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MMMMMMMMMMM Class ObjeCtive

When you finish this class you will:

— Know how to configure and use ADC
IN your application

— Be able to use the ECAN™ module
for communications

— Become comfortable in using DMA
for transferring data to/from the ADC

and the ECAN module
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Agenda

. DMA
— DMA Overview
— Configuration & Setup

1. 10/12-bit ADC
—  ADC Overview

— Configuration & Setup
e ADC Inputs to Sample/Hold Association
e Sample/Hold Sequence Configuration
e ADC Triggers Configuration
e Output Configuration

— Application Examples & Exercises
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Agenda

[11. ECAN™ Module

— ECAN Overview

Typical ECAN System
Message Buffer Structure
Interaction with DMA

Tx Process

RX Process

— ECAN Lab
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DMA

Direct Memory Access
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DMA Example: ADC

e ADC Example: Register Indirect Mode

Chl —>» ADC

Data

v

DMA
Ch1l

DPSRAM Address Space

Xfer #1
Xfer #2
Xfer #3
Xfer #4
Xfer #5
Xfer #6
Xfer #7
Xfer #8
Xfer #9
Xfer #10
Xfer #11
Xfer #12
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DMA Features

8 DMA channels
Register indirect with post increment addressing mode

Peripheral indirect addressing mode
— Peripheral generates destination address

CPU interrupt after half or full block transfer complete
Byte or word transfers

Fixed priority channel arbitration

Manual or Automatic transfers

One-shot or Auto-Repeat transfers

‘Ping-pong’ mode

— Automatic switch between two buffers

DMA request for each channel can be selected from
any supported interrupt sources

Debug support features
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DMA Controller

Block Diagram

DMA Controller

01112131415
DMA | cnan it 1 DMA-ready
SRAM DPSRAM Control E?MA, C}i]an:nel:"s Peripheral 1
Portl Port2 T R CPU DMA
A A A A ' ' A ' ' A A
1 CPUX-bus | 1 DMA DS Bus 1 1
A a a
CPU Peripheral DS Bus +
a a a a
v v v v v v v
CPU DMA CPU DMA
CPU Peripheral DMA-ready DMA-ready
(non-DMA) Peripheral 2 Peripheral 3
© 2007 Microchip Technology Incorporated. All Rights Reserved. 11012 ADV Slide 8



MASTERs 2007

DMA Controller

Operation

DMA Controller

oi 15 zi 35 45 5
DMA Chaninel

DATA

DMA
SRAM DPSRAM Control
Portl Port2
A 2 A4 1
1 CPUX-bus | 1 DMA DS Bus

a

DMA-ready

Peripheral 1

CPU DMA

o

A

A

CPU Peripheral DS Bus +

DPSRAM Address

Peripheral Ac

dress

a

CPU
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DMA Support

® Supported 16-bit Families
~  PIC24H
~ dsPIC33F

O Supported 16-bit Peripherals
ECAN™ Module
— Data Converter Interface (DCI)
— 10-bit/12-bit A/D Converter
—  Serial Peripheral Interface (SPI)
—  UART
— Input Capture
Output Compare

O DI\/IA Request Support Only
— Timers
—  External Interrupts
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=% Enabling DMA Operation

Associate DMA channel with peripheral

Configure DMA capable peripheral

Initialize DPSRAM data start addresses

Initialize DMA transfer count

Select appropriate addressing and operating modes
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ol Step 1: Assoclate DMA and
Peripheral

e Associate peripheral IRQ with DMA via DMAXREQ
e Provide peripheral read/write address via DMAXPAD

Example: Associate DMA Channel 0 and 1 with UART2 Transmitter and
Receiver respectively

DMAOREQbits. IRQSEL = Ox1F;
DMAOPAD = (volatile unsigned iInt) &U2TXREG;

DMAOREQbits. IRQSEL = Ox1E;
DMAOPAD = (volatile unsigned int) &U2RXREG;
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M Step 2: Configure DMA-Ready
Peripheral

e Configure peripherals to generate interrupt for every
transfer (if applicable)

Example: Configure UART2 to generate DMA request after each Tx and Rx character

U2STAbits.UTXISELO
U2STAbits . UTXISEL1
U2STAbits.URXISEL

O; // Interrupt after one Tx character iIs transmitted
0;
0; // Interrupt after one RX character is received

e Enable Error interrupts (if applicable)

Example: Enable and process UART2 error interrupts
IEC4bits.U2EIE = O; // Enable UART2 Error Interrupt

void _ attribute ((__interrupt_)) UZErrinterrupt(void)
{

/* Process UART 2 Error Condition here */

IFS4bits.U2EIF = 0; // Clear the UART2 Error Interrupt Flag

}
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derl Step 3: Initialize DPSRAM data
start addresses

FIGURE 3-5: DATA MEMORY MAP FOR dsPIC33F DEVICES WITH 30 KBs RAM
MSh LSb " & DMA_BASE
Address 16 bits Address / (defined in p33FJ256GP710.gld)
MSb Lsb
2-Kbyte guaknl ' 0x0000 0x7800
. I SFRS
SFR Space  OxOTFF | pacs 0x07FE B-Kbyte Primary &_DMA_BASE + DMA4STA
— 0x0801 | 0x0800 ggg Buffer (0x7800 + 0x0000 = 0x7800)
| Space
X Data RAM (X} DMA 0x7810
%%%%%% [EETEESep—p— - RAM
| / Secondary \ & DMA_BASE + DMA4STB
30-Kbyte Buffer (0x7800 + 0x0010 = 0x7810)
SRAM Space Ox4TFF ' Ox4TFE
0x4801 | 0x4800
! -
P | ——
FF X
07800 } 0x7800
<_ OxTFFF DMARAM Ox7FFE
w I 0x800
——— | L —
|
|
|
|
Optionally X Dlata
mtat)pgi:dgram Ummplen;emed (X)
Memory |
|
| Example: Setup Primary and Secondary
|
N . — DMA Channel 4 buffers at
0x7800 and 0x7810

