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)  LCD g3 ol PiN OUL 5 (5,1350 Cow 5353 ,K 2 5090
690 1y Sledbl 0T 03,8 S 9 ;a0 5 on ol Gk 5l Olgs (o (i 205 1) Sioles @) bl aay RIW
5 3590 0l ol il (e Kioles 59, pidys b Lo Saca adlie ool )3 092 aSls OTSTL 5 ety Kiles
.J,_& e J_.ag GND a O)IM
)93-»:.) M?) .>)_¢<: )|)_§ LOW C.h_JL> 0 ,_f*égd_fg;‘_.»l l_lg'bg),)'_.w) LSLQM’?.) U—yu.))_{ éé,_u le)_: RS O—
.u.«._ﬁr_).g 9 35_.\2,50 g..)l._k:ul
ol )x').) .b.w,.? C.)'),:w:.) LS')-" 9 Q.); GJ lej.a EN O
S o0 03wl Slygrws 9 W eyl sl 50 DB7 5 DB4 sl o )l
ML‘ P P g L L;T.”uf Je D C.)I),L».) Lg’ L?.g') dl.w)l gy
P:A)Go )|).§ LOW Ca.ﬁ,bbg 0 |) EN o= A
le)—’ H|gh t.:»—:x.nbg)[q.:&.) w)l)J WLVO C.»-:.obg 0 |) RS O l_lg'.) l_g' g:a_wl )9&_»0.) L;l_w)l .)),_a 4_{ L)‘i' 4_: 4_'>93 l_a Y
.(Qb,}_.w) LSl)—:‘ Low Crbg 9 Lo
I;A_;u&ubj PR} I) EN U= Ua—w 9 r,._.“..m.x,a)l)é DB7 Lr” DB4 L;l_sh 4-1[5 S99y |) L;L_w)l L.sl—lf.) l_g‘)y?_.w) U;"))| l_: C«s—yf Y
P23 A= High
a2 8 Low by yd oybgs |, EN on 45l ooV Slan F
ENU‘RW9|°—>°'>@‘°)|)—3DB7L7”DB4 suo_gég)l)&)’ﬂp_{ﬁ»_ﬁ\c ngo)_{)_y.a@b,_rlfo\' 0
r— e High iy 4 )
.P.:.Sb;@}.g Low Carbdg s 0ybgs |, EN oe 4l e\ 5l o #
M@)‘“’LQJL):%L“L&Ql)WQLd)’l le):‘ 4.:;[3,_;.30 Vo
S0l saiwd 33 1686 Jais yas s e 45T ol ol (38) e )953» rhe
[RW [D7[D6[D5 [D4 [D3 [D2 [D1 DO Instruction/Description
WIF Ii[_l? [_|7| Clear Display and Home the Cursor
0 |F|_|?’?l_|7| Return Cursor and LCD to Home Position
I?l_ I_’_’_ i_’_| Set Cursor Move Direction
WFIFITEEIF| Enable Display/Cursor
| 0 I?| 1 ’E’E[T’T| Move Cursor/Shift Display
WFFEFF [T|T| Set Interface Length
lof[1[alafalallafa] Move Cursor into CGRAM
ITFFII[:II II[T| Move Cursor to Display
E ]Erl_r]_]_[_]_| Poll the "Busy Flag"

o IDIDID plip D Write a Character to the D:ls!zlay at the
Current Cursor Position
11 lplploplplolpiplp Read the Character on the '[Z.Ir-sp]a}r at the
Current Cursor Position

HD44780 )9._»_‘).\ L;lA U“)"T 9 C)I),J.w.\ :YO)LN:: (Jj)?

L o 5l solitwl (K 9 Ol ygiwd 3 ,Shos 0920
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Bgb o Jitie unl) s 4 s G KL LI 0 Jlosl b sgd SO ID ey ST puinen

=) e 0 03l il A io 59, DDRAM ol gime 545 o D ey, S1enable display/cursor ,gws s
(59— oo JLas LCD

23 5L 09 SO B s ;51 el s g a9t e 03l Gioles o 59, o LS 59 S5 C ey ;5T o uen
Do Al 0 Sair >

RL oy g 558 o0 JLtd g 2350 ,5 LCD 0015 i Move cursor/Shift Display ,5> SC «y 05,5 s L
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g a0 1L g ¥ byl sl p a8 1w Lasuin |, bls,l e Set Interface Length i, ,5 DL e

9u| b_>;§_>)|.b_>936l_zLCD)_5QH)_mo)f|4_{A_SLgouaM|)obLzHu|b)Hb9_b3|J_uNu_uu_u.'xom
g o 0olitwl by s st jl 39 S ST 9 59 0 03liwl OT s 93 5l s ,lg> sla LCD s

Sed o 1L O3 Vw99)|obw|6|ﬁ4§.x.f@uml)oblguJ_)),.oua,s).:LuﬁFu.:.g

il oo s Jloyl glp D sla s 9 GosdT Juosl sl A la s uiea

.P.:,&@Lg)l)'.él ‘n)sui.\.ée.,_»)b L LT Slgiws 9 bla)l )18 095 b as” >

(v__glssd_tigg[,,_l)l_s)‘l_:.; Lus 9 olygimws )l 6|)_3ero|(_L3l3;§_34_3.b_5§939_3 Aales ool o asbuls” ol iy
S53-iV gn s 0 Lilisn o

sl s delay sbul sl 26 S 4 ol cL:.<|

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

o XXPI 5 03 0315 cuns B &9 a4y Kiols EN (s 0T 15 a5 @NpOPORTB sl 3,05 5659 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
voidLCD c(char command

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

if((command&0x80)) db7po |=(1<<db7pi)|0x00; else db7po &=(1<<db7pi)*0xff;
if((command&0x40)) db6po |=(1<<db6pi)|0x00; else db6po &=(1<<db6pi i)AOXFF:
if((command&0x20)) db5po [=(1<<db5pi)(0x00; else dbSpo &=(1<<db5pi AOXFF:
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 "Oxff
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)AOXfT:

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

| db4po &=(1<<db4pi ’\Oxff}
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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 OT 4 4 i8S (o o 5 ke 9 9,5 o (ooluws LS anlsl 5l Lé
Y oS N

#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

oS Jlol gl 4 1)l SLE 5 gy mlss cnl 3 b Sl pilys oo Jl>

<l LCD 4.:.]9' L;)I.L’J o|) LS‘)'E Ls"’lj ol )LS"“{LS"’U U':J9|

05,5 S = 1, 0X02 953 g 5,5 Jlw)l Kioles a1, 0X03 )95, ¥ Jsl 5ok LCD adsl (s5lasl ol sl =
spiwd sV g i F e slo 9 0X28 Lei s bs F LYy o P edb Olsal sl e 93,5 JLw,l DDRAM
5 Sogmo dn cnle s as s, S Jlul ]y Ly Slis el olswl gl e Slygimws upw 9 5,5 Jlw,l |, 0x20

1A Jales
~

~
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;

. J
.394.:4 dl.w)l )9.)‘).5 O 0X01 )giwd b )Kbl le)"

voidLCD_clear()
{

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

}

o9 J=d Slmio 43 0T 4y by oo Olygiws 45 el JKLis el Olsal sl b S 5l 555 alsys Ko 5l K
D¢ .LQ'P P S g0 & ('.'lS C)"|9 EWIRIE)
N

/voidLCD_cursor(char cursor)

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

J Y
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Sl O 031> 45 sla st LSl JUiisl Ly dy il i 45 il 5L S5t Jlaml sl 5 @b Sy

sls JUisl L 500 ols 4 |, 5055 NULL (\0 ) 5Ll Jl,l g (s5gine

voidLCD_goxy(char x,char y)
{

LCD x =x;

LCD_y=vy;

}

(ales @y 4 ) (o Cug g 35 s ) JS @l ples Jb g
aalys 2ol ed 55 (iales @l 05 line 48 oS i s LCD an 5Ll Jlal sl b o 0l 4 51l
..59.3

.J,JJLAA)I)Hl)Jﬁ_El_Z’iJ ﬁ))s_noﬂl_))_&b),_n)_fbl{)_{).u

0001020304 050607 0809 10 11 12 13 14 15 16 17 18 19 ¢ Character position {dec.)

