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PSoC® Functional Overview

The PSoC family consists of many programmable
system-on-chips with on-chip controller devices. These devices
are designed to replace multiple traditional MCU based system
components with one, low cost single chip programmable
component. A PSoC device includes configurable analog and
digital blocks, and programmable interconnect. This architecture
enables the user to create customized peripheral configurations,
to match the requirements of each individual application.
Additionally, a fast CPU, flash program memory, SRAM data
memory, and configurable I/O are included in a range of
convenient pinouts.

The PSoC architecture for this device family is comprised of
three main areas: core, system resources, and CapSense
analog system. A common, versatile bus enables connection
between I/O and the analog system. Each CY8C20x24 PSoC
device includes a dedicated CapSense block that provides
sensing and scanning control circuitry for capacitive sensing
applications. Depending on the PSoC package, up to 28 GPIOs
are also included. The GPIOs provide access to the MCU and
analog mux.

PSoC Core

The PSoC core is a powerful engine that supports a rich
instruction set. It encompasses SRAM for data storage, an
interrupt controller, sleep and watchdog timers, and internal main
oscillator (IMO) and internal low-speed oscillator (ILO). The CPU
core, called the M8C, is a powerful processor with speeds up to
12 MHz. The M8C is a 2-MIPS, 8-bit Harvard-architecture
microprocessor.

System resources provide additional capability, such as a
configurable I1°C slave or SPI master-slave communication
interface and various system resets supported by the M8C.

The analog system is composed of the CapSense PSoC block
and an internal 1.8-V analog reference. Together, they support
capacitive sensing of up to 28 inputs.

CapSense Analog System

The analog system contains the capacitive sensing hardware.
Several hardware algorithms are supported. This hardware
performs capacitive sensing and scanning without requiring
external components. Capacitive sensing is configurable on
each GPIO pin. Scanning of enabled CapSense pins are
completed quickly and easily across multiple ports.

Document Number: 001-41947 Rev. *N

Figure 1. Analog System Block Diagram
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Analog Multiplexer System

The analog mux bus connects to every GPIO pin. Pins are
connected to the bus individually or in any combination. The bus
also connects to the analog system for analysis with the
CapSense block comparator.

Switch control logic enables selected pins to precharge
continuously under hardware control. This enables capacitive
measurement for applications such as touch sensing. The
analog multiplexer system in the CY8C20x24 device family is
optimized for basic CapSense functionality. It supports sensing
of CapSense buttons, proximity sensors, and a single slider.
Other multiplexer applications include:

m Capacitive slider interface.
m Chip-wide mux that enables analog input from any 1/O pin.

m Crosspoint connection between any 1/O pin combinations.

When designing capacitive sensing applications, refer to the
latest signal to noise signal level requirements application notes,
which are found in http://www.cypress.com > Design Resources
> Application Notes. In general, and unless otherwise noted in
the relevant application notes, the minimum signal-to-noise ratio
(SNR) requirement for CapSense applications is 5:1.
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Typical Application

Figure 2 illustrates a typical application: CapSense multimedia
keys for a notebook computer with a slider, four buttons, and four
LEDs.

Figure 2. CapSense Multimedia Button-Board Application
LED
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Additional System Resources

System resources, some of which are previously listed, provide
additional capability useful to complete systems. Additional
resources include low voltage detection (LVD) and power on
reset (POR). Brief statements describing the merits of each
system resource follow.

m The 12C slave and SPI master-slave module provides 50, 100,
or 400 kHz communication over two wires. SPI communication
over three or four wires runs at speeds of 46.9 kHz to 3 MHz
(lower for a slower system clock).

m LVD interrupts signal the application of falling voltage levels,
while the advanced POR circuit eliminates the need for a
system supervisor.

m An internal 1.8-V reference provides an absolute reference for
capacitive sensing.

m The 5V maximum input, 3 V fixed output, low dropout regulator
(LDO) provides regulation for I/Os. A register controlled bypass
mode enables the user to disable the LDO.

Document Number: 001-41947 Rev. *N

Getting Started

This datasheet is an overview of the PSoC integrated circuit and
presents specific pin, register, and electrical specifications.

For in depth |nformat|on along with detailed programming
details, see the PSoC® Technical Reference Manual.

For up-to-date ordering, packaging, and electrical specification
information, see the latest PSoC device datasheets on the web.

Application Notes

Cypress application notes are an excellent introduction to the
wide variety of possible PSoC designs.

Development Kits

PSoC Development Kits are available online from and through a
growing number of regional and global distributors, which
include Arrow, Avnet, Digi-Key, Farnell, Future Electronics, and
Newark.

Training

Free PSoC technical training (on demand, webinars, and
workshops), which is available online via www.cypress.com,
covers a wide variety of topics and skill levels to assist you in
your designs.

CYPros Consultants

Certified PSoC consultants offer everything from technical
assistance to completed PSoC designs. To contact or become a
PSoC consultant go to the CYPros Consultants web site.

Solutions Library

Visit our growing library of solution focused designs. Here you
can find various application designs that include firmware and
hardware design files that enable you to complete your designs
quickly.

