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CYPRESS

PERFORM CYBLE-022001-00 : I2C-BLE Peripheral Role

This example demonstrates how to use CYBLE-02001-00 device as I12C-BLE Peripheral device.

Objective

Overview:
This code example uses a custom BLE profile with two custom service to demonstrate the 12C-BLE peripheral functionality.

One custom service is used to notify the data written by the 12C master to the client and the second one is used to update the
12C read registers when the client writes to the GATT DB of the peripheral device

Requirements:

Programming Language : C(GCC4.8.9)
Associated Parts : CYBLE-022001-00
Required software : PSoC Creator 3.1 SP2, Bridge Control Panel 1.12.0.2043 , PSoC Programmer 3.22.3

CySmart PC application
Required hardware : CY8CKIT-042-BLE Bluetooth® Low Energy (BLE) Pioneer Kit , CYBLE-022001-EVAL,
2 wires with male header on one side and female header on other side

Optional hardware : Bluetooth sniffer

Project Description:

This project demonstrates the following.
= |2C-BLE bridge implementation — Peripheral role
= Connection with any central device
=  Two custom services in a single profile

=  Low power implementation for coin-cell operation

The BLE profile in this project consists of two custom services: I12C_Read and 12C_Write. The 12C_Read service consists of
one custom characteristics which is used to send the 12C data written by the 12C master to the client as natifications. This
simulates the 12C write in case of wired 12C.

The second custom service 12C_Write consists of one custom characteristics through which the GATT client can write data to
the peripheral device. The peripheral device in turn update the data written by the GATT client to the 12C read registers for the
12C master to read. This simulates the I12C slave updating its read registers for the master to read.

These properties for the custom service/characteristics are configured in the BLE component under the Profiles
tab, as shown in Figure 1 below
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Figure 1. Attributes Configuration in BLE Component for custom services
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A simple block diagram of the implementation is shown in the figure 2.
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Figure 2. Block diagram of the implementation
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The project consist of the following files:
Main.c/.h

These files contain the main function, which is the entry point and execution of the firmware application. It also
contains function definition for initialization of the system.

App_BLE.c/.h

These files contain all the macros and function definitions related to BLE communication and operation. It
contains the event callback function definition that is registered with the BLE component startup and used by the
component to send BLE-related events from the BLE stack to the application layer for processing. It contains a
method to send notifications to the GATT client device and process the Write commands on the 12C_Read
characteristic by the GATT client device.

Low_power.c/.h

These files contain the function to handle low-power mode. This function is continuously called in the main loop
and is responsible for pushing the BLE hardware block (BLESS) as well as the CPU to Deep Sleep mode as
much as possible. The wakeup source is either the BLE hardware block Link Layer internal timer or the interrupt
from the 12C address match. This allows for very low power mode implementation and operation using a coin cell.
App_I2C.c/.h

These files contain the function to handle the I12C read and write activity.

Config.h

This file has macros to enable or disable — Low power mode implementation and LED indication

Additionally there are LED indications to show the state of the device.

BLUE LED - Device is in advertisement state

RED LED — Device is in disconnected state

GREEN LED - Device is in connected state

To measure the best power consumption number, disable the LED indication.

The SWD pin are configured as GPIO to get the lowest possible current consumption number.

The top design of the project is shown in the figure 3 below.
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Figure 3 Top Design for 12C_BLE Bridge Project
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Hardware Connections

Ensure that the module is placed on the baseboard correctly. Connect P5.0 and P5.1 to P12.1 and P12.0 of
PSoC-5LP respectively.
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The pin assignment for this project is in 12C_BLE_Bridge.cydwr in the Workspace Explorer, as shown in ifigure

4

Figure 4 Pin Selection for I2C_BLE Project

Alias Name Port Pin | Lock

P5[1] TCPWM3:line out_ compl, 5CBl:uart_tx,
ZN2C:gclh SR55:ext_clk, S5CBl:iZc scl, |39
SCBl:3pi clk

P5[0] TCPWM3:line out, SCBl:uart_rx,
A\I2C:3dal\ BLESS:rfctrl extpa_en, S5CBl:iZc_sda, |32 (™
S5CBl:spi select[0]

P3[7] SERRMUX:pads[7], TCEWM3:line_ out_compl,

=l

=l

ey SCBl:uart cts, SRS5S:ext clk 1f |4 (™
P3[6] SARMUX:pads[6], TCPWM3:line_out,

ESLRIED I 5CBl:uart rts *l1a |~

DISCON_LED P3[4] SARMUX:pads[4], TCPWM2:line_out, |12~

S5CBl:uart rx, S5CBl:i2c sda

Verify Output

The project can be verified by using the CySmart Central Emulation Tool and BLE Dongle.

