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cloud computing n.
Leveraging 3rd party computing
capability over the network to cut
costs, increase scale, improve
agility, and access best practices
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LabVIEW 2009 SP1 Professional

#DVD 1~4

- LabVIEW 2009 Platform
LabVIEW English (Base/Full/Professional)
_Real-Time Execution Trace Toolkit
_LabVIEW SignalExpress
NI Motion Assistant

_Real-Time Module
FPGA Module
_Vision Development Module 2009
_Control Design and Simulation Module

#DVD 5

- LabVIEW 2009 Service Pack 1

- NI DIAdem 11.1

- LabVIEW 2009 SP1 Control Design and Simu-

~MathScript RT Modul lation
St:tec}gl{? Moduleo oe - LabVIEW 2009 SP1 Datalogging and Supervi-
_PID and Fuzzy Logic Toolkit sory Control Module

- LabVIEW 2009 Touch Panel Module

~Simulation Interface Toolkit
e T A e - NI Vision Development Module 2009

~System Identification Toolkit
_Report Generation Toolkit for Microsoft Office

Database C tivity Toolkit #DVD 6
Tntornat Toolkit Y TO0H " LabVIEW 2009 Embedded Module for ARM
Microcontrollers

Advanced Signal Processing Toolkit

aptive Filter Toolkit - LabVIEW 2009 SP1 Real-Time Module
Des top Execution Trace Toolkit
~ VI Analyzer Toolkit #DVD 7
_Unit Test Framework Toolkit - LabVIEW 2009 SP1 FPGA Module
“DataFinder Toolkit - LabVIEW SignalExpress 2009
~Microprocessor SDK - NI TestStand™ 4.2.1
Mobile Module - NI-VISA Full
_Datalogging and Supervisory Control Module
Touch Panel Module #DVD 8

- NI Vision Acquisition Software

NI SoftMotion Modul
SoftMotion Module - NI Vision Acquisition Software 2

~Sound and Vibration
NI Device Drivers DVD - August 2009
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CMD17 adtc [31:0] data R1 READ_SINGLE_BL Reads a block of the size selected by
address OCK the SET_BLOCKLEN command.**
[URES
Bit position [47] [46] [45:40] [39:8] [7:1] [0]
Width (bits) 1 1 6 32 7 1
Value 1o 1 P P P T’
Description start bit transmission bit command index argument CRC7 end bit
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parameter error
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Aiw 3 o0 Olel, 1, R1IB

.P.:)|>).;L5n\”d9.x.?§lm)9ms > Ses (5 0920 4 J>

Geb s 3,8 S 35 B cule, bl b uS cnl J)l
(Y Jga=)

FA g0 & MMC & Sl ygiws a5 385 0 0lis Jgaz ol
s Sl 85 a0 S S0 il 53 xigds oo Jluwl i
S d9d (0 £, b5l s SIMMC 4 (host) 5 5o 5l
661:@0QT).;.B.ogWIé,,L.;Aﬁ&l)\‘YQﬁIJQI,)@
1ol Jlaie a5 1, F8 e an 258 (o0 Jlo)l MMC 4 il (o0
oyl sl 5 K0 G2,k 5l ol 45 385 o Ol 5 il it
command index w939, o G o 2l 49 1S5 e
)|)§QTLsL?A.gdfks)ymoAfgw|6:ﬁuLiﬁldgigdfl)
s a5 1, 0lag®,T lsie 0T 5l am g 28 o Jlosl | 5,8 o0
crc Llsse o )l am 9.0 o Loyl 1) 51y cmd 4 Koo o
)}zw.sdhu)b_sl)u:z}_s}?gra.xclgo,qg.&lféwl&m)ésnl)
ol gibin 1 0T laio a5 1) 0Ll g 15T 539 005 o s
A5 o JU ) MMC G b 4,

Jlol 5 & HOST b 5,80 b 5l olygims ddusn
& b (o0 1 (Bl gies o sl 5 MMC 5 50 (o0
JIMMC G,b slenis dlo)l gl lade (gwyn b r,,“sl,s 0
mos 3> LMMC corsy

{5 sla ) CARD RESPONSE

OF Gl o & cal b K gl ol RT gl
g (o0 S S O lide a8 ) ol STy ol jio dives
4 g 0 azgie 250 R1(00000001) ol )laze 31 e
o RESTART Jl> ,s MMC

0

L in icle state
erase reset
illegal command

com crc error

erase sequence error
address error
parameter error

Response Format R\
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CMD index SPlImode Argument Resp Abbreviation Command description

CMDO Yes None R1 GO_IDLE_STATE resets the MultimediaCard

CMD1 Yes None R1 SEND_OP_COND Activates the card,s initialization

process

CMD17 Yes [31:0] data R1 READ_SINGLE_ reads a block of thr size selected by
address BLOCK the SET_BLOCKLEN command.™

CMD24 Yes [31:0] data R1b™ WRITE_BLOCK writes a block of the size selected bye
address the SET_BLOCKLEN command.™

Yooled oo

Slgz oo LB 4 LJB 00 4 1) Sledb BLOCK: MMC
b S Slgs (o0 a5 00l Sl ol (pais 5| BLOCK
BLOCK ,a ,laie (5,5 i <> 5 a5 0l juiie colb Y- FA
55 (SECTOR) 950 G BLOCK o 4 .l ol 0VY
Dgl (0 s

a8 GROUP oo IS o yee iz & :GROUP
Al arie HeiSw Al Lilgs oo 56 opl 457 39d (oo

S a8 GMJ).)T 25 1 ©ledbI BLOCK & giws ol CMD24
R1B gl 9 dwgs (0 MMC 515 568 oo a2al38 Olegs T
Aok azsls 1) jho pe golaie 1 mwl cpl lade a3 (0 )
S Canl ool (gm0 il azils | o )lade gl cnl ST 0g2
ol Jgrie MMC

2L 28 B cole, LMMC 4 lajgiws opl 0sliw 3 sl Jl>
S cale) 55 1) £900F gla LB

&  Host Comunand to Card Response - Card is ready

Sl ygiws 3l odal ¥ Jgaz 53 &5 ola jgiws.ditus 6,53 cla
JUslh b 0T st MMC s paigs b ol sl 5 diis e
S

4 MMC s MMC & 1) jgins opl 55 S1.CMDO
oS 25" o Jloyl Olls L RT &l 5 39, o RESET >
s 23k (00000001) Ll RT gl slaie b o pg0 onl o
25 1k Cwl MMC 058 <y 4 bgy o a8 RT gl -
A8 dbte

I, R1 gl 9 ST (o s Sy [, MMC 505 ¢l CMD1
(00000000) il » <>l )3 RT gl Hlade b a8 a2 5 o
)l 3929 o3 a gy ik

23485 sl 51, SledbIBLOCK K jgiws ool CMD17
2k s sawyd o ) RE ol 5 wlgs (o0 0ads axilis ol T
Aok awals 1) jho Hlade gl ol

GROUP sBLOCK la aals’ pogin b sl o33 1> ol o

cs [H[H[L]L]L]

W W R R R R R RE R R E W EE W

L] [un]n]H|

o— Nes —» o Nec —»
Datain | x|x|H[H|H|[H| 6bytescommand |H|H|H|H|H] |1 H[H]H]x]x]x]
1—Ncﬂ—h
Datacut IZ|2|Z|H|H|H[H| """" |H H[HlHlH 1 or 2 bytes response |H|H|H|H[H|Z|Z|
Foled Jyax
+ Data Write
cs |H |_|I_| ------------------ |L]|_|I_|]_| ------- |L|H|H|
- Meg =My
Datain | X|H|H |H| write command [H|H|H[H] **** [H|H|H|H| Datablock [H[H| *=*+=++ [n|x|x]
= Mg =
vataot fzlz |k |k |m| mrree HIHIH| rosoomse | F|H|F[H[H[H[H[H] o |Busy| *|Busy| 1|z
0 ol Jyax
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s Data Read

cs [H[L]d] BERREEE
e Nes ) w—te—MNee
patain | X|H|H| H|H| Read command [H[H[H][H]H] —  rrrreeee |1 1] x x| x]
+— Neg —» — Nac —f
pataout |2z [n[n|u]n] =re-r- H|H|H]| H| card response [H[H|H|H| Databiock [H[H|z|Z]
7 o)leds Jgax

DATA olaa &5 DATA BLOCK s 5 puian 3 (50 0,b93
1588 slwe ,5 FE 5l o W 53 of Llade 9 <l TOKEN
03LT &5 DATA TOKEN Jla 5| sas i 3 (50 |,
DATA Jlol 5l an 558 o oledbl BLOCK X, by s
0T 3l 321 5 gt i o » ledbl BLOCK <, TOKEN
Data Jya> 3.b) S o bl o)l Data Response
Sl psS 0 K2 1) ol Data Response sl ,5 ;I 10 (Write
Sldee 9 ol sl a8 3 Lo g 25L (010) by s carsy

ol 03 plas udibgn b oidgs

e Data Response
7 0

0

® | x| x status

Data Response
The meaning of the status bits 1s defined as follows:

‘010° - Data accepted.
‘101" - Data rejected due to a CRC error.

