Inter-Integrated Circuit (12C)
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Hardware Required:

Texas Instruments 4 Jumper Wires

Microchip “PICKkit Serial 12C
LAUNCHXL-F28027

Demo Board” part number

“PKSERIAL-12C1” LaunchPad Board
Large switch switched to left F28027 Jumpers
J1 Jumpered
J2 Jumpered

J3 Not Jumpered

3 microswitches PICkit Jumpers

switched to right J1 Jumpered
Pin Connections
PICKit F28027
+v J1.1
e in GND J5.2
— SDA J1.3
—— SCL J1.4

MCP23008 8-Bit I/O Expander 241L.C02B 2Kbit Serial EEPROM
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12C Basics

* Master — Slave Architecture: One Master Device, Many Slave Devices
* All Devices are wired to the I12C Bus and powered by either 3.3v or 5v
* Two signals are used for communication: (excluding ground & power)
* SDA = Serial Data Line (can be input or output)
* SCL = Serial Clock Line (the Master drives the clock line and the Devices read the clock line)
« Each Device has a 16 bit (2 Byte) HEX address, the rightmost bit is the “read/write” bit, 1/0 =
read/write.
+ sT-Embed uses a 15 bit decimal address, the rightmost “read/write” bit is deleted and the remaining
15 bit HEX address is converted to decimal to obtain the sT-Embed address for the Device.
+ Example: Device address = 0x92 (HEX)
Which is equal to 10010010
sT-Embed deletes the rightmost bit; 01001001
Which is equal to 49 in HEX
Which is equal to 64+9 = 73 in Decimal
sT-Embed uses 73 as the device address
« Communication always begins with a request from the Master
» Device communications are executed in a Top Down execution order in the sT-Embed model

EMBED solidThinking’
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MCP23008 8-Bit I/O Expander Example

« The MCP23008 is an 8-bit I/O Expander.
Refer to the MCP23008/MCP23S08 Data Sheet (DS21919) for complete information.

 The slave address is 0x40.
* The output of the MCP23008 drives LEDs DS1 through DS8.

* The LEDs provide an easy to see indication of the MCP23008 operation.
* Jumper JP1 must be closed using a 2-pin shunt for the LEDs to operate.
* The LEDs can be disabled by removing JP1.

* The output of the MCP23008 is connected to test points GPO through GP7 and GND. These test
points can be monitored by a volt meter or connected to an external device. LEDs DS1 through DS8
can be used to monitor the output by closing JP1 with a 2-pin shunt or disable by removing JP1.

sT-Embed Model: (“Embedded/Examples/Piccolo/Launchpad”)
|12C-8-bit-xpander-28027.vsm
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1I2C Configuration Block

The “12C Config” block is located under the “Embedded/Piccolo” menu.

+ Select “Prescale (I2CPSC)” such that the “Bit Rate (kbps)”
12C Port Properties value is between 100,000 and 400,000. NOTE: This is the
ot normal operating speed of the 12C bus.
Prescale [|2CPSC]: 10 0.255
High Time (I2CCLKH): 7 1..65535 + Select “Data Bits:” to the number of bits of data in your
Lowe Time [|2CCLEL): 10 1..66535 Commun|cat|0n

Eit R ate [kbps): 202020

D ata Bits:

Addss Mode: + Select “Address Mode:” to 7, uses a 7 bit address for the
Oy Address: Slave

T= Clueue Lengthe 16

F= Queue Length: 16

« Select “Own Address:” to the address you use for the Master
SCL Pir: 5D Pir: device

[] Use Freeform kMode (ho addressingl:

[ ok ] [ Cance | + Select the transmit Queue length “Tx Queue Length:” and
the receive Queue length “Rx Queue Length” to the number
of bits needed for both the address plus data.

EMBED solidThinking’



© 2016 solidThinking, Inc. Proprietary and Confidential. All rights reserved. An Altair Company. 6

Configure for Read or Write

Next we must identify the Device we wish to communicate with and the packet size.
Under “Embedded/Piccolo” select the “I12C Start Communication” block:

/\ + Set the “Action:” to “Start Transmit” for writing and

“Start Receive” for reading. This example will write
to the Slave Device. And set the “Message Byte

Port: Count” to the packet size of the data in bytes (the
et address size is not included here).

{{ensble F28027-12C0 Start Receive:0]

tdezzage Byte Count: 2

Slave Address: 0127

Bl Master + “Slave Address”: From the “PICkit Serial I2C Demo
i::’;ii:nag‘t;';:z::igfnd Board Users Guide”, the “MCP23008 8-Bit I/0
B Expander” address is 0x40 (HEX) = [0100 0000]
Coox ] [ ] [Libep. ] « sT-Embed address = [0010 0000] = 20HEX =
- 32 Decimal

) » Select “Master” or “Slave”, normally you are the
Use the following sub-model to set the Read or “Master”.

