
{
if (_flag)
{
if (millisQ > T_LED1) /8 millsOfiAwnnndnT_LED1
{ .

T_LED1 = timermin1 + millis(); //IﬂEJV‘Iﬂ‘]timer(L’Jﬁ'lﬁﬁ‘muﬂ) Tusunsuasdadayeynd

HIGH (AmuJulMLEDRRTY12 amuiianfidmue uasdvanilodadyanaul OWnsuiivuaia
T statel = IT statel ;
if (T_statel == 1)
{
B LED1 = 0; //3\wen B_LED1
B statel = 0; //3\finfi1 B_statel
C_LED1 = 0; /3@nA1 C_LED1
C_statel = 0; //3lmAn C_statel

TimeOn1 = true; /AUaHanduTimeON!1
else

ADC1 = false; //Alniaridu ADC1
A = 0; //3dmmA WivinAuo
voltage1(A); //\§mA1 DAC Voltage
T_LED1 = 0; //3:8nA1 T_LED1

T_statel = 0; //5\¥nAn T_statel
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BlinkLED1 = false; //UnflarAdu BUnkLED1
TimeOn1 = false; //UaMNTU TimeOn1
TimeOff1 = false; //AUnaRardu TimeOff1 ,

setText("ta21", "0"; //lwi¥erro luTextboxiit3a21

}
void TimeControl2 (boolean _flag)
{

if (_flag)

{

if (millisQ > T_LED2) //&millsOfifmnnnanT_LED2 -~

{

T_LED2 = timermin2 + millis(); //Iﬂavgﬂ‘]timer(nmﬁﬁ'muﬂ) TUsunsuazdsdeyu
a a 4 o o o d 1w o
HIGH WaulWLEDAaRN 12 amianfiniviua warduanllodid gl OWnsuivialIan

T state2 = IT_state2;

if (T_state2 == 1)

{
B_LED2 = 0; //3\fmein B_LED2
B state2 = 0; //AdnA" B_state2
C_LED2 = 0; /3¥aA1 C_LED2
C_state2 = 0; //3\¥nA1 C_state2

TimeOn2 = true; //AUaHandu TimeOn2



else

ADC2 = false; //Unwaridu ADC2

C = 0;//AdnAC Tviniuo
voltage2(C); //\¥mA1 DAC Voltage

T _LED2 = 0; //3\%mA1 T_LED2

T state2 = 0; //A1nA1 T_state2
BlinkLED2 = false; //Uailaridu BlinkLED2
TimeOn2 = false; //AUaiandu TimeOn2
TimeOff2 = false; /AaHandu TimeOff2

setText("ta22", "0"; //lwiteanro" luTextboxiita22

}
void TimeControl3 (boolean _flag)
{
if (_flag)
{
if (millis) > T_LED3) /& mills(fiAunnnanT_LED3

{

82
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a’

T_LED3 = timermin3 + millis(); //Tﬂav;nqtimer(na'lﬁﬁ'muﬂ) TWsunsuazadygyu

aim

o v W - a 3 e PN Y
HIGH wazdgyarailowaduiu aiulinsenduiinn12 TagArves millis) asiuprdaluila

aun1TuluIung

T state3 = IT_state3;

if (T _state3 == 1)

{
B_LED3 = 0; //3\§nfinB_LED3
B state3 = 0; //3\nf1 B_state3
C_LED3 = 0; //3\#nf1 C_LED3
C_state3 = 0; /31w C_state3

TimeOn3 = true; //AUaRaNtU TimeOn3

else

ADC3 = false; /Alaaidu ADC3

E = 0; //A%mAE Wivihiuo

voltage3(E); //AmA1 DAC Voltage

T _LED3 = 0; //5\%nA1 T_LED3

T state3 = 0; /A\8mAnT_state3
BUnkLED3 = false; //Anlaritu BlinkLED3
TimeOn3 = false; /a4y TimeOn3
TimeOff3 = false; //Aafsridu TimeOff3

setText("td23", "0"); /Awidarmmro* luTextboxiitd23
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}
void TimeControl4 (boolean _flag)
{

if (_flag)

{

if (millis) > T_LED4) //dmillsOfiAunnnanT_LED4

{

T _LED4 = timermin4 + millis(); //Tmavgnqtimer(nmﬁﬁmuﬂ) TUsunsuazdedeynya

HIGH wazdtyqul OWaduiu Andhilinsenduiinn12 Tasves millis) azifnASalui

aunssulusunsy

T stated = IT_stated ;

if (T_stated == 1)

{
B_LED4 = 0; //31#fn B_LEDA
B stated = 0; //31¥mfi1 B_stated
c_Lan = 0; //3%nen C_LED4
C_stated = 0; //3unAn C_stated

TimeOn4 = true; //AUaHendu TimeOn4

else

ADC4 = false; //AaRanduADCE



G = 0; //AdnmG Wiviniuo

voltaged(G); //\%mA1 DAC Voltage
T_LED4 = 0; //3v§wA1 T_LEDA

T stated = 0; //51gnAn T_stated
BlinkLEDA4 = false; //AUaflantu BUnkLED4
TimeOn4 = false; //UafAdy TimeOnd
TimeOffa = false; //Aaiantu TimeOffd

setText("taz2d", "0"; /Awiteauro luTextboxiitazd

}

void TimingStartONOFF1(boolean _flag)
{

if (_flag)

//

// Channel 1

/

BUNkLED1 = true; /AUaWnTuBlinkLED1
callPage("2"); //3uARanITing 2
memset(buffer, 0, sizeof(buffer));

memset(number, 0, sizeof(number));
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len_buff = getText("t21", buffer, sizeof(buffer)); J/usannTextboxt21 e i

len_buff // mass flow

len_num = getText("t22", number, sizeofinumber)); //uAnanTextbox't181"ulw i

len_num // full scale
callPage("18"); //L“i'anuaﬂmﬁ'lﬁ 18
memset(buffer1, 0, sizeof(buffer1));
memset{numberl, 0, sizeof(number1));

len_buffl = getText("t181", bufferl, sizeof(buffer1)); J/3uFnannTextbox't22 i 5
len_buffl // type of gas

len_num1 = getText("t182", numberl, sizeof(number1)); //FuAmnTextbox"t182 11

T‘tﬁﬁlen_numl // set point
callPage("34"); //unuansiini 34
memset(mini, 0, sizeofimin1));

len_minl = getText("t343", min1, sizeof(min1)); //3uannTextbox't3a3 e i

len_minl

memset(T_on1, 0, sizeof(T_on1));

len T oni = getText("t341", T_onl, sizeof(T_on1)); // fuAaInTextbox't3a1 v i

len T onl
memset(T_off1, 0, sizeof(T_off1));

len T offt = getText("t342", T_off1, sizeof(T _offl));//%'uFi'linnTextbox"t342“u'ﬂ'd’5ﬁ
len T offl

memset(Per_offt, 0, sizeof(Per_off1));

len_Per offl = getText("t344", Per_off1, sizeof(Per_off1)); //5uAnTextbox't344"

wlwrifilen_Per offl
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//

// Channel 1

//

#if PRINT_DEBUG
Serial.print("Bufferf] = *);
for (ibuff = 0; ibuff < len_buff; ibuff++) //uAniMivtasannten_buff uuanssnfibuffer
{
Serial.print(buffer{ibuffl);
}
Serial.println();

#endif

#if PRINT_DEBUG
Serial.print("Number{] = ");

for (inum = 0; inum < len_num; inum++) //5umiiasainlen_num UIAMIAIN

number
{
Serial.print(number{inum));
}
Serial.printtn();
#endif
#if PRINT_DEBUG

Serial.print("Buffer1[] = "),
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for (ibuffl = 0; ibuffl < len_buff1; ibuffi++) //3uAriwieianlen_buffl WuansFi
bufferl

{
Serial.print(buffer1[ibuff1]);
}
Serial.println();
#endif
#if PRINT_DEBUG
Serial.print("Number1[l = ")

for (inum1 = 0; inum1 < len_numi; inum1++) //%'Uﬁ'l'l]'ﬂl.ﬂaﬁ"u'mlen_numl UMARY

il
Avinumberl

Serial.print(number1i[inum1]);

}
«.-‘NN

Serial.println();

#Hendif

//

// Channel 1 TIME PART

//

#if PRINT_DEBUG
Serial.print("Min10] = *);

for (imin1 = 0; imin1 < len_min1; imin1++) //3uA1iWinesanlen_mini WUARIAT

minl



Serial.print(min1{imin1]);
}
Serial.printtn();
#endif
#if PRINT_DEBUG
Serial.print('Time_on1.01 = ");

for (T_on1 = 0; iT_on1 < len_T_on1; iT_on1++) //fuArivivaainlen_T_on1

WARIATAT onl
{
Serial.print(T_on1[iT_on1]);
}
Serial.printin();
#endﬁ
#if PRINT_DEBUG —
Serial.print(‘'Time_off1[] = ");

for (iT_offl = 0; iT_offl < len_T_off1; iT_off1++) /3uaiinasanlen T offt an

WARIATT offl
{
Serial.print(T_off1[iT_off1});
}
Serial.println();
#endif

#if PRINT_DEBUG
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Serial.print("Percen_off1[] = )

for (iPer_off1 = 0; iPer_offt < len_Per_off1; iPer_off1++) //fusmiiraiain
len_Per_off1 WuansFiiPer offt

{

Serial.print(Per_off1[iPer_off1]);
}
Serial.println();

#endif

led_min1 = atof(min1); //SuAmin1 mLﬁU'l"fﬁled_minl

led T ont = atof(T_on1); //3ufnT_on1 wnfiulilled T oni
led_T_offt = atofiT_off1); //¥usT_offt snifiuliilled_T_offt
led_Per_off1 = atof(Per_off1); //3umPer_offt :J'!I.ﬁU‘l"J’ﬁled_Per_offl

timermini = led_min1 * 60000 ; //3uA1led_min1 wAIN wénfuAlia

timerminl

timer_onl = led T on1 * 60000 ; //3ufiled_T_on1 WA wdnfualii

timer_on1

timer _offl = led_T_offl * 60000 ; //3uAiled_T_offl w1 ud Al

timer_off1

Percen off1 = led_Per off1 / 100 ; //3ufiled_Per_off1 uAmiu udufualin

Percen_offl

Duty_cyclel = ( timer_on1 / ( timer_on1 + timer_off1 )) * 100; //3uftimer_on1
waztimer offl andnal wdnfuAilia Duty_cyclel

dtostri Duty_cyclel, 4, 2, sbuff5), //3uA131n Duty_cycle1muﬂam.fluv’1’1€1’n'eﬂﬁ'a‘i-u’5
uuminae

setText("t345°, sbuffs);



//

// Channel 1

//

String S = String(buffer); //3unGMInwiaiieuanudnus
if (S == "02") //alwiAulu 02
{
float 02 = 0.993; /02 fifwinAiu 0.
GM1 = 0.993; /W GM1 fiawiiu 0.
}
else if (S == "Ar") /A Ar
{
float Ar = 1.39; //Ar finumnu 1.39
GM1 = 1.39; /1% GM1 fiAwiaiu 1.39
}
else if (S == "N2") //&éwiAudu N2
{
float N2 = 1.00; //N2 figuwiiu 1.00
GM1 = 1.00; /1% GM1 fiawviniu 1.00
}
else if (S == "H2") /8 lwiAndu H2
{
float H2 = 1.01; //H2 firwvinfiu 1.01

GM1 = 1.01; /I GM1 fisuviniu 1.01
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else

o v o 'Y val
GM1 = atof(buffer); //3uA1a1nn1sAguTieaiiteutaatiudiiay sulinemi

String T = String(buffer1); //umGF1anwTieaiiauvaniusnys

if (T == "02") /8 lwiadu 02

{
float 02 = 0.993; /02 fiAwinfiv 0.993
GF1 = 0.993; /W GF1 fiAwviiu 0.993

}

else if (T == "Ar") /ZdNwiAudu Ar

{
float Ar = 1.39; //Ar figwviniu 1.39
GF1 = 1.39; /W GF1 fiauviafu 1.39

}

else if (T == "N2") /it N2

{
float N2 = 1.00; //N2 diauvinfiu 1.00
GF1 = 1.00; /I GF1 fidwviaiu 1.00

}

else if (T == "H2") /Zélwiandu H2

{

float H2 = 1.01; //H2 fiawviniu 1.01
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GF1 = 1.01; /% GF1 fiAwyinAu 1.01

else

GF1 = atof(buffer1); //Fuanannntinatilautandusaay uiuliicrt

FS1 = atofinumber); //fuAwiivaitsulandiudaay siAvliiFs
SPN1 = atof(number?): //fuawiisaiisudasfiudas uiiulinspl

FSN1 = ( GF1 / GM1 ) * FS1; //5UAGF1,GM1uasFS1unAuia wdNAUATATIFSNI

if (SPN1 > FSN1) //81SP1 Sidannda Fs1 Wlainiiiz

{ Zu
callPage("26"); //Gunuaaamiing 26
A = 0; /A EnAnA Tiviniuo
voltage1(A); //\dinA1 DAC Voltage

dtostrf( FSN1, 4, 1, sbuff); //uasAvtoscem_1hifuduuselingas el iuy

W99

setText("t261", sbuff5);

else

callPage("a2"); //3unuanamiindl 42



//

// Part Calculate Channel 1

/"
A = (4095 * SPN1 ) / FSN1 ; //udasrrsPN1Tveglutiag 0-4095 byte
voltage1(A); //\§nA1 DAC Voltage

B = (FSN1* A) /4095 ; //udastt 0-4095 WiegluAFSN1
Flowout1 = ( SPN1 /FSN1)*5;

ADC1 = true; //:Unwandu ADC1

}
void TimingStartONOFF2 (boolean _flag)
{

if (_flag)

//

// Channel 2

1

BUNkLED2 = true; //A\UaHanduBlinkLED2
callPage(*3"); //3unuananiing 3
memset(buffer2, 0, sizeof(buffer2));

memset(number2, 0, sizeof(number2));

94



95

len_buff2 = getText("t31", buffer2, sizeof(buffer2)); //%'UFhﬁl'mTextbox"tS1"11ﬂI?!’5171'
len_buff2 // mass flow

len_num2 = getText("t32", number2, sizeof(number2)); //5uA1nTextbox"t191"1

Twifilen_num2 // full scale
callPage("19"); //Sunuanwwiiii 19
memset(buffer3, 0, sizeof(buffer3));
memset(number3, 0, sizeof(number3));

len_buff3 = getText("t191", buffer3, sizeof(buffer3)); //%'Uﬂ"l'-a'lnTextbox"t32"1J'ﬂ'd'5‘7i
len_buff3 // type of gas

len_num3 = getText("t192", number3, sizeofinumber3)); //5uAnTextbox't192"41

ifilen_num3 // set point
callPage("35"); //3unuamviTif 35
memset(min2, 0, sizeofimin2));

len_min2 = getText("t353", min2, sizeof(min2)); //%'Uf*h=0‘1nTextbox"t353"u'ﬂ'U’517;

len_min2
memset(T_on2, 0, sizeof(T_on2));

len T _on2 = getText("t351", T_on2, sizeof(T_on2)), //3ufnanTextbox t351 iy i

len_ T on2
memset(T_off2, 0, sizeof(T_off2));

len T off2 = getText("t352", T_off2, sizeof(T_off2))y/FuAanTextbox't352'ulv il
len T_off2

memset(Per_off2, 0, sizeof(Per_off2));

len_Per off2 = getText("t354", Per_off2, sizeof(Per_off2)); //5um1a1nTextbox"t354"

ylaridilen_Per off2



96

//

// Channel 2

V4

#if PRINT_DEBUG
Serial.print("Buffer2[] = ),

for (ibuff2 = 0; ibuff2 < len_buff2; ibuff2++) //3uTiNiMesatnlen_buff2 suanandi
buffer2

{
Serial.print(buffer2{ibuff2]);
}
Serial.println();
#endif
#if PRINT_DEBUG
Serial.print("Number2[] = ")

for (inum2 = 0; inum2 < len_num2; inum2++) //3uA1iMiWesainlen_num2 uuas

Afinumber2

{
Serial.print(number2[inum2]);

}
Serial.printtn();

#endif

#if PRINT_DEBUG
Serial.print("Buffer3[] = ");

for (ibuff3 = 0; ibuff3 < len_buff3; ibuff3++) //fumiiasannlen_buff3 uuansaii
buffer3
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Serial.print(buffer3[ibuff3));
}
Serial.print(n();
#endif
#if PRINT_DEBUG
Serial.print("Number3[] = ");

for (inum3 = 0; inum3 < len_num3; inum3++) //3uArtiesannlen_num3 uuan

Avinumber3

{

Serial.print(number3[inum3]);

}

Serial.printtn();

#endif

/!

// Channel 2 TIME PART

//
#if PRINT_DEBUG
Serial.print("Min2[] = *);

. . . .. v e . 1o
for (imin2 = 0; imin2 < len_min2; imin2++) //3uAdWinedanlen_min2 anuansmi

min2
{

Serial.print(min2[imin2]);
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}
Serial.printin();

#endif

#if PRINT_DEBUG
Serial.print("Time_on2.[] = ")

for (T_on2 = 0; iT_on2 < len_T_on2; iT_on2++) //fuAivinedainlen_T_on2 an

WARIATIT on2
{
Serial.print(T_on2[iT_on2]);
} .
Serial.print(n();
#endif
#if PRINT_DEBUG
Serial.print("Time_offf] = ");

for (iT_off2 = 0; iT_off2 < len_T_off2; iT_off2++) //%'U?hﬁ'wma‘fil'lnlen__T__o?r'.’? -

WARIFTAT off2
{
Serial.print(T_off2[iT_off2]);
}
Serial.printtn();
#endif
#if PRINT_DEBUG
Serial.print("Percen_off2[] = ")

for (iPer_off2 = 0; iPer_off2 < len_Per_off2; iPer_off2++) //3uAtiiiasann

len_Per_off2 anuamidiiPer_off2



99

Serial.print(Per_off2[iPer_off2]);
}
Serial.println();

#endif

led_min2 = atofimin2); //3uAmin2 anfiuliiiled_min2

led T on2 = atof(T_on2); //3ufT_on2 sifuliiiled T on2
led T off2 = atoftT_off2); //5uA1T_off2 ufulifiled T off2
led_Per_off2 = atof(Per_off2); //3umPer_off2 u’lLﬁull"J'ﬁled_Per_offZ

timermin2 = led_min2 * 60000 ; //3ufinled_min2 sdmuia iU

timermin2

timer_on2 = led T on2 * 60000 ; //3uiiled T on2 mAwaa udufualin

timer_on2

timer off2 = led T off2 * 60000 ; //3umled_T_off2 Amim udufuAli

R ~

timer_off2 -
Percen_off2 = led_Per off2 /100 ; //3ufiled Per_off2 udnunm uéufumliv

Duty _cycle2 = ( timer_on2 /  timer_on2 + timer_off2)) * 100; //3uAtimer_on2

. o 'Y + Y vad
wastimer_off2 unAuia wdnduelin Duty cycle2

dtostrf( Duty_cycle2, 4, 2, sbuffé); //3UA1an Duty_cycteZmuUaaLﬂuﬁiﬁnﬁstﬁa‘lwi

YUN99

setText("t355", sbuff6);



//

// Channel 2

//

String U = String(buffer2); //AuAnGM2anwinsaLtauandusngs
if (U == "02") //dianlu 02
{
float 02 = 0.993; //02 Ay 0.993
GM2 = 0.993; /% GM2 fisuvinfiu 0.993
}
else if (U == "Ar") /86 Nwiaudu Ar
{
float Ar = 1.39; //Ar figwiaiu 1.39
GM2 = 1.39; //WW GM2 Tl iy 1.39
}
else if (U == "N2") //éwiAniu N2
{
float N2 = 1.00; /N2 fiawiiiy 1.00
GM2 = 1.00; /1% GM2 fiauvinfiu 1.00
}
else if (U == "H2") //8lwiAndu H2
{
float H2 = 1.01; //H2 fiAwwiaiy 1.01

GM2 = 1.01; //I% GM2 figwinnu 1.01

100
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else

Y a¢ v o o )
GM2 = atoflbuffer2); //3uArannmifgwinsaiveutasduiiay wuAuliieM2

String V = String(buffer3); //upnGF2anmiieaiilautandudnes
if (V == "02") /8 lwiawdu 02
{
float 02 = 0.993; /02 fignvinfiu 0.993
GF2 = 0.993; /W GF2 dfimuviniiu 0.993
}
else if (V == "Ar") //dlwiaudu Ar
{
float Ar = 1.39; //Ar fiAuviniu 1.39 -
GF2 = 1.39; /W GF1 fiAwvinfiu 1.39
}
else if (V == "N2") //éwiAundu N2
{
float N2 = 1.00; //N2 fia1viy 1.00
GF2 = 1.00; //WGF1 fiawiniu 1.00
}
else if (V == "H2") //ilwifudu H2
{

float H2 = 1.01; //H2 dAwmnv 1.01
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GF2 = 1.01; /W% GF1 fiAwiiu 1.01

else

v a¢ v - o val
GF2 = atof(buffer3); //5Uﬂ']'il']ﬂﬂ15ﬂﬂuu’l'i]E]LWE]lLUaQLﬂUW)La'U mLﬁU'hVIGFZ

Y p v - o )
FS2 = atof(number2); /Auarainnsagwieativeuvasdusiay snfulivirs2
o « v - Y v
SPN2 = atof(number3); //3uAnannmsAguiineaiieudaatudiay unfulinse2

FSN2 = (GF2 / GM2)* FS2 ; //3UR1GF2,GM2uasFs2nfnnm wifudliniFsng

if (SPN2 > FSN2) //815P2 fiAnuanndn Fs2 Wilainthiizs
{

callPage("27"); //L‘%'anuamwﬁjﬁ 27

C = 0; /AdnAnC TWiviniuo

voltage2(C); //\¥nA1 DAC Voltage

dtostrf( FSN2, 4, 1, sbuffe); //wlativtoscem 1Ividuiuuseiindnus ielyiuu

M99

setText("t271", sbuff6);

else

callPage("42"); //Gonuanaving 42
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/7

// Part Calculate Channel 2

/!
C = (4095 * SPN2 ) / FSN2 ; //udasrnsPN2lvagludas 0-4095 byte
voltage2(C); //Set DAC voltage

D = (FSN2 * C) / 4095 ; //udasd 0-4095 IagluArFSN2
Flowout2 = (SPN2 / FSN2) * 5 ;

~ ADC2 = true; //Umweridu ADC2

}

void TimingStartONOFF3 (boolean _flag)

{

if (_flag)

//

// Channel 3

//
BUNKLED3 = true; //UaanduBlinkLED3
callPage("4™); //Gonuananting 4
memset(bufferd, 0, sizeof(bufferd));

memset{(number4, 0, sizeof(number4));



104

(en_buff4 = getText("t41", bufferd, sizeof(buffera)); //%'UFhmnTextbox"tlll"11’11‘(1’517;
len_buffd // mass flow

len_numd = getText("t42", numberd, sizeof(numberd)); //3uA131nTextbox't201"37

Taidilen_numa // full scale
callPage("20"); //3enuanmtii 20
memset(number5, 0, sizeof(number5));
memset(buffer5, 0, sizeof(buffer5));

len_buff5 = getText("t201", buffer5, sizeof(buffer5)); //%’Uﬁ”ﬁ]'lnTextbox"t42":J'ﬂ'U’5‘7;
len_buff5 // type of gas

len_numb5 = getText("t202", number5, sizeof(number5)); //5uAn3nTextbox"t202 417

Twiflen_numb // set point
callPage("36"); //Genuanating 36
memset(min3, 0, sizeof(min3));

len_min3 = getText(*t363", min3, sizeof(min3)); //3uAnanTextbox't363 i

len_min3
memset(T_on3, 0, sizeof(T_on3))

len T on3 = getText("t361", T_on3, sizeof(T_on3)); //3ufnannTextbox't361 5

len_T on3
memset(T_off3, 0, sizeof(T_off3));

len T off3 = getText("t362", T_off3, sizeof(T_off3))y//3uA1annTextbox"t362"u 1w 3l

len_min3
memset(Per_off3, 0, sizeof(Per_off3));

len_Per off3 = getText("t364", Per_off3, sizeof(Per_off3)); //3uAnainTextbox't364"

wlgifilen_sec3
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//

// Channe3

//
#if PRINT_DEBUG
Serial.print("Bufferaf] = *);

for (ibuffd = 0; ibuffd < len_buffd; ibuffd++) /5umUiesainlen buffa LA

bufferd

{
Serial.print{bufferdfibuffa));
}
Serial.printtn);
#endif
#if PRINT_DEBUG
Serial.print(*Numberd[] = );

for (inumé = 0; inumé < len_numd; inumd++) //3uAiineiannten_numd st

Anfinumberd
{
Serial.print(numberd{inum4));
}
Serial.printin();
#endif
#if PRINT_DEBUG
Serial.print("Buffer5{ = ");

for (ibuffs = 0; ibuff5 < len_buffs; ibuff5++) //3uArivinesanten_buffs WUARIAT

buffer5



106

Serial.print(buffer5[ibuff5]);
}
Serial.printtn();
#endif
#if PRINT_DEBUG
Serial.print("Number5[] = ");

for (inum5 = 0; inum5 < len_num5; inum5++) //%'Uﬁ'lﬁwLﬂai'mnlen_numS UWARNY

' o
AVinumber5

Serial.print(number5[inum5]);
}
Serial.printtn();

#endif

//

// Channel 3 TIME PART

//
#if PRINT_DEBUG
Serial.print("Min3[] = *);

. LR K . + o
for (imin3 = 0; imin3 < len_min3; imin3++) //fuAivinesanlen_min3 uuanwdi

min3
|

Serial.print(min3{imin3]);

-,
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}
Serial.print{n();

#endif

#if PRINT_DEBUG
Serial.print("Time_on3.[J = );

for (iT_on3 = 0; iT_on3 < len_T_on3; iT_on3++) //fuAiviMesannten_T_on3 i

WaRIAAT on3
{
Serial.print(T_on3[iT_on3]);
}
Serial.printtn();
#endif
#if PRINT_DEBUG
Serial.print("Time_off3[] = )

for (iT_off3 = 0; iT_off3 < len_T_off3; iT_off3++) //3usimiwinesanlen_T_off3 un

N -

WARIATAT off3
{
Serial.print(T_off3[iT_off3]);
}
Serial.printtn();
#endif
#if PRINT_DEBUG
Serial.print("Percen_off3[] = ");

for (iPer_off3 = 0; iPer_off3 < len_Per_off3; iPer_off3++) //3uAmiwiniasan

len_Per_off3 wuanEiiPer off3
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Serial.print(Per_off3[iPer_off3]);
}
Serial.println();

#endif

led_min3 = atofimin3); //Fufimin3 uufulfilled_min3

led T_on3 = atof(T_on3); //3uAT_on3 wufulifiled T on3
led T off3 = atof(T_off3); //FudT_off3 wifiulifiled T off3
led_Per_off3 = atof(Per_off3); //3uA1Per_off3 :J’!LﬁU‘l”J’V"iled_Per_off3

timermin3 = led_min3 * 60000 ; //3uAlled_min3 1AM udufualii

timermin3

timer_on3 = led_T_on3 * 60000 ; //3ufled T on3 wfuin udaufurlin

timer_on3

timer_off3 = led_T_off3 * 60000 ; //3uAled_T_off3 anAmuim uduAualia

timer_off3

Percen_off3 = led Per off3/ 100 ; //3ufiled_Per_off3 1At ud vl

Percen_off3

Duty cycle3 = ( timer_on3 /  timer_on3 + timer_off3)) * 100; //3ustimer_on3
waztimer_off3 inAmn winiuslia Duty_cycle3

dtostrf( Duty_cycle3, 4, 2, sbuff7); //5UA197N Duty_cycle?:mu‘dmLﬂﬂﬁ")é’ﬂtﬁlﬁ‘ﬂﬁ
YUMI0

setText("t365", sbuff7);



109

//

// Channel 3

//

String W = String(bufferd); //3uAnGM3nnuiiveiteutandusnus
if (W == "02") /& ianliu 02
{
float 02 = 0.993; //02 dAwMAU 0.993
GM3 = 0.993; /1% GM3 finvinfiv 0.993
}
else if (W == "Ar") /8w iandu Ar
{
float Ar = 1.39; //Ar Ay 1.39
GM3 = 1.39; //Ar figuvinfiu 1.39
}
else if (W == "N2") /el iandu N2
{
float N2 = 1.00; //N2 fidwvifiu 1.00
GM3 = 1.00; /1% GM3 fiAwviaiu 1.00
}
else if (W == "H2") //dleiAudu H2
{
float H2 = 1.01; //H2 fiAwviiu 1.01

GM3 = 1.01; /1% GM3 flawiniu 1.01
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else

Y P v P ) v
GM3 = atof(bufferd); //5uArannisAgntinvaiiautandusiay uniulincms

String X = String(buffers); //3uenGF3mnutiveiteudaniusnes

if (X == "02") //inlwiandu 02

{
float 02 = 0.993; /02 fiAwviniu 0.993
GF3 = 0.993; /W GF3 dfiawviiu 0.993

}

else if (X == "Ar") /8w ianlu Ar

{
float Ar = 1.39; //Ar figwiniu 1.39
GF3 = 1.39; /% GF1 Ay 1.39

}

else if (X == "N2") //lyiAniu N2

{
float N2 = 1.00; /N2 figuvinfiu 1.00
GF3 = 1.00; /% GF3 fidviaiu 1.00

}

else if (X == "H2") /78 lwiawdu H2

{

float H2 = 1.01; //H2 fiAwvnfiv 1.01
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GF3 = 1.01; /¥ GF3 fiawwiiu 1.01

else

GF3 = atof(buffers), //3uAmnnsAguiinveifiswlaadiuiias suiulinGrs

v ad v o o val
FS3 = atofinumberd); J/¥umanmsaeviinaaieulautiudaay uniulinirss
YR ¢ v o @ v
SPN3 = atoftnumber5); //3ua1annishguiieatisulanduinas uAulinses

FSN3 = ( GF3 / GM3 ) * FS3 ; //3UANGF3,GM3UasFS3uifule WdNAuATATIFSNG

if (SPN3 > FSN3) //8n5P3 fifnunnnin Fs3 Ilaiwiiizg
{ it
callPage("28"); //3enudamiing 28
E = 0; //3mAnE Wiviniuo
voltage3(E); //\¥nA1 DAC Voltage
Serial.print('E = ");

Serial.println(E);

dtostrf( FSN3, 4, 1, sbuff7); //wdasrvtoScem_1lillududseiindnes WalySuy

Miae
Serial.print("sbuff7 = ");
Serial.printin(sbuff7);

setText("t281", sbuff7);
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else

callPage('42"); //Gunuananiing 42

//

// Part Calculate Channel 3

//

E = (14095 * SPN3 ) / FSN3 ; //utasrnSPN3luaglutai 0-4095 byte
voltage3(E);//Set DAC voltage

F = (FSN3 * E) / 4095 ; //ulasd 0-4095 WiaglurIFSN3
Flowout3 = ( SPN3 / FSN3 ) * 5 ;

ADC3 = true; //UsHandu ADC3 Lo

}
void TimingStartONOFF4 (boolean _flag)
{

if (_flag)
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//

// Channel 4

/7 -

BUNkLED4 = true; //UaeiduBlinkLED4
callPage("s"); //Genuanaihil 5
memset(buffers, 0, sizeof(buffer6));
memset(numberé, 0, sizeof(number6));

len_buffé = getText("t51", bufferé, sizeof(buffers)); //3uAanTextbox"t51"un e i
ten_buff6 // mass flow

len_numé = getText("t52", numbers, sizeof(number6)); //3UA1ANTextbox" 211"

Twifllen_numé // full scale
callPage("21"); //Genuananiig 21
memset(buffer7, 0, sizeof(buffer?));
memset(number7, 0, sizeof(number7));

len_buff7 = getText("t211", buffer7, sizeof(buffer?)); //3usnannTextbox't52"ua i
len_buff7 // type of gas

len_num?7 = getText("t212", number?7, sizeof(number7)); //%'Uﬁ1i}1ﬂTextbox"t212"u’1
Tarfiilen_num7 // set point

callPage("37"); //Gunuanaiig 37
memset(mind, 0, sizeof(min4)),

len_mind = getText("t373", min4, sizeof(min4)); //'E"Ur-h’«nnTextbox"t373“u’ﬂ‘U'517;

len_ming
memset(T_ond, 0, sizeof(T_on4)),

len_T_ond = getText("t371", T_ond4, sizeof(T_on4)); //3uAnannTextbox"t371"u a3

len_T_ond

memset(T_offd, 0, sizeof(T_off4));
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len T offt = getText("t372", T_offd, sizeof(T_offd)y//3usia NTextbox"t372 7
len T offd

memset(Per_offd, 0, sizeof(Per_offd));

¢

len_Per_off4 = getText("t374", Per_offd, sizeof(Per_offd)); //3umannTextbox’t374"

anlyiiilen_Per offa

//

// Channel 4

//

#if PRINT_DEBUG
Serial.print("Buffers[] = "),

for (ibuff6 = 0; ibuff6 < len_buff6; ibuffé++) //SuAinimesannien_buffé AUARIAT
buffer6

{
Serial.print(buffer6[ibuff6]); .
}
Serial.printtn();
#endif
#if PRINT_DEBUG
Serial.print("Numberé[] = "),

for (inumé = 0; inumé < len_numé; inumé++) //3uAiiwesatnlen_numé LAY

Ainumber6

{

Serial.print(numberé[inumé]);
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Serial.printtn();

#endif

#if PRINT_DEBUG
Serial.print("Buffer7] = ");

for (iouff7 = 0; ibuff7 < ten_buff7; ibuff7++) //fuAriWiaiarnlen_buff7 snuanaatil
buffer7

{
Serial.print(buffer7[ibuff7]);
}
Serial.print{n();
#endif
#if PRINT_DEBUG
Serial.print("Number7[] = ™)

for (inum7 = 0; inum7 < len_num7; inum7++) //3uAnininasainlen_num?7 uuan

Anfinumber? .
{

Serial.print(number7inum7]);
}

Serial.printin();

#Hendif
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//

// Channel 4 TIME PART

//

#if PRINT_DEBUG
Serial.print("Mind[] = ");

for (imind = 0; imind < len_ming; imind++) //3uAiWimeiainten_mind auanAil

ming

Serial.print(mind{imind]);
}
Serial.printtn();
#endif
#if PRINT_DEBUG
Serial.print("Time_ond.[l = "), -

for (iT_on4 = 0; iT_on4 < len_T _ond; iT_ond++) //fuAiwinasatnlen_T_ond an

WARAT ond
{
Serial.print(T_on4[iT_on4]),
}
Serial.print(n();
#endif
#if PRINT_DEBUG
Serial.print("Time_offa[] = ),

for (iT_offd = 0; iT_off4 < len_T_off4; iT_offd++) //5umivieasainlen_T_offd a1

WaRFAT offd



Serial.print(T_offa[iT_offa]);
}
Serial.printtn();
#endif
#if PRINT_DEBUG
Serial.print("Percen_offd[] = ")

for (iPer_offa = 0; iPer_offd < len_Per_off4; iPer_offd++) //3uAnivinesain

len_Per_offd wuansetiiPer_off
{
Serial.print(Per_offd[iPer_offd]);
}
Serial.printin();

#endif

led_mind = atofimind); //5uAming mtﬁuﬁﬁled_mintl

[éd_T_on4 = atof(T_ond); //3uAT_ond mtﬁu‘l"fﬁled_T_ond

led_T offd = atof(T_offd); /3ufT offa wufuliiiled T offd
led_Per_offd = atof(Per_offd); //fufiPer_offa ufuliiiled_Per offa

timermind = led_mind * 60000 ; //3ufled_mind uA wanfumlsn

timermin4

timer_ond = led_T ond * 60000 ; //3ufled T _ond s udufusrlin

timer_on4 ;

timer_offd = led_T offd * 60000 ; //fufitled T offd inAmna winfueli

timer_off4
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Percen offd = led_Per_off4 / 100 ; //3ufted_Per_off4 snfuiw udAuAlii
Percen_off4

Duty cycled = ( timer_on4 / ( timer_ond + timer_off4 )) * 100; //3ufittimer_ond

wastimer_offd 11AuIm wdufiuA1lin Duty_cycled

dtostrfl Duty_cycled, 4, 2, sbuff7); //3UA1310 Duty_cycletunuUaaL'fJuﬁ"Jé'nwiLﬁaTﬁ
UUNU19

setText("t375", sbuff7);

/!

