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b LCD g5 ol PN OUL 5 (5,1350 Cow 5353 ,K 2 5090
9y |) oledbl QTQJ)_fgi_g‘g)_(bago_ﬁo_ﬂ é—i)b) Ol}—;gf"gf:‘*:‘."))b |),<_Cv.il.o.) LS)L{J—“ uL::Ju' 4_6.1.159 R/Wu—:‘.—l
55500 4l oml b il (e Sioles 9, pinde bis e Saca adlin ol 3 09 alys OT 5L g iy Siules

D9 (o0 J—29 GND a o)|9_o.sh
Py SRR EWE ! J)_¢<g)|)_§LOW el s By A cewl Lis g hsiws Sl iz ) e 05,5 9w &l — RS O
K 99— (o0 oLl
] )x').) b.w,.? -..".)')95.»«:.) LS')-" 9 C)é; GJ le;; EN O
g o o3kl Slygaws 9 s Jyl sl 55 DB7 5 DB4 sla (s Sl
bl o0 ) Soeo 4 s b oae yo Olges b s Jle,l g,
R (0 BIpY Low Cardy o |y EN o)
«l,— High o g)pads (0 8 e g ) LIRS s Lo b ccal jorws Jlwjl sy50 a5 olasasg Loy
(o) giws @l o Low oy 9 Lo
Crsg o [, EN O O 9 [v-—:ﬁ-&w)lﬁ DB7 ! DB4 slLa b o b Jhwl slas b gy Gl b cen ¥ Y
RS (o Jl,—3 High
SECE s ol Low Cardy 53 0,bes | EN on 4l ) slax F
EN U‘-i“iu““ﬁ—“"'9[°—ﬁ‘°">w‘°)|)JDB7 Lr”DB4 6Lﬁo—369)|)&))|[‘,_f¢»_3\c nga)_f)_yptk_gb,&rlfa\‘ .0
.msb,f,_,o,gLOW by 4 0,b9s | EN on 4l Lo ) Slax f
o5 oo o 3 Gl b Slygtans szl sl sl oo 1o Y
S5l saiwd 10 1636 Jas yas s e &5 ol ol (38)cwde )QBL.A G
[R/S [R'W D7 D6 [D5 [D4 D3 [D2 D1 DO Instruction/Description
[TITWWFF[TW I?F| Clear Display and Home the Cursor
IT IT I?l?l? ITIFFITIT| Return Cursor and LCD to Home Position
[o[o [o[ofofo o1 [m]s] Set Cursor Move Direction
ITITI?'?'?I?’T’FI?I?| Enable Display/Cursor
| 0 | 0 | 0 | 0 I?| 1 ’E’E IT’T| Move Cursor/Shift Display
ITITW'?'TEFF IT|T| Set Interface Length
lo[o [oft]afalafaaa] Move Cursor into CGRAM
[TITITE[III[III [I[T| Move Cursor to Display
ITIT’E'TFIT’T’TF’T| Poll the "Busy Flag"

1 o Iplpilplplolp|plp Write a Character to the D:ls!alay at the
Current Cursor Position

1 1 Iplpiplpiplplplp Read theChamcterDutheIi.ufsp]a}r at the
Current Cursor Position

HD44780 ),._v_‘)) L;LQ U")"T 9 QI),L.‘:.\ :YO)LN:J (JQJ.‘>

L o 5l solitwl (S 9 Sl ygiwd 3 ,Shos 0920

Jluw,l L sgi S5 S e . STmove directionset Cursor cuwd ;5 5ss o ssaliin ¥ o)leis Jsas 3 45 5 hilea
Dogs o Jebtie ol o 40 amly S LCD g5, (b Slgime S o

D9 o0 Jitie Casly Caans @ a5l G Sl 8L e Jll b 2gh G ID ST Ginen

=) Xeb 0 03> il A mio 59, DDRAM ol gime 545 S5 D ey, S1enable display/cursor ,gws s
(39— oo JLas LCD

23 50l 09 SO B e ;51 el s g a9t e 0sls Gioles o 59, o L 59 S5 C ey ;51 o uen
D Al 0 Sair >

RL oy g 558 o0 JLts g 2350 ,5 LCD 0015 wa s Move cursor/Shift Display ,5> SC cy 05,5 s L
CS o Sz g yiuo ;519 Sem Salys il G A i Sy 9t S ST A S e pasie [ O g
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e Hao Bb o P bl sl a8 1k Gasuins |, bls)l s Set Interface Length >, ,5 DL -

9u| .b_>;§_>)|.b_>93L5LQLCD)_5QH)_ma)ﬂA_{.L_SL;anM')oJLm_.JJ)Hb,_b}JU_uNu_uu_u.'xom
g o 0olitwl by s d4aa jl 39 i S 519 59 0 0liwl OT s 93 3l s ,lg> sla LCD s

Sed o 3L O3 VUJ9.9)|0.§LM|L5|).34§JM§L;OWI)QJL&M»')),AUJ,S).:L«J).:JFu.:..)

il oo s Jloyl @l p D sla e 9 GopdT Juosl sl A la s uiea

.mgdé)l)'.él {n).sui,.ée.g_s)b L LT Slgiws 9 bls)l )18 5 0em b as” >

(__3|934_:.&,9r,_1)|_>)‘l_:3 Lo 9 olygimws Jlw)l L5|)_3L7Lo|(__3l3;§_34_3.k_559>,_, ales ool o asbuls” ol by
S5V o aiiy OLolise

ool s delay sbul gl 26 4 ol cL:.<|

P
#define cpuf 1 //define cpu frequency in mhz
voidLCD_delay(unsigned char n)
{
inti;
for(i = 0;i<(n*1000*cpuf);i++);
\} J

aian XXPI 5 03 0315 cuns B &9 a4 Kiols EN (s 0T 15 a5 @NpOPORTB sl )05 5629 01,5 ks 3,90

<

(#define enpoPORTB//control I|nes port
#define rspo PORTB

#define db4po PORTA//data lines port
#define db5po PORTA

#define db6po PORTA

#define db7po PORTA

#define enpiO//control lines pin number
#define rspi 1

#define db4pi 0//data lines pin number
#define db5pi 1

#define db6pi 2

#define db7pi 3
T i
voidLCD c(char command

enpo&= (1 <<enpi)"Oxff; //clear en
rspo&=(0 <<rspi)* xff /lclear rs
//wnte high byte

if((command&0x80)) db7po |=(1<<db7pi)|0x00; else db7po &=(1<<db7pi)"O0xff;
if((command&0x40)) db6po |=(1<<db6pi)|0x00; else db6po &=(1<<db6pi i)AOXFF:
if((command&0x20)) db5po [=(1<<db5pi)(0x00; else dbSpo &=(1<<db5pi NOXFF:
if((command&0x10)) db4po |=(1<<db4pi)|0x00; else db4po &=(1<<db4pi AOXfF:

/lexecute

enpo |= (1<<enp|)|0x00 //set en

LCD_delay(1);

enpo&= (1 <<enpi)"Oxff; //clear en

LCD delay(10);

[Iwrite low b te

if((command&0x08)) db7po |=(1<<db7pi)|0x00; else db7po &=(1<<db7pi)*0xff,
if((command&0x04)) db6po [=(1<<db6pi)|0x00; else dbb6po &=(1<<db6pi "Oxf‘f
if((command&0x02)) db5po [=(1<<db5pi)|0x00; else db5po &=(1<<db5pi "Oxff

}1; comrtnand&0x01 db4po [=(1<<db4pi)|0x00; else db4po &=(1<<db4pi NOXFT:
execute

enpo |=(1<<enpi)|0x00; //set en
LCD_delay(1);

enpo&= (1 <<enp|)"0xff /[clear en
LCD delay(10);

db7po &=(1<<db7pi)*0xff;

db6po &=(1<<db6pi i) AOXfF:

db5po &=(1<<db5pi i) AOXFF:

| db4po &=(1<<db4pi ’\Oxff}
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(0l 0 ,h5 5)90 I 08 oo Hl ) ekiin)wusS (0 iy 5 1) Sopgeo o |y Wos Jluyl 2 (et

a
voidLCD_d(char data)

{
rspo |=(1 <<rspi)|0x00; //set rs
LCD_c(data);

rspo&=(1<<rspi)*0xff;//clear rs

L J
ails puales 5l 0T 4 a4 0uS (o o 5 ke 9 9,5 Lo (oolaws LS anlsl 5l Lé
o oS 2

#define lines 4 //1 to 4

#define columns 20//8 to 20
#define auto_lower line 1//1 or 0
unsigned char LCD_x;

unsigned char LCD _y;
9 J

5 Jlosl sl & 1 b 5 Slgians @l ol b 5l pslys oo Jo

el LCD asl (65151 o], 5l ps s ol 5L 5" oasls gl

05,5 SU gl 1 0X02 gians s 3,5 Jaw L, Liules 4 1, 0X03 gies LU ¥ sl 1l LCD aldsl g3l ol sl
spiwd bV g i f el o 9 0X28 Le s bs F LYy i P edb sl sl e 93,5 JLw,l DDRAM
s o A sl 53 45 3,5 sl 1y - g S5 el DLl sl oY Slgins gus 3 5,5 Jiwl [, 0X20

1A Jales
~

P
voidLCD _init()

LCD_c(0x03);

LCD_c(0x03);

LCD_c(0x03);

LCD_c(0x02);

if (lines == 1 )LCD_c(0x20); else LCD_c(0x28);
LCD_c(0x08);

LCD_c(0x01);

LCD_c(0x06);

LCD_c(0x0f);

LCD_x=0;

I}_CD_y=0;

N %
el 3l adgl e 4 KLis 0ails S50 9 ioles dxiw 03,5 SL Gln pa b s
..)9.;.:: dl.w)l )9.»‘).5 a 0X01 ) 9w d b )Kbl le).:

voidLCD_clear()
{

LCD_x=0;
LCD_y=0;
LCD_c(0x01);

}

YY) J&'P P S0 & (ulS L')Jlg 2 sl
~

/voidLCD_cursor(char cursor)

if (cursor == ‘b’)
LCD_c(0x0f);
if (cursor == f")
LCD_c(0x0c);
if (cursor == ‘n’)
LCD_c(0x0e);

J y

www.ECA.ir



Sl O 031> 45 sla st LSl JUassl sl 4oy ol i 45 il 5L S5t Jlaml sl 5 @b Sy

sls JUisl L 500 0lSs s |, 5055 NULL (\0 ) 5Ll Jlu,l g (9o

voidLCD _goxy(char x,char y)
{

LCD x =x;

LCD_ y=vy;

}

(ales @l 4 ) (b Cug 9 35 s ) JS @l ples Jb g

Scalgs 2ol et 75 (oles ol 505 sliwe aS

9 39_4.: g_JLw)l )Hl)b a DDRAM a_sl> PE L)‘“)JT

0001020304 050607080910 11

s iy 25 LCD sy , s8I Jlao ] sl @l S Sl aen 51

. .39.3
S sols Lgiws S sl b LCD sy , 5L 4 Jla,l sl -

.39_;) dl_w)I)Hl).)Q_gl_:.l.) Q)HA_?)_BQQ)H)_Sl)K J_{J.u
12 13 14 15 16 17 18 19 ¢ Character position {dec.)

00]01]02|03]04]|05|06]07]08|03|0A|0B

QCIODIOEJOF [10]11]12]13] « Row( DDRAM address (hex)

40[41]42|43]44]|45[46[47]|48[49]4A4B

4C|4D|4E]4F|50/51]|52]|53]| « Rowl DDRAM address (hex)

1415[16{17]18[ 19 1A[MBJ1C|1D)1E|1F

200121)122123]|24|25|26|2 7| « Row? DDRAM address (hex)

54|55|56|57[58[5 9|5AI5B|5CISD[SE|SF

BO|61|62]|63|64|65|66|67| « Row3 DDRAM address (hex)

MARDD sla 4 T o lod Jgos

L}'g.Jg..\.Z.Z‘_AM.Q)Hl))fl)LBéleSl_ﬁd_;l:}Uu)JTc‘_alj)bd))ﬁj)H

4 s o Sl g Golhe aS (oo 0,53 LgsT ys S of

..)9_.:: dl_w)l l_:.:) Q)H

Char. code ¢
8063999341111
—00616961616941
XXXX0000 |B|E| o \|P ;l‘? s lL‘l!Iﬂ'l
xxxx0001| [1]1 I:l'Da|~=1= ¥l EICI|
xxxx0010| "2 Fﬂfihll" NEREGEE]
xxxx001 1| |RISC[S(clsh [PTEe]e
xxxx0100| |40 T]d[L |« I]‘-f’l—‘[ﬂ
xxxx0101| |4 LllE'lLI - [ A|F 2|=l|
xxxx0110] &6 Ufuan|:3a|2
xxxx0111 ’?EMgIN?:!:F':'QIH
xxxx 1000 4 ’J'ZFJ TX
xxxx 1001 | T J]Il- |
XXX 1010 z[Jnl| 1[F
®xxx1011 + |D“ El
xxxx 1100 +2 274 m|
xxxx1101 al=I =

xxxx1110 a|FlE R

xxxx1111 " qul"".:‘,'ll'l

4 S i B La Loyl (a4 S o s

p—ﬁwb’-raﬁa—wl 03 9,5, sla asls 4, by

aalsl ;3 a8 aib 0 CGRAM abisl> 4 by

A aalys osls xogs 013,94 )

Gy s 1S S0 4 ST Jl)l (__,ls

39— sl f(LCD x==4) LCD_c(0xc4); Y,

("voidLCD_putchar(char ch) )

