d yaoll siloGacioll dao yu

Al Al
dydie daslall duala]l

B BASCOM-AVR. IDE
F _A_'.'_IJ MCS Electronics

(Programming

fmbedded Systems Microcontroller

You Can Practice Microcontroller Programming Easily Now!



Practical Class 11

BASCOM-AVR IDE

@ MCS Electronics

Programming Microcontrollers

EXP.30: Programming Internal EEPROM
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Exanpl es:
$defaul t - Sram $def aul t au gild LI &Y gl S aB gyl
DmA As Byte , B As Byte gl Ll ¥ gl e S ph5e (s
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$regfile = "nl28def. dat"
$crystal = 4000000

$baud = 9600
DmB As Byte , | As Byte
DmW As Wwrd , S As String * 5
DimEb As Eram Byte At 13
DmE As EramlInteger At 14
DimE As EramLong At 16
DimEs As Eram String * 5 At 20
Do

S = " ABCDE" Es = S

s=""

S = Es Print S

B =10 Eb = B

B=20

B=Eb: Print B
I/ ______

For I =0 To 4

Readeeprom B , |
Print B

Next |

I/ ______

S = "abcde" : W= 10000
WiteeepromS , 5
WiteeepromW, 11

S="": W=0
Readeeprom S , 5 : Print S
Readeeprom W, 11 : Print W

Restore Lbl

Read B : Print B

Read B: Print B
Loop

$eeprom
Data 1, 2, 3, 4, 5
$dat a
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SRAM 3 ,51281 2 Js=is J| EPROM

18Y wic SRAM 3,511 ] @b Juass
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EEPROM 3,551 2 «d 0350
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$regfile = "nil28def. dat"
$crystal = 4000000 o
$baud = 9600 ole sl
$eepr onhex
$eepl eave

$eeprom

Label 1:

Data 1, 2, 3, 4, 5

Label 2:

Data 10 , 20, 30 , 40 , 50
$dat a

Readeeprom Var , Label 1

Print Var
Readeepr om Var
Print Var

Readeeprom Var , Label 2
Print Var
Readeepr om Var
Print Var

Var = 100
Witeeeprom Var , Labell
Var = 101

Wit eeeprom Var

Readeeprom Var , Label 1
Print Var
Readeepr om Var
Print Var

Var = 0
WiteeepromVar , 3
Readeeprom Var , 3
Print Var
End

sie EEPROM 5,&51001 2 @d (jss

REWCWLHN P

i, 2 saumma LBY Wie dad i))B

SRAM 3 ,51281 2. Js=is J| EPROM

5, 2 saumma LBY Wi dad i))B

SRAM 3 ,51201 2. Js=is J| EPROM

SRAM 3,£olil 2 Jomie iasd slic

33dma &8Y uie EEPROM 5 <5101 J)

¥y Y esml] Lain @uid 244

gty 18l pesall Lwuid) s




Practical Class 11 lﬁ'-‘ﬂ Programming Microcontrollers

Exp.31: Interfacing with I'c I'C J 952999 231 :(HgaMT 1 g Butom | 931 2yt |

1 pd) (e dnlatl

el adgs 3,039 EEPROM Liledlias cilidans 5,003 dome yu M oo I'C JsSogigprd! Jac Tawe duly