// Channel 4

//

String Y = String(buffer6); //3uAGMannmhaaiiiaudaniiudnes
if (Y == "02") //ilwianlu 02
{
float 02 = 0.993; //02 fAW¥U 0.993
GM4 = 0.993; /M GM4 fiAwiniu 0.993
}
else if (Y == "Ar") /6w iaudu Ar
{
float Ar = 1.39; //Ar fifuviniu 1.39
GM4 = 1.39; /1% GM4 fiAnviniu 1.39
}
else if (Y == "N2") /6w ianiiu N2

{

float N2 = 1.00; //N2 fiawvindu 1.00
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GM4 = 1.00; /1% GM4 Hawwifiu 1.00
}
else if (Y == "H2") /B lwiAudu H2
{

float H2 = 1.01; //H2 fiAmwifiu 1.01

GM4 = 1.01; /v GM3 flauniiu 1.01

else

o/ 1 <t 3/ d o 2/ i
GM4 = atof(buffer6) //‘iUﬁ'W']ﬂﬂ'ﬁﬂéWlJ'NiJLWEJLLUENL{:JUWJLa'U ll'llﬁU‘hﬁGMil

String Z = String(buffer7); //3uAGF3nnuiiveifioutasfudnes
if (Z == "02") //éwiAudu 02
{
float 02 = 0.993; /02 fiauidu 0.993
GF4 = 0.993; /I GF4 fiAvindu 0.993
}
else if (Z == "Ar) /7N iandu Ar
{
float Ar = 1.39; //Ar gy 1.39
GF4 = 1.39; /W GF1 fidwviniu 1.39
}

else if (Z == "N2") //6lwiAnlu N2
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float N2 = 1.00; //N2 fiawviniu 1.00
GF4 = 1.00; /%1 GF4 fiawindu 1.00

}

else if (Z == "H2") s/t iAnlu H2

float H2 = 1.01; //H2 figwindv 1.01

GF4 = 1.01; /% GF4 fipwvindv 1.01

else

[ % 1 = v § o’ e
GF4 = atof(buffer7); //i'ummnmméuuwmﬁauﬂauﬂumLa'u N']LﬁU‘l’)'VIGF4

FS4 = atofinumbers); 7/3uAmnnsacwtinsaiiewlandusiay uulinrss
SPN4 = atof(number7); //3uAiainnisAdwinaaiveudasdumiay uniulinspa

FSNG = ( GF4 / GMa ) * FS4. ; //3UAGF4,GMauasFSaundna udfiumliaiFsne

if (SPNG > FSN4) //85P4 fifnnnnda Fsa Wilwimihiizo
1

callPage("29"; //Gunuanmiti 29

G = 0; //AdamG WviAuo

voltaged(G); //finA1 DAC Voltage



121

dtostrf{ FSN4, 4, 1, sbuff8); //uwlasAvtoScem 1Iiludusviindnys ety uu

90

setText("t291", sbuff8);

else

callPage("42"; //Ganuanaiing 42

/!

// Part Calculate Channel 4

//

G = (4095 * SPN4 ) / FSN4 ; //udasrSPNalvaglutiag 0-4095 byte
voltaged(G); //Set DAC voltage

H = (FSN4 * G ) / 6095 ; //udastiae 0-4095 TagluAFsNa
Flowoutd = ( SPN4 / FSN4 ) * 5 ;

ADC4 = true; //Unwantu ADC4

}
void checkChannel1(boolean _flag)
{

if (_flag)

{

A = 0; //utaeprSPN3Tvieglutae 0-4095 byte
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voltage1(A);//Set DAC voltage

//

// Channel 1

/!
callPage("2"); //Gunuanwtii 2
memset(buffer, 0, sizeof(buffen);
memset(number, 0, sizeof(number));

len_buff = getText("t21", buffer, sizeof(buffer)); //%'Udn’mTextbox"tZl"u'ﬂ'ﬁﬁ

len_buff //mass flow

len_num = getText("t22", number, sizeof(number)); J/3usnannTextbox"t181 1l 4}

len_num // full scale
callPage(*18"); /ASunuanaviindi 18
memset(buffer1, 0, sizéof(bufferl));
memset(numberl, 0, sizeofinumber1));

len_buffl = getText("t181", bufferl, sizeof(buffer1)); //%’Uﬁ'ﬁ)'mTextbox"tZZ"u'ﬂ‘U'iﬁ
len_buff1 // type of gas

len_numl = getText("t182", numberl, sizeof(number1)); //5uA19nTextbox"t182"u1
Twidilen_num1 // set point
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/

// Channel 1

/!
#if PRINT_DEBUG

Serial.print("Buffer(] = "),

for (ibuff = 0; ibuff < len_buff; ibuff++) //3uAniiMesanten_buff wuanidfibuffer

{

Serial.print(buffer{ibuffl);

}

Serial.printtn();
#endif
#if PRINT_DEBUG

Serial.print("Number[} = *);

s
for (inum = 0; inum < len_num; inum-++) /Z3umtvinedainlen_num uuanIand

number
{
Serial.print(number{inuml);
}
Serial.printtn);
#endif
#if PRINT_DEBUG
Serial.print("Buffer1l] = );

for (ibuffl = 0; ibuffl < len_bufft; ibuff1++) //FuArivinesainien_buffl AR

buffer1
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Serial.print{buffer 1[ibuff1]);
}
Serial.println();
#endif
#if PRINT_DEBUG
Serial.print("Number1[] = ");

for (inum1 = 0; inum1 < len_num1; inum1++) //%'Uﬁ'lﬁ'wwla{mnlen_numl UM

AMinumberl

Serial.print(number1finum1]);
}

Setial.printtn();

#endif

/!

// Channel 1

//

String S = String(buffer); //5uAnGMITTnmeaiteulaadudnus
if (S == "02") //8lwiAudu 02
{

float 02 = 0.993; //02 A wviriu O.

GM1 = 0.993; /I% GM1 fimwwinfiu 0.993



else if (S == "Ar") //dNwianlu Ar

float Ar = 1.39; //Ar fifvindu 1.39
GM1 = 1.39; /1% GM1 fipwviniu 1.39
}
else if (S == "N27) //dlwiAudu N2
{
float N2 = 1.00; //N2 fifviniu 1.00
GM1 = 1.00; /1% GM1 fifwvindu 1.00
}
else if (S == "H2") /il iAndu H2
{
float H2 = 1.01; //H2 fiAwirfiu 1.01

GM1 = 1.01; /1% GM1 fimviiu 1.01

else

o v o v vl
GM1 = atof(buffer); //FuAanmsaguisaieudaitusiiay suaulinemi

String T = String(buffer1); //AumGF1anwinaiieuvandusnus

if (T == "02" /e v ity 02
{

float 02 = 0.993; //02 figwyinfiu 0.993
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GF1 = 0.993; /W GF1 fimwiiu 0.993
}
else if (T == "Ar") /el iaudu Ar
{
float Ar = 1.39; //Ar iAuvniy 1.39
GF1 = 1.39; /1% GF1 fiAwviiu 1.39
}
else if (T == "N2") /7t lianiu N2
{
float N2 = 1.00; //N2 difwvindiu 1.00
GF1 = 1.00; /W% GF1 fifwviniu 1.00
}
else if (T == "H2") /il iandu H2
{
float H2 = 1.01; //H2 finwvinfiu 1.01

GF1 = 1.01; /% GF1 fianvindvu 1.01

else

GF1 = atof(bufferl), //3umannmiesiiteutaniiufiar suiuliicr

FS1 = atof(number); //3uswieeewlasdusiay suAuliiFs

SPN1 = atofinumberl); //3uswiinseieulandusay uufiulifispl
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FSN1 = ( GF1 / GM1 ) * FS1; //5UA1GF1,GM1utasFS1amAuIn wdNAUAATIFSNT

if (SPN1 > FSN1) //815P1 fiAnunnndn Fs1 Wlainhiizr
{

callPage("26"); //Gunuanatid 26

A = 0; //3gaaA TWviauo

voltage1(A); //\%@A1 DAC Voltage

dtostrf FSN1, 4, 1, sbuff);, //utasAvtoscem_1Iilusuusuiindnes itelyiuu

M0

setText("t261", sbuffs);
else
callPage("42"); //3snuanviiTi 42

//

// Part Calculate Channel 1

/
A = (4095 * SPN1) / FSN1 ; //udaadnSPN1lvteglutae 0-4095 byte
voltage1(A); // \JmA1 DAC Voltage

B = (FSN1*A)/ 4095 ; //wlast 0-6095 MagluAtFsN1
Flowoutl = (SPN1 /FSN1)*5;

ADC1 = true ; //lnileridu ADC1

callPage("a2"); //Gunuanaiini 42
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}
void checkSTOP1(boolean _flag)
{
if (_flag)
{
ADC1 = false; //Aailandu ADC1
BUnkLED1 = false; //Uawandu BlinkLED1
TimingLED1 = false; /AlafleAtu TimingLED1
TimeOn1 = false; //Aafardu TimeOn1
TimeOff1 = false; //Unilandu TimeOff1
T _LED1 = 0; /31@mAnT_LED1
T statel = 0; /3¥mA"T_statel
B_LED1 = 0; /51¥me1 B_LED1
B_statel = 0; /5\dnA1B_statel
C_LED1 = 0; //3\¥nAn C_LEDL
C_statel = 0; //A\nANC_statel
A = 0; //3uaAA TivinAuo
voltage1(A); //\nA1 DAC Voltage

setText("t421", "0"; //laiaa1nr0" luTextboxita21

}

void checkChannel2(boolean _flag)
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if (_flag)
{
C = 0; //uasrrsPN3lvieglutag 0-4095 byte

voltage2(C);//Set DAC voltage

//

// Channel 2

//

callPage("3"); //Genuanating 3
memset(buffer2, 0, sizeof(buffer2));
memset(number2, 0, sizeoflnumber2));

len_buff2 = getText("t31", buffer2, sizeof(buffer2)); //%'Uf-\"m’mTextbox"tS1"u'ﬂ°ﬁﬁ
len_buff2 // mass flow

len_num2 = getText("t32", number2, sizeof(number2)); //5UANnTextbox™ 19147

Taifilen_num2 // full sclae
callPage("19"); //Genuanantii 19
. memset(buffer3, 0, sizeof(buffer3));
memset(number3, 0, sizeofinumber3));

len_buff3 = getText("t191", buffer3, sizeof(buffer3)); //%'Uﬂ"lil’\ﬂTextbox"t?:Z"lﬂT‘ﬁ'fﬁ
len_buff3 // type of gas

len_num3 = getText("t192", number3, sizeof(number3)); //5uAnannTextbox"t192°41

Tarifilen_nums3 // set point
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//

// Channel 2

//

#if PRINT_DEBUG
Serial.print("Buffer2f] = ");

for (ibuff2 = 0; ibuff2 < len_buff2; ibuff2++) //3usnivinesannlen_buff2 AR
buffer2

{
Serial.print(buffer2[ibuff2]);
}
Serial.printtn();
#endif
#if PRINT_DEBUG
Serial.print("Number2(] = "),

for (inum2 = 0; inum2 < len_numz2; inum2++) //3uAiiiasainten_num2 uuana

Afinumber2

{
Serial.print(number2[inum?2]);

}
Serial.printtn();

#endif

#if PRINT_DEBUG
Serial.print("Buffer3(] = ");

for (ibuff3 = 0; ibuff3 < len_buff3; ibuff3++) //3urtiniesatnlen_buff3 UUAAIAT]
buffer3
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Serial.print(buffer3[ibuff3]);
}
Serial.println();
#endif
#if PRINT_DEBUG
Serial.print("Number3[] = *);

for (inum3 = 0; inum3 < len_num3; inum3++) //3uATirinesainlen_num3 1uans

Afinumber3
{
Serial.print(number3[inum?3]);

}

Serial.printtn();

#endif

//

// Channel 2

/
String U = String(buffer2); //3uAGM2annminaiiieutaniudnus
if (U == "02") /8 lwiandu 02
{

float 02 = 0.993; //02 fiAwviu 0.993

GM2 = 0.993; /W GM2 figvinfiu 0.993



else if (U == "Ar") /8y iandu Ar

float Ar = 1.39; //Ar fifnwiriu 1.39
GM2 = 1.39; /% GM2 fiavinfiu 1.39
}
else if (U == "N2") //dlaiandu N2
{
float N2 = 1.00; /N2 fiAniiAv 1.00
GM2 = 1.00; /v GM2 fiswinfiu 1.00
}
else if (U == "H2") /e iawidu H2
{
float H2 = 1.01; //H2 fimwiniv 1.01

GM2 = 1.01; /A% GM2 Ay 1.01

else

! o J =i v A al v
GM2 = atoflbuffer2); //3ufannsdwineitouandudaas sufiulineme

String V = String(buffer3); //AumGF2anwiaaiiteuvandudnus

if (V == "02%) /8w ianiu 02
{

float 02 = 0.993; //02 fiAwwiiu 0.993
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GF2 = 0.993; /I GF2 figwinAu 0.993

}
else if (V == "Ar") //&wiauiu Ar
{
float Ar = 1.39; //Ar fifvinfiu 1.39
GF2 = 1.39; /% GF1 fiRwviiu 1.39
}
else if (V == *N2") /6 lwiAndu N2
{
float N2 = 1.00; //N2 flanwiiu 1.00
GF2 = 1.00; /% GF1 fifiiu 1.00
}
else if (V == "H2") //ewiandu H2
{
float H2 = 1.01; //H2 fiAwvinfiu 1.01

GF2 = 1.01; /% GF1 fiawindu 1.01

else

{

GF2 = atof(buffer3), //3uAminn1sagutivaiveudantiudiay nuAulinGr2

al L 4 v d s v
FS2 = atof(number2); //3udrainnisadminveieudantiudiay aniuliviFs2

SPN2 = atofinumber3); //3uatnnsagninveewdasduiias unAulinse2
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FSN2 = ( GF2 / GM2 ) * FS2 ; //5UmGF2,GM2uasFS2u1A1uaed wdnfusliaFsn2

if (SPN2 > FSN2) //815P2 fifunnh Fs2 Wleinhiias
{

callPage("27"); //Gunuanawii 27

C = 0; //3vdnAnC Tivinug

voltage2(C); //dmA1 DAC Voltage

dtostrf( FSN2, 4, 1, sbuffé); //utasAvtoScem_11idusudseiindnus ielyiuu

t4
WU

setText("t271", sbuff6);

else

callPage("42"); //3enuanavivini 42

//

// Part Calculate Channel 2

//

C = (4095 * SPN2 ) / FSN2 ; //utasA1SPN2Zlveglutiae 0-4095 byte
voltage2(C); //Set DAC

D=(FSN2*C )‘/ 4095 ; //wlagas 0-4095 MagluAFSN2
Flowout2 = ( SPN2 / FSN2) * 5 ;

ADC2 = true; //Waieidu ADC2

callPage("42"); //L‘%anuﬁmwﬁ’lﬁ 42



}

void checkSTOP2(boolean _flag)

{

}

if (_flag)

{
ADC2 = false; //Unandu ADC2
BlinkLED2 = false; //Uailandu BlinkLED2
TimingLED2 = false; //AUaRNTUTimingLED2
TimeOn2 = false; //Aafantu TimeOn2
TimeOff2 = false; /AaHanidu TimeOff2
T _LED2 = 0; //3\dmA1 T_LED2
T state2 = 0; /3¥0A1T_state2
B_LED2 = 0; //3daA1 B_LED2
B state2 = 0; /319nA1sB_state2
C_LED2 = 0; //3\ine1 C_LED2
C_state2 = 0; //AnANC_state2
C = 0 ; //AdgmAC Tivinuo

voltage2(Q); //\§nA1 DAC Voltage

setText("td22", *0"); /A itoruro” luTextboxiita22

void checkChannel3(boolean _flag)
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if (_flag)
{
E = 0; //wlafirSPN3Iaglutaa 0-4095 byte

voltage3(E);,//Set DAC voltage

//

// Channel 3

//

callPage("4"); //3enuanamting 4
memset(bufferd, 0, sizeof(bufferd));
memset(numberd, 0, sizeof(number4));

ten_buff4 = getText("ta1", bufferd, sizeof(bufferd)); //3usnannTextboxt41 e i
len_buffd // mass flow

len_num4 = getText("t42", numberd, sizeof(numberd)); //5UA13NTextbox"t201"u1

Taiiilen_numd // full scale
‘callPage(“ZO“); //Gonuanatiil 20
memset(buffer5, 0, sizeof(buffers));
memset(number5s, 0, sizeof(numberb));

len_buff5 = getText("t201", buffer5, sizeof(buffer5)); //"J'U?hmﬂTextbox“t42"mT‘U'5ﬁ
len_buff5 // type of gas

len_num5 = getText("t202", number5, sizeof(number5)); //5uAnannTextbox"t202"1
Taffilen_nums // set piont
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//

// Channe3

/!

#if PRINT_DEBUG
Serial.print("Bufferdf] = ");

for (ibuffd = 0; ibuffd < len_buffd; ibuffd++) //Fusrivinasannlen_buffa auaneAdi
bufferd

{
Serial.print(bufferd[ibuffa]);
}
Serial.println();
#endif
#if PRINT_DEBUG
Serial.print("Numberd{] = "),

for (inum4 = 0; inum4d < len_num4; inum4++) //%’Uﬂ"lﬁ'ﬂl.ﬁil%i]'}ﬂlen_nufn4-;hu,a 9

Afinumberd

{
Serial.print(number4[inumal);

}
Serial.printin();

#endif

#if PRINT_DEBUG
Serial.print("Buffer5([] = ")

for (ibuff5 = 0; ibuff5 < ten_buffs; ibuff5++) //umininesanten_buffs UARSAT

bufferb
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Serial.print(buffer5[ibuff5]);
}
Serial.printin();
#endif
#if PRINT_DEBUG
Serial.print("Number5[] = *);

for (inum>5 = 0; inum5 < len_nums5; inum5++) //3uAtWinesainien_num5 uuan

Afinumbers
{
Serial.print(number5[inum5]);

}

Serial.printtn();

#endif

//

// Channel 3

//
String W = String(bufferd); J/3uAGeMaTnminaaiilsulandusnys
if (W == "02") //&wiawliu 02
{

float 02 = 0.993; /02 fifwinfiu 0.993

GM3 = 0.993; /I GM3 fiawiniu 0.993



else if (W == "Ar") //5’11‘&1‘(4%‘7]14 Ar
{
float Ar = 1.39; //Ar fiaAuvifiu 1.39
GM3 = 1.39; //Ar fiAuviniiv 1.39
}
else if (W == "N2") //flwiauiu N2
{
float N2 = 1.00; /N2 fiAviriu 1.00
GM3 = 1.00; /v GM3 fisviniu 1.00
}
else if (W == "H2") //d v iAuiiu H2
{
float H2 = 1.01; //H2 iAWy 1.01

GM3 = 1.01; /I GM3 fiawinivu 1.01

else

GM3 = atof(buffera), //umannsadmivetiewlandusias uuivlinems

String X = String(buffer5); //AuAnGF3nnmiaatitewlanusnus

if (X == "02") /8w ianlu 02
{

float 02 = 0.993; //02 fiAumniiu 0.993
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GF3 = 0.993; /1% GF3 fimunifiv 0.993

}

else if (X == "Ar") /78N iandu Ar

float Ar = 1.39; //Ar finuvinfiu 1.39
GF3 = 1.39; //I% GF1 fiAwviniu 1.39

}

else if (X == "N2") //déladandu N2

float N2 = 1.00; //N2 fiauiu 1.00
GF3 = 1.00; //I% GF3 dfigwinfiu 1.00
}
else if (X == "H2") //&NwiAndu H2
{
float H2 = 1.01; //H2 fiAwiniu 1.01

GF3 = 1.01; /% GF3 fiawviniu 1.01

else

GF3 = atof(buffer5), //3udrannisagwinvetiewdasduiias siulivicrs

w 1 - v o o vl
FS3 = atof(numberd); //3usranmsagminaiieutantusiiay aniuliairFs3

SPN3 = atoftnumber5); //¥uamnnsagniinvaieudanduiias wuiulinses
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FSN3 = ( GF3 / GM3 ) * FS3 ; //5UAGF3,GM3UasFS3uauIn wdnAuAAAFSN3

if (SPN3 > FSN3) //815P3 fidunnndn Fs3 Wity iwiiniizg
{

callPage("28"); //Gunuanswiig 28

E = 0; //3@nenE Wviniuo

voltage3(E), //\%nAn DAC Voltage

dtostrf( FSN3, 4, 1, sbuff7); //wlasAVtoscem_1Widusuuseiindnus iteluiuu

Win9e

setText("t281", sbuff7);

else

callPage(*42"); //Senuanswtiii 42

//

// Part Calcutate Channel 3

//

E = (4095 * SPN3 ) / FSN3 ; //uwtasfnSPN3lvieglutae 0-4095 byte
voltage3(E),//Set DAC voltage

F = (FSN3 * E ) / 4095 ; //utastas 0-4095 TieglunFsN3
Flowout3 = (SPN3 /FSN3 ) *5;

ADC3 = true ; //AUnilendu ADC3

callPage("42"; //Gunuanaviing 42
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}
void checkS‘l;OP?)(boolean _flag)
{
if (_flag)
{
ADC3 = false; //Usilaridu ADC3
BUNkLED3 = false; //Uawlafidu BlinkLED3
TimingLED3 = false; //UaHaridu TimingLED3
TimeOn3 = false; //UaHandu TimeOn3

TimeOff3 = false; /Aafandu TimeOff3

Y

T_LED3 = 0; //3t¥0f1 T_LED3
T_state3 = 0; //3\inANT_state3
B_LED3 = 0; //3§A1B_LED3

B state3 = 0; //319nA1B_state3
C_LED3 = 0; /5% C_LED3
C_state3 = 0; //A¥nAnC_state3
E = 0, //3dnAnE Tiviarfuo
voltage3(E); //i¥nf1 DAC Voltage

setText("td23", *0°); /Awiton1nuro" luTextboxiitd23
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void checkChannel4(boolean _flag)

voltaged(G);

//

// Channel 4

/!

callPage("5"); //3unuaniii 5
' memset(buffer6, 0, sizeof(buffers));

memset(numberé, 0, sizeof(number6));

~

len_buffé = getText("t51", buffers, sizeof(buffer6)); J/3uAnnTextboxts 1l
len_buff6 // mass flow

len_numé = getText("t52", number6, sizeof(number6)); //5UA1InTextbox"t211"

Tyifllen_numé // full scale
callPage("21"); //Gunuanatini 21
memset(buffer7, 0, sizeof(buffer?));
memset(number?, 0, sizeof(number?));

len_buff7 = getText("t211", buffer7, sizeofibuffer?)); //3uAranTextbox"t52"ule 37
len_buff7 // type of gas

len_num7 = getText("t212", number7, sizeofinumber7)); //5uA191nTextbox"t212"4
Tydillen_num? // set point
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//

// Channel 4

//
#if PRINT_DEBUG
Serial.print("Buffer6(] = "),

for (ibuff6 = 0; ibuffé < len_buffé; ibuffé++) //5uATdMinasaInlen_buffé WuAReAdi

buffer6
{
Serial.print(buffer6[ibuff6]);
}
Serial.printtn();
#endif
#if PRINT_DEBUG

Serial.print("Numberé6[] = ")

for (inum6 = 0; iNuMé6 < len_numé; inumé++) //FuANIWasaINlen_num6 uan

Afinumberé
{
Serial.print(numberé[inumé]);
}
Serial.println();

#endif

#if PRINT_DEBUG

Serial.print("Buffer7[] = ");
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for (Ibuff7 = 0; ibuff7 < len_buffT; ibuff7-++) //Furiimesainlen_buff? anuameAndl
buffer?
{
Serial.print(buffer7[ibuff7]);
}
Serial.printin();
#endif
#if PRINT_DEBUG
Serial.print("Number7[] = ),

for (inum7 = 0; inum7 < len_num7; inum7++) //3uAiinesainlen_num7 uuand

Afinumber?
{
Serial.print(number7{inum7]);
}
Serial.println(); i

#endif

//

// Channel 4

/

String Y = String(buffer6); //3uAGMdmamimaieuvasdudnus
if (Y == "02") //dlwiaulu 02
{

float 02 = 0.993; /02 fiawviniu 0.993



GM4 = 0.993; //n GM4 fimviafiu 0.993
}
else if (Y == "Ar") //éianiu Ar
{
float Ar = 1.39; //Ar fifwifiu 1.39
GM4 = 1.39; /W GM4 fiAvinfiu 1.39
} :
else if (Y == "N2") //élwiandu N2
{
float N2 = 1.00; //N2 fifwiriiu 1.00
GM4 = 1.00; /% GM4 fiAwiniu 1.00
}
else if (Y == "H2") /& lwiandu H2
{
float H2 = 1.01; //H2 iAWy 1.01

GM4 = 1.01; //I9 GM3 fidwiniu 1.01

else

GM4 = atofibuffers), //3uAmainn1sagwineawandufias sufulinemas

String Z = String(bufferT); //5uAGF3namiivativeutaudusnes

if (Z == "02") //flwiandu 02
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float 02 = 0.993; //02 TR 0.993

GF4 = 0.993; /I GF4 fidwiniu 0.993

}
else if (Z == "Ar") /8 lwinndu Ar
{
float Ar = 1.39; //Ar ifmifiu 1.39
GFa = 1.39; /W GF1 fiAvindu 1.39
}
" else if (Z == "N2") //inlwiAudiu N2
{
float N2 = 1.00; //N2 firwirfiu 1.00
GF4 = 1.00; /1% GF4 fidwviniu 1.00
}
else if (Z == "H2") //lwiAndu H2
{
float H2 = 1.01; //H2 fiAwvirdu 1.01

GF4 = 1.01; /1% GF4 figwiv 1.01

else

GF4 = atof(buffer?);, //3uAanmsagwtineiiewvandudiay suivlincra
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FS4 = atof(numbersé); //uAtainmsadmisaiiewvaiduiiay usniulivirsa
[ ¥ L4 Ad LY !la‘
SPNG = atofinumber7); //fuAnainnisAgninsaiiiautaadudian wniulinsps

FSNG = ( GF4 / GMA ) * FSA : //3UAGF4,GMauasFSanAwia waaiusliaFsna

if (SPNG > FSN4) //815P4 finannnh Fsa Tilyiwiiizo
{

callPage("29"); //L'%aﬂuamwﬁ'ﬂﬁ 29

G = 0; //AdrAG Tvihiuo

voltaged(G); //finA1 DAC Voltage

dtostrf( FSN4, 4, 1, sbuff8); //uwlasAvtoscem_1IiSuiuuseiindnys sl fuy

190

setText("t291", sbuff8);

else -

callPage("42"); //Gunuananiig 42

/7

// Part Calculate Channel 4

//

G = (4095 * SPN4 ) / FSN4 ; //uwtasrrsPNalviegluta 0-4095 byte
voltaged(G); //Set DAC voltage
H = (FSN4* G)/ 4095 ; //ulatas 0-4095 MaeluAFSNg

Flowoutd = (SPN4 /FSN4 ) * 5 ;



ADCA = true ; //Uataidu ADC4

callPage("42"); //Gonuanaiiil 42

}
void checkSTOP4(boolean flag)
{
if (_flag)
{
ADC4 = false; //UnWandu ADC4
BlinkLED4 = false; //Unsridu BUinkLED4
TimingLED4 = false; //UaRdu TimingLED4
TimeOn4 = false; /Aaantu TimeOn4
TimeOffd = false; //AaRantu TimeOffd
T_LED4 = 0; /3\%mA1 T_LED4
T stated = Q; //%'L‘?mﬁ’lT_statell
B_LED4 = 0; //3\8mein B_LED4
B stated = 0; /519nA1 B_stated
C_LED4 = 0; /3\¥nAC_LED4
C_stated = 0; //3nAC_stated
G = 0; //318nAG Wivinruo
voltaged(G); //A¥nA1 DAC Voltage

setText("ta2a", "0"); /lw$tonuro" luTextboxiita2d
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}
[/ B
// PROCEDURES OR FUNCTIONS

[/H R R AR

//
// Tick —> update tick_state

//

void tick()
{
tick_state = false; //Untlaridu tick_state

if (millis() - previousMillis > INTERVAL) //50ms ___|AA| 10ms___|AN_ /00
millsQ- previousMillis SiAN3INNIINTERVAL

{
previousMillis = millis(); /1% previousMillis HANVITAU millis()

tick_state = true; /AUaaNtu tick_state

}
[/HHHHEHHEHHEHHHAHR S R
V4 NEXTION PROCEDURES AND FUNCTIONS

[/HE R

//

// Serial communication variables

4

void listenNextion()
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I Y o
long start; // MWmsiiuAmiiauite start

uint32_t timeout = 15005/ Humheemmdriidmuald timeout = 1500

if (Seriall.available() //lA3udeyaiinaivarduino

{

incomingChar = Serial1.read(); //8nimheanusiiiseriall

#if PRINT_NEXTION_COMMU
Serial.print(*Incoming Char = "); /it (Char = Ussmeduusviadnws)
Serial.printin(incomingChar); //A1uussvia
Serial.print("lncoming Byte = "); /nButermulu™ MieByte

Serial.printin{(byte)incomingChar, HEX); //uusiaudiusenunusitex

#endif
if (incomingChar == 0x65) //0AdYaYaA165
{
//ADC1 = false;
nextionStxCome = true; //Lﬁﬂﬁqﬁ‘ﬁ'unextianthome(Stx:Start TexT)
nextionEtxCome = false;  //AUaRandunextionEtxCome(Etx=End TexT)

byteldx = 0;

#if PRINT_NEXTION_COMMU
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Serial.println0; /M Iuussvin

Serial.println("STX COME...crrurerrmrrcrnnee. ") //ﬂsﬂguﬁﬂu““ ué”)%’uUi‘sﬁm‘[Mﬁ
Serial.printtn("Reset ETX Come."), //ﬂzﬂésyufi’ﬂu““

Serial.printin("Reset byte IDX to zero.');'//ﬂ%ﬂ%uﬁﬂlu""

Serial.printin(; //IWiIuussiin

#endif

start = millis(); //start dAnviany millis()

while (millisO) - start <= timeout) //as1vasuiiauly while 1mills() - start TAtTay

AT wmSawiniu timeout Tvinlunudusie

while (Serial1.available())/nsradauliouly while ilfsudeyalnaigarduino

{

incomingChar = Seriall.read(), //8umiieanusaiiseniall

dataBuffloyteldx] = (byte)incomingChar; //WifiuAvatincomingCharaldii
dataBuff

#if PRINT_NEXTION_COMMU
Serial.print("Data stored at byte IDX = ");
Serial.printin(byteldx, DEC);
Serial.printin(;

#endif
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if (byteldx == 5) //&15uAuidusibiimuluriduse

{

if (dataBuff[3] == OxFF && dataBuff{4] == OxFF && dataBuff[5] == OxFF) /0"

uswarF FF FEnduaniminanuluiaduse

{

nextionEtxCome = true; //aRardunextionEtxCome

#if PRINT_NEXTION_COMMU
Serial.printIn("ETX Come........covceuvcerncnn ");
Serial.println();

#endif

return;

byteldx++;

if (5 < byteldx) byteldx = 5; //byteldxdifunnia 5 1 byteldx fifwvindu 5



//

// Task resetNextionStxCome

//

void resetNextionStxCome()

{

if (nextionStxCome)

{

nextionStxCome = false; /ANt nextionStxCome

#if PRINT_NEXTION_COMMU

Serial.printn("Reset STX. Command expired."); //05udomilu

Serial.printtn();
#endif

}

/

// Task resetNextionEtxCome

4

void resetNextionEtxCome()
{
if (nextionEtxCome)

{

nextionEtxCome = false; //UaNa9U nextionEtxCome
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Hif PRINT_NEXTION_COMMU
Serial println("Reset ETX. Command expired.”); //Usudeamiu™
Serial.printin();

#tendif

}

[/RHHH R R R
/ PROCEDURES OR FUNCTIONS
[/##HHH R R R

//

// Task Measure Flow 1

//

void taskMeasureFlow1(boolean _flag)
{ -
if (_flag)
{
for (int i = 1; i <= 10; i++) /MdmTundsAranalogReadiifunduan 10 A1
{
analogValuel = analogRead(A1);
x10 = Xx9;
X9 = x8;
x8 = xT;

X7 = X6;
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x6 = x5;

x5 = x4,

x4 = x3;

x3 = x2;

x2 = x1;

x1 = analogValuel,;

avgAnalogValuel = ( x10 + X9 + X8 + X7 + X6 + x5 + x4 + x3 + x2 + x1) / 10; -

}

if (millis) > Showvalue1) //&millsOfiauinniaShowvaluel

Showvaluel = 5500 + millis(); //1agvng 2000 ms TUsunsuazsuAT analogRead e
MmsAnna wazdsrivtoScem_tluuanavuminge

stateValuel = IstateValuel ;
if (stateValuel == 1)
{

V_ch1l = (5.0 /1023 ) * avgAnalogValuel; //3umiavegAnalogValuel AR
uEuAuAlIA v chi

VtoScem 1= (FSN1/5.0)* V. chl; //3UAW chl induin wdnfuslia
VtoScem 1

delay(100);

dtostrf( VtoScem_1, 4, 1, sbufft); //uvasvtoscem_1Wiiuduuseiingns it
Ty iuuminge

setText("td21", sbuffl);
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}
void taskMeasureFlow2(boolean _flag)
{
if (_flag)
{
for (intj = 1; j <= 10; j++) //AddmiuiadeAianalogReadifundusn 10 A1
{
analogValue2 = analogRead(A2);
x10 = x9;
X9 = X8;
x8 = X7,
X7 = Xx6;
x6 = x5; <
x5 = x4;
x4 = x3;
X3 = x2;
x2 = x1;
x1 = analogValue2;

avgAnalogValue2 = ( x10 + X9 + x8 + X7 + x6 + X5 + x4 + X3 + x2 + x1) / 10;

if (millis) 3 Showvalue2) //amillsQfiAunainShowvalue2

{
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Showvalue2 = 5700 + millis(; /Aagyinq 2000 ms TsuAsIz3UAT analogRead it
YmsAIn wazdAIvtoScem_2lduaniuumninge
stateValue2 = IstateValue2 ;
if (stateValue2 == 1)

{

V_ch2 = (5.0 /1023 ) * avgAnalogValue2; //5uAnaveAnalogValue2 WA

v ' vy
WAUAUALIT V_ch2

VtoScem_2 = (FSN2/5.0) *V_ch2; //FUfV_ch2 i udafualii

VtoScem_2
delay(100);

dtostrf( VtoScem 2, 4, 1, sbuff2); //uwlasAvtoScem_2Wiudaudsila

nws wisltiuuminge

setText("t422", sbuff2);

}
void taskMeasureFlow3(boolean _flag)
{
if (_flag)
{
for (int k = 1; k <= 10; k++) //l‘ffﬁ’m%’uta?;aﬁ'lanalogReadﬁ%'Uﬂé'U&l'l 10 A1
{
analogValue3 = analogRead(A3);

x10 = x9;
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X9 = x8;

x8 = xT;

X7 = X6;

x6 = x5;

x5 = x4;

xa = x3;

X3 = x2;

x2 = x1,;

x1 = analogValue3;

avgAnalogValue3 = ( x10 + X9 + X8 + X7 + X6 + X5 + X4 + x3 + x2 + x1) / 10;

}

if (millis() > Showvalue3) /6 millsQiimnnniiShowvalue3

{

Showvalue3 = 5900 + millis(); //laavng 2000 ms TWsunsaisziuA analogRead e

ymsAnnNm uazdrVioScem_3lunansuuniiee ~
stateValue3 = IstateValue3 ;
if (stateValue3 == 1)

{

V_ch3 = (5.0 /1023 ) * avgAnalogValue3; //3unavgAnalogValue3 1AM
uEufud i v _ch3

VtoSccm 3 = (FSN3 / 5.0) * V_ch3; //3UAV_ch3 anfuinu uwdnAuenlia
VtoScem 3

delay(100);

dtostrf( VtoScem_3, 4, 1, sbuff3); //wdasAvtoscem 3liiludiudsuiindnws T

Toivuminge
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setText("t423", sbuff3);

}
void taskMeasureFlowd(boolean flag)
{
if (_flag)
{
for (int L= 1; L <= 10; l++) /A¥dmiuiaiuAianalogReadfizundusn 10 1
{
analogValued = analogRead(Ad);
x10 = x9,
x9 = x8;
x8 = xT;
X7 = x6;
x6 = x5;
x5 = x4
x4 = X3;
x3 = X2;
X2 = x1;
x1 = analogValued;

aveAnalogValued = ( x10 + X9 + x8 + X7 + X6 + X5 + x4 + x3 + x2 + x1) / 10;
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if (millisQ) > Showvalues) /8 millsQfirunninShowvalues

{

Showvalued = 6100 + millis(); //Iasving 2000 ms TUsunsuaziuAn analogRead it

YA wasdAvtoScem_4luuanavuminge
stateValued = IstateValued ;
if (stateValued == 1)

{

V_cha = (5.0 /1023 ) * avgAnalogValued; //5umavgAnalogValued 1AL

wanAvATlIN V_cha

VtoSccm 4 = (FSN4 /5.0) * V_chd; //3upV_chd unduin udnfualii

VtoSccm_4
delay(100);

dtostrf( VtoScem 4, 4, 1, sbuffa); //ulasrvtoScem_alidusulsviindnws Wi

T uuminge

setText("td24", sbuffd);

//

// Task Blink

//

void taskBlink(boolean _flag)

{
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if (_flag)
{
taskBlink CNT++; //ftaskBlink CNTSiARsAY

if ((MY_TIME_BLINK / INTERVAL) <= taskBlink_CNT) /7611 500ms/10ms = 50 counts &I

AMIBENTMIBWNAL taskBlink_CNT

{

taskBlink_CNT = 0; //31#mA1 taskBlink_CNT

// led Mission

if (1Blink)

{
//LED ON
digitalWrite(13, HIGH);

Blink = true;
else
//LED OFF

digitalWrite(13, LOW);

Blink = false;
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1. UNPACKING THE GFC MASS FLOW CONTROLLER

1.1 Inspect Package for External Damage

/\ CAUTION: Some of the IC devices used in the GFC are Electro Static
Discharge (ESD) sensitive and may be damaged by improper handling.
When wiring the interface connector, adjusting or servicing the meter,
use of a grounded ESD protection wrist strap is required to prevent
inadvertent damage to the CMOS integral solid state circuitry. When 15
pins inter face D-connector is not used do not remove factory installed
ESD protection cover.

