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Before we begin s

Install PSoC Creator 2.2 (if you haven’t already)

= Copy PSoCCreatorSetup 2.2.exe from the USB drive onto your desktop
= Launch PSoCCreatorSetup 2.2.exe

= Follow installation prompts (typical)

= Raise hands for issues / questions

Copy the following Folder from the USB-drive to your desktop
= Intro to PSoC3_ 5LP Workshop Q1 2013
= Don’t Place it too Deep in your Directory Tree

Verify you have the required hardware
= PSoC 5 LP Kit (CY8CKIT-050)
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PSoC Development Kit

CY8CKIT-050 PSoC 5 LP




Agenda

9:00 — 9:15 am Setup and Install
9:15 — 9:45 am PSoC 3, PSoC 5LP Architecture Overview
9:45 — 10:00 am Architecture Overview Lab
10:00 — 10:15 am System Resources
10:15—-10:30 am BREAK
10:30 — 10:45 am Digital Peripherals
10:45 - 11:15 am Digital Peripherals — Lab 1
11:15 - 11:30 pm Analog Peripherals
11:30 — 12:00 pm Analog Peripherals — Lab 2
12:00 — 12:30 pm BREAK
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INTRODUCTION TO PSOC 3 AND PSOC 5LP

ARCHITECTURE OVERVIEW
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Section Objectives

At the end of this section you will be able to
= Understand the high-level architecture of PSoC 3 and

PSoC 5LP
* Understand the CPU, Digital, Analog and Programmable

Routing / Interconnect Systems
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PSoC — The Future of Embedded Design SssCrerss
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Traditional MCU architecture PSoC - The future of embedded architecture

Timers/
UART Counter/ USB Program
PWM Memory
1
i
: CPU
! ADC Port-A Port-B Port-C SRAM

PSoC is the world’s only Programmable System on Chip integrating
programmable analog and digital functions, flexible routing and interconnect,

memory and a microcontroller on a single chip.

5P5oC



Programmable System on Chip

PSoC is a programmable system on a single chip
Microcontroller is a sub system of PSoC

Programmable high-precision analog and digital

Flexible routing and interconnect

PSoC Creator™ integrated development environment
80+ production-ready mixed signal Components
Includes the GNU C/C++ compiler and GDB debugger

Leverages ARM ecosystem -
RTOS
Seamless export/debug support @\ — Q“*@::"’I

| (e
8127V3]

PSoC* Creator™ Sofiware ‘ o

-
About PSoC Creator

DIKEIL \
uVision4 » «m || PSoC® Creator™ Software
L A SEGGER _

PSoC Creator 2.1 Nightly Build 607

bt © 1997 - 2005 Kad Saftware. 2005 - 2009 ARM Led Al rghts rserved
Th product i protected by LS and temationsi as

Release Date 06/28/2012
Copyright (c) Cypress Semiconductor 2007-2012

Environment:

PSoC Crestor 2.1 Nightly Buid 607 (2.1.0.607}

[ peee Cuhure: English (United States)

05 Version: Microsott Windows NT 6.1.7601 Service Pack 1
CLR Version: 2.0.50727.5456

PSoC 5LP addresses the need of precision analog integration
on a flexible, low power ARM based system on a single chip.

Installed Cylnstaller Produes:

PSoC Programmer 3.15.1

PSoC Creator 2.0 Component Pack 3

I PSoC Creator 2.1 Nightly Build 607 o

The combination of PSoC 5LP and Creator software allows for
innovation and differentiation with shorter development schedules

11=PSoC 8

=IllwoRrRLD

H
£




PSoC 5LP - Precision Analog 32-bit PSoC=ss¢wuss
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32-bit ARM Cortex-M3 based MCU
Runs up to 67MHz (80MHz in 2H13), 1.25 DMIPS/MHz CPU performance, 1KB Cache

Up to 256KB of Flash, 64KB of SRAM
Communication interfaces: CAN, USB, 12C, SPI, UART, LIN, 12S, and more

Unmatched precision analog integration
Best-in-class accurate & precise 12-bit SAR, 20-bit DelSig ADCs
Precision Analog Components

- OpAmps, Comparators, 8-bit I/VDAC, CapSense, LCD
- Programmable Analog Blocks ( TIA, S&H, PGA, Mixer, etc.
1.024V +0.1% on-chip reference voltage
Fully functional analog from 1.71V to 5.5V

The most flexible low power PSoC
Programmable analog and digital with flexible routing and interconnect
Device startup with Boost from 0.5V

Industry’s widest device operating range 0.5V to 5.5V

Lowest power consumption
Consuming 300 nA in hibernate mode while retaining CPU, SRAM, device configuration, can wake up on 10s

The most flexible low power system on chip with precision analog and easy to use software

UIZPSOC 9
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PSoC 3/ PSoC 5LP Platform Architecture=#cresess
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CLOCKING
SYSTEM

POWER
MANAGEMENT

POWER BOOST
FROM 0.5V

CAN 2.0B

FSUSE 2.0

MCU

ANALOG SUBSYSTEM
ANALOG | ANALOG il ANALOG ] ANALOG DIGITAL
BLOCK | BLOCK ¥ giock § BLOCK FILTER BLOCK
SAR SAR
DEL-SIG ADC ADC ADC
BB

B

DMA

JAIYA 13341a ad1

ISN3SdVI

CORTEX M3/
8051 CORE

DIGITAL SUBSYSTEM

TIMER
COUNTER]
FM

INTERRUPT
CONTROLLER

TIMER
COUNTER]
FM

DEBUG &
TIMER
TRACE COUNTER

FM

TIMER
COUNTER]
FM

JTAG/SWD

PROGRAMMABLE ROUTING AND INTERCONNECT
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MCU Subsystem

CLOCKING
SYSTEM

POWER
MANAGEMENT

POWER BOOST
FROM 0.5V

EMIF

CAN 2.0B

FSUSB 2.0

B

CORTEX M3
8051 CORE

INTERRUPT
CONTROLLER
DEBUG &
TRACE
JTAGISWD

MCU

ARM Cortex-M3

= Low power, low interrupt latency, 32-bit CPU

= Broad support for middleware and applications
= Up to 67 MHz; 83 DMIPS; 1KB Cache Memory
= Enhanced v7 ARM architecture

= Thumb2 Instruction Set

= 16- and 32-bit Instructions - no mode switching
req.

= 32-bit ALU; Hardware single-cycle multiply&divide

= Single cycle 3-stage pipeline; Harvard architecture

8051

= Low power, 8-bit CPU

= Broad base of existing code and support
= Up to 67 MHz; 33 MIPS

= Single cycle instruction set

11



MCU Su bsyste m P/ CYPRESS

POWER BOOST

FROM 0.5V
CORTEX M3
8051 CORE

EMIF

CAN 2.0B INTERRUPT
CONTROLLER
) DEBUG &
' TRACE
FSUsB 2.0 JTAGISWD

MCU

High Performance Memory

= 256KB Code and 32KB Flash Memory with ECC
= High ratio of SRAM to flash; 64KB SRAM

= 2KB EEPROM

= External Memory Interface up to 16MB (EMIF)

Powerful DMA Engine
= 24-Channel Direct Memory Access
= Access to all Digital and Analog Peripherals

= CPU and DMA simultaneous access to
Independent SRAM blocks

On-Chip Debug and Trace
= |[ndustry standard 2-wire SWD, 4/5-wire JTAG
= On-chip 4bit data width TRACE, SWV

12



MCU Subsystem
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CLOCKING
SYSTEM

POWER
MANAGEMENT

POWER BOOST
FROM 0.5V

CAN 2.0B

FSUSB 2.0

CORTEX MY
8051 CORE

INTERRUPT
CONTROLLER
DEBUG &
TRACE
JTAGISWD

MCU

Clocking System
= Multiple Clock Sources
« Crystal-less Internal Main Oscillator
- External MHz crystal input
- External clock inputs
« Clock doubler output
* Internal low speed oscillator
- External 32 kHz crystal input
« Dedicated 48 MHz USB clock
* PLL output

= 16-bit Clock Dividers
8 Digital Domain
* 4 Analog Domain

= PSoC Creator Configuration Wizard

= PSoC Creator auto-derives clocking sources / dividers

13



MCU Subsystem

CLOCKING
SYSTEM

POWER
MANAGEMENT

POWER BOOST
FROM 0.5V

EMIF

CAN 2.0B

FSUSB 2.0

MCU

Dedicated Communication Peripherals

= Full Speed USB Device

8 bi-directional data end points + 1 control
end point

* No external crystal required

e Drivers in PSoC Creator for HID class
devices

B

CORTEX MY
8051 CORE

= Full CAN 2.0B
* 16 RX buffers and 8 TX buffers

INTERRUPT
CONTROLLER
DEBUG &
TRACE
JTAGISWD

= |2C master or slave
« Data rate up to 400 kbps

« Additional 12C slaves may be implemented
in UDB array

« Multi-Master mode supported

14



MCU Subsystem

Power Management
0 = Industry’s Widest Operating Range
* 0.5V to 5.5V with Boost

het = The only Single-Cell Battery operated ARM
embedded processor — PSoC 5LP

MANAGEMENT

POWER BOOST

FROM 0.5V _
051 CORE. = High Performance at 0.5V
PSoC 3 and PSoC 5LP @ 67 MHz

EMIF
[ ]

CAN 2.0B
1 = 4Power Modes (Active, Alternate Active, Sleep
and Hibernate)
- [Easy to use APIs in Creator software for

FS USB 2.0 Power Management

MCU

15




Designed for Low Power / Low Voltage =#cmmss

Highly configurable clock tree
Most flexible, automated clock

CLOCKING

i
SYSTEM ] e uDB & | uos || ups [l

Universal Digital
Blocks

Implement features in
hardware that reduce
CPU processing
requirements, lowering
power consumption

U UDB §f UDBE

EEEREM uoe J| uos || uoe f§ ube PRl
o

POWER
MANAGEMENT

oma IUDB upe J uoe j uoe cégﬁ"m

I UDE § UDE § UDB § UDB

UDB § UDB § UDE §§ UDB

POWER BOg
FE g
CORTEX M3/
8051 CORE

SUBSYSTEM

INTERRUPT

Cached Operations
Execution from flash :

memory is improved by
caching instructions
(PSoC 5 only)

PROGRAMMABLE ROUTING AND INTERCOMINECT

FsusB20 ITAGISWD

PLL allows 4032 different Communications Peripherals
Reduce external component counts

and lower overall system power
consumption

frequencies, tunable power
consumption

16
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Low Power Modes

Digital Analog Clock

Power Code REE
PSOC 3 Mode Current Execution Resources | Resources resources Sources Sources
8051 Available Available Available
. 1.2 mA
Active @ 6 MHz Yes All All All N/A All
Comparator ILO/ CMP, PICU, XRES,
Sleep 1 uA No 12C (CpMP) 32kHz I12C, RTC, LVD,
ECO CTW, LVD WDR
Hibernate 200 nA No None None None PICU XFVEDS
Digital Analog Clock
PSO C 5 L P COdE.’ Resources Resources resources WWakeup RS/l
Execution ; ; : Sources Sources
ARM Available Available Available
Cortex-M3 Active Sl Yes All All All N/A All
@ 6 MHz
Comparator ILO/ CMP, PICU, XRES,
Sleep 2 uA No None (Cﬁ’wp) 32kHz I2C, RTC, LVD,
ECO CTW, LVD WDR
Hibernate 300 nA No None None None PICU XLRVES

ILO — Internal Low Speed Oscillator ECO - External Crystal Oscillator CMP - Comparator
PICU - Port Interrupt Control Unit RTC - Real Time Clock CTW - Central Time Wheel
LVD - Low Voltage Detect XRES — External Reset WDR - WatchDog Reset