Technical Support

Technical support — including a searchable Knowledge Base
articles and technical forums — is also available online. If you
cannot find an answer to your question, call our Technical
Support hotline at 1-800-541-4736.
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Designing with PSoC Designer

The development process for the PSoC device differs from that
of a traditional fixed-function microprocessor. The configurable
analog and digital hardware blocks give the PSoC architecture a
unique flexibility that pays dividends in managing specification
change during development and lowering inventory costs. These
configurable resources, called PSoC blocks, have the ability to
implement a wide variety of user-selectable functions. The PSoC
development process is:

1. Select user modules.

2. Configure user modules.

3. Organize and connect.

4. Generate, verify, and debug.

Select User Modules

PSoC Designer provides a library of prebuilt, pretested hardware
peripheral components called “user modules”. User modules
make selecting and implementing peripheral devices, both
analog and digital, simple.

Configure User Modules

Each user module that you select establishes the basic register
settings that implement the selected function. They also provide
parameters and properties that allow you to tailor their precise
configuration to your particular appllcatlon For example, an
EzI2Cs User Module configures the 12C block in PSoC. Usmg
these parameters, you can establish the slave address and 12C
speed. Configure the parameters and properties to correspond
to your chosen application. Enter values directly or by selecting
values from drop-down menus. All of the user modules are
documented in datasheets that may be viewed directly in
PSoC Designer or on the Cypress website. These user module
data sheets explain the internal operation of the user module and
provide performance specifications. Each datasheet describes
the use of each user module parameter, and other information
that you may need to successfully implement your design.
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Organize and Connect

Build signal chains at the chip level by interconnecting user
modules to each other and the I/O pins. Perform the selection,
configuration, and routing so that you have complete control over
all on-chip resources.

Generate, Verify, and Debug

When you are ready to test the hardware configuration or move
on to developing code for the project, perform the “Generate
Configuration Files” step. This causes PSoC Designer to
generate source code that automatically configures the device to
your specification and provides the software for the system. The
generated code provides APIs with high-level functions to control
and respond to hardware events at run time, and interrupt
service routines that you can adapt as needed.

A complete code development environment allows you to
develop and customize your applications in C, assembly
language, or both.

The last step in the development process takes place inside
PSoC Designer's Debugger (accessed by clicking the Connect
icon). PSoC Designer downloads the HEX image to the ICE
where it runs at full speed. PSoC Designer debugging
capabilities rival those of systems costing many times more. In
addition to traditional single-step, run-to-breakpoint, and
watch-variable features, the debug interface provides a large
trace buffer. It allows you to define complex breakpoint events
that include monitoring address and data bus values, memory
locations, and external signals
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Pinouts
This section describes, lists, and illustrates the CY8C20224, CY8C20324, CY8C20424, and CY8C20524 PSoC device pins and pinout

configurations.

The CY8C20x24 PSoC device is available in a variety of packages which are listed and illustrated in the following tables. Every port
pin (labeled with a “P”) is capable of digital I/O and connection to the common analog bus. However, Vgg, Vpp, and XRES are not
capable of Digital 1/0.

16-pin Part Pinout
Figure 3. CY8C20224 16-pin PSoC Device
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Table 1. 16-pin Part Pinout (COL)
Pin No. Digital Analog Name Description

1 I/0 I P2[5]
2 I/0 I P2[1]
3 lo I P71 |12C scL, SPI SS
4 lon I P1[5] |12C SDA, SPI MISO
5 loH I P1[3] |[SPICLK
6 lon I P1[1] |cLk!'l 12C scL, SPI MOSI
7 Power Vgs |Ground connection
8 lon I P1[0] |DATAM 12C SDA
9 loH I P1[2]
10 IoH I P1[4] |Optional external clock input (EXTCLK)
1" Input XRES |Active high external reset with internal pull-down
12 I/0 I PO[4]
13 Power Vpp |Supply voltage
14 I/O I PO[7]
15 1/0 I PO[3] |Integrating input
16 1/0 I PO[1] |Integrating input

A = Analog, | = Input, O = Output, OH = 5 mA High Output Drive

Note
1. These are the ISSP pins, that are not high Z at POR (Power on reset). Refer the PSoC Programmable System-on-Chip Technical Reference Manual for details.
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Table 5. 48-pin OCD Part Pinout (QFN ["l) (continued)
Pin No. | Digital Analog Name Description
21 loH | P1[2]
22 NC No connection
23 NC No connection
24 NC No connection
25 loH | P1[4] |Optional external clock input (EXTCLK)
26 IoH | P1[6]
27 Input XRES |Active high external reset with internal pull-down
28 I/0 | P3[0]
29 I/0 | P3[2]
30 I/0 | P2[0]
31 I/0 | P2[2]
32 I/0 | P2[4]
33 I/0 | P2[6]
34 I/0 | PO[0]
35 I/0 | PO[2]
36 I/0 | PO[4]
37 NC No connection
38 NC No connection
39 NC No connection
40 I/0 | PO[6]
41 Power Vpp Supply voltage
42 OCDO |OCD odd data output
43 OCDE |OCD even data I/O
44 I/0 | PO[7]
45 I/0 | PO[5]
46 I/O | PO[3] [Integrating input
47 Power Vss Ground connection
48 NC No connection
CcP Power Vss Center pad is connected to ground

A = Analog, | = Input, O = Output, NC = No Connection H = 5 mA High Output Drive.
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Page 13 of 41




CY8C20224/CY8C20324

YPRESS CY8C20424/CY8C20524

Embedded in Tomorrow™

[
g
@)

DC Electrical Characteristics
DC Chip Level Specifications

Table 8 lists the guaranteed maximum and minimum specifications for the voltage and temperature ranges: 4.75 V to 5.25 V and
—40°C<Tp<85°C,3.0Vto3.6Vand-40°C<Tp<85°C,0r2.4V1to3.0Vand—-40°C <Tp <85 °C, respectively. Typical parameters

applyto 5V, 3.3V, or 2.7 V at 25 °C. These are for design guidance only.

