Putting the New 8-bit PIC® MCU
Peripherals to Work in the Real World
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At the end of this class you will be able to

describe the function of and implement designs
using the PIC16F1509

o Configurable Logic Cell (CLC)
e Numerically Controlled Oscillator (NCO)
o Complimentary Waveform Generator (CWG)
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e Overview of the new Peripherals
e CLC
e CLC Design Tool

e Lab 1 Manchester Encoder

e NCO

e Lab 2 Manchester Decoder

o CWG

e Lab 3 Driving a motor using the PIC Communicator
e Lab 4 Combining all three modules to send motor speed
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Configurable Logic Cell
(CLC)

5
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e Configurable Logic Cell
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What does it do?

Performs one of eight single output logic functions on a
selection of 4 of 16 inputs. Operates outside the speed
limitations of software execution.

Benefits:
* Increases on chip interconnection
* Replaces External Components

* Saves Code Space - function as a programmable
logic device
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Glue Logic L6
' PIC® MCU

Encoder IC

Code-free implementation with many PIC® MCUs

© 2012 Microchip Technology Incorporated. All Rights Reserved. — 1610 CLC Slide 6
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CLCXIN[O] D Q 1 LCXOUT
CLCXIN[1]—] e MLCxOUT
CLCxIN[2] —
CLCXIN[3]
CLCxINY]— ¢ LN ~— LCXOE
gtgﬂﬂ{g}_ S |loxg | | TRIS Control
cLoxiNg—| £ 295y Logic [iexg lex_out & 5 oLox
CLCXIN[8]— 2 Icxg3 | Function
CLCXIN[9] — fg lcxg4
CLCXIN[10]—] & ool
CLCXIN[11]—] O | X Interrupt
- .
CLCXIN[12]—{ 2 LCXMODE<2:0> A det ||
CLCXIN[13]—] =
CLCxIN%M}— LCXINTP Dits
CLCXIN[15]— LCXINTN —— %';SX'F
Interrupt )_
TN det

= o .
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CLC Designer

5
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MPLAE X IDE
V110
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CLCDesigner
I
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Peripheral Setup

Logic
Function
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CLCXIN[0]—
CLCXIN[1]—
CLCXIN[2]—
CLCXIN[3]—
CLCXIN[4] —
CLCXIN[5]—
CLCXIN[6] —
CLCXIN[7]—
CLCXIN[8]—
CLCXIN[9]—
CLCxIN[10] —
CLCXIN[11]—
CLCxIN[12] —
CLCXIN[13] —|
CLCxIN[14] —
CLCxIN[15] —

Input Data Selection Gates

lcxg 1

lcxg2

lcxg3

lcxg4

Input Data
Selection and
Data Gating

©2012 Microchip Technology Incorporated. All Rights R
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MICROCHIP CLC DeSign Tool

Cevee 15 Y ESCLT v | ANDOR [ORXOR [AND [S$R [DFop[ORD 4K [Dlich|

CLCIGLSD HOU

[CLCT IND (RA3 % T

’ CM10UT CLCIGLS2 HOD'
E:EOUT —X CLCIGLS3 Hoo
Tmert OVF —X A

CLCISELD HOD'
Timer2=FRZ 3
\/ ® v CLCISELT HoO
* CLCIPOL HOD
GATE 2 CLCICON HOD'

[ Rising Intemupt
[ Falling Intemupt
[7] Dutput Enable
[7] €LC Enable

OPEN

| Read PIC

©2012 Microchip Technology Incorporated. All Rights Reserved: — " 1610 CLC




wxee  Configurable Logic Cell

CLCXIMN[G]—

CLOXIN[7T}——
CLCXIN[S 1

D‘C/ [Paters Bl W |
i

LCxGITPOL

[P o Ve il

LOxDSE TN

—4

MASTERs 2012
7= = |
I \\ Data Selection |
| CLCXIN[O}—— 003 "
| CLCXIN[1]—— Il Data GATE 1
' ; T=SEEES N LCXDI1G1T |
| —_— |
| 1 LCxD2E1T
| LOXD1S<2:0> I
| 1 LCxD2G1N —
| CLCxIN[A}———ooo |
| CLOCXIN[S}F——r 1 LCHDAGTT
|
|
|

2 [9]_

leLc iNE10}——o LCxD4G1T

LCxD2S<20> LCx DA M

Data GATE 2

— lcxg2

| CLCxMNy lonsctoat
[ CLCXIMNE
CLCXIN[13}— el R R .
CLCRKINLT 4 ]
lcrexinpmis— 11

— (Same as Data GATE 1)

Data GATE 3

—lcxg3

LCxD3S<2:0>

(Same as Data GATE 1)

Data GATE 4

— lcxga

(Same as Data GATE 1)

