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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.
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PSoC Functional Overview

The PSoC family consists of many Programmable
System-on-Chip controller devices. These devices are designed
to replace multiple traditional microcontroller unit (MCU)-based
system components with one, low-cost single-chip program-
mable device. PSoC devices include configurable blocks of
analog and digital logic, as well as programmable interconnects.
This architecture allows you to create customized peripheral
configurations that match the requirements of each individual
application. Additionally, a fast central processing unit (CPU),
flash program memory, SRAM data memory, and configurable

I/O are included in a range of convenient pinouts and packages.

The PSoC architecture, as illustrated in the Logic Block Diagram
on page 1, consists of four main areas: PSoC core, digital
system, analog system, and system resources. Configurable
global busing allows all of the device resources to be combined
into a complete custom system. The PSoC CY8C29x66 family
can have up to five I/O ports that connect to the global digital and
analog interconnects, providing access to 8 digital blocks and
12 analog blocks.

PSoC Core

The PSoC core is a powerful engine that supports a rich feature
set. The core includes a CPU, memory, clocks, and configurable
GPIOs.

The M8C CPU core is a powerful processor with speeds up to
24 MHz, providing a 4 million instructions per second (MIPS)
8-bit Harvard-architecture microprocessor. The CPU uses an
interrupt controller with 17 vectors, to simplify programming of
real-time embedded events. Program execution is timed and

protected using the included sleep and watchdog timers (WDT).

Memory uses 16 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 uses four protection levels on
blocks of 64 bytes, allowing customized software information
protection (IP).

The PSoC device incorporates flexible internal clock generators,
including a 24 MHz internal main oscillator (IMO) 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 internal low speed oscillator (ILO) is provided for the
sleep timer and WDT. If crystal accuracy is desired, the

32.768 kHz external crystal oscillator (ECO) is available for use
as a real-time clock (RTC) and can optionally generate a
crystal-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.
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PSoC GPIOs provide connection to the CPU, and digital and
analog resources of the device. Each pin’s drive mode may be
selected from eight options, allowing great flexibility in external
interfacing. Every pin also has the capability to generate a
system interrupt on high level, low level, and change from last
read.

Digital System

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

Figure 1. Digital System Block Diagram
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Digital peripheral configurations include:

m PWMs (8- to 32-bit)

m PWMs with dead band (8- to 32-bit)

m Counters (8- to 32-bit)

m Timers (8- to 32-bit)

m UART 8-bit with selectable parity (up to 2)
m SPI slave and master (up to 2)

m 12C slave and multi-master (one available as a system
resource)

m CRC generator (8- to 32-bit)
m IrDA (up to 2)

m PRS 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
constraints 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
optimum choice of system resources for your application. Family
resources are shown in the table titled “PSoC Device
Characteristics” on page 5.

Analog System

The analog system is composed of 12 configurable blocks, each
containing an opamp circuit that allows 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
available as user modules) are:

m ADCs (up to 4, with 6- to 14-bit resolution; selectable as
incremental, delta sigma, and SAR)

m Filters (2-, 4-, 6-, and 8-pole band pass, low pass, and notch)
m Amplifiers (up to 4, with selectable gain to 48x)

m Instrumentation amplifiers (up to 2, with selectable gain to 93x)
m Comparators (up to 4, with 16 selectable thresholds)

m DACs (up to 4, with 6-bit to 9-bit resolution)

m Multiplying DACs (up to 4, with 6-bit to 9-bit resolution)

m High current output drivers (four with 30-mA drive as a core
resource)

m 1.3-V reference (as a system resource)
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m DTMF Dialer

m Modulators

m Correlators

m Peak detectors

m Many other topologies possible

Analog blocks are provided in columns of three, which includes
one continuous time (CT) and two switched capacitor (SC)
blocks, as shown in Figure 3.

Figure 3. Analog System Block Diagram
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Getting Started

For in depth information, 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.