Your GFC Mass Flow Controller was carefully packed in a sturdy cardboard car-
ton, with anti-static cushioning materials to withstand shipping shock. Upon
receipt, inspect the package for possible external damage. In case of external
damage to the package contact the shipping company immediately.

1.2 Unpack the Mass Flow Controller

Open the carton carefully from the top and inspect for any sign of concealed ship-
ping damage. In addition to contacting the shipping carrier please forward a copy
of any damage report to your distributor or Aalborg® directly.

When unpacking the instrument please make sure that you have all the items indi-
cated on the Packing List. Please report any shortages promptly.

1.3 Returning Merchandise for Repair

Please contact the customer service representative of your distributor or Aalborg®
if you purchased your Mass Flow Controller directly, and request a Return
Authorization Number (RAN). Equipment returned without an RAN will not
be accepted. Aalborg® reserves the right to charge an evaluation fee for equip-
ment returned under warranty claims if the instruments are tested to be free from
warrantied defects.

Shipping charges are borne by the customer. Items returned “collect” will
not be accepted!

It is mandatory that any equipment returned for servicing be purged and neutral-
ized of any dangerous contents including but not limited to toxic, bacterially infec-
tious, corrosive or radioactive substances. No work shall be performed on a
returned product unless the customer submits a fully executed, signed SAFETY
CERTIFICATE. Please request form from the Service Manager.



169

2. INSTALLATION
2.1 Primary Gas Connections

Please note that the GFC Mass Flow Controller will not operate with liquids. Only
clean gases are allowed to be introduced into the instrument. Contaminated
gases must be filtered to prevent the introduction of impediments into the sensor.

A CAUTION: It is the users responsibility to determine if the instrument
is appropriate for their OXYGEN application, and for specifying O2
cleaning service if required. Aalborg® is not liable for any damage or
personal injury, whatsoever, resulting from the use of this instrument
for oxygen gas.

Attitude sensitivity of the Mass Flow Controller is +15°. This means that the gas
flow path of the flow meter must be horizontal within those stated limits. Should
there be need for a different orientation of the meter, re-calibration may be nec-
essary. It is also preferable to install the GFC transducer in a stable environment,
free of frequent and sudden temperature changes, high moisture, and drafts.

Prior to connecting gas lines inspect all parts of the piping system including fer-
rules and fittings for dust or other contaminants. Be sure to observe the direction
of gas flow as indicated by the arrow on the front of the meter when connecting
the gas system to be monitored.

Insert tubing into the compression fittings until the ends of the properly sized tub-
ings home flush against the shoulders of the fittings. Compression fittings are to
be tightened according to the manufacturer's instructions to one and one quarter
turns. Avoid over tightening which will seriously damage the Restrictor Flow
Elements (RFE's)!

Compression fittings should not be removed unless the meter is being cleaned or
calibrated for a new flow range.

Using a Helium Leak Detector or other equivalent method perform a thbrough leak
test of the entire system. (All GFC's are checked prior to shipment for leakage
within stated limits. See specifications in this manual.)

2.2 Electrical Connection

CAUTION: Some of the IC devices used in the GFC are Electro Static
Discharge (ESD) sensitive and may be damaged by improper handling.
When wiring the interface connector, adjusting or servicing the meter,
use of a grounded ESD protection wrist strap is required to prevent
inadvertent damage to the CMOS integral solid state circuitry. When

15 pins interface D-connector is not used do not remove factory
installed ESD protection cover.
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CAUTION: WIRING THE GFC METER OR CHANGING NJ1
JUMPERS CONFIGURATION WITH THE POWER ON MAY RESULT
IN INTERNAL DAMAGE! PLEASE MAKE ALL WIRING CONNECTIONS
AND NJ1 JUMPERS INSTALLATIONS BEFORE SWITCHING ON
THE POWER.

Base on the GFC transducers model number it may require

A different power supply voltage: ether 12Vdc, 24Vdc or universal
(any voltage between 12 and 26 Vdc). Before connecting power
supply check controller power supply requirements label located
on the controller back cover. If power supply requirements label
states that power supply requirements is 12 Vdc, do not connect
power supply with voltage above 15 Vdc. Exceeding specified
maximum power supply voltage limit will result in device
permanent damage.

The operating power input is supplied via the 15-pin “D” connector located at the
side of the flow transducer enclosure. On GFC's purchased without an LCD read-
out, a readout panel meter, digital multimeter, or other equivalent device is
required to facilitate visual flow readings.

A built in SETPOINT potentiometer is used for local control of the flow. Variable
analog 0 to 5 Vdc (or 4 to 20 mA) reference input is required for remote control.
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PIN

OCOoO~NOOOTE WA —

FUNCTION

0 to 5 Vdc Flow Signal Common

0 to 5 Vdc Flow Signal Output

Common

Open (Purge)

Common, Power Supply

(unassigned)

+12 Vdc (Optional +24 Vdc*) Power Supply
Remote Setpoint Input

4 to 20 mA (-) Flow Signal Return (use with 14)

10  Remote Setpoint Common (use with 8)
11 +5 Vdc Reference Output for Remote Setpoint
12  Valve Off Control
13  Auxiliary +12 Vdc (Optional +24 Vdc*)
Power Output (For Loads <100 mA)
14 4 to 20 mA (+) Flow Signal Output
15 Chassis Ground
1 &2 | 0-5Vdc OUTPUT +12 Vdc (Optional +24 Vdc*) POWER
5&7
3&4 | PURGE SUPPLY
3 & 12| VALVE OFF CONTROL 8810 0-5 Vdc OR 4-20 mA (FROM 3 WIRE LOOP
AUXILIARY +12 Vdc (Optional +24 SOURCING DEVICE) REMOTE SETPOINT
5 & 13| Vdc*) POWER OUTPUT (FOR LOADS 9814 4-20 mA OUTPUT (SOURCING, ONLY
<100 mA) FOR PASSIVE LOAD)
10& 11| +5 Vdc CONTROL SOURCE

FIGURE 2-1 GFC 15-PIN “D” CONNECTOR CONFIGURATION
*Do not connect +24 Vdc power supply unless your GFC controller was ordered
and configured for 24 Vdc

CAUTION: BEFORE CONNECTING THE POWER SUPPLY CHECK
YOUR CONTROLLER MODEL NUMBER AND POWER SUPPLY
REQUIREMENTS LABEL LOCATED ON THE CONTROLLER BACK
COVER. DO NOT CONNECT 24 Vdc POWER SUPPLY UNLESS
YOUR GFC CONTROLLER WAS ORDERED AND CONFIGURED
FOR 24 Vdc. EXCEEDING THE SPECIFIED MAXIMUM POWER
SUPPLY VOLTAGE LIMIT MAY RESULT IN PERMANENT DEVICE DAMAGE.

Important Notes:

In general, “D” Connector numbering patterns are standardized. There are, how-
ever, some connectors with nonconforming patterns and the numbering
sequence on your mating connector may or may not coincide with the numbering
sequence shown in our pin configuration table above. It is imperative that you
match the appropriate wires in accordance with the correct sequence regardless
of the particular numbers displayed on your mating connector.

4
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Power must be turned OFF when connecting or disconnecting any cables in the system.

The power input is protected by a 900mA (GFC17/37/47) or 1600mA
(GFC57/67/77) M (medium time-lag) resettable fuse. If a shorting condition or
polarity reversal occurs, the fuse will cut power to the flow transducer circuit.
Disconnect the power to the unit, remove the faulty condition, and reconnect the
power. The fuse will reset once the faculty condition has been removed.

CAUTION: Fuse will not protect controller if power supply voltage
exceeds maximum voltage specified for a particular model.

Use of the GFC flow transducer in a manner other than that specified in this manu-
al or in writing from Aalborg®, may impair the protection provided by the equipment.

NR7
LOCAL SET POINT
POTENTIOMETER

R34 ZERO
POTENTIOMETER

NJ1 CONTROL
CIRCUT JUMPERS

R52 10 or 25 %

R1 RESPONSE
TIME AJUSTMENT

R33
SPAN (10 or 25%)

R40 100%
R39 75%
R38 50%

FIGURE 2-2, POTENTIOMETER AND JUMPER LOCATIONS

2.2.1 Valve Control Configuration

There are three basic valve control options.
(a) LOCAL or REMOTE control.
(b) 0 to5 Vdc or 4 to 20 mA setpoint signal -
*“Note: this only applies for the REMOTE control configuration;
(c) 2% cutoff active or not active. Note: 2% cutoff not available for GFC 57/67/77.

5



173

When active, the 2% cutoff will shut off the power to the valve when a setpoint of
less than 2% of the full scale flow range is set. Figure 2-3 shows the jumper con-
figurations for the three basic valve control options.

The factory default jumper settings are: LOCAL control, 2% cutoff off.

FUNCTION NJ1A | NJ1B | NJ1C | NJ1D | NJIE

0 to 5 Vdc 2% cutoff ON 9-315-618-910-11 13- 14

. 0to 5 Vdc 2% cutoff OFF 1415

OO 10 20 mA 2% cutoff ON 13-14
B 1-2 | 4-5|7-8 |10-11 |-

4 t0 20 mA 2% cutoff OFF 14-15

Local S N 2-3 | 5-6up8-9 [11- 12131

2% cutoff OFF 14-15

d n

3|6 |9 ]12]15]|
2|58 ]11]14ff
1[4 |7 [10] 13}
&

AB CDE

FIGURE 2-3, VALVE CONTROL CONFIGURATION JUMPERS

2.2.2 Remote LCD Readouts

GFC Mass Flow Controllers are available with optional remote reading LCD dis-
plays supplied with a three foot long wire to accommodate most applications. This
configuration includes the upper block element which serves as the LCD readout
mounting. Special lengths of remote extension wiring (up to 9.5 feet [3 meters])
are available on request.

2.2.3 Panel Mounting Readouts

Another option for the GFC Mass Flow Controller is the Panel Mounting Remote
Readout.

In this configuration the LCD readout is supplied with a three foot long extension
wire, and no aluminum housing around the LCD. The LCD readout for panel
mounting includes a bezel with two plastic screws which conveniently fit into a rec-
tangular cut-out for panel mounting (see Figure 2-4).
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'

-6} —0'4;25 o.%so

8.125

FIGURE 2-4 CUTOUT DIMENSIONS FOR LCD PANEL MOUNTING

3. PRINCIPLE OF OPERATION

The stream of gas entering the Mass Flow transducer is split by shunting a small por-
tion of the flow through a capillary stainless steel sensor tube. The remainder of the
gas flows through the primary flow conduit. The geometry of the primary conduit and
the sensor tube are designed to ensure laminar flow in each branch. According to
principles of fluid dynamics flow rates of gas in two properly sized laminar flow con-
duits are related to one another. Therefore, the flow rates measured in the sensor
tube are directly proportional to the total flow through the transducer.

In order to sense the flow in the sensor tube, heat flux is introduced at two sec-
tions of the sensor tube by means of precision wound heater-sensor coils. Heat
is transferred through the thin wall of the sensor tube to the gas flowing inside. As
gas flow takes place heat is carried by the gas stream from the upstream coil to
the downstream coil windings. The resultant temperature dependent resistance
differential is detected electronically. The measured gradient at the sensor wind-
ings is linearly proportional to the instantaneous rate of flow taking place.

An output signal is generated that is a function of the amount of heat carried by
the gases to indicate mass-molecular based flow rates.

GFC Mass Flow Controller models GFC17/37/47 also incorporate a proportionat-
ing solenoid valve and models GFC57/67/77 a motorized valve. The closed loop
control circuit of the GFC continuously compares the mass flow output with the
selected flow rate. Deviations from the setpoint are corrected by compensating
valve adjustments, thus maintaining the desired flow parameters.

4. SPECIFICATIONS

FLOW MEDIUM: Please note that GFC Mass Flow Controllers are designed to work with
clean gases only. Never try to meter or control flow rates of liquids.

CALIBRATIONS: Supplied at Standard Conditions (14.7 psia and 70° F), or Normal
Conditions (0 °C and 1.01 bar abs) unless otherwise requested or stated.

ENVIRONMENTAL (per IEC 664): Installation Level II; Pollution Degree II.
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ACCURACY: GFC17/37/47: +1.0% ES.
GFC 57/67/77: See table below.

ACCURACY % FS OPTIONAL ENHANCED ACCURACY % FS
MODEL GFC 57, 67, 77 MODEL GFC 57, 67, 77
FLOW FLOW
RANGE 20-100% | 0-20% RANGE 20-100% | 0-20%
| ACCURACY | +1.5% +3% ACCURACY | +1% REF DATA with +1%

REPEATABILITY: +0.5% of full scale.
TEMPERATURE COEFFICIENT: 0.15% of full scale/ °C.
PRESSURE COEFFICIENT: 0.01% of full scale/psi (0.07 bar).

RESPONSE TIME: GFC17: 300ms time constant; approximately 1 second to within
+2% of set flow rate for 25% to 100% of full scale flow.

GFC 37/47. 600ms time constant; approximately 2 seconds to within
+2% of set flow rate for 25% to 100% of full scale flow.

GFC 57/67/77: 1800ms time constant; approximately 5 seconds to
within + 2% of set flow rate for 25% to 100% of full scale flow.

MAX GAS PRESSURE: 1000 psig (69 bars) GFC 17, 37 and 47; 500 psig (34.5 bars)
GFC 57, 67 and 77. Optimum pressure is 20 psig (1.4 bars).

TURNDOWN RATIO: 40:1.

MAX DIFFERENTIAL PRESSURE: 50 psid (345 kPa) for GFC 17/37/57/67/77 AND 40 psid
(276 kPa) for GFC 47.

GAS TEMPERATURE: 32 °F to 122 °F (0 °C to 50 °C).

AMBIENT TEMPERATURE:14 °F to 122 °F (-10 °C to 50 °C).

GAS RELATIVE HUMIDITY: Up to 70%.

MAXIMUM INTERNAL LEAK: 0.5% FS.

LEAK INTEGRITY: 1 x 10 sccs He max to the outside environment.

ATTITUDE SENSITIVITY: No greater than +15 degree rotation from horizontal. Standard
calibration is in horizontal position.

OUTPUT SIGNALS: Linear 0to 5 Vdc (1000 Q minimum load impedance) and 4 to 20
mA (0 to 500 Q2 loop resistance, sourcing only for passive load); 20 mV peak to peak
max noise for GFC 17/37/47 and 100 mV peak to peak max noise for GFC 57/67/77.

8
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COMMAND SIGNAL: Analog 0 to 5 Vdc (100 K minimum input impedance) or 4 to 20 mA
(250 ©Q input impedance, use only with 3 wire 4-20 mA loop sourcing device).

Contact your distributor or Aalborg® for optional RS232 or RS485 interfaces.

TRANSDUCER INPUT POWER:

GFC17/37/47: Models with 12 Vdc power input 12 Vdc, 650 mA maximum;

GFC17/37/47: Models with 24 Vdc power input +24 Vdc, 650 mA maximum:;

GFC57/67/77: Models with 12 Vdc power input 12 Vdc, 800 mA maximum;

GFC57/67/77: Models with 24 Vdc power input 24 Vdc, 800 mA maximum;

GFC17/37/47: Models with universal power input any voltage between +12 and +26 Vdc,
650 mA maximum;

WETTED MATERIALS:

GFC17/37/47/57/67/77: Anodized aluminum, brass, 416 Stainless Steel and 316 stainless
steel with VITON® O-rings seals; BUNA-N@, EPR or KALREZ® 0-rings are optional.

GFC178/378/478/578/678/778: 416 Stainless Steel and 316 stainless steel with VITON®
0-rings seals; BUNA-N@, EPR or KALREZ O-rings are optional.

Aalborg® makes no expressed or implied guarantees of corrosion resistance of mass flow
meters as pertains to different flow media reacting with components of meters. It is the
customers sole responsibility to select the model suitable for a particular gas based on
the fluid contacting (wetted) materials offered in the different models.

CONNECTIONS:
GFC 17 and 37: 1/4' compression fittings. Optional: 6mm compression, 1/4" VCRe,
3/8" or 1/8" compression fittings.

GFC 47: 3/8" compression fittings.
GFC 57 3/8" compression fittings.
GFC 67: 1/2" compression fittings.
GFC 77: 3/4" FNPT fittings. Optional: 3/4" compression fittings.

LCD DISPLAY: 3% digit LCD (maximum viewable digits “1999”), 0.5 inch high characters.
On GFC171, GFC371, GFC471, GFC571, GFC671, GFC771 aluminum or stainless steel mod-
els the LCD display is built into the upper block element and may be tilted over 90 degrees
for optimal viewing comfort. Remote or panel mounting remote reading is optional.

Standard readings are in direct engineering units for the given gas and flow rate (i.e.
liters/minute [slpm], standard cubic centimeters/minute [sccm], standard cubic feet/hour
[scth], etc.). 0 to 100% LCD calibration scaling is available upon request at time of order.
Contact your distributor or Aalborg® when non-standard display settings are desired.

TRANSDUCER INTERFACE CABLE: Optional shielded cable is available mating to the GFC
transducer 15-pin “D” connector.



4.1 CE Compliance

GFC Mass Flow Controllers are in compliance with CE test standards stated below:

EMC Compliance with 89/336/EEC as amended; Emission Standard: EN 55011:1991,
Group 1, Class B Immunity Standard: EN 55082-1:1992

4.2 Flow Capacities

FLOW RANGES

TABLE | GFC 17 LOW FLOW MASS FLOW CONTROLLER*

177

MODEL CODE | mL/min [N,] CODE liters/min [N,]
01 10 07 1
02 20 08 2
17 03 50 09 5
04 100 10 10
05 200
06 500
TABLE Il GFC 37 MEDIUM FLOW MASS FLOW CONTROLLER*
MODEL CODE liters/min [N,]
1 15
30 20
37 31 30
32 40
33 50

TABLE Il GFC 47/57/67/77 HIGH FLOW MASS FLOW CONTROLLER*

MODEL CODE liters/min [N,]
40 60
47 4 80
42 100
57 50 200
67 60 500
77 70 1000

*Flow rates are stated for Nitrogen at STP conditions [i.e. 70 °F (21.1 °C) at 1 atm].
For other gases use the K factor as a multiplier from APPENDIX 2.

10
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TABLE IV PRESSURE DROPS

FLOW RATE MAXIMUM PRESSURE DROP
MODEL | fliters/min] [ fmm H0] [psid] [mbar]
GFC 17 UPto 10 720 1.06 75
15 2630 3.87 266
20 1360 2.00 138
GFC37 - 30 2380 3.50 241
40 3740 550 379
50 5440 8.00 551
GFC 47 60 7480 11.00 758
100 12850 18.89 1302
GFC 57 200 7031 10.00 690
GFC 67 500 8437 12.00 827
GFC 77 1000 10547 15.00 1034
5. OPERATING INSTRUCTIONS
5.1 Preparation and Warm Up

Itis assumed that the Mass Flow Controller has been correctly installed and thor-
oughly leak tested as described in section (2). Shut the flow source OFF. Apply
power to the unit via the 15-pin “D” connector. Before connecting the power sup-
ply check the controller power supply requirements label located on the controller
back cover. If the power supply requirements label states that power supply
requirement is 12 Vdc, do not connect the power supply with voltage above 15
Vdc. Exceeding the specified maximum power supply voltage limit will result in
device permanent damage. Allow the Mass Flow Controller to warm-up for at
least 15 minutes.

During initial powering of the GFC transducer, the flow output signal will be indi-
cating a higher than usual output. This is indication that the GFC transducer has
not yet attained its minimum operating temperature. This condition will automat-
ically cancel within a few minutes and the transducer should eventually zero.

If after the 15 minutes warm-up period, the display still indicates a reading of less
than + 3.0 % of F.S,, readjust the ZERO potentiometer [R34] through the access
window. Before zero adjustment temporarily disconnect the gas source, to ensure
that no seepage or leak occurs in to the meter.

CAUTION: Adjusting Zero Reading more than + 3.0% F.S. from the
factory settings may affect device calibration accuracy. If such adjustment
is required it is recommended to perform controller recalibration to pre
serve device accuracy.

11
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GFC 17/37/47 CAUTION

: CAUTION: If the valve is left in the AUTO (control) or OPEN (PURGE)

A mode for an extended period of time, it may become warm or even hot
to the touch. Use care in avoiding direct contact with the valve during
operation.

Do not run GFC 17/37/47 models for extended periods of time with the valve in
AUTO or PURGE mode without the flow of gas through the transducer. Doing so
may result in up to 2% F.S. shift in calibration.

5.2 Flow Signal Output Readings

The flow signal output can be viewed on the LCD display, remote panel meter,
digital multimeter, or other display device connected as shown in Figure 2.1.

If an LCD display has been ordered with the GFC, the observed reading is in
direct engineering units, for example, 0 to 10 sccm or 0 to 100 slpm (0 to 100%
indication is optional). Engineering units for a specific GFC are shown on the flow
transducer’s front label.

Analog output flow signals of 0 to 5 Vdc and 4 to 20 mA are available at the appro-
priate pins of the 15-pin “D” connector at the side of the GFC transducer (see
Figure 2-1).

Meter signal output is linearly proportional to the mass molecular flow rate of the
gas being metered. The full scale range and gas for which your meter has been
calibrated are shown on the flow transducer's front label.

Default calibration is performed for 0 to 5 Vdc input/output signal. If 4-20 mA out-
put signal is used for flow indication on the GFC, which was calibrated against 0
to 5 Vdc input signal, the accuracy of the actual flow rate will be in the specified
range (+1.0% GFC 17/37/47, +1.5% GFC 57/67/77 ) of full scale, but the total of
the output reading may be in the range of +2.5% of full scale. Optional calibra-
tion for 4-20 mA output signal is available upon request at time of order.

For optional RS232 or RS485 interfaces please contact your distributor or
Aalborg®.

5.3 Swamping Condition

If a flow of more than 10% above the maximum flow rate of the Mass Flow
Controller is taking place, a temporary condition known as “swamping” may occur.
Readings of a “swamped” meter cannot be assumed to be either accurate or lin-
ear. Flow must be restored to below 110% of maximum meter range. Once flow
rates are lowered to within calibrated range, the swamping condition will end.
Operation of the meter above 110% of maximum calibrated flow may increase
recovery time.

12
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5.4 Setpoint Reference Signal

GFC flow controllers have built-in solenoid valves (GFC 17/37/47) or motorized
valves (GFC 57/67/77), and allow the user to set the flow to any desired flow rate
within the range of the particular model installed. The solenoid valve is normally
closed (NC) when no power is applied.

The motorized valve can be in any position depending on the operation mode of
the GFC during disconnecting of the power. For example if the motorized valve
was left in the OPEN purge position after disconnecting power from the GFC it will
be in the OPEN position. It is the customers responsibility to provide a solution to
shut down the flow in case of a power outage. When power is applied to GFC 57
/67/77 models, the valve automatically closes within the first ten seconds regard-
less of the set point and valve override signals.

Setpoints are controlled locally or remotely. Setpoints inputs respond to analog 0
to 5 Vdc or 4 to 20 mA reference voltages (default jumper setting is 0 to 5 Vdc).
Voltage is a linear representation of 0 to 100% of the full scale mass flow rate.
Response times to setpoint changes are 1 second (GFC 17), 2 seconds (GFC
37/47) and 5 seconds (GFC 57/67/77) within 2% of the final flow over 25 to 100%
of full scale.

For LOCAL flow control, use the built-in setpoint potentiometer located at the
same side as the solenoid valve of the GFC transducer. While applying flow to
the transducer, adjust the setpoint with an insulated screwdriver until the flow
reading is the same as the desired control point. [Display will only show actual
instantaneous flow rates. There is no separate display for setpoints].

For REMOTE control of the GFC, an analog reference signal must be supplied.
On pin [11] of the GFC transducer is a regulated and constant +5 Vdc output sig-
nal. This signal may be used in conjunction with a local setpoint potentiometer for
flow setting.

CLOCKWISE H
e —

A=

bl -

[coMMoN | | [\VREF <+5vDOC)]

0-5VvDC INPUT
SET POINT

FIGURE 5-1 LOCAL SETPOINT POTENTIOMETER CONNECTIONS
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It is recommended that a potentiometer between 5K to 10K ohm and capable of
at least 10-turns or more for adjustment be used. Use the control potentiometer
to command the percentage of flow desired.

Alternatively, a variable 0 to 5 Vdc or 4 to 20 mA analog signal may be applied direct-
ly to the SETPOINT and COMMON connections of the GFC transducer (see Figure
2-1). Be sure to apply the appropriate signal for the designated NJ1 jumper settings.

5.5 Valve OFF Control
(Open Collector NPN Compatible)

It may be necessary or desirable to set the flow and maintain that setting while
being able to turn the flow control valve off and on again. Closing of the valve
(without changing the setpoint adjustment) can be accomplished by connecting
pin [12] of the 15-pin “D” connector to COMMON pin [3]. When pin [12] is con-
nected to COMMON, the solenoid valve is not powered and therefore will remain
normally closed regardless of the setpoint. The Motorized valve will be given the
command to close indicated by a green light on top of the unit.

Conversely, when the connection is left open or pin [12] remains unconnected the
valve remains active. The valve will remain active when the VALVE OFF pin
remains “floating”. This feature is compatible with open collector NPN transistor
switches, as found in DC output ports of programmable controllers and similar
devices.

The simplest means for utilizing the VALVE OFF control feature, is to connect a
toggle switch between the COMMON and VALVE OFF pins of the GFC transduc-
er. Toggling the switch on and off will allow for activating and deactivating the sole-
noid valve.

5.6 Valve Test/Purge

At times, it may be necessary to purge the flow system with a neutralizing gas
such as pure dry nitrogen. The GFC transducer is capable of a full open condi-
tion for the valve, regardless of setpoint conditions. Connecting the OPEN
(PURGE) pin (pin 4 on 15-pin “D” connector) to ground will fully open the valve.

The Motorized Valve: Connect pins [3] and [4] to OPEN the motorized control
valve. A red light on top of the valve will indicate an OPEN valve, normal for
flow conditions.

% NOTE: The motorized control valve stays OPEN even if power is
no longer applied. To CLOSE the Motorized Control Valve, connect pins
[3] and [12].
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6. MAINTENANCE

6.1 Introduction

It is important that the Mass Flow Controller/Controller is used with clean, filtered
gases only. Liquids may not be metered. Since the RTD sensor consists, in part,
of a small capillary stainless steel tube, it is prone to occlusion due to impedi-
ments or gas crystallization. Other flow passages are also easily obstructed.
Therefore, great care must be exercised to avoid the introduction of any potential
flow impediment. To protect the instrument a 50 micron (GFC17) or 60
micron(GFC37/47) filter is built into the inlet of the flow transducer. The filter
screen and the flow paths may require occasional cleaning as described below.
There is no other recommended maintenance required. It is good practice, how-
ever, to keep the meter away from vibration, hot or corrosive environments and
excessive RF or magnetic interference.

If periodic calibrations are required they should be performed by qualified per-
sonnel and calibrating instruments, as described in section (7). It is recommend-
ed that units are returned to Aalborg® for repair service and calibration.

CAUTION: TO PROTECT SERVICING PERSONNEL IT IS
MANDATORY THAT ANY INSTRUMENT BEING SERVICED IS
COMPLETELY PURGED AND NEUTRALIZED OF TOXIC,
BACTERIOLOGICALLY INFECTED, CORROSIVE OR RADIOACTIVE
CONTENTS.

6.2 Flow Path Cleaning

Inspect visually the flow paths at the inlet and outlet ends of the meter for any
debris that may be clogging the flow through the meter. Remove debris carefully
using tweezers and blowing low pressure clean air or Nitrogen from the inlet side.
If the flow path is not unclogged, please return meter to Aalborg® for servicing.

A Do not attempt to disassemble the sensor. Disassembly will
invalidate calibration.

6.2.1 Cleaning the Inlet Filter Screen in GFC17 Models

Unscrew the inlet compression fitting of meter. Note that the Restrictor Flow
Element (RFE) is connected to the inlet fitting.

The Restrictor Flow Element (RFE) is a precision flow divider inside the trans-
ducer, which splits the inlet gas flow by a fixed ratio to the sensor and main flow
paths. The particular RFE used in a given Mass Flow Controller depends on the
gas and flow range of the instrument.

Carefully disassemble the RFE from the inlet connection. The 50 micron filter
screen will now become visible. Push the screen out through the inlet fitting. Clean
or replace each of the removed parts as necessary. If alcohol is used for clean-
ing, allow time for drying before re-assembling.
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Carefully re-install the RFE and inlet fitting, avoiding any twisting and deforming
the RFE. Be sure that no dust has collected on the O-ring seal.

Note: Over tightening will deform and render the RFE defective.

It is advisable that at least one calibration point be checked after re installing
the inlet fitting - see section (7).

IT IS NOT RECOMMENDED TO ATTEMPT TO DISASSEMBLE,
OR REPAIR GFC37, GFC47, GFC57, GFC67 AND GFC77 MODELS.
DISASSEMBLY NECESSITATES RE-CALIBRATION.

6.2.2 Valve Maintenance for GFC17/37/47 Models

The solenoid valve consists of 316 and 416 stainless steel, and VITON® (or
optional EPR or Kalrez®) O-rings and seal materials. No regular maintenance is
required except for periodic cleaning. :

It is advisable that at least one calibration point be checked after re-installing the
inlet fitting - see section (7).
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Various corrosive gases may demand more frequent replacement of VITON®
O-rings and seals inside the valve. Be sure to use an elastomer material, appro-
priate for your specific gas application. Contact your distributor or Aalborg® for
optional sealing materials available.

Set the GFC into PURGE mode (see Figure 2-1), and attempt to flush through
with a clean, filtered, and neutral gas such as nitrogen. [Another option for fully
opening the valve is to remove the plastic cap on top of the valve, and turning the
set screw counterclockwise until it stops. See section 7.3 for valve adjustment, to
return the valve to functional use.]
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7. CALIBRATION PROCEDURES

% NOTE: Removal of the factory installed calibration seals and/or any
adjustments made to the meter, as described in this section, will void
any calibration warranty applicable.