- Fr— — s— = - S ————————————————— ]
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ot | 581 [ 106 [ 1oc [ roca
CLCXIN[O] 500 | — —
CLCXIN[1] o1 | — — 1 ..;
CLCXIN[2] 010 | — — 1
CLCXIN[3] 0 | — — 1
CLCXIN[4] P —
CLCXIN[5] o X ool | — —
CLCxIN[6] S5 | oo — —
CLCXIN[7] 1 | ol | — —
CLCXIN[8] T o0 | o0 | —
CLCXIN[9] — | 100 [oor)] —
CLCXIN[10] — | o [ | =
CLCXIN[11] — Koo f our [ —
CLCxIN[12] —_ =1 100 | 000
CLCXIN[13] — — | 101 | oo
CLCXIN[14] — — | 110 -
CLCxIN[15] — — | 111 Ko

LCxD2S<2:0> LCxD1S<2:0>

1111

CLCXSELO | - ‘ 1

LCxD4S<2:0> LCxD3S<2:0>

-[ofo]1

CLCxSEL1 | -

O

———— : 0 s
©2012 Microchip Technology Incorporated. All Rights Reserved. 1610 CLC
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File

Device PIC16{(LIF1505/3

CLCT INT (RC7)

CLCrouT

NCOQUT

PIC Link

[ Read PIC

Write PIC

©2012 Microchip Technology Incorporated. All Rights Reserved:

CLC Design Too

Cle Ccu

|ANDOH |ORXOR |AND |SR |DFop |ORD |JK | DLich|

1610 CLC

CLCIGLSD HoO
CLCIGLST HOO
CLCIGLS2 HOD'
CLCIGLS3 HOO'
CLCISELD HOO'
CLCISELT HOO
CLCIPOL HOD
CLCICON HOO

[7] Rising Intemupt
[ Falling Intemupt
[T Output Enable
[C] CLC Enable
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\ Data Selection |
CLCxIMN[O] oy

e |
CLCXIN[1]
CLOXINZ] 1 Data GATE 1

CLCxIN[3]

Icxd 1Tl LCxXD1G1T

. ]
CLCxXIMN[4] 1
CLCxIN[S] Ieed 1l LCxD1G1M
CLCxIN[E] ]

LCxD2G1T

CLCXIMN[4}—— oo
CLCXIMN[S}—
CLCxIMN[6}—
CLCxIMN[T}— _
CLCXIMN[8}—— N LOCXD3GTM |
CLCxIMN[9}—— L| T -

lcLcxanp1op2—! LCxD4GE1T

lcLexiNg11}—11

I LCXD2S<2-0>
|

L CxilD3G1 T

|
|
I LCxD2G1N D_.cxm
|
L =
|
|

LCxG1POL

|

|

|

|

|

|

|

| CLOXIN[F]l— 11 1:
I LCxD1S<2:10>
|

I

I

I

I

I

LCxDAETMN

|
|
|
|
I cLexane— |, |
CLCXIN[S}— | Data GATE 2
lcLCxiN[10}F——— | —lcxg2
| CLCXINLT1 }—0o lcxd3TI
|CLCX|N[1 2}— 1 -— (Same as Data GATE 1)
| CLCXIN[13}—— |C>'103N|
| SLCXINL14}— I Data GATE 3
ICLC}:IN[*IS]— 11 I —lcxg3
| LexDas=2.0= | — (Same as Data GATE 1)
| |
| CLCXIM[12}——— oo d 1T Data GATE 4
CLCxIN[13}——
| | —1
| CLCXIN[14}— ) cxga
ICI_C:-:IN[‘I o2 . lcxdAaT (Same as Data GATE 1)
CLCxIN[0}—— '|'_ J
CLCxIN[1}— >O lexciarg

CLCxIN[2}——og |

CLOMNEI— : CLCxGLSO0 Gate 1 logic select
LCxD3G1T | LCxD3G1N | LCxD4G1T | LCxD4G1N

1

I
|
|
|
L

1610 CLC
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P
S
=3 CLCxGLS0 LCxGyPOL Gate Logic
§ 0x55 1 AND
a | 0x55 0 NAND
3 ) OXAA 1 NOR
% LCxG1POL OxAA 0 OR
1=NOR 0x00 0 Logic O
0=0R 0x00 1 Logic 1
CLCxPOL
LCxPOL _ _ _ LCxG4POL LCxG3POL LCxG2POL LCxG(’; POL
CLCxGLSO Gate 1 logic select
LC:G1 DAT LCXG01 D4N LCxG1D3T LCxG1D3N LCxG1D2T LCxG1D2N LCxG1D1T LCxG1D1N
1 0 1 0