Development Tools

PSoC Designer™ is the revolutionary Integrated Design
Environment (IDE) that you can use to customize PSoC to meet
your specific application requirements. PSoC Designer software
accelerates system design and time to market. Develop your
applications using a library of precharacterized analog and digital
peripherals (called user modules) in a drag-and-drop design
environment. Then, customize your design by leveraging the
dynamically generated application programming interface (API)
libraries of code. Finally, debug and test your designs with the
integrated debug environment, including in-circuit emulation and
standard software debug features. PSoC Designer includes:

m Application editor graphical user interface (GUI) for device and
user module configuration and dynamic reconfiguration

m Extensive user module catalog

m Integrated source-code editor (C and assembly)

m Free C compiler with no size restrictions or time limits
m Built-in debugger

m In-circuit emulation

m Built-in support for communication interfaces:
0 Hardware and software 12C slaves and masters
o Full-speed USB 2.0

o Up to four full-duplex universal asynchronous receiver/trans-
mitters (UARTS), SPI master and slave, and wireless

PSoC Designer supports the entire library of PSoC 1 devices and
runs on Windows XP, Windows Vista, and Windows 7.
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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.

PSoC Designer Software Subsystems

Design Entry

In the chip-level view, choose a base device to work with. Then
select different onboard analog and digital components that use
the PSoC blocks, which are called user modules. Examples of
user modules are analog-to-digital converters (ADCs),
digital-to-analog converters (DACs), amplifiers, and filters.
Configure the user modules for your chosen application and
connect them to each other and to the proper pins. Then
generate your project. This prepopulates your project with APIs
and libraries that you can use to program your application.

The tool also supports easy development of multiple configura-
tions and dynamic reconfiguration. Dynamic reconfiguration
makes it possible to change configurations at run time. In
essence, this allows you to use more than 100 percent of PSoC's
resources for an application.

Code Generation Tools

The code generation tools work seamlessly within the

PSoC Designer interface and have been tested with a full range
of debugging tools. You can develop your design in C, assembly,
or a combination of the two.

Assemblers. The assemblers allow you to merge assembly
code seamlessly with C code. Link libraries automatically use
absolute addressing or are compiled in relative mode, and linked
with other software modules to get absolute addressing.

C Language Compilers. C language compilers are available
that support the PSoC family of devices. The products allow you
to create complete C programs for the PSoC family devices. The
optimizing C compilers provide all of the features of C, tailored
to the PSoC architecture. They come complete with embedded
libraries providing port and bus operations, standard keypad and
display support, and extended math functionality.
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The CY8C29x66 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. However, Vgg, Vpp, SMP, and XRES are not capable of Digital 1/0.

28-Pin Part Pinout

Table 2. 28-Pin Part Pinout (PDIP, SSOP, SOIC)

. Type .

":‘lon- Digital ypAnalog Nzlr?‘e Description

1 110 | PO[7] Analog column mux input

2 110 110 PO[5] Analog column mux input and column output

3 110 lfe} PO[3] Analog column mux input and column output

4 110 | PO[1] Analog column mux input

5 lfe} P2[7]

6 110 P2[5]

7 110 | P2[3] Direct switched capacitor block input

8 110 | P2[1] Direct switched capacitor block input

9 Power SMP Switch mode pump (SMP) connection to
external components required

10 110 P1[7] 1°C serial clock (SCL)

11 110 P1[5] |I2C serial data (SDA)

12 110 P1[3]

13 110 P1[1] Crystal (XTAL|n) 12C Serial Clock (SCL),
ISSP-SCLKE!

14 Power Vss Ground connection

15 110 P1[0] Crystal (XTALout) I2C Serial Data (SDA),
ISSP-SDATAE!

16 110 P1[2]

17 110 P1[4] Optional external clock input (EXTCLK)

18 lfe} P1[6]

19 Input XRES | Active high external reset with internal
pull-down

20 110 | P2[0] Direct switched capacitor block input

21 110 | P2[2] Direct switched capacitor block input

22 110 P2[4] External analog ground (AGND)

23 110 P2[6] External voltage reference (VREF)

24 110 | PO[0] Analog column mux input

25 110 110 PO[2] Analog column mux input and column output

26 110 lfe} PO[4] Analog column mux input and column output

27 110 | PO[6] Analog column mux input

28 Power Vbp Supply voltage

LEGEND: A = Analog, | = Input, and O = Output.

