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Welcome to E-XFL.COM

What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.

Applications of "Embedded -
Microcontrollers"

Embedded microcontrollers are used in virtually every
sector of electronics, providing the necessary control and
processing power for a multitude of applications. In
consumer electronics, they manage the operations of
smartphones, home appliances, and wearable devices. In
automotive systems, microcontrollers control engine
functions, safety features, and infotainment systems.
Industrial applications rely on microcontrollers for
automation, robotics, and process control. Additionally,
microcontrollers are integral in medical devices, handling
functions such as monitoring, diagnostics, and control of
therapeutic equipment. Their versatility and
programmability make them essential components in
creating efficient, responsive, and intelligent electronic
systems.

Common Subcategories of "Embedded -
Microcontrollers"

Embedded microcontrollers can be categorized based on
their architecture, performance, and application focus.
Common subcategories include 8-bit, 16-bit, and 32-bit
microcontrollers, differentiated by their processing power
and memory capacity. 8-bit microcontrollers are typically
used in simple applications like basic control systems and
small devices. 16-bit microcontrollers offer a balance
between performance and complexity, suitable for
medium-scale applications like industrial automation. 32-
bit microcontrollers provide high performance and are
used in complex applications requiring advanced
processing, such as automotive systems and sophisticated
consumer electronics. Each subcategory serves a specific
range of applications, providing tailored solutions for
different performance and complexity needs.

Types of "Embedded - Microcontrollers"

There are various types of embedded microcontrollers,
each designed to meet specific application requirements.
General-purpose microcontrollers are versatile and used in
a wide range of applications, offering a balance of
performance, memory, and peripheral options. Special-
purpose microcontrollers are tailored for specific tasks,
such as automotive controllers, which include features like
built-in motor control peripherals and automotive-grade
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processor. The CPU utilizes an interrupt controller with 10 vec-
tors, to simplify programming of real time embedded events.
Program execution is timed and protected using the included
Sleep and Watch Dog Timers (WDT).

Memory encompasses 2 KB of Flash for program storage, 256
bytes of SRAM for data storage, and up to 2 KB of EEPROM
emulated using the Flash. Program Flash utilizes four protec-
tion levels on blocks of 64 bytes, allowing customized software
IP protection.

The PSoC device incorporates flexible internal clock genera-
tors, including a 24 MHz IMO (internal main oscillator) accurate
to 2.5% over temperature and voltage. The 24 MHz IMO can
also be doubled to 48 MHz for use by the digital system. A low
power 32 kHz ILO (internal low speed oscillator) is provided for
the Sleep timer and WDT. If crystal accuracy is desired, the
ECO (32.768 kHz external crystal oscillator) is available for use
as a Real Time Clock (RTC) and can optionally generate a crys-
tal-accurate 24 MHz system clock using a PLL. The clocks,
together with programmable clock dividers (as a System
Resource), provide the flexibility to integrate almost any timing
requirement into the PSoC device.

PSoC GPIOs provide connection to the CPU, digital and analog
resources of the device. Each pin’s drive mode may be selected
from eight options, allowing great flexibility in external interfac-
ing. Every pin also has the capability to generate a system inter-
rupt on high level, low level, and change from last read. 

The Digital System

The Digital System is composed of 4 digital PSoC blocks. Each
block is an 8-bit resource that can be used alone or combined
with other blocks to form 8, 16, 24, and 32-bit peripherals, which
are called user module references.   

Digital System Block Diagram

Digital peripheral configurations include those listed below.

■ PWMs (8 to 32 bit)

■ PWMs with Dead band (8 to 32 bit)

■ Counters (8 to 32 bit)

■ Timers (8 to 32 bit)

■ UART 8-bit with selectable parity (up to 1)

■ SPI master and slave (up to 1)

■ I2C slave and master (1 available as a System Resource)

■ Cyclical Redundancy Checker/Generator (8 to 32 bit)

■ IrDA (up to 1)

■ Pseudo Random Sequence Generators (8 to 32 bit)

The digital blocks can be connected to any GPIO through a
series of global buses that can route any signal to any pin. The
buses also allow for signal multiplexing and for performing logic
operations. This configurability frees your designs from the con-
straints of a fixed peripheral controller.

Digital blocks are provided in rows of four, where the number of
blocks varies by PSoC device family. This allows you the opti-
mum choice of system resources for your application. Family
resources are shown in the table titled “PSoC Device Charac-
teristics” on page 3.

The Analog System

The Analog System is composed of 3 configurable blocks, each
comprised of an opamp circuit allowing the creation of complex
analog signal flows. Analog peripherals are very flexible and
can be customized to support specific application requirements.
Some of the more common PSoC analog functions (most avail-
able as user modules) are listed below.

■ Analog-to-digital converters (one with 6- to 14-bit resolution, 
selectable as Incremental, Delta Sigma, and SAR)

■ Filters (two pole band-pass, low-pass, and notch)

■ Amplifiers (one with selectable gain to 48x)

■ Comparators (one with 16 selectable thresholds) 

■ DACs (one with 6- to 9-bit resolution)

■ Multiplying DACs (one with 6- to 9-bit resolution)

■ High current output drivers (one with 30 mA drive as a Core 
Resource)

■ 1.3V reference (as a System Resource)

■ Many other topologies possible
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Analog blocks are provided in columns of three, which includes
one CT (Continuous Time) and two SC (Switched Capacitor)
blocks. The number of blocks is dependant on the device family
which is detailed in the table titled “PSoC Device Characteris-
tics” on page 3.
 

