iy
M

Wy
@

YPRESS

PERFORM

Objective

Simple I°C Slave Example — PSoC®3/ PSoC 5

CE56296

Associated Part Families CY8C3xxx/CY8C5xxx

Software: PSoC® Creator™
Related Hardware: CY8CKIT-001
Author: Rajiv Badiger

CE56296 demonstrates how to use EzI2C Slave component of PSoC 3 or PSoC 5 to communicate with external

I°’C master.

Overview

This code example guides you to build and operate an I°C slave in PSoC® 3 and PSoC 5 using EzI2C component
For testing, | °C master is emulated using PSoC 3 and PSoC 5 programmer — Miniprog3 acting as USB to | ’c

bridge. However, you can use any | ’C master device for testing.

Top Design

Top Design is design area of the PSoC IDE tool- PSoC Creator. Here you place the components and interconnect
them to implement any required function. In this code example, EzI2C component which implements I°’C Slave
function is placed. For display of data, character LCD Component is placed in the design which drives the

external 16x2 Character LCD module.

The following figure shows the Top Design which illustrates the components used in PSoC and interaction with

external devices:

Figure 1. Top Design

In this example project, external I2C-USB bridge (using Miniprog) is used. However
user can use his own 12C master to test the project.

If 12C-USB bridge is being used, then PC application- Bridge control

panel software can be used to display the data received from PSoC 12C Slave

and also to send the data to slave..

EZI2C 12C use
EZ12C Slave Interface Interface
EzI2C buffer is initialised to default values sda &1 Pin_SDA P4[7] | L—x— N
| i Pin_SCL P4[6 12C-USB Bridge
Component configuration EE LN 16] (Miniprog)
100Kbps speed 100 kHz
Slave Address: 0x4
Sub address size: 16 bits
Sub address is used to provide offset in the buffer pointer
where we need to write or read data
Ensure Character LCD is mounted on header
P18 and its power is turned ON using
jumper J12.
Character LCD
LCD
Character LCD| OD D‘I 02 03 04
: P2[0]- P2[6]
First 10 bytes of the EzI2C buffer are displayed on LCD
05 06 07 08 09
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Component List

Instance Component Name Component Comments
Name Cateaorv
EZI2C EzI2C Slave Communications Slave Address is set to 4 and I°C bus speed is
configured to 100 kbps.
Pin_SDA Digital Bidirectional Pin Ports and Pins Drive mode — Open drain drive low
Pin_SCL Digital Bidirectional Pin Ports and Pins Drive mode — Open drain drive low
LCD Character LCD Display Displays first 10 bytes of I°C slave buffer

Component Configuration

Each component can be customized based on the application requirement. To open the customizer, double click
on the respective component.

EZI°C Configuration

Configure ‘EZ12C" @@

M ame:
" Basic Configuration | Built-in 4 b
EZI2C I2CEus speed: | 100~ | kbps The "I2C Bus speed” value can be set
EZI2C Slave from 50 kbps to 1 Mbps. Actual speed
differ.
Mumber of addreszes: 1 w A T
sdaf+ |f you choose bwo addresses, address
SC| - Primary slave address: 4 detection will be performed in zoftware
and not hardware, Therefiore the "Enable
5 d | deess wakeup from the Sleep Mode” option
100 kbps (S SRS RIS becomes irvalid.
Sub-address size: 16+ | hit The "Enable wakeup from the Sleep
Mode” option iz walid if the SD& and SCL
. ) zighals are connected ta [2C0 or 1201
I2C pinz comnected to: | Ang w mals

EzI2C can work between 50kbps to 1 Mbps bus speed. The actual data transfer rate depends on the I°C master
clock. For this application, EZI2C is configured with 100 kbps bus speed and address is set to 4. Sub-address
size is set to 16 bits (2 bytes). The Sub-address field is used to set the pointer where data needs to be read or
written. Setting it to 8 limits the I°C buffer size to 256 bytes. Setting it to 16 gives max buffer size as 65536.

For more details of all these parameters, you can refer EzI2C component datasheet.