71 Flow Calibration

Aalborg® Instruments' Flow Calibration Laboratory offers professional calibration
support for Mass Flow Meters and Controllers, using precision calibrators under
strictly controlled conditions. NIST traceable calibrations are available.
Calibrations can also be performed by customers using available certified stan-
dards.

Factory calibrations are performed using state of the art NIST traceable precision
volumetric calibrators.

Calibrations are performed using dry nitrogen gas. Calibration can then be cor-
rected to the appropriate gas desired based on relative correction [K] factors
shown in the gas factor table - see Appendix 2. A reference gas, other than nitro-
gen, may be used to approximate the flow characteristics of certain gases closer.
This practice is recommended when a reference gas is found with thermodynam-
ic properties similar to the actual gas under consideration. The appropriate rela-
tive correction factor should be recalculated - see section (9).

It is standard practice to calibrate Mass Flow Controllers with dry nitrogen gas. It
is best to calibrate the GFC transducers to actual operating conditions. Specific
gas calibrations of non-toxic and non-corrosive gases are available at specific
conditions. Please contact your distributor or Aalborg® for a price quotation.

It is recommended that a flow calibrator of at least four times better collective
accuracy than that of the Mass Flow Controller to be calibrated be used.
Equipment required for calibration includes a flow calibration standard and a cer-
tified high sensitivity multimeter (which together have a collective accuracy of
+0.25% or better), an insulated (plastic) screwdriver, a flow regulator (example:
metering needle valve) installed upstream from the Mass Flow Controller and a
pressure regulated source of dry filtered nitrogen gas (or other suitable reference

gas).

The gas and ambient temperature, as well as inlet and outlet pressure conditions
should be set up in accordance with actual operating conditions.
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FIGURE 7-1 GFC17/37/47 CALIBRATION POTENTIOMETER AND JUMPER LOCATIONS
(BACK OF GFC)

7.2 Calibration of GFC17/37/47 Mass Flow Controllers

All adjustments in this section are made from the outside of the meter, there is no
need to disassemble any part of the instrument.

GFC Mass Flow Controllers may be field recalibrated/checked for the same range
they were originally factory calibrated for. When linearity adjustment is needed, or
flow range changes are being made proceed to step 7.2.4. Flow range changes
may require a different Restrictor Flow Element (RFE). Additionally, a different
Solenoid Valve Orifice may also be required (see Table VI). Consult your distribu-
tor or Aalborg® for more information.

7.21 Connections and Initial Warm Up

At the 15-pin “D” connector of the GFC transducer, connect the multimeter to out-
put pins [1] and [2] for O to 5 Vdc (or pins [9] and [14] for 4 to 20 mA) - (see Figure
2-1).

When using a remote setpoint for flow control, the appropriate reference signal
should also be connected to the 15-pin “D” connector at pins [8] and [10] - (see
Figure 2-1). Power up the Mass Flow Controller for at least 30 minutes prior to
commencing the calibration procedure.
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7.2.2 ZERO Adjustment

Shut off the flow of gas into the Mass Flow Controller. To ensure that no seepage or
leak occurs into the meter, temporarily disconnect the gas source.

Using the multimeter and the insulated screwdriver, adjust the ZERO poten-
tiometer [R34] through the access window for 0 Vdc (or 4 mA respectively) at zero
flow.

7.2.3 SPAN Adjustment

Reconnect the gas source. Adjust the control setpoint to 100% of full scale flow.
Check the flow rate indicated against the flow calibrator. If the deviation is less
than £10% of full scale reading, correct the SPAN potentiometer [R33] setting by
using the insulated screwdriver through the access window, to eliminate any devi-
ation. If the deviation is larger than +10% of full scale reading, a defective condi-
tion may be present.

LIKELY REASONS FOR A MALFUNCTIONING SIGNAL MAY BE:

v/ Occluded or contaminated sensor tube.

v’ Leaking condition in the GFC transducer or the gas line and fittings.

v For gases other than nitrogen, recheck appropriate “K” factor from Gas Factor Table.
v/ Temperature and/or pressure correction errors.

See also section (8) TROUBLESHOOTING. If after attempting to remedy the
above conditions, a malfunction still persists, return the meter for factory service,
see section (1).

At this point the calibration is complete. However, it is advisable that several addi-
tional points between 0 and 100%, such as 25%, 50%, and 75% flow be checked.
If discrepancies are found, proceed to step 7.2.4 for Linearity Adjustment.

7.2.4 Linearity Adjustment

All adjustments in this section are made from the outside of the meter, there is no
need to disassemble any part of the instrument.

7.2.41 Disable Solenoid Valve in GFC17/37/47 Models

Set the valve into PURGE mode. This step essentially bypasses the flow control
properties of the transducer. The unit will now act as a Mass Flow Meter.

A CAUTION: FOR GFC17/37/47- If the valve is left in the AUTO (control)
or OPEN (PURGE) mode for an extended period of time, it may
become warm or even hot to the touch. Use care in avoiding direct
contact with the valve during operation.
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7.2.5 Connections and Initial Warm Up

Connect the multimeter to output pins [1] and [2] for 0 to 5 Vdc (or pins [9] and [14]
for 4 to 20 mA) of the 15-pin “D” connector - (see Figure 2-1).

If calibration to a new flow range or different gas is being performed, it may be
necessary to remove any jumpers at J1A, J1B, J1C and J1D before beginning lin-
earizing procedure.

Power up the Mass Flow Controller for at least 30 minutes prior to commencing
the calibration procedure.

7.2.6 ZERO Adjustment

Shut off the flow of gas into the Mass Flow Controller. To ensure that no seepage
or leak occurs into the meter, it is good practice to temporarily disconnect the gas source.

Using the multimeter and the insulated screwdriver, adjust the ZERO LCD read-
ing and 0 Vdc (or 4 mA respectively) analog output reading at zero flow by adjust-
ing the zero potentiometer [R34] through the access window.

A CAUTION: The minimum voltage on 0-5 Vdc output can be in the
range of 7 to 25 mV. Trying to reduce voltage below this level may
increase negative zero shift. This shift may be invisible on devices with-
out LCD display. Stop R34 zero potentiometer adjustment if voltage on
0-5 Vdc output is in the range from 7 to 25 mV and does not decrease
any lower.

7.7 25% Flow Adjustment Using R33 Potentiometer

Reconnect the gas source. Using the flow regulator, adjust the flow rate to 25% of
full scale flow. Check the flow rate indicated against the flow calibrator. Adjust the
setting for potentiometer [R33] by using the insulated screwdriver through the
access window, until the output of the flow meter reads 1.25 Vdc +63mV (or 8mA

+0.25mA).

Using the flow regulator, adjust the flow rate until the output of the flow meter
reads 0.5 Vdc (or 5.6mA). Check the flow rate against the flow calibrator. If the
flow rate indicated by the calibrator is within 10% * 1.0% of F.S. then skip para-
graphs 7.2.8, 7.2.9 and proceed directly to paragraph 7.2.10, if not, perform 10%
flow adjustment according to paragraph 7.2.8.
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FIGURE 7-2 GFC17/37/47CALIBRATION POTENTIOMETER AND JUMPERS

7.2.8 10% Flow Adjustment

Using the flow regulator, adjust the flow rate to 10% of full scale flow according to
the calibrator. Check the flow rate indicated against the flow calibrator. Adjust the
setting for potentiometer [R33] by using the insulated screwdriver through the
access window, until the output of the flow meter reads 0.5 Vdc +63mV (or 5.6mA
+0.25mA).

7.2.9 25% Flow Adjustment (using R52 potentiometer)

Using the flow regulator, adjust the flow rate to 25% of full scale flow according to
the calibrator. Check the flow rate indicated against the flow calibrator. The output
of the flow meter should read 1.25 Vdc +63mV (or 8.0mA +0.25mA). If the read-
ing is outside of that range, place the jumper at [J1.A] as appropriate to increase
or decrease the signal. Adjust the setting for potentiometer [R52] by using the
insulated screwdriver through the access window, until reading is within specifica-
tion.

7.2.10 50% Flow Adjustment

Using the flow regulator, increase the flow rate to 50% of full scale flow. Check the
flow rate indicated against the flow calibrator. The output of the flow meter should
read 2.50 Vdc +63mV (or 12mA +0.25mA). If the reading is outside of that range,
place the jumper at [J1B] as appropriate to increase or decrease the signal. Adjust
the setting for potentiometer [R38] by using the insulated screwdriver through the
access window, until reading is within specification.

7.2.11 75% Flow Adjustment

Using the flow regulator, increase the flow rate to 75% of full scale flow. Check the
flow rate indicated against the flow calibrator. The output of the flow meter should
read 3.75 Vdc +63mV (or 16mA +0.25mA). If the reading is outside of that range,
place the jumper at [J1C] as appropriate to increase or decrease the signal. Adjust
the setting for potentiometer [R39] by using the insulated screwdriver through the
access window, until reading is within specification.

7.2.12 100% Flow Adjustment

Using the flow regulator, increase the flow rate to 100% of full scale flow. Check
the flow rate indicated against the flow calibrator. The output of the flow meter
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should read 5.00 Vdc +63mV (or 20mA +0.25mA). If the reading is outside of that
range, place the jumper at [J1D] as appropriate to increase or decrease the sig-
nal. Adjust the setting for potentiometer [R40] by using the insulated screwdriver
through the access window, until reading is within specification.

Repeat steps 7.2.7 to 7.2.12 at least once more.
7.2.13. VALVE ADJUSTMENT
7.2.13.1 Valve Adjustment for GFC 17/37/47

Discontinue the PURGE mode (set valve for the closed position). Apply an inlet
pressure of 5 psig, and atmospheric pressure at the outlet. If a small flow occurs,
turn the set screw on top of the solenoid valve clockwise until the flow through the
GFC just stops.

7.2.14 Close Loop Full Scale Flow Adjustment

Fully open the flow regulator upstream of the GFC. Increase the inlet pressure to
20 psig (25 psig for GFC47). Apply a +5.00 Vdc (100% full scale flow) setpoint ref-
erence. Using the calibrator check the flow rate. If necessary, adjust R33 to match
the desired full scale flow rate. [In control mode, turning R33 clockwise will
decrease the flow. Conversely, turning R33 counterclockwise will increase the flow
through the GFC.]

7.2.15 10% Close Loop Flow Adjustment
(using R33 potentiometer)

If the J1A jumper is not installed in upper or lower position (paragraphs
7.2.8 and 7.2.9 were skipped) then skip this paragraph and paragraph 7.2.16.
Proceed directly to paragraph 7.2.17. Change the setpoint to 0.5 Vdc to control
at 10% of full scale flow. Check the flow rate indicated against the flow calibrator.
If the flow error is not within +0.75% of full scale, re-adjust the setting for poten-
tiometer [R33], until the flow output is correct.

7.2.16 25% Close Loop Flow Adjustment
(using R52 potentiometer)

Change the setpoint to 1.25 Vdc to control at 25% of full scale flow. Check the flow
rate indicated against the flow calibrator. If the flow error is not within +0.75% of
full scale, re-adjust the setting for potentiometer [R52], until the flow output is correct.

7.2.17 Close Loop 25% Flow Adjustment
(using R33 potentiometer)

Change the setpoint to 1.25 Vdc to control at 25% of full scale flow. Check the

flow rate indicated against the flow calibrator. If the flow error is not within +0.75% of full
scale, re-adjust the setting for potentiometer [R33], until the flow output is correct.
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7.2.18 Close Loop 50% Flow Adjustment

Change the setpoint to 2.50 Vdc to control at 50% of full scale flow. Check the
flow rate indicated against the flow calibrator. If the flow error is not within
0.75% of full scale, re-adjust the setting for potentiometer [R38], until the flow
output is correct.

7.2.19 Close Loop 75% Flow Adjustment
Change the setpoint to 3.75 Vdc to control at 75% of full scale flow. Check the
flow rate indicated against the flow calibrator. If the flow error is not within +0.75%

of full scale, re-adjust the setting for potentiometer [R39], until the flow output is
correct.

7.2.20 Close Loop 100% Flow Adjustment

Change the setpoint to 5.00 Vdc to control at 100% of full scale flow. Check the
flow rate indicated against the flow calibrator. If the flow rate is not within +0.75% of full
scale, re-adjust the setting for potentiometer [R40], until the flow output is correct.

Repeat steps 7.2.15 to 7.2.20 at least once more.

ORIFICE PART NUMBER FLOW RATE [N,]
OR.020 10 to 1000 sccm
OR.040 1to 5 slpm
OR.055 - 5 to 10 slpm
OR.063 10 to 15 slpm
OR.094 20 to 50 slpm
OR.125 50 to 100 slpm

TABLE Il GFC SOLENOID VALVE ORIFICE SELECTION TABLE

7.3 Calibration of GFC57/67/77
Mass Flow Controllers

All adjustments in this section are made from the outside of the meter, there is no
need to disassemble any part of the instrument. GFC Mass Flow Controllers may
be field recalibrated/checked for the same range they were originally factory cali-
brated for. When linearity adjustment is needed, or flow range changes are being
made proceed to step 7.2.4. Flow range changes may require a different
Restrictor Flow Element (RFE). Additionally, a different Solenoid Valve Orifice
may also be required (see Table VI). Consult your distributor or Aalborg® for more
information.
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FIGURE 7-3 GFC 57/67/77 CALIBRATION POTENTIOMETER AND JUMPER LOCATIONS
(BACK OF GFC)

7.3.1 Connections and Initial Warm Up

At the 15-pin “D” connector of the GFC transducer, connect the multimeter to out-
put pins [1] and [2] for O to 5 Vdc (or pins [9] and [14] for 4 to 20 mA) - (see Figure
2-1). When using a remote setpoint for flow control, the appropriate reference sig-
nal should also be connected to the 15-pin “D” connector at pins [8] and [10] -
(see Figure 2-1). Power up the Mass Flow Controller for at least 30 minutes prior
to commencing the calibration procedure.

7.3.2 ZERO Adjustment

Shut off the flow of gas into the Mass Flow Controller. To ensure that no seepage
or leak occurs into the meter, temporarily disconnect the gas source. Using the
multimeter and the insulated screwdriver, adjust the ZERO potentiometer [R34]
through the access window for 0 Vdc (or 4 mA respectively) at zero flow.

7.3.3 SPAN Adjustment

Reconnect the gas source. Adjust the control setpoint to 100% of full scale flow.
Check the flow rate indicated against the flow calibrator. If the deviation is less
than +10% of full scale reading, correct the SPAN potentiometer [R33] setting by
using the insulated screwdriver through the access window, to eliminate any devi-
ation. If the deviation is larger than +10% of full scale reading, a defective condi-
tion may be present. :
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LIKELY REASONS FOR A MALFUNCTIONING SIGNAL MAY BE:

v Occluded or contaminated sensor tube.

v Leaking condition in the GFC transducer or the gas line and fittings.

v For gases other than nitrogen, recheck appropriate “K” factor from Gas Factor Table.
v/ Temperature and/or pressure correction errors.

See also section (8) TROUBLESHOOTING. If after attempting to remedy the
above conditions, a malfunction still persists, return the meter for factory service,
see section (1). At this point the calibration is complete. However, it is advisable
that several additional points between 0 and 100%, such as 25%, 50%, and 75%
flow be checked. If discrepancies are found, proceed to step 7.3.4 for Linearity
Adjustment.

7.3.4 Linearity Adjustment

All adjustments in this section are made from the outside of the meter, there is
no need to disassemble any part of the instrument.

7.3.4.1 Open Motorized Valve in GFC57/67/77 Models

Set the valve to PURGE mode by connecting pin [4] to pin [3], at the 15 pin
D-connector.

7.3.5 Connections and Initial Warm Up

Connect the multimeter to output pins [1] and [2] for 0 to 5 Vdc (or pins [9] and
[14] for 4 to 20 mA) of the 15-pin “D” connector - (see Figure 2-1). If calibration to
a new flow range or different gas is being performed, it may be necessary to
remove any jumpers at J1A, J1B, and J1C before beginning linearizing procedure.

Power up the Mass Flow Controller for at least 30 minutes prior to commencing
the calibration procedure.

7.3.6 ZERO Adjustment

Shut off the flow of gas into the Mass Flow Controller. To ensure that no seepage
or leak occurs into the meter, it is good practice to temporarily disconnect the gas
source. Using the multimeter and the insulated screwdriver, adjust the ZERO
potentiometer [R34] through the access window for 0 Vdc (or 4 mA respectively)
at zero flow.

7.3.7 25% Flow Adjustment

Reconnect the gas source. Using the flow regulator, adjust the flow rate to 25% of
full scale flow. Check the flow rate indicated against the flow calibrator. Adjust the
setting for potentiometer [R33] by using the insulated screwdriver through the
access window, until the output of the flow meter reads 1.25 Vdc +63mV (or 8mA
+0.25mA).
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LINEARIZER ABC
FuncTion | J1A(50%) | J1B(75%) | J1C(100%) %
31619
2{5|8
Decrease 1-2 4-5 7-8 i E
Increase 9.9 5-6 8-9

FIGURE 7-4 GFC57/67/77 CALIBRATION POTENTIOMETER AND JUMPERS

7.3.8 50% Flow Adjustment

Using the flow regulator, increase the flow rate to 50% of full scale flow. Check the
flow rate indicated against the flow calibrator. The output of the flow meter should
read 2.50 Vdc +63mV (or 12mA +0.25mA\). If the reading is outside of that range,
place the jumper at [J1A] as appropriate to increase or decrease the signal.
Adjust the setting for potentiometer [R38] by using the insulated screwdriver
through the access window, until reading is within specification.

7.3.9 75% Flow Adjustment

Using the flow regulator, increase the flow rate to 75% of full scale flow. Check the
flow rate indicated against the flow calibrator. The output of the flow meter should
read 3.75 Vdc +63mV (or 16mA +0.25mA\). If the reading is outside of that range,
place the jumper at [J1B] as appropriate to increase or decrease the signal.
Adjust the setting for potentiometer [R39] by using the insulated screwdriver
through the access window, until reading is within specification.

7.3.10 100% Flow Adjustment

Using the flow regulator, increase the flow rate to 100% of full scale flow. Check
the flow rate indicated against the flow calibrator. The output of the flow meter
should read 5.00 Vdc +63mV (or 20mA +0.25mA). If the reading is outside of that
range, place the jumper at [J1C] as appropriate to increase or decrease the sig-
nal. Adjust the setting for potentiometer [R40] by using the insulated screwdriver
through the access window, until reading is within specification. Repeat steps
7.2.7 t0 7.2.10 at least once more.

7.3.11. VALVE ADJUSTMENT
7.3.11.1  Valve Adjustment for GFC 57/67/77
Discontinue the PURGE mode (set valve for the Auto position). DO NOT adjust

the motorized valve for GFC57/67/77. The motorized valve for these models has
been pre-adjusted at the factory.

27



195

7.3.12 Full Scale Flow Adjustment

Fully open the flow regulator upstream of the GFC. Increase the inlet pressure to
20 psig. Apply a +5.00 Vdc (100% full scale flow) setpoint reference. Using the
calibrator check the flow rate. If necessary, adjust R33 to match the desired full
scale flow rate. [In control mode, turning R33 clockwise will decrease the flow.
Conversely, turning R33 counterclockwise will increase the flow through the
GFC.]

7.3.13 25% Flow Adjustment

Change the setpoint to 1.25 Vdc to control at 25% of full scale flow. Check the
flow rate indicated against the flow calibrator. If the flow error is not within +0.75%
of full scale, re-adjust the setting for potentiometer [R33], until the flow output is
correct.

7.3.14 50% Flow Adjustment

Change the setpoint to 2.50 Vdc to control at 50% of full scale flow. Check the
flow rate indicated against the flow calibrator. If the flow error is not within +0.75%
of full scale, re-adjust the setting for potentiometer [R38], until the flow output is
correct.

7.3.15 75% Flow Adjustment

Change the setpoint to 3.75 Vdc to control at 75% of full scale flow. Check the
flow rate indicated against the flow calibrator. If the flow error is not within +0.75%
of full scale, re-adjust the setting for potentiometer [R39], until the flow output is
correct.

7.3.16 100% Flow Adjustment

Change the setpoint to 5.00 Vdc to control at 100% of full scale flow. Check the
flow rate indicated against the flow calibrator. If the flow rate is not within +0.75%
of full scale, re-adjust the setting for potentiometer [R40], until the flow output is
correct.

Repeat steps 7.3.13 to 7.3.16 at least once more.

7.4 LCD Display Scaling

It may be desirable to re-scale the output reading on the LCD readout supplied
with certain model GFC transducers. Re-calibration for a new flow range or dif-
ferent engineering units are two examples of when this may be necessary.

7.4.1 Access LCD Display Circuit
Carefully remove the LCD from the GFC or panel mounted surface. Remove the
aluminum housing on the side of the connection cable. Slide the LCD assembly

out of the aluminum housing.
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7.4.2  Adijust Scaling

Using a digital multimeter connected to either the 0 to 5 Vdc or 4 to 20 mA signal
at the 15-pin “D” connector, set the flow rate on the GFC to full scale flow (5
Vdc or 20mA). Maintain full scale flow, and adjust the potentiometer [R3] on the
LCD printed circuit board to desired full scale flow reading.

7.4.3 Change Decimal Point

To change the decimal place on the LCD display readout, simply move the
jumper to the appropriate location on the [8] pin header block. The numbers are
printed to the side of the connections. Do not attempt to place more than one
jumper for decimal setting.

JUMPER POSITION MAXIMUM SCALABLE DISPLAY READING
gl 1999
o 55 199.9
ria 19.99
5 1.999
8. TROUBLESHOOTING
8.1 Common Conditions

Your Mass Flow Controller was thoroughly checked at numerous quality control
points during and after manufacturing and assembly operations. It was calibrated
in accordance to your desired flow and pressure conditions for a given gas or a
mixture of gases.

It was carefully packed to prevent damage during shipment. Should you feel that
the instrument is not functioning properly please check for the following com-
mon conditions first:
v/ Are all cables connected correctly?
v Are there any leaks in the installation?
v s the power supply correctly selected according to requirements?
When several meters are used a power supply with appropriate current
rating should be selected.
v/ Were the connector pinouts matched properly? When interchanging with
other manufacturers' equipment, cables and connectors must be carefully

wired for correct pin configurations.

v Is the pressure differential across the instrument sufficient?
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8.2 General Troubleshooting Guide
INDICATION LIKELY REASON REMEDY
lack of reading | power supply off check connection of power supply
or output _
fuse blown disconnect transducer from
power supply; remove the
shorting condition or check
polarities; fuse resets
automatically
filter screen flush clean or disassemble to
obstructed at inlet remove impediments or replace
occluded sensor tube flush clean or disassemble to
remove impediments or return to
factory for replacement
pc board defect return to factory for replacement
GFC17/37/47 valve adjustment re-adjust valve (section 8.3.3)
wrong
LIOW rea:iing inadequate gas pressure apply appropriate gas pressure
0es no
coincide with filter screen obstructed flush clean or disassemble to
the setpoint at inlet remove impediments or replace
ground loop signal and power supply

commons are different

no response
to setpoint

inadequate gas pressure

apply appropriate gas pressure

cable or connector malfunction

check cables and all connections
or replace

setpoint is too low
(<2% of full scale)

re adjust setpoint or disable 2%
cutoff feature (section 2.2)

GFC17/37/47 valve adjustment
wrong

re-adjust valve
(section 8.3.3 below)

unstable or no
zero reading

gas leak

locate and correct

pc board defective

return to factory for replacement

GFC17/37/47 valve adjustment
wrong

re-adjust valve (see section 8.3.2
below)
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INDICATION LIKELY REASON REMEDY

full scale output | defective sensor return to factory for replacement

at “no flow”

condition or gas leak locate and repair

with valve

closed GFC17/37/47 valve re-adjust valve (section
adjustment wrong 8.3.1 below)

calibration off gas metered is not the same as | use matched calibration

what meter was calibrated for

composition of gas changed

see K factor tables in APPENDIX 2

gas leak

locate and correct

pc board defective

return to factory for replacement

RFE dirty

flush clean or disassemble to
remove impediments

occluded sensor tube

flush clean or disassemble to
remove impediments or return to
factory for replacement

filter screen obstructed
at inlet

flush clean or disassemble to
remove impediments or replace

transducer is not
mounted properly

check for any tilt or change in the
mounting of the transducer;
generally, units are calibrated for
horizontal installation (relative to
the sensor tube)

GFC valve does
not work
in open position

GFC17/37/47 incorrect valve
adjustment

re-adjust valve (section 8.3.3)

pc board defect

return to factory for replacement

cable or connectors
malfunction

check cable and connectors
or replace

differential pressure too high

decrease pressure to correct level

insufficient inlet pressure

adjust appropriately
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INDICATION LIKELY REASON REMEDY
GFC valve not GFC17/37/47 incorrect valve re-adjust valve (section 8.3.1)
not work in adjustment ~
closed position
pc board defect return to factory for replacement
cable or connectors check cable and connectors
or replace
orifice obstructed disassemble to remove

impediments or return to factory

8.3 GFC17/37/47 Valve Related Troubleshooting

8.3.1 INDICATION: LIKELY REASON: | REMEDY:

With “no flow Valve is out of | 1. Adjust control set point to zero. Set
conditions” (gas pipes | adjustment and Valve mode to “CLOSE” position

are not connected to thef leaking. (connect pins 3 and 12 on the 15 pins
GFC) and valve closed D-connector together). This step is very
(pins 3 and 12 are important!

connected together) 2. Apply 20 PSIG inlet pressure.

LCD reading is zero, 3. See operating manual page 17

but when 20 PSIG inlet (Figure 6-1). Unscrew hex nut cover on
pressure is applied the the top of the solenoid valve.

LCD reads more than 4. Using a screwdriver readjust adjustment
0.5% of full scale. screw on the top of the valve to CW

(clock wise) direction until zero reading
on the display. Be very careful during
adjustment: make only 15 degree turn
each time and wait one minute due
to the sensor’s response time. If reading
is still high make another 15 degree turn.
Do not over adjust valve. If you made
more than 5 complete (360 degree)
turns and leakage still exists stop
adjustment. In this case unit has to be
returned to the factory for servicing.

5. This is not a shut off valve. It is normal
to observe up to 0.5 % of F.S. leakage.

6. Adjust hex nut cover on the top of the
solenoid valve.

7. Disable Valve “Close” mode,
apply 100% control set point and check
if reading can reach 100% reading.
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8.3.2 INDICATION: LIKELY REASON: | REMEDY:

Differential pressure Valve 1. Make sure differential pressure across
across the GFC compression the GFC is within specification.
controller is within spring is over 2. Install control set point to 100% F.S.
specification but LCD | adjusted and PID This should remedy the oscillation
reading and actual flow | control cannot conditions.

are not stable (oscillate | handle stable 3. See operating manual page 17

1-4 times per second). | flow. (Figure 6-1). Unscrew hex nut cover on

the top of the solenoid valve.

4. Using screwdriver readjust adjustment
screw on the top of the valve to CCW
(counter clock wise) direction until
reading on the display will be stable. Be
very careful during adjustment: make
only 15 degree turn each time and
wait about 15 seconds due to sensor’s
response time. If reading oscillates
make another 15 degree turn. Do not
over adjust valve. If you noticed that
flow rate is constant and more than
105% of full scale, it means you over
adjusted valve and it has leakage. In this
case make adjustment to CW (clock
wise) in order to fix this problem until
reading will go back to 100% full scale.

5. Adjust zero set point (or valve close
command), wait about 3 minutes and
check if valve is able to close.

6. This is not a shut off valve. It is normal
to observe up to 0.5 % of F.S. leakage.

7. Install hex nut cover on the top of the
solenoid valve.
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8.3.3 INDICATION:

LIKELY REASON: | REMEDY:

Differential pressure
across the GFC
controller is within
specification but flow
rate reading is more
than 1% F.S. below set
point value when 100%
set point is applied.

Valve
compression
spring is over
adjusted and
controller does
not have enough
power to open
valve and reach
100% F.S. flow.

1. Make sure differential pressure across
the GFC is within specification.

2. Adjust control set point to 100% F.S.
This should remedy initial fault
conditions (flow reading is less than set
point value and difference is more than
1% FS.).

3. See operating manual page 17
(Figure 6-1). Unscrew hex nut cover on
the top of the solenoid valve.

4. Using screwdriver readjust adjustment
screw on the top of the valve to CCW
(counter clock wise) direction until
reading on the display will be equal to
the set point value. Be very careful
during adjustment: make only 15
degree turn each time and wait about
15 seconds due to sensors responds time.
If reading still below 100% make
another 15 degree turn. Do not over
adjust valve. If you noticed that flow
rate is constant and more than 105%
of full scale, it means you over adjusted
valve and it has leakage. In this case
make adjustment to CW (clock wise) in
order to fix this problem until reading
will go back to 100% full scale.

5. Install zero set point (or valve close
command), wait about 3 minutes and
check if valve is able to close.

6. This is not a shut off valve. It is normal
to observe up to 0.5 % of F.S. leakage.

7. Install hex nut cover on the top of the
solenoid valve.

% NOTE: One common reason for proportional solenoid valve to be out of
adjustment: keeping control set point even very small (2% for example)
while disconnecting inlet pressure. In this case the valve becomes
overheated within 15 minutes and mechanical characteristics of the seat

insert and compression spring are compromised. Avoid this mode of
operation in the future.

For best results it is recommended that instruments are returned to the factory for
servicing. See section 1.3 for return procedures.
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8.4 Technical Assistance

Aalborg® Instruments will provide technical assistance over the phone to qualified
repair personnel. Please call our Technical Assistance at 845-770-3000. Please
have your Serial Number and Model Number ready when you call.

9. CALIBRATION CONVERSIONS FROM
REFERENCE GASES

The calibration conversion incorporates the K factor. The K factor is derived from
gas density and coefficient of specific heat. For diatomic gases:

- 1
Kess = X,
where d = gas density (gram/liter)

Co = coefficient of specific heat (cal/gram)

Note: in the above relationship that d and Cp are chosen at the same conditions
(temperature, pressure).

If the flow range of a Mass Flow Controller remains unchanged, a relative K fac-
tor is used to relate the calibration of the actual gas to the reference gas.

AT
Q, K,
where Q, = mass flow rate of an actual gas (sccm)
Q, = mass flow rate of a reference gas (sccm)
Ka = Kfactor of an actual gas
K, = K factor of a reference gas

For example, if we want to know the flow rate of oxygen and wish to calibrate
with nitrogen at 1000 SCCM, the flow rate of oxygen is:

Qo = Q, = Q, X K=1000 X 0.9926 = 992.6 sccm

where K = relative K factor to reference gas (oxygen to nitrogen)

35



APPENDIX 1

COMPONENTS DIAGRAM

R1l o1 - .
.M. S E .
w13 meee o:
o000 S )
(XXX .:
=m O|[mo i ®o
Dj NR30 NR24 RS‘ E . . E .
P ° L ™
o e [ Jo ¥
L £t
& R40 =|j-l .|
NC

203

u A
] ® U
E R38  R39 —
. GGG
EHGND u7 R10
® CH.1D < J X
ANUOMRE PCB42 N

@ P 2 EP3 P4 1-800-866-3837 PCGFC1 Rev. B1

GFC17/37/47 CONTROLLER PC BOARD (TOP SIDE)

36



COMPONENTS DIAGRAM

204

He
HH:

[ m] (W] \R32
NR37 @
NR31

=
A
N
(=2

B
|\
o
i

R47 NRig [

NR4

NR1(
NR16

s go000@

® 00000 .0

(& ]

] 44
M W|R53

=
W W R55

@ [EmNCS
[wm] c19
®

©® (=]

@ +
c20  C2t
®

Ré
W
R14

I
%

o o
z@

-

(2]

CL]

[

CI)
NR34
(W]

”
&
L
Dl CIC NS
u

()3
[m"m] NR14

m m|\R18  NR27
m m|NR28

R18

R8
)
8

R26 [m m]m m]
& %
R50
(T IRK

@5@
Cé
R23 l:l! ma o --|
i BB R3S R = % —_ a8
o
S mmn ¢ mm mw col [l WM *°
A oeeem = R36 )
ce ®000 0 EHN
0000 O iEm
"= m m © Y
e o o [
EueEmeENe # o |@
R27 ~ "R26  R2S = &
3 W
% % % ©® ol s
**° o000
ct7 (]

GFC17/37/47 CONTROLLER PC BOARD (BOTTOM SIDE)

37



205

APPENDIX 2
GAS FACTOR TABLE (“K” FACTORS)

A CAUTION: K-Factors at best are only an approximation. K factors should not
be used in applications that require accuracy better than +/- 5 to 10%.