Analog System Block Diagram

Additional System Resources

System Resources, some of which have been previously listed,
provide additional capability useful to complete systems. Addi-
tional resources include a decimator, low voltage detection, and
power on reset. Brief statements describing the merits of each
system resource are presented below.

■ Digital clock dividers provide three customizable clock fre-
quencies for use in applications. The clocks can be routed to 
both the digital and analog systems. Additional clocks can be 
generated using digital PSoC blocks as clock dividers.

■ The decimator provides a custom hardware filter for digital 
signal processing applications including the creation of Delta 
Sigma ADCs.

■ The I2C module provides 100 and 400 kHz communication 
over two wires. Slave, master, and multi-master modes are 
all supported.

■ Low Voltage Detection (LVD) interrupts can signal the appli-
cation of falling voltage levels, while the advanced POR 
(Power On Reset) circuit eliminates the need for a system 
supervisor.

■ An internal 1.3 voltage reference provides an absolute refer-
ence for the analog system, including ADCs and DACs.

PSoC Device Characteristics

Depending on your PSoC device characteristics, the digital and
analog systems can have 16, 8, or 4 digital blocks and 12, 6, or
3 analog blocks. The following table lists the resources
available for specific PSoC device groups. 
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Getting Started
The quickest path to understanding the PSoC silicon is by read-
ing this data sheet and using the PSoC Designer Integrated
Development Environment (IDE). This data sheet is an over-
view of the PSoC integrated circuit and presents specific pin,
register, and electrical specifications. For in-depth information,
along with detailed programming information, reference the
PSoC™ Mixed Signal Array Technical Reference Manual.

For up-to-date Ordering, Packaging, and Electrical Specification
information, reference the latest PSoC device data sheets on
the web at http://www.cypress.com/psoc.

Development Kits

Development Kits are available from the following distributors:
Digi-Key, Avnet, Arrow, and Future. The Cypress Online Store
at http://www.onfulfillment.com/cypressstore/ contains develop-
ment kits, C compilers, and all accessories for PSoC develop-
ment. Click on PSoC (Programmable System-on-Chip) to view
a current list of available items.

Tele-Training

Free PSoC "Tele-training" is available for beginners and taught
by a live marketing or application engineer over the phone. Five
training classes are available to accelerate the learning curve
including introduction, designing, debugging, advanced design,
advanced analog, as well as application-specific classes cover-
ing topics like PSoC and the LIN bus. For days and times of the
tele-training, see http://www.cypress.com/support/training.cfm. 

Consultants

Certified PSoC Consultants offer everything from technical
assistance to completed PSoC designs. To contact or become a
PSoC Consultant, go to the following Cypress support web site:
http://www.cypress.com/support/cypros.cfm.

Technical Support

PSoC application engineers take pride in fast and accurate
response. They can be reached with a 4-hour guaranteed
response at http://www.cypress.com/support/login.cfm.

Application Notes

A long list of application notes will assist you in every aspect of
your design effort. To locate the PSoC application notes, go to
http://www.cypress.com/design/results.cfm.

Development Tools

The Cypress MicroSystems PSoC Designer is a Microsoft®

Windows-based, integrated development environment for the
Programmable System-on-Chip (PSoC) devices. The PSoC
Designer IDE and application runs on Windows 98, Windows
NT 4.0, Windows 2000, Windows Millennium (Me), or Windows
XP. (Reference the PSoC Designer Functional Flow diagram
below.)

PSoC Designer helps the customer to select an operating con-
figuration for the PSoC, write application code that uses the
PSoC, and debug the application. This system provides design
database management by project, an integrated debugger with
In-Circuit Emulator, in-system programming support, and the
CYASM macro assembler for the CPUs. 

PSoC Designer also supports a high-level C language compiler
developed specifically for the devices in the family.  
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2. Register Reference

This chapter lists the registers of the CY8C22x13 PSoC device by way of mapping tables, in offset order. For detailed register infor-
mation, reference the PSoC™ Mixed Signal Array Technical Reference Manual.

2.1 Register Conventions

2.1.1 Abbreviations Used

The register conventions specific to this section are listed in the
following table.  

2.2 Register Mapping Tables
The PSoC device has a total register address space of 512
bytes. The register space is also referred to as IO space and is
broken into two parts. The XOI bit in the Flag register deter-
mines which bank the user is currently in. When the XOI bit is
set, the user is said to be in the “extended” address space or
the “configuration” registers.

Note  In the following register mapping tables, blank fields are
Reserved and should not be accessed.

Convention Description

RW Read and write register or bit(s)

R Read register or bit(s)

W Write register or bit(s)

L Logical register or bit(s)

C Clearable register or bit(s)

# Access is bit specific
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3. Electrical Specifications

This chapter presents the DC and AC electrical specifications of the CY8C22x13 PSoC device. For the most up to date electrical
specifications, confirm that you have the most recent data sheet by referencing the web at http://www.cypress.com/psoc.