RTC gl

:5)‘..\.” Jalas e
O L B
8 2 b SoNoreer 8 8§ 2FE
O > O o goooocoaan Zz O aaa
T © ¢ 33783382 ° ° 338
vvLuuoEQB [afa)a]
1 ook TTC
—O PEN gsgg\\\k N 48
88y coPa3| 12
—2—| |PEBCRXD/POD 222¢ CADHPA4| — =
—3| |PEL¢TXD/PD0> ves D5PAS| 1
—4 | |PE2¢xXCKB/AING> CADEWAS| — 7
—2—| |PE3COC3A/AIND 2 AD7PAZ | ——
—£ | |PE4¢OC3B/INT4)
—Z—| |PESCOC3C/INTS) ATmegal2s8 @LEwe2| -3
| [PEscTa/INTS 42
2| |pE7cicas Nty (RL5PC7 | [— T
10 ® (A14XPCE e
12 |psacss i3pcs | (2
51 [peLesco TGFP 64 A12)PC4 gg
13 ] PB2¢ > ¢A11XPC3 37
12 pB3ciiso Lowc2| (=%
12 |peacoca apce | 38
1o |PB5COC1A o ¢revpce | |38
=2 3 AN
psaocém . 8252 pesan O%
g 3 3d QLN . o PeeR| O
o~ [72] w ACODGX AN
Q o o - o~ - OO XX O N
e L L W o g 0 IJ8CEoxCE
N (] + w [8) [m] < C dNMTOON
o (L) o (A} (5] z - - oooooooo
=} o [=% [=3 =3 [G] x X aoooooooao
|||(I’HJ slsls
N oo (o2 [ | o (8! | LO|\0| I\ 00| D D®| | O
Lol «i «i [ oI oI o~ ONf NN ONTONT NI O 91 o0
ucc UCC
[ IC5 /I\
3 a2 ucc [B
=] 2
=z Al L
| &I 1 =
M |® AQ +
T ol | ®
~N JN—®
WP 21 P &) -0 -l
SCI_ 6| oL
ShA 3l spa GND [
o 24C512 GND
533 A S
] pep— ]
P25 7|° "2
P26 ¢ M3
-
P27 5| ome [ (‘:',[]Q 1uF
P28 T _I+
g | &%
INTA NS | o
g Iy
> 1@BnFIC6
8 uce x1 fb—r
[
ol (< [0
MEERRF: 20 squ/ouT X2 [Pt
T T 8
6 scL  uBAT BN
N
N 5 4
N & ~ SDA GND oN—l_
m f—
Y DS1307 !
GND GND GND GND
Faculty of Electrical and Electronic Eng. 245 Automatic Control & Automation Dept.



VR. IDE

spisatl oslesanilf doayy % e iy dpalad| Luals|

SO PR PRV ROV NVP
dug Philips i 5 Ji3 (50 1980 ale Jil97 2 (Inter-Integrated Circuit) I'c JsS=539d) ylang yuglad @
Slaldl s3ea T2 ldasll (an as @Esmia dayy Jo T (39 (TV) L gynaat¥ culatil] poiual ales (aass

(Two Wire Interface) TWI Liai sy iigyisat¥ 5 5en 31 2 Lolieieal ,3Es¥1 5 ciasg

«(SDA, SCK) cnlas le st Sl ddelyd] Slealend! Jlai¥l ca¥osngigpm (ya I'c JsSgigrd! caiiny
ol Lal o pusmatl o Judieall 1 Jw p bl o cnliladl oladt e o Lald colaa¥ ALS LeSls SDA dasull
2 sVl 5L (95sa9 One-Master<>Multi-Slaves Tuie actiad 3l Lalai¥l 2 ol L;;.)\J-T g0 SCK

Multi-Master<>Multi-Slaves Tas le aaiad Sl iedad Y

J>T e Jeng cdlaniging dadsia (a4 @le yuw ie Chip-to-Chip dayy Jai (10 JsSagignd! 108 anseian
(Multi-Slave) slia ¢ya ,issTy (Master) dusg 518 Jadl bas e uslgn o (3€=e G Multi-Drop Bus
S99 ST ope oalael yEmay Less ((Master<>Slave) idas=lll uad 2 Laa daza Oole o ol @y

.(Multi-Slave) slse cpo yissiy (Multi-Master) 2513 (yo yuss]

(SDA, SCK Ml g2, culaglia dasy @i il «Open collector 53 (e 38 I'C Jyogigrdl 2 554l 2y

17 opdadd| s Dl ¢y esad Dladl Jls 24

o1 (112 nodes) 7-Bit ;ya calya (Unique Address) asyd (lgic clley I2C Joog30,dl 339 Joan g S
O dae oLl oA SLEL Hlgantl saasid ol giall 1as adstin (1008 nodes) 10-bit oyl gias yo5u o (S

L5Lal S
Sk Y T o dacall Laline VI el o o dasd) dac Sl 5y diles oty Ja1 das Lo 33921 e o

10pF sgu Hlga (5= daw (9523 I._JLE‘.} «400pF

SCL

i ; : | 1 ' SDA
Slave1 Sla\.fe2 Slave3 Slaven Slaven + Slaven +2
Sensor Clock hemory Display  Keypad

¥y Y esml] Lain @uid 246 Lagpen ¥y Lol peentl Luuif il



1 .} | BASCOM-AVR IDE
Practical Class 11 [ AVR)| MCS Electronics Programming Microcontrollers