Table 8. DC Chip Level Specifications

Symbol Description Min Typ Max Units Notes
Vbop Supply voltage 2.40 - 5.25 \%
Ibp12 Supply current, IMO = 12 MHz - 1.5 25 mA |Conditions are Vpp = 3.0 V,
Tp=25°C, CPU =12 MHz.
Ibps Supply current, IMO = 6 MHz - 1 1.5 mA |Conditions are Vpp = 3.0V,
Tp =25 °C, CPU =6 MHz.
Isgo7 Sleep (Mode) current with POR, - 26 4 MA |Vpp=2.55V,0°C<Ty<40°C.
LVD, sleep timer, WDT, and
internal slow oscillator active. Mid
temperature range.
Isg Sleep (Mode) current with POR, - 2.8 5 MA |Vpp=3.3V,-40°C<Tp<85°C.
LVD, sleep timer, WDT, and
internal slow oscillator active.
DC GPIO Specifications

Unless otherwise noted, Table 9 lists the guaranteed maximum and minimum specifications for the voltage and temperature ranges:
4.75V105.25Vand-40°C<Ty<85°C,3.0Vt03.6Vand-40°C<T,<85°C,0r2.4Vt03.0Vand—40 °C <Tp <85 °C, respectively.
Typical parameters apply to 5V, 3.3V, and 2.7 V at 25 °C. These are for design guidance only.

Table 9. 5V and 3.3 V DC GPIO Specifications

Symbol Description Min Typ Max Units Notes

Rpy Pull-up resistor 4 5.6 8 kQ

VoHu1 High output voltage, Vpp —0.2 - - V' |lon £ 10 yA, Vpp > 3.0 V, maximum of
port 0, 2, or 3 pins 20 mA source current in all 1/Os.

Vouz High output voltage, Vpp—0.9 - - V' |lop=1mA, Vpp > 3.0 V, maximum of
port 0, 2, or 3 pins 20 mA source current in all 1/Os.

VoH3 High output voltage, Vpp—0.2 - - V' |lgn < 10 A, Vpp > 3.0 V, maximum of
port 1 pins with LDO regulator 10 mA source current in all 1/Os.
disabled

Vous High output voltage, Vpp—0.9 - - V' |lon =5mA, Vpp > 3.0 V, maximum of
port 1 pins with LDO regulator 20 mA source current in all I/Os.
disabled

Vous High output voltage, 27 3.0 3.3 \ IO‘? <10 pA, Vpp > 3.1V, maximum of
port 1 pins with 3.0 V LDO 41/Os all sourcing 5 mA.
regulator enabled

Vohs High output voltage, 2.2 - - V' |lon =5mA, Vpp > 3.1V, maximum of
port 1 pins with 3.0 V LDO 20 mA source current in all 1/Os.
regulator enabled

Von7 High output voltage, 21 24 2.7 V  |lgn <10 YA, Vpp > 3.0 V, maximum of
port 1 pins with 2.4 V LDO 20 mA source current in all 1/Os.
regulator enabled

Vous High output voltage, 2.0 - - V' |loy <200 pA, Vpp > 3.0 V, maximum
port 1 pins with 2.4 V LDO of 20 mA source current in all I/Os.
regulator enabled

VoHo High output voltage, 1.6 1.8 20 V o op < 10 pA, 3.0V <Vpp<3.6Y,
port 1 pins with 1.8 V LDO 0°C<Tp<85°C, maX|mum of 20 mA
regulator enabled source current in all I/Os.

VoH1o High output voltage, 1.5 - - V' |loy <100 pA, 3.0V <Vpp<3.6V,
port 1 pins with 1.8 V LDO 0 °C <TA <85 °C, maximum of 20 mA
regulator enabled source current in all I/Os.

Document Number: 001-41947 Rev. *N
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Table 10. 2.7 V DC GPIO Specifications (continued)

Symbol Description Min Typ Max Units Notes
CiN Capacitive load on pins as input 0.5 1.7 5 pF |Package and pin dependent
temperature = 25 °C
Court Capacitive load on pins as output 0.5 1.7 5 pF |Package and pin dependent
temperature = 25 °C

DC Analog Mux Bus Specifications

Table 11 lists the guaranteed maximum and minimum specifications for the voltage and temperature ranges: 4.75V t0 5.25 V and —40
°C<Tp<85°C,3.0Vto3.6Vand—-40°C<Tp<85°C,or2.4Vto3.0Vand-—40°C<Ty<85°C, respectively. Typical parameters
applyto 5V, 3.3V, or 2.7 V at 25 °C. These are for design guidance only.