1ZPSoC
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Programmable Analog Subsystem
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Programmable Precision Analog

Flexible Routing: All GPIO are Analog I/O

Precision analog
= 8to 20-bit Delta-Sigma ADC
= Two 1Msps 12-bit SAR ADCs
1.024V +0.1% accurate on-chip reference voltage

4x Comparators

= 4mV Input Offset, 75ns response time, Max 32mV Hysteresis
Ultra low power mode with CPU wakeup capability
4x OpAmps
2mV Input Offset, 3MHz Bandwidth, 25 mA drive capability
4x VDACs / IDACs
1Msps £2.5 LSB INL VDAC or 8Msps £1 LSB INL IDAC,;
8-bit resolution, =1 LSB DNL

Analog Mux

Up to 62 inputs; routing from any pin to all analog
Components

4x SC/CT(switch capacitor/continuous time) blocks

= Configurable to PGA, TIA, Mixer, Sample & Hold, and other
functions

ANALOG SUBSYSTEM
ANALOG ANALOG ANALOG ANALoG | DIGITAL FILTER
BLOCK BLOCK BLOCK BLOCK
4@4@ OP-AMP POP-AMP
DEL-SIG SAR SAR
ADC ADC ADC
D B

EN\i=[el
10341 do1

3ISN3ISAVYO

LCD direct drive

up to 46x16 segments (736
Segments)

= Capacitive touch sensing
= onall 62 GPIO pins
« Digital Filter capability
24-bit filter co-processor
up to 4 HW IIR & FIR filters
Two separate filter channels

YPRESS'

PERFORM

Four cascaded filters per channel
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Programmable Digital Subsystem =/ Croniss

UDB - Universal Digital Block

DIGITAL SUBSYSTEM

= Programmable logic-based digital system
comprised of 24 UDBs '
= Each UDB consists of: UART #1
= 8 Macro Cells
. . UART #3 UARS
= 8-bit Datapath and Registers il B #2
= Flexible Interconnect TIMER
= 24 Inputs, 8 Outputs -
= Flexible Routing allows any GPIO to digital /0 i UbB
= Build custom logic functions and non-standard SP| Master
Interfaces
= Build unique and differentiated functions like oo
S/PDIF, PRS, SGPIO controller, and more S — po o ro S
= Offload traditional CPU functions to hardware {R' ‘(m) TTS’
state machine, LUT, math functions L— I
= Build functions with Cypress supplied primitives | |
or even write your own Verilog Components in “ ' ‘ '
Creator RN | T Y >
: PSOC outing Channe

WORLD 19



Programmable Digital Subsystem
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Organized 16-bit Timer/Counter/PWM Blocks

Provides nearly all of the features of a UDB
based timer, counter or PWM

PSoC Creator provides easy access to these
flexible blocks

Each block may be configured as either a full
featured 16-bitTimer, Counter or PWM. Two
blocks may be combined to make it 32-bit

Programmable options

= Clock, enable, reset, capture, kill from any
pin or digital signal on chip

= |Independent control of terminal count,
interrupt, compare, reset, enable, capture
and kill synchronization

Plus

= Configurable to measure pulse-widths or
periods

= Buffered PWM with dead band and Kkill

=PSoC

ORLD
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Programmable Routing/Interconnect

Input / Output System

Three types of 1/0
« GPIO, SIO, USBIO
Any GPIO to any peripheral routing

Wakeup from sleep on analog, digital or 12C
events

Programmable slew rate reduces power and
noise

Eight different configurable drive modes
Programmable input threshold capability for SIO

Automatic and custom/lock-able routing in PSoC
Creator

Four separate I/O voltage domains

Interface with multiple devices using one PSoC 3
/ PSoC 5 device
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P
_cpo |
_cpo |
_cpo |
_cpio |
|_cpo_|
_cpo |

GPIO

GPIO

GPIO

GPIO

GPIO

GPIO

GPIO

SI0
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You should now be able to:

= Understand PSoC Architecture
= Understand the CPU, Analog, Digital and Programmable

Routing and Interconnect Subsystems

22
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INTRODUCTION TO PSOC 3 AND PSOC 5LP

ARCHITECTURE OVERVIEW
LAB - WALKTHROUGH



PSoC Creator 2.2 Interface

Cypress Component  rerrors

- Catalog

= |G S

Overview Lab - PSoC Creator 2.2 [C\..\Overview Lab.cydsn\TopDesign\TopDesign.cysch] s S & i S i 0 i
ebug -

File Edit View Project Build Debug Tools Window Help 7 Schematic file

ENgEHdZals BB X9 Bi TRQ
;|~,1crosoftSansSerf v|10 -||B I U0 A - __’5_‘?‘/*—!;4\';‘&15&::‘ Ah 4 B I -2@‘%*%__,

-4 x ‘Component Catalog (270 components) ~ &

sure that Pin 1 is set to port 6 pin 3 or P6(3). This will set your F+-&8 Analog MUX

-Under the Pins Tab go to Type - P . digital out put to LED4 on the PsoC 5LP Development Board. . . [¢] Analog No Connect
Analog - Unchecked ~[#] Comparator [v2.0]
Digital Input - Unchecked B B B 5.Build the Project by going to Build menu-and-in the drop down click Build = DAC
Digital Output - Checked Overview Lab. This will take some time to build the project " .[e] Cunrent DAC (8bi) [v2.0]
HW Connection - Unchecked =~~~ = 7 Tt Voliage DAC (8-bit) [v1.90
Output Enable.- Unchecked . . . 6.Program the board by going to the Debug menu and in the drop =] ﬂan:a‘ Ssuhng (&0 7190

il i - d lick P =

Bidirectional - Unchecked own click Frogram 8] Mux Constraint

7.Push the Reset button on your board located near Port D ~[¢] Net Constraint
LT [¢] Net Join
Now you should see LED 4 Blinking ~[¢] Net Tie
ST T T T Resource Constraint
Resource Reserve
Stay Awake
Terminal Reserve
-[2] Mixer [v2.0]
[¢] Sample/Track and Hold [v140]
< M | 3

3% @
L Y
/] @ Lab objective - To make LED4, on your PSoC SLP Development Kit, blink. This should teach you how to
) Al opjective - 1o make LELS, Foqle BLF Lievelapment Kit, Mink, This should teach you how i i
£ place and configure components. Cypress ]/Oﬁ{l‘lp I 4
e a L i Cypress Component Catalog
[ Analog
al| N 188 ADC
=X ADC Vssa [v1.20]
B WI re to 0 I L _[#) Delta Sigma ADG [v230]
g = 2 to set Project 2 to aclive project by right clicking on the project under.the workspace explorer. . SARADC [v2.0]
B [=-&8 Amplifiers
; o Inverting PGA [v2.0]
b 2. Drag and Drop Digital Output Pin Here X §
g T 3.In the Workspace Explorer double click on the .cydwr file to open - gpamp [V: ;J 2
3] Design Wide Resources. PEEATVDQ[;]. 1)
7}
4.Within the Design Wide Resource tab look under Pins and make = | TIA [v2.0]
g
£
i

[1] cydevice_trm h
- cydevicegnu.inc

Component Preview

[ cydevicegnu_tm.inc Page 1 a4
- cydevicerv.inc
[ cydevicerv_tm inc Output = & x‘
(1] cyfitterh Show output from: All - =X
Iﬂ cyfitter_cfg.c
1] cyfitter_cfg.h SRAM used: 304 of 65536 bytes (0.5 %). -
a cy-ﬁne’-;nurim ——————————————— Build Succeeded: 01/25/2013 13:45:28 —————————————
1 cyfitternv.ine "~ | Datasheet
[W] project h
o

Workspace Explorer

=IlllwoRrLD 24



Architecture Overview Lab =/ CYPRESS

Lab Objective
= To make LED4 on your PSoC Development Kit blink.

= To learn how to place and configure components in PSoC
Creator

—P ®
W 25




Architecture Overview Lab == CypRess

Mame

= Open Labs Directory

. Labs
'@ Intro to P5oC 3_5LP Workshop PowerPoint Q1 2013, pdf
Eﬂ Intro to P5oC 3_5LP Workshop PowerPoint Q1 2013.ppt

= Open Intro_Overview Directory ... ’
J Intro_Labl
Intro LabZ
| , Intro_Owerview
ntro to Poole 3_o0F Workshop Lab Instructions, pdf

= Double Click ‘Overview Lab.cywrk’

Mame

| Backup
Dipemadsgs Lal oo
| 1 Overview Lab.cywrk
[ Overview Lan.Cy Wik Efmi
|| Overview Lab.cywrk.rd

]

QR LD 26
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Architecture Overview Lab 5C¥f’§§§§°

wu

'bmm-m@m}zlﬁpmmywamﬂW#i - m— — _ S 1. Set PrOJeCt as aCtlve

Fibe Edit Yiew Project Build Debug Jools Mindow Help

R 0= A N RS ‘p iR Wn A E L Detug A | = -
TS TTCrTIT T T e v T PR project by right

Worispace Explorer =AX S Topiesignoysch

o ﬁ— CliCking on the

=] ‘l\'ﬁlkspuu Chobviniar Lok |1 Prcgicts)

.
) Tm P Lab obhjoctvg - To & LEDH, on your PEC SLP Dovelopmant Kit blink, This -
I TopDesign cyach L SR R e nca nrd candigur t d th
T : im-l':::bm a o placa an 'h:nr' MLns COmpOnans prOJeC un er e
8] dervice b 3 Byild Overview Lab |
/ i [ cmomnima | workspace explorer
£ Genersbed_Soune (5 Cleap and Build Ovarview Lab | 1. Make sure to set Project 2 1o active project by sight clicking on the project .
Update Components. . 2. Drag and Diap Digial Outpia Pin Here . the Workes . aS S h Own . P rOJ e Ct
44 Copy Cirl+C I "Dn':.-qn Wide F-tn'sc:-: -
e will then be
§ Hir

mor Fom e s NIGhlighted in Bold.