sgims lanl g el OT o (rig ans 36 MMC 1 oxsles
Geb hosty 3,5 sla s ol joa 4 sl CMD17 &5 1, o sl
oob Data Read dsr cley U e 5 o 0 s 5 Ul
o155 o MMC 11, oledbl J5 Jbo

39 01 jl oxlgs LMMC s g obsT sl YU sla Jle
Lol slsse OT 5L sty 522 MMC )3 paagse Lisly 51
9 5 reset L, MMC F Jyar cole, by cmdO e b b
MMC &, f Jgas cole,b CMDI jgiws Jlo,l b o7 5l o
b sz MMC i wilss o0 0T 5l an g o8 s Sy L)
ey PRrees ol b m)l,}u

Eie QT)ng,s @AVRle).g[nKMg)sulsﬁ\_ﬁzdb
I, MMC 5 oubgis 0lss w055 xu Koo 03 STeset

et ey
s d5g05 4l

e palyS (0 &5 oS 028 g (2 3090 2l 0o Jle K

4 by sgis Il w8 (0 Joe 25 s 4L Gl Gl
NELE RV ¢ Jgaz 5l s MMC )5 g Oleas a5 1) 0,053
2ol o YF sae gmwd ol 35 ol pls .cwl CMD24 plea as
COMMAND INDEX l> 4 ¥ Jsa> ab |, Y30 Jb>
ol joa 4y b cpl laia 9 oaas (o0 Bl (i b Al S &
can caid TRANSMISSION BIT s 5 g5 08 can
ARGUMENT isl> a5 1,30H sue (s .ol O (s 3940 o0
SR e (0 )8

1 BYTE

START EIT 24

| |
7——\
01011000
|

TRANSMISSION EIT

o8H

Jio ) MMC 4 DATA WRITE Jya> :b I, s 58 ol e
FF cul X Guper o8 oo SET 1, CS 4l oy o o
5 o5 o RESET |, CS aly g i b 58 MMC 4,
58H suc lunl ins oS’ (50 Jlol |, WRITE COMMAND
|)30H53WP¢L~}GAM|¢4L&QTJ,L4§I)
b ol ol Jlez 0T sb g meoge axslis olegS )T ls & a5
[k 8 (5
Data Tokens
e First byte: Start Byte
7 0
Lo o] ool
Data Tokens

e Bytes 2-2049 (depends on the data block length): User data
e Lasttwo bytes: 16 bit CRC.

FF <ol < o,bss DATA WRITE Jsss gub of 5l an

gl G S o 8b, O Sl el e i 5 (o0
) FE el oK, sl <8bys 5l as CARD RESPONSE
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Sregfile = “m32def.dat” C Cwed

Scrystal = 12000000

Config Spi = Hard , Interrupt = Off , Data Order = Msb , Master
=Yes,

Polarity = Low , Phase = 0, Clockrate =4 , Noss = 0

Config Portb.3 = Output

Cs Alias Portb.3

Declare Sub TrigerMMC

Declare Sub WriteMMC

Declare Sub ReadMMC

Dim Command As Byte , Response As Byte , Address As Long
, T As Byte

Dim K As Byte , Writes As Byte , Repeat As Word , Reads(512)
As Byte

Cls

Spiinit

TrigerMMC

\WriteMMC

ReadMMC

Cls: T=1

Do’
Locate 1, 1: Lcd Hex(reads(t)) ‘ 2 <l
Incr T

\Wait 1

Loop’
End f3 Cwd

Sub TrigerMMC

Set Cs

Command = &HFF

For K=1To 10

Spiout Command , 1

Next K

Response = &HFF

Reset Cs

Command = &H40

Spiout Command , 1

Address = 0

Spiout Address , 4

Command = &H95

Spiout Command , 1

\While Response <> &HO01

Spiin Response , 1

\Wend

Locate 1, 1: Lcd Hex(response)
Set Cs

\Waitms 50

Command = &HFF

\While Response <> &H00

Set Cs

Spiout Command , 1

Spiout Command , 1

Reset Cs

Command = &H41

Spiout Command , 1

Address = 0

Spiout Address , 4

Command = &HFF

Spiout Command , 1

Spiout Command , 1

Spiin Response , 1

\Wend

Locate 2, 1 : Lcd Hex(response)
Return
End Sub’
Sub WriteMMC

Set Cs

Command = &HFF
Spiout Command , 1

4 Cracd
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el (V) Comd Dloeusgs
9 o)l & g9, Msb oy 5wl & oad sai Sy 5,5b SPI
A8 e 0nls il

el 0 (V) Comd Dloeusgs

a1 xze 53 a8 MMC jloas sxsles OleMbl cand ¢l )5
g 50 015 Lol LCD )5 s 5 4 00 0315 )l 3 Reads
el 0 () Comd Dloeusgs

Jus CS oas LOW L MMC )5 & g (oo 591 33k
03,5 LOW L sl (59 b ol )3 (CS=0Jleé cdl>) 39 o
0s,5 RESET Syt e @S 0 a3 1) )87 1) bs ,5CS
S puiSen Juo,l 1, CMDO 4205 MMC

_~01000000
£3. uu/ CHDO g2

HOST
o el 40H Ll 1580 slie )5 5 el (b G 08 G
F a1 0logS )T s i3 0 L 40H x|, 587 cal Ul 5
OlogS )T CMDO 9205 ¥ g 4 4245 b ain 3 (o8 el (s
(P09 ¥F b3) puit b (0 yio Olog,T sl 4 ol pliy 3,10
5 o Jl )l MMC &5 0bL s b ol ea |, CRC laie s

(YYoV's L)
10010101
BRE bl o

55 n 2dly3 )5 51 by F sz 3:b CRC Uyl 51 am
ol 28l o RE uly CMDO s sl ¥ dgaz Gib
RESET 4 by ;o <o 1L el RESET > )5 &) 09
(R1=00000001) A5 azils I, Lo S5 slate R july 53
(F- GYA bs) oS o Xz Whille (s il 5 55 1, Sl o
2ok awsls 1, O1H) Llaie RT zuly a8 oloy b 5 K0 (g
goly 9 s Reset o5 asCyl Gama 4y 0 1,5 1, ail> o
Reset ;| ax.398 0 gl While s ail> 5l 9,80 sbiw )8 1,
ey o 0T G305 4 Cugs )8 058

9 oS 2 Set [, CS s 4l ¥ Jyax b )8 a0 S 6l 0
G Ko ygiwd G (FY 9 F5 b)ﬁ»;@FF ol
b 0 Cmdl g Ola &5 08 o lan ¥ Jgax Sl o)l
(CS=0 49'1‘")["':5 o Jo 1 o)l sl jgmws Jl)l sl
i 8 (8 1) ogiws A8 G

. 01000001
£ s 2
HOST

o 9 CRC (slon 0lagS )T 5l ams i 9 (o L) OlagS T Goses 9
cob & a5 of 5l ax (0090F b3) pain 8 0 FF ol G 0L
(05 b3 gt yina FF ol G F Jgaz gub ool b Jals” 1,



Reset Cs

Command = &H58
Spiout Command , 1
Address = &HOO0

Spiout Address , 4
Command = &HFF
Spiout Command , 1
Spiin Response , 1
\While Response <> 0
Spiin Response , 1
\Wend

Command = &HFF
Spiout Command , 1
Command = &HFE
Spiout Command , 1
For Repeat = 1 To 512
Spiout Writes , 1

Locate 1, 1 : Lcd Writes
Incr Writes

Next Repeat

Spiin Response , 1
Spiin Response , 1
Locate 1, 10 : Lcd Hex(response)
Spiin Response , 1
\While Response =0
Spiin Response , 1
\Wend

Locate 2, 10 : Lcd Hex(response)
Return

End Sub’
Sub ReadMMC f 5l
Set Cs

Command = &HFF

Spiout Command , 1

Reset Cs

Command = &H51

Spiout Command , 1

Address = &HOO0

Spiout Address , 4

Command = &HFF

Spiout Command , 1

Spiin Response , 1

\While Response <> 0

Spiin Response , 1

\Wend

\While Response <> &HFE
Spiin Response , 1

\Wend

For Repeat = 1 To 512

Spiin Response , 1
Reads(repeat) = Response
Locate 2, 1 : Lcd Reads(repeat)
Next |