Note

Figure 4. CY8C29466 28-Pin PSoC Device

A1, PO[7]

A, 10, PO[5]
A, 10, PO[3]
A, 1, PO[L]
P2[7]

P2[5]

A, P2[3]
A1, P2[1]
SMP

12C SCL, P1[7]
12C SDA, P1[5]

coO~No o, WN -

12C SCL, XTALin, P1[1]
Vss

Voo

PO[6], A, |

PO[4], A, 10

P0[2], A, 10

PO[0], A, |

P2[6], External VREF
P2[4], External AGND
P2[2], A |

P2[0], A, |

XRES

P1[6]

P1[4], EXTCLK

P1[2]

P1[0], XTALout, I2CSDA

3. These are the ISSP pins, which are not High Z at Power On Reset (POR). See the PSoC Programmable System-on-Chip Technical Reference Manual for details.
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44-Pin Part Pinout

Table 3. 44-Pin Part Pinout (TQFP)

Ein _ Type Pin DeseiElen Figure 5. CY8C29566 44-Pin PSoC Device
0. [ Digital | Analog | Name
1 o) P2[5] i
2 110 | P2[3] Direct switched capacitor block input n>:
3 110 | P2[1] Direct switched capacitor block input E
4 | wo P4[7] -22._ _9°o_¢&
5 | o P4[s] e s e
7 110 P4[1]
8 Power SMP Switch mode pump (SMP) connection to eI 2SI L3888 I
external components required P2[5] 1 P2[4], External AGND
9 110 P3[7] A, |, P2[3] 2 P2[2], A |
10 110 P3[5] AlLP2[1]g 3 P2[0], A I
1| o P3[3] Pa[7]m 4 Pa(e]
12 | 1o P3[1] P4ls]= S PA[4]
13 110 P1[7] 12C scL pais]s 6 Pat2]
PA[l]d 7 P4[0]
14 o) P1[5] |I1°C SDA svPe 8 XRES
15 110 P1[3] P3[7] 9 P3[6]
16 110 P1[1] | Crystal (XTALin), I2C SCL, ISSP-SCLK[“ P3[5]= 10 P3[4]
17 Power Vss Ground connection P3[3] P3[2]
18 110 P1[0] | Crystal (XTALout), I2C SDA, ISSP-SDATA“!
19 110 P1[2] SRR S0 NT oD
O addd 9> dadad o™
20 110 P1[4] Optional EXTCLK o aaa o oo o o a
21 o) P1[6] o8 § 3% ¥
2 | o P3[0] § § E < E
23 110 P3[2] - = 5 X u
24 110 P3[4] 3 3
25 | o P3[6] g 8
26 Input XRES | Active high external reset with internal -
pull-down
27 110 P4[0]
28 110 P4[2]
29 110 P4[4]
30 110 P4[6]
31 110 | P2[0] Direct switched capacitor block input
32 110 | P2[2] Direct switched capacitor block input
33 110 P2[4] External analog ground (AGND)
34 110 P2[6] External voltage reference (VREF)
35 110 | PO[0] Analog column mux input
36 110 110 PO[2] Analog column mux input and column output
37 110 110 PO[4] Analog column mux input and column output
38 110 | PO[6] Analog column mux input
39 Power Vbp Supply voltage
40 110 | PO[7] Analog column mux input
41 110 lfe} PO[5] Analog column mux input and column output
42 110 110 PO[3] Analog column mux input and column output
43 110 | PO[1] Analog column mux input
44 110 P2[7]

LEGEND: A = Analog, | = Input, and O = Output.

Note
4. These are the ISSP pins, which are not High Z at POR. See the PSoC Programmable System-on-Chip Technical Reference Manual for details.
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100-Pin Part Pinout (On-Chip Debug)
The 100-pin TQFP part is for the CY8C29000 On-Chip Debug (OCD) PSoC device.
Note OCD parts are only used for in-circuit debugging. OCD parts are NOT available for production

Table 7. 100-Pin OCD Part Pinout (TQFP)

Pin | S Ec” A Pin | 8 _8’ o
No. | @ S Name Description No. | @ < Name Description
0| < o <

1 NC No internal connection 51 NC No internal connection
2 NC No internal connection 52 110 P5[0]
3 110 I [PO[1] Analog column mux input 53 110 P5[2]
4 110 P2[7] 54 |(I/O P5[4]
5 110 P2[5] 55 |(I/O P5[6]
6 110 I |P2[3] Direct switched capacitor block input 56 |I/O P3[0]
7 110 I [P2[1] Direct switched capacitor block input 57 110 P3[2]
8 110 P4[7] 58 |[I/O P3[4]
9 1/10 P4[5] 59 (I/O P3[6]