Table 11. DC Analog Mux Bus Specifications

Symbol Description Min Typ Max Units Notes
Rsw Switch resistance to common - - 400 Q (Vdd=2.7V
analog bus 800 Q |24V <Vdd<27V

DC Low Power Comparator Specifications

Table 12 lists the guaranteed maximum and minimum specifications for the voltage and temperature ranges: 4.75 V to 5.25 V and
—40°C<Tp<85°C,3.0Vt03.6Vand—-40°C<Tp<85°C,or2.4Vto3.0Vand-40°C < Ty <85 °C, respectively. Typical parameters
apply to 5V at 25 °C. These are for design guidance only.

Table 12. DC Low Power Comparator Specifications

Symbol Description Min Typ Max Units Notes
VREFLPC Low power comparator (LPC) 0.2 - Vpp—10| V
reference voltage range
IsLpc LPC supply current - 10 40 MA
VosLpc LPC voltage offset - 25 30 mV

DC POR and LVD Specifications

Table 13 lists the guaranteed maximum and minimum specifications for the voltage and temperature ranges: 4.75 V to 5.25 V and
—40°C<Tp<85°C,3.0Vt03.6Vand—-40°C<Tp<85°C,or2.4Vto3.0Vand-40°C <Tp <85 °C, respectively. Typical parameters
applyto 5V, 3.3V, or 2.7 V at 25 °C. These are for design guidance only.

Table 13. DC POR and LVD Specifications

Symbol Description Min Typ Max Units Notes
Vpp Value for PPOR trip Vpp is greater than or equal to 2.5 V
VPPORO %RLEV[1 :0] =00b - 2.36 2.40 V  |during startup, reset from the XRES
VPPORA1 PORLEV[1:0] = 01b - 2.60 2.65 V  |pin, or reset from Watchdog.
VPPOR2 PORLEV[1:0] = 10b - 2.82 2,95 \
Vpp value for LVD trip
VLVDO VM[2:0] = 000b 2.39 2.45 2510 v
VLVD1 VM[2:0] = 001b 2.54 2.71 2.78110] Y,
VLVD2 VM[2:0] = 010b 2.75 2.92 2. 99[”1 v
VLVD3 VM[2:0] = 011b 2.85 3.02 3.09 \Y
VLVD4 VM[2:0] = 100b 2.96 3.13 3. 20 \
VLVD5 VM[2:0] = 101b - - \Y
VLVD6 VM[2:0] = 110b - - \Y
VLVD7 VM[2:0] = 111b 4.52 4.73 4.83 \Y
Notes

9. Always greater than 50 mV above Vppor (PORLEV = 00) for falling supply.
10. Always greater than 50 mV above Vppor (PORLEV = 01) for falling supply.
11. Always greater than 50 mV above Vppor (PORLEV = 10) for falling supply.
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AC GPIO Specifications

Table 18 an d Table 19 list the guaranteed maximum and minimum specifications for the voltage and temperature ranges: 4.75 V to
5.25Vand 40°C<Tp<85°C,3.0Vto3.6Vand -40°C<Tp<85°C,or2.4Vto3.0Vand-40 °C < Tp <85 °C respectively. Typical
parameters apply to 5V, 3.3 V, or 2.7 V at 25 °C. These are for design guidance only.

Table 18. 5V and 3.3 V AC GPIO Specifications

Symbol Description Min Typ Max Units Notes

Fepio GPIO operating frequency 0 - 6 MHz |Normal strong mode, Port 1.

tRise023 Rise time, strong mode, 15 - 80 ns [Vpp=3.0Vto3.6Vand4.75Vto
Cload = 50 pF, 5.25V, 10% to 90%
ports 0, 2, 3

tRise1 Rise time, strong mode, 10 - 50 ns |Vpp=3.0V1to3.6V,10% to 90%
Cload = 50 pF,
port 1

trall Fall time, strong mode, 10 - 50 ns |Vpp=3.0Vto3.6Vand4.75Vto
Cload = 50 pF, 52 V, 10% to 90%
all ports

Table 19. 2.7 V AC GPIO Specifications

Symbol Description Min Typ Max Units Notes

Fepio GPIO operating frequency 0 - 1.5 MHz [Normal Strong Mode, Port 1.

tRise023 Rise time, strong mode, 15 - 100 ns (Vpp=24Vto3.0V, 10% to 90%
Cload = 50 pF,
ports 0, 2, 3

tRise1 Rise time, strong mode, 10 - 70 ns (Vpp=24Vto3.0V, 10% to 90%
Cload = 50 pF,
port 1

teal Fall time, strong mode, 10 - 70 ns |Vpp=2.4V1to3.0V,10% to 90%
Cload = 50 pF,
all ports

Figure 9. GPIO Timing Diagram
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AC Comparator Specifications

Table 20 lists the guaranteed maximum and minimum specifications for the voltage and temperature ranges: 4.75 V to 5.25 V and
—40°C<Tp<85°C,3.0Vt03.6Vand40°C<Tp<85°C,or2.4Vto3.0Vand—-40°C <Tp <85 °C, respectively. Typical parameters
applyto 5V, 3.3V, or 2.7 V at 25 °C. These are for design guidance only.

