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Class Objective

When you finish this class you will:

Explain the 12C™ protocol

Use the PICKkit™ Serial Analyzer to exchange
12C messages to a target device

Configure the MSSP peripheral for 12C slave
mode

Program the MSSP peripheral for 12C slave
mode
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MMMMMMMMM Agenda

e |1°C™ Protocol Overview
e PICkIt™ Serial Analyzer

e Configuring the MSSP peripheral for
I°C slave mode

e Programming the MSSP peripheral
as an |°C slave
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I2C™ Protocol Overview
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I°C™ Protocol Overview

e Introduction

e Hardware Overview

e Communication Elements
e Message Formatting
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I“C™ Introduction

e NXP (formerly Philips Seminconductor)
Inter-Integrated Circuit (I2C) Specification

Specification: www.standardics.nxp.com/literature/books/i2c/pdf/i2c.bus.specification.pdf

e Synchronous,
e Master-Slave Protocol,
e Bidirectional,
e Half Duplex Serial Interface
SDA
Real A/D
Master EEPROM Time Converter

Clock
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Lorivh 2C™ Hardware Overview

+V

Pull-up
resistors

SDA

SCL

Device Device
3 4

Master
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¥ |2c™ Communication Elements

e Start and Stop Condition:
— Generated by Master
— After Start Condition: Bus is Busy
— After Stop Condition: Bus is Free
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°°°°°°°°°°° 2C™ Communication Elements

e Data Transfer
— 8 bits of data are sent on the bus
— Data is valid when SCL is high
— Types of Data: Address Byte, Data Byte

R I A S 8 8 8 P8 8 i

SCL 1 2 3 4 S) 6 7 8
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=== 12C™ Communication Elements

e Slave Address
— 7 bits (10 bits also exists)
— First byte following the start condition
— Read/Write Bit
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=== 12C™ Communication Elements

e Data Byte
— 8 hits
— Data can be read or written to/from 12C device
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=== 12C™ Communication Elements

e Acknowledge

— Generated by master or slave by holding the SDA
low on the 9th clock pulse

SDA | }\

SCL 1 J2 | |3 8 if9

e Not-Acknowledge

SDA k 9\

SCL 1 2 s _Jsli]o
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s |2C™ Message Formatting

e Master Write to Slave

( Word Address )

S| Slave Address [W] |A Data A Data A

Legend:
S = Start Condition A = Acknowledge

P = Stop Condition A = No Acknowledge

= Master to Slave = Slave to Master
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s |2C™ Message Formatting

e Master Read from Slave

2|

S| Slave Address [R] |A Data A Data

Legend:
S = Start Condition A = Acknowledge

P = Stop Condition A = No Acknowledge

= Master to Slave = Slave to Master
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s |2C™ Message Formatting

e Master Write then Read from Slave

(Combination)
( Word Address )

S| Slave Address [W] |A Data A -> Master Read

@Slave Address [R] [A Data A Data A|P
Restart Condition

Legend:
S = Start Condition A = Acknowledge

P = Stop Condition A = No Acknowledge

= Master to Slave = Slave to Master
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12C™ Protocol Overview

e Summary
— Introduction
— Hardware Overview
— Communication Elements
— Message Formatting
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PICKkIt™ Serial Analyzer
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°°°°°°°°°°° PICkit™ Serial Analyzer

e PICKkiIt Serial Analyzer
e 28-Pin Demo Board

e PC Program
— 28-Pin Demo Board Demonstration
— |°C™ Basic Operations

e Hands On Lab #1
— PICKkit Serial Analyzer Operation
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PICkit™ Serial Analyzer
DV164122

= PICkit™
Serial Analyzer
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Push Button

Status LEDs
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PICKIt™ Serial Analyzer

.--;q.,..;n--l . f J.'
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28-Pin Demo Board