10 110 P4[3] 60 HCLK | OCD high speed clock output

11 110 P4[1] 61 CCLK |OCD CPU clock output

12 OCDE |OCD even data I/O 62 Input XRES |Active high pin reset with internal pull-down
13 OCDO |OCD odd data output 63 110 P4[0]

14 Power |SMP Switch Mode Pump (SMP) connection to required |64 110 P4[2]

external components

15 Power |Vgg Ground connection 65 |Power Vss Ground connection

16 110 P3[7] 66 [I/O P4[4]

17 110 P3[5] 67 |(I/O P4[6]

18 110 P3[3] 68 |I/O |I P2[0] Direct switched capacitor block input

19 110 P3[1] 69 |/O |I P2[2] Direct switched capacitor block input

20 110 P5[7] 70 |0 P2[4] External Analog Ground (AGND) input

21 110 P5[5] 71 NC No internal connection

22 110 P5[3] 72 110 | P2[6] External Voltage Reference (VREF) input
23 110 P5[1] 73 NC No internal connection

24 110 P1[7] [1’cscL 74 Juo i PO[0] |Analog column mux input

25 NC No internal connection 75 NC No internal connection

26 NC No internal connection 76 NC No internal connection

27 NC No internal connection 7 110 |I/O PO[2] Analog column mux input and column output
28 110 P1[5] 1°C SDA 78 NC No internal connection

29 110 P1[3] lEMTEST 79 |l/O | /10 PO[4] Analog column mux input and column output, Vrer
30 110 P1[1]® [Crystal (XTALin), I°C SCL, TC SCLK. 80 NC No internal connection

31 NC No internal connection 81 |I/O |I PO[6] Analog column mux input

32 Power |Vpp Supply voltage 82 Power Vbp Supply voltage

33 NC No internal connection 83 Power Vbp Supply voltage

34 Power |Vss Ground connection 84 Power |Vss Ground connection

35 NC No internal connection 85 Power |Vss Ground connection

36 110 P7[7] 86 1/0 P6[0]

37 110 P7[6] 87 110 P6[1]

38 110 P7[5] 88 110 P6[2]

39 110 P7[4] 89 110 P6[3]
40 110 P7[3] 90 1/0 P6[4]
41 110 P7[2] 91 1/10 P6[5]

42 110 P7[1] 92 110 P6[6]

43 110 P7[0] 93 1/10 P6[7]

44 110 P1[0]* |Crystal (XTALout), I°’C SDA, TC SDATA 94 NC No internal connection

45 110 P1[2] VEMTEST 95 1/10 | | PO[7] |Analog column mux input

46 110 P1[4] Optional External Clock Input (EXTCLK) 96 NC No internal connection

47 110 P1[6] 97 110 | /10 |PO[5] Analog column mux input and column output
48 NC No internal connection 98 NC No internal connection

49 NC No internal connection 99 110 | 110 |PO[3] Analog column mux input and column output
50 NC No internal connection 100 NC No internal connection

LEGEND A = Analog, | = Input, O = Output, NC = No Connection, TC/TM: Test.

Note

9. ISSP pin which is not High-Z at POR.
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Figure 9. CY8C29000 OCD (Not for Production)
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Register Reference

This section lists the registers of the CY8C29x66 PSoC device. For detailed register information, refer to the
PSoC Programmable System-on-Chip Technical Reference Manual.

Register Conventions
The register conventions specific to this section are listed in Table 8.

Table 8. Register Conventions
Convention Description
Read register or bit(s)
Write register or bit(s)
Logical register or bit(s)
Clearable register or bit(s)
Access is bit specific

# O[S

Register Mapping Tables
The PSoC device has a total register address space of 512 bytes. The register space is referred to as 1/0 space and is divided into

two banks. The XOI bit in the flag register (CPU_F) determines which bank the user is currently in. When the XOI bit is set the user

is in Bank 1.
Note In the register mapping tables, blank fields are reserved and should not be accessed.
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Electrical Specifications
This section presents the DC and AC electrical specifications of the CY8C29x66 PSoC device. For the most up-to-date electrical
specifications, confirm that you have the most recent datasheet by going to the web at http://www.cypress.com.

Specifications are valid for —40 °C <Tp <85 °C and T3 <100 °C, except where noted. Refer to Table 27 for the electrical specifications
on the internal main oscillator (IMO) using SLIMO mode.