Set Cs

Return

end Sub

s Jgiine MMC &5 sl pogin ol

14l () Caond Dlxudgs

Reset I, CS laxl Data Read Jysz Gb 9 ml ol s
ResetI)CSWP*:M,éLSAFF ol K dm g oS (e
Juo)l [, CMDI7 g MMC jl 0xlys jgiws 9 w8 (o0

oS o

T
010001
Eapi S 1Y s

Gl ¥ dgazr 4 azg b oo b, )8 5L Gy Gus
o8 o)l g Ko sl amail (o R1 sul CMDI g2
g ) Reset <> 51 b
ss30 ool o Q00H) 5L Lao R gl b o ol 3 ol ol
Pl i ouS (o owy» While Wend ¢ ail> G )5 1)
by by 2 (0 )13 While s aal> Gy 1) olygaws ol
) dal> ol 9,8 00is oo R1 s 00 g0 Sy o l57 a8
oSl el g sl a0 K ) 4Gl Gaxe 408 0 )LSS
9,5 9 398 (o yao RI Jlaie cdb> ol joal 7)1 Reset
() gummo a0 Ky Gan 4) 29 (o0 )5 dil>
el 0 (Fy Cond Olousgs
S SET I, CS lswl Data write Jgas Gub o9 ple ¢l )3
) CS s (F055F 98T bshs)pui b 0 FF ol Sy
w5 o Jlo)l LICMD24) (25 sgaws 9 8 o0 Reset

uiunuoy
i | CHD2

HOST

($A9sY sla Ls)
leqd.g[,ﬁ;foﬁ.&bT)ol)QLc)LHm.M,}@d(;,lgU»)JT.ug
oS oo Jlol b T g 40 5 03l3 )13 ¥ sz s OlegS T
byhs)osi 5 ks 55 O0H 1) 6,55 Jowo uysT aals s ol 5
O 9 i d o0 FF ol B dgan Gb o Sl am (V- 554
4.1.’>/,.AO€|)JMMCJ&H‘im){@ak))&)l{)”)éﬂl{:
gl Olea CARD RESPONSE gl ¥ Jgazr gub i b (o0
251 3)ge cpl a8 sil atils o s laae b asasl e R1
'EWL;QJL:)JJJ.’.;.P.:JKGAGH)){Whﬂe,Wendg%;ﬁ:
a5 Data Block o7 jl ax 5 puiw 3 (0 FF ol Jgaz b
»l» Data Sheet ,5 o ,luie 5 23L o Data Token olea
o, Data Token osliw S dxs oat 9 00 |, el FEH
03 09z 9 39 (o0 Dledbl Block X il s s oslel MMC
OVY b G ol Colb 0VY STobs ja laie (5,8 iy <>
FOR s ail> < b1, ool 8" Jlosd MMC & s ol
L OVY ails ol ey (AD LAY bghs)puas oo plosl NEXT
MMC 4 |, oledbl col G LS LU a5 9 550 (0 1S
Pﬁfo}pbw|p@4§6)ﬁﬂ%&|a)opﬂf@Jbﬂ

59 00 Jlo ) MMC 4 55,8 o )l,5 WRITES iz 5
& wdb s o)l 5, F.Data response Jgaz g aow
6La¢,u3)f|.|ﬁ.,:5@w)ﬁl)statusGucﬁ:{w,,ﬁzf
g Oldee a5 cal ol gze 4 2l azils |, Status 010
S wuiS o by 1, Busy O Sl ax cal sad plsil
o 4 2l ho mul ol Jlade ST .ails jho ol Hlase b
wdls ol s Glpail (o Jgrie MMC a5 cusl e
Jlaie as” Slej Gy P.:.QJGA)I)EWhﬂeg_;%&)J 1) 9 ,5m
gl opl &l paze 4 wle (0 dal> )5 9 e Al i Busy
& ol 5 39 o g5 Al 19 Kao tl 4xtls | i i lia
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A8 o MMC

Sy MMC 5 g 9 0ilgs s ass 56 s a5 ) ehslea
P.:_;I,QMMC)'II)J,Lg&%bu}gwl)swwhj,lf
ol plo canl cob OVY Sobs ja Hlade (5,8 iy Sl 55 0g2 9
L'))&algp.«.il’:'uMMC S cslb 0VY ouslys 'olf.u, b L
LoV ads ol o P.@.)@fbdFORNEXTé%&
)—’9[»1-"9960MMC)”)~9[{=1:lﬁ)le;ﬁ)>9>}-~:-°)|)i’
R = 1,3 Reads sl 4.5|)T).3;L:,o09).>

MMC by > gsio
http://miladelectronic.vcp.ir M.M.Ssy,5" uls.\.......l Py

)8 Ql.o,f)T FEup) r,.:.:',.‘:u [""‘QIP = & Seb UA:)JTW
.x;g.wl()OHJ,lgu»)ﬂlagl);dfwgw)éungmnssa
dx 9 peiw 3 o0 FF ol G Data Read Jyas gub o
S b o)l el cunsg g S (0 s S ST Rl
wsls g2y lbs S oS o S5 WhileWend ¢ ail>
395 o0 B il Sl g Kee sl Lao gl laie i il
dn g eaiw )b 0 FF ol G Data Read Jyao b Gues
auS Wb a5 jokilea nuiS (o il ) I, Data Token
L) slage ¢l b )8y cusl FE Lol Data Token jlace s
k;oks..u)).gWhﬂe64.519)3|)5)9.AO{|P.¢)LM)690L.3|).3
AQ)Q@Q)JQ)K)H)FE)|M4§@U)U9)&A@&m§
il 5 511 FE 5 Koo aSal Game 4 45 o |2l |, ail>
0blgs & 9,0 9,Ke I cpl )3 9 398 (0 g ddl> Sl s S

IAR Embedded Workbench Collection 2010

Al ol JKal g Jlals™ (sl 50 asb ig 9 Jol (sl acgaxe JAR Embedded Workbench
4580, dangs 9 42U ol Acgooma 31 433 i 1380 p 5 ol zaal Gt 9 C 0L 4 00 423 sla

il o0 LS 9,80 plgl 59, Rl sy JKAL (b )sbie 4
6l )9 Kem 02,33 208 2 b 03,5 U8 6l GboS ol slaslsdl p i Sl (el Jalis dcgazme

: dc

® JAR SYSTEM Collection IAR Embedded Workbench for Atmel AVR v5.40

® AR Embedded Workbench for 8051 - V7.51A
® JAR Embedded Workbench for ARM v5.41

® AR Embedded Workbench for M16C & R8C v3.40

® AR Embedded Workbench for PICmicro v2.21A
® JAR PowerPac for ARM v2.31 Base edition

® J|AR PowerPac for ARM v2.31 TCP/IP

® JAR PowerPac for ARM v2.31 USB Device

elektor 1995~2009 Al 10 45 gosxo
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FPGA & 7seg Jlail o g%

reg [15:0] count=16’h0000;

always @(posedge clk) count=count+16’h0001;

//multiplexing

assign digit_select[0]=~(count<=16’h5555);

assign digit_select[1]=~(16’h5555<count && count<16’hAAAA);
assign digit_select[2]=~(count>=16"hAAAA);
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wire [11:0] digit;
counter_3 counter(over,digit);
reg [3:0] seven_seg_mp;
always @(*)
case (digit_select)
3’b110: seven_seg_mp=digit[3:0];
3’b101: seven_seg_mp=digit[7:4];
3’b011: seven_seg_mp=digit[11:8];

endcase
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module counter_3(clkin, dgit3_count);
input clkin;

output [11:0] dgit3_count;

reg [11:0] dgit3_count=12"d000;
always @(posedge clkin)
dgit3_count=dgit3_count+12’d001;
endmodule
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module seven_seg_3digit_counter(clk, segx, digit_select);
input clk;
output [7:0] segx; //includes segA, segB, segC, segD,
segE, segF, segG, segDP.
output [2:0] digit_select; //7seg select lines
reg [15:0] count=16’h0000;
always @(posedge clk) count=count+16’h0001;
wire over=&count; //used as counter clock!
/Imultiplexing
assign digit_select[0]=~(count<=16’'h5555);
assign digit_select[1]=~(16'h5555<count &&
count<16’hAAAA);
assign digit_select[2]=~(count>=16'hAAAA);
wire [11:0] digit;
counter_3 counter(over,digit); //instantiating counter module
reg [3:0] seven_seg_mp; //the digit must be shown on cor-
responding 7seg
always @(*)
case (digit_select)
3'b110: seven_seg_mp=digit[3:0];
3'b101: seven_seg_mp=digit[7:4];
3'b011: seven_seg_mp=digit[11:8];
endcase
reg [7:0] SevenSeg;
always @(*) //hexto 7seg encoding
case(seven_seg_mp)
4’h0: SevenSeg = 8'b11111100;
4’h1: SevenSeg = 8'b01100000;
4’h2: SevenSeg = 8'b11011010;
4’h3: SevenSeg = 8'b11110010;
4’h4: SevenSeg = 8'b01100110;
4’h5: SevenSeg = 8'b10110110;
4’h6: SevenSeg = 8'b10111110;
4’h7: SevenSeg = 8'b11100000;
4’h8: SevenSeg = 8'b11111110;
4’h9: SevenSeg = 8'b11110110;
4’hA: SevenSeg = 8'b11101110;
4’hB: SevenSeg = 8'h3E;
4’hC: SevenSeg = 8'b10011100;
4’hD: SevenSeg = 8'b01111010;
4’hE: SevenSeg = 8'b10011110;
4’hF: SevenSeg = 8'b10001110;
default: SevenSeg = 8’0b00000000;
endcase
assign segx=SevenSeg;
lendmodule
module counter_3(clkin, dgit3_count);
input clkin;
output [11:0] dgit3_count;
reg [11:0] dgit3_count=12"d000;
always @(posedge clkin)
dgit3_count=dgit3_count+12’d001;