LI:'T

Renarme F2
Undoad Reload Progedc

. Progra Ihb-:!-:lb'
e Ih

Bependencies..
Build Qirder,

e U2, Then, expand the

Archive WonspaceFroject

2| Export to IDE (Cverview Lab).. Slgn to the Ieft Of

# Project Resources
Eunld Settangs

d oo _ | Project to view
—_—_ = =
e project files. Double-
A e A mmm— click the schematic
file
“TopDesign.cysch” to
open it

--------------- Build Succeeded: 01/25/2013 13:45:29 -—==---=mommeee

27



Architecture Overview Lab
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3. From the “Component catalog” on the right side of the screen,
drag & drop “Digital Output Pin” under “Ports and Pins” into the
box (as shown below)

Component
Catalog Box

_ __ _atalog (270 components) ~
NG W W
88 &
Cypress | Off-Chip |

[¢] ResistiveTouch [v1.20]
[¢] Segment Display [v1.20]

Workspace Explorer (1 project) -7 ’(| Start Page /” *TopDesign.cysch
B

*Workspace 'Overview Lab' (1 Projects)
4] Project "Overview Lab' [CYBCS868AXI- P35

Lab objective - To make LED4, on your PSoC 5LP Development Kit, blink. This should teach you how to
place and configure components.

b [39 Overview Lab.cy
EH) Header Files

(1] device h [¢] Segment LCD - Static [v2.20]
EHCY Source Files [¢] SegmentLCD [v3.30]
B @ main.c E-@a External

=3 Generated_Source - 1..Make sure to set Project 2 to active project by right clicking on the project under.the workspace explorer. - . B . . [¢] Annotation No Connect
Filters
[¢] Digital Filter Block (DFB) Assembler [v

. ) i (] Filter [v2.10]
3.In the Workspace Explorer double click on the .cydwr file 1o open Fixed Funciion

Design Wide Resources.
ST Ports and Pins

S I L
TO p DeS I g n o S —— jthin the Design Wide Resource tab look under Pins and make = 2 Analog Pin [v1.30]
. . = 6 pin 3 or P6(3). This will set your [e] cy_pins [v1.80]
SC h e m at I C f I I e B . -Under the Pins Tab go to Type - P . digital out put to LED4 on the L . |2 Digital Bidirectional Pin [v1.80]
Analog - Unchecked |} Digital Input Pin [v1.80]
- . * Digital Input - Unchiecked ~ . R 5.Build the Project by going to Build menu-and-in the drop down click Build |k Digital Output Pin [v1.80]
Digital Output - Checked Overview Lab. This will take some time to build the project Power Supervision
HW Connection - Unchecked . & Power Monitor - 8 Rails [v1.30]
. Output Enable - Unchecked . . . 6.Program the board by going to the Debug | & Power Monitor - 16 Rails [v1.30]

T Pin Component = 2ras srsio

7.Push the Reset button on your board locat [l Power Monitor [v1.30]
|24 Trim and Margin - 8 Rails [v1.10]

:NOWE you: Sho:uld :see \:.ED:4 B\:i N D r ag an d D r O p & Trim and Margin - 16 Rails [v1.10]

B/ 00@

guauodwog

2. Drag and Drop Digital Output Pin Here

qeq

A Z

|2 Trim and Margin - 24 Rails [v1.10]

(o] TrimMargin [v1.10]

|#} Voltage Fault Detector - 8 Rails [v2.10]
|24 Voltage Fault Detector - 16 Rails [v2.1C
|74 Voltage Fault Detector - 32 Rails [v2.1C
[¢] Voltage Fault Detector [v2.10]

< [ | r

Component Preview

ar

‘Output "”“ . R o TR -

=lllwoRLD 28



Architecture Overview Lab

4. Double-click the component to open it in configuration
mode and check the configuration as follows:

place and configure compone

Lab objective - To make LED4, on your PSoC 5LP Development Kit, blink. This should teach you how to
i : nents.

1..Make sure to set Project 2 t{ | Name: Pin_1

Configure 'cy_pins’ v %
/" Pins | Mapping |~ Reset | Built-in qb

2. Drag and Drop Digital Outp MNumber of Pins: 1 | A Ee » | H 2 |

n G
V| Digital Qutput
Digital Output - Chech S

[] Show External Terminal

HW Connection - Ung [C] HW Connection ="
Qutput Enable. - Unch
Bidirectional - Unched [ Output Enable

[ Bidirectional

[All Pins] Type | General | Input | Output
.HPinl0
L == [] Analog Preview:
[ Digital Input
Under the Pins Tab go {
Analog - Unchecked —
Digital Input - Unche

P

Datasheet

OK

|| apply || cancel

Analog -
Unchecked

Digital Input —
Unchecked

Digital Output —
Checked

1> HW Connection —

Unchecked

Output Enable —
Unchecked

Bidirectional —
Unchecked

29



Architecture Overview Lab
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.

open Design Wide Resources

u Overview Lab - PSoC Creator 2.2 [C:\..\Intro_To_PSoC5LP.Bundle01_new\Overview Lab.cydsm\Overview Lab.cydwr] ...

| —— —

In the Workspace Explorer double click on the .cydwr file to

= | (5]

File Edit View Project Build Debug Tools Window Help
BNASHII Al @ X9 e iR e ;&R iDebug -
RNk B3

|Wor1¢space Explorer (1 project) -2 ‘ Start Page | *TopDesign.cysch / *Overview Lab.cydwr]|

EE’E E

d| *Warkspace 'Overview Lab' (1 Projects)

m

TT—II_IHI—FT—ITMF BIEIERIREE

Kl

. Pa| Project 'Overview Lab' [CY8C5868AXIH P35

. T EEZEEEZTEEZE
@TBDDEIQHCYSC?‘I % % = & 22RE EE
7 EE
=3 Header Files -
0] device.h F2[5] Trace
Source Files
€] main.c

Generated_Source

susuodWoD

Design Wide Resources
“.cydwr” file

<

_—

YBCOH8E8AXILPO3S

Opfmpr FOA)

Vidiod
Cpamp-, DEM:Extiiref PO[Z]
CpAmp PO[Z]
Opémp:out PO[1]
Opémp:out PO[D]
Pa[T]
P40
Pi2[3]
Pi2[7]
ssd
Vdda
sz
Vi
e
e

o
g

(o e = B

Alias Name / Port Pin Lock

E e5 100-TQFP e
17 Psi1] ne
ez we
[18 | ps[3) e
e P1[0] SWD:I0, JTAGTMS KTAL_22kHz:Xi P15[3]
P1[1] SWD:CK, JTAGTCK XTAL_32%Hz Xo P13[2]
22 | Pi[2) XRES 2 12C0:504 P12[1]
DEBUG P1[3] SWD:SWV, JTAGTDO & & § I L Pi2[0]
[24 | P14 JTAGTOI s 3 ; Opamp out P3[7]
[25 | P1[5] JTAZATRET = Z 2 E OpAmp out P3[E]
i 383zzgegt
- _ i3 EEzz 1ii 5 Pin_1_0- Digital =
fE=85spE5c853§ 5, ., F5EEEEE 3
Szt R EEEEZEES S =D EEERBEE >
- BEEEERREGEE [I|-|: EREKCERR g
= = =
2 2 2 4 i
@ Pins [ W\ Analog | (® Clocks | 3# Interrupts | 25 DMA | [ System | Z| Directives Flash Security | qr
|Oulpul ~ 1>
Show output from: All - =K
SRAM used: 304 of 65536 bytes (0.5 %). -
Build Succeeded: 01/25/2013 13:45:29 ——-
|
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=y CYPRESS'

Architecture Overview Lab =9/ CYPRESS

——
—_——

Wy

6. Within the Design Wide Resources tab, select the Pins tab (below the chip)

7. On the right hand side of the screen, make sure that Pin 1 is set to port 6
pin 3 or P6[3]. This will set your digital output to LED4 on the PSoC
Development Board.

8. Build the Project by going to the Build menu and in the drop down click
“Build Overview Lab”. This will take a minute to build the project.

{2} Overview Lab - PSoC Creator 2.2 [CA\..\Intro_To_PSoC5LP.Bundle01_new\Overview Lab.cydsn\Overview Lab.cydwr] = w28 -
File Edit View Project | Bui
Design Wide R tab
e | o e esign vvide rResources ta
Woarkspace Explorer (1 projeq® Clean and Build Overview *TopDesign.cysch » *Ovel
) | N Alias  Name Port Pin Lock
8 “Workspace Overviewlab (1| | —————————————|
&3] Project "OverviewLab' | ‘mn} |p5[31 Elgz |Z|
| &F TopDesign cysch I~
P [OverviewLab. & Generate Application
=+ Header Fil les [Z)l Generate Project Datasheet
B
Build Overview Lab
§
g = . .
g o .
i : Set Pin 1to port 6 pin 3
5 Vasa
11 5] = = veda Bl 5.0
= S= —e or P6[3]
c Vet — Vezs |3
K= — e
B xees. CYBCS5868AXI-LPO3! e
6 | P 100-TQFP e
7| e e
s v
- ~ [l
s [
201 |58
- !
Pins tab |

< Pins [ W\ Analog | (@ Clocks | # Interrupts | %5 DMA |. %% System | | Directives | 2] Flash Security
Qutput

Show output from: All

SRAM used: 304 of 65536 bytes (0.5 %).
--—————--—————- Build Succee ded: 01/25/2013 13:45:29 —————————-—mmm
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Architecture Overview Lab # CYPRESS'

9. Atthis time, if you haven't already, plug in the USB cable from the kit (as
shown in the picture below) into the board and plug in the other end into

the computer.
If this is the first time that you are plugging in into the board, you may have

to go through driver installation.

5
M

‘\-P ®
-
Hiw 32
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S CYPRESS'

PERFORM

Architecture Overview Lab

10. Program the board by going to the Debug menu and click Program from
the drop down list. Programming should take just a minute. You may have
to select your kit and follow the steps to click on “Port Acquire”.

11. Push the Reset button on your board located near Port D
Verify that you see LED 4 Blinking.

1 Overview Lab - PSoC Creator 2.2 [C:\..\Intro_To_PSoCSLP.Bundle01_new\Overview Lab.c De b u g t ab
File Edit View Project Build | Debug ﬁ Window Help

SEH@SA %6 Windows + bug .

LRt N 4K F 38 % Program Ctrl+F5 g Prog ram

Workspace Explorer Select Debug Target.

] Debug 5
] Workspace ' Overview Lab' (1 Projects),
£ 72| Project 'Overview Lab' [CY8CS|
{8 TopDesign.cysch
&P Overview Lab.cydwr
&0 HeaderFiles
5] device h
£ Source Files
) [mainie >
£ Generated_Source
EHD PSoC5 ’
{22 cy_boot
13 cm3gecid
1) Cm3RealView.scat
[c] Cm3Start.c
] core_cm3.c
»] core_om2h
(1] core_cm3_psoes h
i CyBootAsmGnu.s
i CyBootAsmRv.s
¢ CyDmac.c
n] CyDmac.h
6] CyFlash.c
9] CyFlash.h
&) cyLibe
[n] CyLib.h
o] cypins.h 2|#
gl cyPm.c
] cyPm.h
€] CySpe.c
[n] cyspe.h
[0 cytypes h
&) cyutils.c
D Pin_1
& Pin_1c
(8] Pin_1.h ; 5 2
[0 Pin_1_slisses h <G# Pins |\, Analog | () Clocks | ## Interrupts | 5 DMA | % System | £ Directives | (] Flash Security 4P
[ cydevice h
1 cydevice_tm.h Output v i B3
1) cydevicegnu.inc Show output from: All =
1 cydevicegnu_trm.inc
1 cydevicerv.inc
(3 cydevicerv_tm.inc
] cyfittern
6] cyfitter_cfgc
(1] cyfitter_cfg.h v la
< il » |+ wotice List| output

Alias  Name Port Pin Lock

|pin 1 |26ra []e2 [~]

Debug without Programming ~ Alt+F5

Attach to Running Target.