Figure 10. Voltage versus CPU Frequency Figure 11. IMO Frequency Options
A A
5.25 5.25
475 4.75
s
(=1
s s
g 5
g g
8 3.60
@
3.00 3.00
> T T T T -
93 kHz 12 MHz 24 MHz 93 kHz 6 MHz 12 MHz 24 MHz

CPUFrequency IMOFrequency

Absolute Maximum Ratings
Exceeding maximum ratings may shorten the useful life of the device. User guidelines are not tested.

Table 11. Absolute Maximum Ratings

Symbol Description Min Typ Max Unit Notes

Tste Storage temperature -55 25 +100 °C [Higher storage temperatures
reduce data retention time.
Recommended storage temper-
atureis +25 °C + 25 °C. Extended
duration storage temperatures
higher than 65 °C degrade
reliability.

TeakeTemp | Bake temperature - 125 See °C

package
label
TBAKETIME Bake time See - 72 Hours
package
label

Ta Ambient temperature with power applied -40 - +85 °C

Vpp Supply voltage on Vpp relative to Vgg -0.5 - +6.0 \

Vio DC input voltage Vgs—0.5 - Vpp+ 05| V

Vioz DC voltage applied to tristate Vgg—0.5 - Vpp+ 05| V

Imio Maximum current into any port pin -25 - +50 mA

Imalo Maximum current into any port pin configured as -50 - +50 mA

analog driver

ESD Electrostatic discharge voltage 2000 - - V  |Human body model ESD.

LU Latch-up current - - 200 mA
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DC GPIO Specifications

Table 14 lists guaranteed maximum and minimum specifications for the voltage and temperature ranges: 4.75 V to 5.25 V and —40 °C
<Tp<85°C,0r3.0V1to3.6Vand-40 °C < Ty <85 °C, respectively. Typical parameters apply to 5V and 3.3 V at 25 °C and are for

design guidance only.

Table 14. DC GPIO Specifications

Symbol Description Min Typ | Max | Unit Notes

Rpy Pull-up resistor 4 5.6 kQ

Rpp Pull-down resistor 4 5.6 kQ

Vou High output level Vpp—-1.0| - - V  |lop=10mA, Vpp =4.751t05.25 V (8 total loads,
4 on even port pins (for example, P0[2], P1[4]),
4 on odd port pins (for example, PO[3], P1[5])).
80 mA maximum combined gy budget.

VoL Low output level - - 1075 | V [lo.=25mA, Vpp =4.75t05.25V (8 total loads,
4 on even port pins (for example, PO[2], P1[4]),
4 on odd port pins (for example, PO[3], P1[5])).
150 mA maximum combined I, budget.

loH High level source current 10 - - MA | Vo =Vpp — 1.0V, see the limitations of the total
current in the note for Vgy

loL Low level sink current 25 - - mA | VoL = 0.75V, see the limitations of the total
current in the note for Vg

Vi Input low level - - 0.8 V |[Vpp=3.0t05.25

Vi Input high level 21 - - V |[Vpp=3.0t05.25

Vh Input hysteresis - 60 - mV

I Input leakage (absolute value) - 1 - nA | Gross tested to 1 pA.

Cin Capacitive load on pins as input - 35| 10 pF | Package and pin dependent. Temp = 25 °C.

Cout Capacitive load on pins as output - 35| 10 pF | Package and pin dependent. Temp = 25 °C.

DC Operational Amplifier Specifications

Table 15 and Table 16 list guaranteed maximum and minimum specifications for the voltage and temperature ranges: 4.75 V to

5.25Vand—-40°C<T,<85°C,0or3.0Vt03.6Vand-40 °C < T, <85 °C, respectively. Typical parameters apply to 5V and 3.3 V at

25 °C and are for design guidance only.

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 5 V at

25 °C and are for design guidance only.