Specifications are valid for -40oC ≤ TA ≤ 85oC and TJ ≤ 100oC as specified, except where noted. Specifications for devices running

at greater than 12 MHz are valid for -40oC ≤ TA ≤ 70oC and TJ ≤ 82oC. 

Figure 3-1. Voltage versus Operating Frequency

The following table lists the units of measure that are used in this chapter. 
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Table 3-1:  Units of Measure

Symbol Unit of Measure Symbol Unit of Measure
oC degree Celsius µW micro watts

dB decibels mA milli-ampere

fF femto farad ms milli-second

Hz hertz mV milli-volts

KB 1024 bytes nA nano ampere

Kbit 1024 bits ns nanosecond

kHz kilohertz nV nanovolts

kΩ kilohm Ω ohm

MHz megahertz pA pico ampere

MΩ megaohm pF pico farad

µA micro ampere pp peak-to-peak

µF micro farad ppm parts per million

µH micro henry ps picosecond

µs microsecond sps samples per second

µV micro volts σ sigma: one standard deviation

µVrms micro volts root-mean-square V volts

http://www.cypress.com/psoc
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3.1 Absolute Maximum Ratings  

3.2 Operating Temperature  

Table 3-2. Absolute Maximum Ratings

Symbol Description Min Typ Max Units Notes

TSTG Storage Temperature -55 – +100 oC Higher storage temperatures will reduce data 
retention time.

TA Ambient Temperature with Power Applied -40 – +85 oC

Vdd Supply Voltage on Vdd Relative to Vss -0.5 – +6.0 V

VIO DC Input Voltage Vss - 0.5 – Vdd + 0.5 V

– DC Voltage Applied to Tri-state Vss - 0.5 – Vdd + 0.5 V

IMIO Maximum Current into any Port Pin -25 – +50 mA

IMAIO Maximum Current into any Port Pin Configured as Analog 
Driver

-50 – +50 mA

– Static Discharge Voltage 2000 – – V

– Latch-up Current – – 200 mA

Table 3-3. Operating Temperature

Symbol Description Min Typ Max Units Notes

TA Ambient Temperature -40 – +85 oC

TJ Junction Temperature -40 – +100 oC The temperature rise from ambient to junction is 
package specific. See “Thermal Impedances” 
on page 34. The user must limit the power con-
sumption to comply with this requirement.
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3.3 DC Electrical Characteristics 

3.3.1 DC Chip-Level Specifications

The following table lists guaranteed maximum and minimum specifications for the voltage and temperature ranges: 4.75V to 5.25V
and -40°C ≤ TA ≤ 85°C, or 3.0V to 3.6V and -40°C ≤ TA ≤ 85°C, respectively. Typical parameters apply to 5V and 3.3V at 25°C and
are for design guidance only or unless otherwise specified.  

3.3.2 DC General Purpose IO Specifications

The following table lists guaranteed maximum and minimum specifications for the voltage and temperature ranges: 4.75V to 5.25V
and -40°C ≤ TA ≤ 85°C, or 3.0V to 3.6V and -40°C ≤ TA ≤ 85°C, respectively. Typical parameters apply to 5V and 3.3V at 25°C and
are for design guidance only or unless otherwise specified. 

Table 3-4. DC Chip-Level Specifications

Symbol Description Min Typ Max Units Notes

Vdd Supply Voltage 3.00 – 5.25 V

IDD Supply Current – 5 8 mA Conditions are Vdd = 5.0V, 25 oC, CPU = 3 
MHz, 48 MHz disabled. VC1 = 1.5 MHz, VC2 = 
93.75 kHz, VC3 = 93.75 kHz.

IDD3 Supply Current – 3.3 6.0 mA Conditions are Vdd = 3.3V, TA = 25 oC, CPU = 3 
MHz, 48 MHz = Disabled, VC1 = 1.5 MHz, VC2 
= 93.75 kHz, VC3 = 93.75 kHz. 

ISB Sleep (Mode) Current with POR, LVD, Sleep Timer, and 
WDT.a

a. Standby current includes all functions (POR, LVD, WDT, Sleep Time) needed for reliable system operation. This should be compared with devices that have similar functions 
enabled.

– 3 6.5 µA Conditions are with internal slow speed oscilla-
tor, Vdd = 3.3V, -40 oC <= TA <= 55 oC.

ISBH Sleep (Mode) Current with POR, LVD, Sleep Timer, and 
WDT at high temperature.a

– 4 25 µA Conditions are with internal slow speed oscilla-
tor, Vdd = 3.3V, 55 oC < TA <= 85 oC.

ISBXTL Sleep (Mode) Current with POR, LVD, Sleep Timer, WDT, 
and external crystal.a

– 4 7.5 µA Conditions are with properly loaded, 1 µW max, 
32.768 kHz crystal. Vdd = 3.3V, -40 oC <= TA <= 

55 oC.