FPGA & 7seg Jlail o g

case(seven_seg_mp)
4’h0: SevenSeg = 8'b11111100;
4’h1: SevenSeg = 8'b01100000;
4’h2: SevenSeg = 8'b11011010;
4’h3: SevenSeg = 8'b11110010;
4’h4: SevenSeg = 8'b01100110;
4’h5: SevenSeg = 8'b10110110;
4’h6: SevenSeg = 8'b10111110;
4’h7: SevenSeg = 8'b11100000;
4’h8: SevenSeg = 8'b11111110;
4’h9: SevenSeg = 8'b11110110;
4’hA: SevenSeg = 8'b11101110;
4’hB: SevenSeg = 8'h3E;
4’hC: SevenSeg = 8'b10011100;
4’hD: SevenSeg = 8'b01111010;
4’hE: SevenSeg = 8'b10011110;
4’hF: SevenSeg = 8’'b10001110;
default: SevenSeg = 8’b00000000;
endcase

assign segx=SevenSeg;

endmodule
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=24 Operational Amplifiers (97/240)

Search Panel

Gain Bandwidth (MHz) | Supply Min (Volt) Supply Max (Volt)  Input OutputType

1700 <] 2 24

Supply Curmrent Per Channel (mA)

Channels (Channels) | Slew Rate (Wolts /fusec)

4 @ =4 4200 <)

<= 1700 20 <= 20 >=|5,00 L] Mot Rail to ... |* 50 <] <= s0 <= 4200
V| R-R 1
>=0.01 _ Cmag] [ R-R-1rand >= 0.000 s= 1 == 0,004
|| R-R Out Only
L. ([ Ga ) L i L ( G ) L [ Go J L ([ Ga )
0.01 <] C——] 0.9 3 < L] Vern te V4., 0.00095 < pe— b | . 0.0041 <] C—
4 LT} |
Part Gain Bandwidth Supply Min Supply Max Input Supply Current Channels Slew Rate Offset Voltage | Voltage Nois
" (MHZ) (volt) (Volt) OutputType Per Channel (Channels) (Volts fusec) max, 25C (mV¥)  (n¥/root(Hz
(ma)
LMC6084 1.3 4.5 15,5 Ve to V-, R-R ¢ 0.45 4 a Bt} 0.35|0.8 22
LMCE442 0.01 1.8 11 Vem to V-, R-R ¢ 0.00095 2 0.0041 3|7 170
LMC6462 0.05 <] 4] R-R In and Out 0.02 Z 0.015 2|05 80
LMC6464 0.05 3 15.5 F-R In and Out 0.02 4 0.015|0.028 3|0.5 eo
LMC6482 1.5 3 15.5 R-R In and Out 0.5 2 1.3 3|0,75 37
LMC6484 1.5 3 15 R-R In and Out 0.5 4 ] 3 37
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ANALYSIS AND SIMULATION

S P B p) Dpgeo ) Sud @b g e @l e
Fpols Ow 2dl Ll s 9e mlgs oS 42,8

g=tf([1 1],[1 2 1]);

h=tf([1],[1 0]);

&ly Oldsz o9 9 w8 toolbOX 305 I, &l ol Wb Jl>
oy Sl o Sl 5,8 5 agos Dbl (sl S ateins |
4,35 9, Control and Estimation Tools Manager
I ks 5,90 Oledus 5 03,5 IS Control Architecture

8 S 95 i Sl @S (0 DBl 528 Gl sl I

LAB

wdio slod
Sisotool

soud el 53l pr 0 Js sla W)I}gla.,pu:@p
255 oo ooliwl (29,5 K9 60909 S L sla

s dly gl gl lagas HaSs bl s ad
M.\.:,QT,.L@I);.J%L&O.\QL:M JP)JASJ),ALJ,:.:SW
enter 5 awsgs |, sisotool auls’ e Ole,s s 5 Canndls
.;;;&f;pﬂ)dg;.\;uélwwu

)|.§9.4.39l.m4.&.3‘) (WD QKA%W)IJ}QJWO{I)J
U}-?\ J&&)JM)@UL&»')M.MHKQJW‘)W
Bl Jb s JB b lsgel ml 03,85 iy S oub
bie ) jshie opl Glp eules D)l L) Sad g pls @l
) Kad 9 i @lys th b ZPK g2 alewy 4 workspace

} 5150 Design for SIS0 Design Task o ]
File Edit ‘iew Designs Analysis Tools  Window  Help MEHU |Jl.'|r
s L=
h x 022 |RAM W Toolbar
Foot Locus Editor for Open-Laop 1 (OL1) Open-Loop Bode Editar for Open-Loop 1 (0L1)
1 : . . ' :
Root Locus plot
05r
0.5
Bode magnitude plot
L e
0
Tt
0.5
! GM.: Int
=l > : : Frec: Mal
-1 05 D 05 1 A f Bode phase plot
Bode Editar for Closed-Loop 1 (CL1) A S e
0 I
1
O 05
/ Status pane
-1a 0
1
o 05
P -150 deqg
Freq: O radfzec
-1 2 L g
10 100 qg 10" 10 10°
Freguency (radizec) Freguency (radfze
Right-click on the plots for more design options. !

8isotool lusws : \ JSi

www.ECA.ir

AA



sls i |y identifier a3 axiv Olea ;3 Cundls
bl ) Seb b YL 298 Gowe 5l 90,5 KIS browse G99 2 e o) o0 | IMPOTt asy 557 L 5900 5l wlgs 0357 3)l5 sl 0

Control Architecture .LI.E.IEI

Seiect Control Archilecture: du

Select a :
control w

architecture.

Use menu to toggle
____between + and - for

feedback signals

at summing junction.

v s
235 @S oo ol | Import an ;8 5 euisie Sl ) Ll 3590 0 iy &b osls )13 workspace <> s 1) ool cwnd 5

www.ECA.ir

>4
prs
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Active and Passive components
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* General information

* Accessories (holder, cable, mounting system)
* Optics

* Power supply & controller/dimmer

* Sensors (ambient light sensor, RGB sensor)

* Thermal: information & products

* Tools (calculation, measure)

» Manufacturers

* Suppliers

* Catalogues

LED drivers

» General information

» Boost drivers

* Buck drivers

* Charge pump drivers
 Constant current drivers
» Multi-topology drivers
e Other
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LED lamps

* Through-hole LED

* SMT/PLCC/high power LED
* LED Modules

* Invisible: IR & UV LED

* LED lamps: bulbs, neon

* LED lighting
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5V Vee 5V Vee _ R —
Is Vo higher than V, 7 v 5TTL |5CMOS|3LVTTL [25CMOS|18CMOS
IsVo less than 'V, ?
4V44 Vou 5TTL Yes No Yes™ Yes* | Yes®
> ’ 5CMOS Yes Yes Yes™ Yes* | Yes™
SLVTTL Yes No Yes Yes* | Yes™
3V5 Vi 25CMOS| Yes | No | Yes | Yes |Yes'
18CMOS No No No No Yes
3v3 Vee * Requires Vi Tolerance
2v4 Vou 2V5 Vi V4 Vou 2V5 Vee
2v3 Vou 1v8 Vee
2V0 Vin 2V0 Viy
2V0 Vi
1V5 vV V5 Vi 1V5 V, V2 Vo
V17 Vi
1V2 V; oV v
0vs Vi . ; ov8 ViL ov7 v, ov7 Vi
0v4 VoL ot V4 VoL 0v45 VoL
0v2 VoL
0 GND 0 GND 0 GND 0 GND 0 GND
5-VTTL 5-V CMOS 3.3-VLVTTL 2.5-V CMOS 1.8-V CMOS
Standard TTL, ABT, Rail-to-Rail 5V LVT, LVC, AUC, AVC, AUC, AVC,
AHCT, HCT, ACT, Bipolar HC, AHC, AC ALVC, LV, ALVT ALVC, LVC, ALVT ALVC, LVC
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& 0xb O3 5l 68 el Hekine 4 550 Slisl crosstalk
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Family

ABT/E

AC/ACT

AHCIAHCT SN74 ABTH 162244 ADGG R

ALB

ALS Standard Prefix 4—' + -l_—> Tape & Reel
ALVC Military (54) Package Type

ALVT Commercial (74) D,DW = SOIC

AS DB, DL = SSOP

AUC -« DBB,DGV =TVSOP

AVC . DCT,DCU =TSSOP

BCT Special Feature ¢ Function DBV, DCK = SOT
CBT/LVICB3x  Blank = No special features 00 DGG, PW =TSSOP

CD4000 C = Configurable V¢c 174 FK=LCCC

F D = Level Shifting Diode 244 FN =PLCC

FB H = Bus Hold GB =CPGA

FCT K = Undershoot Clamp GKE, GKF =LFBGA

GTL R = Damping Resistor on GQL =VFBGA

GTLP Inputs/Outputs HFP, HS, HT, HV = CQFP
HC/HCT S = Schottky Clamping Diodes J,JT = CDIP

HSTL Z = Power Up 3 State N, NP, NT = PDIP

LS L PAG, PAH, PCA, PCB,

Lv Bit Width g PM, PN, PZ =TQFP
LvcC Blank = Gates, MSI, and Octals PH, PQ, RC = QFP