00[01]02]03[04]05[06]07]08][09[0AJOB[OCIOD[OE [OF [10]1 1112[13] « RowO DDRAM address (hex)
40[41]42]43]44[45]46]47]|48]49]4Al4B]4Cl4 DI4E|4F[50[5 1/52]|53] ¢ Rowl DDRAM address (hex)
14151617181 91ANNBICHD1ETF|20(21(22|2 3|24 |25]|26|2 7| « Row?Z DDRAM address (hex)
54|55|56|57]58|59|5AI5BISC|SDISE|SF 6016 1162[6 3]64|65|66l6 7] « Row3 DDRAM address (hex)

MARDD sla 4 w1 o lod Jgos

)_Zfl)l{.)_{uT)lJ_ugJ.v,_J: dl_m)I)Hb_)A_n)}?_m.) Q)HA_:J_&)gJ.vg_&OX80‘ ORl-vg_Jj' J._.».L:? o)l.o_aja dg.)._'> 6l_QJ§
ChEI"‘.EDdE‘ LSUQ,DSM)Hl)Q rél) atsl> L_sl_ﬁ sl g)*-')—’T('_—gb)b 4_{))2.' D)9

0000000111111 4w 1o Sl dyss Golhe aSloais o 53 Ll yo , 1 o
0001111001111 .
0110011110011 29 Jlwl Los & 90
I—OOIO1O1OID1OI — ~
000 |B|E| P le jﬂ = u;ﬂl {vmdLCD_putchar(char ch)
xxxx0001| |TI[AG alala [F|F|G]ald] | if(LCD_x==columns)&&(LCD_y==0)&&(auto_lower_line))
1] Tlam [=]i {LCD Y= 1;LCD X= O}
oo tol |llBiRIbIR T IAIBS) | e o s a(LCD. y==1)&&(auto_lower line))
xxxx0011[ [RIS[CIS|clsla [P[FI€le]e| |{LcD y=2,L.CD x=03
o | if((LCD x==co|umns)&&(LCD _y==2)&&(auto_lower_line))
% xxx0 100 :.154 T(d[t | Il"l’l-l. {LCD_y3LCDXO}
xxxx0101| |4 LIE'|U - A F 2|l if(LCD_y
| = |f(LCD_ ==0) LCD_c(0x80);
OO0 T10 ?‘6 Vitivizihi- 13 if(LCD_x==1) LCD_c(0x81)-
xxxx0111 7 |G|W3w|7|F =7 if(LCD_x==2) LCD_c(0x82)
wxx1000| | CJBIH[HER[<|« |2/ ].r[5 I;(IESB_X )Iigg C(gxgz)
xxxx 1001 [ 9|I Yi|gmT J]Il- | :fgLCD_§==5g LCD ggo§85g
xxxx1010( [#[3 [T d]|z]=[Inl] 1|¥ i;gtgg:x——% tgg ngxg%
- i X== c(0x
wooc1011| [+ R [{AFIED 5| | i 6D x==8} LCD c(0x88)
xxxx 1100 [ [KILPEIL] ] |22 2|74 (m) i;ngD_x——Q) ;_C(E:) c((2x89))
—— —1-1 | if(LCD_x==10) LCD_c(0x8a
oot 101 =[] T[> JR“‘{*_-T if(LCD_x==11) LCD_c(0x8b):
ook 1101 [HIF R3] B[R if(LCD_x==12) LCD_c(0x8c);
- : if(LCD_x==13) LCD_c(0x8d);
oot T[]0 jol¢]u[M[[7[SW | {fcD xe=14) LCD o(oxe),
5 if(LCD_x==15) LCD_c(0x8f);
Folod dyar if(LCD_x==16) LCD_c(0x90);
if(LCD_x==17) LCD_c(0x91);
S s B L wosT i 4 S 5o o I(LCD_x==18) LCD_c(0x92):
e o L el e 4 i o i S 100 | GD0(0x93) )
2 mam 9 Sl 0095, sla asls 4 by s if(LCD_y==1){
aalsl )3 48 aiil o CGRAM abiil> oy by 4l if(LCD_ x== )LCD_c(0xc0);
Ad Jalgs ool 5g5 O if(LCD_x==1) LCD_c(0xc1);
) s 15 e Co8 Jt ] TLCD x==2) LCD c(0xc2);
Sl S A g Ao B ' &Y if(LCD_x==3) LCD_c(0xc3);
39— S—als3 f(LCD_x==4) LCD_c(0xc4); y
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(i{(LCD_x==5) LCD_c(0xc5):
if(LCD_x==6) LCD c(Oxch,
);

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(0xcc);
if(LCD_x==13) LCD_c(0Oxcd);
if(LCD_x==14) LCD_c(0Oxce);
if(LCD_x==15) LCD_c(0xcf);
if(LCD_x==16) LCD_c(0xdO0);
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);
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(0x9e);
if(LCD_x==11) LCD_c(0x9f);
if(LCD_x==12) LCD_c(0xa0);
if(LCD_x==13) LCD_c(0xa1);
if(LCD_x==14) LCD_c(0xa2);
if(LCD_x==15) LCD_c(0xa3);
if(LCD_x==16) LCD_c(0Oxa4);
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);
if(LCD_x==3) 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(0Oxdb);
if(LCD_x==8) LCD_c(0Oxdc);
if(LCD_x==9) LCD_c(0xdd);
if(LCD x==10) LCD_c(0Oxde);
if(LCD_x==11) LCD_c(0xdf);
if(LCD x==12) LCD_c(0xe0);
if(LCD_x==13) LCD_c(0Oxe1);
if(LCD_x==14) LCD_c(0xe2);
if(LCD_x==15) LCD_c(0xe3);
if(LCD_x==16) LCD_c(0xe4);
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
ol 01 0315 515 s bt & Sl 55 JUisl sl byd w55 @b Slanl s> iKes saalie &5 jshilen
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voidLCD_puts(char *str)
{
unsigned char i;
for(i=0;*(str+i)!="\0";i++)
LCD_putchar(*(str+i));
N y
e 0 olg3ds LI Gl 9 a5 T 4 s
s9bie ool sl 0ol 0ols oy ol 039 5 3,90 15 505 J8 Slmio Jgaz s 45 0X07 L 0X00 sla , 51,1
DS e s Laol )1, olosds , S A Olas (0 9 it (o yiwd J6
sl 0T, blize a b 059 Gisals Ly iy [SLis ub el ,o as cowl a5V Jols ST 2 05 casgd 4o
A & S8 5 S 5 sezree il 5l sl e La STl ol i s sl as
http: //www. quinapalus. com/hd44780udg. html
05,5 Jluw )l ygiws &y 4y |, (0X07 s 0X00) alisl> CGRAM L5 , 15 5550 Gwyol a0l La ST ol Cay 05 (sl

.)9_a.\_Q|9.‘> )_,)Q)MA_;UT;_»UAJMJLNJL:J;Q)MA_J) )_Sl)lf'&_:.bg_:)ﬁ.&_{vm_ﬁ)_w&\_m\{wg
~

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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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

Default: “HC-05”

Set/ inquire device’s

1. +tNAME:<Param>

Param: Bluetooth device name

tooth device’s name

2. FAIL----failure

AT+NAME? OK----success . N
name 2 FAIL-—failure Default: “HC-05
Gotthe remote Bluc. 1. +NAME:<Param2> Param(liz Riemo(tle(:ir]?»luetooth
e e Iemole BUCT | AT+RNAME?<Param1>|  OK----success atiensien

Param2: Remote Bluetooth
device address

Set/ inquire module

Param:
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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
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= PL.24 P0.24 — orDl > USART RXD PIOIl —5= )
= Pl2S o P03 5 51 USART_TXD PIOI0 —55— Sw-PB
=1 P1.26 5 P02 o 1 CT8 PI0Y —F— R2
\ P1.27 S P02l | RTS PIOS 7
59 o 3 5 30 10k
=51 P1.28 D P00 7 =— PCM_CLK PIO7 55 He
e P1.29 5 P019 ¢ =— PCM_OUT PIO6 5 R3
o PL30 2 POI8 3 < PCMIN PIOS b
&1 PL31 N 5— PCM_SYNC PIO4 5= TED2 220 L
e P2.13 T P0.16 3 51 AIOO PIO3 52 oD
e P212 PO.IS T AlOI PI02 57
e P21 O POIL 5 RST PIOT 5=
e P210 & POI0 g 3v3} 1 3v3 PIO0 53
T P29 —~  po9 5 GND GND 2
o P28 P08 — L A 5
{ P27 P0.7 = —
70 7 GND [ =R
=11 P26 P06 — vBaczXas
S P25 P05 —3 ZD0US30D00
25— P24 P4
74‘1’2.3 P0.3 3 slelelzfzlelgl
7 P22 P02 (=
| P21 P0.1
76 | P2.0 P0.0 1 bluetooth
\ LPC Header Board /
;O)LN:: J{J;
-
#include <lpc17xx.h>
. J

p il 05,5 Slez5 1) )89 ,Kn an T Jolb Bo9 ygis )\5
#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 ) dia Joate 63 (o Jl 40 45 9, Ko sla w9 ol Jmate 0T 40 (65 (o JI 45T (S e