ISBXTLH Sleep (Mode) Current with POR, LVD, Sleep Timer, WDT, 
and external crystal at high temperature.a

– 5 26 µA Conditions are with properly loaded, 1 µW max, 
32.768 kHz crystal. Vdd = 3.3V, 55 oC < TA <= 

85 oC.

VREF Reference Voltage (Bandgap) 1.275 1.3 1.325 V Trimmed for appropriate Vdd.

Table 3-5. DC GPIO Specifications

Symbol Description Min Typ Max Units Notes

RPU Pull up Resistor 4 5.6 8 kΩ

RPD Pull down Resistor 4 5.6 8 kΩ

VOH High Output Level Vdd - 1.0 – – V IOH = 10 mA, Vdd = 4.75 to 5.25V (80 mA max-
imum combined IOH budget)

VOL Low Output Level – – 0.75 V IOL = 25 mA, Vdd = 4.75 to 5.25V (150 mA 
maximum combined IOL budget)

VIL Input Low Level – – 0.8 V Vdd = 3.0 to 5.25

VIH Input High Level 2.1 – V Vdd = 3.0 to 5.25

VH Input Hysterisis – 60 – mV

IIL Input Leakage (Absolute Value) – 1 – nA Gross tested to 1 µA.

CIN Capacitive Load on Pins as Input – 3.5 10 pF Package and pin dependent. Temp = 25oC.

COUT Capacitive Load on Pins as Output – 3.5 10 pF Package and pin dependent. Temp = 25oC.
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3.3.3 DC Operational Amplifier Specifications

The following tables list guaranteed maximum and minimum specifications for the voltage and temperature ranges: 4.75V to 5.25V
and -40°C ≤ TA ≤ 85°C, or 3.0V to 3.6V and -40°C ≤ TA ≤ 85°C, respectively. Typical parameters apply to 5V and 3.3V at 25°C and
are for design guidance only or unless otherwise specified.

The Operational Amplifier is a component of both the Analog Continuous Time PSoC blocks and the Analog Switched Cap PSoC
blocks. The guaranteed specifications are measured in the Analog Continuous Time PSoC block. Typical parameters apply to 5V at
25°C and are for design guidance only. 

Table 3-6. 5V DC Operational Amplifier Specifications

Symbol Description Min Typ Max Units Notes

VOSOA Input Offset Voltage (absolute value) Low Power 

Input Offset Voltage (absolute value) Mid Power

Input Offset Voltage (absolute value) High Power

– 1.6 

1.3 

1.2 

10 

8 

7.5 

mV 

mV 

mV 

–

–

TCVOSOA Average Input Offset Voltage Drift – 7.0 35.0 µV/oC

IEBOA Input Leakage Current (Port 0 Analog Pins) – 20 – pA Gross tested to 1 µA.

CINOA Input Capacitance (Port 0 Analog Pins) – 4.5 9.5 pF Package and pin dependent. Temp = 25oC. 

VCMOA Common Mode Voltage Range

Common Mode Voltage Range (high power or high 
opamp bias)

0.0 – Vdd

Vdd - 0.5

V The common-mode input voltage range is mea-
sured through an analog output buffer. The 
specification includes the limitations imposed 
by the characteristics of the analog output 
buffer.

0.5 –

GOLOA Open Loop Gain

Power = Low

Power = Medium

Power = High

60

60

80

– – dB Specification is applicable at high power. For all 
other bias modes (except high power, high 
opamp bias), minimum is 60 dB.

VOHIGHOA High Output Voltage Swing (worst case internal load)

Power = Low

Power = Medium

Power = High

Vdd - 0.2

Vdd - 0.2

Vdd - 0.5

–

–

–

–

–

–

V

V

V

VOLOWOA Low Output Voltage Swing (worst case internal load)

Power = Low

Power = Medium

Power = High

–

–

–

–

–

–

0.2

0.2

0.5

V

V

V

ISOA Supply Current (including associated AGND buffer)

Power = Low

Power = Low, Opamp Bias = High

Power = Medium

Power = Medium, Opamp Bias = High

Power = High

Power = High, Opamp Bias = High

–

–

–

–

–

–

150

300

600

1200

2400

4600

200

400

800

1600

3200

6400

µA

µA

µA

µA

µA

µA

PSRROA Supply Voltage Rejection Ratio 60 – – dB
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Table 3-7. 3.3V DC Operational Amplifier Specifications

Symbol Description Min Typ Max Units Notes

VOSOA Input Offset Voltage (absolute value) Low Power

Input Offset Voltage (absolute value) Mid Power

High Power is 5 Volt Only

–

–

1.65 

1.32 

10 

8 

mV 

mV 

TCVOSOA Average Input Offset Voltage Drift – 7.0 35.0 µV/oC

IEBOA Input Leakage Current (Port 0 Analog Pins) – 20 – pA Gross tested to 1 µA.

CINOA Input Capacitance (Port 0 Analog Pins) – 4.5 9.5 pF Package and pin dependent. Temp = 25oC.

VCMOA Common Mode Voltage Range 0.2 – Vdd - 0.2 V The common-mode input voltage range is 
measured through an analog output buffer. 
The specification includes the limitations 
imposed by the characteristics of the analog 
output buffer.