Table 15. 5-V DC Operational Amplifier Specifications

Symbol Description Min Typ Max Unit Notes
Vosoa Input offset voltage (absolute value)
Power = Low, Opamp bias = Low - 1.6 10 mV
Power = Low, Opamp bias = High - 1.6 10 mV
Power = Medium, Opamp bias = Low - 1.6 10 mV
Power = Medium, Opamp bias = High - 1.6 10 mV
Power = High, Opamp bias = Low - 1.6 10 mV
Power = High, Opamp bias = High - 1.6 10 mV
TCVosoa | Average input offset voltage drift - 4 23 pv/eC
'EBOA Input leakage current (port 0 analog pins) - 200 - pA | Gross tested to 1 pA
Cinoa Input capacitance (port 0 analog pins) - 4.5 9.5 pF | Package and pin dependent.
Temp =25 °C

Document Number: 38-12013 Rev. *P
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Table 18. 5-V DC Analog Output Buffer Specifications (continued)

Symbol Description Min Typ Max Unit Notes
Isos Supply current including bias cell (no load)
Power = Low - 11 2 mA
Power = High - 2.6 5 mA
PSRRpg Supply voltage rejection ratio 40 64 dB
CL Load capacitance - - 200 pF | This specification
applies to the
external circuit
driven by the analog
output buffer.
Table 19. 3.3-V DC Analog Output Buffer Specifications
Symbol Description Min Typ Max Unit Notes
Vosos Input offset voltage (absolute value) High power setting
Power = Low, Opamp bias = Low - 3.2 20 mV is not
Power = Low, Opamp bias = High - 3.2 20 mV recommended.
Power = High, Opamp bias = Low - 6 25 mV
Power = High, Opamp bias = High - 6 25 mV
TCVosor Average input offset voltage drift High power setting
Power = Low, Opamp bias = Low - 8 32 uv/°eC | is not
Power = Low, Opamp bias = High - 8 32 uVv/°C | recommended.
Power = High, Opamp bias = Low - 12 41 uv/eC
Power = High, Opamp bias = High - 12 41 uv/eC
Vemos Common-mode input voltage range 0.5 - Vpp—1.0 \%
RouTos Output resistance
Power = Low - - 10 W
Power = High - - 10 W
Vonichog | High output voltage swing
(Load = 32 ohms to Vpp/2)
Power = Low 0.5xVpp+1.0 - - Vv
Power = High 0.5xVpp+1.0 - - \
VoLowos Low output voltage swing
(Load = 32 ohms to Vpp/2)
Power = Low - - 0.5xVpp—1.0 Vv
Power = High - - 0.5xVpp—-1.0 \%
Isog Supply current including bias cell (no load)
Power = Low - 0.8 1 mA
Power = High - 2.0 5 mA
PSRRop Supply voltage rejection ratio 60 64 - dB
CL Load capacitance - - 200 pF This specification

applies to the
external circuit
driven by the
analog output

buffer.
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DC POR, SMP, and LVD Specifications

The following table lists guaranteed maximum and minimum specifications for the voltage and temperature ranges: 4.75 V t0 5.25 V
and —40°C < T, <85°C,0r3.0V1t03.6 Vand—40 °C < T <85 °C, respectively. Typical parameters apply to 5V and 3.3V at 25 °C
and are for design guidance only.

Table 24. DC POR, SMP, and LVD Specifications

Symbol Description Min Typ Max Units Notes
Vpp Vvalue for PPOR trip (positive ramp)
Vpporor | PORLEV[1:0] = 00b 291 \
Vpporir | PORLEV[1:0] = 01b - 4.39 - \
Vpporor | PORLEV[1:0] = 10b 455 v
Vpp value for PPOR trip (negative ramp)
VppoRro PORLEV[1:0] = 00b 2.82 \
Vppor: | PORLEV[1:0] = 01b - 4.39 - v
VppoRr2 PORLEV[1:0] = 10b 4.55 \%
PPOR hysteresis
Vpho PORLEV[1:0] = 00b - 92 - mv
Vpu1 PORLEV[1:0] = 01b - 0 - mV
Vpua PORLEV[1:0] = 10b - 0 - mv
Vpp Vvalue for LVD trip
Vivbo VM[2:0] = 000b 2.86 292 | 298l v
Vivp1 VM[2:0] = 001b 2.96 3.02 3.08 \
LVD2 VM[2:0] = 010b 3.07 3.13 3.20 \Y
VivD3 VM[2:0] = 011b 3.92 4.00 4.08 \
VivDa VM[2:0] = 100b 4.39 4.48 457 v
Vivps VM[2:0] = 101b 455 464 | 474112 v
Vivb7 VM[2:0] = 111b 4.72 4.81 4.91 \%
Vpp value for SMP trip
Veumpo | VM[2:0] = 000b 2.96 3.02 3.08 \
Veumpz | YM[2:0] = 010b 3.18 3.25 3.32 \
Vpumps | YM[2:0] = 011b 4.11 4.19 4.28 v
Veumpa | VM[2:0] = 100b 4.55 4.64 4.74 \
VPUMP5 VM[2:0] = 101b 4.63 473 4.82 \Y
pumps | VM[2:0] = 110b 4.72 4.82 4.91 \
Veumpz | YM[2:0] = 111b 4.90 5.00 5.10 \%
Notes
11. Always greater than 50 mV above PPOR (PORLEYV = 00) for falling supply.
12. Always greater than 50 mV above PPOR (PORLEYV = 10) for falling supply.
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AC Electrical Characteristics