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

char str[20];
char get[16];
ol Jalgs
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 , 1,589 Koo Il o ol (Sls3l,5 L

www.ECA.ir



Rty (=P dl_w)| 9 o3l )|)_§
~

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

puts &t
Write C.))L.:.C-}l_:bosw)&_IM'&.MHJ@)I(ML{H&M#@M)J—fd)')o.).).)_c(t__gbk')_il
s a0 Lo 0 5 355 (e ol Hyper Terminal 1550 o, 4 i, s, ol 5 395 s JLw,l :The String

59) (o LIS

e a
gets()

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

J
gets U

il 6l RBR s U sl (o ity Koo 0 (Silys 5 Ly a8 0l 0 9€tS() el 5 sl o ol ol s 5T
adsas Sl B Jae ol aas oo 5 getfi] as, 5 asls 5 5 cosilys [ S Guw 59t (b aas S
O3 b &g )3 D9 o plosl 1Bl LN Gl S sas s)ly 4, Jeb Ly sais esls ,Lzs OX0d o5 Enter
Do (e 7l 206 5l g as, get[i] s 1) ea i sl a i, S VS Slas, Job ois 5Ly L Enter . _Js

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

ol 53 39 o plal PLL o by s a lakiss Systeminit() el 8™ as sl g o b ool @ls )05 JUs
sk 2 PCLK =25 M&CCLK =100 M =~

TXDO sLa sy s byt o 45 [ PINSEID jiar, 0T Jliis 4 5 oS e S 1y it dmo 9 Jlsd |y 53 o I
S o a0 ylade |y el RXDO 9

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

P..gl 05; Gma )'J.Lo ).1) ).13[540 e 4?93 L: |) UARTO Le .by)A LSLQ):%““’) U
Baud Rate = 38400 bps , Data bits:8 , Parity:None , Stop bits: 1, Flow control: None.
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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

3 b 53 oS o S L LCD o s {01+ sae Jlao)) 4ty ol Sl S el (o ail S o
23 g 2390 03l i les Hyper Terminal 150 o, bome 53 s oS (oo JLl |, ” :Write The String» 4,
Ry S P getS()C__ng O 394 s 0313 Lioles «HC-05 Testing» o ,Lie 65 (o JI 31 Jsl 05w 9 Jsl oo
£33 b 3 948,81, La Ll Sl ai) ol 9, Koo 59 Jlaw)l 5879 ;Koo 4y 58l p s baioms 3 0 b a, s
S8 o Gioles ol ()91..»\9

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

g 03ls HLad )8 bawgs ENtEr als o bos b P.:JLA 0 b Koo dil> o

dee 5 gmo il s el wl gz 08 Ko 03,5 0,59, 9 OF 03,5 Jolools aals o i digi 5l Gy
13S

A Jog g WY 5Ly 4l g ek Sl o) Sl by 4 | Jo3sle PIN3A oy o a8 Jlael 1) lace a5
DD o e 5,8 93 Huol8 3 L LED ~J& o=l 03 e AT mode1 . 3l Josle s

23 esm LA 5 o Olsal 1) o Wajle b 5l sy 5 65,5 gxiwe> Add DEVICE o ;3 ,5guals Sgseh L
3l o0 9 0390 ol (o, i jay sae ool oS Sl 1, 1234 sae byl )58, Gl ) cmlss 5 & p9n0
Ao, |, ol AT cammands g ws g

A Jalys Aol Lot it 4 COM &9 95 Jysle 03,5 A Sl s

Devise . w sManage a3 o5, 5 cul, S MyComputer s, was aslol sla oo o)l 033 sl —
La &9 5l (S5 B9 (o0 0aalie 00 ablol sla & y9 POrtS(COM & LPT) s )5 .08 oLswl |, Manager
Sopls , bl a1, 0utgoing au by e &9 0 i .aib e INCOMING 5, %5 9 Outgoing

23530 s L Ll og o g ladins ol s plasl | abys o laddiis 05,5 5L |, Hyper Terminal 15l p 5 JL>
28 5,15 1, 0UtgoINg 4y by o pgy o)lod v oy olswsl pla 4y b o 155 ,5auals 4 Jgsle Jlasl cuud
e plosloa s 4 Jol e 3o ) laghis aslsl

Josle K 4 g g sl 3 ,b 3l Ko sla oKiws U g, Kun bl 50,5, 0956 U (bt T Us o adlin ol 5l Ciaa
e ol 3 1) 6 83, 9 aie sla 039, Olgs e HK 2l o L S .59 HC-05 Serial-Bluetooth
g L=l y (ol)b i
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CONFIG ADC = single, PRESCALER = AUTO, REFERENCE = opt
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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.

Vool g
Ol S 9 Koo lawgs O Hlaie 543 T’.I,:sl).é)_hs_s),_nADC, JUK a4l sy a8 2dge ,a o> o0l 5 :Single ()
P9—b (s
= O3S Al das 503, 8 Ko |, JUK are slosle) 1o (o8 G & p90 A 9, SKan 395 <)l ol s FrEe (Y
Aa
9 San 395 AULO Ll & p9a0 45 48 ail (0 JUI (5,15 1 asgas GuoslS 3 sl au by .0 PRESCALER s
2,5 salys sl SN oo i
s5r3 25 90 4y el oy sl o ADC (sl g o 5Ly olsisl 4y byy 0 .5 REFERENCE sy o
35l
== Wy Olge a_ Aref Al an 00l Joog 3Ly g oad Ghawels cwl g Y05 ol asT sl == 5Ly :Off (A
Pyise 43,5 b o
Db ab S ki s 2z e 5l olyie 4 AVCC 4 Wy AVee (Y
Sgdisn o3kl g Y08 J5ls w50 5l 51 Nternal (v
:_s,,.iasoo_sb).:.i.:.a_s),.o)_s&:..b,s‘n|J§)ms){)l§)|J,§4§J3|ong)uAD s A sl el 4 aie 95 aal s o
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A 0 0,053 035 18 0 byl g 395 53 L AD ase sl ani ) laie A ke
Jeows as ) an ol @oae Jlaie juew 5 00ms K> ADC abg, 0 JUIK [nIJ_A oL o ails Sy s b )las o
Jla,l oo 8 as uart JU g b 1A ase sl aiy slaie Print e ws jlesliwl U Jol e ool (b 5l de 595 (o0
Db s
:&Mobjaompélfomm,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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$baud = 9600

Db7 = Portc.0
Cursor Off

ConfigLcd = 16 * 2
ConfigLcdpin = Pin ,Rs = Portc.5 , E = Portc.4 , Db4 = Portc.3 , Db5 = Portc.2 , Db6 = Portc.1 ,

N

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

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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include# <,y o 4 asbols 545 5 KEBINARMINC\NXP\LPCA7XX o (s K€l , LLalS o 5 Lo Jo16

D9 (o Lre)"u <<lcdh
ol 5 45| loes dasesd 55 i y9a sla lé

Julw)f)l)éo.)w.u:'.))yb}’){w')é&ﬁ)lbﬂ@h%[%kfﬂ (5""93 @..0934.:

Read_ADS(u16 *x,u16 *y):
S LCD I cand 55 (o0 438 5 4y (o anne) Ao i liss (sl ceaand S5 IUT laie 000lss sl el ol
pr3lie ool o sl Al 0 e 0,33 XL Y e S o)Ll o | La dilge ol b ol 45 35l oo XY ailge 9o
Sy (s 0Ll ol 4 aalsl ;5 as Sgmiis (5o 03wl ol | CixBgn 4y
LCD_ShowsString (u8 x,u16 y,char *p)
.3)9TGA)J Ul 0 XY wlaiss jo 1, P as,
LCD_ClearLn (unsigned int In,unsigned int col)
A5 0 S w400l 51N Slassw 11, S Y- o)1l 4
LCD_ShowChar(u8 x,u16 y,u8 num,u8 size,u8 mode)
a)gTGA)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)
e 0 03,91 53 Gl 4 LCD s J xSy Ko abidls )3 00 0,055 ,iguas &b onl 5l eslazal b

b JS z 40
6_3’)b)|AJI,)'LTA)_:)Kg.),_&wa)l)MbLCD)JuwwuﬁwuwlQ)Hu_ild_)é\_aob)).))_ﬂ.qr—
o) 45l ol A b a5 5 3 plil 1) 395 k55590 Slwlons LOD 5o 5l ol gaile Lo ds’ ol
D les Asmino , b5 3590 Comand uad L (i aS 0 Joe ON/C 50 0lgie a0 Olws cpaile (i les Ao Caoud