Table 20. AC Comparator Specifications

Symbol Description Min Typ Max Units Notes
tcomp Comparator response time, - - 100 ns |Vpp=3.0V
50 mV overdrive 200 ns |24V <Vgc<3.0V
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Table 24. 2.7 V AC External Clock Specifications (continued)
Symbol Description Min Typ Max Units Notes
Foscextos |Frequency with CPU clock divide 1.5 - 12.6 MHz |2.7 V <Vpp < 3.0 V. If the frequency of
by 2 or greater (2.7 V minimum) the external clock is greater than
3 MHz, the CPU clock divider is set to
2 or greater. In this case, the CPU
clock divider ensures that the fifty
percent duty cycle requirement is met.
- High period with CPU clock divide 160 - 5300 ns
by 1
- Low period with CPU clock divide 160 - - ns
by 1
- Power-up IMO to switch 150 - - us

AC Programming Specifications

Table 25 lists the guaranteed maximum and minimum specifications for the voltage and temperature ranges: 4.75 V to 5.25 V and
—40°C<Tp<85°C,3.0Vto3.6Vand 40°C<Tp<85°C,or2.4Vto3.0Vand—40°C <Ty<85 °C respectively. Typical parameters
applyto 5V, 3.3V, or 2.7 V at 25 °C. These are for design guidance only.

Table 25. AC Programming Specifications

Symbol Description Min Typ Max Units Notes
trRscLK Rise time of SCLK 1 - 20 ns
trscLk Fall time of SCLK 1 - 20 ns
tsscLk Data set up time to falling edge of 40 - - ns
SCLK
tHscLk Data hold time from falling edge 40 - - ns
of SCLK
FscLk Frequency of SCLK 0 - 8 MHz
tERASEB Flash erase time (Block) - 10 - ms
tWRITE Flash block write time - 40 - ms
tbscLk Data out delay from falling edge - - 45 ns (3.6 <Vpp
of SCLK
tbscLks Data out delay from falling edge - - 50 ns (3.0<Vpp<3.6
of SCLK
tbscLk2 Data out delay from falling edge - - 70 ns (24<Vpp<3.0
of SCLK
tERASEALL Flash erase time (Bulk) - 20 - ms |Erase all blocks and protection
fields at once
tprocrAM HoT  |Flash block erase + Flash block - - 100 ms |0°C<Tj<100°C
- write time
tproGrRAM coLp |Flash block erase + Flash block - - 200 ms |-40°C<Tj<0°C
- write time
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AC I’C Specifications

Table 26 and Table 27 list the guaranteed maximum and minimum specifications for the voltage and temperature ranges: 4.75 V to
525Vand 40°C<Ty<85°C,3.0Vto3.6Vand—-40°C<T,<85°C,o0r2.4Vto3.0Vand—-40°C<Typ<85°Crespectively. Typical
parameters apply to 5V, 3.3 V, or 2.7 V at 25 °C. These are for design guidance only.

Table 26. AC Characteristics of the I2C SDA and SCL Pins for Vpp >3.0 V

L Standard Mode Fast Mode .
Symbol Description - - Units Notes
Min Max Min Max

FscLize SCL clock frequency 0 100 0 400 kHz
t Hold time (repeated) START 4.0 - 0.6 - us
HDSTAI2C condition. After this period, the

first clock pulse is generated.
t owize LOW period of the SCL clock 4.7 - 1.3 - us
tHiGHI2C HIGH period of the SCL clock 4.0 - 0.6 - us
tsusTAIZC ggrt]léri)titci)r:e for arepeated START 4.7 - 0.6 - us
tHDDATI2C Data hold time 0 - 0 - us
tsUDATI2C Data setup time 250 - 100[] - ns
tsusTol2C Setup time for STOP condition 4.0 - 0.6 - us
tsuri2e Bus free time between a STOP 4.7 - 1.3 - us

and START condition
tspiac Pulse width of spikes are - - 0 50 ns

suppressed by the input filter

Table 27. 2.7 V AC Characteristics of the I2C SDA and SCL Pins (Fast Mode not supported)

L. Standard Mode Fast Mode .
Symbol Description - - Units Notes
Min Max Min Max
FscLize SCL clock frequency 0 100 - - kHz
t Hold time (repeated) START 4.0 - - - us
HDSTAI2C condition. After this period, the
first clock pulse is generated.
tLowize LOW period of the SCL clock 4.7 - - - Ms
tHicHI2C HIGH period of the SCL clock 4.0 - - - us
tsuSTAIRC gc?rtllcjfi)titci)rr?e for a repeated START 4.7 - - - us
tHpDATIZC Data hold time 0 - - - Us
tsuDATI2C Data setup time 250 - - - ns
tsustoze | Setup time for STOP condition 4.0 - - - us
tsurFi2e Bus free time between a STOP 4.7 - - - Ms
and START condition
tspioc Pulse width of spikes are - - - - ns
suppressed by the input filter.
Note