LCD Configuration

Leave it to default configuration.
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Operation
PSoC creator provides two components that implement I1°C slave function:

1. I°C Slave - Fixed Function (Dedicated hardware block) or Universal Digital Block based (Configurable
Digital blocks)

2. EzI2C Slave- Fixed Function (Dedicated hardware block)

The EzI2C component always uses the Fixed Function I°C block present in PSoC 3 and PSoC 5. EzI2C requires
minimal programming efforts. The communication with the I°C master is handled in the interrupt service routine of
the slave device. You just need to enable the slave and configure the buffer.

In the current code example firmware, a 512-byte array is declared that forms the buffer for 1°C slave device.
uint8 MyArray[512];

This array is declared for I°C slave using SetBuffer APl as shown in the following:

EZI2C_SetBufferl (Size of buffer, Read-Write boundary , Buffer pointer);

This API is used for the first address (primary slave). In the current code example, EzI2C is configured with only
one address (primary), hence SetBufferl API should be used. If two addresses are defined, it virtually creates two
I°C slave devices (primary and secondary) using same hardware resource. You can define different buffers for
two slave devices. To declare buffer for secondary slave, SetBuffer2 API should be used.

EzI2C also offers protection features to the variables. You can make some regions of the buffer as read only and
the rest as read/write areas. This is specified using Read-Write boundary. For instance, if the buffer size is kept
as 10 and Read-Write boundary is set as 6, then the first 6 bytes (Oth to 5‘“) of the buffer can be read and written
by the I°C master; rest of the buffer area, that is, from 6" byte to o byte is read only. This parameter should
always be less than or equal to the buffer size. In the current code example, buffer size is set to 512 and sub-
address field in EzI2C component configuration is set to 16 bits. The full buffer is configured as both read and
write capable. So, the Read Write boundary is set to 512. SetBufferl API is shown in the following:

EZI2C SetBufferl (sizeof (MyArray), 512, (void *) MyArray);

main.c looks like the following:

/% Create buffer for IZC Slave */
uints Mylrray[S512]:

wold mainig)

{
/% Ensble Glokal interrupt */
C¥GlobalIntEnahle;

J% hdd wour wvariables and initialize component instances %/

f% Turn on EZIZC +/
EZI2C_Start();

J % 3et up buffer */
EZTIZ2C_ZecBufferl (sizecf (Myirray), 512, (void *) Mylirray):

while (1)
{
/* Check whether EzIZC iz currently interacting with the external IZC Master %/
/% If not, update the buffer +/
if((EZIZ2C_Gethetivity() & EZIZC_STATUI RBUIY)==0)
{
F% Add your code to update the buffer */
i

May 30, 2011 Document No. 001-56296 Rev. *D 3

+] Feedback


http://ccc01.opinionlab.com/o.asp?id=wRiLHxlo&prev=docurate_CE56296_pdf_p_3

EZI2C_SlaveExample

The buffer can be updated only when I°C Master is not currently accessing the buffer. This is done using the
EZI2C_GetActivity() API.

I°C Transaction Format

This section guides you on transaction format between I°C master and slave. The protocol used to write and read
from an EzI2C slave buffer is similar to transactions with serial EEPROM memory.

External I°C Master Writing Data to EzI2C Slave

S W
T R S
A | T
R T 0
T Slave Address E 8 M6.hit sub address Data 0 Data N P
T 1T T 171 T T 1T 17T 1771 T 1T T 1T T1T1 7T 1T 17T 17T T°71 1 T
SDA LINE (W
I O T B I Y T S I Y I | I Y T A | \\\I S
M R A A A A A
S /c c c c c
B W K K K K K

The first byte consists of a 7-bit slave address that selects the slave device and a R/W bit that selects the
direction of transfer. Sub-address can be configured to 8-bit or 16-bit in EzI2C configuration. If the buffer size is
less than 256 bytes, set the sub-address size to 8 bits; if not set it to 16 bits. Sub-address specifies the offset in
the slave buffer where write or read needs to be done. The sub-address is internally incremented following the
receipt of each data byte. If the sub-address following the receipt of data reaches the read only region of buffer,
data is discarded and NAK is sent by EZ I°C slave.