VB M X

Toggle Breakpoint 9

New Breakpoint »

EREET =

CYBC5868AXI-LPOS
100-TQFP

n

G- 1-1-1-1-I- E e e

bR

2

E : z q :

Verify Checksum... a
A Device 'PSoC 5LP CYBCS5868AXI-LP035' was successfully programmed at 01/25/2013 15:23:30.

l )
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RESOURCES



Section Objectives ) Croncss

At the end of this section you will be able to
= Understand the system block diagram of PSoC 3 / PSoC 5LP devices
= Understand and use the PSoC 3 / PSoC 5LP System Resources,
including:

* Power System

* Programming and debugging

« Configuration and boot process

* Resets

 Clocking

« Memory and Mapping

- DMA and PHUB

e

* Interrupts

BRLID "



ystem Block Diagram B/ C s
Analog Interconnect
Digital Interconnect t
]
w SYSTEMWIDE DIGITAL SYSTEM S —
E RESOURCES Universal Digital Block Array {24 x UDB) CAN 12C
133 MHZ L) 11-msr Caadraiire Dec cdar = BN 2.0 Master/
(vt | e [ e | e
1 I' Xtal — —
=] ‘ ] - USB D+
Q—H_'_ 4 Osc o e o e F52UOSB o [ 0
= TR S-BITSPl —— Timer i
= ﬂ Counter
@ z ‘ HeE ‘ Ve ‘ PWM
= 1Mo
%f_' Lol |;
32.768 KHz ]
(Optional) s
q_|| r_| UART =BT P | @
L RTC
I—I?— Timer I
! b l 1 SYSTEM BUS i
MEMORY SYSTEM CPU SYSTEM Program & 12
WwWDT ?
and . = 8051 or Interrupt
Wake EEPROM SRAM -+ ™ Cortex M3 CPU — Controller i
" | C—
N [
[ % EMIF FLASH Pnl:lilf
ILo '
Clocking System t =
R — ANALOG SYSTEM e
. Power Management LCD Direct Digital &
=] System . Filter
—[ Iz Drive Block ADC i
s & k—’
POR and 3 per T
LvD Opamp
4 x SC/CT Blocks
Sleep (TIA, PGA, Mixer etc)
Power SPC ADC
e [Temp erature o
= E } ] i 18VLDO | Sensor N 1% g 2
T - I Del Sig @
= | smp | CapSense ADC
L=}
—
F 3
1 -y
0.5 to 5.5V *
==} {0t )
=
='=PSo
et
- WORLD 37



Power System and Supplies (no boost) =8#cwress

PERFORM

Standard Power Configuration
= No boost pump
= Vdda Vddd >= Vddio0/1/2/3

- Vdda =18 55V ‘I—j;:5 TFF—I%‘:—iﬁ "
= \ .
8 Y j{o]_f

T T oS As 5 S Tiosemy v
3 L T | .
Supply Rules and Usage | o |z
= Vdda: Must be highest voltage in system. . . |
. . . pr========= - eep
Supplies analog high voltage domain and b g (] Regulator i m
core regulator I R
. . . , Mdda |
= Vddd: Supplies digital system core regulators - L o | g [ v | 1.
egulators 1 i
= Vcca: Output of the analog core regulator. N i )y s L
. . Wssa
External 1 uF capacitance to ground is | Analog
required. | — |
.. | |
= Vccd: Output of the digital core regulator. | — |
External 1 uF capacitance to ground is L | Reguisor| |
required. Both Vccd pins must be tied 'S iosumy & g 10 Suppiy E}
Z__wwm S 2 _wowey

together on the PCB and share the 1 uF — or o

capacitance to ground me—“LPF ~ i-{; "\j ﬁ'{m
= Vddio0/1/2/3: Independent I/O supplies. May

be any voltage in the range of 1.8V to Vdda

=PSoC

WORLD 38



Power System (with boost) = Crprsss

Boost Converter Configuration
= Used to generate up to 5.0 V (Vout)

= Battery voltage as low as 0.5 V(Vbat)
= Qutput voltage and current limit based on input Vi Voo Yoo
voltage and boost ratio ey
= 75 mA max current o et 58 L %gj; sne
= 0.5 - 3.6 V Vbat provides 1.8 — 5.0 V Vout i
= Schottky diode required when Vout is > 3.6V %M LBM R
= Synchronous rectification maximizes efficiency _ Converter
= Boost may be used to power external circuits et A Vi

If boost not used
= Vssb, Vbat and Vboost must be tied to ground
= Ind left floating

BRLID 39



Programming and Debug Interfaces

RRRRRR

JTAG

= 4/5-wire Interface
= Supports all programming and debug features

Serial Wire Debug (SWD)

= Standard 2-wire interface for all CY tools and kits

= Supports all programming and debug features with
same performance of JTAG

= Default debug interface in PSoC Creator

Vtarget TMS | 2
Gnd TCK [—4
Gnd TDO —4@

(key) Dl [ &

nTRST/
Gnd  yRres

Vtarget SWDIO

Gnd SWCLK

Gnd SWV

(key)  NC

NTRST/
Gnd  yRes

40



Programming and General Features <=/ CYPRESS

Flash operations
= Erase all
= Erase block — 256 blocks per device, independent of Flash size
= Program block
= Set block security
= Unprotected — No protection
= Factory Upgrade — Prevents external read
= Field Upgrade — Prevents external read and write

= Full Protection — Prevents external read and write as well as internal
write

General Features available through JTAG/SWD
= |/O boundary scan through JTAG interface

= Enable/Disable JTAG and SWD interfaces

= On Chip Debug features enabled/disabled by firmware

=PSoC

ORLD 41



Reset Sources BT ness

= |[POR - Initial Power on Reset
= XRES — External Reset

* PRES - Under Voltage on external supplies Vddd, Vdda
(Precise Low Voltage Reset)

* PRES - Under Voltage on internal supplies Vccd, Vcca
= AHVI —Analog High Voltage Interrupt

= ALVI — Analog Low Voltage Interrupt

= DLVI — Digital Low Voltage Interrupt

* HRES - Hibernate mode under voltage detect

= SRES - User software and/or hardware generated reset
= WRES — Watchdog Timer reset

= JTAG or SWD interface generated reset

=PSoC
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Clocking Sources

= Internal Main Oscillator (PSoC 3): 3-62 MHz (1% at 3 MHz; £7% at 62MHz)
= Internal Main Oscillator (PSoC 5LP): 3-62 MHz (1% at 3 MHz; £7% at 62MHz)
= PLL Output: 24 — 67 MHz
= External clock crystal input: 4 - 25 MHz
= External clock oscillator inputs: 0 - 33 MHz

= Clock doubler output: 12 - 48 MHz

= Internal Low speed Oscillator: 1 kHz, 33 kHz and 100 kHz
= External 32 kHz crystal input for RTC

3-67 MHz
IMO

4- 25 MHz
ECO

0- 33 MHz
Ext Osc

32 kHz
ECO

1,33,100 kHz
ILO

PLL

43
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Clock Distribution ST oness

PERFORM

Clock Dividers
= 16-bit dividers T e B R

= 8 clock source inputs pLL
= 8 digital domain clock dividers

) .. \7 \ 7
= 4 analog domain clock dividers [ Digital Clock Oividef,__ i
' 16-bit
= Provide skew control to reduce
. . . . . - DigitaICIockDividerH .| Bus/CPU Divider I
digital switching noise > e * oo
= 1 CPU divider 5 Digital Clock Divider

16-bit

Digital Clock Divider
16-bit

\ 4

UDB'’s can be used to create
additional digital clocks

Digital Clock Divider Analog Clock Divide
16-bit 16-bit

\ 4

Digital Clock Divider
16-bit

Analog Clock Divide
16-bit

\ 4

Digital Clock Divider Analog Clock Divide

Skew—»

Skew—»

> 16-bit : > 16-bit Skew—
. | Digital Clock Divider .| Analog Clock Divide
> . > > . Skew—>
16-bit 16-bit
== ®
=PSo
WORLD 44
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SyStem Clock SEtUp -C?EEOSE

Type / Hame Domain F[::Er?w Fr"lrg;:ilenanlcy ﬁﬂﬁll:J;E;ﬂY Tnlﬂir??m Dlivider Stﬁ:tﬁ;n ' Source Clock

System USE_CLK DIGITAL 42_000 MHz

System | Digital Signal DIGITAL 7 MHz 7 MEz + - i ]

System | XTAL 32kHz DIGITAL 32_T68 kHz 7 MHz +0 - i ]

System | XTAL DIGITAL 33.000 MEz ? MHz 10 - 0 (]

System | ILO DIGITAL 7 MHz | 1.000 kEz|-50, +100 - i V]

System | IMO DIGITAL 3.000 MHz | 3.000 MHz 1 = ] V]

System | BUS_CLK(CPU) | DIGITAL 7 MHz | 24.000 MHz 1 [ i
System | MASTER_CLK | DIGITAL 7 MHz | 24.000 MEz +1 ! '
System | PLL_OUT DIGITAL Z4_000 MHz | 24000 MEz +1 ® foehng

‘r;¥
N ID Master Clack
Easy to Conflgure CIOCk [PLL_OUT (24.000 MHz) -

() Freq @ Divider

options using graphical
configuration tool

[T BusCiock
©) Freq  © Divider
1

k J v L J L J
MO ILO XTAL 3IkHz XTAL FLL_OUT MASTER_CLEK BUS_CLK (CFLI)

oK || concel ]

!
=lllwoRLD 45



Clock I\/Ianagement P/ CYPRESS

Clocks allocated to dividers in clock tree
Clocks have software APIs to dynamically change frequency

Note: Reuse existing clocks to preserve resources

-
Mame: Clock 1|
Configure Clock ]/-.ﬁ.d'uanced }/Eiuilt-in ] q I
Clock Type: @ New (7 Existing
Source: <Autos -
=

Tolerance: - 5% + 5%

Clock 1|JULH | ——| o

APl Generated: “es
24 MHZ Uses Clock Tree Resource: ‘Yes

By default, all clocks are marked as start on reset’. The setting can be changed in the Design
Wide Resources editor.

QK | Apply

=,7P20C .



External Memory Interface (EMIF) =/ Croress

E M I F Su p p O rtS Address Signals T External_MEM ADDR[ZE:D]@
= Sync SRAM :

= Async SRAM
ignals
10 1IF Data Signals Te) EnernaI_MEM_DATAHS:Ol
= Cellular RAM - { P

= NOR Flash

'YW

Control Signals 0 Control .
PHUB PORTs | E

E M I F US ag e E::iaréss. DS! Dynamic Output

nd Control Control

= Data only — o8
= 8- or 16-bit data bus

= 8-, 16- or 24-bit address bus TS L
- EMIF

= Max throughput 11-16 MHz
depending on configuration
details

=P5oC .
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Flash B/ Crpriss

IIII!“‘

I

Flash Blocks
= 256 blocks in all devices — 64 KB flash has 256-byte block size
= Each block may be set to 1 of 4 protection levels of increasing security
« Unprotected — Allows internal and external reads and writes
« Factory Upgrade — Prevents external read
* Field Upgrade — Prevents external read and write
« Full Protection — Prevents external read and write as well as internal write
» Flash is erased and programmed in block units

Specs

= Code executes out of Flash

Flash-writes block CPU unless executing from cache
20 year minimum retention

10 K minimum endurance

15 ms block erase + write time

BRLID 48



Error Correcting Code (ECC) b/ CrpRuSS
ECC = Flash Memory Error Correction
= Required for some high reliability designs (e.g. automotive and medical)
= Detects and corrects 1 bit of error per 8 bits
= Detects but does not correct 2 bits of error
= Correction is automatic; interrupt and flag bit are set
= 1 byte of ECC data for each 8 bytes of Flash data (1 row)
= 64 KB device includes + 8 KB of ECC memory for 72 KB total
8 KB is used for configuration data storage if ECC not used (default)
= ECC memory is mapped into contiguous region in peripheral space
= ECC memory may also hold user data
= Code cannot execute out of ECC memory o St o
Byte | Byte | Byte | Byte | Byte | Byte | Byte | Byte | ECC| ™
Byte | Byte | Byte | Byte | Byte | Byte | Byte | Byte |ECC | i i
Byte | Byte | Byte | Byte | Byte | Byte | Byte | Byte [ECC| —mcuetmss ﬁ
Byte | Byte | Byte | Byte | Byte | Byte | Byte | Byte [ECC — i
Byte | Byte | Byte | Byte | Byte | Byte | Byte | Byte | ECC{ oy
Byte | Byte | Byte | Byte | Byte | Byte | Byte | Byte | ECC| === o [g

='=PSoC

= WORLD
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E E P R O M /4 C\{EPRPEESE@

Il

[

2 KB of EEPROM provided
Code cannot execute out of EEPROM

EEPROM Specs:
EEPROM writes do not block CPU execution
20 year minimum retention
100K minimum endurance, 10M endurance at room temperature
10 ms single row erase + write cycle time
« Supports single byte erase and writes (read / modify / write row)
« May erase or write up to 16 consecutive bytes (1 row) at the same time