Non-Inverted Inputs (T) Selected

"~ 1610 CLC
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Input
Data

Selection

Al 14 g 4

Peripheral Setup

©2012 Microchip Technology Incorporated. All Rights Reserved:

lexgt
Icxg2 | Logic | lexq
Icxg3 | Function
lcxgd

LCxMODE<2:0>

4

g hl

Logic
Function

1610 CLC

Output
Control
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File

Device F‘IC‘IB{L]F15|]3."5

CLCT INT (RC7)

CLCrouT

NCOQUT

PIC Link

FRead PIC_|

"-';\.-'rite F;I-C

©2012 Microchip Technology Incorporated. All Rights Reserved:

| DFep [ORD |ukK

b4

._

I

!

a o
AR

L
-

> Ox

B

CLCIGLSD HO
CLCIGLST HDO
CLCIGLS2 HOD'

CLCIGLS3 HOD
CLC1SELD HoOD'
CLC1SELT HOD
CLC1POL HOD
CLCICON HOD

[7] Rising Intemupt
[ Falling Intemupt
[T Output Enable
[C] CLC Enable




T —

weocee  Configurable Logic Cell
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Logic Function Selection
Select the desired logic function using the LCxMODE<2:0>
bits of the CLCxCON register.
000 = AND - OR 001 = OR — XOR
leg1—— Icg1
lcg2—— Icg2
] lcq i leq
lcg3——— lcg3
lcgd — lcg4
010 = 4-Input AND 011 = S-R Latch

- S Q lcq
lcg2 —

lcg3 —

R
lcgd — lcg4

o jp—

—_— e )
©2012 Microchip Technology Incorporated. All Rights Reserved: — 1610 CLC Slide 20
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Logic Function Selection

Select the desired logic function using the LCxMODE<2:0>
bits of the CLCxCON register.

) ) 101 = 2-Input D Flip-Flop with R
100 = 1-Input D Flip-Flop with S and R

legd —— lcg4
D Qr—leq
S lcg2

lcg2— D Qr—lecq

o 5 legl — > =

cgl —

a lcg3
lcg3
111 = 1-Input Transparent Latch with S and R

110 = J-K Flip-Flop with R logd ——————
lcg2 ——— J Q —Ileg lcg2— D S Q ——leq
leg! —=
lcgd — K R leg1 —LE R
lcgd —— lcg3

= o= O
©2012 Microchip Technology Incorporated. Al Rights Reserved. 1610 CLC Slide 21
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Peripheral Setup

Input
Data
Selection

Logic
Function

©2012 Microchip Technology Incorporated. All Rights Reserved.

o

LCxEN

lcxg |

LCxPOL

Q1— LE

D Q LCxOUT
_t MLCxOUT

—— LCxOE

| TRIS Control
:)Pj ; lcx_out )4 & 5] cLcx

Interrupt
._

A det

LCXINTP sets
LCXINTN L

flag

Interrupt

TN det

1610 CLC

Output Control
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B

File
e T Copy and Sho
Device  PIC16{L}F1508/9 - ELE: CLCH - ANDOR | OR-XOR I."\ND |S-H I D Flop |0H—D |J-K ID Ltchl
CCINIR) a0 T
CLCIGLST HOO
CLCIGLS2 HOD'
X CLCIGLST HOD
: o X CLC1SELD Hoo'
Fosc - — —
® X CLC1SELT Hoo
* CLCIPOL HOO
o1—x GATE 2 CLCICON HOD
|\ L
clLclouT % @
. ra"
@ X
GATE 3
._ [7] Rising Intemupt
[ Falling Intemupt
NCO oUT - : [¥] Output Enable
N
‘ ra' '
LY
rAY
.
‘ PIC Lirk
[
OPEN
— R Comments

©2012 Microchip Technology Incorporated. All Rights Reserved:
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gurable Log

CLCXIN[O]— D Q -t LCxOUT
CLCXIN[1]— a1 e MLCxOUT
CLCxIN[2] — Bit in a Register
CLCXIN[3]— Enable
CLCXINM]— 2 LoxEN - LCXOE
CLCXINDPI—  § | lexgt | TRIS Control
CLCXINIBl— £ [(oxg2 .
CLCXIN[T]—] 9= | Logic |lexq lex_out Lo
CLCxIN[S]— 2 |!eXd3 | Function T
CLCXIN[G]— @ | cxg4 utput Fin
CLCXIN[11]— 2 | Polarity Interrupt
CLCxIN[12]— 3 LCXMODE<2:0> A et [ | F
CLCXIN[13]— =
CLCXIN[14]—] LCXINTP Bﬂ
CLCK|N['] 5] —_— LCXINTN —— CLCxIF
flag
Interrupt - Interrupt
_\_ det
REGISTER 24-1: CLCxCON: CONFIGURABLE LOGIC CELL CONTROL REGISTER
R/W-0/0 R/W-0/0 R-0/0 RIW-00  RW-0/0 R/W-0/0 R/W-0/0 R/W-0/0
LCXEN LCXOE LCxOUT | LCXINTP | LCxINTN LCXMODE<2:0>
bit 7 bit 0