Py o S

4ol p aliso sl Cond 7 0
- B

#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”
N Y,

u_g"&:|53s‘\_Ab).:xJ_lleL;LmM)égg;\_w'oA_&H)MUb)a)‘Mﬁ')JA_Ala)JLr;LzﬂgJ.gT)_stl_md_&b
ol 0 0 )K%Lﬁ%L’vb{

/extern unsigned char glmage_calcu[] ; b
unsigned char matrix[4][4]={{'7",’8’,9’,’+" }
’{(4!’!5!,!6!’!_! }
’{i1 !’!2’,’37’7*5}
, IO!, l-’ ’1=’,’/’}
ki

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[] 4,1

ol 00

matrix [f][f] al,T

u_llgq_“,._m|o.)._,.2aLr9).gAul_m.>WL[AM&LQJJ&LQA{L)T)JA_{J_&LWA\C ¥ Ls.)._x.gg_st\_ﬂ)T‘_f_:A_ll)To_:‘

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 +j*598&&y<163+i*50&&y>121+i*50)
EJode = matrix [i] [j] ;

return Code ;

il )
/ YAY. \

Key_Code &b

Olys sl A0l 5 o |y lizo 1S 9 03,5 Sl 1, LCD (e dmiior b5 1]
9)9_.4H|@w|o@w&;~|@,;§_ﬁiﬁj|w@_w»)_¢é)9_b@ww
9 il ol Ca 5 4889 (39,9 )90 a_ touch asbsuls s P2.13 Al as
-l “ e |95 el s Jlacie 4 PV lacse 5 P2.13 a0l 5Ly (o) 4o uo)
r{**.; 63[3).)9obb'c)é_éég()_ﬂ)gl;g@_wh.x_&[v_gBJJo_x_ig)o_gL_{4.,]@)9_.04_34_539()9_?
Key_Down L, ,l,, Pen_PointKey_Sta , i corog aidy ol as by e

ifPen_Point. )y ws by Key_Code b )5 cdho ol an a g g 3gd oo
Sl 03 o) (o) Amiio LT a8 540 o cws (Key_Sta--Key_Down
min 535 ua) ahi Lgos S5 T Slais Read_ADS ab bwwgs upw a0 Ly
\_ Ve ) seaio, s Pen_PointY s Pen_PointX sla ,_aze j3 9 0o saslys e
L osled JK P9 (o Jm S Cmgn A
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REAA_ b bsgs 45 43 o 0T gk 5az 35 (oo Ambo oy S5 BT Slain it oo slicel 1 o )loc JSCi o
2ol o s LCD sacis e ahis coambon ) cawlis 93 (6ol 8,0 L ol oo saslys K5 ol S ,0 ADS

1920160 | 320 | — x= 240 X (Pen_Point.X — 100)
1920- 1846
Pen PointX| ~ _, . 320x(1920Pen_Point.Y)
Y= 1760

)MTADA_:'J;)JL)TL:W»L:\Aﬂuwwuéuwwygomwwwywmb@@
x<52 && x>1 && y<163 && y>121>> LISV :curige (ol 0

-~ - | 0L b ol el 51l S cage S8 53 0ad s slael

: | | Hd_LoléngiﬁKgcA_mep_B}‘sbbJL&Q,_gzuawﬁ

l ; l 39 sn paion 3 Landls L copise ool o Jta Lads L]

www.ECA.Ir 5 03t ead Eesebgn s sl @b piibg s 0asl ol 5l a8

FhoET e ) ol oo esliiwl O b ccwlize 58 9assls 5

e N

void display(){

sprintf(lcd_buf,”%f’,number1);

12— “|'|| LcD_ShowString(10,90,” “);

= o] > - - ; . || || LCD_ShowsString(15,90,lcd_buf);
163 v L ) )L ) ) LCD_ClearLn(10,75);
19 4T 7 3 LCD_ShowChar(15,75,'=",16,0);
; — —; J -
1 2 3 ¥ display &b
: —— —— —— | [0 5Ll LCD s ol (mle 4 Giles sl @b o
] . = fll Ca_wl
— — (void Clear(){ h
"”‘"#._, *save_str=NULL;
L *str=NULL;
- B _/ | *lcd_buf=NULL;
Y ooled JKo number1 = 0;
number2 = 0;
last_key = 0;

Clear ¢5| | o5 showStrin > uy;

. . . . R 9(10,90,” “);
o Jladia ) Lo piie ol olie o6 0=l D ShowString(15,90,70°);
A8 e SU ) Gioles dxibo izea 9 00005 8 data in =0:;
4S5 aae plail | ) Olsa ¢l o 31 2| | CD_ClearLn(10,45);

o plosl L Ole uile plas ,3 ON/C uJs'| | CD_ClearL.n(10,60);
2> LCD_ClearLn(10,75);
LCD_ShowChar(200,60, *,16,0);

}
\ /

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 )

config_number U

Sgmo o=l A VYLV sae il s sl ol Ho e je b dn agd (o osliiwl (5 Liiel slael U L sl o ol jlas” b
o= 3= [ (MMZ) 5w smy slacel slaes 9 48 (o0 wlyn VWYY O 0 4 |, sae ol caleulator ook as el
Jlacie 4 VYT sai 0,55 sae cONfig_number o b Slysi L Guw 598 oo MMZ=T Jlio ol )5 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 »b
9 ) dae ailb Lass ol g5 (8L, 08 Sheo s 9 Al e e LA LS J|A_C|A_{CA_§Q))CA_»J(5|)_3@UM|

Do o0 03305, b dae ygmanl uE )
e 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_ShowString(15,90,”error number”);

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

\_ J

ack_opretion »

T )
void calculator(){
LCD_ShowsString(15,90,"0");
\{Nhile(1)
start:
key = Key_Code() ;
if(key=="C")
Clear();
?oto start;
if (test_key(key)) {
if (data_in 1= 9)
data_in++;
if((key==".")&&(count!=1)) ~
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{

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

count=1;

data |n--

LCD_ CIeaan(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;

!
ki

data_in = 0;

if (last _key ! 1= 0) ack_opretion(last_key);
if (key 1= =")

last_key = key;

else

last_key = O;

if((data_in= =0)&&(Iast key!=0))
LCD_ShowString(15,45, ch _buf);
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calculator &b
Slas mle Klae g slael il o K05 4 @ulys plas saias L)l gl g 3dl (s aal 15 duolxs @b (2l ol

Salle , bass g0 Ao A0 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

5)—3')"5£.T'°fl—>"’| (_L:l.'i U—.’.l )9 LCD )9 ul_m}

4 N N
Multi AVR Programmer
bl 4 Jlasl e USB ,_5}9]9,&3 51 oslaul 2 o9de ).A|)f9)_; ol
(w9 03900 ..\.:l,.:w as 0390 ,_5){;.) L;lm S;).:g 9 el ,_5|)|.>
UJ; fl;g).: LCD S UKA‘ .>)Lw b.>)9|).: |) l.o.Ja g_)L?Lu.?I )l
Gﬁml.m LS)J)ML}:JJLSlemg)ﬁwﬂ(ngCJ) uw,_sl‘hg)im
))djw|).a|;9)) u)'bf’g_)[:KA' ..... 9LAJ.OLC- &lylb
USB ) ,USBY, sla &y b L,mtw <
>l aiss 4 5l o9 <
‘579):- ISP ),&Kh;@ﬂ‘
S g ZIF S5 3o b 51 i Loy o L5 03,5 o155,
(Linux / Mac OS X/ Wlndows) LsLa ._}.aLc iz L L;)lf)L.,4
ml O Ol
C B oo V¥ s
http:/esh ir/link/489.ph s
\_ ttp://eshop.eca.ir/lin .php )
4 )