BRLID 50



Bootloaders

iirY)
b

Wy
Q)
2

|
&

x|

S,
|2

-|

|t

|

wn
g!U)@

0o

x

Single Bootloader Supports
= 12C

= USB

= QOthers as required

Bootloader Integration

= Bootloader platform allows easy customization

= No bootloader programmed in parts at factory

= PSoC Creator integrates bootloader support seamlessly
= Bootloader is just another component

BootLoader Framework

Flash
Programming

Communication
Interface

51



% CYPRESS'

Direct Memory Access (DMA)

= 24 hardware channels
= 8 priority levels with minimum bandwidth guarantees

Minimum Guaranteed Bus Bandwidth

0 100%
100%
50%
25%
12.50%
6.30%
3.10%
1.50%

~N o 0o A W N P

= 128 Transaction Descriptors (TD) tell channel what to do
« 2kB of dedicated SRAM holds all TD data
= Multiple channels or TDs may be chained or nested
= Configurable burst size
um. DMA between peripherals on same spoke limited to 1-byte burst length

5P5oC .
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GPIO - I/O Digital Features
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YPRESS'

 PERFORM

Independent supply rails

= Each quadrant of device has
separate Vddio supply

= GPIO Vddio must be <=Vdda

Logic level maximum current
= 8 mA sink
= 4 mA source

Pin maximum current
= ~25 mA sink
= ~25 mA source

Digital Input Path
CMOS or LVTTL

Pin Statues Regisher

- Diiggital Input %

isher Intarrupt

. L ) i b
—jnemipt Contolier Lagi

Digital Output Path
g Flow Enablo

Dila Reqister E

Dails istar Bypess

Dirives hdade 2

Dirives blcrde 1

R Mags 0

E:,__ Bidirachional Cantral

Bidirachonal Enable }

Dirirwes Slew

Logic: Cal

[ ]
1 L

#

EFIN

Analog

ul

= Dligital Mux Control L".J

Analag Global Enable

Analkog Mux Enable

Switchas

LCD

Diisplay Dt
Sagmeant af Common Drivar

Enatde LED Pin Dirreer

Logic & MUX AP

53



GPIO - I/O Digital Features
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CYPRESS’

PERFORM

8 Drive Modes

Vio

Pin

TO
o [0

DR

v
5

PS

/\

ng —o—e Pin

—

N

2. Resistive

3. Resistive
Pull-Down

0. High Impedance
Analog

1. High Impedance
Digital

Vio

Pull-Up

Vio

Hgg So— Pin

qr

Pt |

!

6. Strong Drive

7. Resistive
Pull-Up & Down

4. Open Drain,
Drives Low

5. Open Drain,
Drives High

54




GPIO - Interrupts
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¥ CYPRESS'

PERFORM

P
e
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Each GPIO port has:
= Port Interrupt Control Unit (PICU)
= Dedicated Interrupt vector

Interrupt on:
= Rising edge
= Falling edge
= Any edge

Status Register
= Latches which pin triggered interrupt
= Available for firmware read

From GPIO Pin

From GPIO Pin

Pin0
Logic

Y

Fin1

From GPIO Pin

Logic

Y

Pin 2

From GPIO Pin

Logic

Y

Pin 3

From GPIO Pin

Logic

Y

Logical OR

Pin4

From GPIO Pin

| Logic

wakeup in j_‘)vikaup_out

PIRQ  [To Interrupt Controller Input,
>

From GPIO Pin

Pin 5

| Logic

Piné

From GPIO Pin

Y

Logic

Pin7

= Read clear

—

PHUB <

(e Y

p{ LOOIC

o

Stafus
Reqgister

PHUB Inferface

Snap shot
Reqister

55
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GPIO - 1/0O Analog Features W/ Crrress

Wy,

PERFORM

= All pins inputs and outputs Digital Input Path
= Supports two independent analog o
. . Pin Stahes Register
connections at each pin Dt g % 4l
= CapSense Touch Sensing mersees INURIT BN SPORS
. Intestruipt Controler Logi
= LCD char/segment drive -t
Digital Output Path
= Hardware controlled analog mux at _Siow S g | v
pin e Regises n -
= Some pins have additional routing el Pl e | _ig
features: v o ¢ e | | S gem
Drivg Mg
® OpAmpS [—>-Bdinactionsl Gontro —, N _lqg *
Bidinaciional Enabla ._-""II |

 High Current DAC mode B

Analog

T—p
= Dligital Mux Control L".J
Switchas

Analag Global Enable
El o] natle *"“

Analkog Mux Enable

LCD

Dispilizy Drista

Sagmeant af Common Drivar
Enable LCD Pin Diriver

Logic & MUX AT

QR LD 56
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SI0 (Special I/0) Features = Croniss

Wy,

PERFORM

Same as GPIO with exceptions: |bigital input Path

Programmable Input Buffer Config ffi
= 5.5V tolerant at all Vdda levels o e
¢ HOt Swap Pin Status Register
« QOvervoltage tolerance <Dt ot L
= Configurable drive and sense voltage|  PiniteruntType Register |
|eve I S Pin Interrupt Status Register | Interrupt Buffer Disable
<] Interrupt Controller Logic

« Basic DAC output
* High Speed CMP input
= Logic level max current
« 25 mA sink
Data Register 0 |
4 mA source [ Digital Output L

Data Register Bypass

Digital Output Path
Programmable Output Buffer Configuration Driver
Vhigh

Slow Slew Enable

= Pin max current -
. Drive Mode 2 ;
¢ ~50 mA Slnk Drive Mode 1 E;Igvli Sclﬁ\tllv
Drive Mode 0
« ~25 mA source e -
Bidirectional Control
u NO Analog D Bidirectional Enable }

= No LCD char/segment drive
= No CapSense touch sensing

=PSoC
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Pin Management

PSoC Creator can select pins automatically

= Lock pins when device pin out is finalized

Manual override in DWR file

=5 [y (] ol il
oo 8 = Aias  Name / Port Pin
S [ | | tn
' LEDZ FO[5] Oplmp- * |77 | >
T — = (5] 00 - o =
% = o i i i ~ LED3 BO[E] IDAC:-HI * |78 |-
= b o - o = LED4 BO[7] IDRC:-HI * |73 | *
= = = o o o o
o (R o R 'R R R SW1 E0[3] Oplkmp-, DSM:ExtVref | v | 74| =
- . "
L L E— O SWZ DO[4] Ophmp+ |76 | =
o 0 = E
55 5 %
= 4 O O

VddioO
OpAmp-, DSM:ExtVref PO[3]
OpAmp+ PO[2]

OpAmp:out PO[1]

15

74

73

|

72

5.0v

SWi

WORLD
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—=7# CYPRESS'
Interrupt Controller ——TEa
. ixed Function| DMA
= 32 interrupt vectors s DMA output [1IDB siL;nDaIB(DSU
« Dvnami _ =15 DA outpat |UDE signal (DS
y m|Ca||y adJUStabIe vector 5 S;I'EUESF]T ET::-:IEHM DA output  |UDE signzl EDSI%
addresses 2 TPICUR] gl |DMA output [UDE signal (DSI)
= 8 priori 5 |PICU[1] SM’&‘ output  [UDE signal (D50
priority levels EE SR oUpu . s (B
7_|PICUG utput |UDB signal (DS)
= Each vector SUppOrtS one of th & F'ICLJLJ,} DMA output |UDE signal (DSI]
ese 5 OhA autput  |UDE signal (DS
sources — DA autost T <hnar o1
_ DM& output  |UDE si
» Fixed function DMA, DSI (UDB 7 JFicuE] OVA gt JODE 2i0aT D)
rout J ) 13 ] DA output  |UDE signal (DS
ute Comparator Int D1t gnal (DS
14 |Switched Cap Int DME EE:EUI Hgg auna (35
15 [I2c u sighal (DSl
Dhid, output  |UDE si
165 |[CAMN P sighal (DSl
PSoC 8051 17 |Timer/Countetd gmi EEIEEI Hgg e
] 18 [Timer/Counter Gl &, S!gnal (D=0)
= 32 interrupt vectors vs. standard 8051 N e T cutpr DS sl 051
is five = B;néarISCnunterS DA output  |UDE Sign:I EDgE
22 [USE AEISFI Itnt OhlA output  |UDE signal (DS
23 |IUSB Bus Innt gmi EU:[[FIUI HDB signal (DS
24 [IUSB Endpoi Hip\ DE signal (DS)
ARM Cortex-M3 2 USE Erdoom{1,DMA sotput [UDE senar (D]
i 26 [USE Endpoint[2] D signal (D=0
= 32 interrupts + 15 exceptions 27 _JUSE ot B sotot U8 <l (551
. L. USE E i gna
= Talil Chalnlng o 1org In{“ﬁirﬂﬂmt[fi] gmi output  |UDE signal (DSIg
30_|Decimator Int DA EE:EEI ng signal (DSI]
M R signal (DI
eserved D& output  |UDB signal EDSI%

=PSoC

WORLD
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Interrupt Component W/ CIPRESS

GUI-based Configuration

2 isr 1

Value

InterruptType | DERIWED

Parameter Information

| Dotasheet | [ oK | | Apply

API
isr_1 Start() — Configures and enables the interrupt.

Typically the only API required to be called

Advanced APIs

isr_1 SetVector() isr_1 GetState()

isr_1 SetPriority() isr_1 Disable()

isr_1 GetPriority() isr_1 SetPending()
isr_1 Enable() isr_1 ClearPending()

60
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You should now be able to:

= Understand the system block diagram of PSoC 3/ PSoC 5LP
devices

= Understand and use the PSoC 3/ PSoC 5LP System Resources,
iIncluding:

* Power system

* Programming and debugging

« Configuration and boot process
* Resets

 Clocking

« Memory and Mapping

- DMA and PHUB

* /O

Ipterrupts

BRLID 61
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Section Objectives
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At the end of this section you should be able to:
= Understand Universal Digital Blocks (UDBs) in PSoC 3/

PSoC 5LP
= Use and implement digital peripherals with PSoC Creator
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Digital Subsystems ==/ Crpress
Fixed-function Peripherals | ... memupt | [ owa | [ 1o pon

= Counter/Timer/PWMs, 12C,

Universal Digital Blocks Digital System Routing IF

Digital Interconnects Between UDB ARRAY

= Clocks

" IO plnS Digital System Routing IF

= |[nterrupts

= DMA

- EXternaI Memory Cllzo] Cllelor] EMIF Del Si S DACS © ators
i Analog System Clocks Clocks Blocks

=PSoC
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UDB Array W/ CIPRss

Digital System Interconnect

S \ [

DSI

\/
UDB Pair

UDB Array Core

~ / VN

HV — Horizontal/Vertical Routing Interconnects Digital System Interconnect

=PSoC

65
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Digital Signa

| Interconnects (DSI)

Routing Example:
= Single UDB Pair
= 7000 DSI registers

No® s ®wWNRO

© O ~NO WA WN RO

WWNNRNNNNRNRNRNNRERRRRR R BB
POO®IPURWNROO®~NO®UORWRNLERO

UDB ‘B’

PLDO
12v4

PLD1
12v4

Datapath

Status and Control

0
1
2
3
4
5
6
7
O
O:
03
04
05
06
o7

Clock
and
Reset

a

— 10
11
12
13

F F
ot # ot

B

B
B

i il

it

ﬁ \ \

ALt

T

i

€0

Q
[N} ®

PLDO
12v4

o0
¥}

=t

PLD1
12v4

OISFR®FT®»N0Q0000000O0
a SR N®EGOoS

Status and Control

ol
Tl
al
&l

Clock
and
Reset

UDB ‘A’