== = = = =y

© 2012 Microchip Technology Incorporated. Al Rights Reserved.
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MASTERs 2012 Output Pin Re-Routing

* Route signals without adding
additional layers

e Cost effective solution

e Crucial in small form factor
applications

RA3 —»

Exam ple : zzj e PIC16F1508/9
* RB7 = EUSART transmit piacs<~
* Re-route using CLC "¢~ ~

* Signal can be routed to:

RC4, RCO, RA4 & RA2

pplication Example:




MicrocHIP
MASTERs 2012 CLC1 -> CLC4 : AND-OR
| | LeCroy
|
g2 . JL dMMﬁﬁF
|f"“w%%ff st T
| el
I i
ot ! |
! |

2.00vidiv
800 m\ ofst

2.00vidiv
380 mV ofst
-60 m\y

43 my

103 m\y

imebase -42.0ns
20.0 ns/div] Auto 360V
1.00kS 5.0GS/5]Edge Fositive
1= 14ns ON¥=  414ns
Z2= 400ns 1/AX= 242 MHz

Pulse CLC1Out CLC4 Out

DeltaX = CLC1 Out - Pulse
DeltaX ~=40nS

"~ 1610 CLC 26
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MicrocHIP
MASTERs 2012 CLC1 -> CLC4 : AND-OR
| | LeCroy
| |
¥
= S ' e e ¥

12

;
i

\z
T
B
]
|

y

20.0 ns/div] Auto 360V

2.00 Vidiv 2.00Vidiv
900 mV ofst 380 mV ofst 1.00 kS 5.0 G5/5 ] Edge FPositive
1579V 4 my 1= 388ns AX= 160ns

ety N byvoly X2= 548ns 1AX= 625 MHz

l l l DeltaX = CLC4 Out - CLC1 Out

Pulse CLC1 Out CLC4 Out DeltaX ~=16nS
CLC Prop Delay =16nS /4 =4nS

- 0
©2012 Microchip Technology Incorporated. All Rights Reserved: 1610 CLC Slide 27
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Lab 1
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MASTERs 2012

What is Manchester Encoding?

Manchester encoding is a method of encoding data by

combining the clock and data lines using an exclusive OR
Into a single signal.

cock | ][] LTI LT L LTE

Data

Manchester [ B 11 [

{as per G.E. Thomas)

Manchester ] 1 [ ]

{as per IEEE 802.3) |

5T

©-2012 Microchip Technology Inc

—— e
orporated. All Rights Reserved. . 1610 CLC
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Setup

Use the CLC design tool to build and implement this circuit.

Inputs: SPI Clock, SPI Data
Output: CLC 4 Out (RC4)

CLC 4

SPI Clock

RC4
SPI Data

Note:

* Make sure POT 2 is turned all the way clockwise!

» “S3” sends your message, not “S2”

* Open main.c and edit line 167 to send a custom Message!

= — T —————— s
©2012 Microchip Technology Incorporated. All Rights Reserved. 1610 CLC
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Deviee  FICTELFT508/3 v S AND-OR | OR-¥OR [AND [SR [ DFop [ORD [JK | DLeh]

CLC4GLS0 H20

CLC4 INO (RB5) -

[

CLCAGLS1 HOD
CLCAGLSZ HOD
CLCAGLS3 H'80
CLCASELD HOD
Fosc -

CLC4SELT H14
CLC4POL HDD

Z CLC4CON HCY

[ Rising Intemupt

GATE 2

LY

DY

GATE 3

og Iotermipt

1 Eali
COutput Enable
CLC Enable

PIC Link:

* Make sure POT 1 is turned all the way clockwise!
» “S3” sends your message, not “S2”
*Save as “lab1.inc” in: C:\MASTERs\1610\Manchester Encoder.X\src

L .
©2012 Microchip Technology Incorporated. All Rights Reserved.— 1610 CLC 31
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mcrocwe  Numerically Controlled Oscillator
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What does it do?

Provides an adjustable output frequency pulse based on
an input clock and increment value that with true linear

frequency control and increased frequency resolution over
standard PWM.