AC Chip-Level Specifications

The following table lists guaranteed maximum and minimum specifications for the voltage and temperature ranges: 4.75V t0 5.25 V
and 40 °C < T, <85°C,0r3.0Vto 3.6 Vand—40 °C < T, <85 °C, respectively. Typical parameters apply to 5V and 3.3V at 25 °C
and are for design guidance only.

Note See the individual user module datasheets for information on maximum frequencies for user modules.
Table 27. AC Chip-Level Specifications

Symbol Description Min Typ Max Units Notes
FiMo24 Internal main oscillator (IMO) frequency for 24 23.4 24 | 24618177 1 MHz |Trimmed for5V or3.3V
MHz operation using factory trim

values. See Figure 11 on
page 19. SLIMO Mode = 0.

FiMo6 IMO frequency for 6 MHz 55 6 6516171 | MHz |Trimmed for5V or3.3V
operation using factory trim
values. See Figure 11 on
page 19. SLIMO Mode = 1.

Fepul CPU frequency (5 V Nominal) 0.0914 24 24.616] MHz [ SLIMO Mode = 0.

Fcpu2 CPU frequency (3.3 V Nominal) 0.0914 12 12,3071 MHz | SLIMO Mode = 0.

Fagm Digital PSoC block frequency 0 48 | 49.216I8] | MHz |Refer to AC Digital Block
Specifications on page 40.

Foam Digital PSoC block frequency 0 24 246181 MHz

F3ok1 Internal low speed oscillator frequency 15 32 64 kHz

F3ok2 External crystal oscillator - 32.768 - kHz | Accuracy is capacitor and
crystal dependent. 50%
duty cycle

Faok U Internal low speed oscillator (ILO) untrimmed 5 - 100 kHz | After a reset and before the

frequency M8C starts to run, the ILO is

not trimmed. See the
System Resets section of
the PSoC Technical
Reference Manual for
details on this timing

FpLL PLL frequency - 23.986 - MHz | A multiple (x732) of crystal
frequency

ThLLsLEW PLL lock time 0.5 - 10 ms

TpListewrow | PLL lock time for low gain setting 0.5 - 50 ms

Tos External crystal oscillator startup to 1% - 250 500 ms

Tosacc External crystal oscillator startup to 100 ppm - 300 600 ms | The crystal oscillator
frequency is within 100 ppm
of its final value by the end
of the Togacc period.
Correct operation assumes
a properly loaded 1 pyW
maximum drive level 32.768
kHz crystal.
3.0V<Vpp<55V,-40°C
<Tp<85°C.

TxRrsT External reset pulse width 10 - - us

DC24M 24 MHz duty cycle 40 50 60 %

DCj o Internal low speed oscillator duty cycle 20 50 80 %

Step24M 24 MHz trim step size - 50 - kHz

Fout48M 48 MHz output frequency 46.8 48.0 | 49.2I16. 71| MHz | Trimmed. Using factory trim
values