DMA4STA = 0x0000;
DMA4STB = 0x0010;
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Usm  Step 3: MPLAB® IDE Support
——  for DMA

0x7800

\. & DMA_BASE

(defined in p33FJ256GP710.gld)

DMA
RAM

/ &_DMA_BASE + DMA1STB

0x7FEOQ

BufferB
& DMA_BASE + DMA1STA

0x7FFO/
BufferA \. &_DMA_BASE + DMAOSTA

-

e Use attribute_ (space(dma)) and __ builtin_dmaoffset()

Example: Allocate two buffers 8 words each in DMA memory for DMA Channel 1;
Associate DMA Channel 0 with one of the buffers as well

unsigned int BufferA[8] _ attribute (space(dma));
unsigned iInt BufferB[8] _ attribute (space(dma));

DMA1STA
DMA1STB

__builtin_dmaoffset(BufferA);
__builtin_dmaoffset(BufferB);

DMAOSTA = __ builtin_dmaoffset(BufferA);
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Her - Step 4: Initialize DMA transfer
count

DPSRAM Address Space

DMAXSTA Xfer #1
Xfer #2

Xfer #3
| |

S| i
S Xfer #n Count = DMAXCNT I'::>CPU Block Xter

Complete IRQ

Example: Setup DMA Channel 0 and 1 to handle 8 DMA requests

DMAOCNT
DMALCNT

7; // 8 DMA Requests
7; // 8 DMA Requests
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H=EM Step 5: Select appropriate DMA
addressing and operating

modes
e Word or byte size data transfers
e Peripheral to DPSRAM, or DPSRAM to peripheral transfers
e Post-increment or static DPSRAM addressing
@ One-shot or continuous block transfers
e Interrupt the CPU when the transfer is half or fully complete
e Auto switch between two start addresses offsets (DMAXSTA or
DMAXSTB) after each transfer complete (‘ping-pong’ mode)
e Peripheral indirect addressing
e Null data write mode

e Manual Transfer mode
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MASTERs 2007 | DMA MOdeS :
Size and Direction

e Word or byte size data transfers
e Peripheral to DPSRAM, or DPSRAM to peripheral transfers

Example: Setup DMA Channel 0 and Channel 1 to transfer words
to and from peripheral respectively

DMAOCONbi1ts.SIZE
DMAOCONbits.DIR

0; // Word transfers
1; // RAM-to-Peripheral direction

DMA1CONbits.SIZE
DMA1CONbits.DIR

0; // Word transfers
0; // Peripheral-to-RAM direction
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=== DMA Modes: Register Indirect

DMAXSTA

Al

Post-Increment

DPSRAM Address
Space

Xfer #1

Xfer #2

Xfer #3

Xfer #n

DMAXSTA }=§»

Addressing

Without Post-Increment

DPSRAM Address
Space

Xfer #1

Xfer #2

Xfer #8

Change to
no Post-Inc

after 2
transfers
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DMA Modes: One-Shot

DPSRAM Address Space

DMAXSTA E

S
S

Xfer #1

Xfer #2

Xfer #3

Xfer #n

Count = DMAXCNT I|:>CPU Block Xfer
Complete IRQ

—Move 1 block of data then disable channel

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

DMA Modes: Continuous

DPSRAM Address Space

DMAXSTA Xfer #1 —_
= o
Xfer #2 T
Reset Xfer #3 %
O
Pointer | I S
I |
Xfer #n Count = DMAXCNT ::>CPU Block Xfer
Complete IRQ

—Move a block of data then automatically

111111111111111
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DPSRAM Address Space

DMAXSTA E

S
S

Xfer #1

Xfer #2

Xfer #3

Xfer #6

== DMA Modes: Half or Full
Transfer

Count = DMAXCNT ||:>CPU Block Xfer
2 Half Complete IRQ

.

—Move %2 block of data then Issue interrupt
second Y2 block of data

C t . .
© 2007 Microchip Technology Incorporated. All Rights Reserved.

11111111

Slide 22



Universimy oF MICROCHIP

MASTERs 2007

DMA Modes: ‘Ping-Pong’ and

Continuous

DPSRAM Address Space

e Switch (‘Ping-Pong’)
between 2 buffers as each
block transfer completes

Buffer A

Count = DMAXCNT ||:>CPU Block Xfer
Complete IRQ

Buffer B

DMAXSTA Xfer #1 —
Xfer #2 =
Xfer #3
| |
| |
Xfer #n
Change ?l
c
Pointer =
@)
| DMAXSTB Xfer #1 _
Xfer #2 =
Xfer #3
| |
| |
Xfer #n

Count = DMAXCNT ||:>CPU Block Xfer
Complete IRQ
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Jer DMA Modes: ‘Ping-Pong’ and
One-Shot

DPSRAM Address Space e Switch (‘Ping-Pong’)

between 2 buffers as each
block transfer completes
DMAXSTA Xfer #1
Xfer #2
Xfer #3 Buffer A
| |

| |
S Xfer #n Count = DMAXCNT ::>CPU Block Xfer

Complete IRQ

=0

Change =
Pointer 3
@)
DMAXSTB Xfer #1
[ — |
Xfer #2 =
| Xfer #3 | Buffer B
S : : CPU Block Xfer

Xfer #n Count = DMAXCNT ::>Complete IRQ;