— = = 50
©2012 Microchip Technology Incorporated. All Rights Reserved.




e NCO Features

MASTERs 2012

e Two modes of operation
e Fixed 50% duty cycle (FDC)
e 500 KHz max output
o Pulse Frequency Modulation (PFM)

e 1MHz max output




\J

MICROCHIP

MASTERs 2012 OSCi I Iator

Pulse Frequency Mode fmax = 1MHz
f fCLK
NCO = Increment value
Accumulator
(Constant)

Fixed Duty Cycle Mode
fmax = 500KHz

f
cho =[ —CLK Increment value
2*Accumulator

(Constant)

Accumulator = 20-bit
Increment value = 16-bit

— D — O
©2012 Microchip Technology Incorporated. All Rights Reserved.— 1610 CLC




mcrocwe  NUmerically Controlled Oscillator
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Increment value =216 =0 — 65,535
F FOSC
2 NCO = Increment value
K (\e Accumulator
W
Fnco
Increment value T, Fyco 1
Linear change in NCO Frequency.
Increment value
PR2=28= 0 — 255
F FOSC
PWM = 4(PR2+1)
Frwm

PR2 1, Fosc |

Nonlinear change in PWM
PR2 Frequency.

"~ 1610 CLC




mcrocwe  Numerically Controlled Oscillator
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soures| LT LML LML ML ML MMM AL ML L

Overflow
PWS=000 : : S
Output . N I
FDC Mode b Fixed Duty Cycle
PFM Mode - L
PWS=000 S r P
: Pulse Frequency Modulation Mode 0 :
® Co
°
°
PFM Mode
PWS=100

: Pulse Frequency Modulation Modé 4

©2012 Microchip Technology Incorporated. All Rights Reserved. — 1610 CLC




mcrocwe  Numerically Controlled Oscillator
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Clock Set Output

‘ Source » Frequency» (cz):rt\frl:)tl »

Selection and Mode




mcrocwe  Numerically Controlled Oscillator

MASTERs 2012

4 N\
NCO1CLK ST 1T 4 ) r )
LC1OUT — 1

FOSC— g1 Set Output

L]
Output
‘ HFEINTOSC — ¢ N;EN » Fredqlljwendcy » Confrol »
?2 an ode

NXCKS<1:0> S / . ’

Clock Source
Selection

1610 CLC
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meracwe ClOCK Source Selection
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NCO1CLK Iy
LC10UT — 1
FOSC — 4 %
HFINTOSC — gn NxEN
? :
NxCKS<1:0>
NCOxCLK Register

NxPWS<2:0> - - - NxCKS<1:0>

© 2012 Microchip Technology Incorporated. All Rights Reserved. 1610 CLC
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mcrocwe  Numerically Controlled Oscillator
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( )

Increment

z
(1)

%—/;
20 [ Adder | | Overflow
Clock 10 Output
‘ Source » — 1> Accumulator » C t I »
Selection e ontro
/ | \v43 NxPWS<2:0>
A » LT ) ’
NCOx Clock Reset

> Ripple Counter

N [—

Set Output Frequency and
Mode

- — — — e — o)
©-2012 Microchip Technology Incorporated. All Rights Reserved: ' 1610 CLC




MICROCHIP Mode & Frequency ..
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Increment
@16
(1)
Buffer
16
’:/20 | Adder | | Overflow
A
——+{> Accumulator
s 20
| 3
/ NxPWS<2:0>
NCOx Clock >‘ R|iplall C‘OL‘thr‘ Reset
r En
NCOxCLK Register
NxPWS<2:0> - - - NxCKS<1:0>
NCOXxINCH Register NCOXINCL Register

Increment <15:8>

Increment <7:0>

©-2012 Microchip Technology Incorporated. All Rights Reserved:

1610 CLC
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mcrocwe  Numerically Controlled Oscillator
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4 I
p Set NCOxIF flag
) To CLC and
[ ) [ ) CWG modules
—Pp To NxOUT bit
Clock Set Output

- | TRIS Control
Selection and Mode
SOV 2

NxPFM

‘ Source » Frequency» ~~ NXOE »

NxPOL

Output Control

©-2012 Microchip Technology Incorporated. All Rights Reserved: 1610 CLC
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MicRoCHP Output Control

MASTERs 2012

p Set NCOXxIF flag

To CLC and

l CWG modules

e To NxOUT bit

—— NxOE

| TRIS Control

NCOxCON Register
NXEN NxOE NxOUT | NxPOL - - - NxPFM

© 20712 Microchip Technology Incorporated. All Rights Reserved. - - 1610 CLC Slide 44
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TASTERs 2012 How does it work?

The NCO can produce some pulses that are 1 clock
period smaller than the regular pulse.

By this averaging (dithering/spreading), the NCO period
increments achievable are much smaller than one CPU
clock.

If we pulse 3 clocks wide, but every second pulse is one
system clock shorter the average pulse width would be
exactly 22 Tgyg, an increment of less than 1 clock
period

By using this period for timing the PWM pulse width we
can adjust it by increments effectively much smaller
than the CPU clock (on Average)
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Lab 2

© 2012 Microchip Technology Incorporated. All Rights Reserved. . 1610 CLC
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Clock

Data

1 01 0 0 1 1 1 0 0 1

Manchester
(as per G.E. Thomas) - .