ICSP™
Connector

PICtaill ™
Connector

» I V

Connector

32 kHz
Crystal

P

Potentiometer
RP1
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PICkit™ Serial Analyzer

e Pin Assignments

Pin 1

Pin | I°C™ SPI USART
1 CS X

2 +V +V +V

3 GND GND GND
4 SDA SDI

S SCL SCK

6 SDO RX
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PICkit™ Serial Analyzer

Connection
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PICkit™ Serial Analyzer

e PC Program

PICkit Serial - IZ2C Master Mode

=0l x|

Communications  PICkit Serial Analyzer  Demo Boards  User Defined Templates  Wiew  ‘Window  Help
¢ 48k views: Basic | ® FlashLED | (% Reset | =] Basic Operations 12C_M

I status

Il Update

I Exacutive Error
B Communication Error

I 12C Error
—Ioix 8 oo
File ~ Edit = P Clear %) Reset Time | BitFiate: 100.0 kHz
Source Woltage: 4.8%

Drata Line Woltage: 4.7%
Clock Line Waoltage: 4.7%

6/27 /2007 4:37:33 PM
WwWelcome to PICkit Serial wersion 2.1.0.0
Found PICkits.d11 - Wer: 1.5.0.0

Found PICkit Serial snalyzer - FW Wer: Ox0201

U5E control block updated with preference data.

Basic View Set,
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e RTC Demonstration

28-Pin Demo Board

Update BTC

SetHTC To
System Time

Bead EE

Wiite EE

Fieal Time Clack | EEFROM | 4DC |

January, 2000
Sun Mon Tue Wed Thu

Fri Sat

26
Z
3

16

23

a0

27
3
10
17
24
Al

28 29
4 5
11 12
18 19
2 26
1 2

30
B
13
20
27
3

g
P
14 15
21 22

28 29
4 5

12:00:36 AM

=10 |
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28-Pin Demo Board

e Serial EEPROM Demonstration

pem =
Feal Time Clock.  EEPROM |apC |

o0 o 02 03 04 05 OB OF 03 03 0 OB OC OD OE OF
Update BTIC b0

Set RTC To 10
System Inme 20

a0
40
Al
Write EE B0
i
a0
a0
Al
B0
Co
Lo
EQ
FO

Read EE
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28-Pin Demo Board

e ADC Demonstration

pemo =[5x|
Real Time EII:u:kI EEPROM ADC I
Wpdate HTC
Set BTE To
Syztem Time
Bead EE ﬂ E

Write EE ' 2 |

A 100 00 7

0 ADC Value 300

064
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PICKIt™ Serial Analyzer

e |°C™ Basic Operations

Basic Operations - I2C Master = |EI|£|
— Recewve
Slawve Byte Status [
Address [R] Caunt
Execute
s = < IP_| _b ancuts |
2 Clear
—Write
Slave “ford
AddressY]  Address Crata Statug .
.
IEI * * I * jﬁ [ Execute
I_}c —_—
I—}c ;I 2 Clear
— Read
Slawve wWiard Slawve Bute Status .
Address[™]  Address Addres=[R] Count P* Ereenim
[ = =[rs[ = = [F
2 Clear
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Hands On Lab #1

PICKIt™ Serial Analyzer
Operation
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R PICKIit™ Serial Analyzer

e Summary
— PICkit Serial Analyzer
— 28-Pin Demo Board

— PC Program
e 28-Pin Demo Board Demonstration
e |2C™ Basic Operations

— Hands On Lab #1
e PICkit Serial Analyzer Operation
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Configuring the
MSSP Peripheral
for
I’C™ Slave Mode
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MSSP Peripheral

e MSSP [°C™ Modes

® Registers

e Block Diagram

e Address Masking Feature
e Interrupts
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MSSP I12C™ Modes

® Supports:
— Master/Multi-Master Mode
— Slave Mode
— 7 or 10-bit Addressing

e Configurations:
— |2C Master Mode
— |2C Slave Mode

— |2C Slave Mode with Start and Stop bit
Interrupts enabled

— 12C firmware controlled master, slave is idle
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SSPCON Register