Duoall

. . ) TS AT |
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LJorive DMA Modes:
Peripheral Indirect

e Least significant bits of address supplied
by DMA request peripheral

e Allows ‘scatter/gather’ addressing
schemes to be tailored to the needs of
each peripheral

© 2007 Microchip Technology Incorporated. All Rights Reserved. 11012 ADV Slide 25



LoeV) DMA Modes:
Peripheral Indirect

PIA Address
(from peripheral)

%

Zero extend—x

0....0 PIA Address

PERIPHERAL
MODULE ~ —

DPSRAM Address

pi EEEE EE EEEEEEEEEEEEEEEEEEEEEEEEEEESR llllllllllllllllll:
DMA ~ ~
MODULE Base Address 0....0
Base Address User :
. (from DMASTNx) responsibility

PIA Mode is also compatible with Auto-Repeat and ‘Ping-Pong’ modes
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S DMA Modes:
Peripheral Indirect

e ADC Example: Register Indirect Mode

ANQ —P>
AN1 —p

AN2 ——» ADC

AN3 —» DMA Request

DMA
Ch1l

ADC Configured for
Sequential Conversion
of ANO to AN3

»

: Address

DMACNTX

CPU Block Transfer
Complete IRQ

DPSRAM Address Space

| Xfer #1
Xfer #2
Xfer #3
Xfer #4
Xfer #5
Xfer #6
Xfer #7
Xfer #8
Xfer #9

Xfer #10

Xfer #11

Xfer #12
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DMA Modes:
Peripheral Indirect

e ADC Example: Peripheral Indirect Mode

ANQ —P>
AN1 —p
AN2 ——p
AN3 —p

ADC

PIA Address

—

DMA Request

ADC Configured for
Sequential Conversion

of ANO to AN3

»

DMA

Ch.1
count++| | DPSRAM
: Address

DMACNTX

CPU Block Transfer

Complete IRQ

DPSRAM Address Space

Xfer #1
Xfer #5
Xfer #9

[ [

[ [
Xfer #2
Xfer #6
Xfer #10

[ [

[ [
Xfer #3
Xfer #7
Xfer #11

[ [

[ [
Xfer #4

Xfer #8
Xfer #12
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=== DMA Modes: Null Data Write

e SPlhas asingle peripheral read/write data address

— Requires that data be transmitted (written) in order for external data
to be received (read)

— If only data reception required, “null” (zero) write necessary

DMAC Null Data Write Path
ChO
DPSRAM _ ¢ chi y— |

Write Data o SPI Data Reg |—— SPI Tx

v

| SPI Rx

DMA Data Read Path

e “Null write” mode simplifies DMAC operation with SPI

— Automatically writes null (zero) data to peripheral data register after
each DMA réad

— Avoids wasting another channel for null write
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DMA Modes: Manual Transfer

e Provides a means to start a DMA transfer using
software

—  Setting the FORCE bit in the selected DMA channel mimics a
DMA request

e Useful for sending the first element from a block of
data to a serial peripheral (e.g. UART)

—  Starts the sequence of DMA request to load data into a
peripheral

— When peripheral data buffer is empt¥ (data sent), peripheral will
Issue a DMA request for the next data element

DPSRAM DMAC Data
Data O ChO l
2ala L k‘» ch1 |
L / v UART UART Data Tx Reg
- - | | DMA Request
Data n : :
_ Ch7
CPU Write to

Force bit
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DMA Modes: Examples

Example: Configure DMA Channel O for: One-Shot,
Post-Increment,
RAM-to-Peripheral,
Single Buffer

DMAOCONb1ts.AMODE
DMAOCONDb 11 ts .MODE
DMAOCONbi1ts.DIR

0; // Register Indirect with Post-Increment
1; // One-Shot, Single Buffer
1; // RAM-to-Peripheral direction

Example: Configure DMA Channel 1 for: Continuous,
Post-Increment,
Peripheral-to-RAM
Ping-Pong

DMA1CONb1ts.AMODE
DMA1CONb1ts.MODE
DMA1CONbits.DIR

0; // Register Indirect with Post-Increment
2; // Continuous, Ping-Pong
0; // Peripheral-to-RAM direction
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Lior Vi DMA Interrupts

e Transfer Complete Interrupt

e Write Collision Interrupt (DMA Trap)
— Should never happen but if they do, handled robustly
—  CPU will win; DMAC write ignored
— Cause DMA Fault trap and set channel write collision flag

Example: Enable and process DMA Channel 0 and 1 interrupts

IFSObits.DMAOIF = O; // Clear DMA O Interrupt Flag
IECObits.DMAOIE = 1; // Enable DMA O interrupt
IFSObits.DMALIF = O; // Clear DMA 1 interrupt
IECObits.DMALIE = 1; // Enable DMA 1 interrupt

void __ attribute  ((__interrupt__)) DMAOInterrupt(void)
{
/* Process DMA Channel O interrupt here */
IFSObits.DMAOIF = O; // Clear the DMAO Interrupt Flag

+
void _ attribute ((__interrupt_)) DMAllnterrupt(void)

{
/* Process DMA Channel 1 interrupt here */
IFSObits.DMALIF = O; // Clear the DMAl1l Interrupt Flag

}
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Lor Vi DMA Controller
Debug Support

e 2 DMA debug assist registers included

— DSADR<15:0> : Captures the DPSRAM
address of the most recent DMA transfer
— DMACS1:

e LSTCH<2:0>: Captures the ID of the most
recently active DMA channel

e PPSTx: ‘Ping-Pong’ mode status bits, one per
channel.
Indicates which buffer is active (A or B)
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10-bit A/D Converter

High Speed Analog
Feedback
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A/D Feature Summary

e 10-bit Resolution with +/- 1-bit
accuracy

e Up to 1.1Msps

e Up to 32 analog inputs, 4 S/H
Amplifiers
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=== AID Feature Summary

External VRer+ and VREF-

Programmable sampling sequence
— Result Buffers

— Scan mode

— Alternate sample mode

e Multiple conversion trigger sources
Selectable result formats
Conversions in Sleep and ldle
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v 10-bit A/D Block Diagram

; ANDES i
L .
I 3 | I
! AN12E— o '
I SiHo |
| HARNH l » o TsaeE—y ] . ipeeesis R
: m—msn«t 0> CHUSB“‘ o = i T::—
cHo | cscm« : I : !