External I°C Master Reading Data from EZ I°C Slave

Similar to write, the master can also read from desired location in slave buffer. This is done by first writing the
sub-address and then initiating repeat start with read condition, as shown in the following figure.

s w _-5
7 R Repeat Starnt T N 3
A ! A £ A AT
R T . R A C c ©
T Slave Address E 8 [16-hit sub address T Slave Address [ Data 0 K Data N K p
T T 17T 177 T T T T 71771 T T T T T T T T T T T T T 177 [
soA LNE | | i | il | | |
I N I I S I I Y | N Y I I B \\-\ I T
M R A A A M R A
S i C C c S I c
B WK K K B W K

For each data requested, the sub-address is automatically incremented. When it reaches the limit of slave buffer
size, dummy data OXFF is transmitted. The next time the master initiates a ‘read’ transaction again, data is read
from the sub-address set by the ‘write’ command in the earlier transaction.

Steps to Test the Code Example

» Pin selection: Assign pins to the EzI2C SCL and SDA lines in .cydwr file under pins tab. Following pins are
assigned in the code example. However, you can assign any pin to SDA and SCL lines.

Marme Pin
Pin_ SDA P4([7]
Pin_ SCL P4[5]
WLCD:LCDPored [6:0] | P2[6:0]
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» Device Selection and Programming: Select particular PSoC3 or PSoC5 device and Program the chip.

Device can be selected using device selector window (Project Menu - Device Selector) in PSoC Creator.
Following figure shows the Device Selector Window:

Devices | Motices | Log 4P
B = 18 Columns Hidden
CYBCIBBEAXA039 | 7 PSoC3 (B051)| Automotive| 67| B4 82048 4| 24 1| 416 o | 1x20bitDebaSigma] 4
CYBCIsBEaA-40 | 7 PSoC3(B05T)| Automotive| 67| 64 6| 2048 4| 24 1| ¥16 o | 1x20bitDelaSigns| 4
CYBCIBBEAXA054 | 7 PSoC3 (B051)| Automotive| 67| B4 82048 4| 24 1| - of | 1u20bitDebaSigma 4
CYBCIBBEAXA0E | 7 PSoC3(B051)| Automotive| 67| 64 62048 4| 24 1| - of | 1u20bitDehaSigns| 4
CreCasseax1033 | 7 PSoC3(B051)|  Industisl 67| 64 82048 4| 24 1| - of | 1x20bitDebaSigma 4
CYBCI8BEEXI0E | 7 PSoC3(B051)|  Industial| 67| B4 8| 2048 4| 24 1| 416 o | 1u20bitDebaSigma] 4
CYBC3sseax1038 | 7 PSoC3(B051)| Industisl 67| 64| 62048 4| 24 1| 416 o | 1420biDelaSigms| 4
CyeCaseeexIom | 7 PSoC3(3051)|  Industial 67| 64| 8| 2048 4| 24 1) 16 of | 1x20bikDehaSigma| 4

v

CYBCIsseeI05s | 7 PSoC3(B051)| Industisl| 67| 64 62048 4| 24 1| - o | 1x20bitDelaSigns| 4
CYBCI8BEEXI0NG | 7 PSoC3(8051)  Industial| 67| B4 8| 2048 4| 24 1| - of | 1x20bitDebaSigma] 4
CYBCIBEELTIOZ0 | 7 PSoC3(B051)| Industiasl 67| 64 62048 4| 24 1| - of | 1u20bitDehaSigns| 4
CrBC38EELTI0Z3 | 7 PSoC3(B05T)|  Industisl 67| 64 82048 4| 24 1| - of | 1x20bitDebaSigma 4 o
] I | @
347 of 347 devices found | Clear Filkers [Disvice Revisions] procUCTION ||

FRO N

PSoC Development Kit (CY8CKIT-001) includes CY8C3866AXI-040 PSoC 3 processor module and
CY8C5588AXI-060 PSoC 5 processor module.

Note For engineering samples, device revision is marked on the package as part of the device number.
Production silicon will not have an ES marking.

» External Hardware Connections: The code
example EZI2C_SlaveExample can be tested
on CY8CKIT-001 PSoC Development Kit.