SSPCON Register

WCOL

SSPOV CKP

WCOL

CKP

SSPOV = Receive Overflow Indicator

= Write Collision Detect Bit

= Clock Polarity Bit
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SSPSTAT Register

SSPSTAT Register

SMP

CKE

SMP
CKE
UA

= Slew Rate Control for High Speed Enable
= SPI Clock Edge Select
= Update Address Bit (for 10-bit address mode)
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RC3/SCK/SCL

Master Clock

Data

RC4/
SDI/
SDA

Start and Stop

© 2007 Microchip Technology Incorporated. All Rignts Reservea.

<

Read ﬁ%ﬁ Write

MSSP I°C™ Block Diagram

Internal
Data Bus

SSPBUF

Master Receive
Slave Transmit

=

Cloc

1l

SSPSR

Master Transmit

Slave Receive

LSh

Match Detect

—=  Addr Match

{}

SSPMSK
SSPADD
Start and Set, Reset
i — S, P bits
Stop bit Detect (SSPSTAT Reg)
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MSSP I12C™ Block Diagram

<

RC3/SCK/SCL

—

- R

Internal
Data Bus

Write

SSPBUF

T

gl

RC4/

SDI/
SDA

SSPSR

Address Detect

A

MShb l LSh

Match Detect

T
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SSPMSK

SSPADD

Start and Set, Reset
— S, P bits

Stop bit Detect

(SSPSTAT Reg)

11038 PSA
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=== Address Masking Feature

e What Is It?

— |t allows a PIC® MCU to ACK more than one address.

e What is it good for?

— Integrating multiple I°C™ devices in one PIC MCU

SDA

SCL “ ﬁ “ ﬁ

EEPROM, Real Time Clock,
Analog to Digital Converter

PIC16F886

Master
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=== How Address Masking Works

1010101 J

SSPSR
i..L < 1010101 >
Match Detect [¢*> 111000
TT 1010000
SSPMSK 1111000

Address Match

SSPADD 1010000

e Allows device to acknowledge multiple
addresses

e Turns masked bits into don’t cares

© 2007 Microchip Technology Incorporated. All Rights Reserved. 11038 PSA Slide 40



=== Configuring SSPMSK Register

SSPCON Register

SSPMSK Register
MSK7 | MSK6 | MSK5 | MSK4 | MSK3 | MSK2 [ MSK1 | MSKO

e Two Step Process
1. SSPCON, SSPM<3:0> = 1001
2. Accessed through SSPADD register
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=== Configuring SSPADD Register

SSPCON Register

SSPADD Register

ADD7 ADDGXADDS ADD4 | ADD3 | ADD2 | ADD1 | ADDO

Reserve Addresses

B‘0000 000’ — General Call Address

B‘0000 001’ — CBUS address

B‘0000 010’ — Reserved for different bus format
B‘0000 011’ — Future Purposes

B‘0000 1XX' — Hs-mode master code

B‘1111 1XX' — Future Purposes

B‘1111 0XX' — 10-bit Slave Address
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) L 2C™ |nterrupt Events

PIR1 Register

-- ADIF | RCIF | TXIF | SSPIF |[CCP1lIF|TMR2IF|TMR1IF

S | Slave Address [W] | A [ Data| A | Sr| Slave Address [R] | A| Data | A | Data

. ™ A _ ™ . W::_: _
~Yale A | A nNe
i J SLOD Londaitions
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=== Interrupt Status and Enable

PIE1 Regqister
- | ADIE | RCIE | TXIE | SSPIE |CCP1IE[TMR2IE|TMR1IE

PIR1 Register
- | ADIF | RCIF | TXIF | SSPIF [CCP1IF|TMR2IF|TMR1IF

INTCON Register
GIE | PEIE | TOIE | INTE |RABIE| TOIF | INTF | RABIF
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St MSSP Peripheral
e Summary