LvT 1G = Single Gate Options ~¢— RGY, RGQ = QFN

S 2G = Dual Gate Blank = No Options W, WA, WD = CFP

SSTL 3G =Trip|e Gate 2 = Series Damping YEA,YEP,YZA,YZP = DSBGA
SSTV 8 = Octal IEEE 1149 (JTAG) Resistor on Outputs

TTL 16 =Widebus™ (16, 8, and 20) 3 = Level Shifter — Device revision
TVC 18 =Widebus IEEE 1149.1 (JTAG) 4 = Level Shifter Blank = No Revision
VME 32 =Widebus+™ (32 and 36 bit) 25 = 25Q Line Driver Letter Designator A-Z

Texas Instruments = & Slabd 6,158 pb 053l — & S

aabain 31 030ital Ju 31 Sala3l G b 51l ol o 230 oS (Ko
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sobie 4 1G5 B IC e Sla G 4 (Ko 4> b a7 sl oS’
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Vee
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Static T1 | Fairchild | Hitachi | IDT | ON | Pericom | Philips | Toshiba
Compatibility Drive Speed
Current ALS ALS - = = - ALS —
Input Output Iop [ [ Tod max . ;;5[ iFS = - ; = ; _
Family | Technology | Vi/Vin Vo'¥oh | (mA) | (mA) (mA) (ns) 3 T T : : T : — :
T8V @ - - = = = = =
AUC| CMOS CMOS CMOS 8 8 0.01 2 o o - - - - - -
25V
AVC| CMOS CMOS CMOS 8 8 0.04 2 g :[‘al il ll - - - il l
33V
G - = - - [N A -
ALVT| BICMOS CMOS IVTTL 24 3 45 35 5 T = - =
IVT| BiCMOS VTTL IVTTL 64 32 0.19 35 @ - - o T
ALVC| CMOs LVTTL LVTTL 24 24 0.04 3 - — —~ —
LVC| CMOs LVTTL LVTTL 24 24 0.01 4 A:g:;lr "i‘:’tﬂ AT = ”'i‘:‘(n = ﬁ;[ “ﬁr’:{'
ALB| BICMOS VTTL IVTTL 25 25 08 2
AC| CHMOS TMOS | eMOS S B Y ) 85 ’;LL:'[[ (L ALiE :}'{E (L LK i:}'[[ &
AHC| CMOs CMOS CMOS 7 4 0.02 1K o - - - o o "
V| CMOS LVTTL LVTTL 3 ] 0.02 14 — = - = =
v 8 [ wr ] = BT/ - PISC = =
b3 = - = = =
FCT| BICMOS TTL TTL 64 Zis 0.08 7 o iﬂf o LE[LY o Bk
ABT| BICMOS TTL TTL &4 33 0.25 35 - - [ET FE[ - -
AHC| CMOS CMOS CMOS 8 B 0.04 75 - - - - -
AHCT I CHMos T . 5 = 004 77 HOHCT HOHCT HOHCT - HOHCT - HOHCT HOHCT
AC|  CMOs TMOS | CMOs pr T 0.04 %5 14 By b - EvE - = IYDX
AT crios e o - a 004 s g 1] e IVILCR X LOULPT e I
74F Bipolar TTL TTL 64 -15 120 6 o aws J,:_JB_; }I 6‘ w}b;’" J-v LJB-\-?
BCT| BICMOS TTL TTL 64 15 50 66 . R ) L.
HC| CMOs CMOS CMOS 6 3 0.08 20 J5 ol 5 see 4 o (o Bleixl b sl o598 1)l
HCT| CMOs TTL CMOS 6 % 0.08 30 . e
ool 5l eals ey Olis ¥V JKo o Ko ol ) BV
AS|  Bipolar TTL TIL & | i5 143 75 © / d> o lez 9 )
ALS| _ Bipolar TTL TTL 24 | 15 58 10 8 g a8 A sla 59,9 Jlasl 05,8 sl (o 6l oy
S| Bipolar TTL TTL 24 J1s 95 2 L el s J> ol o5
Z - P a Z Z
S| Bipolar TTL TTL & | 15 180 9 QS e ) gy el STabl o Ko K4 Al s
TTL| Bipohr TTL TTL I3 04 72 2 = < ’

2lgls Xz 5 690 ) Uy
030 4j|)| L;.D).:L{ ol 9 L.”JM”A;JU.:“J Le s).LI.«.ta oledb| L5|)" J.ul:Lv

S 92 sopine OB 0aiS” Slgs bawgs

4’ Ghio sla oolyls ol ea 4 Hgeuie OB S a5 5l (B0 el
ST Jsaz 53 by e s larsl ldle 5 1l onds 0y S56 4,
85 Sbode M w5 bazsl Slode Sl (5,5 03 28 s (3l 0
Kl osd o3y OLis ¥ Jgax 55 35,0 sg29 la IC s

62909 Jbasl )91 (o 3979 @ (29,5 LRalniS s (IS oS
)f|(w|o.x.&o_>|éot.i.3vJﬁ.hwg)é).x&l.gksaw)'l{e;ﬁ
Olgs oo ) (RS) (5 s nglin G oS olazwl TTL sla IC
O, 03,5 d9ae jshin 4y b 5 )5 45 (639,99 @ Sy o

als )I)é 39,9 .L:LMJ’S 4.2.‘5))[{4.3
By b 4 b o g 9l s, (O b sg2g Logdle o
o Sl g)ls gadge cul (@ly )5 a8 Az O ool 5

Elektor Magazine - 2003 F ke
sl 34l SIS JUab 095 31 a9 3 ol (Slo 03900 51
AD Analog Devices HM Harris Microwave sl Siliconix
AM Advanced Micro Devices IDT Integrated Devices Technology, SN Texas Instruments, T| (Standard)
AT Atmel IDT SNJ Texas Instruments, Tl (MIL/QML
bg Benchmargq IRF International Rectifier Qualified)
CA RCA (analog) IP Integrated Power SPT Signal Processing Technologies,
CcD RCA (digital) LM National SPT
CL CComlinear Corp. M Mitsubishi SSD Samsung Electronics
cs Crystal Semiconductor MACH Vantis (MACH, PLD) suU Signetics
(&) Cherry Semiconductor MAX  Maxim SY Synergy Semiconductor
Y Cypress Semiconductor MB Fujitsu TA Toshiba
DG Siliconix MC Motorola TC Toshiba
DS Dallas Semiconductor MN Micro Networks TD Pro-Electronics
DM National Semiconductor (digital) NDS  National Semiconductor TL Texas Instruments (analog, Lin-
ED IElectronic Designs Inc, EDI NE Signetics ear)
EL! Elantec Pl Pericom T™MS Texas Instruments
EP Altera (Classic series) PM PMI ‘Analog Devices’ X Xicor
EPC Altera (EPROM) PWM  Siliconix XC Xilinx
EPF Altera (Flex series) QL Quick Logic XR Exar Corp.
EPM  Altera (MAX series) Qsl Quality Semiconductor uA Fairchild
HA Hitachi (analog) SA Signetics uc Unitrode integrated circuits
HAT Hitachi SD SGS Thomson z Zilog
HD Hitachi (digital) SE Signetics ZD Zeltex
Hi Harris SG Silcon General

O 1S 15 sl pb gl s)lans! wledle — ¥ Jyar
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Single Controller ¥

PID Loop ¥
olyues Field Instrument ;1 )4k :Field Instrument
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& @3l Jus by de S5 sl ails PID Loop
bl 4w PID.sigi o 63l ool b 1,25 55 PIDL
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»> l Actuator J,x8 sl b9, Process control

www.ECA.ir

Sl oo la dwy el Lol o5, J8 sla (e 059 ol
slga sy Dlmle)l (papdy 5 oI Vgen o S5
slasly 458l J xS sla (s A9l (8 Cganns g (ldE
Lol w39y KeilKag il 5 (Koilagsy Liles L das sz b ieio
ol e WalS o la a2y Gl a8 s 039 54l
954 39 o0 0olitwl o a5y G Ogawlagsl sl o 59 el assT
D9 (A raaad asLe

Factory Automation .\

Process Automation .Y

L Factory Automation | )4k :Factory Automation
4 o ol Qo sl Jus” discretecotrel jig um 4
A1 Oguamlagsl Jso ol 53 0l oo iS00 )8 ON/OfF & )90
Jesagil 655 Sy gy bt 0T digas . aiind Sy b JUus
ol g5l
ué)f)lfqegfl,b),h;ﬁw.\gafw@uwupk
gl (58

Process Automation ;I sk :Process Automation
)l )18 as sla ddl> o o a5 Guwg o sla juiin J 08
ST s YU 38145 o 53 el ii8 £55 ol sl o

o "n_),_;_',l_,o Soound

95 20 5 a6 g i
a8 )5 4y (olb ki (nl 4 &5 diza oo gt o PCS
la PCS asl KYWINURVY JJyZGAo.\tAlS DCS )’9)A| 4.3.:-[ R