I AN1 . 4
I ] 1
| VagF- [ I
] -+ 1
] I
4 CHBNA CJUNB _ :
h g vrer+l! Avoo Veerd! Avss
: : B FJ FJ
| 1
| - AR
| i i | 1
! CHibISA cHizsse - : I ol !

cHi@! ) !
| e | !
I AN 2 ‘ ! i
] 1
i VREF- [ 4 “ADC1BUFO
| 1 i [ ADC1BUF1|
I P * i I | ADciBUFz|
[ ¥ i VREFH VRERL | '
; CH123NA CH123NB ! :
R e p SAR ADC =—'| :
! AN2IE ! i
| } 1 '
| | 7
| ANS T sH2 | |
| < " THe g e T s e

5 | | |ADC1BUFE

| ?—r - _ | }
| CH1235A CH12358 = : e S |ADC1BUFF
| |

cH2?), ANTE— J | [
] I wa | ]
i AN10 [ G &
: VREF- [ :
I I

‘l
| - |
| ¥ T |
| CH123NA CH123NB I
Pl Wl S S R e N
| AN3[=} ™ |
| 1 |
i ANBD—[ 4 ;
| = T L SH3
| r )
b | [

) CH1238A CH12358 3 1 L

CH3|2J: = | ! :
| J ! l 1204
| }7 ! LEN |
| il |
I I
] I
| |
| |
I CH123MA CH123NB I
AN =kl v

Alternate
Input Selection
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=== Sample/Conversion Sequence

\ \
‘ r—- - - - — — — 7 !
R | | [Q— | O/ | SAR
. . \ | 5 \
l : A SN : R S ADC [
\ | \ |
: T T \
\ | \ \
\ | \ : = | \
\ L — === = = - \
\
\ \
| | |
Sample Time Conversion Time
| A |
SOC | |
Trigger . >
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UcrVi ' i
Conversion Time

e 10-bit ADC Conversion Time

Conversion Time =12 * T,
Where : T, = ADC Clock Period

e 12-bit ADC Conversion Time

Conversion Time =14 *T,,
Where : T, = ADC Clock Period

© 2007 Microchip Technology Incorporated. All Rights Reserved. 11012 ADV
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Jeri  Start of Conversion (SOC)
Trigger Selection

SSRC <2:0> SOC Trigger Source
000 Manual Trigger
001 External Interrupt Trigger
010 Timer Interrupt Trigger
011 Motor Control PWM
100 Reserved
101 Reserved
110 Reserved
111 Automatic Trigger
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=== Sample/Conversion Sequence

ASAM SSRC <2:0> Description
o) 000 Manual Sample and Manual Conversion
0) 111 Manual Sample and Automatic Conversion
0 001 Manual Sample and Triggered Conversion
0) 010
0) 011
1 000 Automatic Sample and Manual Conversion
1 111 Automatic Sample and Automatic Conversion
1 001 Automatic Sample and Triggered Conversion
1 101
1 011
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EEEEEEEEEE MiCROCHIP

LIV Manual Sample and Manual
Conversion Sequence

‘ I
! |
| —Ft~. -~ - - - — - | —t \ g [ | |
| ——-0—0 | *rc/ 0 L A LA NG |
I — | L — | IR o
\ ‘ \ \ | | A | \ |
| | | | L | | o
| | o | o | | -
_____________ | |
| | | | |
444444
\ \ | | |
\ \ | | |
\ | \ | |
Sample Time Conversion Time Sample Time Conversion
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mel Automatic Sample and Automatic
Conversion Sequence

Conversion Sample Time Conversion Time Sample Time Conversion
| | |
| . | . |
4N ¢ NTo——p |

SAMP
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Llorivi Automatic Sample and Triggered
Conversion Sequence

—'_O—fli \
—- \ \

1 u
I |

|

Conversion Sample Time Conversion Time Sample Time Conversion
| A l A
SOC Trigger :
SAMP |
»
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Licr Vi Multi-Channel Sample
Conversion Segquence

e 2-Channel Simultaneous Sampling

| Sample/Convert Sequence 1 | Sample/Convert Sequence 2 |
CHO | Sample 1 | Convert1 | : Sample2 | Convert2 | T

| | - | | | |
CH1 ! Sample1 | Convert 1 | Sample 2 |T _____ Convert 2

|

SOC j f | | ? : :
Trigger ! | | | | |
| | |
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Lior V] Multi-Channel Sample
Conversion Sequence (Cont.)

e 2-Channel Sequential Sampling

————— e e e e e e e A R R R R T e e R e e e e e e e e —— S S ——— i —— —————

CHO | Samplet | Convert! | Sample2 | Sample2 | Convert2 | Sample 3

CH1 Sample 1 ' Convert 1 Sampile 2 Convert 2

| A i i
S0C i i
Trigger ! : ! '
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Multi-Channel Sam

ple

Conversion Sequence (Cont.)

e 4-Channel Simultaneous Sampling

CHO | Sample1 | Convertt | Sample 2 | Convert 2 I
CH | Sample! | JCONRAN Sawple2 | JComeRZ L ..
ch | Sample | | [COMGRAR |ampe2 | L Comert2 |
chy [Sanplet [ | [cmediTSamped ] [ Comed
S0C 4 4 |
Trigger | >