Local Routing

Horizontal Channel Routing
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DSI, Automated 7 Croress

PSoC Creator iR
enables: Rox_1 -o—]rw e E T

te_interrupt

= Schematic entry R
= Automatic place

[=HrEsal

Fi_ 1

Timer 1 Pyl
and route e
. . . = CEpira tel= pwmil =
= Optimizations for rtemuptls———(ir 1 pumz|-
analog and digital  ve-c-EE peek Clock M- poeck L
. B [Fiend] | AMuxHw 1 B-L:i1 (LD
routing | ]
CWk_JmtD_
Control Reg 1 Statlus Fag 1
Cantrol Statu
—enmoited Clock 3> cock =
cortral 0 'yl S
contral_1 - | I | i
contral 2 [
conlral 3 DD—
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UDB Block Diagram

CPU System Bus

Conditions
Compares, Zero, Status

=

(8 X 9T)
9101S |0J1U0D pased INVA

FIFOs
Data Registers gu g

Sew LN W N W W W W W W N N ) -’

Channel Routing
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Digital Peripherals =/ Crrress
.. Counter 1 PWM 1 PRS_1
Sample of Digital G PWH PRS
Peripherals: o |- ~lenable
pwmp-
= Counter +{reset bitstream|-
. ~Delock +clock =D clock
[ T| m e r —reset interruptf- [Hreset :
557 Fed) 8-bit (UDB) 8-bit
" PWM QuadDec_1 ShiftReg_1 _Timer_1
QuadDec Shift Register Timer
" PRS =|quad_A ~{shift_in |
— d B ~lload shift_out|- —|capture (e
= |2 C | iqnlizlaex_ —|store interruptf—
interrupt}-1  —|reset “Nelock
- U S B —>Clock —>clock '_—Eecsc(—;f
8-bit 8bit 8-bit (Fixed)
= UART
SPI Mizgj UART_1 12C_1
- S P I Hmiso mosi | B LRl 12C
ol S X sdaj:
" CAN [elock tx_interruptf- sclf]
] Nreset rx_interrupt}—
= Char/Segment LCD Drive | st be_enf
tx_interrupt- ~|reset Slave
8-bit

=PSoC

WORLD
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Counter

Fixed/UDB Counters:
= General-Purpose counter
Continuous, reload on reset,

terminal count, or one shot mode

Compare options: < <= > >=
Enable, reset, capture inputs
Compare, TC, interrupt outputs

Interrupts on various events
Counter 1
Counter

tc

>clock
reset interrupt

8-bit (Fixed)

Fixed-Function Counters:
= 4 Available

= 8- or 16-Dbit

= Down counter only

= Single capture register
UDB-Based:

= 8-, 16-, 24- or 32-bit

= Many options:

* Enable, count, capture,
compare

» 4-deep capture FIFO

70



Timer

.-5 ' CYPRESS

PERFORM
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Fixed/UDB Timers:

General-Purpose timer for measuring

time between H/W events
Capturing times of events
Periodic pulse or interrupt

Fixed-Function Counters:

= 4 Available

= 8- or 16-bit
= Capture on rising edge only
= Single capture register

Continuous, reload on reset, terminal

count or one shot mode

Enable, reset, capture and trigger

inputs

UDB-Based:

= 8-, 16-, 24- or 32-bit

= Many options:

Compare, terminal count, interrupt

outputs
Interrupts on various events

Timer_1

Timer

capture tc
interrupt

>clock

—reset

8-bit (Fixed)

- Enable, trigger, capture

- Capture counter and capture
interrupt CTs

» 4-deep capture FIFO
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PWM &

Fixed/UDB PWMs: Fixed-Function PWMs:
= General-Purpose PWM for motor = 4 Available
control, LED brightness, etc. = 1 PWM output
" 8- or 16-bit = Left-aligned
= Compare options: < <= > >= = = Hardware deadband and output kill
= Configurable deadbands
= Enable, trigger and Kkill inputs UDB-Based:
= Biphase, TC and interrupt outputs = 1 or 2 PWM outputs
" Interrupts on various eventsPWM 1 = Left, right, center or dual-edge align
PWM = Many options:
« Enable, trigger, kill and compare
tc-|
pwm}-|
-Dclock
‘Hreset
8-bit (UDB)

BRLID 72



12C & s

Fixed/UDB I12Cs: Fixed-Function 12C:

12C slave, master or multi-master = 1 Available

Hardware or firmware address decode = Standard 100 Kbps or Fast 400 Kbps
7- or 10-bit addressing (10-bit F/W only) = Responds Sleep Low-Power mode if
Bus stalling / clock stretching dedicated SIO connections used
SMBus, PMBus supported

Routes SDA/SCL to any GPIO/SIO pins UDB-Based:

Interrupts for variety of bus events = Adds high-speed mode; up to 3.4
Mbps
12C_1
12C
sdaj-|
scl+]
Slave

BRLID 73



Pseudo Random Sequencer

Pseudo Random Sequencer (PRS)
Specs:

2- to 64-bit sequence length

Serial output bit stream

Continuous or single step run modes
Standard or custom polynomial
Standard or custom seed value

Enable input provides synchronized
operation with other components

Computed pseudo-random number can
be read directly from the linear feedback
shift register (LFSR)

PRS_1

PRS

enable

>clock

reset bitstream

_I_

8-bit
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Specs:

Fixed-function, USB 2.0 Full Speed (12
Mbps) peripheral

8 unidirectional endpoints USBFS
Shared 512 byte buffer

Transfer Types: Control, Interrupt, Bulk, ..%;
Isochronous

DMA access / capable
Wake from sleep
Example uses: HID, Virtual Comm Port

ORLD 75



UART =4 CYPRESS
Specs:

= Full-Duplex, Tx only and Rx only UART_1

= 5- to 9-data bits UART

= 110- to 921600-bps or arbitrary up to 4 rx tXH

Mbps
Rx and Tx buffers 1- to 255-bytes

Framing, Parity and Overrun error
detection

9-bit address mode with hardware
address detection

Optional Tx enable for RS-485

tx_interrupt-

rx_interruptH-

reset

tx_enp-
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SPI

Specs:

= Master or Slave

= Data rates to 33 Mbps

= 2-to 16-bit data width

= 4 SPI modes

= LSB or MSB first

= 1-to 255-byte Rx and Tx buffers

= Hardware Slave Select generation
= Supports 3-wire mode

SPIM 1
SPI Master
Mmiso Mosi
sclk
SS
D clock

reset
rX_interrupt
tx_interrupt
8-bit

77



CAN
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PERFORM

Specs:
= CAN 2.0A/B spec. compliant
* Remote Transmission Request (RTR) support
* Programmable bit rate up to 1Mbps
« External CAN PHY connects to any GPIO
= Transmit path:
« 8 transmit message buffers
* Programmable priority for each
= Receive path:
* 16 receive message buffers
» 16 acceptance filters/masks
» DeviceNet addressing support

* Option to link multiple receive buffers to/from
a hardware FIFO

CAN_1

CAN

rx

tx_en
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Specs:
= Drives up to 736-segments (16-commons/46-front LCD_Char_1
plane) Character LCD

= Up to 62 total LCD drive pins; commons and
segment lines mapped to any GPIO

= High multiplex ratio of up to 1/16 for max 16
segments

= Type A (standard) and Type B (low power)
waveforms supported

= Wide operating voltage range supported (2V to
5.2V) for LCD panels

= Static, ¥2, 1/3, ¥4, 1/5 bias voltage levels

= Bias voltage generation using dedicated DAC, and
internal resistor leader

= Up to 128 levels of software controlled contrast

= Ability to move display data from memory to LCD
via DMA

= Adjustable LCD refresh rate from 10 Hz to 150 Hz

='=PSoC
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You should now be able to:
= Understand Universal Digital Blocks (UDBs) in PSoC 3/

PSoC 5LP
= Use and implement digital peripherals with PSoC Creator
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Lab 1 == CYPRESS

Lab Objective
= Make LED3 & LED4 on your PSoC Development Kit blink

= Learn how to place and configure components in PSoC Creator

= Understand the System on Chip Capability of PSoC

= LED3 will blink using two PWMs to change the duty cycle on the
LED to make it a “Breathing” LED

= LED4 will blink via software control

CYPRESS INTRODUCTION TO PSOC 3 AND PSOC 5 82
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Lab 1

Mame

= Open Labs Directory
. Labs
'@ Intro to P5oC 3_5LP Workshop PowerPoint Q1 2013, pdf

@ Intro to P5oC 3_5LP Workshop PowerPoint Q1 2013.ppt

= Open Intro_Labl Directory

Mame

J Intro_Labl

J Intro_Lab.

. Intro_Owerview
'EI Intro to P5oiC 3_5LP Workshop Lab Instructions. pdf

= Double Click ‘Lab1.cywrk’

Mame

. Archive
, Backup

. :_ﬂllJllL}'L: L
T Labl.cywrk
|| Labl.cywrk.Ernie
|| Labl.cywrk.rd

INTRODUCTION TO PSOC 3 AND PSOC 5

83
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Lab 1 <= CYPRESS

1. The Software LED has already been configured for you.
Follow the instructions below to complete the rest of the design

2. Find the following components found in the Component catalog on the
right side of the screen and place them in the boxes given on the “Top
Design.cysch” schematic file under Lab_1. Be sure to only place 1 PWM.

Components are shown below:

Logic Low 0’ XOR Gate

PWM 1
Clock R PWM PWM
Clock_1 JL—

40 kHz Z
pwm}-]

Digital Output Pin

+ 1o Pin_T1

> clock
reset

8-bit (UDB)

CYPRESS INTRODUCTION TO PSOC 3 AND PSOC 5
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Lab 1 # CpRESS

Place the components inside the right boxes shown on the schematic file
4. Double click on the clock component to open it in configuration mode and

set it to 40 kHz
5. Double click on the PWM component to open it in configuration mode and

make the following changes to its properties

Set Properties to:

Implementation: UDB CMP Value 1: 128
Resolution: 8-Bits CMP Type 1: Less
PWM mode: One Output Dead Band : Disabled*
Period: 255 Under Advanced tab:*
Interrupts: None

6. Copy the first PWM from the top box into the bottom box and change the

“Period” to 254
*You may need to expand the customizer window to expose these settings

CYPRESS INTRODUCTION TO PSOC 3 AND PSOC 5



Lab 1

/. Use the wire tool to make the following connections between
the components:

Connect Logic Low ‘0’ to PWM reset terminals
Connect the clock to both PWM clock terminals
Connect the PWM outputs to the XOR gate inputs
Connect the XOR gate output to the pin.

CYPRESS

INTRODUCTION TO PSOC 3 AND PSOC 5
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Lab 1 _;.:%YPRESS

PERFORM

8.

Your final schematic should look like this when complete

Lab objective - To make LED4 and LEDS, on your PSoC 5LP Development Kit, blink. This should teach you how to
place and configure components- and understand the SoC capabilities of PSoC.

TR This is the software controlled LED. It is controlled from main.c- it is connacted 1o
FE_3 (LED4 of PELF Dev kit). This has already been configured.