[.298 yoiq0 ylual ofy yoif
ST BLALUBL AL
Sy a5 o5 plsl s’y Kn b 0l o o Sla)l 31 S
d.al.m)])ufg).im J.mla@é;».ﬂ'élﬁ)ygﬁ&ly'upﬂxbg
(SLQ)QJ}A (5)|Ju| ol)d.:).)b LS,LQ,«J 4.>‘5>9).> UL).> u.)yr,ful.c
o.)[n.wul tsﬁ)“ﬂl (_SLQ),;,A d)‘ufu.e,.? Lﬁ),al).) )Igo.),.u G{n)».ﬂl
(SLQ)QJ}A LS')-’ o.)l.n.,\.w|u.e.>.)).a)l§).{ leﬁ)}")') )'é) .\-ul-o-’
o jlﬂgb),s,AT dﬁj‘b))@&&wl L298 )9{').) Gi!,:SJI
P90 ol Sl oslaial b Ggd Jysle il (0 ¥ 0L 2 31> 5 s
s L, DC gige ¥ 0lejen JuS Ulss 5 633,51 ,b L298
YA :gse o sl ol J 0Ly 51
8-V ygige o guals JB 5Ly 5T
la 55 Ko plas b sl o L6

P keSS Slrndgs
J

http://eshop.eca.ir/link/§7106.php
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JHLINKC V8., 0) 15638, g, yollsFte

oS5 (1 s S8 (55 38 3 5

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

sla )58 Saa plas 51 JalS (Sl o
ARM7/ARM9/ARM11 (Atmel,Philips,Cortex-M0/M1/

Serial Wire Debug (SWD) ;I sluxi, e

Serial Wire Viewer (SWV) ;I gluis

Slebd Kolagil glolis s o

12MHZ 6 JTAG cc o o

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

IAR Embedded Workbench IDE | sl (5,5 ;L0 o

@ (USB )95 32 ,b 5l 4di5 uels) a0dis 4 5o 09 @

target voltage (s .5 o5l <ulsls 9 JTAG signal il couls e

= J II fA\‘ ; saxe slalliws 5l sluwis e
(W] TECHNOLOGIES' lug and pla X [Hls e
E - - plug play p-’:wtw Shld
= o E AN s)lxliwl oo Yo JTAG L5 (slls o
o corte BV b5 k) 3V .3 62V .1 51 6,5 5 g, o
. !ntelligent Processors by ARM O Y. O}g) J.tlf 9 USB J.tlf L;I)IJ °

AV 4 o VE e 4 JTAG 5l 0sliel ol o
. o »o 4 ne
A\ Memory viewer )l glucis o

Flash programming sl !5l p 5 (olos 5l (Sluiiy
Flash DLL i 5l glaziy ¢
Software Developer Kit (SDK) ;I sluxis o
Embedded Trace Buffer (ETB) ;| sluxis e

Compatible with

Win;:iow;ﬁ? v 3 ’ ““ ’

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

AIMEL

A

\Y’o)LM:,—r:de»—)_ggidaA-nglé
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[ ERUEE CECEE DHNOWNE SEREm LR B 3 JEE EREEE W

p

FddssEisEs e EN AN e ENEn i
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FEEE T AAVE R AT NSRS e ~~
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s

bemu14@yahoo.com

b o MMC abisls )5 00 0,055 MP3 sla (b iso cqx VST1003B Ugsle b, 059, ol 5l Gaa

asb 8 4 dosla ool Glomo Gicsu coblB wis ool o 45 ail e las Giso 9 s VST1003B Jssla 5,0,
ol 00

a8 g Sen L)l 6l 9 ol oo 48,8 L5 4, MMC alisl> U, s’y Sae bl )l sl SPI JSSg 5 059, ol 05
&3 5 cbls VS1003B Ussls aidl .ol oo ass 8 0,4y , 1,185,500 GPIO sl sl 51 VS1003B JgsLe Ly
9 2 Ol (K815 by Olysie am w5, LCD 51635, oml s gmsizen )l 55 1, SPI US55 5,k 51 bl
ol 00 osliiwl a8y Koo
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ol 00l 05,08 4 Calise sl cand (51l ol sl a8 Sla b

VST1003B Upsle s 5l sly 4 by o porge 5 50 - VST003B 1 5 VS1003B.c

LPC23xx s LPC17xX sla ) 555 ,Kee b 5,551, LCD (551l ol (sl sl slsulss” : Led h

MMC ale> ;I abil> sla o, s NORy NAND o sl a bl L L LK sl o plsbiwl gl asbsls”: 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 . ail o

bl ol u,,_.mg 23 2l esd com of 4 by Guiws¥ sob kel S5l e, s ;5 FS_CM3lib aslslss
23,5 adlolojg , an ;) e 510k

C:\KeiNARM\RV31\LIB\FS_CM3.lib
LT olys e Kell ol 5 Wizard jlsslicwl U as” 545 s osliwl FlaShFS aslbuls” sa X0 ¢l - : File_Config
.xj_éwﬁkz)_fisd_g}fA_;.ggub)j_.i*ﬁ,_ﬂ)ogwlﬁ.:_wb),_a sla absl> J_iléo_il)o..abrnLgler{._\éI;Q),_wA_g
o9 ol s3 a8 ail a IPCT7TXX 8"y Ko 53 SPI i 5o sslassl el sl ,— asbols” ol : SPI_LPC17xx.c
sl 00t 453 5 0, s MMC alisl> 5 , ) 8’y Koo bl sl SPI jisy
Al oo ) STs Sen i sl Slandiis sl asluls” ¢ul - System_LPC17xxh
ik 3990 039, e o 5o Retarget.c b usea

0395 S T

1039 0 clises sla cond

059 52 S5 0 035515 Olgic 4 - LPC17xx JUCATR I PIPRTY

So sla b 555 : VS1003B Jysle

sl plosl Jlo 5 85 Sldas Gigles : o5l LCD

Sl L T Gisy b )l a8 la o 05 ,lagSs abisl> - MMC abisl>

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

= o3> ol Audio Player & ,Le LCD Ul jhw 55 s5lassloly slanl ;s 4 el & pganl dn aal o (IS 5, Sloe
P93 b )3 (Hgo sla Job sl o il ass 8 ), 8 eSew J3bMMC S5 (0 oy p MMC g 5 59
LCD 95 b, insert memory o e +ib a5 0,8 <S5 w J 3 MMC ,$15 55 5 0 0sls (il LCD
oo Play/Pause als jLis U G 395 015 8 S e Jsls ;s MMC 00l & p9manl )5 5 595 (o0 03l Gimles
)_LLJA Sldee La s ds™ 5l gﬁ_ajm Q.)'.))l_.i..él_go)l_gg.bg..),_.i:wo)b ol LCD ).))_:.:uTr‘,_anag)_& Jsl P POV J=b
9 s 0315 il LCD L5 9 00 ploul Stop 9 Pause. Forward. Back s

Insert Memory ; Audio Player il 55 z,ls <8 5l o,Lugs Jobb sl > s MMC abil> o5 , 51
Dgis g0 035 il LCD 23 Sy ol Ol Gl -

slands 51 a dlagS g 0sls HLid U as gl dy el 00 ailil 039, ol 4 5 s cshls o vinen
Oieles g8g0 S 05,5 La, g 59t (o0 0305 il LCD )5 G 4 G (590 sla Jb ol Back L, Forward
9 s 4iliS Ll Ay Jol oles b 55 Joul ol

aal p ol sla caond S 7,,\2

/#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)

U32i,j=0;
char ch;
FINFO info;
files = 0;
info.filelD = 0;
while (ffind (“*.mp3”,&info) == 0)
{ j+;
i=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.namei]);

}

files++;

}
info.filelD = 0;
while (ffind (“*.wav”,&info) == 0)
{
j+
i=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”);

}

/* mp3 file directory */

/* wawv file directory */

*

*/

J

www.ECA.ir



s 5 9 n Ly s akiilo ol8” S5l g sl b slaas 4 @b ol (Slss ] s aabspy ol ol
S o o i Al S 5 3g g0 i lihe (g sla b s s Al ol lesl 5 U aal y  sUles
~

p=

I *
* 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_GPIOO0->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

4ol 09z 398 o (Sles8 PlAY 2l hwgs 45 cul 4l PaUsSe wldee 2l a4y by 0 4l 5, 5l Ggd aand
9b 8w o b Sl curdy B Gl b3 S5 rea 4 el sud axigi POIlING 50 4

T s 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)) = EOF) // read the characters from the file
{

BITWAIT_DREQ_HIGHY();

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_GPIO0->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;
%:=1;
end:
VS1003B_XDCS_H();
fclose (f); /I close the input file when done
S=0;