{
if((LCD_x==columns)&&(LCD_y==0)&&(auto_lower_line))
{LCD_y=1;LCD_x=0;}
if((LCD_x==columns)&&(LCD_y==1)&&(auto_lower_line))
{LCD_y=2;LCD_x=0;}
if(LCD_x==columns)&&(LCD_y==2)&&(auto_lower_line))
{LCD_y=3;LCD_x=0;}

if(LCD_y==0)

if(LCD_x==0) LCD_c(0x80);

if(LCD_x==1) LCD_c(0x81):
if(LCD_x==2) LCD_c(0x82):
if(LCD_x==3) LCD_c(0x83);
if(LCD_x==4) LCD_c(0x84);
if(LCD_x==5) LCD_c(0x85):
if(LCD_x==6) LCD_c(0x86):
if(LCD_x==7) LCD_c(0x87):
if(LCD_x==8) LCD_c(0x88):
if(LCD_x==9) LCD_c(0x89);

if(LCD_x==10) LCD_c(0x8a);
if(LCD_x==11) LCD_c(0x8b);
if(LCD_x==12) LCD_c(0x8c);
if(LCD_x==13) LCD_c(0x8d);
if(LCD_x==14) LCD_c(0x8e);
if(LCD_x==15) LCD_c(0x8f);
if(LCD_x==16) LCD_c(0x90);
if(LCD_x==17) LCD_c(0x91);
if(LCD_x==18) LCD_c(0x92);
if(LCD_x==19) LCD_c(0x93);}
if(LCD_y==1){
if(LCD_x==0)LCD_c(0xc0);
if(LCD_x==1) LCD_c(0Oxc1);
if(LCD_x==2) LCD_c(0xc2);
if(LCD_x==3) LCD_c(0xc3);
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/

if(LCD_x==5) LCD_c(0xc5);
if(LCD ) LCD_c(0xc6);
if(LCD_x==7) LCD_c(0xc7);
if(LCD_x==8) LCD_c(0xc8);
if(LCD_x==9) LCD_c(0xc9);
if(LCD_x==10) LCD_c(0Oxca);
if(LCD_x==11) LCD_c(Oxcb);
if(LCD_x==12) LCD_c(0Oxcc);
if(LCD_x==13) LCD_c(0xcd);
if(LCD_x==14) LCD_c(Oxce);
if(LCD_x==15) LCD_c(0xcf);
if(LCD_x==16) LCD_c(0xd0Q);
if(LCD_x==17) LCD_c(0xd1);
if(LCD_x==18) LCD_c(0xd2);
if(LCD x==19) LCD_c(0xd3);}
if(LCD_y
if(LCD x 0 LCD_c(0x94);

X

)
if(LCD_x==1) LCD_c(0x95);
if(LCD_x==2) LCD_c(0x96);
if(LCD_x==3) LCD_c(0x97);
if(LCD_x==4) LCD_c(0x98);
if(LCD_x==5) LCD_c(0x99):
if(LCD_x==6) LCD_c(0x9a);
if(LCD_x==7) LCD_c(0x9b):;
if(LCD_x==8) LCD_c(0x9c);
if(LCD_x==9) LCD_c(0x9d);

if(LCD_x==10) LCD_c(0x9¢):
if(LCD_x==11) LCD _c(0x9f);
if(LCD_x==12) LCD_c(0xa0);
if(LCD_x==13) LCD_c(0Oxa1);
if(LCD_x==14) LCD_c(0xa2):
if(LCD_x==15) LCD_c(0xa3):
);
);
);
)

if(LCD_x==16) LCD_c(0xa4);

if(LCD_x==17) LCD_c(0xa5);
if(LCD_x==18) LCD_c(0xab);
if(LCD_x==19) LCD_c(0xa7);}
if(LCD_y==3)\
if(LCD_x==0)LCD_c(0xd4);
if(LCD_x==1) LCD_c(0xd5);
if(LCD_x==2) LCD_c(0xd6);
|f(LCD_x== ) LCD_c(0xd7);
if(LCD_x==4) LCD_c(0xd8);
if(LCD_x==5) LCD_c(0xd9);
if(LCD_x==6) LCD_c(Oxda);
if(LCD_x—-7) LCD_c(0xdb);
if(LCD_x==8) LCD_c(0Oxdc);

if(LCD_x==9) LCD_c(0xdd);
if(LCD x==10) LCD_c(Oxde);
if(LCD_x==11) LCD _c(Oxdf);
if(LCD x==12) LCD_c(0xe0):
if(LCD_x==13) LCD_c(Oxe1);
if(LCD_x==14) LCD_c(0xe2):
if(LCD_x==15) LCD c(OxeBg,

)

)

)

if(LCD_x==16) LCD_c(0Oxe4);
if(LCD_x==17) LCD_c(0xe5);
if(LCD_x==18) LCD_c(0xeb);
if(LCD_x==19) LCD_c(0xe7);}
LCD_d(ch);

LCD_ x++;

}

(. J
el o1 0315 515 s bt & Sl 55 JUisl sl byd tr 55 @b Slanl s> iKes saalis &5 shilen
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/voidLCD_puts(char *str)
{
unsigned char i;
for(i=0;*(str+i)!="\0";i++)
LCD_putchar(*(str+i));

J y,

D, Ca s Laol ,s 1, slosds , S A Olos (0 9 it (o i J6
s S8 s S 5 semge il 5l aslys e La STl ol i s sl as
http: //www. quinapalus. com/hd44780udg. html

..)9_:.,\_m|9.> H)Q)MMUTPUAJMJL»)'Q)Q)MM‘) )_SI)KA_:LP)AJ\_{VN_QHMng
~

voidLCD_defownchar(char adress,chara,charb,charc,chard,chare,charf,char g)
{
LCD_c(adress|0X40);
LCD_d(a);
LCD_d(b);
LCD_d(c);
LCD_d(d);
LCD_d(e);
LCD_d(f);
LCD_d(9);
}

. J

voidLCD_putownchar(unsigned char adress)

{
LCD_putchar(adress);

}
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Serial — Bluetooth Module

€ Bluetooth]

395 ol ad il gl U Jblas Lo aan Loy 9 oot 581,50 Lol dlyys s Jlasyl sl cogsol 5l elital 09,4l
5l s 55 i sirmnn adiols S 3 (Sl SVl 1 45 i 0lys o ol 03,5 1o 9 gl g sk L
Al (e 5l 0ol JB Sgsly JS59 5 3ok Sl bl e Sl eslil 09

590985 Ll o b5 5590 1) 585 Ko LT oS Ui (5 0 03 Mo adiold 51, 0y SO ptlys (o i 45,5
23 =0l o g i) Lo b5 550 41,085 S 595 Dggh S L Sledbl dals sl LT Sl (e gl
olg> 31 .SPl L)l s ..s MISO.MOSI L UART LLs,l ,5 RXD 5 TXD sla oy Jio Sl sai a23,8 , Ls
Al ada Sy 5ol 5sb Sl e e Bl (651,55 sl 2l n alin ol el iin L g o

51 s 9 0313 55l s 1, Lius o b 1 i 5 ol S il s s b iz o8 s S o
cilys U s Jlasl %55 (5 s 40 1y 0T Sogossly JSin 0 Gmosb

Jolgs 55 1 Liss 0lgs s Js3ls il s ity o HC-05 Jysls sl alss O (8,ma 4y 48 bl Jssla
Olys (0 45" ol gl 2Bl (o s 5 5590 JgSle 457 (5 3,5 Blys 5 Jlwsl gsgly US55l eslinl Ly g e
SS9, 3=k Sl Las dgilos 595 a9 0ls Jliil gslas a ;5000 Ly 9 1) 879 S 30,k 5L s g0 4 |, Lt
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4 503 s Jb e g0 s ) g
Sl ool wl sl pola s aas Jougs )8 a4y
Jio ] ol 03,5 o]y cnles o | sl
Joile ,o db s g0 4 oledbl il ) g
O— )| oslal l_) 9 USART Jf_"ug).l Lé—l)“L’ )I
3,8 o0 g0 TX s RX (sla

e Josle LK g9 55 s5lastol, 5l J3
o LT 0T sl 4l L lasl el
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Josle sla 4l les JSo

il UART L)

. USART RXD PIO11 | g;‘- Jw"ul.’ &° UART .bLJ)l PR ledbl C,é[..{).) L) .b,J)A O= PIN2
» [Cj:?/s\RT_TXD P%)CI)Olg ™3 = Josle O3 cm) g ] o 5lde Jlael PIN11
. RTS PIOS 1 3 . 3 9
. PCM_CLK PIO7 —53 Jleel 0T an cdy ¥ 5Ly asb 5 0390 Joile cie asias PINT2
. PCM_OUT PIO6 —52 S
' PCM_IN PIOS —5> . . . N
. PCM_SYNC PIO4 ¢ T3 Dgw (A J.@g )|.M A0y 43 9 039 dgjLo GD.VO LYRe ) PIN13
| :%8‘1) gg; ™25 e , ko 4l ol an Jaze LED 05 Seir (el ,8 :PIN3A
. RST PIO1 | gg (AtmOdez l—i AT mOde1) .)_Jul.: i Jgjl_A
| + .)9_:.X_mlyu_&g)Lu)ld)l)_;)))lwgube)_{inKJ_w)
g.m A0 g.g AT com- olygiws —ales a3l high > ,s PIN34 ., , 3

w -
Qunggdez ol 5l = 0 Leis S peio ool i 5 il o |1 J— mand
s alys |l g s
B R e el ) S 1] I 3,5 oLl ;35 3,190 ds Olgi (0 Jgile 2] 3,05 ales )l

/ edl s La Joils Sl (K adls ol yo s, ]8Ty ,5K00 95 o bl 3%

Dy o s S Master < - s 5, %5 5 Slave

el ol 551,55 Sen U ol ot il Uy o gunols” gl bl 3¢

)_Swlf.))_:)lfu_ﬂ).)Mw@)ﬂg%ga'”ﬁl_i)_?wlf-;)pglawg_s,\l_z»@)H@ul,.&@dg}l_,o
S e Joe Slave olye 4 Jsgile g Master olyic as ol ,wa a5 L
sbe)siiwa Slave > s a5, K5 &gl l)ls sla oKiws L Master > s Jsjle ol o Ko L olgs oo %
J)_{ )l)_§).s .bl_d)l 5(C)9J91J L;l)l.) ,_sl_m )_2.\.1).3
ol et o dls U eSS sl U bl sloml aab , 81wl sas iy a5 Slave (o ,5 Gicy @ s 4s Jsslae ol
bl o S92z Sggh by sla oiws =81 Lal (5,8 G cdl>) - casy a5 Slave ol Jdosle ol aols | 0l
Ol 4 1) of a0l (o oKiws iz 9 Jgsle g byl 1,5, sl m 2sS (o Joe Slave 0lyic s Lo i 5 Jio
De o Lasie AT cOmMmMands olysiws hwg Josle 034 Master L Salve .s, 5 sa < Master
Joilae 4 Jb,w L)l G ,b 5l 4 siiwa Olygiws ¢ w0 So AT cOmMmands Sceews AT commands i,y ke
9 o s ;) 5L b e O il Ly dgila 9 oS e Jls)l

el 0ad S5 og sla AT commands I s, <) o)leis Jga o

Parameter Response Command Application
None OK AT Test
None OK AT+RESET Reset
Get the soft version AT+VERSION? +VERSIO§£ <Param> Param: Version number
Restore default status AT+ORGL None OK
Get module Bluetooth AT+ADDR? +ADDR: <Param> Param: Bluetooth address
address OK
Set/ inquire device’s AT+NAME=<Param> OK Param: Bluetooth device name

name

Default: “HC-05”

Set/ inquire device’s

1. +NAME:<Param>

Param: Bluetooth device name

AT+NAME? OK----success . .
name 2 FAIL-—failure Default: “HC-05
Gotthe remore Ble. | +NAME:<Param2> Paramé: Riemo(tis:1 rBluetooth
¢t the remote Blue AT+RNAME?<Param1> OK----success evice address

tooth device’s name

2. FAIL----failure

Param2: Remote Bluetooth

device address

Set/ inquire module

Param:

AT+ROLE=<Param> OK
role 0---- Slave role
— 1---- Master role
Set/ inquire module AT+ ROLE? + ROLE:<Param> 2--—- Slave-Loop role
role OK Default: 0
\ b)Lo.:u LJ}-"
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o=l dan by e 0 S iig L ENter als o 8 olea \N\ ia g
il e Al o 0

=S Jl)l ) o (S sae Lo an Ggb gimws )5 ST pinen
DS o e Master Olge 40,95 Jgsls ol

ssliul J—B AT mode2 s AT modeT s 93 ,5 JosLs ol
ool

s—sb - Baud Rate = 38400 bps = 1 ,5 AT mode1
o oz 55,8 Y sl L PINST b4 e LED
s anly s Jole b cdlb ol as vas o)l ¢l - a5
3,5 |, >l

low ;s s PIN34 Jlxs! .\

Josle 4 ias Jleel Y

high 3y & PIN34 Jlas! ¥

s+sb - Baud Rate = 9600 bps > ! ,5 AT mode2
o oz 55,8 sl ,3 L PINST b4 e LED
s anly s Jole b cdb ol as vas s)ly ¢l - a5
2,5 |, >l

oS o Jeoy oile PIN12 4, 1, PIN34

gh 4n Olaen yo b a5 o o=l oSl 4 dis Jlasl L Y
39, — high

COM &9 32,0 )l S ealS 4 Uil JLail

Al 05,28 Ly g aisgs |, AT commands e ws Hyper Terminal 1,5l o ;5 bxs )3 .0 Jaoy ySgaals” 4

=S osalie Hyper Terminal )l sl o, bome )5 1) ©lyginws ol 4o dssle Sly— Enter
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A 10k [e)
Y oToToolo RS232
20 L ~o~>|m w|<r c\|ln
GND ||' GD

Cl1 Ul c2 5V cC3

Cl+ VDD ‘%H“-GND
cl-  vce |

€2

C2-

1051 TUN TIOUT b=
= T2IN T20UT p—x

) RIOUT RIIN 3
X— R20UT R2IN —x

J__ GND VEE j/
— MAX232ACSE C5

GND /

Fojlod JSi

e Sl madgd

oslin prwis S 5l dgsle RXD an 5908 TXD anly Jog sl Jds ot 4 a8 (e )5 g Y 5Ly L
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sl g B high shw olgie a0 TTL 6l g P 052 095 (o0
S oo Md Lade ool 50 55 asb o AT mode2 L, AT model olswl gl ,— PIN34 s a Jaze 0 JS
il oo Lase ol o oKy 5, 5,6, 5 oly ;6 LED 05y Sacir (ol

aal 3 5 ;o 09

r,:a.f GAAT mode1 .. 3ly 15 Sogo a0 1) dgsle el 4 doile 035 Juog 5l G

Low ;s & PIN34 Jlasl

Josle 453 Jlecl .Y

High ;s 4, PIN34 Jlsl ¥

B) o Sedx 35,8 Y GulS,8 LLED < ol s

oo o b (o] Qg oS 0 Dl 1 algsds pb Name cuwws )5 05,5 5L |, Hyper Terminal 153l » 5

ol ) el sas ailol Jgsle vas Joy 5l e a5 1, (59 0 leis CONNECT USING coind 55 0o jL 0,5 s
oS 0 sl [ 05 oledis configure cu—ué s S o