You can either make use of the KitProg (PSoC-5LP) on the BLE pioneer kit base board or connect an external
I2C master to verify the project.

The KitProg acts as a USB-12C bridge. It gets data from the Bridge control panel tool over USB and sends it as
I2C transaction to CYBLE-022001-EVAL.

CySmart Central Emulation Tool

To verify the 12C_BLE_Bridge project using the CySmart Central Emulation Tool, follow these steps:
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Note: Refer CySmart BLE Host Emulation tool to learn how to use the tool.

1. Connect the BLE Dongle to one of the USB ports on the PC and wait for the dongle to enumerate.

2. Start the CySmart Central Emulation Tool on the PC by going to Start > All Programs > Cypress> CySmairt
<version> > CySmart <version>. You will see a list of BLE Dongles connected to it.

If no BLE Dongle is found, click Refresh. Select the BLE Dongle and click Connect.

Figure 5 Connect to BLE Dongle

-

Select BLE Dongle Target @
= Supported targets Details
Cypress BLE Dongle (COM111) Manufacturer: Cypress Semiconductor
Unsupported targets Product: Cypress BLE Dongle
Firmware version: 1.0.0.41

Hardware version:  1.0.0.0
Description:

Cypress BLE dongle

[Show all v

[Comet ][ gose |

3. Connect the CYBLE-022001-EVAL board on the J10 and J11 headers on the BLE Pioneer Kit.

4. Connect P5.0 and P5.1 to P12.1 and P12.0 of PSoC-5LP respectively. (If you are using a different 12C Master
Connect VDD, GND, P5.0 and P5.1 of CYBLE-022001-00 to VDD, GND, SDA and SCL line of the I12C master
respectively)

5. Power the BLE Pioneer Kit through the USB connector J13.

6. Program the BLE Pioneer Kit with the I2C_BLE_Bridge project.

7. After successful programming the BLUE LED will glow indicating that the device is in advertisement mode.

8. On the CySmart Central Emulation Tool, click Start Scan to see the list of available BLE peripheral devices.
9. Double-click the 12C_BLE device to connect, or click I2C_BLE and then Click Connect. The GREEN LED on
the device will start glowing indicating it is connected to the Client.

Figure 6 Connect to I2C_BLE
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Eile Help
9' Select Dongle ®@ Configure Master Settings 5% Manage PSMs ﬂ Disconnect

Master
Discoversddevices

o Stop Scan a Connect E Add to Whitelist Update Firmware |

# Device Bluetooth Address  Address Type RSSI Advertisement Type Connected

04:16 Public 62 dBm Connectable undirected

10. Click Discover All Attributes to find all attributes supported.
Figure 7 Discover all attributes of 12C_BLE

Eile  Help
9' Select Dongle g Configure Master Settings 5% Manage PSMs ﬂ Disconnect
[2C_BLE [D0:AD:50:0D:0A:16]

Discover All Attributes u Enable All Motifications | Disable All Motifications

v sroe D ,

3

Handle Ui UUID Description  Value Properties

11. Click on Enable All Notifications to enable all notifications.

Figure 8 Enabling notifications
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File  Help

5-' Select Dongle % Configure Master Settings € Manage PSMs ﬂ Disconnect

Master | 12C_BLE [00:AD:50:00:0A:16] |

B Discover Al Attributei Enable Al Notificationsl Disable All Notifications

Handle uuiD

UIUID Description

=]

Value

T

B (<0001 | nzs00

| Primary Service Declaration

|DD:‘|B {Generc Access)

EI Characteristic Declaration: Device Mame

- Q0002 (2303

Characterstic Declaration

02:03:00:00:24

Device Name

[z} Characterstic Declaration: Appearance

B D004 | (2803

Characternstic Declaration

02:05:00:01:2A

11. Open Bridge control panel and connect Kitprog. Make sure the KitProg is not connected anywhere else.

You might have to update Kitprog firmware using PSoC programmer to the latest version to connect to Bridge

control panel.
Figure 9 Connect KitProg

T Bridge Control Panel

File Editor Chart Execute Tools Help
SEHE IR CE EERE
Editor | Chart | Table |Fde

e [t

<

Opening Port
Successfully Connected to KitProg/0B12022A011A3400
KitProg Version 2.11

I

This window shows status of performed commands and reseived data |

Connected [2C/SPI/RXE Ports:

B Resct [ fLa Fsend ] Send all strings: KitProg/BLE1F140DA0032C2400
B - - Repeat count: 141
(Esor [ e | Bt 70—

| 1:1 | Syntax: OK

e -- LR R

12. Click on Tools->Protocol configurations or press F7.

13. Set the 12C speed to 1 MHz

Figure 10 Set 12C Speed
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' Protocol Configuration @
| RX2 (UART)|

5P

[2C Speed
@ 1MHz @ 400kHz @ 100kHz @ 50kHz

| oK || Cancel |
S —
14.) Click on list and check if the slave address (0x08) of CYBLE-022001-00 is present.
Note: The FRAM chip on the pioneer kit base board also acts as 12C slave (slave address 50 and 51) and hence
you will see three entries.
If you have connected the wrong KitProg you won't see the correct slave device, in that case try connecting the
other KitProg to find the correct one.

Figure 11 List the I2C devices on the 12C bus

P I S T —— e T W el
File Editor Chart Execute Tools Help

EREERACE EEER

Opening Port
Successfully Connected to KitProg/0B12022a011A3400
KitProg Version 2.11

Devices list: 8bit 7bit

address: 10 08
address: A0 50
address: A2 51

Connected |2C/SPI/RX8 Ports
Protocol

Send all stings: 7] KiFrog/BLETF1400A0032C2400 B
Pe | tFroa/08 12022A011A3400 - ® 1

Repeat count: 012 [camar
Scan period. ms: 0= comaz

ok 1 ol R ot s

15. Write data to CYBLE-022001-00 by entering the command w 8 d1 d2 d3....dn p. w stands for write, 8 is the
slave address of CYBLE-022001-00, d1 d2...dn are the data to be written to the slave. n has to be less than 61
bytes.

| 1:1

Syntax: OK

Figure 12 Write data to CYBLE-022001-00
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LI UTOC I W e O S — |

File Editor Chart Execute Tools Help
S0 EE=2R oL EERE
Editor |Chart | Table | File

6 Bridge Control Panel
Eile  Editer Chart Execute Tools Help
FEEERE CEEER

Editor | Chart | Table | File

w81234567p|

Fl

Opening Port
Successfully Connected to KitProg/0B12022A011A3400
KitProg Version 2.11
Devices list: 8bit 7bit
address: 10 o8
address: A0 50
s: Ao 51
w 08+ 01+ 02+ 03+ 04+ 05+ 06+ 07+ pl
| This window shows status af performed commands and reseived data |

16. The data you wrote to the slave will be sent as notifications to the client.

Figure 13 Check notifications received
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i CySmart 10
File  Help

ﬂl Select Dongle % Configure Master Settings S Manage PSMs e Disconnect

12C_BLE [00:AQ:50:0D:0A:16]
Miibites Embute Details | Send Commands
@ Discover All Attributes £ Enable All Notifications Disable All Netifications View: - | Handie: L000E
Handle uuio UUID Description Value 4§ UuID: 000A0D02001000800000805F3B34FB00
! — ! UUID Description:
[} Primary Service Declaration: Generic Attrbute Val
: alue:
B- 00008 [ |Prmary Senvioe Declrton |01:18 Generc Atute)
: 01:02:03:04:05:06:07 e
[=+ Characteristic Declaration: Service Changed
E- (0009|2803 Characteristic Declaration 22:0A:00:05:24 -
- 0c000A | B2ADS Servics Changed T —,—
| Read Value! | | Wite Value |
- (0008 | 22902 Client Characteristic Configurgtion 0200 L —
[=1- Primary Service Declaration Properties Enabled |
E - 000C (2800 Primary Service Declaration 00:00:FB:34:98:5F:30:00:00:80:00:10: Broadcast
E Characteristic Declaration Read
Characteristic Declartion 10:0E:00:00:FB:34:9B:5F-80:00:00:80:| Write without response
x000E 0DOADDD2001000800000805FSE34FE0D 01:02:03:04:05:06:07 _|| | Write =
E —
Client Characteristic Corfiguration otify I
[=1- Primary Service Declaration ndicate !
- L0 (12800 Primary Service Declaration (00:FB:34:98:5F80:00:00:20:00:10:00: Autherticated signed writes
= Characteristic Declartion Extended properies i
E- 00011 (12803 Characteristic Declaration 04:12:00:00:FB:34:38:5F:80:00:00:80:
0012 | 000ADD04001000800000805F9B34FBOD E
< 11 | 3
Attributes | L2CAP Channels |
E—
@ Clear Log H Save Log
M:sm Characteristic Value Notftication’ event received -
22:17:36:511] Atribite Handle: (eD00E D
(2217:36:511] . Value: [01:02:03:04:05:06.07)