SCL
SDa

Slave, Slave,

> 4 Slave,  Slaver

Master-Slaa\fe2

5

T'C JLai¥ Jasnss pd (oobaly Sl

(Advantages) ywl>d) (Disadvantages) (g9l |
nbas alustils Slave (re Y155 pe ol Esan u .(3meter) 3yund JLai¥l dolwas X
Gedad! gy ciaszia Ll dales U 400Khz 39l ¥ diiadiia cile y X
Lm0 s luEns 3510 alazid Bla U el uglic 2 Lygama X

280 T 093 3L e e ST Jumgy Jund p5sy Ul

Faculty of Electrical and Electronic Eng. 247 Automatic Control & Automation Dept.



. . |; BASCOM-AVR. IDE ’ .
phial] cilesaxil] oy ‘AVR| MCS Electronics e Ll Lualati

Interfacing 12C EEPROM

Description:

I*C is an abbreviation of Inter Integrated Circuit and is a protocol for serial communication between
Integrated Circuits, it is also called Two Wire Interface (TWI). The bus is used for communication
between microcontrollers and peripheral devices like memories, temperature sensors and 1/0
expanders. An EEPROM is a Electrically Erasable and Programmable Read Only Memory.

EEPROM Model Size Internally Organized Address (hex)
AT24C01 128 Bytes 128x8 =1024 bits 00000 >> 0007F
AT24C02 256 Bytes 256x8 =2048 bits 00000 >> 000FF
AT24C04 512 Bytes 512x8 =4096 bits 00000 >> 001FF
AT24C08 1 Kbyte 1024x 8 =8192 bits 00000 >> 003FF
AT24C16 2 Kbyte 2048 x 8 =16384 bits 00000 >> 007FF
AT24C32 4 Kbyte 4096 x 8 =32768 bits 00000 >> O0FFF
AT24C64 8 Kbyte 8192x8 =65536 bits 00000 >> O1FFF
AT24C128 16 Kbyte 16384 x 8 =131072 bits 00000 >> O3FFF
AT24C256 32 Kbyte 32768 x 8 =262144 bits 00000 >> O7FFF
AT24C512 64 Kbyte 65536 x 8 =524288 bits 00000 >> OFFFF
AT24C1024 128 Kbyte 131072 x 8 = 1048576 bits 00000 >> 1FFFF

The communication of the bus goes along two lines: SDA (Serial Data) and SCL (Serial Clock). Each I°C
device has a unique 7-bit address (Device Select Code). The most significant bits are fixed and
assigned to a specific device category (e.g. b1010 is assigned to serial EEPROMS). The three less
significant bits (A2,A1 and A0) are programmable and used to address the device. The three bits
allows eight different I2C address combinations and therefore allowing up to eight different devices of
that type to operate on the same I2C-bus. The 12C address is send in the 1st byte, the lest significant bit
of the first byte is used to indicate if the master is going to write(0) or read(1) from the slave.

mcon-
troller Il

1010A,A, A, R/W

The device that sends data along the bus is called master, a device that receives the data is called
slave. The master starts the transmission with a start signal and stops the transmission with a stop
signal on the SDA line. During the start and stop signals the SCL line has to be high. After the master
has started the data-transmission with a start signal, the master writes a device address byte to the
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slave. Each data byte has to have a length of 8 bits. The slave has to acknowledge the reception of the
data byte with a acknowledge-bit (ACK).

Write data Master Slave

— —
—

< ndata bytes >

Read data -
s [siave acoress| R NI A N | P [l recever ST

< n data bytes >  last data byte S = Start condition R/_W_ = read / write not
A = Acknowledge A = Not Acknowledge
P = Stop condition
A write operation requires a device address bytes, two address bytes and the data-byte. Upon receive
of the address the EEPROM sends an ACK and then clocks in the data-byte. The EEPROM sends again
an ACK and the microcontrollers sends a stop-signal to terminate the write sequence.

Device Address / Page Byte Word Address Bytes Maximum Devices on Bus

1K/2K 1 0 il 0| A | A | A |RIW 1 8

4K 1 0 1 0 | A | At | Po |RIW 1 4

8K 1 0 1 0 | A2 | Pi | Po [RIW 1 2

16K 1 0 1 0 |Pz2| Pi| Po|RW 1 1

32K-512K | 1 0 U 0| A | Al Ao |RIW 2 8

™ 1 0 1 0 | A | At | Po |RIW 2 4
MSB LSB

All devices from 32K - 512K will require no system changes and can be interchanged with only the
page size differences to consider.