Baud Rate = 38400 bps , Data bits:8 , Parity:None , Stop bits: 1

S o Sl I, 0K s,L9s 5 NGy 0K .S e Flow control: None <ol )5 9
BT, /> .5 — I, Properties a5 J-b s I Hyper Terminal 1,50 p 5 boe )5 s
DG 83 08 & 0 5L 0,2 )3 9 S (e s ASCII Setup 5, settings s )5 oo Lo 0,0
= Append line feeds to incoming y Echo typed characters locally sla 435 s
oK Shgiws b b Jls o8 (o SIS OK 655 0 )logs G o238 |, line ends
—— 3,5 saaline ) Slygiws cpl 4 dosle wls> 0lgs 0 AT command
e a8 03,8 el SIS Ccomputer s, WJssle a4 Joate g o)l ek is sl ida g
oK L Ports(COM & LPT )cw—ud 5 .08 olswl |, Devise Manager ... s Manage
AT+HAME=ECR sk - )_La S)g—0 g Olea a5 S (s a_slol )9 Josilae Q.))_f Ul_.og
oo Sl ol oo e VY oyl g Al s Hyper Terminal sl o, 5,50 )5 a2
Aples axxle o)le i ol s a iy e i LN

0 o lemis JSi 5wl 0o 0391 Jgile il ,5 AT commands «lygiws J—ols e
ol 0 00> QLS Hgiws i cdl,s 9 Jl)l

s> g 'f"_il 03,5 Slezl 8 1) Sgssh p s 590 (0 w8l AT OK ) giuws Jlw)l L
/ ol 035 s | ogishy pb s

Bojled JS Jb )3 55290 e Lus 4y La ERROR 5 AT command «lygsiws sl 5l (BT sl —
Ales daxl e dlone depens

AT+HAME?
+HAME :ECA

0K

Sgighy 320 5l FemalS 9 9,50 u OleMbl Jols

SoSsk 559,00 G b Sl See dn ,5emels Sl pizen 9 1Sgels A 5 G Sl SLE A, S Jllois ol Do
Al e

IS0 Gk Sl L ol doilo Gru 39 (0 03l 8 Jgsls as Jb jw pgi0 4 9, 5l 5L 4, SO Lzl
Hyper Terminal ;51 o, booxe )5 00 codlys 4, onl w8 (oo i 1590l L O d g5l 4 g 5ohy
é_i)la)‘U\:_.L)o_ﬂEnterJ_ﬁ.lfo.))_&.él_ggoa)_{%_llsﬂ}_ﬂr:)_so_ﬂ.la_ﬁm)ol)u_&)u(_lw.o,_éwwbuh_il@
239 X b (on 9, d b Bl G b Sl (28l s 4l 56 sl a9l (e L)l dgsls an ,S59uals” gl
Dgis (o0 03l Gl 9, Ko 4 Joaie LK (65 o JI o Al ol el

b o NXP o5 i csle LPC1768 o5, ¢l 53 oslizwl 5,90 ,) 879 San

5Ly shls Jgslo 5,585 Koo 09— 39 (oo ssaline 45 55 b 0lo .oas o 0L |y 039 s sl SKilors F ol JS
il o5 J93le RXD (s 690 o (oioslin s s (65l cdicdly (oo g Y 4 dis

4 LCD asloscs Joate do3le JIRXD s TXD sl ou 4 o 5 4,189 S50 UARTO 51 TXD s RXD sla ¢y
ol 03,5 sl jtage ity S 5l 5 LOD el 58 o its (sl sl 00 Jaate 2089 ,Sen o Sy

b e 9 48 (S 039, aiyy SYStem_LPC17xx.c 5 lcd.c sla Jb Keil 1350 p 5 )5 039, sloul gy
.45 Add |, system_LPC17xx

_ 4l JS z 40

03 Lgaag ) ais, , ) asle oo , )8 jeiws ,hitie 9 aiw,d o Hyper Terminal a sl a5, Ko lasl
laol as a0, gy ENtEr ol o )Lgs 05 a8 L Gauw 239 (o0 0305 iles (63 (o JI o as, ENter .l
..).ql.gw@'ﬂbgoq]gwx
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jg 5V 3v3 ;?
47 GND GND ==
5 3V3 PLO —2
{ VREF PIL.1
43 | RsT Pl4 2
44y Pl 33 LCDI
4 | pgog PlY 32 2o E Szoagoen
46 - : 31 ZO0Ouw [salyaalyaalyaalaalyaalyeaiyac)
| P4.28 P1.10 CSSMRmAAAQNRQNQNA<M
47 30
1 P3.26 Pl.14
48 29
G0 P3.25 PLIS —52 ~Nm¢m@.\§ﬁ<@§<§i:_yﬁ.ljf
| PLIS PL.16 |1 GND
0 b9 PIIT 2L
51 : : 26 5V SR 5V
55— PL20 P028 —52 sk
=51 Pl2l P027 5=
59 P12 P026 —3 © si 3V3
55 P1.23 P0.25 55 —— 1 34 —
=>— PL24 P024 52 GRD 51 USART RXD POl —= o
= Pl2S o P03 5 51 USART_TXD PIOI0 —55— Sw-PB
=1 D126 5 P02 5 1 CTs PI09 —3— R2
{ P1.27 S P02l I RTS PIO8 T
59 o 3 5 30 L0k
=51 P18 P0.20 — =— PCM CLK PIO7 55 g
e P129 5 P0.19 —¢ = PCM_OUT PIO6 5 7w
o1 PL30 2 P08 (2 < PCMIN PIOS 5= b
e PL31 S POIT 3 51 PCM SYNC PIO4 5= A
o1 P13 T P0.16 3 51 AIOO PIO3 —52 GRD
s 212 PO.IS —3 T AlO1 PIO2 53
e P21l O POl : 51 RST PIOl 5=
o1 P210 A& P00 —p 3vs3l 1 3v3 PIO0 55
o X = P09 GND GND |
4o P28 P08 —2 — : *
——1 P27 P07 — GRD o oo Q‘D
=11 P26 P06 — vBaczXas
71 P25 P05 (2 ZDU==20008
71 P24 P04 || YT
74| P23 s zlzlel=fzl2]els
75 P22 P02 —
71 P2 PO.I 5
| P2.0 P0.0 bluetooth
\ LPC Header Board /
5‘0)[.«;.;:: J{J;
~
#include <lpc17xx.h>
. J

p ol 03,8 Slesl s 1) a9 ,Kon T Job Gg8 poinws 22
#define LCD LPC1768
#define LCD_PORT_0
#define LCD_RS 0
#define LCD_E1
#define LCD _DB4 4
#define LCD DB5 5
#define LCD _DB6 6
#define LCD _DB7 7
\#include “lcd.h”

J

Aol p )5 e an ) e Joate 63 (o Jl 40 45 9, Ko sla w9 el Jmate 0T 40 65 (o Jl 457 (S e

int j,m,i,n;
char code[]="Write The String: “

char str[20];
char get[16];
ol salys
void putchar(char c)
{
while(!/(LPC_UARTO->LSR & 0x20));
LPC_UARTO->THR=c;

}

putchar ot

iz ol 931 C S G 393 (I THR i, U a0l (o it , 1,85 Koo lail ol ol (Sls3l,5 L

www.ECA.ir



a8 o Jlwyl g eals Hl, 8
N

/void puts(char *str)
}
char k;
while (k=*str++) putchar(k);
putchar(10);
J )

puts &t
T s 53 55 (o Ll 9, K Gy b 5l g (o axings @b OLagS,T )3 a8 (6, (s A @b ol (Sl s
Write o )le Sta ai, S0 bial (in oS oo Jl (3l (oo s o 4y 8, 245 a5) | 03 sae 2l ol
S a0 Las 0 5 398 (e alb Hyper Terminal L5l o 5 asio s ai) ol 9 358 (oo Jlwl :The String

59) (o P9

e N
gets()

{
i=0;
=l
while(i<16 && j==1)%
while(!(LPC_UARTO->LSR & 0x1));
get[i] = LPC_UARTO0->RBR;
if (get[i] = 0x0d) i++;
elsej=0;
}
2

y
gets U

il s sl RBR s U sle s, bitieg Sis T (Slgs 3 L a8 4 sl e 90tS() el 5 4ol ol @l o 5T
Al a4 by U Jeee ol aas oo o3 Gt as, 1 asls s g coslys [ ,Sh Gua 595 (I agas ST
O3 b S g0 )3 39 (o Lol il LIV 1 S ead s)ly 4, Joeb Ly sais esls ,Lzé OX0d o5 Enter
Do (e 7l 206 5l g as, get[i] s 1) ea i sl ai, S VS las, Job oas 5Ly L Enter . _Js

e N
int main()
{
Systemlnit();
Icd_init();
Icd_clear();
LPC_PINCON->PINSELO0=(1<<4)|(1<<6);
{
N J
main &G

o=l 03 0 (e pLoxil PLL & bso o olodas Systeminit() &b S A bl 9 (s 4l ol 2ol 5l JLs
sk o PCLK =25 M&CCLK =100 M >

TXDO (sla iy 4 byso 45 [ PINSEID S, 6T Jis s 5 o oo 5Ly Gisles dmin 3 Jsb 65 oo
oS 0 e )lase | ool RXDO o

LPC_UARTO->LCR=0x83;
LPC_UARTO0->DLM=0x00;
LPC_UARTO->DLL=0x28;
LPC_UARTO->LCR=0x03;

P..il 05; (5“"’ )'.XiA ).1) )..{.)Lfbo L) 4?93 L: I) UARTO Le by)ﬁ LSLQ):\.:.MD) U
Baud Rate = 38400 bps , Data bits:8 , Parity:None , Stop bits: 1, Flow control: None.

www.ECA.ir



/ N\

while (1)

{

putchar(10);
lcd_clear();

puts(code);
lcd_gotoxy(1,1);
lcd_putsf(“HC-05 Testing”);
gets();
++){for (m=1; m<=i; m
lcd_gotoxy(2,m);
lcd_putchar(get[m-1]);

\} J

Sar shs 53 oS o S L LCD o s {01+ sae Jlao)) 4ty ol b S el (o ail S o
23 s 390 03l i les Hyper Terminal 150 p s bome 53 s oS (oo JLl |, ” :Write The String» 4,
Ry S P gets()(-__gls O 394 50 0303 Lo les «HC-05 Testing» o ,Lie 65 (o JI 31 Jsl 05w 9 Jsl oo
£33 b 3 948,81, La sl Sl ai) ol 9, SKeo 59 Jlal 15879 ;Koo 4y 58l p s laioms 3 0 b a, s
Sad o ioles Jol ()9.:..»\9

p
while (1){
while(!(LPC_UARTO->LSR & 0x1));
n =LPC_UARTO->RBR;
if (n == 0x0d) break;}
}
}
\ J

g 03ls HLad )8 awgs ENtEr als o bos b r,,.:.';La 0 b Koo dal> G o

dmee 5 ogmo il s el wl gz 1,08 Ko 05,5 0,59, 9 OF 03,5 Jolols aals i digi 5l Gy
1 3S

A oy g V¥ 5Ly a9 akid Jlas o) 1S Al 4 | o3l PINS4A (o o o8 Jlacl 1) lace 4y is
D) o Ko 35,8 9 ol 3 L LED -~ o=l 03 e AT mode1 . 3le Josle s

23 s LA 5 s Slsawl ) 0T Wosle oL 5l a9 03,5 gt Add DeViCe s j5 ,5g00lS ogssh L
Sslgs o0 9 0390 sl (o, i jay sae ool .0 Syl 1, 1234 sae bLs)l )58, Gl ) cmlss 5 & p9 0
Ao i |, o AT cammands ol ygiws bwgs

A Jalys ailol et it 4 COM &9 95 Jysle 03,5 A Sl s

Devise . w s Manage a3 o5, 5 cul, U MyComputer s, wss aslol sla oo o)l 033 sl —
La @90 5l (S5 B9 (o0 0aalie 0 ablol sla o9 POrtS(COM & LPT) s ,5 .0ss” oLswl |, Manager
Sols , bl a1, 0utgoing as by e &9 0 i .ol e INCOMING s, X5 s Outgoing

23 530 s L Ll g g lagdins ol s plasl | abys o laddiis 05,5 50 |, Hyper Terminal 15—l » 5 JL>
28 5,1y 1, 0UtgoiNg 4 by o sy o)lod v oy olswsl pla 4y b o 155, 5auals 4 Jgsle Jlasl cuud
s plosl sa 4 Jole b | lagkiss aslsly

J9ile K8 a9 gsl b 5l Ko sla olKiws U g, Koo Bl (51,5, 0956 Ly glsT s o atlin ol 5l C3aan
ain) ol 5 1) 6 63, 9 aie sla 039, Olgs e HIK 0l o L S .59 HC-05 Serial-Bluetooth
g =l y (olb i
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STM32F103RETG [Header '@@U’

e o VY sla )58 e (6w 31 STM32 oslels
loae syl Gaa Ly a5 s il — ARM Cortex susjls
a8 slonl La ) sy Koo 0Ll sl 5, Sos 6351 51 g2
3, Slee U (L S s La sy Koo sl eslasls ol o .ol
))U"-’PGL&J})K’J[MJG[—QJL&M) Ol Olsea i
Mydwgpgl#)hgb_vbgwdé_mu_’fYL y

23,8 o asl)l

aiwa . STM32F103RET6 , 55 S oo oLl 4 Lo
52 ¥ . LCD )lss i inl . 72MHZ e, L, Cortex M3
sla juid ol 039 s 9 s DAC 12 55 e ¥ . 0 ADC 12
= 9 USB ¢« Can ¢ 12C « USART ¢« SDIO aL> ! 5

http://eshop.eca.ir/link/1325.php : LSS Slusgs

ATXMEGA1 28A3U Header Board

)lt_me LK s Lenbs L_f (Plco ower Technology) u_ﬁb,

|)w\9g.))9_m4._:[,._m G—A&JAU)’—AA)P-—QDJI.)w)l.))_)
2l o AVR Ly Sao Jid 00l s ol iion Lol sy Sno
U_l.d J_.uu LSLQ.)9A.05 9 um G_ALM XMEGA b.)|9_)L> 09
ol 02 48,8

9290 sla Jgilo g S XMEGA G = ) P_Q,leL: )lLrii
b (lay K 59, = il slams ol (o 45 039 9, Ke (59,