GOLOA Open Loop Gain

Power = Low

Power = Medium

Power = High

60

60

80

– – dB Specification is applicable at high power. For 
all other bias modes (except high power, high 
opamp bias), minimum is 60 dB.

VOHIGHOA High Output Voltage Swing (worst case internal load)

Power = Low

Power = Medium

Power = High is 5V only

Vdd - 0.2

Vdd - 0.2

Vdd - 0.2

–

–

–

–

–

–

V

V

V

VOLOWOA Low Output Voltage Swing (worst case internal load)

Power = Low

Power = Medium

Power = High

–

–

–

–

–

–

0.2

0.2

0.2

V

V

V

ISOA Supply Current (including associated AGND buffer)

Power = Low

Power = Low, Opamp Bias = High

Power = Medium

Power = Medium, Opamp Bias = High

Power = High

Power = High, Opamp Bias = High

–

–

–

–

–

–

150

300

600

1200

2400

4600

200

400

800

1600

3200

6400

µA

µA

µA

µA

µA

µA

PSRROA Supply Voltage Rejection Ratio 50 – – dB
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3.3.4 DC Analog Output Buffer Specifications

The following tables list guaranteed maximum and minimum specifications for the voltage and temperature ranges: 4.75V to 5.25V
and -40°C ≤ TA ≤ 85°C, or 3.0V to 3.6V and -40°C ≤ TA ≤ 85°C, respectively. Typical parameters apply to 5V and 3.3V at 25°C and
are for design guidance only or unless otherwise specified. 

Table 3-8. 5V DC Analog Output Buffer Specifications

Symbol Description Min Typ Max Units Notes

VOSOB Input Offset Voltage (Absolute Value) – 3 12 mV

TCVOSOB Average Input Offset Voltage Drift – +6 – µV/°C

VCMOB Common-Mode Input Voltage Range 0.5 – Vdd - 1.0 V

ROUTOB Output Resistance

Power = Low

Power = High

–

–

1

1

–

–

Ω
Ω

VOHIGHOB High Output Voltage Swing (Load = 32 ohms to Vdd/2)
Power = Low

Power = High
0.5 x Vdd + 1.1

0.5 x Vdd + 1.1

–

–

–

–

V

V

VOLOWOB Low Output Voltage Swing (Load = 32 ohms to Vdd/2)

Power = Low

Power = High

–

–

–

–

0.5 x Vdd - 1.3

0.5 x Vdd - 1.3

V

V

ISOB Supply Current Including Bias Cell (No Load)

Power = Low

Power = High

–

–

1.1

2.6

5.1

8.8

mA

mA

PSRROB Supply Voltage Rejection Ratio 60 – – dB

Table 3-9. 3.3V DC Analog Output Buffer Specifications

Symbol Description Min Typ Max Units Notes

VOSOB Input Offset Voltage (Absolute Value) – 3 12 mV

TCVOSOB Average Input Offset Voltage Drift – +6 – µV/°C

VCMOB Common-Mode Input Voltage Range 0.5 - Vdd - 1.0 V

ROUTOB Output Resistance

Power = Low

Power = High

–

–

1

1

–

–

Ω
Ω

VOHIGHOB High Output Voltage Swing (Load = 1K ohms to Vdd/2)

Power = Low

Power = High

0.5 x Vdd + 1.0

0.5 x Vdd + 1.0

–

–

–

–

V

V

VOLOWOB Low Output Voltage Swing (Load = 1K ohms to Vdd/2)

Power = Low

Power = High

–

–

–

–

0.5 x Vdd - 1.0

0.5 x Vdd - 1.0

V

V

ISOB Supply Current Including Bias Cell (No Load)

Power = Low

Power = High –

0.8

2.0

2.0

4.3

mA

mA

PSRROB Supply Voltage Rejection Ratio 50 – – dB
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3.3.5 DC Analog Reference Specifications

The following tables list guaranteed maximum and minimum specifications for the voltage and temperature ranges: 4.75V to 5.25V
and -40°C ≤ TA ≤ 85°C, or 3.0V to 3.6V and -40°C ≤ TA ≤ 85°C, respectively. Typical parameters apply to 5V and 3.3V at 25°C and
are for design guidance only or unless otherwise specified.

The guaranteed specifications are measured through the Analog Continuous Time PSoC blocks. The power levels for AGND refer to
the power of the Analog Continuous Time PSoC block. The power levels for RefHi and RefLo refer to the Analog Reference Control
register. The limits stated for AGND include the offset error of the AGND buffer local to the Analog Continuous Time PSoC block. 

3.3.6 DC Analog PSoC Block Specifications

The following table lists guaranteed maximum and minimum specifications for the voltage and temperature ranges: 4.75V to 5.25V
and -40°C ≤ TA ≤ 85°C, or 3.0V to 3.6V and -40°C ≤ TA ≤ 85°C, respectively. Typical parameters apply to 5V and 3.3V at 25°C and
are for design guidance only or unless otherwise specified. 

Table 3-10. 5V DC Analog Reference Specifications

Symbol Description Min Typ Max Units

– AGND = Vdd/2a

  CT Block Power = High

a. AGND tolerance includes the offsets of the local buffer in the PSoC block. Bandgap voltage is 1.3V ± 2%.