MASTERs 2007

Multi-Channel Samp

le

Conversion Sequence (Cont.)

e 4-Channel Sequential Sampling

o ~ Sample/Convert Sequence 1 T Sample/Convert Sequence 2
CHO" | Sample 1 | Convertt | | SampIeZ ________________ Sample 2 | Convert 2 Sample3 _____________________
ow [ Sample®  [Conefi|  Sampe2 - Samped  [Comef2|  Sampel
CH2 Sample 1 Convert 1 | Sample 2 Sample 2 Convert2 | Sample3
CH3 Sample 1 Convert 2 Sample 2 Convert 3
S0C A A
Trigger +
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°°°°°°°°°°° ADC Operational Mode

e 10-bit, 4- Channel Mode (AD12B = 0)
— Dual Channel (CHO, CH1)
— Multi-Channel (CHO — CH3)

e 12-bit, Single Channel (AD12B = 1)
— Single Channel (CHO)
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EEEEEEEEEEE ADC Clock Selection

e ADC Clock Period
ADC Clock Period (TAp) = Ty * (ADCS + 1)

@ ADC Clock Generation

Tcy N 0
T B ADC Clock (TAD)
ADCS<7:0> > /lT

ADC Internal RC
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Output Data Format

e Signed Fractional

e Unsigned Fractional
e Signhed Integer

e Unsigned Integer

© 2007 Microchip Technology Incorporated. All Rights Reserved. 11012 ADV
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Output Data Format (Cont.)

10-bit ADC 12-bit ADC
0111 1111 ’_IlCICI oooo(+0999) F — — — — — — — - 0111 1111 1111 0000 (+0.999) | — — — — — — — A
| . |
FORM = 0b11 : o] ! S
. - rd | 1 |
Signed 1 | . e |
Fraction{Q15) | 0000 0000 JOO0 0000 (D) F— — — A | 0000 0000 0000 0000 (D) F— — — ~ |
1
1 /I I 1 A |
1 l ! 1 A |
| | | |
1 - _ 1 - .
1000 0000 0000 0000 (- . > 1000 0000 0000 0000 (-1 . Ly
1000 0000 0000 L.J:]:]( 1) REFL InpUt Y [T o] o Qo0 Qooa ) VeeT |nDUt v
1111 1111 1100 0000 (+0999) | — — — — _ _ _ A LA LLLL 4411 0000(0.999) F oo m o T o
' /! : -
FORM = 0b10 ' : . |
Unsigned 1 A | 1000 0000 0000 oooo (08) | 7 !
Fraction (Q16) | 1000 0000 0000 0000 (0.5) F— — — & I 1 /‘I I
' [ | 1 : :
" yd ! ! . v [ I
. | I Q000 0000 0000 Qo000 (0) L +
0000 0000 Booo 0000 (D) . . A VREFL 28
REFL Input WREFH Input VREFH
0000 0001 1111 1111(511) | — — —— — — — - 0000 0111 1111 1101(2045) [ — = — — — — o
. A 1 I
rd | 1
FORM = 0b01 1 | . / I
Signed ! | 0000 0000 0000 00T (D) I [
Integer 0000 0000 DOOO 0000 (0) L - —— 4 | I T I
: [ | 1 e :
I I 1 s
3 ~ ! ! 1111 10 000 0010 (-2046) l I
1111 1110 000 0000 (-512 . e 1111 1000 Q000 Q010 (- 1 Ly
11 0 0000 0000 ( ) RERL npul ry s REFL Input WREFH
0000 0011 1111 1111(1023) [ — — — — — — — - DODO 0011 13311 1111 (4095) f— —— - — — — n
I I
FORM = 0b00 0 ! A
Unsigned S | : e I
eger . - -
Integ 0000 0010 0000 0000 (512) L — — — : 0o0o 0010 UIUCICI 0000 (2048) b - — — A :
| | 1 A 1
| |
| | 1
. ) I I I T I I
0000 0000 0000 QoO00 (0) ~ L . 0000 D000 Q000 Q000 (0) L L
REFL Input VREFH REFL Input WREFH
11012 ADV

© 2007 Microchip Technology Incorporated. All RIghts Reserved.

slide

52



UUUUUUUUUUUUUUUUUU

°°°°°°°°°°° ADC Interrupt Generation

e Conversions per ADC Interrupt Depend
On:

— Number of Sample/Hold Channels
Selected

— Sequential or Simultaneous Sampling

— Samples Convert Sequences Per
Interrupt SMPI <3:0>
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e ADC Interrupt Generation (No
DMA)

CHPS SIMSAM SMPI1 <3:0> | Conversions/ Description
<1:0> Interrupt
00 X N-1 N 1-Channel Mode
01 0 N-1 N 2-Channel Sequential
Sampling
1x 0 N-1 N 4-Channel Sequential
Sampling
01 1 N-1 2N 2-Channel Simultaneous
Sampling
1x 1 N-1 4N 4-Channel Simultaneous
Sampling
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g Analog Input Selection for
Conversion

e Fixed Input Selection
e Alternate Input Selection
e Channel Scanning (CHO)
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g Analog Input Selection for

Conversion (Cont.)

e Fixed Input Selection
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Analog Input Selection for

Conversion (Cont.)

e Alternate Input Selection

CHPS SIMSAM | SMPI <3:0> | Conversions/ Description
<1:0> Interrupt
00 X 1,3,5,7,9,11, | 2,4,6,8,10,12, 1- Channel Mode
13,15 14,16
01 0 3,7,11,15 4,8,12,16 2- Channel Sequential
Sampling
1x 0 7,15 8,16 4- Channel Sequential
Sampling
01 1 1,3,5,7 4,8,12,16 2- Channel
Simultaneous
Sampling
1x 1 1,3 8,16 4- Channel
Simultaneous
Sampling

© 2007 Microchip Technology Incorporated. All Rights Reserved.
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Conversion (Cont.)