S S99 S

S S Jlaiwl 5l La ) 1879 Koo 5l (6w ol oo el a8 IS in Lgss
o=l pogmase ol 59 YL A e g 9,9y Lo ) 58T Koo ddy oy s
wloMHﬁﬁJ@mwlppsﬁLgumHu)J)ﬁ»{y
Al o a8y Ko Sl 6 0l 6u/° oty 3l b w' &)19 S 03903 r";&f wbs}“’ e o

http://eshop.eca.ir/link/1324.php : LeSS Slowsgs

V81003 1auo yhidkp 9 Jousd Jg il

: ULHWMA MP3 ,Jggo)«mu,&_,vsmos e
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A =5 PDB/AINO AREF [—= 100nF
——] Pos1
HMT —— Po4rmoixck
. ——] PD3/NTI
o—— —— Pp2/NTo 7.
1 5] PD1/TXD
25630301RP2 ot | YR
PB7/TOSC2/XTAL2 [——
——| PCORESET PBETOSCI/XTAL1 f—-—
—s—] Pes/ADCsiscL PB5/SCK [——
—7—| PC4/ADC4/SDA PB4IMISO [——
7 e Pcaianca PB3/MOSI/OC2 [—— D1
7. == Pcaiapc2 PB2ISS/OCTB [ R1
ADC [>=———me] PC1/ADC1 PB1/OCIA [—=
—— PCO/ADCO PBO/ICP1 [ 220
2 14 LED-RED
ATMEGAS 7.
- J

A.Lll~u)§ L):;ﬁzg g5:¢3L4¢: :\ o)LauL LJS;L

0w 5 iy 3 Slas g i
)J)iifg)iﬁﬁg_g)ngl_gl_zinL&ﬂ'c)_Sgd)lfuu_ﬂf)éWo.x_.iaLré)Mo.)l.&j_w|))Hg)_iﬁ.au_:.g').)a.x}.:_w)éul}ﬂ))
NPV P W YU
O—ied 9 04 (5 Sy Ko U39 (=09, /.faL.Lu LED Golaslol, cgs 9> u|9_,..c¢_;b0 O g S .b,.k? BE)
ol 530 63 Jtb biaoma 3 5998 5 oSl g il s ADC
A .LQ|9> s3ls oT olxslel, 05::39ADC 4-.’(:?') S piiSn C)l::.y.og.?bu_ll 2
Ul 4 ogs a5l g SIS ol g w39 6 S 03100l 5 g5 iilas Aile (g per e S S el S a
Mé)',.&.))lfol_&{);a)l.x_ﬂ6\_{‘;{5)5&”(_ngCA_ﬁ.of).iLwl_ggol_i):.-‘jugi_gb)_léjo)’»q_ﬁ.qfh)w.bgw
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=S Jms Glaled g dlopws oae 4 0k, Slwlre L) dlazs Jlaie ol g o8
b33 395 0 VTV L e w slael il o ool pls 9 03— i V- AVR sla ) 879 Kie )5 55290 sLa ADC
Sl S a0 33 555 50 1,0V ae g Y0 slm 9) VY sae g ety sl ho dae ey b0 Gl o Y 0
s sl 1y 0T sin Sy o555 Koo UKl s e Il 30l el ol 3l slis
ADC L;.Lu)iﬁ.g 09>
A..Z:LGA){) Q)wd.gt_g)’bﬂobulfdﬁ

CONFIG ADC = single, PRESCALER =AUTO, REFERENCE = opt
3,15 3529 ADC (5l 5 (6,15 2 95 39 oo 4D | o)les Jgaz 3 a5 jehilea
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ADC Running mode. May be SINGLE or FREE.

PRESCALER |& numeric constant for the clock divider. Use AUTO to let the compiler
generate the best value depending on the XTAL

REFEREMNCE |The options depend on the used micro. Some chips like the M163 have
additional reference options. In the definition files you will find :
ADC_REFMODEL = x

This specifies which reference options are available. The possible values
are listed in the table below.

\oo)leds Jgar
O3S 9, Kn baawgs O Llaie i (Slesl 3 L 5,9 s ADCS JUE aal, y3 a8 a8g0 ,a el ool ,s:Single (\
P9—b (s
= O3S aal p das 5 03,8 Ko |, JUK are slosle) 1o (o8 G & p90 dn 9, SKan 395 <l ol s Free (v
s
9 SKun 595 AULO Ll & p9a0 45 48 ail (0 JUI (515 1 asgas GuoslS 3 sl au by .0 PRESCALER s
2,5 scalys Olsl ) S oo g
s p25 oyt iy o ppriz 1l oo ADC (gl o po 5Ly il s byy o 45 REFERENCE (s 5o
3,0
== Wy Olge a_, Aref Al as 00l Joog 3Ly g ond Ghawls cwl g Y05 ol asT sl == 5Ly :Off (A
Py—dioe 4b S b s
b ad S ki s 2z e 5 olyie 4 AVCC 4 Wy AVeC (Y
Sgdsn o3limul g V.05 J5ls x> 0 5Wy 5l Internal (¢
g (0 03l ukie 5,90 5 W,S‘J.K)m_sﬁ)lfﬂdfén\f.\shm@)uAD s A sl el 4 pate 95 daly o
Al s>l dgb ) Q,\_mlo_(uagJ_BJ@)bJQT)_\LQo)LS4_{;‘,._,.»|4_B.'9l:>¢)l_o.1§6|)_3 PR CRPUY S VEWWE S )
Dgin o0 03wl Olinl I La jurie 4 o jiws gl o 0iST s
09— = V0 Loy L asily (e d3e ol a8 08 0,053 395 50 [, ADC JUK oo oSl slaie AD ,aze
sl 1-vr s - ADC
.Jf@o)pboxﬂfd.gdlmﬂdﬁq,?sp)s |)AD).:4.IAL5| ALZ))|.).5AA).:JLIA
Jeows as) as ol @oae Hlaie Guew 5 00s K> ADC abg, 0 JUIK ro|.x_n oL o ails Sy s b )las o
Jla,l e, as uart JU g b 1A axe sl ai, slaie Print e ws jlesliwl U Jol e ool (b 5l ae 595 (o
Db s
:&Mob)‘ao.\m)éélfomm,sub{g

/$regfile = “m8def.dat”
$crystal = 1000000
$baud = 9600

Config Portb.1 = Output

ConfigAdc = Single ,Prescaler = Auto , Reference = Avcc
Start Adc

Enable Adc

Dim A As String * 13
Dim Ad As Word

Set Portb.1
Wait 2
Main:
Do
Ad = Getadc(1)
A = Str(ad)
Waitms 75
Print A ;Chr(13);
Loop

\ End
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J1
25630301RP2

25630301RP2

25630301RP2

U1 . ¢’
—e 5k
§I—O 2 1 ReseT PCO/SCL ]
N I PC1/SDA
- XTAL1 PC2/TCK
L xtaL2 PC3TMS
“ PCA4TDO
55— PAOIADCO PCS/TDI 7.
=] Pat/aDCt PCEITOSCH [—
% PAZ/ADC2 PC7TOSC2 |—— Ja
5 Pasiancs
= PA4/ADC4 PDO/RXD > data .
21 pasincs PDITXD [— ¢ | HMR
21 PasiADCS PD2/INTO [—— d+ > *
21 pa7iAncT PDY/INT1 ®
PD4/0C1B
PBOXCKITO PDSI0CTA % 6630401RP2
PB1T1 PD6/ICP
PD7/0C2
~—] PB3/OCO/AINT
——] PBasss
] PB5/MOS!
;— PBB/MISO Avcc D2
——] pa7isck AREF [—=
LED-GREEN
ATMEGA16
R R
” R4 5 R R2
—L 1  —
470 470 470 100
N Q1
BC107
—
SIZ XZ b5
D3 D4 1N4148
O anuise >
o Ho.
Mo~ e
RL1 RL3
NTE-R46-12 NTE-R46-12
NTE-R46-12
o]+ | o+
XXJ X XIXJ
J3

\

J

OJJ);ULDUL@L@ ;Y b)Lo..:JJQ

S Ob) 45 035 18 6l 00 At aals 0

/$regfile = “m16def.dat”
$crystal = 1000000
$baud = 9600

ConfigLcd = 16 * 2

~

ConfigLcdpin = Pin ,Rs = Portc.5 , E = Portc.4 , Db4 = Portc.3 , Db5 = Portc.2 , Db6 = Portc.1 ,

Db7 = Portc.0
Cursor Off

Config Portb.0 = Output
Config Portb.1 = Output
Config Portb.2 = Output
Config Portb.3 = Output
Config Portd.6 = Output
Config Portd.7 = Output
Config Portb.4 = Input

-
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(Dim A As String * 13
Dim Ad As Word
Dim Tab As Byte

Designer:

Cls

Locate 1, 15: Lcd “www.ECA.ir*

Locate 2, 15 : Lcd “www.ECA.ir”

ForTab=0To 13

Shiftlcd Left

Waitms 500

Next Tab

Wait 1

Main:

Do

Input A

Ad = Val(a)

If Ad =< 40 Then

Cls

LcdAd: Locate 1, 4: Lcd “Normal Air”

Locate 2, 3: Lcd “Disable Out”

Reset Portb.3: Reset Portb.2: Reset Portb.0: Reset Portb.1

Set Portd.7

Reset Portd.6

End If

If Ad > 40 Then

If Ad =< 120 Then

Cls

Locate 1, 2: Lcd “low Gas sensing”

Locate 2, 3: Lcd “Enable Alarm”

Set Portb.3: Reset Portb.2: Reset Portb.0: Reset Portb.1

Reset Portd.7

Set Portd.6

If Pinb.4 = 0 Then Reset Portb.3

End If

End If

If Ad > 120 Then

If Ad =< 200 Then

Cls

Locate 1, 2: Lcd “Increased gas”

Locate 2, 2: Lcd “Off gas valve”

Set Portb.2: Set Portb.3: Reset Portb.0: Reset Portb.1

Reset Portd.7

Set Portd.6

If Pinb.4 =0 Then

Reset Portb.3

Reset Portb.2

End If

End If

End If

If Ad > 200 Then

If Ad =< 500 Then

Cls

Locate 1, 2: Lcd “Increased gas”

Locate 2, 1: Lcd “Contact Support”
\_Set Portb.2: Set Portb.3: Set Portb.0: Reset Portb.1

J
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s B\
Reset Portd.7
Set Portd.6
If Pinb.4 =0 Then
Reset Portb.3
Reset Portb.2
Reset Portb.0
End If
End If
End If
If Ad > 500 Then
If Ad =< 1023 Then
Cls
Locate 1, 2: Lcd “Increased gas”
Locate 2, 6: Lcd “On Air...”
Set Portb.2: Set Portb.3: Set Portb.0: Set Portb.1
Reset Portd.7
Set Portd.6
If Pinb.4 =0 Then
Reset Portb.3
Reset Portb.2
Reset Portb.0
Reset Portb.1
End If
End If
End If
If Pinb.4 =0 Then
Reset Portb.0
Reset Portb.1
Reset Portb.2
Reset Portb.3
End If
Loop
End
. J
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Main ~
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includet o,y 0 4 sl 55t S KENARMINCINXP\LPCA7XX joe (ins K6l 5 Llals s s L Jolo

Dgi (oh (5D 20 <<lcdh
ol 00 ‘Ul)l 4\1900 W 09 )Ly )90 6Lm Jﬁ‘.b

.&alw)f)l).go.)l.o};.uL))’Ao}’ﬁwl))&ﬁ)l)ﬁ@h%[@wﬂ (5""93 @..9934.)

Read_ADS(u16 *x,u16 *y):
LIS LCD jl cad a9 (0 438 5, 4y (ana) dmiio Calisie sl camnd S IUT lacis 0aslss 6l gl ol
r23lie ol Joas sl andl oS e 0,53 XL Y sla S olsl o | La ailge ol el ool a8 0l (oo XY ailge 9
Sy (s 0Ll ol 4 aalsl ;5 as Sgiin (o 03wl ol I CixBgn 4y
LCD_ShowsString (u8 x,u16 y,char *p)
351 0 03 Giele 4 XY Slatsa ,o 1, P aws,
LCD_ClearLn (unsigned int In,unsigned int col)
A8 0 S w400l 51N Slamsw 11, S Y- o510 4
LCD_ShowChar(u8 x,u16 y,u8 num,u8 size,u8 mode)
a)gT,_sA)s owles 4 XY laike ,o 1, S S
LCD_Bitmap (unsigned int x, unsigned int y, unsigned int w, unsigned int h, unsigned char *bitmap)
D gus ,_S,oos)gT)a onles 4 LCD 5 ) a8 Ko abidls 53 00 0 05D ,oguns &b ol sleslawal b

4l JS z 40
%/,b)'.&;l,JHﬂ)K’J,JH&J')UL_iLNLCD )JQL@MLOﬁ}addQ&m'C)),JU_ﬂlA_:Ub)JJ)_{LQS
el 45"l ol s JB 45 5 s pLssl | 395, ks j9n Sl LCD 3 ,b 5l ol aisls slaslS Gl
O les Asmino , b5 3590 Caomand o) L (s 0S 0 Joe ON/C 5 0lgie a0 Olws cpaile (i les dmin Caoud
Py s S

sl ilizes sl Ciownd 7 o
4 N

#include <LPC17xx.h>
#include <string.h>
#include <stdlib.h>
#include <stdio.h>
#include “sys.h”
#include “i2c.h”
#include “exti.h”
#include “lcd.h”

#include “touch.h”
. J

U_ﬁ'&:b}';LAL’).:gJ_ll?w(5LQM)39CM|0A_&T9)M4_ALJ)4)|MU_3|)JA_Ala).uw;w'g_\%]')_wksl_ﬁd_ib
ol 01 0 )Ki}lﬁbl})w
~N

/extern unsigned char glmage_calcu[] ;
unsigned char matrix[4][4]={{'7",’8’,9",+" }
’{(4!’!5!,!6!,1_! }

’{61 !’!27’73’,’*’}
, io!, l.’ ,1=’,’/’}
12

float number1 =0;

float number2 =0;

float result=0.0;

static char last_key ;
unsigned char mmz=0,count=0, data_in=0;
char save_str[32] ;

char lcd_buf[32] ;

char helper[32] ;

char str[32] ;

unsigned char i, j, Code, key ;
\unsigned int X,y ;
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glmage_calcu[] 4,7
| 00
matrix [f][f] l,T

void delay(){

intz;

for(z=0 ; z<2500000 ; z++) ;
}

delay »b
~

/char Key Code(void)

{

while(1)

{
if(Pen_Point.Key_Sta==Key_Down)

{
Read_ADS(&Pen_Point.X,&Pen_Point.Y);
x=(240*(Pen_Point.X-100))/1846 ;
y=(320%*(1920-Pen_Point.Y))/1760 ;

delay();

Pen_Point.Key Sta=Key Up;
if(x<225&&x>5&&y<112&&y>33) {Code="c’;
return Code;

}

for(i=0;i<4;i++)