19. A Fast Mode IC bus device is used in a Standard Mode I°C bus system but the requirement Tsupart = 250 ns is met. This automatically is the case if the device does
not stretch the LOW period of the SCL signal. If such device does stretch the LOW period of the SCL signal, it must output the next data bit to the SDA line trmax +
Tsupar = 1000 + 250 = 1250 ns (according to the Standard Mode I“C bus specification) before the SCL line is released.
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Figure 10. Definition for Timing for Fast or Standard Mode on the I2C Bus
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AC SPI Specifications
Table 28. SPI Master AC Specifications
Symbol Description Conditions Min Typ Max Units
Fscik SCLK clock frequency - - 12 MHz
DC SCLK duty cycle - 50 - %
tseTup MISO to SCLK setup time 40 - - ns
tHoLD SCLK to MISO hold time 40 - - ns
touT vaL SCLK to MOSI valid time - - 40 ns
tout H MOSI high time 40 - - ns
Table 29. SPI Slave AC Specifications
Symbol Description Conditions Min Typ Max Units
Fscik SCLK clock frequency - - 4 MHz
tLow SCLK low time 41.67 - - ns
tHiGH SCLK high time 41.67 - - ns
tseTUP MOSI to SCLK setup time 30 - - ns
thoLp SCLK to MOSI hold time 50 - - ns
tSS_MISO SS high to MISO valid - - 153 ns
tSCLK_MISO SCLK to MISO valid - - 125 ns
tSS_H|GH SS hlgh time - - 50 ns
tss_cLk Time from SS low to first SCLK 2/SCLK - - ns
tcik_ss Time from last SCLK to SS high 2/SCLK - - ns
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Ordering Information
Table 30 lists the CY8C20224, CY8C20324, CY8C20424, and CY8C20524 PSoC devices key package features and ordering codes.

Table 30. PSoC Device Key Features and Ordering Information

Maximum | Maximum | Maximum | Configurable e
Package Ordering Code (Elatzrsl) (SBRﬁ;I:I) Number of | Number of | Number of | LED Behavior PSrgr)l(lsrinr:ty
y y Buttons Sliders LEDs (Fade, Strobe) 9

16-pin (3 x 3 mm 0.60 Max) |CY8C20224-12LKXI 8 K 512 10 1 13 Yes Yes
COL
16-pin (3 x 3 mm 0.60 Max) |CY8C20224-12LKXIT 8 K 512 10 1 13 Yes Yes
COL (Tape and Reel)
24-pin (4 x 4 mm 0.60 Max) |[CY8C20324-12LQXI 8K 512 17 1 20 Yes Yes
QFN
24-pin (4 x 4 mm 0.60 Max) [CY8C20324-12LQXIT 8 K 512 17 1 20 Yes Yes
QFN (Tape and Reel)
28-pin (210-Mil) SSOP CY8C20524-12PVXI 8 K 512 21 1 24 Yes Yes
28-pin (210-Mil) SSOP CY8C20524-12PVXIT 8 K 512 21 1 24 Yes Yes
(Tape and Reel)
32-pin (5 x 5 mm 0.60 Max) [CY8C20424-12LQXI 8K 512 25 1 28 Yes Yes
QFN (Sawn)
32-pin (5 x 5 mm 0.60 Max) [CY8C20424-12LQXIT 8K 512 25 1 28 Yes Yes
QFN (Sawn)

Note For Die sales information, contact a local Cypress sales office or Field Applications Engineer (FAE).

Ordering Code Definitions
CY 8 C 20 xxx-12 xx

J B Package Type: Thermal Rating:
PX = PDIP Pb-free C = Commercial
SX = SOIC Pb-free | = Industrial
PVX = SSOP Pb-free E = Extended

LFX/LKX/LQX = QFN Pb-free
AX = TQFP Pb-free

Speed: 12 MHz

Part Number

Family Code

Technology Code: C = CMOS
Marketing Code: 8 = Cypress PSoC
Company ID: CY = Cypress
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Thermal Impedances
Table 31. Thermal Impedances Per Package

Package Typical 0, 2]
16-pin COL 46 °C/W
24-pin QFNI?T] 25 °C/W
28-pin SSOP 96 °C/W
32-pin QFN[?T] 27 °C/W
48-pin QFNI2T] 28 °C/W

Solder Reflow Specifications
Table 32 lists the minimum solder reflow peak temperature to achieve good solderability.

Table 32. Solder Reflow Specifications

Package Maximum Peak Temperature Time at Maximum Peak Temperature
16-pin COL 260 °C 30s
24-pin QFN 260 °C 30s
28-pin SSOP 260 °C 30s
32-pin QFN 260 °C 30s
48-pin QFN 260 °C 30s
Notes

20.TJ=TA+POW€I'X9JA

21.To achieve the thermal impedance specified for the QFN package, the center thermal pad is soldered to the PCB ground plane.
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Development Tool Selection
Software

PSoC Designer

At the core of the PSoC development software suite is PSoC
Designer. Utilized by thousands of PSoC developers, this robust
software has been facilitating PSoC designs for over half a
decade. PSoC Designer is available free of charge at
http://www.cypress.com.

PSoC Programmer

Flexible enough to be used on the bench in development, yet
suitable for factory programming, PSoC Programmer works
either as a standalone programming application or it can operate
directly from PSoC Designer. PSoC Programmer software is
compatible with both PSoC ICE-Cube In-Circuit Emulator and
PSoC MiniProg. PSoC Programmer is available free of charge
at http://www.cypress.com.

Development Kits
All development kits are sold at the Cypress Online Store.