Analog Input Selection for

e Alternative Input Selection in 4-Channel
Simultaneous Sampling Mode

Sample/Convert Sequence 1 Sample/Convert Sequence 2
CcHo | Sample| Convert Sample| Convert Sample
ANG6 ANG ANT AN7 ANG
(ANG) | (ANG) (ANT) | (ANT) (ANS) | L cimurol ANG
ADC1BUF1| ANO
CHA1 Sample Convert Sample Convert Sample ; AN1
(ANO) (ANO) (AN3) (AN3) (ANO)
! AN2
\
| AN7
Sample Convert Sample Convert Sample | AN3
CHZ)| (AN1) (AN1) (AN4) (AN4) (ANT) |
| AN4
ADC1BUF7 | ANS
Sample Convert| Sample Convert | Sample
CH3| (aAN2) (AN2) | (AN5) (AN5) | (AN2)
A A
SOC
Trigger -
ADC
Interrupt
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e Alternative Input Selection in 2-Channel

Analog Input Selection for

Conversion (Cont.)

Sequential Sampling Mode

Sample/Convert Sequence 1

Sample/Convert Sequence 2

CHO Sample Convert |r Sample Sample Convert Sample Sample
(G0 (ANB)TH| (ANT) | (ANT) (BNORE (ANG) | (ANG) ADC1BUFO | AN6
ADC1BUF1 ANO
cH1 Sarﬁple ~ Convert Sample Convert Sample ADC1BUF2 | AN7
ANO  (AND AN3 AN3 ANO
(ANO) | (AND) (AN3) (AN3) | (ANO) ADC1BUF3 | AN3
\ |
|
soc ;
Trigger | |
| i |
ADC
Interrupt i
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Analog Input Selection for
Conversion (Cont.)

e Channel Scanning

CHPS SIMSAM | SMPI <3:0> | Conversions/ Description
<1:0> Interrupt
00 X N-1 N 1-Channel Mode
01 0 2N-1 2N 2-Channel Sequential
Sampling
1x 0 4N-1 4N 4-Channel Sequential
Sampling
01 1 N-1 2N 2-Channel
Simultaneous
Sampling
1x 1 N-1 4N 4-Channel
Simultaneous
Sampling
© 200 /T T Oy T T e = Stie—_
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@ Scanning Four Analog Inputs Using CHO

Analog Input Selection for
Conversion (Cont.)

cHo | Sample | Convert Sample | Convert | Sample | Convert | Sample | Convert
(AN2) (AN2) (AN3) (AN3) (AN5) (AN5) (ANG) (ANG)
SOC
Trigger | |
| | | | | | >
oo e a
Interrupt | | | | |
| | | | | >
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Analog Input Selection for
Conversion (Cont.)

e Channel Scan With Alternate Input Selection

Sample/Convert Sequence 1 i; Sample/Convert Sequence 2

Sample/Convert Sequence 3

Sample/Convert Sequence 4

CHo| Sample | Convert. Sample  Sample Convert: Sample| Sample | Convert” Sample| Sample | Convert! |
(AN2) | (AN2) | (AN8) (ANB) | (AN8) | (AN3) | (AN3) | (AN3) (ANS) = (ANB) | (ANS) |
CH1 Sar%ple Convert Saninple Convert Sample Convert Sar}nple Convert
(ANO) (ANO) (AN3) (AN3) (AND) (ANO) (AN3) (AN3)
w 1 | |
Trigger | | | | |
ADC , | A
Trigger | | | | lr

© 2007 Microchip Technology Incorporated. All Rights Reserved.
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S ADC with DMA
Configuration

e Register Indirect
e Peripheral Indirect
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e DMA Transfers — Register
Indirect (Order of Conversion)

& DMA BASE
Data Transfer 1 o o
————— & DMA BASE+DMALSTA-

ANO DMA [ Transfer 2—!* ANO Sample 1 | &_DMR BASE+DMA
AN1 ADC Channel | "Tr‘i”&“erhgi AN1 Sample 1
AN2 5 . AN2 Sample 1
AN3 ™ AN3 Sample 1
> DMA \ ANO Sample 2
Request M AN1 Sample 2
v AN2 Sample 2

N A
g% AN3 Sample 2
”“fi ANO Sample 3
v | ANT Sample 3
“ AN2 Sample 3
AN3 Sample 3
® Scan mode (ANO — AN3) |

e ADC configuration is ignored
e DMA countis used to generate DMA Interrupt
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DMA Transfers — Perl

pheral

Indirect (Gather Scatter)

Peripheral Indirect Address (PIA)

ADC

'

Data

-
DMA

DMA
Channel
5

Request

Transfer 1
- 21 | ANO Sample 1
~fansfer 5
. = ANO Sample 2
Dy, ANO Sample 3
b W, ="
AT .
i \%O . .
I A
x\\ x% A AN Sample 1
\\u‘;f AN1 Sample 2
{‘%}1\\ AN1 Sample 3
Vo N C
VAR
') ) AN2 Sample 1
3 AN2 Sample 2
=%
\a@,' | AN2 Sample 3
1;5“ .