éOIr(J'=0;J'<4;J'++)

i{f(x<52+j*59&&x>1 +*598&&y<163+i*50&&y>121+i*50)
EJode = matrix [i] [j] ;

return Code ;

il )
[ YAY. \

Key_Code U

Olgs (6l 35038 o 1y cnnlitn 18 5 05,8 (Kol [, LCD (e diin 2 o
Q)9_.c(HJA_gonAASoJUJAJLﬁggX_QAQﬂWM)_@)’_L@MW
L9 il ool Ca 5 4889 (6399 90 4 touch asbuls ,5 P2.13 Al as
| “’“‘v s 9 38 oo las Ui+ Llacie au WPV Llaie 5IP2.13 all 5Ly (e 4o ud
% &b o3 g 0sls &) adby ol plo ol oa s o it 0059, b A g0 4 Ay 0y
Key_Down L, , I, Pen_PointKey_Sta , i cnoy aidy ool 4 by

if(Pen_Point. )y s bwg Key _Code b 5 clbe ol a azgs Ly g 598 (s
Sl 03 o) (o) Amiio LT a8 540 o cws (Key_Sta--Key_Down
o 03 el a b g 3BT Jlois ReAd_ADS ab bawgs o a5 L
\_ Voo PRSIy Pen_PointY s Pen_PointX sla ,_ate j3 9 0o saslys e
L osled JK P9 (0 Jm S Cmgn A
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Read_ s bwss 45 il o 0T ok ez 5 mensd dmbo (i S5 T Slabe ond e slacel | ojlons JS25 5o
Bl .L_.{TLTAQA_.»_L;LCD ouuu_dé_hbg_tzﬁy)_g) wwgaé)l)J).gl_g.A_3|oA_,ZaA_3|95)_<iJJ_3’U&_1).>ADS

1920-160[320] =  x = 220 (Pen_Point.X — 100)
1920- 1846
Pen Point.X| 7 320 x (1920Pen_Point. Y)
i - 77 1760

bgwo.&_:b)f))u]'l_:wm.x_fuwwbgsuHlf%ﬂygouwwwywmbg_i@
X<52 && x>1 && y<163 && y>121>> 45V :cumdyn o) 00

e - N 0L b ol el 51 als S casaban JS 55 00 o sl
. | | kugung_N'pr_B}é')lbduQ,_?zu)wf

l 5 l 9 (o0 et s Lasds pli combge ol pa Jto Lads Lyl

i www.ECA.Ir 3 00 ) ety s Sl b g 3 el ol 5l S

O ) ol 03 o3liiwl 0T U ccwlize 48 9asils 5

- N
void display(){
sprintf(lcd_buf,”%f’,;number1);
12— “|'|| LCD_ShowString(10,90,” “);

= o] > - - ; . || || LCD_ShowsString(15,90,lcd_buf);
163 v L ) J | ) ) LCD_ClearLn(10,75);
171 2t O E A s LCD_ShowChar(15,75,=",16,0);
— S o— — \} -
1 2 3 i display b
: —— —— —— | |25 Sl LCD s lslxe (mles 4 Gioles slm gb ol
] . = )‘ll Ca_wl
— —— |("void Clear(){ h
"”‘"#._, *save_ str=NULL;
L *str=NULL;
- B _/ | *lcd_buf=NULL;
Yooles S5 number1 = 0;
number2 = 0;
last_key = 0;

Clear »t .
, ) , - 7F9 &1 LCD_ShowsString(10,90,” “);

AS e Jl.ﬂ)ui._il.o.}c\_zé.\oi)_ﬁige_o&go.x_ﬂs)fﬁ data in=0:
4w Lol ) Olsa o6 ol @815 521 | CD_Clearln(10,45);
o plosl L Ol geile ples ,3 ON/C S| | CD_ClearL.n(10,60);
35| LCD_ClearLn(10,75);
LCD_ShowChar(200,60, *,16,0);

}
\ J

e N

void config_number(float f_number){

static float divsion[]={1,10,100,1000,10000,100000,1000000};

f_number=(f_number/divsion[mmz]);

result=f_number;

}
N J

config_number ~U

gm0 o=l A VYLV sae il s il gl o e je b dn agd e osliiwl (g Liiel slael U L gl o ol las” b
oS 55 L, (MMZ) 5 e axy slael slaes 5 48 o0 bl VYW oy 0 as |, sae ol calculator ok as el
Jlaie 4 VYT oai o33 sae config_number b Slesl 3 L G 55 (oo MMZ=T Lo 0l 53 48 08 s
D9 (o0 e dS \ VY (adly
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signed char test_key (char key){
if (key == )| (key >=‘0’) && (key <= ‘9’))) return 1;
else return O;

}

test_key ab
9 ) 2 ool Lans” (ol g5 (8l s 38T (g0 10 9 3bl (oo e L AL Dlael ST cbl s cs sl o 2l ol

Do o0 03305, 5 sae ygmanl uE )
- N
void ack_opretion(char opretion){
signed char res = 0;

switch (opretion)

case ‘+’: number1 += number2; break;
case -: number1 -= number2; break;

case *: number1 *= number2; break;

case I’

if (number2 1= 0)

{number1 /= number2; }

else

res =1;

break;

}

if (res == 0){

if (number1 >=-999999999) && (number1 <=999999999999999999.999999))
display();

else{

LCD_ClearLn(10,60);

LCD_ClearLn(10,75);

LCD_ShowString(10,90,” “);

LCD_ShowsString(15,90,”error number”);

}
}
if (res == 1){
LCD_ShowString(10,90,” “);
LCD_ShowString(15,90,”"ERROR™”);
}
}

N J

ack_opretion »

V. )
void calculator(){
LCD_ShowsString(15,90,"0");
\{Nhile(1)
start:
key = Key_Code() ;
i{f(key==’c’)
Clear();
oto start;
if (test_key(key)) {
i{f (data_in 1= 9)
data_in++;
Lif((key==".")&&(count!=1)) ~
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{

if(data_in==1) strcat(str,”0. “);
else strcat(str,”.”);

count=1;

data_in--;
LCD_ClearLn(10,75);
LCD_ShowString(15,75,str);
goto start;

{
if(key=="")
{

data_in--;
?oto start;

if(count==1) mmz++;
key=key-'0’;
sprintf(helper,”%d” key);
strcat(save_str,helper{
strcat(str,helper);
LCD_ClearLn(10,75);
LCD_ShowString(15,75,str);

{

else}

if(key!="=") LCD_ShowChar(200,60,key,16,0);
if (data_in != 0}

if (last_key ==
LCD_ClearLn(10,45);
LCD_ClearLn(10,60);
LCD_ShowString(15,45,str);
number1 =atof(save_str);
*save_str=NULL;
*str=NULL;
config_number(number1);
number1=result;

count=0;

mmz=0;

else{

LCD_ClearLn(10,60);
LCD_ShowString(15,60,str);
number2 = atof(save_str);
*save_str=NULL;
*str=NULL;
config_number(number2);
number2=result;

count=0;

mmz=0;

i

data_in = 0;

if Elast_key I=0) ack_opretion(last_key);
if (key 1= ‘=")

last_key = key;

else

last_key = 0;
if((data_in==0)&&(last_key!=0))
I{_CD_ShowString(1 5,45,lcd_buf);

N
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calculator
)|4_<LT3.LQ).<L¢£9J|J_CI.\_WLTA)_<1J§.14_:&-|9S fwop&bbu)lebgubwubfﬁww (__»lj 5(__>l3 u—:l

Salwls b e Ao 4o S 09 b (0 plsdl
N\

/int main(){

Systeminit();

LCD_Init();

Touch_Init();
LCD_Bitmap(0,0,240,320,glmage_calcu);
calculator();

} J

\J

main &b

Q)_ngkrAr:l_‘z.J (__)l.'i U—ll )9 LCD )9 ul_m}

Multi AVR Programmer A

bl 4 Jlasl e USB ,_s},],,&? 51 oslaul » o9de ).A|;9).; ol
STy 039430 Nilgs 0 &S 039 (503 la (S99 DLl sl
03,5 o590 LCD caus olKal 55l 03,91 0 1) Lt olalasl 5l
Sl (5505 ael 5y BB sla 9,50 Sl g ) cogere sla 9 Koo
258l el Sl o3n9 Ul STy o Jole g gleil b
Hgd (o0 (D Le»'fo::t«? 4alsl

USBY)\ 3 USBY,- sla o9 b Sala <

)l 4 lis 4 5l 0 4

79,5 ISP 50" 4 5qxa 4

Qf,wZIF ;f.:&)b)'lhﬁélbg).{:.a ‘de Qb)f r:bfg).;‘

(Linux / Mac OS X / Windows) sla Jele ERE S SIv
AVR ool sla )25y oo olas Sl Silniy €

dodus | 8 o> g 03,8 fl)f,fq 8l p ZIF =8 g 5l 0slizwl
A5l 4 O

la 5 Sen olas eniliys (polos ol jem 4 5ls 5,550 slaslsil o 5 Juls DVD
éﬁ)lf oo \ Y 6')')4

keSS Sl

http://eshop.eca.ir/link/489.php )

~

~

4 )

* * *

L2988 39990 )‘N‘ D‘) )ﬁ‘)é
S 5 3l5 il 285 %n L 0l o0 & o)l 1
4 b )asy S ail (o (Sl slajgige Elgl e s b s
slsgige SHlulol, 4 o6 lews 4 (29,5 Ol 0o oS e
oolital o1 sl sige S gz ygalys 5] g 5395 KoK
(SLQ)’S’A le)-’ o3laiwl (Vg J).g)l{).g: gsl.ﬁ),._{').) )' ksiﬂ .\.u»l.o.n <P
Q- jlljg L: )939.44 Y d)laf Le) )JG 4 ol L298 )9.1]).) G{!.)Jgﬂ
$i90 o9y Slesliul b 398 Jgile . ails (oo ¥ 0L, ,51a> 9 oy
Syl 1 DC J93g0 ¥ L)LO)A-Q J)J.S @Uy‘ 9 o.x.!.))f t5>|)b L298
YA <5390 8 Sl el LG 0L 510>
8-V )gige o guals JB 5Ly 5T
la ) 1579 ,Ken plas b s5lsl ol 16

P keSS Dlrndgs
J

http://eshop.eca.ir/link/87106.php
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JRLINKC V8., O 556, y0f1sTa,

oS5 (1 ot 5B 5538 3 55

(s IAR , Keil) ke sl LLalS 55 Slos 5 6,55, bl @

sl )58y Saa plas Sl JalS (Sl o
ARM7/ARM9/ARM11 (Atmel,Philips,Cortex-M0/M1/

Serial Wire Debug (SWD) ;I sluxi, e

Serial Wire Viewer (SWV) ;I gluis o

Slebd Kolagsl loliss s o

12MHZ 6 JTAG cc o o

Kbytes/second 720 b sslls cac @
Kbytes/second 800 5 DCC . . o

IAR Embedded Workbench IDE L .l (5,5 ;L0 o

‘ (USB )95 2,k 5l 4di5 uels) a0dis 4 5o 09 @

target voltage (s ,.5° o5l <ulils o JTAG signal ile couls e

JLF_AG sazie slallns laiio o

TECHNOLOGIES® p|ug and p|ay W shls e
= == m Em s)lxbiwl oo Yo JTAG 5 (slls o
CO tex BV bl <ubl) 3V .3 52V .1 51Vl 6,5 5Wy 5, @
Intelligent Processors by ARM* oe Ve 09y S 9 USB LI slyls e

Ol Lol ol )s cdiblxs) tiadist 43385 ol Sll> 0
O \f O )Hgu0 AJITAG j| oslawl g:,..:.l..l_"e °

Memory viewer ;| gl e

Flash programming csla,l33l e 5 soles 51 bty o
Flash DLL i 5l glaxiy ¢

Software Developer Kit (SDK) ;I sluxis o
Embedded Trace Buffer (ETB) ;| sluxis e

http://eshop.eca.ir/link/506.php : LeSG lxusgs

\Y’o)u—fwgJLu—)_ij.lqu—Quﬁlé
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ol 52 03,8 & Cilizes (gla o (5311 ol (sl 45 ol b6

VST003B Ussle s 55l oy 4 bis o urges 5 230 - VS1003Bh 5 VS1003B.c

LPC23xX 5 LPCA7XX sl 5555 oo b a6 515 LCD 6515l ol sl sl ailinkss : Led

MMC alex 3l abisl> sla o5 s NORy NAND ils sl akisls Ly U 15 ol s 5, lasliul (sl sl : FS_CM3lib
A i Sl Al g il 39290 059 )0 uns O .File Conflg C J=b ool asbels” ol sl esliwl @l o il o

Ulsols” ol u,,_.mll 23 aload o oF 4 by e Guiaw¥ snb kel 1l o, s ;3 FS_CMB3lib aslsuls
23,5 adlolojg m an ;) e 5l a0k

C:\KeiNARM\RV31\LIB\FS_CM3.lib
LT olys e Kell ke 5 Wizard jlesliwl U a5 545 s o3l FlashFS aslsols” sas <o ¢l - : File_Config
..B,.&HP_:B;E)_QQA_Q)?A.A.ggub)b_&ﬁHb.)go.)lﬁ_w'.))’_A sla absl> J_gléc)_il)a..abr:qulLriﬁ.éI;Q),_wd_g
o9 ol s3 a8 ail e IPCT7XX 8"y Ko 53 SPI i 5o sslassl el gl ,— asbols” ol : SPI_LPC17xx.c
el 00t 453 5 0, MMC alisl> 5 , ) 8’y Koo bl sl SPI jisy
Al o ) STs See i gl Slasdiss sl aslulss” cnl - System_LPC17xxh
il 39290 039, ey 5o Retarget.c b usea

oon S T

1059 0 clises sla cond

059, S5 0 o.)d)’b).g_ Olgie & - LPC17xx )1)159){.:.4 RPYPRT

So sl b 555 : VS1003B Uyl

sl plosl Yo 53 68 Sldae Gioles 5,551 LCD

Sl 1 T Gy b 5 a5 Sla o 65 ,lagSs akisls - MMC abisl>

28 by Stop s Pause/Play. Forward. Back wllee plosl s, = )lis 25 lex

= o3> ol Audio Player o ,Le LCD Ul jhw 55 s5lassloly slanl ,s a8 el & pganl 4n aal p (S 5, Sloe
P93 s )3 (Hgo sla Job sl o il ass 8,8 eSew J3b MMC Sl 55 i (0 oy p MMC g 5 59
LCD pys b, insert memory o, xib a5 0,5 <S5 J 3 MMC ,$15 55 5 0 0sls (2 ls LCD
oo Play/Pause als jLis U G 395 005 1,8 eS8 o Jsls ;s MMC 00l & p9manl 5 5 595 (o0 03l Gimles
)_bl.&o Sldee La s ds™ 5l gf_ijm Q.)'.))l_.i.él_go)l_gg..)g),_&wo.)‘.) ol LCD ).))_:.:uTP_.Jg&g)_& Jsl o J=b
9 o 0313 il LCD L5 9 00 ploul Stop 9 Pause. Forward. Back s