}
\ J
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//* *

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

U32 retv;
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) Icd_putsf(“ “);

d )
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* 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 4al 5l Cond epl Jawgs i Jb o LG pb o play ollec ULL%.;
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 plol B6 ol bwes (o (LU 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
Aol (o (Jao sla Jb (s £o,b sl asl s Hl 26 o%|
/* *
Main function
* */
int main (void)

{

char buf[10];
Systemilnit();
lcd_init();
delay_init();
VS1003B_SoftReset();
VS1003B_Init();
Icd_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
Jg}l_a A)_]).Z.Jg).ic.n a .L:9_»)A 4_:.]9| QLQ.:L:.J EL? U—.’-I PR ol 03 o.\)gT A_Al.s).» (rLol (__:L}' A_AL).: )| Coaasd U—.’-l PR}
28 o e ) olid lands comdy colein 4l bwg ol onl psizen 53,8 e plssI LCD 5 VS1003B
A8 (o Sleld Ll sl plas e b blae milss 5

www.ECA.ir



2

e

O e
_L_ Pay/Pause button
GND 3

B

O [
Forward button

4
—

O e
Back button

6
B

O e
Stop buyyon

oQwm S — Al v\
- Y Y ajajalaajajalall g
T J<J<J<J<
T Sv
5 —_—
Resl =
1K GND —1
GND
GND

e

ool SIS e Ul
T oo o oo o oo oo [LPCHeader Board
AR AAAARAAAA

D2
—€b/D3

—eMD

——aND

—vDD
—=€LK

—6ND
—DO0

J:o\lo\u-hww—j:

—0Dl
MMC socket

N

Component_1

J

LabVIEW 2012 Professional Full AddOns

Laboratory Virtual «,le aisa a5 Lab View 15l o 5
<5 b Instrument Engineering Workbench
Sl 0358 Djgo 4y &S Wl (o KBS g aaly 0L
C)lﬁ.:bf 9 uia),.oT (> wass ‘GLL.A S Gnl:.’m sla s, ¢l
5 6ol gz sl 2lukl Jie K Olgie 4 alKilsT
Gl s 9 U8 cqxr Gl dlwy prizmen 9 o 0ol o5l
9 303,35 1380 p 5 K ael ol sl 030 T )5 (6 5lome sl
l (5,8 051551 Sla s Jalos 9 4505 g Sllanl L6
9 Add-On ;I LS acgeme sl (o dcgomme ol o
L oyl s oul @l 35290 sl TooIKits s Modules

oS oolitl 5 bl o
G A 9 paine Guian Y b DVD s 03 LB )3 Jguasmo ol

sl 4228 51, K

D eSS Olousgs
http://eshop.eca.ir/link/labview.php Y,

www.ECA.ir



GRIO

ADGC Test

Liser LED=

12C EEPROM |

S0-Card —

Usar Butions
Connacior

LISB Host—

RTC Bablesy

Mini2440 + 3. S"LCD 2.z

sl el 5 b by bl s, ol
ol oAl @I;L: S3C2440 )99 339 ,5an
Embedded MotherBoard Jwol ,5 5, ¢
5K O )8 Gl 3 L a5y, cnl Sl il
@l dowo USB b Ogmed sla < yg0 il 9
»b K sla sl .9 VGA , SD/MMC absl>
Ak Dlsly 5,
Windows gl Jole piucw cums 0Kl Guizees
UKA' L5?.'>|) LY) S 0 )bl.n S » Linux 9 CE NET
cds L ro" SLCD Kiols grals sisbe
Oal 9 (qne) K s ol jon 45 JuuSy YF - 221
LCD 3 CRT sla Xisles sl o VGA Jawe 5 Jlasl
Al oo 3 opl Olis la culb s 5l Jaers
Sl slal abb o e ole Vo) e s ol slal
9 (Porotabl) > slas )5 cqz 3, ol Kog8
Ak oo cwnlin [l il K65 Jlas plo Loy ole a5l a8 slalas
A5l 0 031 S i 9 ¢ 05 0 1B )l Dlib pae 4 g b anils SO ey 0 4 G a5l s ol
Ny A
Mbps 10/5 cc o L (RI4S) aits )90 30 K

LCD infevface  Camara interiace Resal Powvar dl'l)“ S e A

__. Vallage | o on HOST USB S gl dAe ;ig' H

Powar USB DEVICE S)ge e ;ig' H
s SD/MMC abiil> sla &s)l8 8 g 322 K =
. PR, Sguo 9.1;2..»' L;?-Q).'}- die ;{3 ::
UARTO (R5232] U?B)@ 22 hi”‘ #
UARTY (TTL) ]TAG O \- )9.2'&[{ dJie ;ig' H
LED il e -

UARTZ (TTL) . .
PWMF..I;.}'M o;,.b.‘..n LN LS)L.M.‘) .L:.lf dAL
3, PWM (25,5 95 25k 232 S
Fe ER R A/D 63959 9 sogailiy 238 S
. Mic In OR92 g_JLa.’iI )D.B.Z.A L o Y. )93&[{ die ;i: H
:Tﬂ?::: 3, 69, RTC absl> slucis s,bL sae =
. adas Kioles 9 alS ol joa 4 g 0 (5399 435 =

Ay Ol

i 5 Boot Mode LCD dl..a&'l )9.B.Z.A L Y] f. )93&[{ die ;i: ::
MAND e ﬂnn(;:ﬁ.:.m AK)K 4.:[.3 ¥. 9 I/O 4.:l.3 ‘N\c) m,s )91&[{ die 9
JTAG Sysfem Bus  LUser Bulions Bt Mode )9-*“-‘-“9)-,’. 9)@ ‘;M_:) .\.:.1{ Sie ui: "

http://eshop.eca.ir/link/851.php : LS Slowdgs

VWo Lo — pow dl.w—)_lytklm— QL&:.LJ

www.ECA.ir

A



- ol

VWo o — Lo Jl - H,.:A.l:m

syl i) e ¢
writana] gt g 1 Syl

el g b il

=TTATIVY a0l oF

P S g5 gol> 2 4o

> ¢
pr

www.ECA.ir

ignlogsl ol p b 5l 0 g o scgons

¢ Collection of Advanced Automation Projects

SIEMENS

03§ i it  pu i ik allT @

WARCL Flaotiibs 1, PraTook v el ol i e s Mura sfang @
SCADA §PLE A e J e 3 ot 0, 8

Faarpranirales A o obad 4 PC 0t i gl 8 5 8

Ebiret. § AP e O, DL P e i bl (s 6 g ey 8
POET VI it DO b A T i B e g

gy i g o by Frrewrior-Nicro Master 5 LG Ja B 0 s ol 8
FLE R ITIO0M gia Bemats PO B d d o idisg &

.—Jt-l‘.ﬂ-'

dap=




— 599 sLa o,3) /0 sl )5y
A58 9 50 o Lias Jols sl (29 5
J—aie 5,0 4y 2 )Ls Sl as o =>)lb sLa devic
PR .\_:).; = =8 eslaiwl 5,50 (ol Gl—=) g
Az ) XMEga a8’y Son sla gy (sp 2 4y Caoind
o3yl ol sl gy (a2 31 b ol psalys (AtME sla )5y Ko
o=l Bla g A8 (63,5 4 aie 9 aies a8 DUl 5 La (5509 AVR sla a8 S
PLasl L 1 sl s e 03 9 o2l 0 ot Coomind b (i) 2 s g 9 03 03591 251> Lag S

m.»l_m) - [al_o.ﬂ 4 AVR Studio b o yb 039 ,— 93

Xmega sl &5

O Soogms - &S 039 (5aied )8 5 iy Blhaasl sla & yem s AVR (sl J 185 See 3535 5 -0 5l XMeEQGA oslysls
2 bl (oo i JoB i g0 A e e la Al ST ST A el 53 oY il e g A sbls
Sla S0 K050, 8 i w25 Ly a0y K00 sla sl l Jias g0 an ) oopgm Sl e S 0l e
Sog l Sl Al i pizmen 3, 0, Lil 09 ST 9 09 K (5399 Sl K Lo 4idy 4y Olgs 0 XMEGA sla =5y
b pimen 33,8 s Wired -or. Wired-And. Bus-keeper. Totem-pole.invertedio w30 4 0lys o 1,
il o 515 Pull-Down 5 PUll-Up ceglis slyls %53 sla asly 5l 15 oy 4y assly