5. Place PWM Here 6. Set PWM Properties under Configure tab to;
B i /’ Implementation: UDE, Resalution: 8 bits
[ Fon ] FWH Mode: One Output, Period: 255
o CMP Value 1: 128 , CMF Type 1: Less
1. Place Logic Low "0° Here i Dead Band: Disabled
b clock Under Advanced tab- Interrupts: Mone
[ e

2. Flace XOR gate here 10, Place digital cutput pin here

2. Place Clock Here — 3 S

o 7. Copy PWM 1

4 Set clack to 40 kH=z and place here 11, Assign to PG[2] in cydwr

12. Use the wire tool to connect the componants:
-- Connect Logic Low ‘0" to both PWM reset terminals
-- Connecl the clock to both PWM clock terminals
-- Connect the PWHM outputs to the XOR gate inputs
-= Connect the X0OR gate output to the pin

4. Place Logic Low 0" Here

Angk

(o,

&. Change period to 254

CYPRESS
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9. Inthe Workspace Explorer double click on the .cydwr file to open
Design wide Resources

10. In the Design wide Resources tab locate the section for pins on the right

11. Configure the I/O so that Pin 1 is connected to Port 6 pin 3 or P6[3], Pin
2 is connected to Port 6 pin 2 or P6[2]..

TopDesign.cysch Lab].cvdwr] main.c | Start Page *dbF X
I TP e g i IR S e
3§§§§§§§§?§?§§§Z§§Z§ZEZZE Pin_1 DE[3] x| sz > | &

B82¢ pin 2 | DPE[2] | =1 -
T T .'ME:?.
- e
= <k
- - Configure I/0O so that Pin_1is
~am =Em !-‘_ . _—
iy = o connected to Port 6 pin 3,
= - - -
- =/ = Pin_2is connected to Port 6
— CYRCHR68AXI-L - .
100-TCF e
. : pin 2
e e
L L
ATAL | =
P ]
-.(} Pins] MW\ Analog .‘9 Clocks .- ;’f Interrupts E.'E DMA .- ¥% System |. =/ Directives ;] Flash Security 4 B

CYPRESS INTRODUCTION TO PSOC 3 AND PSOC 5
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Lab 1

12.Build the project by going to the Build menu selecting Build
Digital Peripherals Lab or pressing Shift + F6. This will take

some time to build the project.
13. Program the board by going to the Debug menu and in the

drop down click Program
14.Push the Reset button on your board located near Port D

Verity: LED 4 is blinking and LED3 is “Breathing”.

89
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Lab 1

15. Re-program the board by going to the Debug and selecting

Debug.
16. Start the program by clicking on the green arrow in the tool

bar .
@.. 3 SE[E= @9 F

Validate that LED4 has stopped blinking, LED3 continues to
‘Breathe’. Why?

90
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Lab 1

=
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o
R ©
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©
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©
| o
|
o
E
™
(]
L
-

LED4 will blink via SW

91
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Section Objectives
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At the end of this section you will be able to
= Understand analog in PSoC 3/ PSoC 5LP
= Use and understand analog peripherals in PSoC Creator
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Analog Subsystem W/ Crress
Routing
Multiplexers & one
Comparators ' o >
> 85 Reference
Opamps @ o o Slen
A < A
N N
DACS (V & I) ﬁ > SC/CT Block SCICT Block - > ﬁ
DeltaSigma ADC SPIO| - _ 0| por
G -3 > > G
SC/CT Block | | SC/CT Block EEY
Programmable Analog R ‘ .
0 < > O
= PGA U y
G T Comparators § g T
= TIA | < '
_ cN; cMp| [cmp| |cmp| |ewp| [ g
= Mixer > - >
CapSense Touch Sensing > CapSense Subsystem [« >
Digital Filters !
Analog Config& AHB
Interface Rgé?éfesrs <«—»| PHUB [«—»| CPU
A A
\ Y
DSI Clock Decimator
Array Distribution
=,7P99 ”




Analog Matrix

PERFORM

More than 320
switches !

AMUXBUSTR
ACRH]
AGR[5)

tlsld
Qdd
Z5Hd
LOpEA

gp-s—D.CRIE]

AGR[T) il ™

01234567 0123

3210 76543210

T

forgy, PP gl
ornpd

COMpL =

COMPARATOR

Zamp2 comp

oo CAPSENSE orl
|ou CAPSENSE o
rar ref

im__retturtl redbufi _in

% = in SCICT, v,
] o T vet— _fwer
el cut out
w02 B3
- ul AR ISEN
ETNETH] SRS

i
WP1
i |=
EEE
|
1
2|2 £
£
Veod
Wssd
Wddd

= e
=)
i
o
o
i
r
4

o

AmuxBUSL 01234567 O
ANALOS  An

GLOBALS  BUS

AGRI3]

55432 AU DBUSR

[
ALOG AMALOG  ANALOG

BUFS  GLOBALS

AGRIZ|
RERLZ]
AGRIT]

AGRIZ]

AGLIT] = AGR[1]

AGLID] S, AGHO o

AP NEE] AMLECBLUSRELS

P Group
Swiich Groun

Cornacson —T—

Switch Resistance
Smail ( ~BTO Ohms ) O
Larga { 200 Ohms) @

MNotes:
* Denctes pins on all packages
LCD signals are not shown.

Riew #50
10-Feb-2012
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Programmable Signal Chain e s

Mixer_1

Mixer
Comp 1

Frequency Input
q y Inp [ i Fout| Voltage Compari T
L Pin_1 [o]—— B
Pin_4 ] —
1.024y [Vief—|Vref 1.024v —:l>_

Clock_1
24 MHz LO

= clock

ADC DelSig 1 Filter_1 VDACS 1

Current Input AMux_1 ADC DelSig Filter VDACS
[ . lin Channel A Opamp_1
Pin_2 [x] = Vout| 1 4 Complex 8051/ Opamp
Eerf + Az filter
_ e ey %

J

PGA 1 filter

PGA 16-bit

Interrupt =1

Channel B
Voltage Input _
' S Pin 3 —An
Vref

eoc|q Complex
By

Modern method of signal acquisition, processing, and
control with high accuracy, bandwidth and flexibility

= Schematic Entry based design
= Automatic place and route
= Optimizations for analog and digital routing

=PSoC ;

WORLD



ROUting with Muxes —=7# CYPRESS'
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Analog Multiplexer Specs:

= Bi-directional

= Either single ended or differential

= Actual routing hidden from user

= May have more than one connection at a time

= Analog routing may be controlled by digital subsystem

AMux_ 1 AMux_2
=y :0\
| S
|3 = |9

/ o
1

BRLID -



Analog Peripheral: Comparator =5/ Crprss

Specs: cotgre ooy S e
= Up to four per device T -
= Speeds: e

« Fast— 80 ns /250 uA m >

» Slow — 55 us / 6 UA e N clock
= Accuracy: [y

@ Mom () Bypass

« 2 mV fast mode

 Zero-adjust; Internal VDAC
= Hysteresis:

* 10 mV nominal

* May be enabled or '
disabled —

QR LD 98



Analog Peripheral: Opamp W/ Cvvress

Specs:

= Follower or Opamp configuration

= Unity gain bandwidth > 3.0 MHz Opamp_1
= [nput offset voltage 2.0 mV max Opamp

= Rail-to-rail inputs and output
= Output direct low resistance +
connection to pin B

= 25 mMA output current

= Programmable power and
bandwidth

= Internal connection for follower
(saves pin)

n

BRLID 99



Analog Peripheral: VDACS8 and IDAC8  =/Crsss

Features
= DAC data source may be data register or DAC Bus

= CPU or DMA may write to data register
= Data Strobe from data register write or Strobe input
= Clock or UDB may be used for Strobe

= IDACS8 and VDACS are the same block with VV and | inputs

IDACS8_1 VDACS8 1
IDACS VDACS

@ |2
-~ strobe

=PSoC
W o 100




Analog Peripheral: IDACS8 S Crrrss

Specs: e

= Source or sink None: [ IDACE 1
I Configure ]/-Eluilt—in] 1 b
= Ranges: IDAC 3
* 0to 31.875 UA (125 nA/bit)| “r e . s

@ MNegative (Sink) () High Speed

’ O tO 255 UA (1 UA/bIt) () Hardware Controlled Dete Sourcs
* 0to 2.04 mA (8 uA/bit) s e

@ CPU or DMA (Data Bus)

m

u Power (I CC) : e L Strobe Mode

) 0-204mA (B ufbit) ® Etemd

* 100 uA max slow mode . © RogterWie

« 500 uA max fast mode w18 ] Hardare st
Sbit Hex: 78
Mote: Changing any value B
field recalculates the others 18

1 | 1] | 3
Datasheet [ oK ] Aol — |

IWORLD 101



Analog Peripheral: VDACS =/ Crpriss

Specs:
» Ranges: contous oy g e
* 0to 1.02V (4mV/bit) ! Name: VDACB|
° . Configure ]/-Eluilt—in ] q b
0 to 4.08V (16mV/Dbit) UoAc R
= Qutput R =~16 k ohms (4 volt range) | rsne Speed
@ 0-1.020V{4mV /bit) @ Slow Speed
* Must be buffered for external use| - ;. covismv = Highs;d
« Some internal loads don'’t require| ... Dats Source )
buffering I © DAC Bus -
i@ CPU or DMA (Data Bus)
= Power (ICC): Bbit Hex: 64
Strobe Mode
¢ 100 UA maX SIOW mOde Mate: Changing any value field t Bdemal
recalculates the other @ Register Witte B
* 500 uA max fast mode I
n Sp@@d: Datasheet oK Aoply Concel

* 1 Msps (1V mode)
« 250 ksps (4V mode)

M:P ]
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Analog Peripheral: Delta Sigma ADC

¥ CYPRESS'

PERFORM

Specs:

High speed, high resolution ADC
Selectable resolutions (8- to 20-bit)
Several input ranges
High-impedance input buffers

* Programmable gain (1,2,4,8)

» Chopper mode for low offset

* Internal reference may be
bypassed

Single and differential input modes

Wide range of sample rates 10 to
375K

Multiple reference sources
Drop, connect, and go!

=

Configure 'ADC_DelSig'

R ———

[BPR===)

Mame: ADC_DelSig_1|

" Configure |* Built-n

4

Corfig 1 | Config 2 | Config 3 | Canfig 4 | Common |

Reference

Comment : Default Corfig
Config Mame :  CFG1 ADC_DelSig_1_CFaG1
Sampling
Canversion Mode [2 - Continuous v] H#Configs |4 =
Resolution bits
Conversion Rate 10000 = SP5 Range [ 2000 - 43000 5P5 ]
Clock Frequency  640.000 kHz
Input Options
Input Mode @ Differertial ) Single

input Range | +/-1.024V { -nput +/- Viref )

Buffer Gain Buffer Made [Hail to Rail

Vref | Intemal 1.024 Vioks > [10240

| Volts

o (e

BLM
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Analog Peripheral: SARADC </ CYPRESS
S pecs. [ Configure "ADC_SAR )
= High speed ADC (up to 1 Msps) Name: TSR
= Selectable resolutions (8- to 12-bit) || - e “ostn —— =

. o @ Free runnin
= Several input ranges reseuten bk 112 || cmetine
) ] ] ] Conversion rate (SP5). 631575 = © Hardware tigger
= Single and differential input modes betusl cony. rate (SPS) 665667 o
= Low SNR (57 dB SINAD) ki o) (102 S
= |ow Distortion (01 TH D) i Input range: 0,010 2.048V (Single Ended) O to Vref2 -|
- FOUI’ POWGI’ MOdeS Reference: [Irrtemal‘u’ref.bypassed "']
) Woltage reference: 1.0240 “| Volts
= Multiple reference sources ] Enable EOS ot
: Drop connect, and go!
LED lighting control
* Motor Control
* Magnetic Card Reader
« High-Speed data collection
_ * _Power Meter, Pulse Oximeter, more!
E -WPO RLD 104
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Programmable Analog Peripherals

Specs:
= Combination of functions from PSoC1 programmable analog

catalog
= Switched-Capacitor (SC)-based analog

= Continuous Time blocks (CT)-based analog

105




Analog Peripheral: PGA

Specs:
= Programmable Gain Amplifier
= Amplify signals without [ T
external components T "
= Gain: 1x to 50x o [t Vet