Vdd/2 - 0.043 Vdd/2 - 0.025 Vdd/2 + 0.003 V

Table 3-11. 3.3V DC Analog Reference Specifications

Symbol Description Min Typ Max Units

– AGND = Vdd/2a

  CT Block Power = High

a. AGND tolerance includes the offsets of the local buffer in the PSoC block. Bandgap voltage is 1.3V ± 2%

Vdd/2 - 0.037 Vdd/2 - 0.020 Vdd/2 + 0.002 V

Table 3-12. DC Analog PSoC Block Specifications

Symbol Description Min Typ Max Units Notes

RCT Resistor Unit Value (Continuous Time) – 12.24 – kΩ

CSC Capacitor Unit Value (Switch Cap) – 80 – fF
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3.3.7 DC POR and LVD Specifications

The following table lists guaranteed maximum and minimum specifications for the voltage and temperature ranges: 4.75V to 5.25V
and -40°C ≤ TA ≤ 85°C, or 3.0V to 3.6V and -40°C ≤ TA ≤ 85°C, respectively. Typical parameters apply to 5V and 3.3V at 25°C and
are for design guidance only or unless otherwise specified.

Note  The bits PORLEV and VM in the table below refer to bits in the VLT_CR register. See the PSoC Mixed Signal Array Technical
Reference Manual for more information on the VLT_CR register. 

Table 3-13. DC POR and LVD Specifications

Symbol Description Min Typ Max Units Notes

VPPOR0R

VPPOR1R

VPPOR2R

Vdd Value for PPOR Trip (positive ramp)

PORLEV[1:0] = 00b

PORLEV[1:0] = 01b

PORLEV[1:0] = 10b

–

2.908

4.394

4.548

–

V

V

V

VPPOR0

VPPOR1

VPPOR2

Vdd Value for PPOR Trip (negative ramp)

PORLEV[1:0] = 00b

PORLEV[1:0] = 01b

PORLEV[1:0] = 10b

–

2.816

4.394

4.548

–

V

V

V

VPH0

VPH1

VPH2

PPOR Hysteresis

PORLEV[1:0] = 00b

PORLEV[1:0] = 01b

PORLEV[1:0] = 10b

–

–

–

92

0

0

–

–

–

mV

mV

mV

VLVD0

VLVD1

VLVD2

VLVD3

VLVD4

VLVD5

VLVD6

VLVD7

Vdd Value for LVD Trip

VM[2:0] = 000b

VM[2:0] = 001b

VM[2:0] = 010b

VM[2:0] = 011b

VM[2:0] = 100b

VM[2:0] = 101b

VM[2:0] = 110b

VM[2:0] = 111b

2.863 

2.963

3.070

3.920

4.393

4.550

4.632

4.718

2.921 

3.023

3.133

4.00

4.483

4.643

4.727

4.814

2.979a

3.083

3.196

4.080

4.573

4.736b

4.822

4.910

a. Always greater than 50 mV above PPOR (PORLEV = 00) for falling supply.
b. Always greater than 50 mV above PPOR (PORLEV = 10) for falling supply.

V 

V
V
V

V
V
V

V
V
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3.4 AC Electrical Characteristics

3.4.1 AC Chip-Level Specifications

The following table lists guaranteed maximum and minimum specifications for the voltage and temperature ranges: 4.75V to 5.25V
and -40°C ≤ TA ≤ 85°C, or 3.0V to 3.6V and -40°C ≤ TA ≤ 85°C, respectively. Typical parameters apply to 5V and 3.3V at 25°C and
are for design guidance only or unless otherwise specified.  

Figure 3-2. PLL Lock Timing Diagram

Table 3-15. AC Chip-Level Specifications

Symbol Description Min Typ Max Units Notes

FIMO Internal Main Oscillator Frequency 23.4 24 24.6a MHz Trimmed. Utilizing factory trim values.

FCPU1 CPU Frequency (5V Nominal) 0.93 24 24.6a,b

a. 4.75V < Vdd < 5.25V.
b. Accuracy derived from Internal Main Oscillator with appropriate trim for Vdd range.

MHz

FCPU2 CPU Frequency (3.3V Nominal) 0.93 12 12.3b,c

c. 3.0V < Vdd < 3.6V. See Application Note AN2012 “Adjusting PSoC Microcontroller Trims for Dual Voltage-Range Operation” for information on trimming for operation at 3.3V.

MHz

F48M Digital PSoC Block Frequency 0 48 49.2a,b,d

d. See the individual user module data sheets for information on maximum frequencies for user modules.

MHz Refer to the AC Digital Block Specifications 
below.

F24M Digital PSoC Block Frequency 0 24 24.6b,e,d

e. 3.0V < 5.25V.

MHz

F32K1 Internal Low Speed Oscillator Frequency 15 32 64 kHz

F32K2 External Crystal Oscillator – 32.768 – kHz Accuracy is capacitor and crystal dependent. 
50% duty cycle.

FPLL PLL Frequency – 23.986 – MHz Is a multiple (x732) of crystal frequency.