Manchester
(as per IEEE 802.3) = -

©2012 Microchip Technology Incorporated. All Rights Reserved. . 1610 CLC
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NCO Timing

If we synchronize our signal on the
middle transition then we must use NCO
in pulse frequency mode to generate an
overflow at % bit time to best capture the
correct data.

Manchester Signal

r _ NCO Clock Frequency * Increment Value
overflow — b

n = accumulator width in bits

i i i i i i
| | 1 | | |
1 ! 0 | 0 | = 1 | 0 | = 1 | & 1
I l | I
| | I I
Start Bit | i I I
| | i |
T | T |
| | | I ] ] | | | | | |
’ !, ' { ' f ' ,’ ' — ’ ’,
% bit timei % bit timeE % bit timei % bit timei % bit timei % bit timei
| | | I I I
| | it 4 — Sl o I
Q@ I o () ) | D O
| a e ol ' a e 2
e |- E - & I E HeE =
I @ I @ 1 (O [ [ @ I (@
| N ) LN R B2 D
—X -~ : I ; I
Decoded Data | E ; | | |

. - -~ : _
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NCO Timing

The Manchester signal is running at 25 kHz, which
gives us a 40 us cycle time

Lab 2 - Manchester Decoder

% of that is 30 us, which is 33.33 kHz.

Plugging it in to our equation gives us:

NCO Clock Frequency * Increment Value 16 MHz(Internal Clock F__) * Increment Value

overflow — an - 220
n = accumulator width in bits
i -
30us pulse = 33.33 kHz = 16 MHz * Increment Value = Increment Value = 2184 = 0x0858

220

NCO Increment = 0x0888

1610 CLC Slide 49
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RA1

e - - T : _________________ !
X
NCO MSSP
CLK OuT,

I 1!

: I
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This stage captures the incoming encoded data and samples it every % bit
time to produce the decoded data

1610 JCILC
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Decoded Data

To CLC 1 1In

Encoded Data

This stage ensures that every encoded mid-bit transition produces a rising
edge for the next stage (Synchronization)

~ ©2012 Microc —— 1610 CLC
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CLC 2 Ouitl
|

|
j Fosc

To NCO Clock In

This stage takes the previous rising edge and starts clocking the NCO. It also
ensures that the NCO continues clocking until it overflows if the input to this
stage goes to zero

- . = = — =5 5 o .
©-2012 Microchip Technology Incorporated. All Rights Reserved: . 1610 CLC Slide 55




MICROCHIP
MASTERs 2012

AR RN
e e R S S s s R S

FOSC

CLC1 out A A A A A A A A
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NCO

Decoded Clock
cLc1out \CLK OUT

This stage generates the % bit time to create the clock. Combined with the
previous stage, it also keeps the input clock present until the output goes
low (overflow)

©2012 Microchip Technology Incorporated. All Rights Reserved. 1610 CLC
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Input
What does it do? Selection

generates a complementary  ——BRSELS CWGA
waveform with dead-band | inaiea |
delay and auto-shutdown
capabilities from a selection of
Input sources.

CWG1B
—>

Deadband
Control

N Auto
= Shutdown

" y.

— R e
orporated. All Rights Reserved. . 1610 CLC
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4 )
—>
N Inpu_t
—_ 5 Selection 3
GxIS —/—\I\
async C10UT —
Clock async_C20UT —— Input Source
Selection BWM1OUT ——
PWM20UT ——
Deadband PWM3OUT —
Control PWMA4OUT
NCO10UT —
LCT1OUT —
Auto - )
Shutdown
. .

CWGxCON1 Register
GxASDLB<1:0> | GxADSLA<1:0> . GxIS2 | GxIS1 | GxISO

— e e — 3
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/ )

Input
Selection

— Clock

Deadband
Control

Auto
Shutdown

A

Clock Selection

—> Selection — >

CWGxCONO Register

GxCS

Fosc

HFINTOSC

_lmg_dud:

—U

GxEN | GxOEB

GxOEA

GxPOLB | GxPOLA -

- GxCS

12 Microchip Technology Incorporated. All Rights Reserved.
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/ )

Input What does Dead-Band Control do?

Selection

It provides for non-overlapping output signals
to prevent shoot-through current in power
Clock switches.