CY3215-DK Basic Development Kit

The CY3215-DK is for prototyping and development with PSoC
Designer. This kit supports in-circuit emulation and the software
interface enables users to run, halt, and single step the
processor and view the content of specific memory locations.
PSoC Designer supports the advance emulation features also.
The kit includes:

m PSoC Designer Software CD

m |CE-Cube In-Circuit Emulator

m ICE Flex-Pod for CY8C29x66 Family

m Cat-5 Adapter

m Mini-Eval Programming Board

m 110 ~ 240 V Power Supply, Euro-Plug Adapter
m iIMAGEcraft C Compiler (Registration required)
m ISSP Cable

m USB 2.0 Cable and Blue Cat-5 Cable

m Two CY8C29466-24PXI| 28-PDIP Chip Samples

Document Number: 001-41947 Rev. *N

Evaluation Tools
All evaluation tools are sold at the Cypress Online Store.

CY3210-MiniProg1

The CY3210-MiniProg1 kit enables the user to program PSoC
devices via the MiniProg1 programming unit. The MiniProg is a
small, compact prototyping programmer that connects to the PC
via a provided USB 2.0 cable. The kit includes:

m MiniProg Programming Unit

m MiniEval Socket Programming and Evaluation Board
m 28-pin CY8C29466-24PXI| PDIP PSoC Device Sample
m 28-pin CY8C27443-24PXI| PDIP PSoC Device Sample
m PSoC Designer Software CD

m Getting Started Guide

m USB 2.0 Cable

CY3210-PSoCEval1

The CY3210-PSoCEval1 kit features an evaluation board and
the MiniProg1 programming unit. The evaluation board includes
an LCD module, potentiometer, LEDs, and plenty of bread-
boarding space to meet all of your evaluation needs. The kit
includes:

m Evaluation Board with LCD Module

m MiniProg Programming Unit

m 28-pin CY8C29466-24PXI PDIP PSoC Device Sample (2)
m PSoC Designer Software CD

m Getting Started Guide

m USB 2.0 Cable

CY3214-PSoCEvalUSB

The CY3214-PSoCEvalUSB evaluation kit features a
development board for the CY8C24794-24LFXI PSoC device.
Special features of the board include both USB and capacitive
sensing development and debugging support. This evaluation
board also includes an LCD module, potentiometer, LEDs, an
enunciator and plenty of bread boarding space to meet all of your
evaluation needs. The kit includes:

m PSoCEvalUSB Board

m LCD Module

m MIniProg Programming Unit

m Mini USB Cable

m PSoC Designer and Example Projects CD
m Getting Started Guide

m Wire Pack
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Acronyms
Acronyms Used
Table 34 lists the acronyms that are used in this document.
Table 34. Acronyms Used in this Datasheet
Acronym Description Acronym Description
AC alternating current MIPS  |million instructions per second
ADC analog-to-digital converter OCD on-chip debug
API application programming interface PCB printed circuit board
CMOS |complementary metal oxide semiconductor PGA programmable gain amplifier
CPU central processing unit POR power on reset
EEPROM |electrically erasable programmable read-only PPOR |precision power on reset
memory
GPIO |general purpose 1/0 PSoC® |Programmable System-on-Chip
ICE in-circuit emulator PWM pulse width modulator
IDAC |current DAC QFN quad flat no leads
IDE integrated development environment SLIMO |slow IMO
ILO internal low speed oscillator SPI™  Iserial peripheral interface
IMO internal main oscillator SRAM |static random access memory
I/0 input/output SROM |supervisory read only memory
ISSP in-system serial programming SSOP  [shrink small-outline package
LCD liquid crystal display uUsSB universal serial bus
LDO WDT  |watchdog timer
LED light-emitting diode WLCSP |wafer level chip scale package
LVD low voltage detect XRES |external reset
MCU microcontroller unit

Reference Documents

PSoC® CY8C20x34 and PSoC® CY8C20x24 Technical Reference Manual (TRM) — 001-13033
Design Aids — Reading and Writing PSoC® Flash — AN2015 (001-40459)
Application Notes for Surface Mount Assembly of Amkor's MicroLeadFrame (MLF) Packages — available at http://www.amkor.com.

Document Number: 001-41947 Rev. *N

Page 33 of 41


http://www.amkor.com

CY8C20224/CY8C20324

YPRESS CY8C20424/CY8C20524

Embedded in Tomorrow™

[
g
@)

Document Conventions

Units of Measure
Table 35 lists the units of measures.
Table 35. Units of Measure

Symbol Unit of Measure Symbol Unit of Measure
°C degree Celsius ms millisecond
pF picofarad ns nanosecond
kHz kilohertz ps picosecond

MHz megahertz N\ microvolts
kQ kilohm mV millivolts
Q ohm \Y, volts
HA microampere w watt
mA milliampere mm millimeter
nA nanoampere % percent
us microsecond

Numeric Conventions

Hexadecimal numbers are represented with all letters in uppercase with an appended lowercase ‘h’ (for example, ‘“14h’ or ‘3Ah’).
Hexadecimal numbers may also be represented by a ‘Ox’ prefix, the C coding convention. Binary numbers have an appended
lowercase ‘b’ (for example, 01010100b’ or ‘01000011b’). Numbers not indicated by an ‘h’ or ‘b’ are decimals.