— Introduction

— Regqisters

— Block Diagram
— Address Masking Feature
— Interrupts
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Programming the MSSP
peripheral as an I°C™ slave
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Programming the MSSP

e Firmware Overview
® Events

e |2°C™ Slave State Machine
— Master Write
— Master Write then Read (Combination)
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vrms 12C™ Slave Mode Firmware Overview

PIC16F886

|12C Slave Firmware

el READ

I

General
MSSP > Purpose
SDA Peripheral E E Registers

I

WRITE 4
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Events

e An Eventis a:

1. Start or Restart Condition
Master Write Address
Master Write Data
Master Read Address
Master Read Data
Stop Condition

o 01 B~ W

© 2007 Microchip Technology Incorporated. All Rights Reserved.
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Events

e SSPIF bit indicates when an event has

occurred

PIR1 Register

ADIF

RCIF

TXIF

SSPIF

CCP1IF

TMR2IF

TMR1IF

S | Slave Address [W] | A

Data

Sr

Slave Address [R]

A | Data

A | Data| A

© 2007 Microchip Technology Incorporated. All Rights Reserved.
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Events

e Events will be identified by bits in the
SSPSTAT register

SMP CKE

SMP = Slew Rate Control for High Speed Enable
CKE = SPI Clock Edge Select
UA = Update Address Bit (for 10-bit address mode)
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SSPSTAT, =1

Events

I°C Slave Mode Flow Chart

55P Intemupt

SSPSTAT, P=1

SSPETAT, DA =10
SSPETAT, Ranf=0
SSPSTAT, BF =1

SEPSTAT, DvAa =1
SEPSTAT, Ran=0
SSPSTAT, BF =1

SSPETAT, DA =10
SSPETAT, Ranf=1
SSPSTAT, BF =1

SEPSTAT, DvAa =1
SEPSTAT, Ran=1
SEPSTAT, BF =0

Mo
Set [2C_Busy
Flag

haster Wiite Address

Clear Index

¥
hster Witite Oaa

Paint to Index +
Cifset

Wirte to SSPBUF
5FR

Increment Irndes

_hiaster Read Address

Paint to Indes +
Oifeat

N T

irte Oaato
S5PBUF SFR

N

Feleaze 5CL
and Inzrement
Index

LI

¥
hiaster Read Daa

Paint to Index +
Oifset

N T

Mirite Daato
S5PBUF SFR

Release SCL
and Inzremernt
Index

e

Clear 12C_Busy
Flag
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e Start Condition

— Bus Is busy

Events

S | Slave Address [W] | A

Data

Sr

Slave Address [R]

Data

Data | A

SSPSTAT Bits

eS=1

© 2007 Microchip Technology Incorporated. All Rights Reserved.
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Events

e Master Write Address

— Master has sent a write reguest with a matching
slave address

S | Slave Address[W] | A [Data| A | Sr| Slave Address[R] |A|Data |A |Data| A | P

Y

SSPSTAT Bits
«D/A =0
« R/W =0
-BF=1
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e Master Write Data
— Master has sent a data byte following a

write request

Events

S | Slave Address [W] | A

Data | A | Sr

Slave Address [R]

Data

Data | A

SSPSTAT Bits

*DIA =1
«R/W =0
«BF=1
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e Restart Condition
S | Slave Address [W] | A | Data Sr| Slave Address [R] | A| Data Data | A

Interrupts may
overlap

SSPSTAT Bits

Check Buffer Full
and Read Flag

eS=1
«R/W =0
«BF=0
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Events

e Master Read Address

— Master has sent a read request with a matching
slave address

S | Slave Address[W] | A |Data| A | Sr| Slave Address[R] | A|Data|A|Data| A | P

SSPSTAT Bits
«D/A =0
«R/W =1
«BF=1
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Events

e Master Read Data

— Master has read a data byte after a matching
slave address and read request has been sent