Write Configuration:
* Check “Send STOP at Transmission End” is a good

policy

& SfirstPass ——p{enable F2B027-12C0 Start Transmit:32 |

EMBED solidThinking’
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Initiating Communication

Before any communication can occur, the 12C bus must not be busy.
In sT-Embed, you check whether the bus is busy using the “I12C Read Buffer” block

(“Embedded/?pole&)\

[F28027-12C0 Read Data |—

I2C Port Read Properti

‘12¢

Port Read Propertie

Part: [A ']
Block Output: [ Data ] I Block Output
Data Type: [char -] D ata Type: Port Status
Receive Queue Empty
[ oK ] [ canca ] | nee Ml Ml 5z Peceive Queus Avemn

Receive Queue Length

Receive Queues Max Length
Transmit Queue Full
Transmil It Queue Length

it CLlueue Max Length
Bus Bu:

Select “Bus Busy”,
1/0 = Busy/Not Busy

Once the“I2C Read Buffer” block is configured to output “Bus Busy”, the following model can be used to
create the variable “:i2cSend”. “:i2cSend” turns and remains ON (value = 1) when the 12C bus becomes

Not Busy' [F2802712C0 Bus Busy [ nat
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Writing to the Device
There are 8 LED’s on the PICKkit. The following model alternately blinks LED 1,3,5,7 and LED 2,4,6,8 at

a 2Hz rate.
2Hz squarewave _ 1/0 = Bus NOT Busy/ Busy
:::’" F28027-12C0 Write
= merge o] F28027-12C0 Wiite “Top Down” order of execution
Doy —{>{enable F28027-12C0 Start Transmit-32 |

Operation: (order of execution is top down)

*  The upper “12C Write Buffer” receives 0xA which equals [1010]. This is place in the TX Queue.

* The lower“12C Write Buffer” receives 0x55 which equals [0101 0101] when the “b” input = 1 and
receives OxAA which equals [1010 1010] when the “b” input = 0.

* Thisis placed in the TX Queue.

«  “I2C Start Write” is executed to transmit the TX Queue to the Slave Device

» The above process repeats after the “i2cSend” detects the bus is NOT busy (see previous page).

NOTE: This model, named “I2C-8-bit-xpander-28027.vsm” is located under the
“Embedded/Examples/Piccolo/LaunchPad/”

EMBED solidThinking’
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24LC02B 2Kbit Serial EEPROM Example

The 24LCO02B is a 2Kbit Serial EEPROM.

Refer to the 24AA02/24LC02B Data Sheet (DS21709) for complete information.
The slave address is 0xAX (where x = any value).

Data can be read or written to the 24LC02B.

Slave Address in sT-Embed:

OxXAO0 HEX =[1010 0000]
sT-Embed discards the rightmost bit = [0101 0000] = 0x50 HEX = 80 Decimal

sT-Embed Model: (“Embedded/Examples/Piccolo/Launchpad”)
|2c-eepromReadWriteF28027.vsm
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1I2C Configuration Block

The “I2C Config” block is located under the “Embedded/Piccolo” menu.

e Pmpem_f- e Select. Prescale (|ZCPSC) such that the Blt Rate (kbpS)
value is between 100,000 and 400,000. With “Prescale” =
Fort: _.-'l‘-. - ‘P » . [
Procselo 126P50) T2 o s 14, the “Bit Rate” = 160kbps which is in range.
High Time [I2CCLEH]: 5 1. EBE3R
Low Time (I2CCLKLE 10 1.65535 + Select “Data Bits:” to the number of bits of data in your
Bit Rate [kbps): 160000 communication.
D ata Bits:
ress Mode: v - 7 ” H
oo e _1 - Select “Address Mode:” to 7, uses a 7 bit address for the
T Queue Length: 16 Slave
R+ Queue Length: 16
SCL Pir: SDA Pin: « Select “Own Address:” to the address you use for the Master
[] Use Freeform Mode [no addressingl: deVICe

-

+ Select the transmit Queue length “Tx Queue Length:” and
the receive Queue length “Rx Queue Length” to the number
of bits needed for both the address plus data.
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sT-Embed Model — Top Level
The sT-Embed Read/Write EEPROM model is captured in the Compound Block “eePromRx”;

200 msec intervals between “writes”
200 msec intervals between “writes”
[0x30 M convert 4t eePromAddr — “

Cnt-51—
eePrompB:QLenf—

Tu@Lenl— [ doEepromWrite Cik Count Up cupy—>] pkDatal }— :' doEepromWrite l::' and EEPROM
pkData? |— TxQueusEmpty Wirite
pkData3 |—

kaatal [FZ8027-12CDT=x Q L h
i - e b " == [TxQususEmpty |
increases by 1 0x0 == TxtlueueEmp

every second

- EEPROM
[i2c stanEepromRead —p[ EnterState doEepromRead Send Read Addr

“|72C Read Buffer” block [i2c requestEepromData |— [ EnterState | —f=[¢natle F28027-12C0 Start Receine 80

12C Port Read Properties

[F28027-12C0 Bus Busy [ Gonver Slave address
—+ eeDatal ———~+
| [FZ8027 12C0 Rx Gueue Length . EEPROM ST T+ o Eooni]
Read Q 16.16 =
—+ eeData3 ——— =+