@ Scan mode (ANO — AN3)
e SMPI=3, DMABL =2, DMASCNT =11
_ @  DMASSTA ->last 4 bits must be O's

‘ AN3 Sample 1

Y AN3 Sample 3

AN3 Sample 2

b

& DMA BASE

& DMA BASE+DMASSTA+PIA (for Transfer 1)

& DMA BASE+DMASSTA+PIA (for Transfer 2)

& DMA BASE+DMASSTA+PIA (for Transfer 12)

© 2007 Microchip Technology Incorporated. All Rights Reserved.
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i DMA Transfers — Peripheral
Indirect (Gather Scatter)

l ANO Sample 1
~ s
{B:E’x
Peripheral Indirect Address (PIA) 7 y AN1 Sample 1
|
! ‘Q\Gj s
/8
Data , /
ANO, H— .
AN1 DMA |,
ANSF ADC Channel 5} H_?:{ St
AR ~ler 5
AN5 > N . ™_ANSSample 1
— > DMA NG,
Request A ARG
AN /:\D
./‘é '5",-1'*\
AN
'-.Eg}\ 7
“on
A

e Scan mode (ANO — AN3), Seq. AN5
e SMPI=5 DMABL =2, DMASCNT =5
_®_  DMASSTA ->last 4 bits must be O’s
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Peripheral Indirect Address (PIA)

Data

AN ' DMA
— - Channel 5

ANS ' g

— -
ANB ADC DMA
— Request

e Scan mode (ANO — AN3), Alt AN5,6,7 and AN8,9,100 — —

e SMPI=10, DMABL =1, DMASCNT =5
_®  DMASSTA ->last 4 bits must be Q’s

AND Sample

AMN1 Sample 1

AN5 Sample 1

ANE Sample 1

ANT Sample 1

ANS Sample 1

AND Sample 1

AN10 Sample 1

| pheral
Indirect (Gather Scatter)

AN3 Sample 1
ANO Sample 2

AN1 Sample 2
ANS Sample 2
ANG Sample 2
ANT Sample 2
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Lab 1

Sensor Application
Example
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Lab 2

Motor Control
Application Example
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ECAN™ Module
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=== CAN Protocol Overview

e The CAN bus is a serial communication protocol
e All nodes are connected together
e All nodes must use the same baud rate
e Each node can transmit or receive any message
CAN CAN CAN CAN
DEVICE DEVICE DEVICE DEVICE
#1 #2 #3 #4

{ [ 1 1

CAN BUS
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CAN Data Frame

e Identifier is at the start of the message
—  Two formats exist for the identifier; Standard and Extended

e Data contains control and data bytes of message
e Message has start, end, CRC and acknowledge

overhead

V7 i
0 0[o0 ‘ﬂl
LL Eng 77
Ole—— standard ID —>|z|Q|@[* PLC Data ————»«— CRC—»
(11 bits) (4 bits) (0-8 bytes) (15 bits)
< ARBITRATION > CONTROL & DATA ———»
V7 i
0 0|1 // 0
LL @ 77 xXiH|o
] oW —|m|m
¢ Standard ID —»| ;' Q¢—Extended ID—»|x|x'¢[¢DLC Data ———»]

(11 bits) (18 bits) (4 bits)

«——ARBITRATION —»«——CONTROL & DATA —»

+—CRC —»

1{1(1|1)1(1(1

(0-8 bytes)

+—CRC —»

DEL | =
ACK
DEL |+

l«—— END —
OF
FRAME

1/

i/

— CRC—»]

77

DEL | =
ACK
DEL |+

l«—— END —

(15 bits) OF
FRAME
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CAN Bus Operation

Only one transmitter is allowed on the bus at a time
The transmitter sends the message to all receivers

All receivers will acknowledge reception of the
message

® Receivers filter message identifiers

CAN CAN CAN CAN
DEVICE DEVICE DEVICE DEVICE
#1 #2 #3 Ha

AN AN AN

|

CAN BUS

© 2007 Microchip Technology Incorporated. All Rights Reserved.
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CAN Bus Arbitration

e Only one device can transmit at atime
e Multiple devices could start transmitting at same time

@ Arbitration mechanism — device which transmits first
Zero wins

CAN
DEVICE [E=)X0(0(1(1(0(0(1]0[1/1]|0

#1

L )
CAN
DE;/Z'CE ==y 0(0(1(1]/0(0[1]1
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e A CAN message bit consists of 4 segments
e Each segment is composed of a Time Quanta

(TQ)

CAN Bus — Bit Detalls

e Bittime can range from 8to 25 TQ

SYNC

PROP SEG

PHASE BUFFER SEG 1

PHASE BUFFER SEG 2

TQ
1TQ

TQ ‘ TQ
1-8TQ

TQ ‘ TQ ‘ TQ

1-8TQ
TeiT = Bit Time

Q | TQ | TQ
1-8TQ

11111111




ECAN™ Buffers

e Up to 8 Transmit/ Receive Buffers (TRBO-TRB7)

e Up to 24 additional receive only buffers(RB8-RB31)
— RB16-31 accessible as a FIFO

e All 32 buffers in DMA RAM

e Each bufferis 16 bytes wide

32 Buffers in DMA RAM

TRBO-TRB7 RB8-RB15 RB16-RB31
<+— 8-Tx/Rx —»<¢—— 8-Rx pre 16 - Rx FIFO
Buffers Buffers
16 - Rx

Buffers

32 - Rx FIFO >|
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ECAN™ Buffers

e TRBO-TRB7 controlled via CITRmnCON register

e DMABS bits (CIFCTRL register) decides total number of
buffers

e FSA bits (CiIFCTRL register) decides where FIFO starts

< C1TR67CON —»

A 4
y

<«—— C1TRO1CON >ie C1TR23CON >ie C1TR45CON

TRBO TRB1 TRB2 TRB3 TRB4 TRBS TRB6 TRB7

<«—TXENO=1—»<«TXEN1=1 —>|<—TXEN2 = 0>« TXENS3 = 0 >« TXEN4 = 0 P>« TXEN5 = 0 >« TXENG = 0 >« TXEN7 = 0

<+«— CI1FCTRL.FSA = 00100 >

|« C1FCTRL.DMABS =010 >
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Message Buffers & DMA