Jitter24M2 24 MHz Period Jitter (PLL) – – 600 ps

TPLLSLEW PLL Lock Time 0.5 – 10 ms

TPLLSLEWS-
LOW

PLL Lock Time for Low Gain Setting 0.5 – 50 ms

TOS External Crystal Oscillator Startup to 1% – 1700 2620 ms

TOSACC External Crystal Oscillator Startup to 100 ppm – 2800 3800f

f. The crystal oscillator frequency is within 100 ppm of its final value by the end of the Tosacc period. Correct operation assumes a properly loaded 1 uW maximum drive level 

32.768 kHz crystal. 3.0V ≤ Vdd ≤ 5.5V, -40 oC ≤ TA ≤ 85 oC.

ms

Jitter32k 32 kHz Period Jitter – 100 ns

TXRST External Reset Pulse Width 10 – – µs

DC24M 24 MHz Duty Cycle 40 50 60 %

Step24M 24 MHz Trim Step Size – 50 – kHz

Fout48M 48 MHz Output Frequency 46.8 48.0 49.2a,c MHz Trimmed. Utilizing factory trim values.

Jitter24M1 24 MHz Period Jitter (IMO) – 600 ps

FMAX Maximum frequency of signal on row input or row output. – – 12.3 MHz

TRAMP Supply Ramp Time 0 – – µs

24 MHz

FPLL

PLL
Enable

TPLLSLEW

PLL
Gain

0
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Figure 3-3. PLL Lock for Low Gain Setting Timing Diagram

Figure 3-4. External Crystal Oscillator Startup Timing Diagram

Figure 3-5. 24 MHz Period Jitter (IMO) Timing Diagram

Figure 3-6. 32 kHz Period Jitter (ECO) Timing Diagram

24 MHz

FPLL

PLL
Enable

TPLLSLEWLOW

PLL
Gain

1

32 kHz

F32K2

32K
Select

TOS

Jitter24M1

F24M

Jitter32k

F32K2
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3.4.2 AC General Purpose IO Specifications

The following table lists guaranteed maximum and minimum specifications for the voltage and temperature ranges: 4.75V to 5.25V
and -40°C ≤ TA ≤ 85°C, or 3.0V to 3.6V and -40°C ≤ TA ≤ 85°C, respectively. Typical parameters apply to 5V and 3.3V at 25°C and
are for design guidance only or unless otherwise specified. 

Figure 3-7. GPIO Timing Diagram

Table 3-16. AC GPIO Specifications

Symbol Description Min Typ Max Units Notes

FGPIO GPIO Operating Frequency 0 – 12 MHz

TRiseF Rise Time, Normal Strong Mode, Cload = 50 pF 3 – 18 ns Vdd = 4.5 to 5.25V, 10% - 90%

TFallF Fall Time, Normal Strong Mode, Cload = 50 pF 2 – 18 ns Vdd = 4.5 to 5.25V, 10% - 90%

TRiseS Rise Time, Slow Strong Mode, Cload = 50 pF 10 27 – ns Vdd = 3 to 5.25V, 10% - 90%

TFallS Fall Time, Slow Strong Mode, Cload = 50 pF 10 22 – ns Vdd = 3 to 5.25V, 10% - 90%

TFallF
TFallS

TRiseF
TRiseS

90%

10%

GPIO
Pin
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3.4.4 AC Digital Block Specifications

The following table lists guaranteed maximum and minimum specifications for the voltage and temperature ranges: 4.75V to 5.25V
and -40°C ≤ TA ≤ 85°C, or 3.0V to 3.6V and -40°C ≤ TA ≤ 85°C, respectively. Typical parameters apply to 5V and 3.3V at 25°C and
are for design guidance only or unless otherwise specified. 

Table 3-19. AC Digital Block Specifications

Function Description Min Typ Max Units Notes

Timer Capture Pulse Width 50a

a. 50 ns minimum input pulse width is based on the input synchronizers running at 24 MHz (42 ns nominal period).

– – ns

Maximum Frequency, No Capture – – 49.2 MHz 4.75V < Vdd < 5.25V.

Maximum Frequency, With Capture – – 24.6 MHz

Counter Enable Pulse Width 50a – – ns

Maximum Frequency, No Enable Input – – 49.2 MHz 4.75V < Vdd < 5.25V.

Maximum Frequency, Enable Input – – 24.6 MHz

Dead Band Kill Pulse Width:

Asynchronous Restart Mode 20 – – ns

Synchronous Restart Mode 50a – – ns

Disable Mode 50a – – ns

Maximum Frequency – – 49.2 MHz 4.75V < Vdd < 5.25V.

CRCPRS
(PRS Mode)

Maximum Input Clock Frequency – – 49.2 MHz 4.75V < Vdd < 5.25V.

CRCPRS
(CRC Mode)

Maximum Input Clock Frequency – – 24.6 MHz

SPIM Maximum Input Clock Frequency – – 8.2 MHz

SPIS Maximum Input Clock Frequency – – 4.1 ns

Width of SS_ Negated Between Transmissions 50a – – ns

Transmitter Maximum Input Clock Frequency – – 16.4 MHz

Receiver Maximum Input Clock Frequency – 16 49.2 MHz 4.75V < Vdd < 5.25V.
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3.4.5 AC Analog Output Buffer Specifications

The following tables list guaranteed maximum and minimum specifications for the voltage and temperature ranges: 4.75V to 5.25V
and -40°C ≤ TA ≤ 85°C, or 3.0V to 3.6V and -40°C ≤ TA ≤ 85°C, respectively. Typical parameters apply to 5V and 3.3V at 25°C and
are for design guidance only or unless otherwise specified. 