Insert Memory 5 Audio Player wl,L.c 555 #)ls <85 5lo,lugs Jb sl =l > )5 MMC 4 bil> o)l5 5
g o0 03l (il LCD s crisg ol 0l sl

slands 51 a dligS g 0sls HLid U as o pyanl dy cul 00 a8lil 039, ol 4 5 somiws cihls o vimen
Oieles g8g0 a8 05,5 La, g gt (o0 03l il LCD )5 G 4 G (590 sla Jb ol Back L, Forward
9 o SIS Ay Job Olea k5 5p50 Jb ol

i aal p ol sla cand S 7,\:

/#include <stdio.h> [* standard 1/O .h-file */
#include <string.h> /[* string and memory functions  */
#include <LPC17xx.H> [* LPC17xx definitions */
#include “File_Config.h”

#include “VS1003B.c”

#define LCD_LPC1768 [*lcd port and pin definitions ¥/
#define LCD_PORT_O

#define LCD_RS 0

#define LCD_E 1

#define LCD_DB4 2

#define LCD_DB5 3

#define LCD_DB6 4

#define LCD_DB7 5

#include “lcd.h”

static char NAME[64];
\static int Pause=0,File_Num=0,F=0,B=0,P=0,S=0,files,CH;
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/*

*

{

}

-

Flash Memory Card Directory

*

static void directory (int num)

U32 i,j=0;
char ch;
FINFO info;
files = 0;
info.filelD = 0;
while (ffind (“*.mp3”,&info) == 0) /* mp3 file directory */
{
j+H;
i=0;
while (strlen((const char *)info.name+i) > 64)
ch = info.name[i+64];
info.name[i+64] = ch;
i += 64;
Y
if(j==num)
*NAME=NULL;
strcpy(NAME, &info.namei]);
Y
files++;
¥
info.filelD = 0;
while (ffind (“*.wav”,&info) == 0) /* wav file directory */
{
j++;

= 0’
while (strlen((const char *)info.name+i) > 64)

{
ch = info.name[i+64];
info.name[i+64] = ch;
i += 64;

}

if(j==num)

*NAME=NULL;
strcpy(NAME, &info.nameli]);
}

files++;
if (info.fileID == 0)

lcd_gotoxy(2,1);
lcd_putsf(“No File for play”);
}

*

*/

J
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09 )_k).))yo Ul_als O)Lc,_u."ud_g .b’—))ﬁu.))l.) num fl_>l_) ULA;)T;K_'{d"'eCtory &)L»" J)_ﬁflr", 6)9_25){|3 MMC
s 5 98 n iy s kil ol 3 (g sl Jmlb sl 4wl ol (g3 Uy aals Lol ol
S en I e i Al S 3 3g g0 ilibs e sl b ps 4 2l ool (lesl s L el sblee

~

/
r* *
* Pause the playing file & play the paused file function *
o */
void Pause_Op(void)
{
switch(Pause)
{

case 0: Pause=1; break;
case 1: Pause=0; break;
}
delay(500);
lcd_gotoxy(1,1);
lcd_putsf(“Pause “);
while(Pause==1)

{

if(LPC_GPIO0->FIOPIN &0x10000)==0)
{

Pause=0;

lcd_gotoxy(1,1);

lcd_putsf(“Play “);

delay(500);
}
if((LPC_GPIO0->FIOPIN&0x80000)==0)
{

delay(500);

Pause=0;

S=1;

lcd_gotoxy(1,1);

lcd_putsf(“Stop “);

goto end;
}

if((LPC_GPIO0->FIOPIN & 0x20000)==0) {delay(200); F=1; goto end;}
if((LPC_GPIO0->FIOPIN & 0x40000)==0) {delay(200); B=1; goto end;}
if((LPC_GPIO0->FIOPIN&0x80000)==0) {delay(200); P=1; goto end;}
}

end:

}

\ J

4l p Ogx 398 s Syl Play b g a8 cul 4l Pause wlles 2l 4y by 0 4l 5 T
D9d 0 s 0 b S ple curdy B enl oo U pres 4 el sai aiigs POIlING & )90 4

(7% . N

* play audio file function *

* */

static void play (char *name)

FILE *f;
. VS1003B_SoftReset();
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VS1003B_Init();
f = fopen (name,’r”); /I open the file for reading
VS1003B_XDCS_L();

while ((CH = fgetc (f)) I= EOF) // read the characters from the file
{

BITWAIT_DREQ_HIGH();

VS1003B_WRITE_DATA(CH,8);

if((LPC_GPIO0->FIOPIN &0x10000)==0) Pause_Op();
if((LPC_GPIO0->FIOPIN & 0x20000)==0) {delay(200); F=1; goto end:}
if((LPC_GPIO0->FIOPIN & 0x40000)==0) {delay(200); B=1; goto end:}
if((LPC_GPI00->FIOPIN&0x80000)==0)

delay(100);
lcd_gotoxy(1,1);
lcd_putsf(“Stop “);
goto end;

i}f(S==1) goto end;
if(F==1 || B==1 || P==1) goto end;
i:=1;
end:
VS1003B_XDCS_H();
fclose (f); /I close the input file when done
S=0;

}
N J
39,9 Olags )T Olygie ass |, Jobb PL b ol a8 Sgo s )b sage ) (g sla ol iy Sldes 206 o
2555 61— VS1003B Jgslas 4 La csl Jlw )l i Jlb el 4 b 0asslys (ol 03,550 oldee g 03,5 sl )s
ool ,Lzd Slhlee slasdls 51 S um 81 o izen aas (o plasl 1) Job (lenl cnl 5o Job i 9 L2l 5 0ad
absl> aJgl s5lasl ol 6|)_3 C__:lS o= D9 (o0 C)L> &:U o=l Ul}).g 9 03 2 Bgi0 J=b s u.)._:|9.> Oldec g

N

//* *

* Initialize a Flash Memory Card
* */
static void init_card (void)

U32 rety;
while ((retv = finit ()) != 0) /* Wait until the Card is ready*/
{
if (retv == 1)
{
lcd_gotoxy(1,1);
lcd_putsf(“Audio Player );
lcd_gotoxy(2,1);
lcd_putsf(“insert Memory”);
delay(100);

}

}
lcd_gotoxy(2,1);
if (File_Num != 0) lcd_putsf(* );

d )
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r* *

* display the file number in directory and file name *

* */

void display_Op(void)

{

lcd_gotoxy(2,1);
lcd_putsf(* “);
lcd_gotoxy(2,1);
lcd_putsf(NAME);
lcd_gotoxy(1,1);
lcd_putsf(“ “;
lcd_gotoxy(1,13);
lcd_puts(File_Num);
lcd_gotoxy(1,1);
lcd_putsf(“Play”);

\ J
e o0 plosl sl 5l Cond epl Jawgs i Jb s LG pb g play ollee Ui»L:‘
r* *

goto play the Forward file function *

* */
void Forward_Op(void)

{

File_Num++;

if(File_Num>files) File_Num=1;
directory(File_Num);
delay(200);

display_Op();

F=0;

play(NAME);

\ J
Sei 0 plosl o6 ol buwes (ax (b 4 5 ,,) Forward «llee
e N
I *
goto play the Back file function
* */
void Back_Op(void)

{

File_Num--;

if(File_Num<1) File_Num=files;
directory(File_Num);
delay(200);

display_Op();

B=0;

play(NAME);

\} %
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//* *
* start to play function *
* */

void Play_Op(void)
{
if (File_Num==0) File_Num=1;
directory(File_Num);
delay(200);
display_Op();
P=0;
play(NAME);
J J
bl o Feo sla (b o 9, sl sl p jl 2L oa‘
/* *
Main function
* */
int main (void)

{

char buf[10];
Systeminit();
lcd_init();
delay_init();
VS1003B_SoftReset();
VS1003B_Init();
lcd_clear();
lcd_gotoxy(1,1);
lcd_putsf(“Audio Player”);
init_card ();
directory(1);
lcd_gotoxy(2,1);
sprintf(buf,”%d Audio file” files);
lcd_putsf(buf);
while(1)
{
init_card ();
if((LPC_GPIOO0->FIOPIN&0x20000)==0 || F==1) Forward_Op();
if((LPC_GPIO0->FIOPIN&0x40000)==0 || B==1) Back_Op();
if((LPC_GPIOO0->FIOPIN&0x10000)==0 || P==1) Play_Op();
}
}
N J
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Sense Settings Supported Interrupt Description
Rising edge Yes Always triggered
Falling edge Yes Always triggered
Both edges Yes Always triggered
Low level Yes Pin level must be kept unchanged during wake up
Vooyleds Jgo
Sense Settings Supported Interrupt Description
Rising edge No -
Falling edge No -
Both edges Yes Pin value must be kept unchanged during wake up
Low level Yes Pin level must be kept unchanged during wake up
Yoo leds Jgas
o ez 5 (5 20
:(Data Direction Register)_DIR .,
Bit 7 5 4 3 2 i o
+0%00 I DIR[7:0] I DIR
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Initial Value 0 o o o o o o
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Interrupt Level
Configuration Group Configuration Description
00 OFF Interrupt disabled.
01 LO Low-level interrupt
10 MED Medium-level interrupt
11 HI High-level interrupt
f O)LAA:J (J}J?
285 salgs 15 o 550 JulS g0 4 la iy Gl 5o L aidy o)yl
IINTOMASK >,
Bit 7 B 5 4 3 2 1 o
+0A INTOMSK]T:0] INTOMASK
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Initial Value o 0 0 o D 0 0 o
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IINTFLAGS o>,
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Initial Value o o i o o o 0 0
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SALEMN INVEN OPCl2:0] ISC[2:0] I PINRCTRL
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Description
OPC[2:0] Group Configuration Output Configuration Pull Configuration
000 TOTEM Totem-pole (N/A)
001 BUSKEEPER Totem-pole Bus-keeper
010 PULLDOWN Totem-pole Pull-down (on input)
011 PULLUP Totem-pole Pull-up (on input)
100 WIREDOR Wired-OR (N/A)
101 WIREDAND Wired-AND (N/A)
110 WIREDORPULL Wired-OR Pull-down
111 WIREDANDPULL Wired-AND Pull-up
0 ol Jyax

0L, 5529 ol 00 Jles Uy oiny ol oe AVR w3lssls 51 Mega s, sla sy 3be S5 ol TOTEM

GO pin configuration - Totem-pole with pull-down (on input) O pin configuration - Totem-pole with pull-up (on input). )
DIRn —
OUTn Pn DIRn c{
INn ‘Q;_I
q| OUTn | Pn
IMn RN
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I/O pin configuration - Totem-pole (push-pull)
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I/O pin configuration - Totem-pole with bus-keeper
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Rt

39 Jss L asl gz 51 WIREDOR

S 29 o= B9 Jog pa 4 Sy o

DIRn
oUTn @
INn —@7

= 4=l goxs a s aas | 0Kl ol

P | (N Juate oo ds (29,5 ol o aly
Js,_.LTAORP_al_gl_mé_glgo—ﬂﬁ»—:th

A_w«:,\_::..ap)_ﬂ,),_&w;fﬂdfu_v',)}

5 oyless JK5

Dy b o JS Crdg S9is Jog ) S ul cnglin )—<|9'39)Lr'°(>“—3 UM_»IA.:.AI)State

HMoMM&L&QQ&WWguwl&e)}@)Jwagyg.b;.&w&kwoANDC.,‘_’L>u_5|

31 S el caglie S aS wogls ol L bass eag WIREDOR 505 ssbea (S 55 o= WIREDORPULL
)_fuadfc,x__&z‘bgJ._Ai:lg)_é.\oP_md_go.x_AZJ_.alAg_;Lmd_gL:‘SL&CA_t&bg)_ﬂM.J,_&HdeCA_JBO_ﬂ)Jr,_ﬁ

(39— o tri—state) 5y o

15 iYL Caslin S 48 sl ool U baib 039 WIREDAND 5555 asslea 5 505 el WIREDAND PULL

Do oo Jld > (ol 23

/

OUTn 4|>:>—c<

Qutput configuration - Wired-OR with optional pull-down.

/Output configuration - Wired-AND with optional pull-up. )

]

Pn INn \\“'\‘-_.:l
INn /'Q:__I Pn
OUTn —c|[
N AN = y,
Yool JSo Aoyl JSo
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ISC[2:0] Group Configuration Description
000 BOTHEDGES Sense both edges
001 RISING Sense rising edge
010 FALLING Sense falling edge
011 LEVEL Sense low level™
100 Reserved
101 Reserved
110 Reserved
111 INTPUT_DISABLE Digital input buffer disabled®
% o leds Jgix

Sl oS S A gy b0 w0 sl |, Buskeeper o (5w Sa0) INVERT (53505 palys (o0 JLio Olgie as
S Joe 4595 0l AVR — StUdio b 5 jgdaie o

Sax>>0X48 >> PORTA_PINOCTRL = 0X48;

INVERT Buskeeper

: MPCMASK (Multi_pin configuration mask register) .-,

Bit 7 B 5 4 3 2 1 0

+00 MPCMASK[T:0] MPCMASK
ReadWrite RN AW AW AW AW AW AW RW

Initial Valus o o 0 0 0 0 0 0

o=l 3, e 5,8 (0 g0 Ol S s e S s Al podis S iie Ol s ol ds e Hliae b
s o pwog Jlie SO L ) i
JrEWES I P 1 K73 P (g ] r,_:..fdl_rs LA o) sla asl plos GiSIL caglan [,,_:.m|9.>wa.x_“~.§ua)_9
R (s [al_qe.';l ) D90 4 |y Jae gl 15 3929 |0 & y90 4 4l a5l a5 PINNCTRL
PORTA_PINOCTRL=0X18;
PORTA_PIN1CTRL=0X18;
b
PORTA_PIN7CTRL=0X18;
A8 el |, CPU 0la) ) gl 4 o8 (o e ) i) A b I ool sl 350 (o0 00 4S5 g bilea 48
2 s plosl MPCMASK s, bwgs ) Jooe ol JLs
5 S o0 S iz ol 3 353 Il La 0T iYL conglin palys (o a5 1) (s a0l sla ooy LI ol sl
Al S s o5 ol At 15 oatS (oo JLsb |y s 0lat 5t 4l 3] o5 G5V Ceaplin (5ns s > s
b o Jlael 2l s S MPCMASK s )5 a5 Sla
PORTCFG_MPCMASK=0XFF;
PORTA_PINOCTRL=0X18;
La asb of , blse cow as Sl asl ples an |, Googs ub L s PINNCTRL ;i) olahis s, oml ol ol
=S8 ) Jleel il a5 S i) o=l o