Mini-Prog3 12C connector

USB Connector

) e T

May 30, 2011

Miniprog3, shipped with this kit, is a device
programmer but it can also be used as an I°C-
USB Bridge. In this example, Miniprog3 is used
to emulate an 1°C master to initiate transactions
with the EZI°C slave. PC application Bridge
Control Panel is used to communicate with the
Bridge. The adjoining figure shows the
MiniProg3 connector details to use it as an I°C-
USB Bridge:

Connect SDA of EZI2C P4 [7] to I°C SDA pin of
MiniProg3, SCL of EZI2C P4 [6] to I°C SCL pin
of MiniProg3 and DVK ground to GND of
Miniprog3. If you are using CY8CKIT-001 PSoC
Development Kit, mount character LCD on DVK
and enable power for it by setting the jumper
J12 to ON position. For rest of the basic
settings of the DVK, refer to the CY8CKIT-001
PSoC Development Kit Board Guide that is
supplied with the kit.

To PC

Jarget Power )

CYPRESS

PERFORM

MiniProg3

Programmer /. Debugger

SDA P4

usB
controller

P2[0]-P2[6]

PSoC3/PSoC 5

16x2 Character LCD

Module

Character LCD
Component

External Connections
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» Using Bridge Control Panel software: PC application-Bridge Control Panel is used to control the I°C-USB
Bridge. Bridge Control Panel application is automatically installed along with PSoC Programmer Software.

Step 1: Run the Bridge Control Panel application program. Following figure shows the GUI of the application.

128 Bridge Control Panel

Ele  Edtor  Chat  Execute  Iools  Help

ERE SR L | EEE

Editor | Chart | Table | File

Select Port in the PortList, then try to connect

This window shows statu

Connected |2C/SPI-USE conveters:

¥ =

ol b4
[ L2 &

1:1 | Synkax: OK CEGERRECEE - vokage: -

Step 2: Connect MiniProg3 to PC. Make sure the MiniProg3 is detected by the application.

Opening Port
Successfully Connected to MiniProg3/03109AA006E7
MiniProg3 version 2.05 [2.95/1.14]
Devices list: 8bit Thit
address: 08 04

Enable power for MiniProg3 with voltage settings the same as PSoC operating voltage. Click the List button
on the tool. All of the slave devices connected on the bus are listed. In this case, slave device with address
04h is detected as shown in the figure above. If you don’t see the slave device listed, check the connection
between PSoC Device and Miniprog3.

Step 3: After I°C device is detected by the PC application, you can send the commands to the EZ I°C slave.
For your assistance, command file script Simplel2CSlaveTest.iic is provided. To apply the settings, click File
- Open File and browse to this file. There are 5 commands which will help clear the understanding of EzI2C
component response to variety of external I°C master requests. The command screen looks like the following:

¥4 Bridge Control Panel EI E|E|

File  Editor Chart Execute  Tools  Help

FRESRD QE | EER

Editar | Chart | Table | File

Command 1 s 08 00 05 BE 42 5A p

Command 2 s 08 00 02 s 09 x X X X X X X P
Command 3 09 x X X X X X X X X Pp
Command 4 s 08 01 12 1F 24 76 43 98 p
Command 5 s xxxxxp

There are five command lines. Execute these five commands in sequence. To execute the command, place
the text cursor at the end of the command and press enter. The details of these commands are given below.
Note that in firmware, 512-byte EzI2C buffer is initialized to incrementing values.
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Command 1: [S 08 00 05 8E 42 5A P]