Selection e Two 6-bit counters
(64 counts of delay)
} —

Deadband

Control e Configurable for rising or falling

edge of input source

Auto
Shutdown

(. A

CWGxDBR and CWGxDBF Registers
CWGxDBR<5:0> or CWGxDBF<5:0>

©2012 Microchip Technology Incorporated. All Rights Reserved.— 1610 CLC
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CWG Clk
PWM1 N\ N\
CWGXA  — , ,
1 1
—>! e—>!
| | | | | | | |
1 |
CWGXB Risin!q Edge Falling IIEdge Rising Edge Falling Edge
Deadband Deadband Deadband Deadband

©2012 Microchip Technology Incorporated. All Rights Reserved.— 1610 CLC
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Input
Selection

(04 [oYo] ¢
Selection

Deadband
Control

> Auto
—> Shutdown

.'\

D —

Auto Shutdown

What does Auto-
Shutdown Control do?

Forces an immediate override of
the CWG outputs allowing a safe
shutdown of external circuitry.

o0
2012 Microchip Technology Incorporated. Al Rights Reserved. .
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Selectable shutdown conditions:

e Software generated
e External input pin (CWG1FLT » GxASDFLT)
e Output of CLC (LC10UT » GxASDCLC2)

The shutdown state can be cleared
automatically or held until cleared by

software.

e GXARSEN Enables automatic hardware restart
e GXASE indicates if shutdown has occurred

CWGxCON2 Register
GXASE | GXARSEN - - - - GxASDFLT |GxASDCLC2
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Auto-Shutdown using Auto-Restart

| No Shutdown t | Tri-State (No Pulse) A | |
| Shutdown - Qutput Resumes | |

' ! Shutdown Event Cleared and ' ! !
| | | GxASE Cleared by Firmware | |
|

CWG Input |
Source | | | | / | | |
|
| | i ! | | |
Shutdown Event | | | | | |
] o | | |
| | | | | |
GxASE
| | ! | | |
|
| | |
CWG1A | : |
|
|
|
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Auto-Shutdown without using Auto-Restart

| | | | ! |
| | Shutdown Event Cleared | GxASE Cleared by Software | |

|
CWG Input | |

Source | ' >

| | | |
| | | |
Shutdown Event | I | ! p. | |
L L | / | |
L | | | |
GxASE
] o | ) |
|
L o
CWG1A | | : |
L
L
| |

|

|
No Shutdown f | Tri-State (No Pulse) | |
Shutdown | Output Resumes |

|

. £
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Example Applications

e Switch Mode Power Supplies e Motor Drive
e LED/Fluorescent lighting e Power Factor Correction
e Battery Charger e Class D Audio Amplifiers

PWM — CWG " Motor

Ex: Half Bridge Circuit using CWG
Use CWG advanced features to provide dead-band control, auto shut down

— O i e

—__ _ ___________-____ _ _
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MICROCHIP

Lab 3
Driving a Motor with the
CWG

© 2012 Microchip Technology Incorporated. All Rights Reserved. i ~1610CLC
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CWG Setup
Converts PWM signal into complementary form
P-type for efficiency
VDD
Motor Control
CWG
Frequency Duty Cycle P-Type Motor
[,)
Timer 2 PWM FWelA =
N-Type
CWG1B -

OE —— O o
©-2012 Microchip Technology Incorporated. All Rights Reserved: . 1610 CLC
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?’ﬁ"‘ﬁrt MCU Communicator IV, Ver 4.3.1.2 [;_]
- How to setup PIC communicator
: o=
Label Addr  Data Hex—Rish— || | 1. Close jumpers J3 and bottom one on
| el || | el s s J4 on daughter board
| vl || L Refresh Al
| o] g | s 2. Open CLC designer tool
| [v] O | r || L
| 3. Inlower left hand corner, press
| 3] | | O | B8 frirmte “OPEN” button
E— ol
| ] Ll . CommPort — 4. Connect USB cord to board
| o]
= R 5. Select the COM Port (most likely
Bit Control e s 221 9600 [v] COMB) or whichever is the greatest
| (] [ofofofof[o]ofofo |l = number
| BI FFFF FFFF ;-"-_E-;-: 6. Click uopen comm”
Scripts
| v| [LRUN 7. If successful, the firmware version
will no longer be a question mark
“?”

N =3 - . A
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. '@ PIC MCU Communicator IV, V

PIC Communicator [ Fe opions

Firmware Version: 16F1500 Generic Test 3.42.1.1 RB 717

Include File: pl6£150 inc Test
The registers needed are (in order): || La Addr Data Hex  Rish
T2CON T3CON i | BYICF G0 [¥] W Refesh
PWM1DCH e LA
PWM1DCL PWMIDCL - 611 00 @ W Chongs ol
PWM1CON PWMICON  ~ 613 00 m W -
CWG1CON1 CWE1CONT -~ £94 00 W Comm Control
CWG1DBR oo <l eoll o0 W
CWG1DBF CWG1DBF « eazl| oo W C;];J;Enjﬁrt
CWG1CONO CWGICOND  ~ 693 po. W