4cgoza b phumw Process control s oslizwl Saa b la DCS



S50 Seeels Sl (Blys pmald GuSAl 5 65 Semals
pa b Gledbl dols g8 a9 25 0 )b |, Actuator sy,
9 ledbl (5515 5 55 55 5 s ol (ol e aizlls
o @5 (535 0 Sguals) abiss G o (bt g pob) Sldes
by (o

&, &lp s)al, @sly > DCS S s 35 jalo p Lzl
JKE g dgd (0 Dgume I eie Sl gl Sl Cird
23 Al (o e Ol sla s o oledbl ol a8
Jols 9 0592 39250 b)) 8 G 58 (blol &8s G b e
5 o plosil T & T G e

contral bus

field bus

:DCSW&J)W@)L@M

s ol P S Hgeo

oz e
F =4 | = ot terminalbus
1 '] -
| |
o= @ =
I ¢ ;
(L : process bus "D

[THIT mputicutput “Hllllli-{ . 1o B
w2
& B}

)
[ valve thenmo-couple p-asmmer@ méé}&ﬂﬁ

: DCS s S 51521

oS Oy dw 4 )093 ok 4 DCS s 05
g (0

field level.\

control level.¥

monitoring level .¥

Field Instrument y Actuator ghw ¢, 5 b > field level
0315 )8 a8 3 e 4y b9 95 4 453515 515 la
129 (4 Jaata

as, Y &b ;| Instrument Actuator ,a: KuwdS™ og,-)

.2l o Field Instrument 1 b ,5 0l

process control ¢paiz 4 o sla 321y )3 a5 puils e
w9 3l e 9 llas bire K ya a8 sl e sl
2o 3>y a5 abl e 5l Ly Actuator pais Jels
H0lg oo T 51 Kya sl LT 5l 5425 5 J a8 axly lass
Oul Yae Vg2 .l e CMJL) 95,8 oslawl 5 o ) ,us S
e b ue 559 3,16 3529 E— ol Gl &Ky o pse
g o0 o3lawl DCS 5l J s s S|y o> ly ol o

S Gk G5l B b sla ) s 5l el (6l dcgazme DCS
St b e 55 5505 L a8 ¢l (multi loop) daal> G
4 355 (95 S99 bl GLb Sl asly e SKa g
aal> Ve B Ve o9 oad Juate b Field Instrument
e sl Al Gob Sl Sl e Blaslanles J s
.2l o Decentralized Control System

Supervisory Conkrol

_

DCS Controllers

i Input/Cutput

: DCS i jlis b

bl 098 b 6,808 @ 9 Sl Gy LU Gl gl
Silosgs o) g 4 ola 5 lere

waziwo 4o, y5 la DCS 6, 851K 51 Jb b 255 e Hlis b
b edic sla planet,s 5 S5 Ju8 sla RIS
23 s b g ol Sldee plaiad (oo eolinl perdy %
ahusly i s )as 5 ad (o0 plail 655 0 el SO
» Field Instrument ;I b5 olle 5 oledbl sl

Ceniral Computer
nframe
/j)m J\
confrodlers
Contnal Conrol Contnal

JULIWN N TN
[ 00000 00000 ©0000 ]

Sensare, Atiors plant

www.ECA.ir



Operating
Stations

Engineering
Station

——

| DCS Controllers

— e

Input/Output

UKo 4 KLS Olrio b yigesls ol 59, anla gl
s9b 4 s 5)lere WOS .l oas Run time. load
la)gil ol aita Juate o J x5 4 server g ,b Sl L pudie
Ol b9 anles ssalin 08 (9, 1) (sumwg p polin Jles 0
28 Jlol a,u8 @ T b sl J s
DCS sla peaw—ge sblo)l calize sla Jow
Client/server .\
Stand-alone station .Y
server pb 4y (595 ganalS’ o 33, cnl Lo client/server (A
Cagd> s .l e terminal Bus g plant Bus Jlasl abs
Jnaio 4ol 95,8 45 45 039 3ome aslils &, 95 sl server
bl s server b 5l 595 5L 5 50 ledbl la client .l
Sk ol el bawss o a0l sla set point g sl 3 905 5
ol cas i 3 o ) ,uS 4 e 9 serveras bl la OS
la 951l bLs )l server osbsl )55 5l g0 )3 &S sl ol (o9,
Sl cul 51,55k sl 258 (o0 @b (I 4 U e b
o3lil it KK Olucis &5 Ol server 9 5l Ygors
S Sllas 60y 6,55 (K)o JKal & g0 o B ogd (o0
2,55 0dge
SErver el & (5 55l I ¢l ) Stand-alone station (¥
5 Attt Lol s ol 455 L b o8l o5 9 5,105 392
plsl b s b L ools 05,8 Jaw 93, Jos 2les 4 S
0l LK 5l @ hgo yo &S sl ol Al Cue cdias (0
Blo 95 290 o5 @hd Sl 4l b blo)l s la oSl 51 (S
server culby (5 p ditwa a5 olais o stationples
9 (0 s & ol 0 trending il

jafari.fereshteh85@gmail.com (s iz aiis )5 0009

www.ECA.ir

Slass 4y dzgi b ogd (o0 e (29,5 2909 D) 4 e
o8l (48" L wiring o> la Instrument Actuator
b (o0

5 51 J3ls> DCS (5o pisms 15059 0l field bus oslizul-¥
profi bus foundation ,.Ls field bus sl g55 25 &
ol & Jlasl cubls 5 38" o sluzio field bus divice net
slaw Olgs (o o9,y ool oo fleld bus I eslacnl b sswa [l 1,
b S s jleslawl L I, Actuator /Instrument sl
Sl il 1) 8 IS o 55,8 Jeaia o 8 4 Ll
) 45l ol Sledbl 0o Jiams Jus 4 Jlo e 5o
by &8 K sy 35105 5929 (s cgz) SJLTIO sla
sl oY field bus 5"l .

la )8 DCS gt & lo ehaw 53 control level-y
9 cawl Pbnt I cnd K o)lsl saame LS e syl 8
o Gob sl e S gl (o0 )IIKL s JKE ren 4 Ygens
ool it Bl 5 5 b b 35 00 b bl 4
ol redundant oluziy sl)ls Ygere alos
wloiqujchséhW)awdﬁg).;,&,s

G_ process bus 9

E E -

{LLl E |
[T (T

iy i

o b USG9 5 plw )l ,dgens Ethernet oy ,al Jo .oib <glize
plant bus L process bus la J,u8" 0 bls,l alus 4 .0l
pie 9 Yo ce s Jds 4 o5 b Sl Ysere 9 250 0 G
sy on 03lizl (5558 oy Olgie 4 K (5 ey
oKl DCS ot G YL b 55 :Monitoring level
1T 5 T b 5l 4 35,05 515 el Olea b (5,8 sl
Gk 3l sgsls nl a5sd (0 IS )il by s
onb b 4 350 0 a8 terminal bus ol 4 & s
Hgh (4 Juate 5

& 598 Engineering station L Engineering statio :ES

field bus

i O 59 DCS s (wdige 5 21k 153 p 5 a8
DOWNLOAD (ol ptunns (gwdige Sllos 4’y 590 (o0
SNl plxil 9 4l 5 shie ) uds da 08 )5 la dal 0 05,5
Of Giob 3l Kipsisle plusms KolS Slokio 3 Sl s 9
5 process bus I pel piuw busys ja 4 ES.5,8 o &g

.l Juaze terminal bus
)5 o&Kuwl Operating statioLOprating station :Os



ol b 05 9 Sl 5 ,550alS (6 55 (DlalS slus
Sl ©ped 656 Ghie Sie 9 S Olgie 4030 (b)) gud
ol 41450 Jlo )o a5 SedS ole dlie S (b9 0,0
Jelos 9 4558 (095 bl &5 1) (51 dcgamman pogho s
@ (b 0oy 0T )5 & 5505 (B2 il sduzn Gl e~
W @ Lt 5 Sae 9,18, o s sl soae sla pase sl
wode dlin VO« - 5l i (656 Acgenme (B Sl e 39, (0
OT 03,208 5las 1,5 5 (656 Ghie o)l Olea Olaeisls bwgs
394> 9 0303 ,8 hiie ele by o
el osal Jos a5 Olo Cilisn slaygis s dies cul o gl35]
(Matsushita)scbud guilen Sles” 1441-144Y Jbo Jlo >
9 Sl sla s 9 Sl cuily oles 4 cpls
sl s a8 wlu ,m 9,9 4 LY 3 e O i)l 4 (Ko il
55 wole JB,93 1Y Lols Jlo 55 59 oo 0olizul (5306 3o 5|
e 0 003 (5by dals LT uglic 3 &S Wgdue Ol Los
Ghie Al ) Ay g udige Vo v v Sl Gl onl) )9S )0 s
0ol sl ygund 5y ikt Jgiiao sitteo 3 sale lasins 4 (550
UG ol K9 ,5l 9 By owige ol (Fellow) sl guae
o3BT ai)l gae (Gugenheim) wla (568 sl wd)l guae
gac Cybernetics sl 0,58 1)l guae I ol (wiige o
Cybernetics ol ol 5,8l guie g,y psle a3
J,:,)I,Ab;,éjﬁéhwwlwq>balm)l,m‘&)sl

sl (£33 ol g 5 ol iz
Gl 0355,5 e e & il 4 G8ge ool ah) g
Syiais] g 055U Sletmlio 4 Jlse gty slaws cpl Sl &
Sgiutos] bags o3 Jla ez 5 0 ol Ksg il 9 G o (g die

Cau.\j C,uwl,}).) Y...