ECAN™ module provides peripheral addressing to DMA
DMASTAX value defines top of ECAN Buffer

2 DMA Channels per ECAN module typical

Both channels point to the same DMA memory locations
Buffer addresses offset from DMA memory start location

DMAOSTA = DMA1STA = 0x7800

C1TX Interrupt < TBO
C1TXD < DMA CHANNELO 18l
Transmit Register < B2
TB3

RB4 3 WOI‘dS
> RB5

C1RXD >

Receive Register DMA CHANNEL1 RB6
C1RX Interrupt > RB7
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ECAN™ module maintains FIFO status

FBP — current buffer pointer

RXFULX bit indicates status of buffer in FIFO
FNRB — next buffer to read

FBP = 4 RXFUIA4 = 1

FNRB = 5 RXFUIL4 =0

‘ ‘ FBP = 5 RXFULS = 1
DMA CH 1 FNRB =6 RXFUL5=0

FBP = 6 RXFULG = 1

FNRB = 7 RXFUL6 =0

FBP =7 RXFUL7 =1
FNRB =4 RXFUL7=0
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NNNNNNNNNNNNNNN

CHIP

Peripheral Indirect Addressing
One-shot Ping Mode disabled
Word Transfer

ECAN™ Module Transmit

— DMAXREQ = 0x46 (ECAN1) or Ox
— DMAXPAD = 0x442(ECAN1) or
ECAN Module Receive

~ DMAXREQ = 0x22 (ECAN1) or 0x
— DMAXPAD = 0x440 (ECANL) or
DMAXCNT =7

DMA Configuration



DMA Memory

e Use attribute ((space(dma))) for allocation
e Use Dbuiltin_dmaoffset() for obtaining offset

Int ecanMsgBuffer [12][8] _ attribute_ ((space(dma)));
DMAOSTA = _ builtin_dmaoffset(ecanMsgBuffer);

DMAI1STA = __ builtin_dmaoffset(ecanMsgBuffer);

ecanMsgBuffer  0x8000

1X0 DMAOSTA = 0x200
X1 | > DMAISTA = 0x200

RB2

builtin_dmaoffset(ecanMsgBuffer
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UcFiVi i '
FCAN™ Transmission

Set the TXREQ bit in CITRmNnCON register
ECAN module arbitrates priority

Message is transmitted without user intervention
TXREQ bit is cleared

4—_

CITROICON.TXREQO =1
CITROICON.TXREQ1 =1
CITROICON.TXREQO =0
CITROICON.TXREQO =0
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ECAN™ Reception

e Received message matched against enabled filters

e For asuccessful match, message is stored into an
assigned buffer

e RXFUL and RXOVF bits show buffer status

RXFUL4 = 0
CIRXD [ RXFULS = 1
- DMA CH 1 ‘ RXOVF5 = 1

—

ECAN 1
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L Message Filters

e Filters and Masks enable selective reception

e Filters registers: CIRXFnSID, CiIRXFnEID, CIFEN and
CiBUFPNT

e Mask registers: CIRXMnSID, CIRXMnEID and
CiIFMSKSEL

FILTER/MASK TRUTH TABLE
Message
Identifier | Accept or
Mask Bit n|Filter Bitn Bitn Reject bitn

0 X X Accept
1 0 0 Accept
1 0 1 Reject
1 1 0 Reject
1 1 1 Accept
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ECAN™ Interrupts

e CiTX —ECAN Transmit Data Request
e CIRX - ECAN Receive Data Ready
e Ci—-ECAN Event Interrupt

Interrupt occurs when a word in a message is transmitted

Interrupt occurs when a word in a message is received

Interrupt occurs when an entire message has been transmitted or received or

for other ECAN module events
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=== Message Buffer Format

SEEE 12 AL

Word 0 SID <10:0> srr 11DE
1

15 12 0
Word 1 EID <17:6>

15 10 9] B/F 5 4
Word2 | Ep<50> |RTR [RB1 RBO|  DLC<30>
Word 3 Data byte 1 Data byte 0
Word 4 Data byte 3 Data byte 2
Word 5 Data byte 5 Data byte 4
Word 6 Data byte 7 Data byte 6

e 8
Word 7 FILHIT <4:0>
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Lloriv] Steps to a Successful
ECAN™ Module Experience

e Configure ECAN baud rate
e Set WIN bit to enable Filter Register window
— Enable required number of filters
— Set up Filter Identifier registers
— Set up Filter Mask Identifier registers
— Assigns Mask to filters
— Set up Target buffers for filters
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Lloriv] Steps to a Successful
ECAN™ Module Experience

e Set WIN bit to Zero to enable buffer window
— Set the total buffer size
— Set the FIFO start area
— Set up Transmit registers
e Configure DMA
— Allocate DMA memory for buffers
— Configure two channels (TX and RX)

— Assign Peripheral address and interrupt
sources

— Enable the channels
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Lloriv] Steps to a Successful
ECAN™ Module Experience

e Enable ECAN event interrupt to track error
events if needed

Enable DMA interrupts
Set ECAN mode to operational
Set TXREQ bits to transmit a buffer

Check RXFUL flags in ECAN Receive DMA
Channel interrupt
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Lab 3

ECAN™ Communication
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nnnnnnnnnnn Summary

e High Performance ADC Features

e Flexible ADC Input & Conversion
Options

e How the ECAN™ Module Works

e Benefits of using DMA with ADC
and ECAN
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Thank You !
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