S | Slave Address [W] | A

Data | A | Sr| Slave Address [R]

A

Data

A

Data | A

P

SSPSTAT Bits
*D/A =1
‘RW=1
«BF=0
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Events

e Stop Condition

— The end of communication
— The bus is free

S | Slave Address [W] | A | Data| A | Sr| Slave Address [R] | A | Data | A | Data | A

SSPSTAT Bits

eP=1
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kL Events Summary

e We now know:

— How to decode each event:
e Write Events
e Read Events
e Start/Stop Conditions

e Next: actions to perform at each
event

— Two types of message formats:
e Read, Write

11111111
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vrms 12C™ Slave Mode Firmware Overview

PIC16F886
|2C Slave Firmware
$—
sclL READ |
l g MSSP : : General
<+> : Purpose
SDA Peripheral : E R Pt
<+—> : : egisters
WRITE | )
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|2C™ Slave State Machine

e General Purpose Registers
— Data must be sequential

GPR

In%ex - | Contains Offset |
1

2

3

. ‘ N Bytes should ‘

be reserved

N |
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#define DEVICE_RAM LENGTH .9 ; Device RAM Length

#define BYTEO (DEVICE_RAM + 0x01)
#define BYTE1l (DEVICE_RAM + 0x02)
#define BYTE2 (DEVICE_RAM + 0x03)
#define BYTE3 (DEVICE_RAM + 0x04)
#define BYTE4 (DEVICE_RAM + 0x05)
#define BYTES (DEVICE_RAM + 0x06)
#define BYTEG6 (DEVICE_RAM + 0x07)
#define BYTE7 (DEVICE_RAM + 0x08)
#define BYTES (DEVICE_RAM + 0x09)
udata

DEVICE_RAM res DEVICE_RAM_LENGTH
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PIC16F886

|12C Slave Firmware

ccL READ

I

General
MSSP : :

| > : Purpose
SDA Peripheral : : Regli[;ters

I

WRITE 4
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|2C™ Slave State Machine

e Master Write

S

Slave Address [W]

0Ox01

0x10

Write data byte (0x10) to word address (0x01)

© 2007 Microchip Technology Incorporated. All Righ

eeeeeeeeeee
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|2C™ Slave State Machine

e Master Write

S | Slave Address [W] |A| OxO1 [A| Ox10 |A| P

GPR
C san >
Index | | |
0 . Yes
1 Qad? Data Transfer
2 T No
3 Yes
4 BF? Data Transfer
No
Set 12C_BUSY Flag
N | | T
(Return)

Return
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|2C™ Slave State Machine

e Master Write

S | Slave Address [W] |A| OxO1 [A| Ox10 |A| P

GPR
Index 0Ox00
0 Master Write
1 Address
2 ¥
3 Clear Index
4 T
- o>
N |
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e Master Write

|2C™ Slave State Machine

S

Slave Address [W]

0x01

0x10 |A| P

GPR
Index | 0x02
0
1
2
3
4
N I

Master Write
Data

Point to Index + Offset

|

Write SSPBUF to
location

Increment Index

3
( Return )

© 2007 Microchip Technology Incorporated. All Rights Reserved.
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=== |°C™ Slave State Machine

e Master Write

S | Slave Address [W] |A| Ox01 [A| Ox10 |A| P

GPR
ind | aster Write
ndex 0x03 Data
0
1 0x10 _ ‘
5 Point to Index + Offset
3
4 Write SSPBUF to
location
N I I Increment Index

3
< Return >
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|2C™ Slave State Machine

e Master Write

S | Slave Address [W] |A| OxO1 [A| Ox10 |A| P

GPR

Index | 0x03 |
0 I | Stop
1 I 0x10 I
2 \ 4
3 Clear 12C_BUSY Flag
4

<Return>

N |
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vrms 12C™ Slave Mode Firmware Overview