1y R ’
091} ,é‘ﬂh’ 9 9
oS L e )3 (6o} VAT V) VYA age VO p30oly (aha) gund
Oy 5 Sy Gl el i 4 0lul)dT 6)sees wnl
(S Vo g 3 g 0Ll 0lubysT Jlal 51K aele, O
ol ot (Bl (9,9 Sbsl H5 bl (6,5l s> b Olo joa
Sl Ol s b )3 9 2b Olpl 4 cazl o 4 Hgume il 0slgls
0593 9 3> aalsl Ol,gs s 1) slanl OMuass ol ah) s 3
9 Ml 0Ll 4 (b 55l Ol 103) 5l HI S5 1) abasgie
RV JER R ) P93 Ay 9 &S Ol g5 oKl (539,59 ,oS o
25 Ol J&iils s 0aiils jl Juass 51 el 5l s o9
0793 93,5 & ,8laee G 50T & N AFY Jlo 43 (3o (owdige At
Cawgzlule ($59JgisS Gonsl )3 1) 8 p (gwrige Guilun) (g0
53 Laals oKisls 51y o&GT 2905 b Ogiwgs ol > @Bl (MIT)
'&)Léolf..idb ol ol 4z, LR s o 9 b S hgugw
293,5 Juad|
O ptasnsns 6955 Ay )3 1) 595 (hag sy sla)ls ool (abl gud 5,
930 diekils Olgie 45 (59 V405 Jlw 5 3905 el Luads™ o851

(w2 95) Oginns p oKisls 5 aid iy wldlas seuiusl s
Jelies ool (i) g o 0T 2 o9de 392 3155 9 )5 g
3lgs a5 Olgis a5 sl 03505 >l 1 (goamie (s il ale
LSS ) By gwdige didy ) gede sliwl 3gas oplil 5
Gl oS e gladss oKioleyT s sete dieiils (V45A) MIT
sede dieisls 5 (VAFA N AV NAVY) iyl ,5 IBM ol (o
Lol s gislial ol€iils 55 Sledbl 5 0L lallas 35 50 s
By plas IS 0313 i sgud»y 1908 Jlo 55 ) VAAAYRAY)
L ,als” oisls (3 (wige 00Kl y5 (bl cons b 1) 595
by g9 VAN AEY Sl alols s 58 9,0 (S0 o
90l 0age b (I 0o L el oRisls G (gt 0800
Iy hd azetiil Loy 139 Jlo 3 ooly ikl ygud a5 5
e 4sll Lo ,adls oKsls 5 Ghags sele slgrled 4 Olixas
Professor) jlies sbwl Olgie 45 0315 ah) ygud 5o pol> Jl> s
S rgmals 18l o5 S e Coae §p (owiiee (Emeritus
gz 5 ¥ 3l G 55 0 ol sl 1 sige [y S s o€l
Slidss 1950 Jlo bl axnls 0T 4 ole duwge a9 5,15
9 45 9 b plucws )98 Ae) ) bdae ool b gud
36 degazman 5,95 9 s O )5 3g) Slasuas 6,55 Julow
695 opl $las )l dn; )5 G 93,5 6,138 L |, Fuzzy
655 «Dloreas (595 (Ghie (owlis Ob) (couan abdl> s
03y i 43 Slel (5lo 4t 5 05 (Slgotaus 55
Aie) o ooly gl Haud Ol ol Jb s sl sl
S F 9ol Slawlona (5 5 9ualS” p 5 «Fuzzy Logic 556 shiey

www.ECA.ir



et 4 Jew) Ol 4 (oe Kby JByg5 50 1400 e o
Sl s, (6,65 opl laan a5 csls,, Wiener s ,q5
b ooly ik 180T Jlo 5> 3ge iy abidls sla s olb s
@555 Sl 1) Z Oguwleyginsl 5 Ragazzini o361, s,
M@l)b)ad.fc,é;)lfd.gwbéhwdﬁlﬁg
Jlo sl sl es a8 5 Jlows sla s 5 J,u8 sla
s Desoer ygwgs 5l Gl a4 ool ah) ygud n 145
sl g (b sl (e ) Las s s 950 o)l
Uy (wdige g psle 3L Lo ol 4l Olgie 4 OIS ()l
4 oS oplojg el 9 39, (0 Jleds 4 o i Juloxi 9 455295 9
,_5L(aQ,gg))l‘medﬁbdgd.%}qapo)ul:wld)lkld,m
@»9)919%‘@1*55%&59&»{'-&6@@»[3@;?@&%0
2,8 o0 ol3 esliwl 5 )40

Jlo ) a7 (551 acgamms o)L )5 0ol i) aud 5 SMS™ dllio
o o300 9 pole 3 55 (1o ST s dw) Lz 41950
23 395 lodagss 4 0303 (whl sgud y OT Sl Guy 350 390slS 9
lie G (b 1AV Jlo ) aST B sl aalsl (556 dcgomme diw)
Jelsi 9 42525 )5 9 S p (o0 Olgie Cew Ko S8
Sl oslil pogie (5,8 paonas Sladnl s g oy Slestus
ol 35 g ohe J S 5 Al sl s 3 | b5 sl prike
03kl )3 a5l (6506 Ghie Slue o U8 $59)esS Lulwl allis
wcails aalgs luign U8 ko i 2L 53 Gree S
s Jglaze Ghie Sl 5 gy s 62,0 S50 ghie 42,5
9095 9 ST (556 Ghie a5 sl Sdies 0ol il g o J9
@ Llg oo Olail &5 cona g3b) sl g8 (o 89 o
230 b Sloetunw 9 1 eS8 (> o aas el ,_SSL»T
€ 3oens L5 1 ralq:}'d.g

http://fawikipedia.org/wiki/osly_ ikt

pole TS, ol (quoign pole ol IS, ol SilSo s sige
laal sy 4 Jlidsa sl piums Jlall o ozdl 9 S Gos00
il oo o3l VF eoly i) jgudy egdle 5 il o
Glga b2 sl glsal ol 4 Olgiee alex OT 5l 45" 03905
Sges o)Ll cpli

G5 4z glaal by 2o 4 Ol saxie sl oKl
A aoss 9 69 oo Dlaas Slesly (gl g sy 4y )bl
b la o 6095 9 9200l (qwidign 9 pole 457 556 Ghio gl
Xl 03905 (gl 8 el il 03,5 05 35

Bgei 9 s8ils (S yga90 LI oKiils (ansl 3) 5olgs oKisls
565 olKisls  Lolul  saugsl oKisls oWJT(Dortmund
oKisls (15l (Leakhead) aa J oKisls (Lilwl( (Granada
(0l 5T (6 50a2) 55 o&etsls IS, T (Lousiville) g 5u)
(Ostrava) lgl zwgl o&iils colimg (Gliwice) L galS o&Kisls
655 o Glasyels oKiils (LK) 45,95 oKisls (K> (5 900>
il s o€l 5 (OWT) 5 jpunls olEiials (IS 50T

MIT olKi51s 53 w85 Jl> 53 skl
gl 03,8 Gl alio Yo+ 51 Qe oles 4 00l5 k) jguad s
Al (o0 sode 4050l Gl 42,25 i e 0> JI o
Sosine it guae (Ol 530 55 500 Syghe s e sy
S ra Sogie aneS pae iS5 Rl (56 Slaios 5 e
(5b3)) evan kil 5 636 Sl prs oo 5 Gigal
I e
5l ) oluacl o aSd Ll o ool 0 pke it
a5l 6, al Gus) (0pl)) G 3w 556 sla E—— 4 sl
b Soiinil (Gogin mia gl (Lilwl) 56 S59lesS 5 Ghine
) B> (Sloastinnns Syttt o 0 it guic 9 9.5 55 Sl gl
G5 Acgome a8 1 b ooly ih) oad ol (K 0] (595
Go95 0,)l)d Glugr ol i cuwlie 4 1470 Jl o
o sl Wlio b (9 g ond 4l Slex e 55 b iaas

Microchip Master Conference

oS 9 LS 55 00l 0Ly ‘5.2),,4]' e g SVl Jolis a5 ks o 9 oolal (398 sdcgaza (ol
29SS0 syt Olgie b abl (o (g 5lo and la L ol joa ) g S wllle la
Caw:'.\’b_}hr"rgr"f ‘YHO‘\‘HV qudlfﬁobdb)édoﬂwu

w5 S 9 Sig il Olusiga - Olangs asl o Ololb sl die Jlan 5 Cuslin

g3 wazr S¥gama 5 Sy b bl g 4yl oSy (P 4 b e s Jols
...gdéﬁ)lfggl.g))l,ﬁ‘o.\&

sl a8 GLICD S B s Jguame ol

www.ECA.ir

http://eshop.eca.ir/link/139.php : Jgame T



HIGHLY LINEAR, ULTRA SENSITIVE BIO-MEMS FORCE SENSORS

WITH LARGE FORCE MEASUREMENT RANGE

ABSTRACT

We have designed, fabricated, and characterized a
set of displacement based micromechanical force
sensors. These sensors combine high force resolu-
tion (50-500 pN) with large force measurement
range (100 nN- 1 uN) and have highly linear for-
cedisplacement characteristics. In addition, we have
established a novel scheme to avoid capillary forces
during the immersion and removal of these sensors
from aqueous environments that make them highly
suitable for biological studies. As a demonstration of
mtheir versatility, these sensors are used to measure
the mechanical response of embryonic Drosophila
(fruit fly) axons in vivo.