Low Density Random Read:
S w s
i i A DEVICE B =
R  DEVICE T WORD R ADDRESS 4 o
T ADDRESS E ADDRESS n T D P
T ) it ) T I I
SDA LINE * Ll
L1 | [ T N G | L1 L1 11 111
M LRA M LA M L A DATA n N
S s/ C 8 g.c 8 8 o)
| B BWK B B]K B B K &
| G
K
DUMMY WRITE
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Medium and High Density Random Read:

2 R istzndwomrD 7§ R s
A | ADDRESS n A  DEVICE E T
R  DEVICE T R ADDRESS A 0
T ADDRESS E A\ T D P
|||||y/||| || TT T T T 1T
SD”‘L”\JE||||| | L1 /A1 |||°| ||||||||_|
M LRA M \\ L A A DATA n N
S S/C S g6 G 0
| B BWK B B|K
A
| G
K
DUMMY WRITE
AT24C32 (4 Kbyte)
4096 *8 = 32768 bits 0000 >> OFFF 32 byte page
&HO0000 Saturday [128 Set]
128 x 4 = 215 Bytes
512Bytes SHOLFF
&HO0200 | Sunday [128 Set]
128 x 4 = 215 Bytes
512Bytes SHO3FF
&H0400 | Monday [128 Set]
128 x 4 = 215 Bytes
512Bytes &HOSFF
&HO0600 | Tuesday [128 Set]
128 x 4 = 215 Bytes
512Bytes SHOTFF
&H0800 | Wednesday [128 Set]
128 x 4 = 215 Bytes
512Bytes SHOSFF
&HOAO0O0 | Thursday [128 Set]
128 x 4 = 215 Bytes
512Bytes HOBFF
&HOCO0O0 | Friday [128 Set]
128 x 4 = 215 Bytes
512Bytes SHODFF
&HOEO0O NON USED AREA
512Bytes SHOFFF
250
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Software:

The BASCOM-AVR compiler is used to make a program that writes and reads one byte from the EEPROM. BASCOM has
several embedded commands to control the I2C bus.

In BASCOM-AVR you first have to configure the ports you use for the SDA and SCL lines of the 12C bus. Then you send the
device address to select the EEPROM that is connected to the 12C bus. After that you send two bytes to the EEPROM to select
the address in the EEPROM to which you want to write the data. The last byte to send in a write sequence is the data byte.

$regfile = "nil6def. dat"

$crystal = 2000000

$lib "12C TW. LBX"

$baud = 9600

Config Scl = Portc.0

Config Sda = Portc. 1

Config Tw = 100000 ' 100KHZ

Const Addressw = 160 ' &B10100000 sl ave wite address
= 161 ' &B10100001 sl ave read address

Const Addressr

Dim Adres_h As Byte , Adres | As Byte
Dim Rd_value As Byte , W _value As Byte

Do
I nput "W value:" , W _value
I nput "Adres_I:" , Adres_|
I nput "Adres_h:" , Adres_h

Cosub Wite eeprom
Cosub Read_eeprom

Print "Error W " ; Err

print "W _value: " ; W_value

Print "Error R " ; Err

Print "Rd_value: " ; Rd_value
Loop

End

Wite eeprom

| 2cstart

| 2cwbyt e Addressw
| 2cwbyte Adres_h

| 2cwbyt e Adres_|

| 2cwbyt e W _val ue
| 2cst op

Waitms 10

Ret urn

Read_eeprom

| 2cstart

| 2cwbyt e Addr essw

| 2cwbyt e Adres_h

| 2cwbyt e Adres_|

| 2cstart

| 2cwbyt e Addr essr

| 2crbyte Rd_val ue , Nack
| 2cst op

Ret urn

"Start condition

'Sl ave address

'"H address of EEPROM
'L address of EEPROM
"Value to wite
"Stop condition

"Wait for 10 mlliseconds

'CGenerate start

'Sl ave adsress

'H address of EEPROM
'L address of EEPROM
' Repeat ed start

'Sl ave address (read)
'Read byte

' CGenerate stop
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