K FACTOR C Densi
ACTUAL GAS Relative to N, [Call;g] [g/l]'v

Acetylene C,H, 5829 4036 1.162
Air 1.0000 240 1.293
Allene (Propadiene) C;H, 4346 .352 1.787
Ammonia NH, 7310 492 .760
Argon Ar 1.4573 1244 1.782
Argon AR-1 (>10 L/min) 1.205 1244 1.782
Arsine AsH; 6735 1167 3.478
Boron Trichloride BCl, 4089 1279 5.227
Boron Trifluoride BF; 5082 1778 3.025
Bromine Br, .8083 .0539 7.130
Boron Tribromide Br, .38 0647 11.18

Bromine PentaTrifluoride BrF; .26 1369 7.803
Bromine Trifluoride BrF, .3855 1161 6.108
Bromotrifluoromethane (Freon-13 B1) CBrF, 3697 113 6.644
1,3-Butadiene C,H, 3224 .3514 2.413
Butane C4H,, 2631 4007 2.593
1-Butene C,Hg .2994 .3648 2.503
2-Butene C4Hg CIS 324 .336 2.503
2-Butene C4Hg TRANS 291 374 2.503
Carbon Dioxide CO, 7382 2016 1.964
Carbon Dioxide CO,-1 (>10 L/min) 658 2016 1.964
Carbon Disulfide CS, 6026 1428 3.397
Carbon Monoxide CO 1.00 .2488 1.250
Carbon Tetrachloride CCl, 31 1655 6.860
Carbon Tetrafluoride (Freon-14)CF, 42 1654 3.926
Carbony! Fluoride COF, .5428 1710 2.945
Carbonyl Sulfide COS .6606 1651 2.680
Chlorine Cl, .86 114 3.163
Chlorine Trifluoride CIF; 4016 1650 4125
Chlorodifluoromethane (Freon-22)CHCIF, 4589 1544 3.858
Chloroform CHCl, .3912 1309 5.326
Chloropentafluoroethane(Freon-115)C,CIF; 2418 164 6.892
Chlorotrifluromethane (Freon-13) CCIF, .3834 153 4.660
CyanogenC,N, .61 2613 2.322
CyanogenChloride CICN 6130 1739 2.742
Cyclopropane C;H; 4584 3177 1.877
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K FACTOR C Densi

ACTUAL GAS Relative to N,|  [Callg] [g/l]ty
Deuterium D, 1.00 1.722 1.799
Diborane B,H; 4357 .508 1.235
Dibromodifluoromethane CBr,F, 1947 15 9.362
Dichlorodifluoromethane (Freon-12) CCI,F, 3538 1432 5.395
Dichlofluoromethane (Freon-21) CHCI,F 4252 140 4592
Dichloromethylsilane (CH;),SiCl, 2522 .1882 5.758
Dichlorosilane SiH,Cl, 4044 150 4.506
Dichlorotetrafluoroethane (Freon-114) C,Cl,F, 2235 .1604 7.626
1,1-Difluoroethylene (Freon-1132A) C,H,F, 4271 224 2.857
Dimethylamine (CH;),NH 3714 .366 2.011
Dimethyl Ether (CH,),0 .3896 3414 2.055
2,2-Dimethylpropane C;H,, 2170 3914 3.219
Ethane C,Hg .50 420 1.342
Ethanol C,Hs0 3918 .3395 2.055
Ethyl Acetylene C4Hg 3225 3513 2.413
Ethyl Chloride C,HsCl .3891 244 2.879
Ethylene C,H, .60 .365 1.251
Ethylene Oxide C,H,0 5191 .268 1.965
Fluorine F, 9784 1873 1.695
Fluoroform (Freon-23) CHF, 4967 176 3.127
Freon-11 CCl,F 3287 1357 6.129
Freon-12 CCI,F, 3538 1432 5.395
Freon-13 CCIF, 3834 153 4.660
Freon-13B1 CBrF, .3697 1113 6.644
Freon-14 CF, 4210 1654 3.926
Freon-21 CHCI,F 4252 140 4.592
Freon-22 CHCIF, 4589 1544 3.858
Freon-113 CCI,FCCIF, 2031 161 8.360
Freon-114 C,Cl,F, 2240 .160 7.626
Freon-115 C,CIF; 2418 164 6.892
Freon-C318 C,F 1760 185 8.397
Germane GeH, 5696 1404 3.418
Germanium Tetrachloride GeCl, .2668 1071 9.565
Helium He (=<10/Lmin) 1.454 1.241 1786
Helium He-1 (>50 L/min) 2.43 1.241 1786
Helium He-2 (>10-50 L/min) 2.05 1.241 1786
Hexafluoroethane C,F (Freon-116) 2421 1834 6.157
Hexane CgH,4 1792 .3968 3.845
Hydrogen H,-1 (=<10/Lmin) 1.0106 3.419 .0899
Hydrogen H,-2 (>10-100 L) 1.35 3.419 .0899
Hydrogen H,-3 (>100 L) 1.9 3.419 .0899
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K FACTOR C Densi
ACTUAL GAS Relative to N, [Call;g] [1|l|]ty
Hydrogen Bromide HBr 1.000 .0861 3.610
Hydrogen Chloride HCI 1.000 1912 1.627
Hydrogen Cyanide HCN .764 3171 1.206
Hydrogen Fluoride HF .9998 3479 .893
Hydrogen lodide HI .9987 0545 5.707
Hydrogen Selenide H,Se .7893 1025 3.613
Hydrogen Sulfide H,S .80 2397 1.520
lodine Pentafluoride IF; .2492 1108 9.90
Isobutane CH(CH,); 27 3872 3.593
Isobutylene C4Hg .2951 3701 2.503
Krypton Kr 1.453 0593 3.739
Methane CH, J175 5328 715
Methane CH4-1 (>10 L/min) 75 5328 715
Methanol CH; .5843 3274 1.429
Methyl Acetylene C;H, 4313 3547 1.787
Methyl Bromide CH;Br .5835 1106 4.236
Methy! Chloride CH,CI .6299 1926 2.253
Methyl Fluoride CHF .68 3221 1.518
Methyl Mercaptan CH;SH 5180 2459 2.146
Methy! Trichlorosilane (CH,)SiCl; .2499 164 6.669
Molybdenum Hexafluoride MoF; 2126 1373 9.366
Monoethylamine C,HsNH, .3512 387 2.011
Monomethylamine CH;NH, 51 4343 1.386
Neon NE 1.46 246 .900
Nitric Oxide NO .990 2328 1.339
Nitrogen N, 1.000 2485 1.25
Nitrogen Dioxide NO, 7137 1933 2.052
Nitrogen Trifluoride NF; 4802 797 3.168
Nitrosyl Chloride NOCI 6134 1632 2.920
Nitrous Oxide N,O 7128 .2088 1.964
Octafluorocyclobutane (Freon-C318) C,F; 176 185 8.397
Oxygen 0, .9926 2193 1.427
Oxygen Difluoride OF, 6337 1917 2.406
Ozone 446 .195 2.144
Pentaborane BsH, .2554 .38 2.816
Pentane CsH,, 2134 .398 3.219
Perchloryl Fluoride CIO5F .3950 1514 4571
Perfluoropropane CsFg 174 197 8.388
Phosgene COCI, 4438 1394 4418
Phosphine PH, .759 2374 1.517
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K FACTOR c Densi
ACTUAL GAS Relative to N, [Ca:;g] [g/l]‘y
Phosphorous Oxychloride POCI; .36 1324 6.843
Phosphorous Pentafluoride PHs 3021 1610 5.620
Phosphorous Trichloride PC, 30 1250 6.127
Propane C;Hg 35 .399 1.967
Propylene C;Hg 40 .366 1.877
Silane SiH, .5982 .3189 1.433
Silicon Tetrachloride SiCl, 284 1270 7.580
Silicon Tetrafluoride SiF, 3482 1691 4.643
Sulfur Dioxide SO, 69 .1488 2.858
Sulfur Hexafluoride SFg 2635 1592 6.516
Sulfuryl Fluoride SO,F, .3883 1543 4.562
Tetrafluoroethane (Forane 134A) CF;CH,F 5096 A27 4224
Tetrafluorohydrazine N,F, 3237 182 4.64
Trichlorofluoromethane (Freon-11) CCI;F 3287 1357 6.129
Trichlorosilane SiHCl; 3278 1380 6.043
-Trichloro-1,2,2 Trifluoroethane
S o,
Triisobuty! Aluminum (C4Hg)AL .0608 .508 8.848
Titanium Tetrachloride TiCl, .2691 120 8.465
Trichloro Ethylene C,HCl, .32 163 5.95
Trimethylamine (CH,);N 2792 3710 2.639
Tungsten Hexafluoride WFg 2541 .0810 13.28
Vinyl Bromide CH,CHBr 4616 1241 4.772
Vinyl Chloride CH,CHCI 48 .12054 2.788
Xenon Xe 1.44 .0378 5.858
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APPENDIX 3

DIMENSIONAL DRAWINGS
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NOTE: Aalborg® reserves the right to change designs and dimensions at its sole discretion at any time

without notice. For certified dimensions please contact Aalborg®.
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NOTE: Aalborg® reserves the right to change designs and dimensions at its sole discretion at any
time without notice. For certified dimensions please contact Aalborg®.

43



211

--2.72(69,1)

it

|—2+]

C

=

JATVA T0¥LNOD

6.9"(175,3)

=
& i L -

o el e
'4— 7-(17;1&(25TI L—-ﬁfw

- 12.30 (312 4) i~ |

SAE/MS SWAGELOK
gy’ 7 [ OUMEIND /" 3/8 TUBE CONNECTOR

I
; 4
1.39(35%) fas«:‘sa; +——— H--—-—- 38}2}3(54.6)

1"(254) I——»<—4.69(119<‘I)—>

GFC57 MASS FLOW CONTROLLER
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time without notice. For certified dimensions please contact Aalborg®.
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MASS

FLOW
CONTROLLER
GFC

m3é°° __I 7.25(184.1 mm)
(B2 1042 (264.7 mm)
12.62(320.5 mm) _ —

2 x 1/2 compression fittings

6.75(171.5 mm)

4x 1/4-20 UNC-2BT0.35

GFC67 MASS FLOW CONTROLLER

NOTE: Aalborg® reserves the right to change designs and dimensions at its sole discretion at any
time without notice. For certified dimensions please contact Aalborg®.
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MASS
FLOW
CONTROLLER

4,00
(101.6 mm)

3/4-14 NPT
(both sides) |« 7301854 M) ———— |

< 4.00 (101.6 mm) —>|

10.47 (266 mm) >

A

3.00
(76.2mm)

1/4-20
6.80 (172.7 mm) UNC-2B70.35

GFC77 MASS FLOW CONTROLLER

NOTE: Aalborg® reserves the right to change designs and dimensions at its sole discretion at any
time without notice. For certified dimensions please contact Aalborg®.
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WARRANTY

Aalborg® Mass Flow Systems are warranted against parts and
workmanship for a period of one year from the date of purchase. Calibrations
are warranted for up to six months after date of purchase, provided calibra-
tion seals have not been tampered with. It is assumed that equipment select-
ed by the customer is constructed of materials compatible with gases used.
Proper selection is the responsibility of the customer. It is understood that
gases under pressure present inherent hazards to the user and to equip-
ment, and it is deemed the responsibility of the customer that only operators
with basic knowledge of the equipment and its limitations are permitted to
control and operate the equipment covered by this warranty. Anything to the
contrary will automatically void the liability of Aalborg® and the provisions of
this warranty. Defective products will be repaired or replaced solely at the dis-
cretion of Aalborg® at no charge. Shipping charges are borne by the cus-
tomer. This warranty is void if the equipment is damaged by accident or mis-
use, or has been repaired or modified by anyone other than Aalborg® or fac-
tory authorized service facility. This warranty defines the obligation of
Aalborg® and no other warranties expressed or implied are recognized.

NOTE: Follow Return Procedures In Section 1.3.

A CAUTION:

This product is not intended to be used in life support applications!

The selection of materials of construction, is the responsibility of the customer.

The company accepts no liability.

TRADEMARKS

Aalborg'-is a registered trademark of Aalborg Instruments & Controls. VCR'-is a registered trademark of Crawford Fitting Co.

Buna'-is a registered trademark of DuPont Dow Elastometers. Viton"-is a registered trademark of Dupont Dow Elastomers L.L.C.

Kalrez"-is a registered trademark of DuPont Dow Elastomers,

47
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CUSTOMER NOTICE

Sierra Instruments, Inc. is not liable for any damage or personal injury, whatsoever,
resulting from the use of Siera Instruments standard mass flow meters or control-
fers for oxygen gas. You are responsible for determining if this mass flow meter or
controller is appropriate for your oxygen application. You are responsible for
cleaning the mass flow meter or controller to the degree required for your oxygen
flow application.

© COPYRIGHT SIERRA INSTRUMENTS 2001

No part of this publication may be copied or distributed, transmitted, transcribed, stored in
a retrieval system, or translated into any human or computer language, in any form or by
any means, electronic, mechanical, manual, or otherwise, or disciosed to third parties
without the express written permission of Sierra Instruments. The information contained in
this manual is subject to change without notice.

TRADEMARKS

Mass-Trak® is a registered trademark of Sierra Instruments, Inc. Other product and com-
pany names listed in this manual are trademarks or trade names of their respective
manufacturers.
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Chapter 1 Introduction

Chapter 1 Introduction

Sierra’s Mass-Trak™ mass {low meters and controllers are designed
1o accuratcly measurc and control flows of process gascs. This
instruction manual covers the installation, operation and maintenance
of the Mass-Trak product line, which includes the following Sierra
modcls:

e  Modcl 810M Mass-Trak Flow Mcter
o Model 810C Mass-Trak Flow Controller

* Model 810S-L Mass-Trak Flow Controller for flows up to 15
SLPM

® Model 810S-M Mass-Trak Flow Controller for flows from 15
to 100 SLPM

All of these models can be ordered with or without a digital

display.

Sierma Instruments’ Series 810 Mass-Trak products can be calibrated
to measure and control the mass flow rate of gases in several ranges
from 0-10 standard cubic centimeters per minute (SCCM) 1o 0-100
standard liters per minute (SLPM). Accuracy is +1.5% of full scale
over a wide temperature and pressure range, and time response is 5
scconds to within 2% of sct point. Detailed product specifications
may be found in Appendix B.

Mass-Trak Design (typical)

NS >
| —— ZERO
//
o
&I
—= \\
S—
] L SET POINT
j
FLOW

Figure 1-1. Mass-Trak Design (typical)

Mass-Trak is ideally suited to a wide range of gas flow applications
including general process control, laboratories, instrument OEM’s,
gas pancls, and flow calibration.

IM-81D
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Mass-Trak requircs a regulated 24 VDC external power source. The
0-5 VDC and 4-20 mA output signals, which are linearly

proportional to gas mass flow rate, are provided for recording, data
logging, or control. A 15-pin “D” connector is provided for power
input, output signal and sct point control. Mass-Trak is available in
a variety of configurations with either a nylon or stainless steel flow
body. A 24VDC power supply is available as an option.

Using This Manual

This manual is organized into [ive chapiers:

Chapter 1 includes the introduction and theory of operation
Chapter 2 provides installation, plumbing and wiring instructions
Chapter 3 describes operation and features

Chapter 4 covers routine maintenance

Chapter 5 contains the troubleshooting guide and service
recommendations

There are also 4 Appendices:

Appendix A lists conversion formula and gas tables

Appendix B includes the product specifications, dimensional
drawings and mounting instructions

Appendix C describes the PIN connections
Appendix D describes the purge and valve ofT connections

Throughout this manual, we use the word fransditcer as a generic
term (o represent all models of Sicrra’s 810 Scrics Mass-Trak
instruments.

1-2

IM-810-D



222

Series 810 Instruction Manual

Chapter 1 Introduction

Safety Information

Caution and warning statements are used throughout this book to
draw your attention to important information.

A A\

Warning! Caution!

This stalement appears with information that  This statement appears with information that is
is important to protect people and equipment  important for protecting your equipment and
from damage. Pay very close attenfion to all  performance. Reed and follow all caufions that
wamnings that apply to your appfication. apply to your application.

Receipt of System Components

When receiving a Sierra transducer, carcfully check the outside
packing carton for damage incurred in shipment. If the carton is
damagcd, notifly the local carricr and submit a report to the factory or
distributor. Remove the packing slip and check that all ordered
components are present and match your specifications (as ordered).
Make surc any spare parts or accessorics arc not discarded with the
packing material. Do not return any equipment to the factory without
first contacting Sierra Customer Service.

Technical Assistance

If you encounter a problem with your transducer, review the
configuration information for cach step of the installation, operation
and set up procedures as explained in this manual. Verify that your
settings and adjustmcents are consistent with factory
recommcendations. Refer to Chapter 5, Troubleshooting, for speeific
information and recommendations.

If the problem persists after following the troubleshooting procedures
outlined in Chapter 5, contact Sierra Instruments by fax or by E-mail
(see inside front cover). For urgent phone support you may call (800)
866-0200 or (831) 373-0200 between 8:00 a.m. and 5:00 p.m. PST.
In Europe contact Sierra Instruments bv at +31 72 5071400. When
contacting Technical Support, make sure to include this information:

e The flow range, serial number, Sierra order number and
model number (all marked on the transducer nameplate)

e The problem you are encountcring and any corrective action
taken

¢ Application information (gas, pressure, temperature, pipe
and fitting configuration)

IM-81-D
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The 810 Mass-Trak Flow Sensing Principle

The operating principle ol Mass-Trak transducers is based on heat
transfer and the first law of thermodynamics. During operation
process gas cnters the instrument’s flow body, where it cncounters
the laminar flow bypass. The laminar flow bypass generates a
pressure drop, P,-P,, forcing a small fraction of the total flow to
pass through the sensor tube (m,). The remainder of the flow
continues through the body (m,). (Figure 1-2)

== Two coils

Sensor tube
thy /7 N

R

P,
2 - -

th

LLaminar flow bypass
m= m, + m,
m= h; (1 + mz/m1) =k rhy
Figure 1-2. Flow Paths through the Transducer

Two resistance temperature detector (RTD) coils around the sensor
tube direct a constant amount of heat (H) into the gas stream. In
actual opcration, the gas mass flow carrics heat from the upstrcam
coil to the downstream coil. The resulting temperature difference
(AT) is detected by the RTD coils and gives the output signal. Since
the molccules of the gas carry away the heat, the output signal is
linearly proportional to gas mass flow. (Figure 1-3)

RTD Sensor

L comtambeatn —J

First Lew of Thermodynamics
(He'thfHeatOUT)
Harhy G, (Ty-Tyh ¢ Hy

B

Figure 1-3. Flow Measuring Principle

Figure 1-3 shows thc mass flow through the scnsor tube as
inversely proportional to the temperature differerice of the coils.

IM-810-D
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Figure 1-4. Sensor Temperature Distribution

The RTD coils arc legs of a bridge circuit with an output voltage in
direct proportion to the difference in the coils’ resistance; the result is
the temperature difference (AT), Figure 1-4. Two other parameters,
heat input (H) and cocfTicient of specific heat (Cp) arc both constant.
The resulting output is nearly linear over the transducer’s normal
operating range (Figure 1-5).

Linear range
! %\
ol

0 "
Figure 1.5. Linear Range of the Transducer’s Output Signal’

For mass flow controllers, once the gas flows through the
monitoring section, it is then controlled by the built-in servo-contro}
valve. All models of the Mass-Trak utilize Sierra’s proprietary high-
clliciency Fast-Trak Electromagnetic Valve. The normally closed
Fast-Trak valve is similar to an on/ofl solenoid valvc, except that the
current to the valve coil, and hence the magnetic field, is modulated
so that the ferromagnetic valve armature, or valve plug, assumes the
exact height above the valve’s orifice required to maintain the
valve’s command flow. The result is nearly infinite resolution.

IM-81-D 1-5
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Chapter 2 Installation

Installation Overview

Mass-Trak™ transducers are supplied with female NPT, compression,
VCO, or VCR process conneclions. To ensurc a successlul installation,
inlet and outlet tubing should be in a clean state prior to plumbing the
transducer into the system. The shipping caps covering the inlet/outiet
fittings should not be removed until immediately prior to installation.

Before Beginning the Installation

Before installing the transducer, verify the following:

. Ensurc that the installation site conforms to the specific operating
eters record the transducer’s nameplate. This is critical as

each transducer is factory-configured {or a specific gas and {low range,
pressure diffcrential, temperaturce range and mounting oricntation. The
line pressure should not exceed the upper limit for the model in hand:
150 psig (Models 810M, 810C), 500 psig (Model 810S-M) or 1000
psig (Model 8108-L). The temperature should not exceed 122°F
(50°C).

2. Double-check 1o be surc that the transducer o-ring matcrial is compatible
with the gas to be measured.

3. If the gas contains any particulaic matlcr, instal} an in-linc filicr
upstream of the transducer. Recommended filter size: 15 micron for
flows of 10 to 30 slpm, 30 micron for [lows above 30 slpm.

4. Do not locate the transducer in areas subject to sudden temperature
changcs, excessive moisture, frequent drafts or near equipment
radialing significant amounts of hcat. Be surc to allow adcquatce space
for cable connectors and wiring.

5. Ensurc the installation location provides a minimum of two inches of
straight pipe upstream and downstream from the process connections.

6. For controllers, usc a properly sized pressure regulator and verify that
the controller orifice size is the smallest in the system. There can be no
restrictions (such as valves, tubing or pipe internal diameters, reducers,
cic.) upstrcam or downstrcam of the controller with a dimension that is
less than the valve orifice diameter.

7. Output Signals: The Mass-Trak has 0-5 VDC (0-10 VDC optional) and
4-20 mA output signals that are linearly proportional to the gas mass
flow rate. The instrument was calibrated using either voltage or current
oulput as specificd on the data tag. Note that there may be a slight
difference between the vollage and the current output signals (up to

IM-81-D
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A

Caution!

Only qualified
personnel should

install the ransducer,

Compression Fittings

1%). Using the output that is recorded on the data tag will optimize
instrument performance.

8. Intcgral Display: The 3 1/2 digit LCD display reads directly in
engineering units or percent of full scale. The full-scale range and gas
are shown on the instrument data tag. The decimal point for the flow
rate is sel at the factory and will show automatically (c.g., “5.54” SLM
or “76.4” %).

9. Over range conditions are indicated by the display and/or output going
1o a high level, approximately 150% of the full-scale range. Afier the
over-range condition has been removed, it may take scveral minutes for
the Mass-Trak to recover and resume normal operation.

10. The transducer has stringent power supply requirements. Because the
valve on flow controllers is operated in a control loop, power supply
variations cannot be tolcrated. See Appendix B [or a complete listing of
power requirements.

Installing the Transducer-Piumbing

Follow the installation instructions that are applicable to your
transduccr’s process connection. Belore usc, all plumbing should be
checked carefully for leaks and the transducer should be purged with
dry nitrogen. Ensure that the tubing is free from burrs, or sharp rims
that may result from cutting.

CAUTION: All instruments are leak-tested prior to shipping. To
check your installation, test the fittings only. Do not usc liquid lcak
detectors such as Snoop® to search for leaks inside or outside the
Mass-Trak. Instead, monitor pressure decay.

Back Ferrule

From Ferruie
1. Position the transducer with the flow @ @
dircction arrow pointing in the direction of @

flow.

2. Verify the position of the front and back

ferrule as shown above. Insert the tubing into the fitting. Be sure
that the tubing rests firmly on the shoulder of the fitting and that the
nut is finger-tight. Scribe the nut at the six o’clock position.

3. While holding the fitting body steady with a backup wrench, tighten

the nut 1-1/4 turns, watching the scribc mark make onc complcte
revolution and continue to the nine o’clock position. For 1/16-inch,
1/8-inch and 3/16-inch (2, 3 and 4 mm) sizes, tighten only 3/4 turns
from linger-light. Do not over-tighten!

2-2
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4. Check the system’s entire flow path thoroughly for leaks. (Do not
use liquid lcak detectors. Instead, monitor pressure decay.
Exposing the transducer to leak detector fluid may damage the unit.)

VCO Fittings
1. Position the transducer with the [low dircction arrow pointing in.the

direction of flow.

2. Tightcn the nut finger-tight, and then 1/4 turn tighter with a wrench.
Do not over-tighten!

3. Check the system’s entire {low path thoroughly for leaks. (Do not
use liquid leak detectors. Instead, monitor pressure decay.
Exposing the transducer to leak detector {Tuid may damage the unit.)

VCR Fittings
1. Position the transducer with the flow direction arrow pointing in the
dircction of flow.
2. Install new washers that are compatible with the gas to be used.
3. Tighten the nut finger-tight, and then 1/4 turn tighter with a wrench. Do

not over-tighten!

4. Check the system’s entire flow path thoroughly for leaks. (Do not
use liquid lcak detectors. Instcad, monitor pressure decay.
Exposing the transducer o leak detector (luid may damage the unit.)

1/4 inch Female NPT (standard on nylon flow bodies)

1. Position the transduccr with the flow dircction arrow pointing in the
direction of flow.

2. Usc a good quality paste pipe thread scalant. Apply to the inlet and
outlet fittings.

3. Tighten the fittings by hand. Then, tighten no more than 1 tumn.
Caution! Do not over-tighten. Damage to the instrument may result
from over-tightening fittings.

IM-81-D 2-3
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IMPORTANT—Straight-run requirement (critical for nylon
flow body instruments)

Install a section of straight pipc at lcast five pipe diameters in length
upstream of the transducer. DO NOT use reducers. In the case of a
flow metcr, at least two pipe diamcters downstream are required for
optimum performance. In the case of a {low controller, there can be
no restrictions (such as valves, tubing or pipe internal diameters,
reducers, ctc.) upstrcam or downstrcam of the MFC with a
dimension that is less than the valve orifice diameler. Failure to
comply with this requirement will result in severely impaired
performance and possiblc oscillations in [fow controllers. Refer to
Table 2-1 below for minimum restriction diameters upstream or
downstream of the flow controller.

Flow Ranges Valve Orifice Diameter

Relative to N2 (Typical-in inches)
0-10 to 0-2000 SCCM 0.020
0-2100-11 SLM 0.040
0-11100-22 SLM 0.055
0-15 10 0-28 SLM 0.063
0-20 to 0-50 SLM 0.073
0-51 1o 0-73 SLM 0.094
0-61 10 0-100 SLM 0.110

Table 2-1 Typical Minimum Restriction Diamcters (Under Standard

Pressure Conditions of 30 PSIG Inlet and Ambient Outlet)

Installing the Transducer—Mechanical Mounting

Please refer to Appendix B for mechanical mounting instructions.

Installing the Transducer—Electrical Connections

A\

Caution!
The transducer is nota
loop-powered dsvice!
Do NOT apply power fo
the 4-20 mA output or
input conneclions.

The Mass-Trak transducers requirc a 24VDC power supply. If you arc

using the Power-Pak power supply, connect it to the 15-pin “D” connector

on the side of the transducer. 1f you are supplying your own power source,
it must be a regulated 24 VDC with ripple not to cxceed 100 mV peak to-
peak and capable of producing at least 340 mA (8 watts).

Mass-Trak is provided with a 15-pin “D” connector located on the side of
the enclosure. The pin numbers and assignments for the Mass-Trak “D”
connector are shown in Figurc 2-2. The connections [or input power,
output signal and input signal (controllers only) arc supplied via the “D”
connector. Additional pin assignments can be found in Appendix C.

24

IM-81-D
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1 .
+20mA (COUMON) 9 05 VDC FLOW SIGNAL
LT © 3 PURGE
+24VDC (15VDC) SUPPLY o g TOWER COMMON
CABLE COLORS prasiprelal N, $24VDC (1SVDO) SUPPLY
420mA | 0-5VDC e° SETPOINT INPUT
output | output PIN# FUNCTION —Tﬁﬂ
Green Green 1 Signal Common 1
- White 2 0-5 VDC Flow Signal*
0-10 VDC Optional
Violet Violet 3 ValveReturn
Gray Gray 4  Purge
Orange | Orange 5  Power Common
- £ 6 Valve Monitor
Red |, Red 7  +24VDC (15VDC) Supply
Brown Brown 8 Setpoint Input
Blue 9 4-20mA (Common)

- Black 10  Signal Common

- - N +5VDC Reference
Yellow Yellow 12 Valve Off

- - 13 +24VDC (15VDC) Supply
White - 14 4-20mA Output
Shield Shield 15 Chassis Ground

Note:Pins 1,3, 5,9 and 10 are all tied together internally. However it is highly recommended that

at least one "signal common”, one "power common" and the " valve return” pins be connected

to the power supply common via seperate wires, so that no ground loops are introduced, (especially
on cables longer than ten feet)

Figure 2-2. Transducer D-Connector Pin Assignments

IM-81-D 2-5
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& .
Caution!
The Mass-Trak is nota
device. Do
not alipy power fo the 4-
20 mA sections.
2.
3.

Chapter 3 Operation

This chapter covers transducer operation and controller features availablc on
Sierra’s Mass-Trak ™ models.

Standard output for all transducers are lincar 0-5 VDC (0-10 VDC optional)
and 4-20 mA output signals corresponding to 0 to 100% of the mass flow
full-scalc range. For mass flow controllers, an input signal of 0-5 VDC
(0-10 VDC optional) or 4-20 mA, or usc of the local sct-point control,
allows users 1o set the gas flow rate to any desired value within the range of
the model. This input signal is a direct lincar representation of 0 to 100% of
the mass flow full-scalc value.

Mass Flow Meter Operation (see below for Controllers)

After the transducer is instailed and the system has undergone a complete
leak check, follow these steps:

Apply power to your Mass-Trak using Sierra’s power supply or your
own input power source. When power is first applied, the output signal
will remain at a high level until the sensor reaches its normal operating
temperature range. This requires approximately 20 seconds, after which
time (assuming no gas flow is present) the signal and display will drop
10 0 VDC (or 4 mA). Allow al lcast an additional 15 minutcs of
additional warm-up time before performing any other performance
checks or adjustments.

Perform an initial 7ero output check (required for first-time start ups
only). Make certain there is no gas flowing through the instrument. If
the input pressure listed on the instrument data label is atmospheric, tum
on the meter and confirm that the display reads zero +/- 1.5% of full
scale and that the output reads zero +/-0.075V or +/-0.24mA. If the
reading cxcceds these limits, you may adjust the zcro polentiometer
(located on the front panel —see Figure 1-1 in Chapter 1). Turning the
potentiometer screw clockwise increases the zero. If the inlet pressure
listcd on the data label is greater than atmospheric, apply gas pressure lo
the instrument’s inlet and block off the outlet in order to obtain the
recorded static pressure. If necessary, adjust the zero as above.

Open the gas supply. Mass-Trak will begin monitoring the gas mass
flow rate.

Mass Flow Controller Operation

After the transducer is installed and the system has undergone a complete
leak check, follow these steps:

1.

Ensure the set point is zero before applying power. If the setpoint input
is not connccted to some type of command control device, DIP switch
#1 must be in the “intcrnal source” position or the valve-olf function
must be activated (see Setpoint Adjustment and Configuration section

IM81-D
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below). Note: If no setpoint command is present on a
controller when powered-up and the valve is not switched
off, the valve may drift wide open. (The valve will open
momentarily when power is first applied).

2. Apply power to your Mass-Trak using Sierra’s power supply or your
own input power. When power is first applied, the output signal will
remain al a high level until the sensor reaches its normal operating
temperature range. This requires approximately 20 seconds, after which
lime (assuming no gas flow is present) the signal and display will drop
100 VDC (or 4 mA). Allow at lcast 15 minutcs of additional warm-up
time before performing any other performance checks or adjustments.

3. Perform an initial zero output check (required for first-time start-ups
only). Make certain there is no gas flowing through the instrument.
Confirm that the display rcads zcro 4+ 1.5% of full-scalc and that the
output signal is less than + 0.075 VDC or £ 0.24 mA (this is maximum
allowable within the accuracy specification of the transducer). If the
reading exceeds these limits, you may adjust the zero potentiometer
(located on the front panel —sce Figure 1-1 in Chapter 1). Turning the
potentiometer screw clockwise increases the zero.

4. Open the gas supply. Mass-Trak will begin monitoring the gas mass
flow rate

5. Adijust the controller set point to the desired flow rate. The effective
control range of the unit is 10% to 100% of the calibrated full scale flow
range. Below 2%, the control valve will automatically shut off the {low
unless this function is disabled (see below).

Mass Flow Controller Features

Setpoint Adjustment

The setpoint input signal is a direct linear representation of 0-100% of the
mass {low full-scalc value. A 0 VDC (or 4 mA) set point will regulatc the
flow to 0% and a 5.00 VDC (20 mA) set point will adjust the flow to 100%
of the instrument’s calibrated range.

The setpoint signal may be applied externally or internally. If you wish to
use the intemal setpoint potentiometer, it may be accessed through the front
pancl. Tuming the potentiometer clockwise increascs the scipoint. Either
0-5 VDC (0-10 VDC optional) or 4-20 mA external setpoint commands are
available through the D-connector. See Appendix C for wiring details.

When the command (setpoint) signal is applied, the flow controller will
respond 1o changes in the setpoint within six seconds to +2% of full scale of
the sclected flow rate.

3-2
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DIP Switch Settings
1 2 3 4 TERO (VR2)
=1 1 [a] =1 1 [ SEF POINT (VRV1)
] [] |- -] = VRi2
2 oiE B i +8.88
05V Setpoin, 05V Setpoint, 05 Setpain, 05V Setpoit,
Ao shatcl enabled b aioll disably disabled .
s & 1 8 il " Bl
5 = =] =
[ 1] ; [am 1] 3 i E
g ; E ; % E3| =] -1
L) Q=] [§l=] il =] \U4
oo srgllii g iy e R sl ol
1T oW
Note: DIP Smlitch 6 has no function at this tisne

Figure 3-1 Component Location and DIP Switch Set-up of Mass-Trak

Setpoint Configuration (see Figure 3-1)

The DIP switches located behind the front panel on the Mass-Trak flow
controllers are uscd to configure sctpoint operation and the Automatic Shut-
Off feature. The DIP switches are not enabled on the 810M flow meter.

All Mass-Trak controllers are sct at the factory with the automatic shut off
enabled. However, there is no default conliguration for the set points.

Each instrument is configured at time of calibration to the customer’s
specific requircments. Sctpoint options include the on-board sctpoint
potentiometer (accessible through a hole in the front panel), or externally
sourced 0-5 VDC or 4-20 mA setpoint. A factory installed option of 0-10
VDC input and output is also available. Consult factory if you arc intcrested
in the configurations for this special option.

Move DIP switch 1 to the right (ON) to sclect the internal on-board setpoint
potentiometer. Move this switch to the left (OFF) to select an external
setpoint. This is also the position required if you choose to use a local
sclpoint polcntiomeicr.

Move DIP switches 2 and 3 to the right to select 4-20 mA setpoint input.
Movec these swilches to the left to sclect 0-5 VDC setpoint.

DIP switch 4 is for use with the special-order 0-10 VDC option. Consult
the factory for morc information.

Move DIP switch 5 to the right to force the controller valve closed (auto
shut-off) whenever the sctpoint is less than 2% of full-scale. Move this
swilch to the lefl to disable the auto shut-off function. Remember that the
valve on the Mass-Trak controllers is not a positive shut-off type.

IM-81-D
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A 5.1 VDC reference is provided for internal and external setpoint
command pots. The reference provides approximately 0.125 volts
headroom to allow for external cabling and ensures that the instrument will
always reach full scale when using these inputs.

DIP switch 6 has no function at this time.

. Over-Range
If the flow rate exceeds the full-scale range listed on your Mass-Trak’s data
label, the output signal and digital display will read a value above full-
scale. The Mass-Trak has nol becn calibrated for over-ranged {lows and
will be both non-linear and inaccurate if an over-range condition exists.
The 0-5 VDC (0-10 optional) and 4-20 mA outputs can exceed full scale by
as much as 50%, or morc. On the digital display, the display cannot
exceed the four digits 1999. If the flow rate exceeds 1999, the right-most
digits will appear blank and only the left-hand “1” will appear on the
display.

Once the over-range condition has been removed, it may take several
minulcs Jor the Mass-Trak 1o recover and resumc normal operation. An
over-range condition will not harm the instrument.

Cold Sensor Lockout Circuit

Mass-Trak controllers incorporate a safcty circuit that closcs the valve when
a fault condition is detected that could result in uncontrolled flow (valve
wide open). The circuit operates by monitoring the temperature of the
sensor clements and forcing the output high if the temperature (alls below a
preset limit. There are several conditions under which this may occur:

1. Operation at a temperature below that for which the instrument is rated.

2. Power failure while running at or near full-scale. Upon resumption of
power, the valve will remain closed unti] the minimum operating
tcmpcrature is reached.

3. A rapid, uncontrolled incrcasc of gas llow through the transducer can
create a cooling effect on the sensor, driving it below the preset limit.
One possible scenario where this may occur is if backpressure
downstrcam [rom the instrument is suddenly reduced. Another secnario
is if the gas pressure should suddenly go to zero while the set point
remains at a fixed position. This could occur if a valve upstream is
closcd, for cxample. When the pressure is re-instated, a rapid,
uncontrolled gas flow could occur activating the cold sensor lockout
circuit.
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4. Sensor failure.