VPCTRLA: s,

Bit 7 6 5 Fl 3 g 1 0
+0x02 VPIMAP[3:0] VPOMAP[3:0] I VPCTRLA
FeadWrite AW AW AW AW AW AW AW RW

Initial Value 0 ] 0 0 0 0 0 0
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= Map G siloe &g an Lo oy 5l (SVF-5 Jgas b La e ool laie VPTMAP[3: 0] sla
(3= (o Jmaia) 8
= MaP ,ao s)jlowe <90 an ) La & pem 5l (SOVY-5 Jsas b La cow ool Jlaze VPOMAP[3: 0] sla o
(08 (s Jain) asS

:VPCTRLB ...>,
Bit 7 & 5 4 2 1 0
03 I VP3MAP[3:0] VPZMAF[3:0] I VFCTRLE
ReadWrite RW AW AW AW RW AW AW AW
Initial Value 0 0 0 0 0 0 0

Table 13-6.  Virtual Port mapping.
VPnMAP[3:0] Group Configuration Description
0000 PORTA PORTA mapped to virtual Port n
0001 POHTE POHRTB mapped to virtual Port n
0010 PORTC PORTC mapped to virtual Port n
0011 PORTD POHTD mapped to virtual Port n
0100 POHRTE POHRTE mapped to virtual Port n
0101 PORTF PORTF mapped to virtual Port n
0110 PORTG PORTG mapped to virtual Port n
0111 POHTH POHTH mapped to virtual Port n
1000 PORTJ PORTJ mapped to virtual Port n
1001 PORTK PORTK mapped to virtual Port n
1010 POHRTL PORTL mapped to virtual Port n
1011 PORTM PORTM mapped to virtual Port n
1100 PORTN PORTN mapped to virtual Port n
Y oo)leds Jygax
Table 13-6.  Virtual Port mapping. (Continued)
VPnMAP[3:0] Group Configuration Description
1101 PORTP PORTP mapped to virtual Port n
1110 PORTQ PORTQ mapped to virtual Port n
1111 POHTR POHTR mapped to virtual Port n

= J=aie ) Jsax b La e 5l OV s 4l 4o |, Event system 0JLK >5,5 s CPU &Y i, o

A O)Lo.;a (Jj..\.‘>

:CLKEVOUT >,

8
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Bit 7

5 4 3 2 1 0

+0x4 I - - EVOUT]1:0] - - | CLKOUT[1:0] I CLKEVOUT

ReadWrits H

Initial Valus 0

RW AW R R RAN RW

0 1] o 4] 0] a

Clock output configurations

CLKOUT[1:0] Group Configuration Description

00 OFF Clock out disabled

01 PC7 Clock output on Port C pin 7

10 PD7 Clock output on Port D pin 7

11 PE7 Clock output on Port E pin 7
U oslod Jsr

S 3l Y sl 4 Even system [ as JUK 9,5 ‘P_mug_ﬁo_llq_gkrm,l_\_m_;:EVOut[tO] sla s

Py (o Jmate ) g Gob Lo

Event Channel 0 output configurations
EVOUT[1:0] Group Configuration Description
00 OFF Event out disabled
01 PC7 Event Channel 0 output on Port C pin 7
10 PD7 Event Channel 0 output on Port D pin 7
11 PE7 Event Channel 0 output on Port E pin 7

Veooyleds g

ol AVR = StUdIO byoes 5318 (ol sl oS Jooy C gy V s 4l s |, CPU 53 o algs oo JLie 0lyie 4y

PORTCFG_CLKEVOUT = 0x01;

( SIMATIC Step 7 (5.5) Pro Edition 2010 )

S400-S300- sla PLC w5 ¢rgemlagil slgoioms s puiass 5 15
by oS 03,5 35 ) (00l )3 G me 25 62,008 1 9 0299,205200
£ 3l ookl b olgise 1, b PLC 5l (5 gl 61381 s s K0 9 S50
oalol slgSols 5l osliznl) Kbl 5 > 5 a8 canl Y STEP 133l pr o
23 39290 sla aii 5190% I G . a5 05le sy (46l 5 43 39590
slea a5 cuwl LADER skl $Ls LIPLC 5 ssis anig asb p)crio
P 0l 03 g 4ol Sl ey Ngdae muy U8 la )l ol al) 5 asTles

S8 J)b).g ) QTU:\:}.),:g-g S pgeo > 9 05,8 Sl A

: olaSs iy
Y,

http://eshop.eca.ir/link/simatic.php
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Silicon Nanowire Field Effect Transistor

Kianoosh Salek Soltani @, Siavash Salek Soltani P
a Department of Electrical Engineering, Islamic Azad University South Tehran Branch, Tehran, Iran
b Department of Chemistry, Malek-Ashtar University of Technology, Isfahan, Iran

Abstract

Silicon nanowire field-effect transistors (SINW-FETs) have recently drawn tremendous attention as
a promising tool in biosensor design because of their ultrasensitivity, selectivity, and label-free and
real-time detection capabilities. For practical uses, SINW-FETs can be delicately designed to be
a reusable device via a reversible surface functionalization method. In the fields of biological re-
search, SINW-FETs are employed in the detections of proteins, DNA sequences, small molecules,
cancer biomarkers, and viruses. The methods by which the SINW-FET devices were integrated
with these representative examples and advanced to virus infection diagnosis or early cancer de-
tection will be discussed. In addition, the utilization of SINW-FETs in recording the physiological
responses from cells or tissues will also be reviewed.

Keywords: Field effect transistor; Silicon nanowire; Biosensor

1. Introduction

Sensing using a planar field effect transistor (FET) has been demonstrated for decades, but lower
sensitivity has limited its applications. Compared to the surface region of a planar device, due to
the ultrahigh surface-to-volume ratio, nanowires and carbon nanotubes are ideal choices for sen-
sors due to the introduced depletion/accumulation of charges near the surface as a result of sur-
face binding/adsorption of foreign molecules and species. Biological specificity, combined with the
semiconducting properties, enables nanocable-based biosensors to selectively detect proteins in
solution by using direct electronic readout without the need for labeling [1].

Quantification and analysis of biological processes are of utmost importance for biomedical appli-
cations and cellular programming investigation. However, it is challenging to convert the biological

4 )
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Figure 1. Anatomy of a bioreporter organism. Upon exposure to a specific analyte, the promoter/reporter gene complex
is transcribed into messenger RNA (mRNA) and then translated into a reporter protein that is ultimately responsible for
generating a signal [4].

www.ECA.ir



information into an electronic signal due to the difficulties of connecting an electronic device into a
biological environment. In recent years, there has been dramatic development of electrochemical
biosensors because of their applications in toxicity testing, chemical analysis, medical diagnosis,
food industry, environmental monitoring, and many other areas. An electrochemical biosensor, as
defined by IUPAC, is a self-contained integrated device that allows for specific analytical detection
by using a biological recognition element (a biochemical receptor) in direct spatial contact with a
transduction element [2]. A biosensor is composed of two elements: a biological recognition unit
able to interact specifically with a target, and a transducer able to convert a change in property of
the solution or surface, due to complex formation, into a recordable signal. In contrast with con-
ventional bioassays, biosensors allow the detection of molecular interactions as they take place,
without requiring auxiliary procedures, making them highly attractive for biotechnological applica-
tions [3]. Therefore, the presence of a signal indicates that the bioreporter has sensed a particular
target agent in its environment.

Molecular recognition is central to biosensing. Since the first biosensor was developed by Up-
dike and Hicks (1967) many biosensors have been studied and developed. As shown in Figure
2, a biosensor can be defined as a compact analytical device or unit incorporating a biological or
biologically derived sensitive recognition element integrated or associated with a physio-chemical
transducer. Initially, biosensor recognition elements were isolated from living systems. However,
many biosensor recognition elements now available are not naturally occurring but have been syn-
thesized in the laboratory [5].

4 B H )
105ensor
C:) O enzymes ! electrical
[ 0 molecular 4 \ electrochemical Eom,
- imprints ! ) T
Input g lectins : ; optical Amplifier > Output
\ t;t) receptors | : thermal : F,
O = O antibodies r ACLStc |f
®) nucleic acids ¢ piezoelectric
Sample Recognition Interface Transducer User interface
\_ element )

Figure 2. Configuration of a biosensor showing biorecognition, interface, and transduction elements.

Figure 3 shows the illustration of a nanoscale FET biosensor with a cross-sectional view. The
semiconductor channel is placed between the source and drain electrodes with a gate electrode
on the bottom to modulate the conductivity of the semiconductor channel. Target molecules can be
recognized by the receptor modified on the channel surface through strong binding affinity. In re-
cent years, one-dimensional semiconducting nanomaterials, such as silicon nanowires and carbon
nanotubes, configured with FETs have attracted great attention because they are an ideal biosen-
sor with high selectivity and sensitivity, real-time response, and label-free detection capabilities [6].

2. FET based biosensors

From the electrochemical point of view, SINW-FET-based biosensors are a three-electrode sys-
tem, including source, drain, and gate electrodes. The function of the source and drain electrodes
is to bridge the semiconductor channel made of SiNWs and the gate electrode is responsible for
modulating the channel conductance.

A diversity of FET-based biosensors has been employed for biological applications. Enzyme-mod-
ified FETs comprise a redox active enzyme integrated with an electronic circuitry to give a real-time
quantitative analysis of the enzyme substrate, e.g., sensing glucose from a catalytic reaction in the
presence of glucose oxidase. Cell-based FETs were exploited to detect the released biochemical
agents or real-time cellular responses from living cells, such as action potentials from neuron cells.
In general, immunologically functionalized FETs are the most frequently used biosensors. For ex-
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Figure 3. The illustration of a nanoscale FET biosensor.
ample, an antibodymodified FET sensor can be used to detect the corresponding antigen [7].

3. Overview of SINW-FETs

Taking advantage of the well-developed silicon industry, SINW-FETs can benefit from existing and
mature silicon industry processing techniques and fabrications. In the synthetic reactions that pre-
pare SiNWSs, different sizes, shapes, and dopants of SiNWs could be precisely tailored [8]. Be-
cause SiNWSs could be well-controlled during the wire growth, the performance exhibits high repro-
ducibility. Therefore, the n/p type semiconducting property, doping density, and charge mobility in
a SINW-FET can be designed in advance.

There are two major fabrication techniques in preparing SINW-FETs: “top-down” and “bottom-up”.
The top-down method is carried out through lithographic processes combined with an electron-
beam technique that defines SINW-FETs by physically etching a single-crystalline silicon wafer. On
the other hand, the “bottom-up” processes start with the growth of SINWs, normally in a chemical
vapor deposition (CVD) reaction, followed by SiNW assembly and electrode fabrication via the
photolithographic or electronbeam lithographic procedures [9].

The top-down method for the SINW-FET fabrication is based on lithographic processing on a sili-
con-on-insulator (SOI) wafer. As illustrated in Figure 4(a, i), the structure of an SOl wafer contains
three layers: substrate Si wafer, buried silicon dioxide (about 200-400 nm thick), and top Si layer
(about 50-100 nm thick). Through the standard procedures of photolithography, reactive ion etch-
ing (RIE), ion implantation, electron-beam lithography, and thermal evaporation, SINWs and the
connecting electrodes can be defined to form SINW-FET devices, in which the width of SiNWs
could reach the scale of 100 nm. A typical top-down process to fabricate SINW-FETs is illustrated
schematically in Figure 4(a) [10-11].

In Step 1, the Si layer is doped with low-density boron or phosphorous of ~(10)*15/ (cm)”3(about
10-20Q cm). Therefore, the n/p type semiconducting property and doping ratio of SINWs are de-
termined (Figure 4(a, i)). Step 2 is to define the source and drain leads with heavy doping 10*19/
(cm)"3), of which the patterns are drawn with a photomask design (Figure 4(a, ii)). In Step 3, the
micrometer-sized source and drain electrodes are finished by RIE etching (Figure 4(a, iii)). Step 4
is to fabricate the nanometer-sized SiINWs with an electric-resist pattern and RIE etching (or tetra-
methylammonium hydroxide etching) (Figure 4(a, iv)). Subsequently, a thermal evaporation is used
to make the contact leads and back-gate, and finally an insulator layer (e.g., (Al)_2 O_3, (SiO) 2,
or (Si)_3 N_4)is coated on the SINW-FET devices. Compared with the bottom-up method, the top-
down approach is more complex because the process relies on high-resolution lithography [12-13].

Figure 5 presents a schematic view of a junctionless nanowire gated resistor. Having no junctions
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Figure 4. (a) Schematic illustration of a typical “top-down” process to fabricate SINW FETs. (i) In Step 1, the S|I|con
layer is doped with low-density boron or phosphorous. (ii) In Step 2, specific regions defined with a photomask
pattern receive heavy doping. (iii) In Step 3, the micrometer-sized source and drain electrodes are finished by RIE
etching. (iii) The following Step 4 is to fabricate the nanometer-sized SiNWs with an electric-resist pattern and RIE
etching. (b) An illustration of a “bottomup” method to fabricate SINW-FETSs. (i) The growth of SiNWs in CVD reac-
tion via the VLS mechanism. (ii) Deposition/alignment of SiNWs on a silicon substrate. (iii) A photomask pattern
to define source/drain electrodes. (iv) Thermal evaporation to deposit the source/drain contacts. (v) Lift-off the

remaining photoresist with Remover PG.
presents a great advantage. Modern transistors have reached such small dimensions that ultra-

sharp doping concentration gradients are required in junctions: typically the doping must switch
from n-type with a concentration of 1x107(-19) c*(-3) to p-type with a concentration of 1x10/(-18)
cm”(-3) within a couple of nanometres. This imposes severe limitations on the processing thermal
budget and necessitates the development of costly millisecond annealing techniques. In a junc-
tionless gated resistor, on the other hand, the doping concentration in the channel is identical to
that in the source and drain. The underlying insulator layer (buried oxide) is not shown. In a clas-
sical trigate device, the source and drain are heavily doped n-type and the channel region under
the gate is lightly doped p-type. In the junctionless gated resistor, the silicon nanowire is uniformly
doped n-type and the gate material is p-type polysilicon. Opposite dopant polarities are use for
p-channel devices [14].