Sl sl Oy

e w XMEGA sla ) 5555 S0 DATA MEMORY (g abisl> )5 5lome sl &g 6,8 13 Joo 4 a5 s
sla & sla olss Sl (SO oml by ol iin (Heere la &9 Gla i) 5l b s, ool 4 CPU s jzs
Lo 9, 53 55lome g dae sl il o La 0T 40 CPU (s e s )5 5l sba gy Lo (Hgone
(35,5 Juata)sg—smap =bly sla o0 5l (S5 4 30k @ilome sla g aS ol 55 4 pi¥ )l 3929 XMEGA
bl oo (Hgere sla O g i) )0 pibg Ablea ilowe Gl S ) )d G g ol o

63979 Sl S

63909 Sl S 05,8 (o )l sl 55 k5 5550 5 A0l 9) el phiw g A pas s Gl 90 sla K
Sl al oolply aas pas L Gedb pub mhw Ligad 9o 0 L g oasy) onb s ad wasy, Y s 4 asly s
@r:)y Do G Ko J8 sla b 5l (K an el 150 ‘..))_;(rn)l)_‘"a oslaiwl 3,90 659)9)<—“*70|9—1-° 4 as
V- TC VA (5')—,’ U—.’.l)"L" S (o5 031y Gas i (39,9 6Lm)§_u> .b_»),.'i (hlgh level) u.._Jl.g <YL Ck_..: s el PR
b b5 3s5 5 anl Swsan G 9 o3 D5 el ol b e el 1) 53909 s a2k b ek YL phs
sy alss Ganiis Jo6 55 el YU i s ol 3 oS I

Slm 09,5 (53979 S K> 45 0 (o Sty ) 09 Sialy 09 Kim 5399 K g5 95 1/0 sla asl plas
s> 4 diails 09 ST sla Kws a8’ s s sl e (peripheral clock) NS jea> awils ()l Ko T Joe

www.ECA.ir



Asynchronous sensing

EDGE
DETECT W

Interrupt
Control

—= IREQ

Synchronous senging

[}

Pn Synchronizer

X >
IMVERTED 1/O | g P& |

— — —

EDGE
DETECT

= Event

i

N

J

Voopleds JK5
IACJ)y:Lsdﬁg

b ples a8 el ol ( MEGA o5l5515) Joore sla AVR 4 cuis XMEGA sla &9 sla e ils 5l , K5
Idgs Gl A0l (e (6999 Sla K> Slakis 5l SO a il (e aidy A Jgs an L8 XMEGA sla 5, K0 1/0 sla
)/L.wo)aﬁfw)l)joal&_mls)y)iw;5:9_3rol.).fd._f.>)|.>O_JJA._g@A_ﬁégjlogliwl.a)_;)l)_éwlb_wb),_ﬁd_ﬂg
gsLm)/Lm?QLAﬁBﬁ‘bL&))LﬁgJl.:;.ﬂ4_3)31_5()9){}_.»(5&)/1‘0UW|H&934_{IG}Y(09)§MT)/L“>L%Q§)§LM
A8 o pleide b oleshis plos g o Y 64—4.5,19—{309)9—-T sl S s as” (s s il e 63909

ol 035 03,91 MGA@M ()9)(5..»| 9 09, LsLQ)fm;‘\fLsng Y 9 ) o ki Jdglas o

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
Vo)l Jga
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
Vooleds Jgaz
& ez 5 (5 20
:(Data Direction Register)_DIR .=,
Bit 7 6 5 4 3 2 i 0
+0%00 I DIR[7:0] I DIR
ReadWrite RW RW RwW RwW RwW AW AW RW
Initial Value 0 0 0 0 0 0 0 0
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PORTX_DIR = value; Ju.. PORT A _DIR = 0XFF;
.CM»|0J4.Z~_5.3).:5 @9)5«:))9@443“.3 JUA)AAQ)%GLAQE[ALJdl.i.nob.z.c.:\.g..x.ial.gdc))% r:l.;XAf

:‘DIRTGL , DIRSETDIRCLR sl jiuu>

Bit 7 & 5 4 3 2 1 0
+0x0 I DIRSET[7:0] I DIRSET
ReadWrite AW AW AW AW AW AW AW AW

Initial Vialse 0 o 0 0 0 D 0 0

Bit 7 6 5 4 3 2 1 0

+Ini2 I DIRCLR[T:0] I DIRCLR
Read/Writa AW AW AW AW AW AW AW AW

Initial Vialue o 0 0 0 0 0 0 0

Bit 7 g 5 4 3 2 1 0

+0e03 DIRTGLIT-0] DIRTGL
Read/Writs AW RW AW AW AW AW AW AW

Initial Valus ] o o 0 ] 0 o 0

S by Lo gi o0 SO DIR i) 55 0 0T L, bl <o DIRSET jiis) ) (—dhie S g Lo
Sz ) 5 (sbhie SO b b g a9 (oo o DIR s, s w0 0T b, Blie <o DIRCLR i, )5 (dhie
595 on (NOT e ,) DIR. TOGgle iz, 55 o 0T L , bl e DIRTGL
: Jl
PORTA_ DIR = 0XOF,;

PORTA_ DIRSET =0XF0;
slodn b b5 3 )90 sz slacie 4ol ol e S Sl gy Sz comdy s sl - Mega s . sLa AVR s
Framwie SRpRl [ (oo ub)_:.:.ij) Ao de lacse sl o)l_ggbgr,_:.‘.deo.cJoJ._& oJ_'s|9:$~)|J._6.o S9) |))_B.’;3)9_4 Ql)_:.:ijw
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: OUT prowe y)

Bit 7 & 5 4 3 2 1 0
0 I OUT[T:0] ouT
ReadMWrite RW AW AW RW RW AW AW AW

Initial Value ) 0 0 0 0 0 0 0

ASS o e | Al 29,5 by i) =l (S AL o MEga LS)—“‘)QPORT JUEWE SR VI SIES SN
o=l 3 ibte ho b L g 39, e HIGh ihie mh a5 555 0 5 a0l i) ol 0o e SO iy L

39, o0 LOW (ibio b a0y ;05 5590 (5 40k i
PORTX _OUT=value >> PORTK OUT = 0XAA;
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: OUTSET. OUTCLR. OUTTGL slo jius>

Bit 7 6 5 a 3 2 1 0
+005 I OUTSET[7:0] I OUTSET
ReadWrits AW AW AW W RW AW AW AW
Iitial Value ] ] o 0 0 o o 0
Bit 7 & 5 4 3 2 1 0
+0x00E I OUTCLR[7:0] OUTCLR
ReadWrite RW AW RW RW AW AW AW AW
Initial Value 0 ] 0 0 o o 0 0
Bit 7 8 5 4 3 2 1 0
+0nl)7 I OUTTGL[T:0] I OUTTGL
ReadWritz AW AW AW AW AW AW AW AW
Initial Valug 0 0 0 0 0 0 0 0

(*_Jﬂ—»"\—e“\—ztga->9—~3w&—aOUT)i—wﬁ-?))b;—BJ)s—AcS‘\—:lgC«u:eOUTSETﬁ—M:?))J@-’«A&Ma—‘l—e
nga,..LLTA)_é.oOUT)J_M:e)).)MQTQ)JWMOUTCLRM))JU_&:M&OL‘SQl_g.og)LrAHigh
o=l 3,8 e e (uXe ) OUT. Not i, ).)U_ﬁuTl_:)_laLLocA_yOUTTGLM) 03 i SO g
s pBia yo XMega la @)gy ey 03,2 YU sl 4s 0Lo DIR lajiin ) mvsgs )3 45 )5 bilea o i

NI L EWE SRUNSEN T

N i,
Bit 7 6 5 4 3 2 1 0
+0x08 I IN[T:0] N
Read/Writs AW AW AW AW AW AW AW AW
Initial Value 0 0 0 0 0 ) ) 0

.J)KGA)|)§ oolatul g,,»lmc))x SIVE - u.)ul,:- l5|)‘-‘ prawcy Uil

(Jlwo
a=PORTB_IN:
Sgd g8 i) @ yukie y3 g odd okilys B gy cursg YL Jle s
[INTCTRL sz
Bit 7 [ 5 4 3 2 1 0
+00D R R R R INTILVL[1:0] INTOLVL[1:0] INTCTAL
ReadWrits R R R R RAW RW AW AW
Initial Valus 0 0 4] 1] o V] o 0
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Interrupt Level
Configuration Group Configuration Description
00 OFF Interrupt disabled.
o1 LO Low-level interrupt
10 MED Medium-level interrupt
1 HI High-level interrupt
f O)LAA:: (JBJ’
285 salgs 15 o 550 JalS g0 4 la iy Gl 5o L aidy o)yl
IINTOMASK >,
Bit 7 B 5 4 3 2 1 o
-+ INTOMSK[T:0] INTOMASK
Read/Writs R AW AW R AW AW R AW
Initial Value o D 0 o D D 0 o

IINTIMASK >,
Bit 7 [ 5 4 3 2 1 0
+0x08 I INTIMSK[T:0] INTIMASK
ReadWrits AW aw RAW RAW RW AW AW BwW
Irvtial Valus ] ] ] o o o 0 0

g o0 DLl gy G Ay (539, Olgis 4 by OT b blie 5 b 4l i) cul oo ibie S ig b

:INTFLAGS >,

Bit 7 [ 5 4 3 2 1 0

+0lC - - - - - - INT1IF INTOIF INTFLAGS
ReadWrits R R R R R H RW RW

Initial Valus 1] 4] 4] V] V] o o 0

L§§9 6[-6 $29,9 Lsg)).))_ﬂﬁx_g_g_d_{b,_&w;ogg_:@)ya )btla_:..io_.)‘l (INTOIF))—QAO 4_6:99 LSLQ 5399 r,_?)..gﬁa_a_.)