) StateTransition :::
State Machine to coordinate

[extern nl PCSTRAY P ana | »{i2cBusReady |
the Read and Write tasks

solidThinking’
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sT-Embed Model - EEPROM Write Address & Data
Operation of the “EEPROM Write” Compound block

:| doEepromWrite l::| and . EEFPROM
TxQueueEmpty Wirite

The block is executed every 200
msec AND when the Tx Queue is

Load 2 Byte Address into Tx Queue

Shift _
shirt dist Right "= 1% i+ 12C Send Byte

HB/LB of Address Load 3 Byte Data into Tx Queue

enable

F28027-12C0 Write
pkData 1) H2C Send Byte | 2 butos Dota o data
pkData? ) vt

pkData3

eePromAddr

WY

Empty
[0x1 }—4=fenable F?E8027-12C0 Start Transmit-80 ] —
Port:
) rezzage Byte Count:
' _ + Packet size = 5 Bytes (2 Bytes Slove Addiess. a0 0127
pkDatal increases at a rate of 1 unit Address + 3 Bytes Data)
per second

. Send STOP at Transmizsion End
pkData2 = 2 (constant) + Slave Address = 80 Decimal [C1] Set Diata Length Dynamically

pkData3 = 3 (constant)

[ Ok ] [ Cancel ] [
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sT-Embed Model — State Machine

The “i2cState” variable is determined by a sT-Embed State Machine:

A"

— i [ = stateTransition Block Propertic
StateTransition™ i2cState stk

rule File Edit

[ Up ] [Down] [Insert] [Delete] [Gotoﬂule] Impaort. .. ] [ Expart. ..

Executed at the Simulation Time State ToState  Transition Condiion
Step |nterval | i2c_startE epromiwrike doE eprormwrike

i2c_startE epromsfrite i2c_waitF orwfriteCompletion liZcBusBusy

i2c_waitF orw/riteCompletion i2c_waitF orE EPR Ok taFinishwrite T=Queuel

i2c_waitF orE EPR Ok EaFinishwrite i2c_startEepromFead &
i2Zc_stantEepromBead i2c_requestE epromD ata i2ZcBus m
i2Zc_requestEeprombD ata i2e_ldle 1

“1” means the
Simulation Tin




© 2016 solidThinking, Inc. Proprietary and Confidential. All rights reserved. An Altair Company. 14

sT-Embed Model - EEPROM Read Address
Operation of the “EEPROM Read” Compound block

'

EEFPROM
[doEepromRead | 5 | Add
doEepromRead d R

Shift

[15.15)

shift dist Rlight

eePromAddr

The block is executed every 200 enable F28027-12C0 Start Transmit-80 [ _—=—

msec AND when the Tx Queue is Part:

Empty Action:
Meszage Bute Count: 2
Slawve Address: 80
Busz bMode: M azter

« Packetsize =2 Bytes (address [Tl Send STOF at Transmission End
Only) [T Set D ata Length Dynamically

[ Ok ] [ Cancel ] [

¢ Slave Address = 80 Decimal

EMBED solidThinking’
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sT-Embed Model - EEPROM Read Data
Operation of the “EEPROM Read” Compound block

The block is executed when the Rx
Queue length >= 2

[F2802712C0 R Queue Length EEPROM [ PpeeDatal Bl

»= —{~ eeData? ——1- Count begins at 10 and then
Ox2 Read Q | I eeDatas —— . 16.16

increments by 1 each second.

eeDatal = pkDatal increases at a
rate of 1 unit per second

eeData2 = pkData2 = 2 (constant)
eeData3 = pkData3 = 3 (constant)

[F28027-12C0 Read Data —

[ F28027-12C0 Read Data ——
[F28027-12C0 Read Data |

Elock Output:

Data Type:

[ Ok Cancel ] [
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sT-Embed Model — Results

Edit View System Analyze Blocks State Charts MyMedels Digital Power Motion Diagrams Knobs and Gauges Embedded Tools Window Help [ =]x]
D& @ =@ 5 o T [ s LU
Drive 24L.C02B EEPROM output On Launchpad connect =
on "PICkit Serial 1I2C Demo Board" o iz kil
- Gnd ta J5.2 =
F28x Conhg: F28027@60MHz B E
T XDS100v2 USB B
Fat "Serial” sw in "off" position
12C write to set output pin direction
F28027-GPIO0._GPIO3
LEDs on Launchpad
Coes [i]
eePromFxGLen
T GiLen) [1]
] Plot
40
=3 38
@ Len
eepromReadWiriteF28027 out "2 " 36
4P usage 34
321
301
28
26
24
P+ 22|
20
18-
B e
1
120
= 10l
sl
6L
Ll
2
o L L . L . L .
p O 5 7 ] 8.5 9 9.5 10
Time (sec)
« il ] »
Blks 143 Rng 0:10 Step 0.01 T 624 RK2
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Additional sT-Embed Example Files

All files are located in the ““Embedded/Examples/Piccolo/LaunchPad/” folder:

* |2C-8-bit-expender-28027.vsm

* |2C-eepromReadWrite28027.vsm

* [2C-MCP3221-ADC-28027.vsm

* |2C-MCP9800-temp-sensor-28027.vsm
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