PIC16F886

|12C Slave Firmware

el READ

I

General
MSSP > Purpose
SDA Peripheral E E Registers

I

WRITE 4
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|2C™ Slave State Machine

e Master Write then Read (Combination)

S | Slave Address [W] | A [0x02 | A | Sr| Slave Address [R] | A A A

Read two data bytes starting from word address (0x02)
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|2C™ Slave State Machine

e Master Write then Read (Combination)

S | Slave Address [W] | A [0x02 | A | Sr | Slave Address [R] | A A A|P

C san >
Index | | |

0 0x50 Yes
)
055 Read” Data Transfer
OxAA I No
OXFF Yes
BF? Data Transfer
0x05

NoO
Set 12C_BUSY Flag

(Return)

GPR

A WDN P
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e Master Write then

Read (Combination)

|2C™ Slave State Machine

S | Slave Address [W] | A

0x02

A

Sr

Slave Address [R] | A A

A

I

GPR

Index | 0x00 I
0 0x50
1 0x55
2 OxAA
3 OxFF
4 0x05
N |

Master Write
Address

Clear Index

3
<Retu rn>

© 2007 Microchip Technology Incorporated. All Rights Reserved.
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MASTERs 2007

e Master Write then

Read (Combination)

|2C™ Slave State Machine

S

Slave Address [W] | A

0x02

A

Sr

Slave Address [R] | A A

A

GPR

Index | 0x00
0 0x50
1 0x55
2 OxAA
3 OxFF
4 0x05

aster Write
Data

\ 4

[ Point to Index + Offset

Write SSPBUF to
location

Increment Index

Rl
< Return >

© 2007 Microchip Technology Incorporated. All Rights Reserved.

11038 PSA Slide

75




|2C™ Slave State Machine

e Master Write then Read (Combination)

S | Slave Address [W] | A [0x02 | A | Sr | Slave Address [R] | A A A|P

GPR

Index | 0x03 | <Start >
0 0x50 Y Ves
0Xx55 Qad? Data Transfer
OxAA

1

2

3 OxFF x__No Yes

4 0x05 BF?
. No

Set 12C_BUSY Flag

4
Crmm >
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|2C™ Slave State Machine

e Master Write then Read (Combination)

S | Slave Address [W] [ A |0x02 | A | Sr| Slave Address [R] | A|OxAA| A A

GPR

Index | 0x03 | G

0 0x50
1 0x55
+
2 OXAA d'ex Offset
3
4 s Write data at location
it to SSPBUF

y

N | | Release data and
increment index

\ -T 7
( Return >
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MASTERs 2007

e Master Write then

Read (Combination)

|2C™ Slave State Machine

S | Slave Address [W] | A [0x02 | A | Sr | Slave Address [R] | A|OxAA| A | OXFF| A
GPR
Index | 0x05 | —
0 0x50
1 0x55 Point
2 OXAA
3 OXFF ation
4 0x05 PBUF
. [
Release Data and
N | Increment index
1 J
(Return)
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e Master Write then

Read (Combination)

|2C™ Slave State Machine

S | Slave Address [W] | A [0x02 | A | Sr | Slave Address [R] | A|OxAA | A |OxFF | A
GPR
Index | 0x05 |
0
Com >
1 0x55
2 OXAA |
3 OXFF Clear 12C_BUSY Flag
4 0x05

<Retu rn>
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=== |°C™ Slave State Machine

e Summary
— Performs operations to GPRs
— Write Operation
— Read Operation
— MUST specify the word address

— Gotchas:
e SSPSTAT iIs updated during each interrupt event

e Interrupt events may occur before an event is
serviced
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—— Programming the MSSP

e Summary
— Firmware Overview
— Events

— |2C™ SJave State Machine

e Master Write
e Master Write then Read (Combination)
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LoV Summary

e |1°C™ Protocol Overview
e PICkIt™ Serial Analyzer

e Configuring the MSSP peripheral for
I°C slave mode

e Programming the MSSP peripheral
as an |°C slave
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Bonus Material
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