_ Bavd Rate
Note: Bitontrol 7654 3210 S
Remove all jumpers from J4 and J6 (daughter) - [ofofofo [ofofo]o
Close both horizontal jumpers on J5 (daughter) - ololole [ofafalo

Brripts
s PIC Slider Register 1 okd ~ | | Bl

Label Addr Data
PWMIDCH  [s] 622 [¢] N B

. = —= . 7
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WaSTERs 2012 Applications
Example Applications
e Fluorescent & LED Lighting Control e Motor Drivers
« Neon Lighting Control e Radio Tuning Circuitry
 Lighting Ballast e Class D Audio Amplifiers
e Resonant Power Supplies
A
PIC® Microcontrolle TL vy £
- st 18 :
|~ 2 e
~ NCO |~ CWG [ M 8  ORtimal Current
” >
L Woal Frequency
- W = A Linear Output via NCO
R
>
=
Foog
Ex: Fluorescent Lighting Control - >

NCO used to create linear frequencies for start-up and dimming

Steps

control for lower power and extended lifetime of the fluorescent bulb
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Motor Speed Measurement

Gives a small pulse every half revolution

Design a method using two CLC blocks and the NCO to

measure the period of the two pulses

Motor Pulse

Clock (16MHz)

CLC3 Out

NCO Accumulator

o=
©-2012 Microchip Technology Incorporated. All Rights Reserved: -

N =

!XN"‘ "XN"'

L]
2XN+3X N+

1610 CLC
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Period Measurement

Measures the time between two rising edges
CLC3

I I

I I

Pulse In Q1l— : !

SISISHI i ; ,

RC6> R I Fosc D_ :

I I

I I

I I

|
|
Start Measurement (SW) |
T
|

[ ™

NCO
CLK OUT/ Read Measurement (SW)

— R e
orporated. All Rights Reserved. . 1610 CLC

©-2012 Microchip Technology Inc




MicROCHIP Lab 4 — Motor Speed

MASTERs 2012
CLC3
l'_______--____';
|
I f Clock Divider
I S L
| — |
| D Q1
1 |
' pulse In , Out
: RCH > R Ql
|
I
I

1
1
Start Measurement (SW) I
1
I

This stage toggles the output for every rising edge of the clock
(clock divider)

The reset line is cleared in software when you want to measure the
pulse, and then set when the pulse is captured.

The interrupt flag must be configured on the output falling edge in
order to signal the end of the pulse. The flag can then be polled in
software.

. - .
© 2012 Microchip Technology Incorporated. All Rights Reserved. 1610 CLC
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:

This stage passes the clock to the next stage when the input is high

NCO
CLK OUTS Read Measurement (SW)

This stage times the pulse. The value is read out in software.

© 2012 Microchip Technology Incorporated. All Rights Reserved. 1610 CLC
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Period Measurement

CLC4 CLC2
Use the CLC design tool to implement this circuit i : A :
CLC3 i I ! I
L B q .~ o}
e ] e ]
S CLC1
D QA - TTT=====

Pulse In ~ Q1

RC6

Start Measurement (SW_)

e e e e e e e e e —_—— - e e e e e e e e e e m J

NCO
CLK OUT/ Read Measurement (SW)
Note:

Connect POT2 to the PIC by placing a jumper on J5 on the base board.
Keep the same jumper connections from Lab 3.

Pin 2 of J6 is the top pin. Pin 2 of J7 is the right pin. -Save as “lab4.inc” in:
C:\MASTERs\1610\Manchester Encoder.X\src

— - s e ——— -
- 5
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CLC Benefits

e Increases on chip interconnection of peripherals and I/O
e Integrates hardware functions & saves board area
e Save program code space & frees up resources

NCO Benefits

e Linear frequency control
e Increased frequency resolution

CWG Benefits

e Save Hardware space
e Improved switching efficiencies
e Save program code space & frees up resources
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CWG,
FLASH ram VO 5-bit NCO, 8-/16-bit
Device (Bytes) (Bytes) Pins ADC Comp. DAC Comms. CLC TempInd PWM Timers
PIC10(L)F320 448 64 4 3x 8-bit - - - 1 2 2/0
PIC10(L)F322 896 64 4  3x8-bit - - - 1 2 2/0
‘ PIC12(L)F1501 175K 64 6  4x10-bit 1 ! - 2 4 21
PIC16(L)F1503 3.5K 128 12 8x10-bit 2 " MI2C™,SPI 2 4 21
PIC16(L)F1507 3.5K 128 18 12x10-bit - - - 2 4 21
) EUSART, _
PIC16(L)F1508 7K 256 18 12x10-bit 2 MIZC™, SPI 4 4 21
EUSART,
14K 512 1 12x 10-bit 2 ’ 4 % 4 2/1
PIC16(L)F1509 5 8 X i MIZC™ , SPI /

e o _________,
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