= S . Start FFh +1FFh FFh
= 08 : Slave Address with write condition = o =
= 0005 : Sub Address ° ° .
= 8E425A :Data to be written into slave buffer ah o ah
= P : Stop OFFh +FFh OFFh
OFEh +FEh OFEh
This command writes three bytes of data to the O e O
slave buffer at 0005h offset location. After the = - hl
execution of the data buffer will have values as osh +08h osh
shown in adjoining figure. LCD will show the o o o
updated data. 05h +05h 8Eh — Sub-Address
04h +04h 04h
03h +03h 03h
02h +02h 02h
01h +01h 01h
00h MyArray+0 00h
Initial Data After executing
command 1
Command 2:[S 080002 S09XXXXXXXP]
. +1FFh FFh
= S . Start T1Fen FEh
= 08 : Slave Address with write condition °
. [ ]
= 0002 : Sub Address +oeh e
= S : Start (Repeat Start) :gg: o0h
= 09 : Slave address with read condition +0gh O
= XXXXXXX : 7 bytes of data to be read by master +09h 09h
. +08h 08h
= P : Stop +07h 5AN
This command sets the sub-address as 0002h and then 196 dzn Reacy
initiates repeat start with read condition to read 7 bytes from +04h 042
. . + 03
the slave. You can observe this output on the Bridge Control e 0oh « Sub Address
panel. +01h 0th
MyArray+0 00h
Command 3: [SO09 XXX XXX XXX P]
= S : Start +1FFh ==
= 09 : Slave address with read condition +1FEh F.E“
EOXXXXXXXXX : 9 bytes of data to be read by master °
= P : Stop +0Eh OEh
+0Dh 0Dh
This command reads 9 bytes from slave from the previously e oen
set sub address. Notice that, even though we are not sending oA oA
the sub-address in this read command, it takes the previously +08h 08h
set sub-address; that is, 0002h. You can observe this output om i Read by
on the Bridge Control Panel. +05h 8ER Master
+04h 04h
+03h 03h
+02h 02h 4 Sub Address
+01h 01h
MyArray+0 00h

May 30, 2011

Document No. 001-56296 Rev. *D

+] Feedback


http://ccc01.opinionlab.com/o.asp?id=wRiLHxlo&prev=docurate_CE56296_pdf_p_7

EZI2C_SlaveExample

Command 4: [S08 01 12 1F 24 76 43 98 P ]

FFh +1FFh FFh
. FEh +1FEh FEh
= S . Start . ' N e | e | e |
= 08 : Slave address with write condition ) ° )
. 017h +117h 017h
= 0112 : Sub address . oo mm Pl
= 1F 24 76 43 98 :5 bytes of data to be written to slave oh +115h 023
014h +114h 076h
= P : Stop 013h +113h 024h
012h +112h 01Fh {4—Sub-Address
This command writes 5 bytes of data to the slave buffer 01.1“ i °i1“
starting at 0112h location. LCD displays the updated data. ° °
042h +06h 42h
08Eh +05h 8Eh
04h +04h 04h
03h +03h 03h
02h +02h 02h
01h +01h 01h
00h MyArray+0 00h
Previous Data After executing
command 4
Command 5: [S 09 x x X X X P]
. +1FFh FFh
- S ' Start i . +1FEh FEh
= 09 : Slave Address with read condition °
B XX XXX : 5 bytes of data read by master e
+119h OEh
= P : Stop +118h oDh
+117h 0Ch
) ] +116h 98h
This command reads 5 bytes from slave from the previously set sub +115h 43h Read by
. . +114h 76h Master
address that is 0112h. You should get the same data that is set by +113h 24h
previous ‘write’ command. You can observe this data on the Bridge o ﬁﬂ 4= Sub Address
Control Panel. c
o
+2 02h
+1 01h
MyArray+0 00h

The following screenshot shows the results obtained on Bridge Control Panel Application:

Select Port in the Portlist, then try to connect
Opening Port
Successfully Connected to MiniProg3/03109AR00BFF

MiniProg3

After executing Command 1 —p s 08+ 00+
After executing Command 2 —p s 08+ 00+
After executing Command 3 — s 09+ 02+
After executing Command 4 —p s 08+ 01+
After executing Command 5 —p s 09+ 1F+

version 2.05 [2.95/1.14]

05+ 8E+ 42+ 5A+ p

02+ s 09+ 02+ 03+ 04+ BE+ 42+ 5A+ 08+ p
03+ 04+ BE+ 42+ bA+ 08+ 09+ 0A+ p

12+ 1F+ 24+ T6+ 43+ 98+ p

24+ T6+ 43+ 98+ p

Try with different commands and data. The slave buffer values can be observed on the Bridge Control Panel
software or character LCD interfaced to PSoC that displays the first 10 bytes of buffer.
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Document History
Document Title: Simple I°C Slave Example — PSoC® 3/ PSoC 5

Document Number: 001-56296
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