17. On CySmart select the handle 0x0012 and perform write without response to write to peripheral GATT DB

Figure 14 Write data to GATT DB of peripheral
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s CySmart 1.0
File  Help

ﬂ' Select Dongle 8 Configure Master Settings %€ Manage PSMs 6Qisconnect

12C_BLE [D0:AD:50:0D:0A:16]
Mbdtes —

o

@ Discover All Attributes [ Enable Al Notifications Disable All Notifications

o g+ DB

Atribute Detalls | Send Commands

1 i

= || Hande 0012
Handle uuip UUID Description Value | 00ADD04001000800000805F9B34FB00
[+ Characteristic Declaration: Service Changed UUID Description:
E-00009 | 02803 Characteristic Declaration 22.0A:00:05:2A Value:
(D00A | Ge2A05 Service Changed 12:34:56.78:30:ab:cd
(000B | (2902 Client Characteristic Corfiguration 0200
[} Primary Service Declaration
E M}D[K: (2800 Primary Service Declaration (00:00:FB:34:98:5F 80:00:00:80:00:10: | Read Valugl ‘| [ Wite Value Without Response |
[= Characteristic Declaration M
EI -000D | (2803 Characteristic Declaration 10:0E:00:00:FB:34:3B:5F 80:00:00:80: il Fratle [l
- 00E | D0DADO0200 10000000005 SEUFEOD U102 0304050607 Bozdeat
£~ Q00F |B2902 Clent Creractesto Corfiguration 0w el —
[} Primary Service Declaration =|| | Wite withot response
E G010 2800 Primary Service Declaration (00:FB:34:58:5F:30:00:00:80:00:10:00: Ve
E Characteristic Declaration Nty
FOO0T | BB03 Charecterstic Declration WT20000FB 9B SFA00000R0] || [
Authenticated signed writes

Atributes | L2CAP Charnels |

l

g

19:41:690] : WWnte Lharactenstic Value VWihout Hesponse request sent

15.41:850]:  Attribute Handle: (<0012
19:41:850):  Value: [12:34:56:78:30:AB.CD]
19:42:063] : Command Status' event received
19:42:063):  Status: BLE_STATUS_OK
72:15:42:066] : Command Complete’ event received
P2:19:42:066):  Status: BLE_STATUS_OK

4

18. On Bridge control panel, read data from CYBLE-022001-00 by entering the command r 8 x1 x2 x3 x4 x5 x6 x7
p where r stands for read operation, 8 stands for clave address and x1 x2 x3 x4..xn stands for number of bytes to

be read from 12C slave. n has to be less than 61.

Figure 15 read data from CYBLE-022001-00
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File Editor Chart Execute Tools Help

BREERE EEEE

Editor | Chart | Table | File
>

r 8 X XXX XXXDP

4

Opening Port
Successfully Connected to KitProg/0B12022A011A3400

KitProg Version 2.11
w 08+ 01+ 02+ 03+ 04+ 05+ 06+ 07+
+ + + + + AB+ CD+ p

+

4
Connected [2C/SPI/RX8 Ports
Bree | Bix | Boee Send all strings KitProg/BLE 1F 140DAD032C2400 o ;T"“‘;:‘"
| @5 [ hepeat || Hofie ToEIeTE . 5 5l
Scan period, ms: DEI ’;';_’ RX8 (LUART]

| 1:20 Syntax: OK ok -- Woltage: 3358 m¥
17. To disconnect from the device, click Disconnect, as shown in Figure 17

& CySmart 1.0
|

File  Help
ﬂ' Select Dongle ®@ Configure Master Settings $& Manage PSI\IS ﬂgisconnect

Master | 12C_BLE [D0:AD:50:00:04:18] |
- @

L]

Abues
@ Discover All Attributes |28 Enable All Notifications Disable All Motifications
Handle UuiD JUID Description Value
[=F Characteristic Declaration: Service Changed
B 00009 | 0x2803 Characteristic Deciaration 22:0A:00:05:2A
- [ 000A | IcZAD5 Service Changed
- (0008 | 2502 Client Characteristic Corfiguration 02.00
18. After disconnection the RED LED will glow for 2 seconds and the device will start advertising as indicated by

BLUE LED turning on. You can connect it back following the steps mentioned above.
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