= Vin and Vref to any pin
° T

Accuracy:
= Gain: +/- 5%

= \os: 10 mV

106




Analog Peripheral: PGA_Inv W/ Creress

Specs: cotaoevcrns R el
= Inverting PGA Neme:  PGAI_

= Amplify signals without || - 2= L
external Components Inverting Gain Power |Low Power -

= Gain: -1x to -49x
= Vin and Vref to any pin

3

0

i

=l

Gain (dB)

-20

Accuracy:

-30
= =
— ™ T £ O =1 =
i)

u Galn +/' 5% -35
. VOS: 10 mV Frequen‘:y {k:z]

A
1,000
2,000
4,000
A, M0

10,000

IWORLD 107



Analog Peripheral: TIA

Specs:

= Trans-Impedance Amplifier

= Conversion gain is a “resistor”
* Current IN -> Volts OUT
« Vout = Vref — lin*Rfb

+ Adjustable Rfb = Programmable gain (20k
to 1M)

* Adjustable Cfb = Programmable bandwidth
(up to 4.7 pF)

« Calibrated with on-chip IDAC (internal
resistors +/- 30%)

= Applicable to current output sensors
* Glucose meters

* Photo-diodes — light meters, medium
speed IR receiver

TIA_ 1

TIA

lin

4.6p ,,

206 AAN

|
L
=

Vref

Vout

N
-

Fcorner = 567 kHz

=PSoC

= WORLD
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Analog Peripheral: Mixer

RRRRRRR

Specs:
= LO_Freq = Local Oscillator

Mixer Modes:

= Up-Mixer: Multiplier
* Clock up to 1.0 MHz
* Qutputat LO_Freq +/- Fin B

-« Example 200 kHz input clocked at 255 kHz
to narrowband filter at 455 kHZ -

Fin

Vref

e

Fout

= Down-Mixer Sampler
* Clock up to 4.0 MHz
« Qutput at Fin — LO_Freq

« Example 455 clocked at 435 kHz to low-
pass filter at 25 kHz

Sample

109



Analog Peripheral: CapSense® W Croress
Specs:
= CapSense peripheral uses configuration of -
existing system resources
. . W Scan Order | Advanced | Tune Helper | Builtdn 4 »
= Two simultaneous CapSense systems possible st | it | |
= CapSense Configurations Sy
- All have similar configuration patterns jou @
- Buttons: Basic CapSense sensor with | O O
' O
Oh/Oﬁ de.tectlon o a O
- Sliders: Linear and radial with interpolated A ——)
positioning (also supports diplexing to ——O

reduce pin count)
Touch Pads: X, Y interpolated positioning |
Matrix Buttons

Coee ||

Proximity Sensors
Generic Sensors

110
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Analog Peripheral: DFB S/ Croress
) Filter 1
Specs: Filter
= Digital Filter Block Channel A
. Disabled
= What it does:
« Works on digitized data from ADC or any other source —
« Sequentially calculate multiple filters Disabled
* Removes noise and unwanted frequencies from signals

+ Replaces analog filters requiring external components

= How it works:
* No coding or coefficients! All handled by GUI
» 24-bit filter co-processor
« 128 pairs of data/coefficients
= Setting for filters can be made for 2 channels
= Select type:
« Low Pass, Band Pass, High Pass, Notch
= Select implementation:
* FIR or lIR Biquad
= Specify sample rate
= Specify number of taps
= Select frequency parameters

=PSoC

N e e

Configure 'Filter

| Name: Fitter_1
/" Channel A | ChannelE | Builtin qp
Enable channel “ =) Hide graph configurations
] Custom coefficierts Fitter response graphs Fitter response scaling f
Data ready signal — (G0N0 Zoom: Phase: Wrapped in degre
- m Phase
) DMArequest [ e Growp dslay Gain: Group delay: | Seconds =
() Intemupt request [ e Tome input
@ Polled [ == Tone response L4
| =[] = Impulse .
Min BUS_CLK: 2.3 MHz 77— Comm =
4| 11l 3
Sample rate Fs fksps). 100
a 1 ), N
Filter stages: 1 - -10
Fiter gain: 0 30 0.8 r
I -40 0.7
Stage | Final coefficients g 50 06 J|
Fitter class: S “ g 0s
3 -70 T s |
- W -
00 0.3 _J
Window: Hamming - -100 L |
-110 0.1
Fitter taps: 16 120 - ,J
Cutof kHa: 15 :-fg NTMNTIRER ; 0.2
10 Frequency (kHz) Time (ms) I
T [
L -

WORLD
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Review

RRRRRRR

You should now be able to:
= Understand analog in PSoC 3/ PSoC 5LP

= Use and understand analog peripherals in PSoC Creator

112
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INTRODUCTION TO PSOC 3 AND PSOC 5LP

ANALOG PERIPHERALS
LAB- LAB 2

=,7P20C



Lab 2 W/ Creress

Lab Objective

= To convert an output from the potentiometer into a digital
number using the ADC

= To display the digital number on the LCD Screen on PSoC

Development Kit

E WPOSo @ 114
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Lab 2 == Croness

PERFORM

——

Mame

= Open Labs Directory

. Labs
'@ Intro to P5oC 3_5LP Workshop PowerPoint Q1 2013, pdf
Eﬂ Intro to P5oC 3_5LP Workshop PowerPoint Q1 2013.ppt

= Open Intro_Lab2 Directory

Mame

Intro Lakl
J Intro_LabZ2

[ 1o Intro_Uwverniew
'EI Intro to P5oiC 3_5LP Workshop Lab Instructions. pdf

= Double Click ‘Lab2.cywrk’

Marme

. Archive
| Lab2.cydsn

Intro Labd.cywrk.rd
0 Lab2.cywrk I
abZ.Cywrk.r

| -
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Lab 2

Instructions:

1. Place the Analog Pin from Component Catalog as shown

here in the adjacent box

2. Place the Delta Sigma ADC in the box as shown below.

Pin_1 [«

3. Double-click on the component to open it in the configuration mode and
make the following changes:

Set Properties to:

Conversion Mode: 1-Multi
Sample

Input Mode: Single

Resolution: 12-Bits

Input Range: Vssa to Vdda

Conversion Rate: 1000 SPS

Buffer Gain: 1

Clock Frequency: 131 kHz
(Calculated value)

Buffer Mode: Rail to Raill

ADC DelSig 1

ADC_DelSig |

=

eoc|-

12-bit

=PSoC

WORLD
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Lab 2 B/ s

4. Use the wire tool found on the left side of the worksheet (shown in slide
23) to connect Pin 1 to the ADC input. To use the wire tool hover over
the connections until an ‘X" appears, then click to make the connection.

5. Your final schematic should look like this when complete

TopDesign.cysch ] Intro_Lab2.cydwr |~ main.c
Lab objeciive - Use The ADC o convert an oulpul from the pol
Use your PSoC 5LP Development kit for this.

1. Place Analog Pin Here 2. Place Delta Sigma ADC Here

ras

Set Properties to:
Conversion Mode: 1-Multi Sample
Resolution: 12-Bits
Conversion Rate: 1000 SPS
Clock Frequency: 131 kHz
(Calculated value)
Input Mode: Single
Input Range: Vssa to Vdda
Buffer Gain: 1
Buffer Mode: Rail to Rail

3 P ®
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Lab 2

==7# CYPRESS

PERFORM

6. Inthe Workspace Explorer double click on the .cydwr file to open Design
wide Resources (as explained in Overview lab)

7. Inthe Design wide Resources tab locate the section for pins on the right

8. Connect the LCD to Port 2 by assigning LCDPort[6:0] to P2[6:0]. Connect
Pin 1 to the potentiometer (Port 6, Pin 5) by assigning Pin_1 to P6(5).

Start Page | TopDesign.cysch  Intro_Lab2.cydwr | main.c |

>~ 4Pk X

PEEEE
i
£ 333433
Eﬂsﬂﬂﬂﬂﬁﬁ-ﬁﬂﬁﬂﬂﬂﬂsm-mm==?
§§§§§§ g?f;;s;;;a????i??
i EE‘:
e car jeoreng [T ] Rl Tac
o0 ctar 14 corersn [T

s A

CYBCSBEEAXI-LPO3S
100-TQFP

‘Eﬂﬂﬂgi?”iﬂﬁﬁﬁ;;ﬂﬂ
sndf

i
IGIGH 1G] =IBIEIEIEN -1 111 | - IGICIEIQICIEICIE|E
L
n ez

Alias Name / Port Pin Lock

\IGD_Char_l:I.ﬂDI?Drt[G:O]\|DZ[G:O] Trace, Trace, Trace, Trace - | 95..99,1..2 | .

Pin_1 p&rs] |7

Connect LCD _Char_1 to
P2[6:0]
Set Pin_1 to P6[5]

jrsFiFFsefi iy et PPEEEEE

Hahllzllzltlﬂtlzl*tl!ﬂ“lﬂ=lzlstllzl=l=_lﬂ ) =
ll\ |m,..4_|¢; _______ ,_|u'~r. PR . _|lt\ o o1 an
= =300
e | 118
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Lab 2 ==/ CrPRESS’

9. Build the project by going to the Build menu selecting Build
System Resources Lab. This will take some time to build the

project.
10. At this point, verify that the board Is plugged in.

11.Program the board by going to the Debug menu and in the
drop down click Program

12.Push the Reset button on your board located near Port D

13. Verify: When you turn the POT you should see the ADC
values change

E VEOSo @ 119
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CYPRESS'

e
PERFORM
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Lab 2

¥ Turn the POT to see
i voltage changes on
LCD screen
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Review

Understand the CPU, Digital, Analog and
Programmable Routing and Interconnect

PSoC3/5LP Architecture
Overview Subsystems
Svstermn ResoUrces Understand the system block diagram of PSoC 3/
y PSoC 5LP devices
.. : Understand Universal Digital Blocks (UDBS) in
Digital Peripherals PSoC 3/ PSoC 5LP

Analog Peripherals Understand analog in PSoC 3/ PSoC 5LP

11=PSoC
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Free Kit Upgrade Program S/ Crrss

;.

Free kit upgrade program is applicable for customers with kits based on PSoC 5 silicon

3 Simple Steps to Upgrade Kits
1. Log on to www.cypress.com/go/psockitupgrade
2. Fill in your kit details (board Id #) and receive an email with the promo-code
Board Id# is 11 character long and is located at the back of the board and kit box

3. Shop for your kit and add promo-code on checkout

This process is available on the PSoC 5 web page

CY8CKIT-010 CY8C58LP Family Processor Module Kit

CY8CKIT-050 PSoC 5LP Development Kit

3 P ®
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http://www.cypress.com/go/psockitupgrade
http://www.cypress.com/?rID=51577
http://www.cypress.com/?rID=51577
http://www.cypress.com/?rID=51577
http://www.cypress.com/?rID=43673
http://www.cypress.com/?rID=43673
http://www.cypress.com/?rID=43673

Next Ste PS ) CYPRESS

WWWw.cypress.com/support & www.cypress.com/psoc
* PSoC 3 & PSoC 5LP Kits and Expansion Board Kits
= PSoC Developer Community

+ Online Trainings

u Appllcatlon N OteS Sales Support Cypress Developer Community Home
. Knowledge Base Forums
- TeChnlca-I Support Application Notes Blogs
Videos & Technical Training Videos
§ Software Downloads Training
s Documentation Rewards Program

Development Kits/Boards Join the Community
Quality, Relabiity, RoHS & Green

Cypress Developer Community™

Forums

Technical Blogs

Design Partner Program

Technical Support
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http://www.cypress.com/support
http://www.cypress.com/psoc