The cold sensor Jockout circuit is cnabled during initial start-up. Iis
operation may be checked by observing the output signal or the LCD
display (on models so equipped). The output signal or display wil} read
high for the first 10 to 20 scconds. After that, assuming zcro [low, the
output will drop 10 0 VDC or 4mA, depending on which output you are
observing. If this occurs, the circuit is working properly.

Controller Auto Shut-Off Function

All flow controllers are normally provided with an Auto Shut-Off feature

that closes the valve at a command signal level of 0.5-3% or less of full-scale.
On the Mass-Trak, this feature is faclory cnabled by sctting DIP switch 5 to
the right to disable this feature, move DIP swilch 5 10 the left. The valve
will then remain open even when the setpoint falls below 2% of full-scale.

Manual Vaive Override (Manual Valve On-Off Control)

Manual valve override is provided for all mass flow controllers. This
[caturc is availablc by connccting a manual on-off switch to the transducer
D-connector across pins 3 and 12 (see Appendix D). Normal operation
resumes when pin 12 is left floating.

Valve Purge Function of Mass-Trak Controliers

The purge function opens the controller valve completely for the purpose of
purging the meter and for quickly flushing unwanted gas from the flow
path. When the valve is opened for purging, it allows flows far in excess
of the rated full scale of the controller. Because of the uncontrolled nature
of the purge function, two conditions must be met before a controller can
be purged:

The Manual Valve Override, if it is being used, must be in the. ON or open
state.

The Auto-Shutoff function cannot be active (the setpoint command signal
must be above 2% of full scale or DIP switch 5 must be in the OFF
position).

The activation of cither the Manual Valve Override or the Auto-Shutoff
function will override the purge command.

To activate purge, connccet pin 4 of the 15-pin “D” conncctor 1o common
through either a mechanical switch or an open-collector transistor or logic
output capable of sinking at least 4mA (See Appendix D). The maximum
voltage appcaring on this pin is 5.0 VDC.

IM-81-D
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Caution!
Alweys fully
neutralize any loxic
gas trapped inside

before removina it

Purging Non-Reactive Gases:

Purge the transducer with clean, dry nitrogen for a minimum of two
hours.

Purging Reactive Gases:

Onc of the following mecthods may be used:

e Cycle purge. This is donc by alternatcly cvacuating and purging the
transducer for 2 to 4 hours with clean, dry nitrogen.

e Purge the transducer with clean, dry nitrogen for 8 to 24 hours.

e Evacuate the transducer for 8 to 24 hours.

When toxic or corrosive gases are used, purge unit thoroughly with inert
dry gas before disconnecting from the gas line. If a transducer used with a
toxic or corrosive gas is returned 10 the factory, a Material Safcty Data Shect
must be enclosed with the unit upon its return.

IM-81D
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Chapter 4 Maintenance
Mass-Trak™ transducers require very little scheduled maintenance. In the
cvent that minor maintenance or adjustment is required, this chapter
provides general instructions for:
* Flow Path Maintcnance and Clcaning
* Scnsor Maintcnance and Cleaning
* Valve Mainicnance and Adjustment

* Transducer Calibration

Flow Path Maintenance
The transducer flow path should be periodically inspected and cleaned as
requircd. 1 an in-linc filter is used, the filtering clement should be
replaced periodically or ultrasonically cleaned.

The flow path is made of 316 stainlcss steel or glass-filled nylon (wcucd
& magnetic garts of the solenoid valve are 430F stainless steel) with Viton®,
Neoprene®, or Kalrez® (or equivalent) seals, depending on the gas used.
Caution!
Always fully neuraiize If toxic or corrosive gases arc used, purge unit thoroughly with inert dry
mg“s ¥apped gas before dnsoonnectmg it from the gas line. [f a tgmgducer used with a
before removing ¥om dlothe [¢ Data Sheet
the gas line, must be encloqed with lhe unit upon its return.

Cleaning the Mass-Trak

After purging (see Chapter 3), carelully remove the transducer from the gas
line. You may [ind a [ine-mesh filter screen inside the inlet of the

A instrument. Inspect the inlet fitting and the filter screen, if there is one, and
blow away any particles resting in or adhering to this area with low-

Caution! pressurc compressed air. If the screen appears corroded or damaged it will
Do not disassemble the need 1o be replaced. Contact the Sierma Instruments Customer Service
nsirument without Department before removing the fittings or the screen, as jt is possible to
mm shift calibration of the instrument at this point. If calibration shifts, you will
service department halx. g to return your instrument to an authorized repair center for re-
calibration.
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Caution!
Do not remove the sensor
cover, this could shift
fransducer cakbration.

O -RING
LAMNAR J
INLET FITTING RLOW ELEMENT
FITTING SHOWN) -—m—b
INLET FILTER SCREEN

Figure 4-1. Stainless Steel Low Flow Transducer Internals

HONEYCOMS LFE
440 NUT
2V~ LONG
440 SCREW
RANGING WASHERS
INLET
SCREEN 0.63" LONG STANDOFF

Figure 4-2. Stainless Steel Medium Flow Transducer Internals

O-RING SCREEN (INC.SOME UNITS)

o S

=

N

INLET SCREEN HOLD DOWN ELEMENT

Figure 4-3 Nylon Transducer Interals

Sensor Maintenance

The sensor tube is straight and has a relatively large, 0.031 inch 1D.
On the nylon {low body instruments, there is no access 1o the
Sensor, so any service must be performed by a qualified Service
Center. The stainless-steel flow bodies, however, are provided with
convenicnl access porls 1o make inspection and cleaning casy.
Sensor maintenance on these steel-body instruments consists of
inspecting and cleaning the sensor flow path.

4-2

IM81D



238

Series 810 Instruction Manual Chapter 4 Maintenance

A

Caution!

Sensor Inspection and Cleaning

Cleaning is accomplished by simply rodding out the sensor with the Sensor
Cleaning Stylette, available from Sierra for this purpose. To access the
scnsor for inspection or clcaning:

1. Remove the instrument from the :'
sysicm. [:
2. Remove the two socket head ]
access port plugs with a 1/4 inch " —
Cleaning Stylette

Allen wrench. ocasrome

3. Visually inspect the scnsing ports and sensor. I signs of moisturc or
corrosion are present, contact the Sierra Instruments Customer Service
Department.

4. Use a hemostat or tweezers 10 push the clcaning Stylette into the
downstream opening of the sensor tube. Move it back and forth inside
the scnsor tube~DO NOT FORCE, TWIST OR ROTATE.

5. Flush the sensor tube with a non-residuous solvent. In cases where
solids arc deposited in scnsor, the instrument should be returned to the
factory for complete cleaning and re-calibration.

6. Blow-dry all parts with dry nitrogen and re-assemble.
7. After the transducer is re-installed in the system, leak test the

conncction. CAUTION: ‘Do not usc liquid Icak detectors to scarch for
leaks inside or outside the instrument. Instead, monitor pressure decay.

Valve Maintenance

All Mass-Trak Flow Controllers use the same valve. Other than an
occasional clcaning, these clectromagnelic valves require no maintcnance
under normal operating conditions. Opening the valve, using the purge
function and {lushing in both directions are usually all that is required. If
you have rcason to belicve that additional cleaning is required, do not
disassemble the valve. Contact Sierra Instruments’ Customer Service
Department.

Use of certain corrosive gases may necessitate frequent replacement of the
valve seat and O-rings. This problem can be solved by installing the
appropriate clastomers in your instrument. Viton® is standard, with
Neoprene®, Kal-Rez® (or equivalent), and PFA Teflon® offered as options
on the Stainless Steel Flow Bodies.

IM81-D
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Valve Adjustment

Mass-Trak controls flow with a proportional electromagnetic valve
that is set up for certain process operation conditions. Variables that
allect its operation include orifice size, spring sclection and
adjustment, and input and output pressures. If operating conditions
change it may be necessary to make a valve spring adjustment. An
adjustment may also be required duc to dimpling of the valve scat or
spring sag, both of which can cause a change in the internal
dimensions of the valve. Please note that performing the following
procedure will NOT affcct your transducer’s calibration and MUST
be performed with the instrument installed at normal operating
conditions.

An incorrectly adjusted valve can be detected by one of the
following symptoms:

e Leakage at a zero set point

* The instrument will not reach maximum flow
e The output is unstable

e Valve oscillation

The following valve adjustment procedure can be followed to correct
the above conditions. You will need:

e 1/16” hex wrench
e 5/16” nut driver or socket

All controllers should be thoroughly lcak-tested following any valve
adjustment. CAUTION: Do not usc liquid leak detectors to search
for leaks inside or outside the instrument. Instead, monitor pressure
dccay.

Procedure:

If the instrument is experiencing lcak-by with a zero scipoint,
remove the plastic cover from the top of the solenoid valve, located
to the right of the electronics enclosure. Apply inlet and outlet
pressurcs 1o the controller as recorded on cither the data label or
Calibration Certificate of your instrument. Loosen the 5/16” lock
nut (not the large, white, plastic nut, but the smaller one on top of
i) Adjust the center adjustment screw (using a 1/16” hex wrench)
slowly, clockwise, 1/8 turn at a time. This increases the spring
tension in the valve. Continue until the leak-by subsides. Next,
adjust this screw clockwisc onc half-tum past this point, tighten the
locknut and replace the cap. Test the controller operation at various
setpoints over its operational range.
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If your unit is experiencing onc of the other symptoms listed above,
remove the small [ront access door Lo cxpose the test points, pots
and DIP switches. (see figure 3.1)

ESTPO B in Figure 3.1):
Sctpoint TP10 * * TP9 Valve +
+5V Reference ™8 * * TP7 4-20mA out
0-5voltout . TP6 * * TPS Common
Bias Voltage TP4 * * TP3 Test Flow Signal
Sensor Amp TP2 * * TPl Bndge Voltage

1. Connect a voltmeter to test points 9 (Valve +) and 5 (Common) and set
the scale for 30 volts or higher.

2. Apply two set points, one at 5% full scale and then one at 100% full
scale — either locally or remotely (be sure the dip switches are in the
proper positions). Monitor the valve voltage at cach point. The
acceptable range for the valve voltage is 6 to 18 VDC over these two set

points.

3. If the valve voltage is outside of these specifications, loosen the 5/16”
lock nut, and adjust the center adjustment screw. Tuming clockwise
will increase the valve voltage, while turning counterclockwisc will
decrease it. Adjust slowly, 1/8 turn at a time while monitoring valve
performance. When the desired voltage is obtained, the symptoms

A should disappcar and the lock nut can be re-tightened.

4. Rec-install the front access door and conduct a final check for leak-by
with a zcro sel point, paying particular altention to the scal on the
adjusting screw. Remember to monitor pressure decay only, as liquid
leak detectors may damage the instrument.

Itis mf hat If these adjustments do not restore proper performance to your Mass-Trak,
orly qualified contact Sierra Instruments’ Technical Support Department.

personne! calbrated
this ransducer.

Transducer Calibration

Calibration of Sicrra’s flow mcters and controllers requircs a calibration
standard of at least equal accuracy and preferably an order of magnitude
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better than the transducer, and a skilled technician familiar with the Mass-
Trak transducer. It is recommendcd that Mass Trak meters and controllers
be returned to the factory for annual calibration.

Sierra Instruments maintains two fully equipped calibration facilities:
one at the USA headquarters and the other at the European
headquarters. All measuring and test equipment used in the

. calibration of Sicrra transducers is traccable to NIST standards.
Sierra is ISO-9001 registered and conforms to the requirements of
ANSI/NCSL-Z540 and ISO/IEC Guide 25. If your instrument has
been damaged or you simply want to have the transducer re-
calibrated, see Chapter 5 or contact the factory for return shipping
instructions.
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Chapter 5 Transducer Troubleshooting

When you suspect that the transducer is not operating correctly, there are a
few simple checks that can be made before taking the unit out of service:

1.
2.

Make certain that there arc no leaks in the gas line.

Check that all cables are connected and are in good condition.

Verify that the power supply is in the correct range and properly

connected to the transducer.

Double check connector pin-outs if replacing another manufacturer’s

transducer.

Verify that the DIP switches are configured correctly for your

application.

Verify that there is adequate inlet gas pressure to the transducer, that
there are no downstream restrictions and that any upstream valves are:
open to allow sufficicnt gas flow to rcach the instrument.

The [ollowing information is provided to help locatc the cause of a
transducer lailure. It is not intcnded 1o be an all-inclusive repair guide. For
most repairs, the unit should be returned to the factory for service.

Problem ~Possible Cause Solution

No output Clogged sensor Clean or replace sensor
PCB defective Repair or replace PCB
Inlet filter screen clogged Clean or replace screen

Unit will not zero Gas leak Find and correct Jeaks

Intemal leak-by condition

Application requires high pressure and
non-horizontal mounting

PCB defective

Perform valve adjustment

Re-zero transducer

Repair or replace PCB

IM-810-D
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Controller does not
respond to set point

Fiow does not match set
point

Reads full scale with no
flow or with valve shut

Out of calibration

Low or no gas pressure
Faulty cable or connector

Set point is below 2% of tull scale

DIP switches improperly set

No gas pressure (or low pressure)
Inlet filter screen clogged
Out of adjustment

Gas Leak

Defective Sensor

Dirty or clogged sensor
Change in composition of gas
Gas leak

PCB defective

LFE dirty

Injet filter screen clogged

Reference conditions incorrect

Set correct gas pressure
Correct or replace

Increase set point or disable auto
shut off circuit

Re-configure DIP switches

Set correct gas pressure
Clean or replace

Consutit factory

Find and correct leaks
Return to factory for replacement
Clean or replace sensor
See K-factor tables

Find and correct leaks
Repair or replace PCB
Consult factory

Clean or replace screen

Check reference conditions on data
label and correct as required.

52
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Returning Equipment to the Factory

Before returning any transducer to the factory, you must request and
complete a Sierra Calibration/Repair Data Sheet. To obtain the data
sheet contact Customer Service at:

USA Headguarters
Sierra Instruments

Service Department
“5 Harris Court, Building W
Monterey, CA 93940

Ph. (800) 866-0200 or (831) 373-0200
I'x. (831) 373-2414

European Hcadquarters

Sierra Instruments b.v.
Service Department
Bijlmansweid 2

1934RE Egmond a/d Hoef
The Nctherlands

Ph. +31 72 5071400
Fx. +31 72 5071401

When rcturning  a componcent, make surc 10 include the completed
Calibration/Repair Data Sheet and send the item to the appropriate address
above. If an instrument used with any toxic or corrosive gas is returned to
the factory, a Matcrial Safety Data Sheet must accompany the instrument.
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Appendix A Conversion Formulas and Gas Tables

Calculations For Use with a Pure Gas

The following tables provide K-factors and thermodynamic properties of

gases commonly used with mass flow meters and controllers. The purpose

of these tables is two-fold:

1. Calibrating an “actual” gas with a reference gas. This is particularly
useful if the actual gas is not a common gas or if it is toxic, flammable,
corrosive, etc. ’

2. Interpreting the reading of a flow meter or flow controller that has been
calibrated with a gas other than the actual gas.

In applying the tables, the following fundamental relationship is used:
Q/Q; =K/K, M
Where:

Q = The volumetric flow rate of the gas referenced to standard
conditions of 0°C and 760 mm Hg (sccm or slm),

K = The K-factor defined in equation (6),
(), = Refers to the “actual” gas, and

().

The K-factor is derived from the first law of thermodynamics applied to the
sensor tube, as described in Chapter 1:

Refers to the “reference” gas.

~
H= M (2)
N
Where:
H = The constant amount of heat applied to the sensor tube,

m = The mass flow rate of the gas (gm/min)

Cp = The coefficient of specific heat of the gas (Cal/gm);
Cp is given in the Table (at 0°C),

AT = The temperature difference between the downstream and
upstream coils, and

N = A correction factor for the molecular structure of the gas
given by the following table:

iM-81-D
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Number of Atoms in the Gas Molecule N
Monatomic 1.040
Diatomic 1.000
Triatomic 0.941
Polyatomic 0.880

The mass flow rate, m, can also be written as:

. 3
PR ©)

Where:

p = The gas mass density at standard conditions (g/1); p is given
in the tables (at 0°C, 760 mm Hg).

Furthermore, the temperature difference, AT, is proportional to the
output voltage, E, of the mass flow meter, or

AT =3aE “@
where:
a = A constant.

If we combine equations (3) and (4), insert them into equation (2),
and solve for Q, we get

Q = (bN/pCy) ®)
where:

b = H/aE = a constant if the output voltage is constant.

For our purposes, we want the ratio of the flow rate, Q,, for an
actual gas to the flow rate of a reference gas, Q,, which will produce
the same output voltage in a particular mass flow meter or controlier.
We get this by combining equations (1) and (5):

Q/Q, =K/K,=(N,/p,C,Y(N,/p.Cp;) (©)

Please note that the constant b cancels out. Equation (6) is the fundamental
relationship used in the accompanying tables. For convenience, the tables give
“relative” K-factors, which are the ratios K,/K,, instead of the K-factors
themselves. In the tables, the relative K-factor 1s

K.,.../KN, where the reference gas is the commonly used gas, nitrogen (N,).
The remaining columns give Cp and p, enabling you to calculate K,/K, directly
using Equation (6). In some instances, K,/K, from the tables may be different
from that which you calculate directly. The value from the tables is preferred
because in many cases it was obtained by experiment. Sierra calibrates every
transducer with primary standards using the actual gas or a molecular equivalent

A-2
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reference gas. The calibration certificate accompanying the transducer cites the
reference gas used.

Example 1:
A transducer is calibrated for nitrogen (N,), and the flow rate is 1000 sccm
for a 5.000 VDC output signal. The flow rate for carbon dioxide at a 5.000
VDC output is:

Qeoz/Q = Keoa/K g, OF

Quoz = (0.74/1.000)1000 = 740 sccm
Example 2:
A transducer is calibrated for hydrogen (H,), and the flow rate is 100 sccm

for a 5.000 VDC output signal. The flow rate for nitrous oxide (N,0) is
found as follows:

Quz0/Qur; = K 1po/K gy, OF
Qo =(0.71/1.01) 100 = 70.3 sccm

Note that the K-factors relative to nitrogen must be used in each case.

Calculating Dual Gas Mixtures

Equation (6) is used for gas mixtures, but we must calculate N/pC, for the
mixture. The equivalent values of p, C_, and N for a dual
gas mixture are given as follows:

The equivalent gas density is:
p = (I';'l] I'H]' pl) I'Hjl';"rpzl )

Where:

my = my+ my, = Total mass flow rate (gm/min),

( ), =Refers to gas #1, and
( ), =Refers to gas #2

The equivalent specific heat is:
C,=F,(C, +F,C,
Where:
F] = (ﬁ'l] p] )/(l'i'l'rp)and
F2= (l’thz)/(ﬁl'l'p)
The equivalent value of N is:
N = of HNmbpdg ,/ )N

iM-81-D
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The equivalency relationships for p, C_, and N for mixtures of
more than two gases have a form similar to the dual-gas
relationship given above.

IMPORTANT NOTE ABOUT K-FACTORS:

Please note that if you have a transducer calibrated for a gas such as
methane and wish to use the K-factors to measure a gas such as air,
the inaccuracy of the measurement can range from 5 to 10%. The
use of K-factors is, at best, only a rough approximation and should
not be used in applications that require a better than +5 to 10%
accuracy.

It should also be noted that certain gases, in similar “families,”
would work exceptionally well with K-factors; however, those
instances are only true when similar thermal properties of the gas are
present.

A4
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Gas Tables and K-factors
Chemical  K-factor Cp Density Elastomer* n
Actual Gas Symbol Relative (Callg) (g/) @ O-ring Valve Compatible
N2 0°C Seat
Acetylene CoHa .58 .4036 1.162
Air 1.00 .240 1.293
Allene {Propadiene) CaHa .43 .352 1.787 KR
Ammonia NH, .73 492 .760 NEO NEO
Argon Ar 1.45 1244 1.782
Arsine AsHs .67 1167 3.478 KR
Boron Trichioride BCLs .41 11279 5.227 KR KR
Boron Trifluoride BF; 51 L1778 3.025 KR
Boron Tribromide Bry .38 .0647 11.18 KR
Bromine Bra .81 .0539 7.130 NO
Bromine Pentaflucride BrFs .26 ,1369 7.803 KR NO
Bromine Trifluoride BrfFs .38 1161 6.108 KR NO
Bromotrifioromethane CBrFs3 .37 1113 6.644
(Freon-13 B1)
1,3-Butadiene CaHs .32 .3514 2.413
Butane CdHho .26 .4007 2.593 NEO KR
1-Butane CdHa .30 .3648 2.503 NEO KR
2-Butane CqHs CIS .324 .336 2.503 NEO KR
2-Butane CsHg TRANS 291 374 2.503
Carbon Dioxide ({07 .74 2016 1.964
Carbon Disulfide CS; .60 .1428 3.397
Carbon Monoxide CO 1.00 .2488 1.250
Carbon Tetrachloride CCls .31 .1655 6.860 KR NO
Carbon Tetrafluoride CFs 42 .1654 3.926 KR
(Freon-14)
Carbony! Fluoride COFR: .54 1710 2.945
Carbonyl Sulfide CcOs .66 .1651 2.680
Chilorine Cla .86 1144 3.163 KR NO
Chlorine Trifluoride CLF; .40 .1650 4.125 KR
Chlorodifluoromethane CHCLF> .46 1644 3.858 KR
(Freon-22)
Chloroform CHCLs .39 .1309 5.326 KR
Chloropentafiuoroethane CoCLFs .24 .164 6.892 KR
{Freon-115)
Chlorotrifturomethane CCLFs .38 153 4,660 KR
(Freon-13)
Cyanogen CNa .61 .2613 2.322 KR
Cyanogen Chioride CLCN .61 1738 2.742
Cychlopropane CaHs .46 3177 1.877 KR
Deuterium D, 1.00 1722 1.799
Diborane BaHs 44 .508 1.235 KR
Dibromodifluoromethane CBrf2 .19 .15 9.362 KR
Dibromethane 47 .075 7.76 KR
Dichlorodiflucromethane CCLaF2 .35 .1432 5.395 KR
(Freon-12)
Dichlorofluoromethane CHCLF 42 .140 4,692 KR
(Freon-21)

* If no O-ring malerial is specified then O-ring to be used is Viton. Nylon Flow Body instruments are only
available with Viton elastomers. Valve Seat applies only to controllers.

IM-81-D
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Chemical  K-factor Cp Density Elastomer* Nylon
Actual Gas Symbol Relative (Cal/g) (gl @ O-ring Valve Compatible
N2 0°C Seat
Dichloromethylsilane (CH3) 2SiCL2 25 .1882 5.758 KR
Dichlorosilane SiH CL, 40 150 4506 KR
Dichlorotetrafluoroethane CCLaFs 22 .1604 7.626 KR
(Freon-114)
1.1-Diffuoroethylene CoHoF2 43 224 2.857 KR
(Freon-1132A)
Dimethylamine (CH 3)oNH .37 .366 2011 KR
Dimethyl Ether {CH 3)20 .39 3414 2055 KR
2,2-Dimethylpropane C 3Hp; 22 3914 3.219 KR
E thane CoHs .50 4097 1.342 NO
E thanol CHsO .39 3395 2,055 KR
EthylAcetylene C Hs 32 3513 2413 KR
Ethyi Chloride C HHsCL .39 244 2.879 KR
Ethylene CaHg 60 1365 1.251
Ethylene Oxide C HO 52 268 1.965 KR
F luotine Fi .980 1873 1.695 KR
Fluoroform (Freon-23) CHF 3 .50 176 3.127 KR NO
Freon-11 Cd. sF .33 1357 6.129 KR NO
Freon-12 CA. 5F» .35 1432 5.395 KR NO
Freon-13 CCLF 5 .38 153 4.660 KR NO
Freon-13 B1 CFrF 3 37 13 6.644 KR NO
Freon-14 CFsq .42 .1654 3.926 NO
Freon-21 CHCQL oF A2 140 4952 KR NO
Freon-22 CHQF ; 46 154 3.858 KR NO
Freon-113 CCIFCCLF;, .20 161 8.360 KR NO
Freon-114 C Loy 22 160 7626 KR NO
Freon-115 CAFs 24 164 6.892 KR NO
Freon-C318 C Fe 17 .185 8397 KR NO
Germane GeHg 57 1404 3418
Germanium Tetrachloride GeCL 4 27 1071 9.565 KR
Helium He 1.454 1.241 1786
Hexafluoroethane CiFs 24 1834 6.157 KR NO
(Freon-116)
Hexane CeHia .18 .3968 3.845 KR
Hydrogen H; 1.01 3419 0899
Hydrogen Bromide HBr 1.000 .0861 3.610 KR
Hydrogen Chloride HCL 1.000 1912 1.627 K KR
Hydrogen Cyanide HCN .76 317 1.206 KR
Hydrogen Fluoride HF 1.000 3479 .893 KR KR
Hydrogen lodide Hi 1.000 0545 5.707 KR
Hydrogen Selenide H ;Se 79 1025 3.613 KR
Hydrogen Sulfide H 25 .80 .2397 1520 KR KR
lodine Pentafluoride IFs 25 1108 9.90 KR
Isobutane CH{CH 3); 27 .3872 3.593 KR
Isobutylene CHe .29 3701 2.503 KR
Krypton Kr 1.453 .0593 3.739
Methane CH, 72 5328 715
Methanol CH3;0H .58 3274 1.429
Methyi Acetylene C 3Hs 43 .3547 1.787 KR
Methyl Bromide CH 3Br .58 1106 4.236
Methyl! Chloride CHCL 63 1926 2253 KR
Methy! Fluoride CH F .68 3221 1.518 KR

* If no O-ring material is specified then O-ring to e used is Viton.
available with Viton elastomers.

Nylon Flow Body instruments arc only

AS
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Chemical  K-factor Cp Density Elastomer* Nylon
Actual Gas Symbol Relative (Cal/g) gne O-ring Valve  Compatible
N2 0°C Seat
Methyl Mercaptan CH3SH 52 .2459 2.146 KR
Methyl Trichlorosilane (CH3) SiCl 3 25 164 6.669 KR
Molybdenum Hexafluoride Mofs 21 1373 9.366 KR
Monoethylamine CaHsNH; 35 .387 201 KR
Monomethylamine CH3NH, .51 4343 1.386 KR
Neon NE 1.46 245 .900
Nitric Oxide NO 990 .2328 1.339 NO
Nitrogen N2 1.000 2485 125
Nitrogen Dioxide NO, 74 1933 2.052 KR KR NO
Nitrogen Trifluoride NF; A8 1797 3.168 KR
Nitrosyl Chloride NOC! 61 1632 2920 KR
Nitrous Oxide N,O 71 .2088 1.964
Octafluorocyclobutane C4Fs A7 185 8.397 KR
(Freon-C318)
Oxygen 0, 1.000 2193 1427
Oxygen Difluoride OF ; .63 1917 2.406
Ozone (o} 446 3 2.144 NO
Pentaborane BsHg 26 .38 2816 KR
Pentane CsHL, .21 398 3.219 KR
Perchlory! Fluoride CLOsF 39 1514 4571 KR
Perfluoropropane CiFs 174 197 8388 KR
Phosgene COCL , 44 1394 4418 KR
Phosphine Pha 76 2374 1.517 KR
Phosphorous Oxychloride POCL 5 .36 1324 6.843 KR
Phosphorous Phs 30 .1610 5.620 KR
Pentafluoride
Phosphorous Trichloride PCLg .30 1250 6.127 KR
Propane C3Hg .36 .3885 1.967
Propylene CaHs A 3541 1.877
Silane SiH4 .60 .3189 1.433 KR
Silicon Tetrachloride SiCL 4 .28 1270 7.580 KR
Silicon Tetrafluoride SiF 4 .35 1691 4643 KR
Sulfur Dioxide So» .69 .1488 2858 KR
Sulfur Hexafluoride SF¢ .26 1592 6.516 KR
Sulfuryl Fluoride SO ;F, .39 .1543 4,562 KR
Teos 090 KR KR
Tetrafluorahydrazine NoF4 .32 182 4.64 KR
Trichlorofluormethane CCL 5F .33 1357 6.129 KR
(Freon-11)
Trichlorisilane SIHCL 3 33 .1380 6.043 KR
1,1,2-Trichloro-1,2,2 CCLFCCLR, .20 161 8.360 KR
Trifluorethane (Freon-113)
Trisobutyl Aluminum (C4Ho)AL 061 508 8.848 KR
Titanium Tetrachloride TiCL 4 .27 120 8.465 KR
Trichloro Ethylene CHCL 3 32 .163 595 KR
Trimethylamine (CH3)sN .28 3710 2.639 KR
Tungsten Hexasfuoride WFe .25 0810 13.28 KR Teflon
Uranium Hexafluoride UF¢ .20 .0888 15.70 KR
Vinyl Bromide CH,CHBr © 46 .1241 4.772 KR
Vinyl Chloride CHCHAL 48 .2054 2.788 KR
Xenon Xe 144 .0378 5.858

* If no O-ring material is specified then O-ring to be usced is Viton, Nylon Flow Body instruments arc only
available with Vilon elastomers.
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Appendix B Product Specifications

Operating Specifications

Gases

Mass Flow Rates

Gas Pressure

Dependent on wetted materials. Check compatibility and specify
when ordering.

Nylon Flow Body: 0to 10 sccm to 0 to 50 slpm

Stainless Steel Flow Body: 0to 10 sccm to 0 to 100 slpm
Note: flow ranges specified are for an equivalent fiow of
nitrogen at 760 mm Hg and 21°C (70°F); other ranges in other
units are available (e.g. scfh or nm*/h)

Nylon Flow Body: 150 psig (10 barg) maximum ; 20 psig
optimum

Stainless Steel Flow Body: 500 psig (34 barg) maximum.
1000 psig (68.9 barg) maximum available for low flow bodies
only upon request, please consuit factory; 30 psig (2 barg)
optimum

Gas & Ambient Temperature 32° to 122°F (0 to 50°C); higher available on special order

Leak Integrity

Nylon Flow Body: 1 X 10 atm cclsec of helium maximum
Stainless Steel Flow Body: 5 X 10° atm cefsec of helium
maximum

Pressure Drop (for meters) 810M Up to 10 sipm 0.10 psi (6.9 mbar) max.

Upto 20 slpm 0.36 psi (24.5 mbar) max.
Up to 30 sipm 0.67 psi (46.1 mbar) max.
Up to 50 slpm 1.25 psi (86.3 mbar) max.

Differential Pressure Requirements (for controliers)

Power Requirements

Control Range

Output Signal

Command Signal

810C (nylon) ...... 5 to 50 psi (1.0 to 3.4 bar) differential standard;
30 psi (2.1 bar) differential optimum

8108 (low)........... 8 to 100 psi (1.0 to 3.4 bar) differential standard;
30 psi (2.1 bar) differential optimum; tower {10
Torr minimum) or higher are available by special
order

810S (med) ........ 15 to 50 psi (1.0 to 2.8 bar) differential standard;
30 psi (2.1 bar) differential optimum; lower (5 psi
minimum) or higher available by special order

810M............... +24VDC @ 100 mA. Ripple content should
not exceed 100 mV peak-to-peak.
A reguiated power supply is not required.
810C, 810S...... +24 VDC @ 350 mA. Ripple current
should not exceed 50 mV peak to peak.
A reguiated power supply is required

810C, 810S.......... 2 to 100% of full scale; valve shuts when flow
drops below 0.5 - 3% of range (override is available)

Linear 0-5 VDC, 2000 Ohms minimum load resistance
Linear 4-20 mA, 1000 Ohms maximum loop resistance

0-5 VDC, into 2000 ohms minimum input impedance
4-20 mA, into 250 ohms maximum input impedance

IM-810-D
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Performance Specifications
Accuracy #1.5% of full scale including linearity over 15 to

Repeatability
Temperature Coefficient

Pressure Coefficient

Response Time

25°C and +/-30 pslg from calibration pressure. If
the instrument is mounted with a vertical flow path,
an accuracy de-rating may apply.

+0.25% of full scale
0.08% of full scale per °C, or better

0.01% of full scale per psi {0.15% of full scale per bar),
or better .

800 ms time constant; 6 seconds (typical} to within +2%of
final value
over 25 to 100% of full scale

Physical Specifications

Wetted Materials

Control Valve Type

810M or C (nylon) 10% glass-filled Nylon® 6/6; 316 stainless
steel, 430F stainless steel, nicke! plating,
Viton® O-rings

810S........ 316 stainless steel, 430F stainless steel,
Viton® O-rings and valve seat standard;
Neoprene®, 4079 Kal-Rez® (or equivalent)
and other elastomers available on special
order; PFA Teflon® valve seat available

810C, 810S Electromagnetic

B-2
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Transducer Mounting Dimensions

All dimensions are inches, millimeters arc in parenthescs. Certified drawings
are available on request.

Nyion Fiow Body

Mount the Mass-Trak to a chassis with two #6, typc “B” sclf-tapping screws.