(iv)
Thermal Evaporation 2
l of Metal electrodes e

4. Array design of SINW-FET

The SINW-FET devices could be fabricated following a standard photolithographic procedure with
a mask design depicted in Figure 6(a). The synthesized SiNWs were dispersed on a SiO_2/Si
substrate (typically 400 nm-thick SiO_2). The as-dispersed SiNWSs in the central area (the reddish
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rectangles in Figure 6(a) and (b)) were electrically connected by metal leads (represented in yellow
in Figure 6(a)). The surfaces of the metal electrodes were further coated with an insulating layer
to prevent electric leakage during sensing experiments. The bottom inset graph enlarged from the
red region in Figure 6(b) displays the array design, in which the individual nanowire device was
connected by metal electrodes with a separation of several micrometers. The individual SINW situ-
ation can be seen with the image scanned by atomic force microscope (AFM), as shown in Figure
6(c) [16].
The experimental setup involved in electrical measurements includes a silicon chip (1.5mm x
1.5mm) containing SINW-FET device arrays, a PDMS microfluidic channel (6.25mm x 0.5mm x
0.55mm), and a detection system. First, the silicon chip containing SINW-FET device arrays was
mounted on a plastic circuit board and electrically connected with 30um-diameter aluminum wires
(Figure 6(d)) before electrical measurement. The PDMS microfluidic channel was then placed in
the middle of the chip to allow sample solution delivery onto the SINW-FET arrays (Figure 6(e)).
The detection system including a lock-in amplifier and a current pre-amplifier was to record the
electrical signals resulting from the binding events occurring on the SINW-FET surface during
sensing experiments (Figure 6(f)).
It is noted that the laminar flow in an ordinary microfluidic channel used in FET-based measure-
ments may restrict the detection sensitivity due to the diffusion-limited sample delivery [17]. Com-
paratively, a specially designed microscale solution chamber with efficient sample mixing during
the fluid exchange has been demonstrated to improve the detection sensitivity [18].

5. Applications of SINW-FET sensors

5.1. Recording electrical and transmitter signals from cells

Using nano- and neuro-technologies to couple electrical interfacing with neural systems has great
potential to unveil many details of neuron studies. In the past few years, SINW-FETs and CNT-
FETs have been applied for electrophysiological measurements by recording signals from neuron
cells and tissues, e.g., recording the electrical signal from a single neuron and cardiomyocyte cells
and detecting the released neurotransmitter of CgA from living neurons. In this section, we will
introduce some current studies that demonstrate how SINW-FET has been used to record these
cell signals. Patolsky et al. have reported that hybrid SINW-FET arrays integrated with individual
axons and/or dendrites are capable of recording electrical signals from a single neuron cell. On
the designed SINW-FET array structures, they defined the adhesive zones where poly-lysine was
patterned for neuron cell growth [20].

5.2. Protein-protein interaction

A huge number of approaches have been developed to understand molecular complex interac-
tions, such as protein-protein or protein-small molecule interactions. For example, a fluorescence
detection method combined with a fiber-optic biosensor has been established to study the bind-
ing kinetics of immunoglobulin G (IgG)/ anti-mouse IgG and human heart-type fatty acid-binding
protein (its antibody). However, this labeling detection method was limited by some drawbacks.
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Figure 6. (a) Mask design for the photolithographic fabrication of SINW-FET device arr.

iNW-FET device arrays. (b) Device arrays on a
magnified scale. Top: Optical image of the circuits in the area of the yellow square in (a); bottom: SEM image of a
SiINW-FET array with a source-drain separation of 2 ym. The scale bar is 50 um. (c) The topograph of a SINW-FET
scanned by AFM. A SiNW of 50 nm in diameter is connected by two Ni/Al (70 nm/ 100 nm in thickness) electrodes
of 2um in separation. (d) The SINW-FET device arrays on a silicon chip (1.5mm x 1.5mm) are connected to a plastic
circuit board with aluminum wires ( 3 um in diameter). (e) A sample solution was delivered onto the SINW-FET arrays
through a PDMS microfluidic channel (6.25mm x 0.5mm x 0.05mm), which was designed to couple with the SINW-
FET device arrays. (f) The variation of electrical signals was monitored by a detection system that combined a lock-in
amplifier and a current preamplifier [19].

For instance, the surface characteristics of small proteins might be changed after chemical label-
ing, thus varying the labeling efficiency for different proteins, which consequently makes accurate
quantification detection difficult. Also this labeling technique usually requires a huge amount of time
for the labeling procedures. In recent years, some label-free detection techniques, such as surface
plasmon resonance imaging (SPRI), AFM, and SINW-FET and CNT-FET have been invented for
sensing protein-protein interactions [21].

5.3. Biomarker detection

A biomarker is generally defined as something that can be used as an indicator for a particular dis-
ease state or some other biological state of an organism. For that reason, the detection of specific
biomarkers can be applied to disease screening. For example, prostate-specific antigen (PSA) has
already been wildly applied to prostate cancer diagnosis. However, these biomarkers usually exist
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in the blood in extremely low concentrations. Therefore, finding a method to rapidly and precisely
detect these biomarkers is an important issue in clinical diagnoses. Recently, Zheng et al. utilized
a SINW-FET array for the detection of multiple cancer markers [22].

5.4. Three-dimensional localized bioprobes

Although a multitude of SINW-FETs and CNT-FETs have been exploited to record extracellular
electrical signals, these devices are normally created on planar substrates, making it difficult for
the devices to detect the signals from arbitrary localization in three dimensions (3D). Therefore, it
is highly desirable to develop a movable 3D nano-FET, containing the necessary source and drain
electrical connections, that can be moved to contact a cell and even into the cell. Recently, Tian et
al. made a movable 3D nano-FET through the synthetic integration of kinked SiNWs [23].

5.5. DNA hybridization

SiINW-FETs were adapted for the detection of DNA or RNA. Due to the large amount of negative
charges in the phosphate backbones of DNA or RNA, SiNW-FETs offer a good candidate for moni-
toring DNA or RNA hybridizations, because the hybridizations cause the accumulation or depletion
of charge carriers in the SINW-FET, leading to a conductance change. Peptide nucleic acid (PNA),
an artificially synthesized polymer similar to DNA, is commonly used in biological research, espe-
cially in DNA or RNA hybridizations. Hahm et al. have reported the real-time and label-free detec-
tion of DNA with a PNA-modified SINW-FET [24].

6. Conclusion

Over the past years, the invention of biosensors has become increasingly important for many
biological purposes. Biosensors constructed based on traditional methods usually require mas-
sive sample preparations or have low detection sensitivity. In contrast, nanoscale techniques have
attracted more attention because of their abilities to overcome these difficulties. In this review, we
described the fabrications and properties of SINW-FET devices. In addition, we discussed the po-
tential applications of SINW-FETs in the fields of biomedical sciences.

References

[1] J.H. He, Y.Y. Zhang, J Liu, D. Moore, G. Bao, Z.L. Wang, “ZnS/Silica Nanocable Field Ef-
fect Transistors as Biological and Chemical Nanosensors”, Physical Chemistry Letters, American
Chemical Society, (2007).

[2] D.R. Thevenot, K. Toth, R.A. Durst, G.S. Wilson, “Electrochemical biosensors: recommended
definitions and classification”, Biosensors & Bioelectronics, Elsevier, (2001).

[3] D. Altschuh, “Immunochemistry and Biosensors”, Parc d’Innovation, (2004).

[4] S. Ripp, G.S. Sayler, “Advanced Bioreporter Technologies For Targeted Sensing of Chemical
and Biological Agents”, Biosensors, Center for Environmental Biotechnology, (2002).

[5] J.P. Chambers, B.P. Arulanandam, L.L. Matta, A. Weis, J.J. Valdes, “Biosensor Recognition Ele-
ments”, Current Issues in Molecular Biology, Horizon Scientific Press, (2008).

[6] K.I. Chen, B.R. Li, Y.T. Chen, “Silicon nanowire field-effect transistor-based biosensors for bio-
medical diagnosis and cellular recording investigation”, Nanotoday, Elsevier, (2011).

[7] Q. Qing, S.K. Pal, B. Tian, Xiaojie Duan, B.P. Timko, T. Cohen-Karni, V.N. Murthy, C.M. Lieber,
“Nanowire transistor arrays for mapping neural circuits in acute brain slices”, Applied Physical Sci-
ences, Proceedings of the National Academy of Sciences, (2010).

[8] D.D.D. Ma, C.S. Lee, F.C.K. Au, S.Y. Tong, S.T. Lee, “Small-Diameter Silicon Nanowire Sur-
faces”, Science, (2003).

[9] F. Patolsky, G. Zheng, C.M. Lieber, “Fabrication of silicon nanowire devices for ultrasensitive,
label-free, real-time detection of biological and chemical species”, Nature Protocols, Nature Pub-
lishing Group, (2006).

[10] O. Knopfmacher, A. Tarasov, W. Fu, M. Wipf, B. Niesen, M. Calame, C. Schonenberger, “Nernst
Limitin Dual-Gated Si-Nanowire FET Sensors”, Nano Letters, American Chemical Society, (2010).
[11] A.L. Briseno, S.C.B. Mannsfeld, S.A. Jenekhe, Z. Bao, Y. Xia, “Introducing organic nanowire
transistors”, Materials Today, Elsevier, (2008).

[12] B. Reddy Jr, B.R. Dorvel, J. Go, P.R. Nair, O.H. Elibol, G.M. Credo, J.S. Daniels, E.K.C. Chow,

www.ECA.ir



X. Su, M. Varma, M.A. Alam, R. Bashir, “High-k dielectric Al_2 O_3 nanowire and nanoplate field
effect sensors for improved pH sensing”, Biomed Microdevices, Springer, (2010).

[13] F. Larki, S.D. Hutagalung, A. Dehzangi, E.B. Saion, A. Abedini, A.M Abdullah, M.N. Hamidon,
J. Hassan, “Electronic Transport Properties of Junctionless Lateral Gate Silicon Nanowire Transis-
tor Fabricated by Atomic Force Microscope Nanolithography”, Microelectronics and Solid State
Electronics, Scientific & Academic, (2012).

[14] J.Pierre Colinge, C.W Lee, A. Afzalian, N.D. Akhavan, R. Yan, |. Ferain, P. Razavi, B. O’Neill,
A. Blake, M. White, A.M. Kelleher, B. McCarthy, R. Murphy, “Nanowire transistors without junc-
tions”, Nature Nanotechnology, Macmillan Publishers Ltd, (2010).

[15] R. Chau, B. Boyanoyv, B. Doyle, M. Doczy, S. Datta, S. Hareland, B. Jin, J. Kavalieros, M. Metz,
“Silicon nano-transistors for logic applications”, Physica E, Elsevier, (2003).

[16] C.C. Tsai, P.L. Chiang, C.J. Sun, T.W. Lin, M.H. Tsai, Y.C. Chang, Y.T. Chen, “Surface potential
variations on a silicon nanowire transistor in biomolecular modification and detection”, Nanotech-
nology, Institute Of Physics, (2011).

[17] P.E. Sheehan, L.J. Whitman, “Detection Limits for Nanoscale Biosensors”, Nano Letters,
American Chemical Society, (2005).

[18] J.H. Chua, R.E. Chee, A. Agarwal, S.M. Wong, G.J. Zhang, “Label-Free Electrical Detection of
Cardiac Biomarker with Complementary Metal-Oxide Semiconductor-Compatible Silicon Nanowire
Sensor Arrays”, Analytical Chemistry, American Chemical Society, (2009).

[19] P.L. Chiang, T.C. Chou, T.H. Wu, C.C. Li, C.D. Liao, J.Y. Lin, M.H. Tsai, C.C. Tsai, C.J. Sun,
C.H. Wang, J.M. Fang, Y.T. Chen, “Nanowire transistor-based ultrasensitive virus detection with
reversible surface functionalization”, Chemistry — An Asian journal, (2010).

[20] F. Patolsky, B.P. Timko, G. Yu, Y. Fang, A.B. Greytak, G. Zheng, C.M. Lieber, “Detection,
Stimulation, and Inhibition of Neuronal Signals with High-Density Nanowire Transistor Arrays”, Sci-
ence, (2006).

[21] G. Pampalakis, S.O. Kelley, “An Electrochemical Immunosensor Based on Antibody-Nanowire
Conjugates”, Analyst, (2009).

[22] G. Zheng, F. Patolsky, Y. Cui, W.U. Wang, C.M. Lieber, “Multiplexed electrical detection of
cancer markers with nanowire sensor arrays”, Nature biotechnology, Nature Publishing Group,
(2005).

[23] B. Tian, T. Cohen-Karni, Q. Qing, X. Duan, P. Xie, C.M. Lieber, “Three-dimensional, flexible
nanoscale field effect transistors as localized bioprobes”, Science, National Institutes of Health,
(2010).

[24] J. Hahm, C.M. Lieber, “Direct ultrasensitive electrical detection of DNA and DNA sequence
variations using nanowire nanosensors”, Nano letters, American Chemical Society, (2004).

s Altium Designer 10.1271.26245 )
A't’um ol 315,35 153 s PROTEL DXP olea L AltiumDesigner

Jae 55 ST laylan 56T 5 PCB b . Koleds 55k 05ly sl
ki (§ 2z &2 l1 o5 el Sllze 3l (Ko sl 03 b Jlims sl
Designer il asalgs 1y 5 350 axkd absS Olos By b 4 canl (g5 b ailiulis
A" 0. 1271 26245, oo 39 g0 plosl Guloul (2,8 Jalos Lags « J59 5> ST sl 56T

Des ne Q 5 “ 2 -
'(F ‘ “'?n;:‘s \ ccn ‘)I}sl ra)_v U_IILPCB &|y| Ls’l)b()ﬁ’)") ﬁ)L{Mob)w,‘d L')‘l|9WI

SOFTWARg o o FPGA I 55 g 5 5 6l ams 0Kl asws opl ,o .2 salys
- ol a5, A8 ° Jolos 1 5k ool g ,5>|)Jo Ol a5 ol oaus F,.QT)s
; q L‘ ,_5|)gbl.«i;)L{4553,_3,_5.)[3)'6&-;&).&%9QY9236|)|36|0)>)I}5|f)3
T “*‘s Mj e el 03,85 05kl K9 i Syl sdns sla Juus (o ,b
oS EDY - ! s ol
http://eshop.eca.ir/link/1404.ph
\_ p p php )

www.ECALIr



@
- Noise

[ECA Electrical & Electronics Magazine\Vol.3 \No.13\ Dec 2012
®

=~ SN

® Driving SIM900 Module With LabVIEW =

® Driving HC-05 Module

. Tauch Screen Calculato
® Audio Player Project

® Getting started with Xmega -

e® -

.
*
awLa®