INTRODUCTION

In recent years, advances in instrumentation have
led to remarkable progress in our understanding of
cell mechanotransduction [1]. Several studies have
unambiguously established that living cells respond
to mechanical stimuli from their micro environment
respond both mechanically and biochemically [2].
The most common techniques used to study single
cell mechanical response are atomic force micros-
copy, magnetic twisting cytometry, micropipette
aspiration, optical trapping and optical stretching
[3]. These techniques usually study cell response
to small deformations (1-2 um) or have small force
measurement range (~1 nN). But large cell deforma-
tions are physiologically relevant and to study cell
response in such cases a new set of microfabricated
sensors were developed [4]. These micromechanical
force sensors used a system of thin flexible beams
to measure forces up to 1 uN. However, these sen-
sors used a complex fabrication procedure and had
limited force resolution (~ 1 nN) and linear range.

Here, we present a new class of displacement based
micromechanical force sensors that combine high
force resolution with large force measurement
range. In addition, these sensors have a highly linear
forcedisplacement response and are fabricated by a
simple two mask process that significantly reduces
the number and complexity of processing steps.

Furthermore, we have developed a simple scheme
to avoid capillary forces during the immersion and
removal of these sensors from aqueous environ-
ments that make them highly suitable for biological
studies.

FORCE SENSOR DESIGN

The force sensors comprise of a system of identical
flexible beams attached to a rigid probe and a fixed
beam that serves as a reference for displacement
measurement (Fig. 1). The principle of operation of
the force sensor is as follows. When subjected to an
external force, the beams deform and their total de-
flection is found by optically measuring the relative
displacement of the probe with respect to the fixed
reference beam. The external force is then given by
the total deflection of the beams multiplied by their
combined stiffness. The combined stiffness of the
beams is calculated from their geometry and inde-
pendently verified by calibration.

As evident from Fig. 1, the basic repeating element
of the force sensor is a frame, which is comprised
of two flexible beams connected at their ends by
a thick, rigid bar. The frame structure was chosen
because it substantially increases the in-plane ro-
tational stiffness of the force sensor. This ensures
that the probe deflects only along the x axis and the
structural integrity of the sensor is maintained. The
advantage of using the frame structure can be under-
stood by omparing the rotation of a single beam and
a frame when they are subjected to a moment M.
The rotation of a single beam is given by

0s = ML/EI (1)

The corresponding rotation for the frame is

0f = ML2E(I+1*) (2)

Here, E = 170 GPa is the Young’s modulus of sili-
con, I = hb3/12 and I* = bhs2/4. h, b, and L are the
depth, width and length of the beams whereas s is the
distance between beams in a frame. In our force sen-
sors, s~10b and therefore the rotation of the frame is
about 600 times lower than that of single beam. The
typical dimension of the beams in the force sensors
are h=30-40 um, b =2-4 um, L =2-3 mm, while the
number of frames (N) is around 20.
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Figure 1: Schematic of the force sensor. Because of the frame
design, the force sensor deflects only along the x direction.

In the force sensors, the frames are connected togeth-
er in series. Therefore their combined stiffness in the
x direction is 1/N times the stiftness of each frame.
As a result, the force sensor can have high sensitiv-
ity even if the stiffness of the individual frames is
not very low. In addition, the sensitivity and range of
the force sensors can be altered simply by varying N
without changing the dimensions of the beams that
comprise the force sensor. More nimportantly, this
design leads to a highly linear forcedisplacement re-
lationship for the sensor (Fig. 2). This is so because
even when the overall deflection (9) is large, the de-
flection of individual beams is still small (6/N) and
hence non linear effects are negligible.
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Figure 2: Force-deflection characteristics of a force sensor (k

= 4.8nN/um) showing the linearity of the response over a large

range of deformation (~150um). A displacement resolution of

100nm leads to a force resolution of ~500pN.
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FABRICATION PROCESS

The MEMS force sensors are fabricated from 150
um thick (100) oriented silicon wafers using a sim-
ple two mask process. Before processing, the silicon
wafer is cleaned thoroughly to get rid of any particles
on the surface. In the first step, photoresist is spun on
both sides of the wafer and patterned by photolithog-
raphy. The top and bottom patterns are identical ex-
cept that the bottom pattern does not have the force
sensing beams. In the next step, the wafer is etched
from the bottom side using ICP-DRIE (Inductively
Coupled Plasma — Deep Reactive lon Etching) to a
depth of about 120 um. After this the photoresist on
the bottom side is removed by oxygen plasma and a
thin layer of aluminum (~50 nm) is sputter deposited
on it. In the next step, the wafer is etched from the
top side using ICP-DRIE until the aluminum layer
is reached, in the process creating the force sens-
ing beams. Finally, the photoresist on the top side
is removed by oxygen plasma. The aluminum layer
performs a two-fold function. It prevents damage to
the force sensing beams during venting in the ICP-
DRIE process. In addition, the aluminum layer pre-
vents damage from capillary forces when the force
sensor is initially immersed into liquid. A scanning
electron microscopy (SEM) image of the force sen-
sor is shown in Fig. 3.

| Det |FW
SED |9.941| 30.0

Figure 3: SEM image of a force sensor containing 18 frames
in series (N=18). For the in vivo experiments on Drosophila
embryos, trapezoidal trenches were cut into the probe using
focused ion beam milling to enable easy gripping of the axons.

SCHEME TO AVOID CAPILLARY FORCES

A major impediment to the use of micromechani-



cal force sensors in biological applications is the
damage caused by capillary forces during their im-
mersion and removal from aqueous environments.
The capillary forces arise because the meniscus that
forms between the water surface and the force sen-
sor needs to be broken for the sensor to be immersed
or removed from water. We have established a novel
scheme to avoid damage to the force sensors from
capillary forces.

First, the bottom side of the force sensor, with the
aluminum film (see Fig. 3) still intact, is glued to a
150 um thick glass slide (5 mm by 7 mm). The glass
slide with the sensor is then and immersed into a
beaker containing a diluted solution of AZ 327-MIF
developer. During the immersion, the aluminum
film protects the beams against damage from capil-
lary forces. Once the sensor is immersed, the devel-
oper etches the aluminum film slowly, in the process
releasing the flexible beams. Then the developer is
replaced with water by repeated dilution while en-
suring that the sensor remains wetted at all times.
When the glass slide is removed from the beaker it
retains a droplet of water due to the increased hydro-
philicity contributed by the sensor die. Therefore,
the sensor remains inundated and is not exposed to
the capillary meniscus. When the glass slide is im-
mersed into another aqueous solution for biological
experiments, the solution first contacts the water
droplet keeping the sensor inundated. Therefore, the
sensor is not exposed to the capillary meniscus ei-
ther during its immersion or removal from water and
thus avoids structural damage from capillary forces.

IN VIVO MECHANICAL RESPONSE OF
DROSOPHILA AXONS

Recent experiments have shown that mechanical
tension is necessary for accumulation of neurotrans-
mitters in the presynaptic terminal of Drosophila ax-
ons [5]. To understand the mechanics of this tension
regulation, we used the force sensors to study the in
vivo mechanical response of embryonic Drosophila
axons

The probes of the force sensors were specially mod-
ified for these experiments. Before releasing the
beams, a trapezoidal trench was made in the probe
(Fig. 3) using focused ion beam milling to enable
easy gripping of the axons. The procedure described
in the previous section was then used to release the
force sensing beams and the sensor was mounted on
a 3 axis Piezo stage to apply deformation on the ax-
ons. Figure 4 shows the force sensor being used to

apply large deformation (~50 pm) on an axon while
measuring sub nN forces. The relaxation of the force
in the axon with time is shown in Fig. 4c.

CONCLUSIONS

We have designed, fabricated and calibrated highly
sensitive micromechanical force sensors with large
force measurement range. A novel scheme has been
established to avoid capillary forces during the im-
mersion and removal of these sensors from aque-
ous environments to enable their use in biological
studies. As a demonstration of their capability and
versatility, these force sensors were used to measure
sub nN forces in Drosophila axons subjected to large
deformation (~50 um) in vivo.
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Figure 4: a) Fluorescence image of the Drosophila nervous sys-

tem showing the CNS (central nervous system) and axons. b)
Optical image of the force sensor deforming an axon. c¢) Force
relaxation in an axon measured using a sensor with a stiffness of
~0.5 nN/um.
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