Glossary
active high 1. A logic signal having its asserted state as the logic 1 state.
2. Alogic signal having the logic 1 state as the higher voltage of the two states.

analog blocks The basic programmable opamp circuits. These are SC (switched capacitor) and CT (continuous time) blocks.

These blocks can be interconnected to provide ADCs, DACs, multi-pole filters, gain stages, and much more.

analog-to-digital
(ADC)

A device that changes an analog signal to a digital signal of corresponding magnitude. Typically, an ADC converts
a voltage to a digital number. The digital-to-analog (DAC) converter performs the reverse operation.

Application
programming

interface (API)

asynchronous

Bandgap
reference

bandwidth

bias

Document Number: 001-41947 Rev. *N

A series of software routines that comprise an interface between a computer application and lower level services
and functions (for example, user modules and libraries). APIs serve as building blocks for programmers that
create software applications.

A signal whose data is acknowledged or acted upon immediately, irrespective of any clock signal.

A stable voltage reference design that matches the positive temperature coefficient of VT with the negative
temperature coefficient of VBE, to produce a zero temperature coefficient (ideally) reference.

1. The frequency range of a message or information processing system measured in hertz.

2. The width of the spectral region over which an amplifier (or absorber) has substantial gain (or loss); it is
sometimes represented more specifically as, for example, full width at half maximum.

1. A systematic deviation of a value from a reference value.
2. The amount by which the average of a set of values departs from a reference value.

3. The electrical, mechanical, magnetic, or other force (field) applied to a device to establish a reference level to
operate the device.
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Glossary (continued)

block 1. A functional unit that performs a single function, such as an oscillator.

2. A functional unit that may be configured to perform one of several functions, such as a digital PSoC block or
an analog PSoC block.

buffer 1. A storage area for data that is used to compensate for a speed difference, when transferring data from one
device to another. Usually refers to an area reserved for 1/0 operations, into which data is read, or from which
data is written.

2. A portion of memory set aside to store data, often before it is sent to an external device or as it is received
from an external device.

3. An amplifier used to lower the output impedance of a system.

. A named connection of nets. Bundling nets together in a bus makes it easier to route nets with similar routing
patterns.

2. A set of signals performing a common function and carrying similar data. Typically represented using vector
notation; for example, address[7:0].

3. One or more conductors that serve as a common connection for a group of related devices.

(o
C
()
-

clock The device that generates a periodic signal with a fixed frequency and duty cycle. A clock is sometimes used to
synchronize different logic blocks.

comparator An electronic circuit that produces an output voltage or current whenever two input levels simultaneously satisfy
predetermined amplitude requirements.

compiler A program that translates a high level language, such as C, into machine language.
configuration In PSoC devices, the register space accessed when the XIO bit, in the CPU_F register, is set to ‘1°.
space

crystal oscillator  An oscillator in which the frequency is controlled by a piezoelectric crystal. Typically a piezoelectric crystal is less
sensitive to ambient temperature than other circuit components.

cyclicredundancy A calculation used to detect errors in data communications, typically performed using a linear feedback shift
check (CRC) register. Similar calculations may be used for a variety of other purposes such as data compression.

data bus A bi-directional set of signals used by a computer to convey information from a memory location to the central
processing unit and vice versa. More generally, a set of signals used to convey data between digital functions.

debugger A hardware and software system that allows you to analyze the operation of the system under development. A
debugger usually allows the developer to step through the firmware one step at a time, set break points, and
analyze memory.

dead band A period of time when neither of two or more signals are in their active state or in transition.

digital blocks The 8-bit logic blocks that can act as a counter, timer, serial receiver, serial transmitter, CRC generator,
pseudo-random number generator, or SPI.

digital-to-analog A device that changes a digital signal to an analog signal of corresponding magnitude. The analog-to-digital (ADC)
(DAC) converter performs the reverse operation.

duty cycle The relationship of a clock period high time to its low time, expressed as a percent.

emulator Duplicates (provides an emulation of) the functions of one system with a different system, so that the second
system appears to behave like the first system.
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Worldwide Sales and Design Support

Cypress maintains a worldwide network of offices, solution centers, manufacturer’s representatives, and distributors. To find the office

closest to you, visit us at Cypress Locations.

Products

ARM® Cortex® Microcontrollers

Automotive

Clocks & Buffers
Interface

Internet of Things
Memory
Microcontrollers
PSoC

Power Management ICs
Touch Sensing

USB Controllers
Wireless Connectivity
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PSoC® Solutions
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the responsibility of the user of this document to properly design, program, and test the functionality and safety of any application made of this information and any resulting product. Cypress products
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the United States and other countries. For a more complete list of Cypress trademarks, visit cypress.com. Other names and brands may be claimed as property of their respective owners.
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PSoC Designer™ is a trademark and PSoC® and CapSense® are registered trademarks of Cypress Semiconductor Corporation.

Purchase of I12C components frong Cypress or one of its sublicensed Associated Companies conveys a license under the Philips 12C Patent Rights to use these components in an 12c system, provided
that the system conforms to the 1“C Standard Specification as defined by Philips. As from October 1st, 2006 Philips Semiconductors has a new trade name - NXP Semiconductors.
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