Table 3-20. 5V AC Analog Output Buffer Specifications

Symbol Description Min Typ Max Units Notes

TROB Rising Settling Time to 0.1%, 1V Step, 100pF Load

  Power = Low

  Power = High

–

–

–

–

2.5

2.5

µs

µs

TSOB Falling Settling Time to 0.1%, 1V Step, 100pF Load

  Power = Low 

  Power = High

–

–

–

–

2.2

2.2

µs

µs

SRROB Rising Slew Rate (20% to 80%), 1V Step, 100pF Load

  Power = Low

  Power = High

0.65

0.65

–

–

–

–

V/µs

V/µs

SRFOB Falling Slew Rate (80% to 20%), 1V Step, 100pF Load

  Power = Low

  Power = High

0.65

0.65

–

–

–

–

V/µs

V/µs

BWOB Small Signal Bandwidth, 20mVpp, 3dB BW, 100pF Load

  Power = Low

  Power = High

0.8

0.8

–

–

–

–

MHz

MHz

BWOB Large Signal Bandwidth, 1Vpp, 3dB BW, 100pF Load

  Power = Low

  Power = High

300

300

–

–

–

–

kHz

kHz

Table 3-21. 3.3V AC Analog Output Buffer Specifications

Symbol Description Min Typ Max Units Notes

TROB Rising Settling Time to 0.1%, 1V Step, 100pF Load

  Power = Low

  Power = High

–

–

–

–

3.8

3.8

µs

µs

TSOB Falling Settling Time to 0.1%, 1V Step, 100pF Load

  Power = Low 

  Power = High

–

–

–

–

2.6

2.6

µs

µs

SRROB Rising Slew Rate (20% to 80%), 1V Step, 100pF Load

  Power = Low

  Power = High

0.5

0.5

–

–

–

–

V/µs

V/µs

SRFOB Falling Slew Rate (80% to 20%), 1V Step, 100pF Load

  Power = Low

  Power = High

0.5

0.5

–

–

–

–

V/µs

V/µs

BWOB Small Signal Bandwidth, 20mVpp, 3dB BW, 100pF Load

  Power = Low

  Power = High

0.7

0.7

–

–

–

–

MHz

MHz

BWOB Large Signal Bandwidth, 1Vpp, 3dB BW, 100pF Load

  Power = Low

  Power = High

200

200

–

–

–

–

kHz

kHz
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3.4.8 AC I2C Specifications

The following table lists guaranteed maximum and minimum specifications for the voltage and temperature ranges: 4.75V to 5.25V
and -40°C ≤ TA ≤ 85°C, or 3.0V to 3.6V and -40°C ≤ TA ≤ 85°C, respectively. Typical parameters apply to 5V and 3.3V at 25°C and
are for design guidance only or unless otherwise specified.  

 

Figure 3-8. Definition for Timing for Fast/Standard Mode on the I2C Bus

Table 3-25. AC Characteristics of the I2C SDA and SCL Pins

Symbol Description

Standard Mode Fast Mode

Units NotesMin Max Min Max

FSCLI2C SCL Clock Frequency 0 100 0 400 kHz

THDSTAI2C Hold Time (repeated) START Condition. After this 
period, the first clock pulse is generated.

4.0 – 0.6 – µs

TLOWI2C LOW Period of the SCL Clock 4.7 – 1.3 – µs

THIGHI2C HIGH Period of the SCL Clock 4.0 – 0.6 – µs

TSUSTAI2C Set-up Time for a Repeated START Condition 4.7 – 0.6 – µs

THDDATI2C Data Hold Time 0 – 0 – µs

TSUDATI2C Data Set-up Time 250 – 100a

a. A Fast-Mode I2C-bus device can be used in a Standard-Mode I2C-bus system, but the requirement tSU;DAT ≥ 250 ns must then be met. This will automatically be 
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 + tSU;DAT = 1000 + 250 = 1250 ns (according to the Standard-Mode I2C-bus specification) before the SCL line is released.

– ns

TSUSTOI2C Set-up Time for STOP Condition 4.0 – 0.6 – µs

TBUFI2C Bus Free Time Between a STOP and START Condition 4.7 – 1.3 – µs

TSPI2C Pulse Width of spikes are suppressed by the input fil-
ter.

– – 0 50 ns

SDA

SCL

S Sr SP

TBUFI2C

TSPI2C
THDSTAI2C

TSUSTOI2CTSUSTAI2C

TLOWI2C

THIGHI2C
THDDATI2CTHDSTAI2C

TSUDATI2C
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Figure 4-4. 20-Lead (210-Mil) SSOP

Figure 4-5. 20-Lead (300-Mil) Molded SOIC

51-85077 - *C

51-85024 - *B
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