CAUTION: These screws should extend into the flow body no further than
.15” (4mm). Il screws cxtend further than .15” (4mm), the flow body may
be damaged. See Figure 2-1

# 6 SELF TAPPING TYPE B SCREW x.15DP 2 PL

6-32 UNCx .13 LG
(SPIRAL SERTS)
2PL

©
@
-3

:—\.7—5,:]-\_1 ~—2375

—>| r<— .50 - ~

Figure B-1. Mounting the Mass-Trak (Model 810 C)

2.75
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Stainless Steel Low Flow Body

Flow Range, 0-10 sccm to 0-15 slpm

Process Tubing I

25(6.4)

.562-18 Thread (on Flow Body)

Fitting | Compression .125or .25

VCO (male) VCR (male) .25
2>

Type
Dim.L 602 578 608
(12290r127.0) (116.8) (124.5)

Metric fittings are avaflable, consult factory

12

(304)

4.7
oy R
5.2
(132.0)
B8 Ik b8 Q)| ¢k

[ L Jl

Model 810-S Side View

(M

3 2.
| rf— 38

6oy ) (106.1)

Model 810-S Bottom View

=534

Model 810-S Qutlet View

B-4
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Stainless Steel Medium Flow Body

Fiow Range, 0—10 sccm to 0-15 sipm

, . Process Tubing l 25(6.4)

.562-18 Thread (on Flow Body)

Type

Fitting | Compression .125 or .25 VCO (male) VCR (male) 25
P

Dim. L. RZ 667
{(12290r127.0) (116.8)

697
(1245)

Metric fitings are avaflable consult factory

12
(30.4)

493
5.67
J | 145
Bf e | PO |
F L | 5
]
. Model 810-S Side View Model 810-S OQutlet View
3 (B)8-32
E (A)MSE
' 1B A 1.00
B@ A B, 58] (23.4)
200 237
‘ = Gos gy G80

) 5125
(1301)

Model 810-S Bottom View

IM-810-D



257

Appendix C Pin Connection

Series 810
Appendix C Pin Connections
Local Command
DB15 CONNECTOR PINOUT Setpoint Potentiometer (10K-100K)

1 Signal Common

2 0-5VDC Flow Signal
0-10 VDC optional
Valve Return

.|+ 8.8.8

Panel Meter, PLC
or Recording Device
0-50VC

__________________ +

O

External Command
Setpoint Source
0-5VDC or 4-20mA

+

+ ¢ B B B Panel Meter, PLC
or Recording Device
tU.U, 4-20mA

+24VDC

-

lm&wﬂ

)

Note:Pins 1,3,5,9 and 10 are all tied together Internally. However it is highly recommended that
at least one "signal common”, one "power common” and the * valve return” pins be connected
to the power supply common via seperate wires, so that no ground loops are introduced, {especially

on cables longer than ten feet)

IM81-D
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Appendix D Purge and Valve Off Connections

DB15 CONNECTOR PINOUT

i
2

SPYe~No e w

1

Signal Common

0-5 VDC How Signal
0-10VDC optional

Valve Retum

Purge

Power Common

Valve Monitor
+4VDC(15VDC) Supply
Setpoint bnput
4-20mA (Common)
Signal Common
+5VD( Reference
Valve Off
+4VDC(I5VD0) Supply
420mA Outpud 4
(hassis Ground :

_H;

ON
PURGE

I

. (oQOQOOO OQTOOX

A}

~
\
\
Ay
S\
b

IM-81-D
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microchie MCP4902/4912/4922

8/10/12-Bit Dual Voltage Output Digital-to-Analog Converter
with SPI Interface

Features

* MCP4902: Dual 8-Bit Voltage Output DAC

* MCP4912: Dual 10-Bit Voltage Output DAC

+ MCP4922: Dual 12-Bit Voltage Output DAC

* Raikto-Rail Output

» SPlInterface with 20 MHz Clock Support

* Simultaneous Latching of the Dual DACs
with LDAC pin

* Fast Settling Time of 4.5 ps

» Selectable Unity or 2x Gain Output

« External Voltage Reference Inputs

» External Multiplier Mode

+ 2.7V to 5.5V Single-Supply Operation

+ Extended Temperature Range: -40°C to +125°C

Applications

» Set Point or Offset Trimming

+ Precision Selectable Voltage Reference

» Motor Control Feedback Loop

* Digitally-Controlled Multiplier/Divider

+ Calibration of Optical Communication Devices

Related Products(?)
Voltage
2 Res%?ftion cs;;:‘:ls L=
(VRrer)
MCP4801 8 1
MCP4811 10 1
MCP4821 12 3 ('z’ftg;gf})
MCP4802 8 2
MCP4812 10 2
MCP4822 12 2
MCP4901 8 1
MCPag11 10 1
MCP4921 12 1 External
MCP4g02 8 2
MCP4912 10 2
MCP4922 12 2

Note 1: The products listed here have similar AC/
DC performances.

Description

The MCP4902/4912/4922 devices are dual 8-bit,
10-bit, and 12-bit buffered wvoitage output
Digital-to-Analog Converters (DACs), respectively. The
devices operate from a single 2.7V to 5.5V supply with
SPI compatible Serial Peripheral Interface. The user
can configure the full-scale range of the device to be
VRer Of 2 * Vrer by setting the Gain Selection Option
bit (gain of 1 of 2).

The user can shut down both DAC channels by using
SHDN pin or shut down the DAC channel individually
by setting the Configuration register bits. In Shutdown
mode, most of the internal circuits in the shutdown
channel are turned off for power savings and the output
amplifier is configured to present a known high
resistance output load (500 k2, typical).

The devices include double-buffered registers,
allowing synchronous updates of two DAC outputs,
using the LDAC pin. These devices also incorporate a
Power-on Reset (POR) circuit to ensure reliable power-
up. ~

~
The devices utilize a resistive string architecture, with
its inherent advantages of low DNL error and fast
settling time. These devices are specified over the
extended temperature range (+125°C).

The devices provide high accuracy and low noise
performance for consumer and industrial applications
where calibration or compensation of signals (such as
temperature, pressure and humidity) are required.

The MCP4902/4912/4922 devices are available in the
PDIP, SOIC and TSSOP packages.

Package Types
14-Pin PDIP, SOIC, TSSOP

Voo [M{® ~ @ Voua
NC [2] 13 Vrera
CSE X [@vss

sckE § [ Veers
soi8] © [8Vours
neE = lmswow
NC [T 8] LDAC

MCP4902: 8-bit dual DAC
MCP4912: 10-bit dual DAC
MCP4922: 12-bit dual DAC

® 2010 Microchip Technology Inc.
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Block Diagram
Y
LDAC €S 8Dl sCK
prm)
[-‘l'
i V
Interface Logic Power-on oD
l Reset J
Input Input
Register A Register B Vss
l
DAC, DACg
Register Register
Voree A String String ﬁ—lzj-ﬁt Vger B
R DAC, DACy ] Vrer
Buffer Buffer
v
Galp Ly Galf\
Logic| ¢ Output o |Logic
Op Amps
% z Output P
. Logic =l

Vouta SHON  Vouts

DS22250A-page 2 ® 2010 Microchip Technology Inc.
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1.0 ELECTRICAL 1 Notice: Stresses above those listed under *Maximum

CHARACTERISTICS Ratings” may cause permanent damage to the device.
This is a stress rating only and functional operation of

the device at those or any other conditions above those

Absolute Maximum Ratings 1 indicated in the operational listings of this specification
") ) 6.5V is not implied. Exposure to maximurn rating conditions
DD ...................................................................... , for extended penods may affect dewce reliabi[ity.
All inputs and outputs w.r.t .....Vgg—0.3Vto Vpp+0.3V
Current at INput Pins ......c.ccooceveeveiicnrecieeenees 2 mA
Current at SUPPlY Pins ........ccoocevevrenvveerneeeveenens +50 mA
Current at Output Pins .....ocoeeevvveeevvveerervre #25 mA
Storage temperature .............ccccoeeennee -65°C to +150°C

Ambient temp. with power applied.....-55°C to +125°C
ESD protection on all pins 2 4 kV (HBM), = 400V (MM)
Maximum Junction Temperature (T)................ +150°C

ELECTRICAL CHARACTERISTICS

Electrical Specifications: Uniess otherwise indicated, Vpp = 5V, Vgg = 0V, Vger = 2.048V, Output Buffer Gain (G) = 2x, R = 5kQto
GND, C_ = 100 pF Tp = -40to +85"C. Typical values are at +25°C.
Parameters I Sym T Min 1 Typ Max J Units | Conditions
Power Requirements
Operating Voltage Vop 27 — 55
Operating Current oo — 350 700 PA  |Vpp=5V
- 250 500 pA  |Vop=3V .
Vgrer input is unbuffered, all digital
inputs are grounded, all analog
outputs (Voyr) are unloaded.
Code = 000h.
Hardware Shutdown Current |  Isyon —_— 0.3 2 pA Power-on Reset circuit is turned
off
Software Shutdown Current | lsupny sw| — 3.3 6 pA Power-on Reset circuit stays on
‘Power-on-Reset Threshold | -V};OR A = 20 0T o 47 ]
DC Accuracy
MCP4802
Resolution n 8 — - Bits
INL Error iNL -1 +0.125 1 LSb
DNL DNL 05 10.1 +0.5 LSb |Note1
MCP4912
Resolution n 10 = - Bits
INL Error . INL -35 105 35 LSb
DNL DNL -0.5 20.1 +0.5 LSb |Note1
MCP4922
Resolution n 12 - — Bits
INL Esror INL -12 12 12 LSb
DNL DNL -0.75 0.2 +0.75 LSb |Note1
Offset Error Vos -_ +0.02 1 % of }Code = 0x000h
FSR

Note 1: Guaranteed monotonic by design over all codes.
2: This parameter is ensured by design, and not 100% tested.

@ 2010 Microchip Technology Inc. DS22250A-page 3
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ELECTRICAL CHARACTERISTICS (CONTINUED)

Ejectrical Specifications: Unless otherwise indicated, Vpp = 5V, Vgg = 0V, Ver = 2.048V, Output Buffer Gain (G) = 21, R, = 5k to
GND, Cy = 100 pF Ty = -40 to +85°C. Typical values are at +25°C.

Parameters Sym Min Typ Max Units Conditions
Offset Error Temperature Vos*C — 0.16 - ppm/°C }{-45°C to 25°C
Coefficient —_ -0.44 ) —_— ppm/°C |+25°C to 85°C
Gain Error ‘ Oe —_— -0.10 1 % of |Code = 0xFFFh, not including off-
FSR |[seterror
Gain Error Temperature AGIC —_ -3 —_ ppm/°C
Coefficient
Input Amplifier (Vrer Input)
Input Range — Buffered Vrer | 0.040 —_ Vpp— 0.040 A Note 2
Mode i Code = 2048
Input Range ~ Unbuffered Vrer 0 —_ Voo vV |VRer=02V p-p, f=100 Hz and
Mode 1 kHz
Input Impedance Ryrer —~— 165 — kQ Unbuffered Mode
Input Capacitance — Cvrer £ 7 — pF
Unbuffered Mode
Multiptier Mode -3 dB fvREF — 450 — kHz | Vggr =25V 20.2Vp-p,
Bandwidth Unbuffered, G = 1x
fVREF =7 400 — kHz VRer = 2.5V 20.2 Vp-p,
Unbuffered, G = 2x
Multiplier Mode — THDyrer| — -73 —_ dB Vger = 2.5V 20.2Vp-p,
Total Harmonic Distortion Frequency = 1 kHz
Output Amplifier
Output Swing Vour —_ 0.01to —_ A Accuracy is better than 1 LSb for
Vpp—0.04 Vour = 10 mV to (Vpp - 40 mV)
Phase Margin Om — 66 — degrees
Slew Rate SR s 0.55 — Vigs
Short Circuit Current Isc = 15 24 mA
Settling Time Lsettling — 4.5 — Hs Within 1/2 LSb of final value from
1/4 to 3/4 full-scale range
Dynamic Performance (Note 2)
DAC-to-DAC Crosstalk —_— 10 — nV-s
Major Code Transition Glitch — 45 —_ nV-s |1 LSb change around major carry
{0111...1111 t0 1000...0000)
Digital Feedthrough — 10 —_ nv-s
Analog Crosstalk — 10 — nvV-s

Note 1: Guaranteed monotonic by design over all codes.
2: This parameter is ensured by design, and not 100% tested.
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ELECTRICAL CHARACTERISTIC WITH EXTENDED TEMPERATURE

Electrical Specifications: Unless otherwise indicated, Vpp = SV, Vgg = 0V, Vger = 2.048V, Output Buffer Gain (G) = 2x, R = 5 kQ to
GND, C_ = 100 pF. Typical values are at +125°C by characterization or simulation.

Parameters l Sym l Min | Typ T Max l Units l Conditions
Power Requirements
Operating Voltage Vop 27 - 5.5 Vv
Operating Current oo — 400 — MA VRer input is unbuffered, all digi-
tal inputs are grounded, all analog
outputs (VOUT) are unloaded.
Code=000h
Hardware Shutdown IsHON - 1.5 -— HA POR circuit is turned-off
Current
Software Shutdown Current | Ispon sw| — 5 — pA POR circuit stays turmed-on
Power-On Reset threshold Vpor -— 1.85 — \J
DC Accuracy
MCP4202
Resolution n 8 —_ —_ Bits
INL Error INL $0.25 LSb
DNL DNL $0.2 LSb Note 1
MCP4912 .
Resolution n 10 — — Bits
INL Error INL *1 LSb
DNL DNL £0.2 LSb Note 1
MCP4922
Resolution n 12 - - Bits
INL Error INL +4 LSb
DNL DNL +0.25 LSb Note 1
Offset Error Vos — +0.02 — % of FSR | Code 0x000h
Offset Error Temperature Vos/°C —_ -5 — ppm/°C | +25°C to +125°C
Coefficient
Gain Error Oe — -0.10 —_ % of FSR |Code = OxFFFh, not including off-
set error
Gain Error Temperature AGPrC — -3 — ppm/°C
Coefiicient
Input Amplifier (Vger Input)
Input Range — Buffered VRes — 0.040 to —_ v Note 1
Mode Vpp — 0.040 Code = 2048,
Vger = 0.2V p-p, f= 100 Hz and
1kHz
Input Range — Unbuffered VRer 0 - Voo v
Mode
Input Impedance Ryrer — 174 - kQ Unbuffered mode
Input Capacitance — CvrEF —_ 7 - pF
Unbuffered Mode
Note 1: Guaranteed monotonic by design over all codes.

2: This parameter is ensured by design, and not 100% tested.

© 2010 Microchip Technology Inc.
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ELECTRICAL CHARACTERISTIC WITH EXTENDED TEMPERATURE (CONTINUED)

Electrical Specifications: Unless otherwise indicated, Vo = 5V, Vgg = OV, Vger = 2.048V, Output Buffer Gain (G) = 2, R_ = 5kQ to
GND, C_= 100 pF. Typical values are at +125°C by characterization or simulation.
Parameters Sym Min Typ Max Units Conditions
Muttiplying Mode fvRer — 450 —_— kHz Vger = 2.5V 0.1 Vp-p,
-3 dB Bandwidth Unbuffered, G = 1x
fvRer — 400 — kHz VRer = 2.5V £0.1 Vp-p,
Unbuffered, G = 2x
Muttiplying Mode — Total THDyRer| — — —_ dB VRep = 2.5V £0.1Vp-p,
Harmonic Distortion Frequency = 1 kHz
Output Ampiifier
Output Swing Vour — 0.01to —_— v Accuracy is better than 1 LSb for
Vop~ 0.04 Vout = 10 mV to (Vpp — 40 mV)
Phase Margin om — 66 —_ degrees
Slew Rate SR _ 0.55 — Viys
Short Circuit Current lsc — 17 — mA
Settling Time tsettiing —_ 4.5 —_ Hs Within 1/2 LSb of final value from
1/4 to 3/4 full-scale range
Dynamic Performance (Note 2)
DAC to DAC Crosstalk — 10 - nV-s
Major Code Transition -— 45 — nV-s 1 LSb change around major carry
Glitch (0111...1111to
1000...0000)
Digital Feedthrough —_ 10 - nV-s
Analog Crosstalk — 10 —_ nV-s

Note 1: Guaranteed monotonic by design over all codes.
2: This parameter is ensured by design, and not 100% tested.
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AC CHARACTERISTICS (SPi TIMING SPECIFICATIONS)

Electrical Specifications: Unless otherwise indicated, Vpp= 2.7V - 5.5V, Ta=-40 to +125°C.
Typical values are at +25°C.

Parameters Sym Min Typ Max | Units Conditions
Schmitt Trigger High-Level Vin 0.7 Vpp — — Vv
input Voltage (All digital input
pins})
Schmitt Trigger Low-Level Vi —_— - 02Vpp| V
input Voltage
(All digital input pins)
Hysteresis of Schmitt Trigger Vhys — 1005Vpp| — v
inputs
input Leakage Current heakage | -1 = 1 pA |SHDN =LDAC=CS=SDI=
SCK + VREF = VDD or Vss
Digital Pin Capacitance Cine — 10 —_ pF [Vpp= 5.0V, Ty = +25°C,
(All inputs/outputs) Cour feik = 1 MHz (Note 1)
Clock Frequency Fok — — 20 MHz | T = +25°C (Note 1)
Clock High Time t 16 —_ —_ ns [Noted
Clock Low Time to 15 % > ns [Note1
CS Fall to First Rising CLK tessr 40 — — ns |Applies only when CS falls with
Edge CLK high. (Note 1)
Data input Setup Time tsu 15 — — ns |Note 1
Data Input Hold Time o 10 e Cp ns |Note1
SCK Rise to CS Rise Hold tens 15 — — ns |Note1
Time
CS High Time tesh 15 — - ns |Note1
LDAC Pulse Width o 100 — — ns |Note1
LDAC Setup Time tis 40 — —_ ns |Note1
SCK Idie Time before CS Fall tioe 40 — — ns |Note 1

Note 1: This parameter is ensured by design and not 100% tested.

"1
tessr

SCK Mode 0.0

tsy | twp
St 1
MSb in X X X tsbin ¥
L
1
LDAC r 1
-{ls tp

FIGURE 1-1: SP! Input Timing Data.
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TEMPERATURE CHARACTERISTICS

Electrical Specifications: Unless otherwise indicated, Vpp = +2.7V to +5.5V, Vgg = GND.

Parameters I Sym l Min l Typ l Max I Units l Conditions
Temperature Ranges
Specified Temperature Range Ta -40 — +125 °C
Operating Temperature Range Ta -40 — +125 °C |Note1
Storage Temperature Range Ta -65 _ +150 | °C
Thermal Package Resistances
Thermal Resistance, 14L-PDIP 04a —_ 70 — | *CWw
Thermal Resistance, 14L-SOIC Ba — 120 — °CW
Thermal Resistance, 14L-TSSOP| 0, — 100 — | *CwW

Note 1: The MCP4902/4912/4922 devices operate over this extended temperature range, but with reduced
performance. Operation in this range must not cause T, to exceed the maximum junction temperature of

150°C.
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MCP4902/4912/4922

2.0 TYPICAL PERFORMANCE CURVES

Note: The graphs and tables provided following this note are a statistical summary based on a limited number of
samples and are provided for informational purposes only. The performance characteristics listed herein
are not tested or guaranteed. In some graphs or tables, the data presented may be outside the specified
operating range (e.g., outside specified power supply range) and therefore outside the warranted range.

Note: Unless otherwise indicated, Ty = +25°C, Vpp = 5V, Vgs = OV, Vrer = 2.048V, Gain = 2x, R = 5 k2, C,_ =100 pF.

0.3 0.0766
0.0764 -
0.0762
0.076
0.0758 -
0.0756
0.0754 -
‘ 0.0752
03 ; e N SIS R S SO e

0 1024 2048 3072 4096 40 20 0 20 40 60 80 100 120

Code (Decimal) Ambient Temperature (°C)

FIGURE 2-1: DNL vs. Code (MCP4922). FIGURE 2-4: Absolute DNL vs.
Temperature (MCP4922).
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Gain = 1 (MCP4922). Temperature (MCP4922).
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Note: Unless otherwise indicated, T = +25°C, Vpp = 5V, Vs = 0V, Vrer = 2.048V, Gain = 2x, R, =5 k(2 C, = 100 pF.
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" FIGURE 2-7: Absolute INL vs.
Temperature (MCP4922).
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FIGURE 2-10: INL vs. Code (MCP4922).
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illustration of 64 code effect.
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MCP4902/4912/4922

Note: Unless otherwise indicated, T = +25°C, Vpp = 5V, Vgg = 0V, VRgr = 2.048V, Gain = 2x, R, = 5 k€2, C, = 100 pF.
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FIGURE 2-13: DNL vs. Code and FIGURE 2-16: Ipp Histogram (Vpp = 2.7V).
Temperature (MCP4902).
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FIGURE 2-14: INL vs. Code and
Temperature (MCP4902).
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FIGURE 2-15: Ipp vs. Temperature and
Voo

FIGURE 2-17: Ipp Histogram (Vpp =
5.0v).
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Note: Unless otherwise indicated, Ty = +25°C, Vpp = 5V, Vgg = 0V, Vger = 2.048V, Gain = 2x, R| = 5 k2, C, = 100 pF.
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FIGURE 2-18: Hardware Shutdown Current

vs. Ambient Temperature and Vpp.
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FIGURE 2-19: Software Shutdown Cumrent

vs. Ambient Temperature and Vpp.
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FIGURE 2-20: Offset Error vs. Ambient
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FIGURE 2-21: Gain Error vs. Ambient
Temperature and Vpp.
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Note: Unless otherwise indicated, Ty = +25°C, Vpp = 5V, Vgg = 0V, Vger = 2.048V, Gain = 2x, R; = 5 k(2, C, =100 pF.
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MCP4902/4912/4922

Note: Unless otherwise indicated, Ty = +25°C, Vpp = 5V, Vgg = 0V, Vgeg = 2.048V, Gain = 2x, R, = 5 k(, C_= 100 pF.
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Note: Unless otherwise indicated, Ty = +25°C, Vpp = 5V, Vgg = 0V, Vggr = 2.50V, Gain = 2x, R = 5 k(, C, = 100 pF.
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FIGURE 2-36: Multiplier Mode Bandwidth. FIGURE 2-38: Phase Shift.
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NOTES:
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3.0 PIN DESCRIPTIONS

The descriptions of the pins are listed in Table 3-1.

TABLE 3-1: PIN FUNCTION TABLE

Pin No. Symbol Function
1 Vbo Supply Voitage Input (2.7V to 5.5V)
2 NC No Connection
3 CS Chip Select Input
4 SCK Serial Clock Input
5 SDI Serial Data Input
6 NC No Connection
7 NC No Connection
8 LDAC Synchronization Input. This pin is used to transfer DAC settings (Input Registers)

to the output registers (Voyr)

9 SHDN Hardware Shutdown Input
10 Vouts DACpg Output
11 Vrers DACg Reference Voitage Input (Vgg to Vpp)
12 Vsg Ground reference point for all circuitry on the device
13 VREFA DAC, Reference Voltage Input (Vg to Vpp)
14 Vouta DAC, Output

3.1 Supply Voltage Pins (Vop, Vss)

Vpp is the positive supply voltage input pin. The input
supply voltage is relative to Vgg and can range from
2.7V to 5.5V. The power supply at the Vpp pin should
be as clean as possible for a good DAC performance.
It is recommended to use an appropriate bypass
capacitor of about 0.1 yF (ceramic) to ground. An
additional 10 pF capacitor (tantalum) in paralie! is also
recommended to further attenuate high frequency
noise present in application boards.

Vgg is the analog ground pin and the current return path
of the device. The user must connect the Vgg pin to a
ground plane through a low-impedance connection. If
an analog ground path Is available in the application
Printed Circuit Board (PCB), it is highly recommended
that the Vgg pin be tied to the analog ground path or
isolated within an analog ground plane of the circuit
board.

3.2  Chip Select (CS)

€8 is the Chip Select input, which requires an active
low signal to enable serial clock and data functions.

3.3  Serial Clock Input (SCK)
SCKis the SPI compatible serial clock input pin.

3.4  Serial Data Input (SDI)
8Dl is the SPI compatible serial data input pin.

3.5 Latch DAC Input (LDAC)

LDAC (latch DAC synchronization input) pin is used to
transfer the input latch registers to their corresponding
DAC registers (output latches, Vo). When this pin is
low, both Vg7 and Voyrg are updated at the same
time with their input register contents. This pin can be
tied to low (Vgg) if the Voyt update is desired at the
rising edge of the CS pin. This pin can be driven by an
external control device such as an MCU I/O pin.

3.6  Hardware Shutdown Input (SHDN)

SHDN is the hardware shutdown input pin. When this
pin is low, both DAC channels are shut down. DAC
output is not available during the shutdown.

3.7 Analog Outputs (VOUTA1 VOUTB)

Voura is the DAC A output pin, and Voyrg is the DAC
B output pin. Each output has its own output amplifier.
The DAC output amplifier of each channel can drive the
output pin with a range of Vgg to Vpp.

3.8  Voltage Reference inputs

(VrRera: VREFB)
Vrera is the voltage reference input for DAC channel
A, and Vgeep is the reference input for DAC channel B.
The reference on these pins is utilized to set the
reference voltage on the string DAC. The input signal
can range from Vgg to Vpp. These pins can be tied to

Voo

© 2010 Microchip Technology Inc.
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NOTES:
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4.0 GENERAL OVERVIEW

The MCP4902, MCP4912 and MCP4922 are dual
volttage-output 8-bit, 10-bit ‘and 12-bit DAC devices,
respectively. These devices include input amplifiers,
rail-to-rait output amplifiers, reference buffers for
external  voltage reference, shutdown and
reset-management circuitry. The devices use an SPI
serial communication interface and operate with a
single supply voltage from 2.7V to 5.5V.

The DAC input coding of these devices is straight
binary. Equation 4-1 shows the DAC analag output
voltage calculation.

EQUATION 4-1: ANALOG OUTPUT
VOLTAGE (Vou1)
108
Upur = (“;_:D") G
Where:
Veer = External voltage reference
D, = DAC inputcode

Gain Selection

2 for <GA>bit =0
1 for <GA> bit = 1
DAC Resolution
8 for MCP4902
10 for MCP4912
12 for MCP4922

[ L I 1]

The ideal output range of each device is:

* MCP4802 {n = B)

(a) 0V to 255/256 * V- when gain setting = 1x.

(b) 0 V to 255/256 * 2 * Vger when gain setting = 2x.

* MCP4912 (n = 10)

{a) 0 V to 1023/1024 * Vger when gain setting = 1x.
(b) 0 V1o 1023/1024 * 2 * Ve when gain setting = 2x.
* MCP4922 (n = 12)

(a) O V to 4095/4096 * Vrer when Gain setting = 1x.
(b) 0V to 4085/4086 * 2 * Vper When gain setting = 2x.

Note:  See the output swing voltage specification
in Section 1.0 “Electrical Characteris-
tics”.

1LSb is the ideal voltage difference between two
successive codes. Table 4-1 illustrates the LSb
calculation of each device.

LSb OF EACH DEVICE

TABLE 4-1:
Gain
Device Selection LSb Size
MCP4902 1x Vrer/256
{n=8) 2 [{2* Vaer)256
MCP4912 1% Vree/1024
(n=10) 2x (2* Vree)/1024
MCP4922 1x Vrer/4096
(n=12) 2x (2* Vrer)/4096
where Vger is the external voltage reference.

4.1 DC Accuracy

411 INL ACCURACY

Integral Non-Linearity (INL) error is the maximum
deviation between an actual code transition point and
its corresponding ideal transition point, after offset and
gain errors have been removed. The two end points
(from 0x000 and OxFFF) method is used for the calcu-
lation. Figure 4-1 shows the details.

A positive INL error represents transition{s) later than

ideal. A negative INL error represents transition(s) ear-
lier than ideal.

INL<O ’
111 —

Actual
110— Transfer .-
Function :
101 .

]

Digitai 100 — S
Input

Code =
011 |deal Transfer

F A
010 unction

001

000 ——
——P’ Idf INL<O

~a— DAC Output —b»
Exampie for INL Error.

FIGURE 4-1:

412 DNL ACCURACY

A Differential Non-Linearity (DNL) error is the measure
of variations in code widths from the ideal code width.
A DNL error of zero indicates that every code is exactly
1 LSb wide.

© 2010 Microchip Technology Inc.
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-
11 4
110 Actual
transfer\
101 fynction
Flglhl 100 Ideal transfer
nput function
Code 011 — ]
010 L‘V Wide code, > 1 LSb
001 '
i
000
—->| '4— Narrow code, < 1 LSb
-~ DAC Output
FIGURE 4-2: Example for DNL Accuracy.

413 OFFSET ERROR

An offset error is the deviation from zero voitage output
when the digital input code is zero.

414 GAIN ERROR

A gain error is the deviation from the ideal output,
Vrer— 1 LSb, excluding the effects of offset error.

4.2  Circuit Descriptions

421 OUTPUT AMPLIFIERS

The DAC's outputs are buffered with a low-power,
precision CMOS amplifier. This amplifier provides low
offset voltage and low noise. The output stage enables
the device to operate with output voltages close to the
power supply rails. Refer to Section 1.0 “Electrical
Characteristics” for the analog output voltage range
and load conditions.

In addition to resistive load driving capability, the
amplifier will also drive high capacitive loads without
oscillation. The amplifier’s strong outputs allow Vgoyrto
be used as a programmable voltage reference in a
system.

Selecting a gain of 2 reduces the bandwidth of the
amplifier in Muttiplying mode. Refer to Section 1.0
“Electrical Characteristics” for the Multiplying mode
bandwidth for given load conditions,

42141 Programmable Gain Block

The rail-to-rail output amplifier has configurable gain,
allowing optimal full-scale outputs for different voltage
reference inputs. The output amplifier gain has two
selections, a gain of 1x (<GA> = 1) or a gain of 2x
(<GA> =0).

The default value s a gain of 2 (<GA> = 0).

422 VOLTAGE REFERENCE
AMPLIFIERS

The input buffer amplifiers for the MCP4902/4912/4922
devices provide low offset voltage and low noise. A
Configuration bit for each DAC allows the Vggr input o
bypass the Vrer input buffer amplifiers, achieving a
Buffered or Unbuffered mode. Buffered mode provides
a very high input impedance, with only minor limitations
on the input range and frequency response.
Unbuffered (<BUF> = 0) is the default configuration.
Unbuffered mode provides a wide input range (0V to
Vpp). with a typical input impedance of 165 k2 with
7 pF.

423 POWER-ON RESET CIRCUIT

The internal Power-on Reset (POR) circuit monitors the
power supply voltage (Vpp) during the device
operation. The circuit also ensures that the DACs
power-up with high output impedance (<SHDN> = 0,
typically 500 kQ2). The devices will continue to have a
high-impedance output until a valid write command is
performed to either of the DAC registers and the LDAC
pin meets the input low threshold.

If the power supply voltage is less than the POR
threshold (Vpor = 2.0V, typical), the DACs will be held
in their Reset state. The DACs will remain in that state
until Vpp > Vpor and a subsequent write command is
received.

Figure 4-3 shows a typical power supply transient
pulse and the duration required to cause a reset to
occur, as well as the relationship between the duration
and trip voltage. A 0.1 pF decoupling capacitor,
mounted as close as possible to the Vpp pin, can
provide additional transient immunity.

— Transient Duration

F 17 T ™
i

Time

-
o

4
i
§
#
H

-] N
2
7

"l

“w

»

Transient Duration ()

Transis

1 8
Voo = Veor (V)

Typical Transient Response.

FIGURE 4-3:
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424 SHUTDOWN MODE
The user can shut down each DAC channel selectively op N Vour
by using a software command or shut down all chan- Amp ' n

nels by using the SHDN pin. During Shutdown mode,
most of the internal circuits in the channel that was shut

Power-Down [T

down are t_umed 'off for power savings. The serial inter- Control Circuit

face remains active, thus allowing a write command to

bring the. device out of the Shutdown mode. There will

be no analog output at the channel that was shut down Resistive it .,
and the Vgyr pin is internally switched to a known Load

resistive load (500 kQ, typical). Figure 4-4 shows the | Resistive String DAC]

analog output stage during the Shutdown mode.

The condition of the Power-on Reset circuit during the - -
shutdown is as follows: FIGURE 4-4: Output Stage for Shutdown

a) Turned-off, if the shutdown occurred by the
SHDN pin;,
b) On, if the shutdown occurred by the software.

The device will remain in Shutdown mode until the
SHDN pin is brought to high or a write command with
<SHDN> bit = 1 is latched into the device. When a DAC
is changed from Shutdown to Active mode, the output
settling time takes less than 10 ps, but more than the
standard active mode settling time (4.5 ps).
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5.0 SERIAL INTERFACE

5.1 Overview

The MCP4802/4912/4922 devices are designed to
interface directly with the Serial Peripheral Interface
(SPI) port, which is available on many microcontroliers
and supports Mode 0,0 and Mode 1,1. Commands and
data are sent to the device via the SD! pin, with data
being clocked-in on the rising edge of SCK. The
communications are unidirectional, thus the data
cannot be read out of the MCP4902/4912/4922. The
CS pin must be held low for the duration of a write
command. The write command consists of 16 bits and
is used to configure the DAC's control and data latches.
Register 5-1 to Register 5-3 detail the input register
that is used to configure and load the DAC, and DACg
registers for each device. Figure 5-1 to Figure 5-3
show the write command for each device,

Refer to Figure 1-1 and SP! Timing Specifications
Table for detailed input and output timing specifications
for both Mode 0,0 and Mode 1,1 operation.

5.2 Write Command

The write command is initiated by driving the CS pin
low, followed by clocking the four Configuration bits and
the 12 data bits into the SDI pin on the rising edge of
SCK. The'CS pin is then raised, causing the data to be
latched into the selected DAC's input registers. The
MCP4802/4912/4922 utilizes a double-buffered latch
structure to allow both DACy's and DACg's outputs to
be synchronized with the LDAC pin, if desired. Upon
the LDAC pin achieving a low state, the values held in
the DAC's input registers are transferred into the DAC’s
output registers. The outputs will transition to the value
and held in the DACy register.

Ali writes to the MCP4902/4912/4922 are 16-bit words.
Any clocks past the 16th clock will be ignored. The
Most Significant 4 bits are Configuration bits. The
remaining 12 bils are data bits. No data can be
transferred into the device with CS high. This transfer
will only oceur if 16 clocks have been transferred into
the device. If the rising edge of CS occurs prior to that,
shifting of data into the input registers will be aborted.

® 2010 Microchip Technology Inc.

DS22250A-page 23



282

MCP4902/4912/4922

REGISTER 6-1: WRITE COMMAND REGISTER FOR MCP4922 (12-BIT DAC)

W-x Wx Wx WO W Wax Wex W | Wex W Wax Wax W W Wex Wex
AB [BUF| GA |[SHDN| D11 [D10| D9 [ D8 | D7 [ D6 [ D5 [ D4 [ D3 [ D2 | D1 | DO
bit 15 bit 0

REGISTER §-2: WRITE COMMAND REGISTER FOR MCP4912 (10-BIT DAC)

W W Wex  WAD Wix Wix Whx Wix | Wix Wix W Wx Wix Wex | Wix | Wex
AB |BUF| GA [SHDN| D9 [ D8 [ D7 [ D6 | D5 [ Da [ D3 [ D2 [ D1 [ DO [ x | «x
bit 15 bit 0

REGISTER 6-3: WRITE COMMAND REGISTER FOR MCP4902 (8-BIT DAC)

Wx Wx W WO Wex Waxe Weax Wex | Wex W W W Wy W W Wex
AB [BUF| GA |SHDN| D7 [ D6 [Ds [ D4 [ D3 [ D2 [ D1 [ Do [ x [ x [ x | x
bit 15 ' bit0

Where:

bit 15 A/B: DACp, or DACg Selection bit
1= Write to DACg
0= Wiite to DAC,
bit 14 BUF: Vrer Input Buffer Contro! bit
1 = Buffered
0= Unbuffered
bit 13 GA: Output Gain Selection bit
1= 1Ix (VOUT = VREF * D/4096)
0= 2x (VOUT =2* VREF . D/4096)
bit 12 SHDN: Output Shutdown Control bit
1 = Active mode operation. VOUT is available.

0 = Shutdown the selected DAC channel. Analog output is not available at the channel that was shut down.
Vourt pin is connected to 500 kQ (typical).

bit 11-0  D11:D0: DAC Input Data bits. Bit x is ignored.