Lé:‘)g éudég)gég))b)_xﬁgg_l4_{),_{::‘.71:;g_lLr’i),.aa)bc_“a_:.fo_:l:(INT’”F))_&;o‘\_é.‘éjLSLQLs)Q)g P_?).:CA_:J

Al e Bl La S wlahis as a2 U o jey SO

:PINNCTRL i
Bit T 11 5 4 3 2 1 0
SALEMN INVEN OPCl2:0] ISC[2:0] I PINRCTRL
ReadWrite R RMW AW R AW RW RW RW
Initial Valus o o 0 0 0 0 0 0
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S Ky 52909 Dpgmo Ay 4l ;ST (s
U { 1 RV WY FPCIURIY 9-3 SO0 W] PR W
oS o=l 9 YL sla caglis 6135
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Description
OPC[2:0] Group Configuration Output Configuration Pull Configuration

000 TOTEM Totem-pole (N/A)

001 BUSKEEFER Totermn-pole Bus-keeper
o010 PULLDOWN Totem-pole Pull-down {on input)

011 PULLUP Totem-pole Pull-up (on input)

100 WIREDOR Wired-OR (N/A)

101 WIREDAND Wired-AMD (MN/A)

110 WIREDORPULL Wired-OR Pull-down

111 WIREDANDPULL Wired-AND Pull-up

0 o e Jgax

0L, 5529 ol 00 Jlas Uy oiny ol oe AVR w3lsss 51 Mega s, sla gy 3o S ins 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{
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4 )
I/O pin configuration - Totem-pole (push-pull)

= 0=l (ol oS csi) Homlhs S Sl al (o9,
(o9 i ym5 o229 5 4l 51 55

DIRm
39 & 4l Gl S e oml vas Jlss L Buskeeper
ouTn pn | bbb S K 2,5 Dpgmo a4l LS b
Gl comdy o5l 60909 o (2o 5 b Sl sy s
cdl s sl comsy STl Olyie 4 39 o0 )

INn N 63909 4 529, <Jb Al sy g asb High (2,5

N )bl ghi g sas dlab (31 PUIUP conglan s s
Fojlos JSo b e a S (High) ahie SO s 0liowa 639,9 b s

N\ o515 GiS sl oeslis Pull Down
S e JLb

e Jsd |, 515 sV coaslie Pull Up
Rt

039 Jss U asl gz 51 WIREDOR

DlRn S 29 o=l Bsd Jog pa 4 (S9!
OUTn Pn (-Jig—iaJ_na.ZAP_md_gLr?g)éc,\_ﬂ});J_d,S

I/O pin configuration - Totem-pole with bus-keeper

INn Al S La a5l (S0 sy ST
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 aglio 355 Spgo 3 Al ,ho Laall s
#oled tri— el J5 cordy o2l G5 b

)ermodfg_:kog o J—o9 gr’)l-”ul*—{u—:-’.l% Caoglio )_ﬂg.bg)wa(YLg u.._»l.).iml)state

= 4 0ad Joate sla 40k (5 dea crg 45 ol SO (g 0 IS (29,5 9 b (oo b AND el ol
Aol G

31 S el caglie S 4 wgls ool L bass exg WIREDOR 5505 ssslbea (555 o WIREDORPULL
o JS crdg A il o o a0l Jate sla Al 6 dea cmdy ST i g b e s b ol o o
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4 A/, o . . . )
Qutput configuration - Wired-OR with optional pull-down. Output configuration - Wired-AND with optional pull-up.
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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 ke Jgi

Sl oS S A Sy i o sl |, BUSKEEPET 5 (8 g K2s) INVERT S5, o als o JLts 0lyie oy
S Jae 4558 5l AVR = SO basons 53 55-bire ol

Rax>>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 o g0 Ol S s e S s Al s S iie Ol s ol ds e Hliae b
e o pwog Jlie SO L ) i,
iz 4t 3 i L ol s s It [ A gy sl 4y plias GVl caslio ol (o 1S o,
R (o [nl_'gcﬂ ) D90 4 |y Jae gl 15 3959 e & y90 4 4l - sl a5 PINNCTRL
PORTA_PINOCTRL=0X18;
PORTA_PIN1CTRL=0X18;
b
PORTA_PIN7CTRL=0X18;
A8 e il [, CPU ol Ll ol 48 oS e lade ) iz A ol T ol sl g (oo 0as 45T g bilea 4 S
2 o plosl MPCMASK s, bwgs ) Jooe oml JLs
5 S o0 S ) ol 3 353 Il La 0T iYL conglin palys (o a5 1) (s a0l sla oy LI ol sl
Al S s o5 ol At 15 oatS (oo JLsb |y s 0lat b 4l 31 5 G5V Ceaplin (5ns s 1> s
b oo Jlael sl oas S MPCMASK s )5 a5 (Sla
PORTCFG_MPCMASK=0XFF;
PORTA_PINOCTRL=0X18;
La asb of ,blze o as (la 4l ples an |y Googs ub L s PINNCTRL ;i) olahis s, oml ol ol
2SS e Jlasl ol oas SO 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 silome &g an Lo @y 5l (SVF-F Jgas b La e ool laie VPTMAP[3: 0] sla o
(3= (o Jmaia) 8
= MaP ,ao s)jlowe 90 an ) La &pem 5l (SOVY-5 Jsas b La cow ool Jlaie VPOMAP[3: 0] sla e
(38 (o Jaia) 8

: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

PORTR

POHTR mapped to virtual Port n

= J=aie ) Jsax b La e 5l OV s 4l 4o |, Event system 0JLK >5,5 9 CPU &Y i, ol

A O)Lo»; (JQJ.‘>

:CLKEVOUT s,

8

WWW.ECA.ir



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
% o)lad Jgax

9 5l SV 4_31,74_,Evensystem,_M(Jl_;lf(r?,pﬁp_ml_aca_ﬁo_ila_“rm,l_\_a.ol_f:EVOut[t0] 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

Veooled Jyas

PORTCFG_CLKEVOUT = 0x01;

N

( SIMATIC Step 7 (5.5) Pro Edition 2010 )

S400-S300- slo PLC w5 ¢rgelagil slgaioms s puiass <5 15
ol a5 03,8 25 1) (Onl )3 s 25 62,08 1 9 0239,205200
e 3l ookl b Olgisa 1 la PLC 1 (s ol 038 s 690,80 5 50
oalol (slgSols 5l osliznl) Kbl 5 > s a8 canl Y STEP 13l pr ol
23 39290 sla aii 5190% I Giw . a5 05le Hlws (46l 5 53 39590
slea a5 cuwl LADER (slel $Ls LIPLC 5 ssis anig anb p)crio
P 0l 03 g 4ol Sl ey gt muy U8 la Jlae ol al) g sl

S8 J)b).g ) ol s 3929 o )guo )3 9 03,5 Golw ads

! e el
Y,

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

Kianoosh Salek Soltani 2, 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].
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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].
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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-

WWW. JAr



-

Passivation

7 /" (Optional)
Source Drain
I,Itcfrﬂdt Reidiitor —> Electrode

(S) (D)

Semiconductor Channel / Nanowire

Dielectric

Gate Electrode

Substrate

\U =/
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 SiNWs 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 SOI 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 SiINW-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 SiNWs 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].

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 SiINW 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.

www.ECA.ir



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.
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