Legend
R = Readable bit W = Witable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR 1=Ditis set 0 = bit is cleared x = bit is unknown
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.01 2 3 4 5 6 7 8 9 10 11 12 13 14 15 (Mode 1.1)

|l-— config bits 12 data bits —————F—————]
soi_faBYsur{GA)SHDN 011]D10Y D9 Y D8 D7) D6Y DS | D4) D3Y D2 D1 Yoo

TBAC N/ ,

Vour o

FIGURE 5-1: Write Command for MCP4922 (12-bit DAC).

s \ {

L0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 {Mode 1.1)

SCK ! (Mode 0,0)

le— config bits 12 data bits

sbi_Y~B {BUF{GAYSHDNY D9 | 08 Y D7) D6} DSY D4Y p3) b2) o1 Doy x ) x
TDAC ) { 7

Vour .

Note: X = "don’t care” bits

FIGURE 5-2: Write Command for MCP4912 (10-bit DAC). >

e\ /

... 0t 2 3 4 5 6 7 8 9 10 11 12131415 (N_qu-ej,_Qn
se UL LU U LU LU those 1)
le—- config bits 12 data bits

sb1_{AB \BurfGAYSHDN) 07 ) D6 Y D5 D4} D3) 02) D1]bo} X Y x | x { x |
ioAc A\

VOUT /___—____

Note: X ="don't care” bits

FIGURE 5-3: Write Command for MCP4902 (8-bit DAC).
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6.0 TYPICAL APPLICATIONS

The MCP4902/4912/4922 family of devices are gen-
eral purpose DACs intended to be used in applications
where a precision with low-power and moderate
bandwidth is required.

Applications generally suited for the devices are:

+ Set Point or Offset Trimming

» Sensor Calibration

+ Digitally-Controlled Multiplier/Divider

* Portable Instrumentation (Battery Powered)
* Motor Contro! Feedback Loop

6.1 Digital Interface

The MCP4902/4912/4922 utilizes a 3-wire synchro-
nous serial protocol to transfer the DAC’s setup and
output values from the digital source. The serial proto-
col can be interfaced to SPI or Microwire peripherals
that is common on many microcontroller units (MCUs),
including Microchip's PIC® MCUs and dsPIC® DSCs.

In addition to the three serial connections (CS, SCK
and SDI), the LDAC signal synchronizes the two DAC
outputs. By bringing down the LDAC pin to *low’, ali
DAC input codes and settings in the two DAC input
registers are latched into their DAC output registers at
the same time. Therefore, both DAC, and DACg
outputs are updated at the same time. Figure 6-1
shows an example of the pin connections. Note that the
LDAC pin can be tied low (Vss) 1o reduce the required
connections from 4 to 3 1O pins. In this case, the DAC
output can be immediately updated when a valid
16-clock transmission has been received and CS pin
has been raised.

6.2 Power Supply Considerations

The typical application will require a bypass capacitor
in order to filter high-frequency noise. The noise can be
induced onto the power supply’s traces from various
events such as digital switching or as a resuit of
changes on the DAC’s output. The bypass capacitor
helps to minimize the effect of these noise sources.
Figure 6-1 illustrates an appropriate bypass strategy. In
this example, two bypass capacitors are used in
paralle!: (a) 0.1 uF (ceramic) and (b} 10 pF (tantalum).
These capacitors should be placed as close to the
device power pin (Vpp) as possible (within 4 mm).
The power source supplying these devices should be
as clean as possible. If the application circuit has
separate digital and analog power supplies, Vpp and
Vgs should reside on the analog plane.

Voo Vop
C1=10 uF y T
C2=0.1yF c1 {? c2  cif[]e2
VoD Vrera —-I I
T v cs,
1 << Y o
C1 v o
I REFB| 2
S g
Vouts| = |« 5
VIE 2
VReFa g
— T E
Voura| & | SDI AVss sbo| 8
N sck| 2
VRrers | © Y
cers g Z [&]
Vouts LDAC| @
—-—r
CS,
v v
AVSS VSS
FIGURE 6-1: Typical Connection
Diagram.

6.3 lLayout Considerations

Inductively-coupled AC transients and digitai switching
noises can degrade the input and output signal
integrity. and potentially reduce the device perfor-
mance. Careful board layout will minimize these effects
and increase the Signal-to-Noise Ratio (SNR). Bench
testing has shown that a multi-layer board utilizing a
low-inductance ground plane, isolated inputs and
isolated outputs with proper decoupling, is critical for
the best performance. Particularly harsh environments
may require shielding of critical signals.

Breadboards and wire-wrapped boards are not
recommended if low noise is desired.

© 2010 Microchip Technology Inc.
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6.4  Single-Supply Operation

The MCP4902/4912/4922 family of devices are rail-to-
rail voltage output DAC devices designed to operate
with a Vpp range of 2.7V to 5.5V. its output amplifier is
robust enough to drive small-signal loads directly.
Therefore, it does not require any external output buffer
for most applications.

6.4.1 DC SET POINT OR CALIBRATION

A common application for the DAC devices is
digitally-controlled set points and/or calibration of
variable parameters, such as sensor offset or slope.
For example, the MCP4922 provides 4096 output
steps. If the external voltage reference (Vger) is
4.098V, the LSb size is 1 mV. If a smaller output step
size is desired, a lower external voltage reference is
needed.

6.4.1.1 Decreasing Output Step Size

If the application is calibrating the bias voltage of a
diode or transistor, a bias voltage range of 0.8V may be
desired with about 200 pV resolution per step. Two
common methods to achieve a 0.8V range is to either
reduce Vger to 0.82V or use a voltage divider on the
DAC’s output,

Using & Vger is an option if the Vrer is available with
the desired output voltage range. However,
occasionally, when using a low-voltage Vrer, the noise
floor causes SNR error that is intolerable. Using a
voltage divider method is another option and provides
some advantages when Vger needs to be very low or
when the desired output voltage is not available. In this
case, a larger value Ve is used while two resistors
scale the output range down to the precise desired
level.

Example 6-1 illustrates this concept. Note that the
bypass capacitor on the output of the voltage divider
plays a critical function in attenuating the output noise
of the DAC and the Induced noise from the
environment.

EXAMPLE 6-1: _ EXAMPLE CIRCUIT OF SET POINT OR THRESHOLD CALIBRATION
(a) Single Output DAC:
MCP4901 Voo
MCP4911
MCP4921 \X‘\
(b) Dual Output DAC:
MCP4502
MCP4912
MCP4922 Vet
v Rsense
DD
VRer A y Vo
R =2 v Comparator
, v 1 TRIP
pac & —1 +
Vee-

3-wire

/ A
e
spl —— = &

0.1uF l
l

— - D’l
our = Trer G 5

R
I = 2
trip ou? Rl +R2

G = Gain selection (1x or 2x)

Dy, = Digital value of DAC (0-255) for MCP4901/MCP4902
= Digital value of DAC (0-1023) for MCP4911/MCP4912
= Digital value of DAC (0-4095) for MCP4921/MCP4922

N = DAC Bit Resolution

DS22250A-page 28
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6.4.1.2 Building a "Window" DAC

When calibrating a set point or threshold of a sensos,
typically only a small portion of the DAC output range is
utilized. If the LSb size is adequate enough to meet the
application’s accuracy needs, the unused range is
sacrificed without consequences. if greater accuracy is
needed, then the output range will need to be reduced
to increase the resolution around the desired threshold.

EXAMPLE 6-2:

If the threshold is not near Vgep or Vgg, then creating
a “window” around the threshold has several
advantages. One simple method to create this
‘window” is to use a voltage divider network with a
pull-up and pull-down resistor. Example 68-2 and
Example 6-4 illustrate this concept.

SINGLE-SUPPLY “WINDOW" DAC

(a) Single Output DAC:
MCP4901
MCP4911
MCP4921
{b) Dua! Output DAC:
’ MCP4902
MCP4912
MCP4922

VREF
R3
Ry

VCC+

Vees

G Comparator
+

I

sPl ——

3

D,

n

il

G = Gain selection (1x or 2x)

Your = Vrer-G

N = DAC Bit Resolution

: R,R,
Ra = mper,
2 3
_ (TeuRy) + (Teg Ry
B = R, +R,

Fourfys + 3Ry
Ry+ Ry

E Thevenin
» Equivalent

D, = Digital value of DAC (0-255) for MCP4901/MCP4902
= Digital value of DAC (0-1023) for MCP4911/MCP4912
= Digital value of DAC (0-4095) for MCP4921/MCP4922

0.1 F Vee

.,”__q —ae

© 2010 Microchip Technology Inc.
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6.5 Bipolar Operation Example 8-3 illustrates a simple bipolar voltage source

B configuration. R4 and R, allow the gain to be selected,
Bipolar operation is achievable using the MCP4902/ while Ry and Ry shift the DAC’s output to a selected
4912/4922 family of devices by using an external offset. Note that R4 can be tied to Vggr instead of Vgg,
operational amplifier (op amp). This configuration Is if a higher offset is desired. Also note that a pull-up to
desirable due to the wide variety and availability of op Vger could be used instead of Ry, if a higher offset is
amps. This allows a general purpose DAC, with its cost desired.

and availabilty advantages, to meet almost any
desired output voltage range, power and noise
performance.

EXAMPLE 6-3: DIGITALLY-CONTROLLED BIPOLAR VOLTAGE SOURCE

(a) Single Output DAC:
MCP4901 VREF
MCP4911
MCP4921
(b) Dual Cutput DAC:
b MCP4302
MCP4912
MCP4922
sPl —f—
3
Dn
Vour = Trer G Z—N
G = Gain selection (1x or 2x)
- o TourRs D, = Digital value of DAC (0-255) for MCP4901/MCP4902
I " R; +R, = Digital value of DAC (0-1023) for MCP4911/MCP4912
= Digital value of DAC (0-4095) for MCP4921/MCP4922
Vo =T (1 +I_€_2) -1 (%) N = DAC Bit Resolution
o TR, DO\R) -
6.5.1 DESIGN EXAMPLE: DESIGN A BIPOLAR 7 .
DAC USING EXAMPLE 6-3 WITH 12-BIT H_205 205 R
MCP4922 OR MCP4921 Ry " Ipge 41 R, 2
An output step magnitude of 1 mV with an output range If Ry =20 kQ2 and Ry = 10 k2 the gain will be 0.5,
of +2,05V is desired for a particular application. - .
The following steps show the details: Step 4: Next, solve fgr R3 and R4 by setting the DAC to
4096, knowing that the output needs to be
Step 1: Calculate the range: +2.05V - (-2.05V) = 4.1V. +2.05V.
Step 2: Calculate the resolution needed:
4.1V mV = 4100 R, 2051 +051 e 2
Since 2'2 = 4096, 12-bit resolution is (R;+Ry) ~ ~ 15lggr 3
desired.

Step 3:The amplifier gain (Ry/R,), multiplied by Vrer Ry =20 k2 then Ry = 10 kQ

must be equal to the desired minimum output
to achieve bipolar operation. Since any gain
can be realized by choosing resistor values
(R1*Ry), the Vger source needs to be deter-
mined first. If a Vrer of 4.1V is used, solve for
the gain by setting the DAC to 0, knowing that
the output needs to be -2.05V. The equation
can be simplified to:
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6.6  Selectable Gain and Offset Bipolar
Voltage Output Using a Dual DAC

In some applications, precision digital control of the
output range is desirable. Example 6-4 illustrates how
to use the MCP49802/4912/4922 to achieve this in a
bipolar or single-supply application.

EXAMPLE 6-4:

This circuit is typically used in Multiplier mode and is
ideal for linearizing a sensor whose slope and offset
varies. Refer to Section 6.9 “Using Multiplier Mode”
for more information on Multiplier mode.

The equation to design a bipolar *window” DAC would
be utilized if R3, R4 and Rg are populated.

BIPOLAR VOLTAGE SOURCE WITH SELECTABLE GAIN AND OFFSET

Vrera VoD

Ry
Vouta

Dual Output DAC
MCP4g02

MCPag22
Vouts 3

. L DACp Wh
Mopagi2 Vrers VoD DACA (Gain Adjust)

3

DACy; )
SP] ,ZJ—EAC:B (Offset Adjust)

Ry
AMA
Veet
Veet Vo
e —
_I_ +
Ml
Vee- =

. . A
Voura = REFAGA)Z_N

! ! Dy
Tourp = UREFBGB)Z—N

FoursRa+ Ve Rs

Py = R +R,
o= "m-»(l +2l)' ”oum(ﬁ?)
L A J

Y A
Offset Adjust Gain Adjust

Thevenin _ PealRy+ Voo Ry
Equivalent s TR IR, .+ Rs_

Pige = Ry+ R,

Da, Dg =

Gx = Gain selection (1x or 2x)
N = DAC Bit Resolution

Digital value of DAC (0-255) for MCP4902
= Digital value of DAC (0-1023) for MCP4912
= Digital value of DAC (0-4095) for MCP4922

3

_ VoursRas + Vashy

RR,

457 R‘,TRS
I'o= ’N'(]"'ﬁl) 'aurA(RR?)
\ N y J

Y
Offset Adjust Gain Adjust

Bipolar “Window” DAC using R, and Rg
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6.7  Designing a Double-Precision

DAC Using a Dual DAC

Example 6-5 illustrates how to design a single-supply
voitage output capable of up to 24-bit resolution from a
dual-12-bit DAC. This design is simply a voltage divider
with a buffered output.

As an example, if a application similar to the one
developed in Section 6.5.1 “Design Example: Design
a Bipolar DAC Using Example 63 with 12-bit
MCP4922 or MCP4921" required a resolution of 1 uv
instead of 1 mV and a range of OV to 4.1V, then 12-bit
resolution would not be adequate.

Step 1: Calculate the resolution needed:
4.1VH1 pV = 4.1x108. Since 222 = 4.2¢108, 22-
bit resolution is desired. Since DNL = +0.75

LSb, this design can be attempted with the
MCP4922.

Step 2: Since DACg's Vouta has a resolution of 1 mV,
its output only needs to be “pulled” 1/1000 to
meet the 1 pV target. Dividing Voyura by 1000
would allow the application to compensate for
DACg's DNL error.

Step 3: If R, is 1000, then Ry needs to be 100 kQQ
Step 4:The resulting transfer function is not perfectly

linear, as shown in the equation of
Example 6-5.
EXAMPLE 6-5: SIMPLE, DOUBLE-PRECISION DAC WITH MCP4922
Vv, V
Rer Voo Vet
L MCP4922 N Vo
DAC, (Fine Adjust) ——0

R1>>R; +

k= Vouts Vec-

I

. . DA
ouTA = 'REFAGAEE

I = Pouraly+ VoursR
2 R +R,

D

. S B
Vourg =1 REFBGBF

G = Gain selection (1x or 2x)
D = Digital value of DAC (0- 4096)
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6.8  Building Programmable Current
Source

Example 6-6 shows an example for building a
programmable current source using a voltage follower.
The current sensor (sensor resistor) is used to convert
the DAC voltage output into a digitally-selectable
current source.

Adding the resistor network from Example 6-2 would
be advantageous in this application. The smaller Regpize
is, the less power dissipated across it. However, this
also reduces the resolution that the current can be
controlled with. The voltage divider, or "window", DAC
configuration would allow the range to be reduced, thus
increasing resolution around the range of interest.

When working with very small sensor voltages, plan on
eliminating the amplifier's offset error by storing the
DAC'’s setting under known sensor conditions.

EXAMPLE 6-6: DIGITALLY-CONTROLLED CURRENT SCURCE
V, or VREF
(a) Single Output DAC: Vit Load
MCP4501 cc l
MCP4911 I
MCP4921
(b) Dual Output DAC: . ,b'
MCP4g02 3
MCP4912 cc™
MCP4922 l
( Rsense %
I
I, ==
b B . o
Vour . B G = Gain select (1x or 2x)
I = R, X B+1 D,, = Digital value of DAC (0-255) for MCP4901/MCP4902
= Digital value of DAC {0-1023) for MCP4911/MCP4912
where = Common-Emitter Current Gain. = Digital value of DAC (0-4095) for MCP4921/MCP4922
. o D, N = DAC Bit Resolution
Your = 'mzp'G'?

© 2010 Microchip Technology Inc.
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6.9  Using Multiplier Mode

The MCP4802/4912/4922 family of devices use exter-
nal reference, and these devices are ideally suited for
use as a multiplier/divider in a signal chain. The
common applications are: (a) Precision programmable
gasin/attenuator amplifiers and (b) Motor control
feedback loop. The wide input range (OV — Vpp) is in
Unbuffered mode and near rail-to-rail range in Buffered
mode: its bandwidth (> 400 kHz), selectable 1x/2x gain
and low power consumption give maximum flexibility to
meet the application's needs.

To configure the MCP4902/4912/4922 family of
devices for multiple applications, connect the input sig-
nal to Vgrer and serially configure the DAC's input buf-
fer. gain and output value. The DAC's output can utilize
any of Examples 6-1 to 6-6, depending on the applica-
tion requirements. Example 6-7 is an illustration of how
the DAC can operate in a motor control feedback loop.

EXAMPLE 6-7:

If the gain selection bit is configured for 1x mode
(<GA> = 1), the resulting input signal will be attenuated
by D/2™. With the 12-bit DAC {MCP4921 or MCP4922),
if the gain is configured for 2x mode (<GA> = 0), the
codes less than 2048 attenuate the signal, while the
codes greater than 2048 gain the signal,

A DAC provides significantly more gain/attenuation
resolution when compared to typical Programmable
Gain Amplifiers. Adding an op amp to buffer the output,
as illustrated in Examples 6-2 to 6-6, extends the
output range and power to meet the precise needs of
the application.

MULTIPLIER MODE USING Vg INPUT

(a) Single Output DAC:
MCP4901
MCP4911
MCP4921

{b) Dual Output DAC:
MCP4902
MCP4912
MCP4922
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7.0 DEVELOPMENT SUPPORT

7.1 Evaluation and Demonstration
Boards

The Mixed Signal PICtail™ Demo Board supports the
MCP4902/4912/4922 family of devices. Please referto -
www.microchip.com for further information on this
products capabilities and availability.
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8.0
8.1

PACKAGING INFORMATION
Package Marking Information

14-Lead PDIP (300 mil)
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Example:

goaonnan
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Example:
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4922E/ST
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I

Legend: XX.X Customer-specific information
Y Year code (last digit of calendar year)
YY Year code (last 2 digits of calendar year)
ww Week code (week of January 1 is week ‘01')
NNN  Alphanumeric traceability code
@ Pb-free JEDEC designator for Matte Tin (Sn)
* This package is Pb-free. The Pb-free JEDEC designator @
can be found on the outer packaging for this package.

Note: Inthe event the full Microchip part number cannot be marked on one line, it will
be carried over to the next line, thus limiting the number of available characters
for customer-specific information.
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MCP4902/4912/4922

14-Lead Plastic Dual In-Line (P) — 300 mil Body [PDIP]

Note:  For the most current package drawings, please see the Microchip Packaging Specification located at
hitp://www.microchip.com/packaging
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Units INCHES

Dimension Limits| ~ MIN._ | 'NOM |  MAX
Number of Pins N 14
Pitch e 100 BSC
Top to Seating Plane A - - 210
Molded Package Thickness A2 115 130 195
Base to Seating Plane Al .015 - -
Shoulder to Shoulder Width E 290 .310 .325
Molded Package Width E1 .240 250 .280
Overall Length D 235 750 775
Tip to Seating Plane 5 115 130 150
Lead Thickness c .008 .010 015
Upper Lead Width b1 .045 .060 .070
Lower Lead Width b 014 .018 022
Overall Row Spacing § eB - - 430

Notes:
1. Pin 1 visual index feature may vary, but must be located with the hatched area.
2. § Significant Characteristic.
3. Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed .010" per side.
4. Dimensioning and tolerancing per ASME Y14.5M.
BSC: Basic Dimension. Theoretically exact value shown without tolerances.

Microchip Technology Drawing C04-0058
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MCP4902/4912/4922

14-Lead Plastic Small Outline (SL) - Narrow, 3.90 mm Body [SOIC]

Note:  For the most current package drawings, please see the Microchip Packaging Specification located at
hitp://iwww.microchip.com/packaging
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Units MILLIMETERS
Dimension Limits| MIN | NOM [ MAX
Number of Pins N 14
Pitch e 1.27 BSC
Overall Height A - - 1.75
Molded Package Thickness A2 125 - -
Standoff § Al 0.10 - 0.25
Overall Width E 6.00 BSC
Molded Package Width E1 3.90 BSC
Overall Length D 8.65BSC
Chamfer (optional) h 025 - 0.50
Foot Length L 040 — 1.27
Footprint L1 1.04 REF
Foot Angle ¢ 0° = 8
Lead Thickness c 0.17 - 0.25
Lead Width b 0.31 - 0.51
Mold Draft Angle Top a 5° - 15°
Mold Draft Angle Bottom B 5° - 15°
Notes:

1. Pin 1 visual index feature may vary, but must be located within the hatched area.
2. § Significant Characteristic.
3. Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed 0.15 mm per side.
4. Dimensioning and tolerancing per ASME Y14.5M.

BSC: Basic Dimension. Theoretically exact value shown without tolerances.
REF: Reference Dimension, usually without tolerance, for information purposes only.

Microchip Technology Drawing C04-0658
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MCP4902/4912/4922

14-Lead Plastic Small Outline (SL) - Narrow, 3.90 mm Body [SOIC]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http:/Awww.microchip.com/packaging
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RECOMMENDED LAND PATTERN

Units MILLIMETERS

Dimension Limits| ~ MIN.. | NOM | MAX
Contact Pitch E 1.27 BSC
Contact Pad Spacing C 5.40
Contact Pad Width X 0.60
Contact Pad Length Y 1.50
Distance Between Pads Gx 0.67
Distance Between Pads G 3.90

Notes:
1. Dimensioning and tolerancing per ASME Y14.5M
BSC: Basic Dimension. Theoretically exact value shown without tolerances.
Microchip Technology Drawing No. C04-2065A
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MCP4902/4912/4922

14-Lead Plastic Thin Shrink Small Outline (ST) - 4.4 mm Body [TSSOP]

Note:  For the most current package drawings, please see the Microchip Packaging Specification located at
hitp://www.microchip.com/packaging
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Units MILLIMETERS

DimensionLimits| MIN [ 'NOM | MAX
Number of Pins N 14
Pitch e 0.65 BSC
Overall Height A - - 1.20
Molded Package Thickness A2 0.80 1.00 1.05
Standoff Al 0.05 - 0.15
Overall Width E 6.40 BSC
Molded Package Width E1 430 440 450
Molded Package Length D 4.90 5.00 5.10
Foot Length g 0.45 0.60 0.75
Footprint 3 L1 1.00 REF
Foot Angle [ 0° - 8°
Lead Thickness c 0.09 - 0.20
Lead Width b 0.19 - 0.30

Notes:
1. Pin 1 visual index feature may vary, but must be located within the hatched area.
2. Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed 0.15 mm per side.
3. Dimensioning and tolerancing per ASME Y14.5M.
BSC: Basic Dimension. Theoretically exact value shown without tolerances.
REF: Reference Dimension, usually without tolerance, for information purposes only.

Microchip Technology Drawing C04-0878
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MCP4902/4912/4922

14-Lead Plastic Thin Shrink Small Outline (ST) - 4.4 mm Body [TSSOP]
' Note: For the most current package drawings, please see the Microchip Packaging Specification located at

hitp://www.microchip.com/packaging
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SILK SCREEN

RECOMMENDED LAND PATTERN
Units MILLIMETERS
Dimension Limits|  MIN [ NOM | MAX

Contact Pitch E 0.65 BSC
Contact Pad Spacing C1 5.90
Contact Pad Width (X14) X1 0.45
Contact Pad Length (X14) b 1.45
Distance Between Pads G 0.20

Notes:
1. Dimensioning and tolerancing per ASME Y14.5M
BSC: Basic Dimension. Theoretically exact value shown without tolerances.

Microchip Technology Drawing No. C04-2087A
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APPENDIX A: REVISION HISTORY

Revision A (April 2010)

+ Original Release of this Document.

o
- -
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MCP4902/4912/4922

NOTES:

DS22250A-page 44 © 2010 Microchip Technology Inc.



303

MCP4902/4912/4922

PRODUCT IDENTIFICATION SYSTEM

To order or obtain information, e.g., on pricing or delivery, refer to the factory or the listed sales office.

Examples:
Device  Temperature Package a) MCP4802-E/P: Extended temperatura,
Range PDIP package.
b) MCP4902-E/SL: Extended temperature,
. X ¢ SOIC package.
Device: MCP4302: Dual 8-Bit Voltage Output DAC .
MCP4902T: Dual 8-Bit Voltage Output DAC ¢} MCPA4Q02T-E/SL: Extended temperature,
{Tape and Reel) SOIC package, Tape
MCP4912:  Dual 10-Bit Voltage Output DAC and Reel
MCP4912T: Dual 10-Bit Voltage Output DAC d) MCP4902-E/ST. Extended temperature,
(Tape and Reel) TSSOP package.
MCP4922:  Duat 12-Bit Voltage Output DAC €) MCP4902T-E/ST. Extended temperature,
MCP4922T: Dual 12-Bit Voltage Output DAC TSSOP package, Tape
(Tape and Reel) and Reel
f) MCP4912-E/P:  Extended temperature,
’ . PDIP package.
oo smstnagly g iR SN\ 17, g) MCP4912-E/SL:  Extended temperature,
SOIC package.
: h) MCP4912T-E/SL: Extended temperature,
Pac 4 P =  14-Lead Plastic Dual In-Line (PDIP,
kage SL = 144 ead Phastic Smal Omﬁne(P Naf)vow (SOIC) SOIC package, Tape
ST =  14-Lead Piastic Think Shrink Small Outline and Reel
(15507 ) MCP4912-E/ST. Extended temperature,
TSSOP package.

) MCP4912T-E/ST: Extended temperature,
TSSOP package, Tape

and Ree!

K) MCP4822-E/P: Extended temperature,
PDIP package.

)  MCP4922-E/SL:  Extended temperature,
SOIC package.

m) MCP4922T-E/SL: Extended temperature,
SO0IC package, Tape
and Reel

n) MCP4922-E/ST. Extended temperature,
TSSOP package.

o) MCP4922T-E/ST: Extended temperature,
TSSOP package, Tape
and Reel

© 2010 Microchip Technology Inc. DS22250A-page 45
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NOTES:
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Note the following details of the code protection feature on Microchip devices:
«  Microchip products meet the specification contained in their particular Microchip Data Sheet.

*  Microchip believes that #ts family of products is one of the most secure families of its kind on the market today, when used in the

intended manner and under normal conditions.

*  There are dishonest and possibly illegal methods used to breach the code protection feature. All of these methods, to our
knowledge, require using the Microchip products in a manner outside the operating specifications contained in Microchip's Data
Sheets. Most likely, the person doing so is engaged in thek of inteflectual property.

= Microchip is willing to work with the customer who is concerned about the integrity of their code.

*  Neither Microchip nor any other semiconductor manufacturer can guarantee the security of their code. Code protection does not

mean that we are guaranteeing the product as “unbreakable.”

Code protection is constantly evolving. We at Microchip are committed to continuously improving the code protection features of our
products. Attempts to break Microchip’s code protection feature may be a violation of the Digital Millennium Copyright Act. If such acts
allow unauthorized access to your software or other copyrighted work, you may have a right to sue for relief under that Act.

Information contained in this publication regarding device
applications and the like is provided only for your convenience
and may be superseded by updates. It s your responsiblity to
ensure that your application meeis with your specifications.
MICROCHIP MAKES NO REPRESENTATIONS OR
WARRANTIES OF ANY KIND WHETHER EXPRESS OR
IMPLIED, WRITTEN OR ORAL  STATUTORY OR
OTHERWISE, RELATED TO THE INFORMATION,
INCLUDING BUT NOT LIMITED TO ITS CONDITION,
QUALITY, PERFORMANCE, MERCHANTABILITY OR
FITNESS FOR PURPOSE. Microchip disclaims all Hability
arising from this information and its use. Use of Microchip
devices in life support and/or safety appiications is entirely at
the buyer's risk, and the buyer agrees to defend, indemnify and
hold harmiess Microchip from any and all damages, claims,
suits, or expenses resulting from such use. No licenses are
conveyed, implictly or otherwise, under any Microchip
intellectual property rights.

QUALITY MANAGEMENT SYSTEM
CERTIFIED BY DNV

=—=150/TS 16949:2002 —

Trademarks

The Microchip name and logo, the Microchip logo, dsPIC,
KEELOQ, KEELOG logo, MPLAB, PIC, PICmicro, PICSTART,
PIC32 Ingo, rfPIC and UNI/O are registered trademarks of
Microchip Technology Incorporated in the U.S.A. and other
countries.

FiterLab, Hampshire, HI-TECH C, Linear Active Thermistor,
MXDEV, MXLAB, SEEVAL and The Embedded Control
Solutions Company are registered trademarks of Microchip
Technology Incorporated in the U.S.A.

Analog-for-the-Digital Age, Application Maestro, CodeGuard,
dsPICDEM, dsPICDEM.net, dsPICworks, dsSPEAK, ECAN,
ECONCMONITOR, FanSense, HI-TIDE, In-Circult Serial
Programming, ICSP, Mindi, Mii, MPASM, MPLAB Certified
logo, MPLIB, MPLINK, mTouch, Octopus, Omniscient Code
Generation, PICC, PICC-18, PICDEM, PICDEM:net, PICkit,
PICtail, REAL ICE, rfLAB, Select Mode, Total Endurance,
TSHARC, UniWinDriver, WiperLock and ZENA are
trademarks of Microchip Technology Incorporated in the

U.S A. and other countries.

SQTP is a gervice mark of Microchip Technology Incorporated
inthe US.A.

All other trademarks mentioned herein are property of their
respective companies.

© 2010, Microchip Technology Incorporated, Printed in the
U.S A., All Rights Reserved.

0 Printed on recycled paper.

ISBN: 978-1-60932-129-1

Microchip received ISO/TS-16949:2002 certification for s woridwide
headquarters, design and wafer fabrication JaciRies in Chandier and
Tempe, Arizona; Gresham, Oregon and design centers in Calfomia
and India. The Company’s quaiily sy and p
are for ks PIC® MCUs and dsPIC® DSCs, KeeLoa®code hopplng
devices, Serlal EEPROMSs, microperipherals, atile y and
anaiogpmdmx Inadﬂon Microchlp’s qualy system for the design
0 systems Is 1ISO 8001:2000 certiied
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WORLDWIDE SALES AND SERVICE

AMERICAS

Corporate Office

2355 West Chandler Bivd,
Chandler, AZ 85224-6199
Tel: 480-792-7200

Fax: 480-792-7277
Technical Support:
hitp://support.microchip.com
Web Address:
www.microchip.com

Atlanta

Duiuth, GA

Tel: 678-957-9614
Fax: 678-957-1455

Boston
Westborough, MA
Tel: 774-760-0087
Fax: 774-760-0088

Chicago

itasca, IL

Tel: 630-285-0071
Fax: 630-285-0075
Clevetand
Independence, OH
Tel; 216-447-0464
Fax: 216-447-0643
Dallas

Addison, TX

Tel: 972-818-7423
Fax: 972-818-2924

Detroit

Farmington Hills, MI
Tel: 248-538-2250
Fax: 248-538-2260
Kokomo

Kokomo, IN

Tel: 765-864-8360
Fax: 765-864-8387

Los Angeles
Mission Viejo, CA
Tel: 949-462-9523
Fax: 949-462-9608

Santa Clara

Santa Clara, CA

Tel: 408-961-6444
Fax: 408-961-6445
Toronto
Mississauga, Ontario,
Canada

Tel: 905-673-0699
Fax: 805-673-6509

ASIA/PACIFIC

Asia Pacific Office
Sultes 3707-14, 37th Fioor
Tower 6, The Gateway
Harbour City, Kowioon
Hong Kong

Tel: 852-2401-1200
Fax: 852-2401-3431
Australia - Sydney
Tel: 61-2-9868-6733
Fax: 61-2-9868-6755
China - Beijing

Tel: 86-10-8528-2100
Fax: 86-10-8528-2104
China - Chengdu

Tel: 86-28-8665-5511
Fax: 86-28-8665-7889

China - Chongqing
Tel: 86-23-8980-9588
Fax: 86-23-8980-9500

China - Hong Kong SAR
Tel: 852-2401-1200
Fax: 852-2401-3431

China - Nanjing
Tel: 86-25-8473-2460
Fax: 86-25-8473-2470

China - Qingdao

Tel: B6-532-8502-7355
Fax: 86-532-8502-7205
China - Shanghai

Tel: 86-21-5407-5533
Fax: 88-21-5407-5066

China - Shenyang
Tel: 86-24-2334-2829
Fax: 86-24-2334-2393

China - Shenzhen
Tel: 86-755-8203-2660
Fax: 86-755-8203-1760

China - Wuhan i
Tel: 86-27-5980-5300
Fax: 86-27-5980-5118
China - Xian

Tel: 86-29-8833-7252
Fax: 86-28-8833-7256

China - Xiamen

Tel: 86-592-2388138
Fax: 86-592-2388130
China - Zhuhai

Tel: 86-756-3210040
Fax: 86-756-3210049

ASIA/PACIFIC

India-B
Tel: 91-80-3090-4444
Fax:.91-80-3080-4123

India - New Delhi
Tel: 91-11-4160-8631
Fax: 81-11-4160-8632

India - Pune
Tel: 91-20-2566-1512
Fax: 91-20-2566-1513

Japan - Yokohama
Tel: 81-45-471- 6166
Fax; 81-45-471-6122

Korea - Daegu

Tel: 82-53-744-4301

Fax: 82-53-744-4302
Korea - Seoul

Tel: 82-2-554-7200

Fax: 82-2-558-5932 or
82-2-558-5934

Malaysia - Kuala Lumpur
Tetl: 60-3-6201-9857

Fax: 60-3-6201-9859

Malaysia - Penang
Tel: 60-4-227-8870
Fax: 60-4-227-4068

Philippines - Manita
Tel: 63-2-634-9065
Fax: 63-2-634-9069
Singapore

Tet: 65-6334-8870
Fax: 65-6334-8850

Taiwan - Hsin Chu
Tel: 886-3-6578-300
Fax: 886-3-6578-370
Taiwan - Kachsiung
Tel: 886-7-536-4818
Fax: 886-7-536-4803
Taiwan - Taipel

Tel: 886-2-2500-6610
Fax: 886-2-2508-0102
Thailand - Bangkok
Tel: 66-2-694-1351
Fax: 66-2-694-1350

EUROPE

Austria - Wels

Tel: 43-7242-2244-39
Fax: 43-7242-2244.393
Denmark - Copenhagen
Tel: 45-4450-2828

Fax: 45-4485-2829
France - Paris

Tel: 33-1-69-53-63-20
Fax: 33-1-69-30-50-79
Germany - Munich
Tel: 49-89-627-144-0
Fax: 49-89-627-144-44

" Haly - Milan

Tel: 39-0331-742611
Fax: 39-0331-466781

Netherlands - Drunen
Tel: 31-416-690399
Fax: 31-416-690340
Spain - Madrid

Tel: 34-91-708-08-20
Fax: 34-91-708-08-91
UK - Wokingham

Tel: 44-118-921.5869
Fax: 44-118-921-5820
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