Notes

16.4.75 V < Vpp < 5.25 V.

17.3.0 V <Vpp < 3.6 V. See application note Adjusting PSoC® Trims for 3.3 V and 2.7 V Operation — AN2012 for information on trimming for operation at 3.3 V.
18. See the individual user module datasheets for information on maximum frequencies for user modules
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Table 27. AC Chip-Level Specifications (continued)
Symbol Description Min Typ Max Units Notes
Fumax Maximum frequency of signal on row input or - - 12.3 MHz
row output.
SRpower up | Power supply slew rate - - 250 Vims | Vpp slew rate during
- power-up
TPOWERUP Time from end of POR to CPU executing code - 16 100 ms | Power-up from O V. See the
System Resets section of
the PSoC Technical
Reference Manual
tjit_IMOI® |24 MHz IMO cycle-to-cycle jitter (RMS) - 200 700 ps | N=32
24 MHz IMO long term N cycle-to-cycle jitter - 300 900
(RMS)
24 MHz IMO period jitter (RMS) - 100 400
tjit_PLL [2°] 24 MHz IMO cycle-to-cycle jitter (RMS) - 200 800 ps [N=32
24 MHz IMO long term N cycle-to-cycle jitter - 300 1200
(RMS)
24 MHz IMO period jitter (RMS) - 100 700
Figure 13. PLL Lock Timing Diagram
PLL
Enable
l—— Torsiew ———» 24 MHz
PLL
Gain 0
Figure 14. PLL Lock for Low Gain Setting Timing Diagram
PLL
Enable |
<— Thusiewiow —————» 24 MHz
PLL
Gain
Figure 15. External Crystal Oscillator Startup Timing Diagram
32K
Select | 32 kHz
—— Tos ———»
Note
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19. Refer to Cypress Jitter Specifications application note, Understanding Datasheet Jitter Specifications for Cypress Timing Products — AN5054 for more information.
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Table 39. Thermal Impedances per Package

Capacitance on Crystal Pins

Table 40. Typical Package Capacitance on Crystal Pins

Package Typical GJA[23] Package Package Capacitance
28-pin PDIP 69 °C/W 28-pin PDIP 3.5pF
28-pin SSOP 94 °C/W 28-pin SSOP 2.8 pF
28-pin SOIC 67 °C/IW 28-pin SOIC 2.7 pF
44-pin TQFP 60 °C/W 44-pin TQFP 2.6 pF
48-pin SSOP 69 °C/W 48-pin SSOP 3.3pF
48-pin QFNIZAI 28 °C/W 48-pin QFN 1.8 pF
100-pin TQFP 50 °C/W 100-pin TQFP 3.1pF

Solder Reflow Peak Temperature
Following is the minimum solder reflow peak temperature to achieve good solderability.

Table 41. Solder Reflow Peak Temperature

Package Maximum Peak Temperature | Time at Maximum Temperature
28-pin PDIP 260 °C 20s
28-pin SSOP 260 °C 20s
28-pin SOIC 260 °C 20s
44-pin TQFP 260 °C 20s
48-pin SSOP 260 °C 20s
48-pin QFN 260 °C 20s
100-pin TQFP 260 °C 20s

Notes
23.Ty=Ta + POWER x O35

24. To achieve the thermal impedance specified for the QFN package, refer to the application notes for Surface Mount Assembly of Amkor's MicroLeadFrame (MLF)
Packages available at http://www.amkor.com.
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Document Conventions

Units of Measure
Table 44 lists the unit sof measures.

Table 44. Units of Measure

Symbol Unit of Measure Symbol Unit of Measure
dB decibels ms millisecond
°C degree Celsius ns nanosecond
fF femto farad ps picosecond
pF picofarad puv microvolts
kHz kilohertz mV millivolts
MHz megahertz mVpp millivolts peak-to-peak
rt-Hz root hertz nv nanovolts
kQ kilohm \% volts
Q ohm uW microwatts
HA microampere W watt
mA milliampere mm millimeter
nA nanoampere ppm parts per million
pA pikoampere % 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’, ‘b’, or Ox are decimals.

Glossary

active high

analog blocks

analog-to-digital
(ADC)

Application
programming
interface (API)

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

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.

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.

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.

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

bandgap A stable voltage reference design that matches the positive temperature coefficient of VT with

reference the negative temperature coefficient of VBE, to produce a zero temperature coefficient (ideally)
reference.

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

Document Number: 38-12013 Rev. *P

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.
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Glossary (continued)

digital-to-analog A device that changes a digital signal to an analog signal of corresponding magnitude. The analog-

(DAC) to-digital (ADC) 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.

External Reset  An active high signal that is driven into the PSoC device. It causes all operation of the CPU and
(XRES) blocks to stop and return to a pre-defined state.

Flash An electrically programmable and erasable, non-volatile technology that provides you the
programmability and data storage of EPROMSs, plus in-system erasability. Non-volatile means
that the data is retained when power is OFF.

Flash block The smallest amount of Flash ROM space that may be programmed at one time and the smallest
amount of Flash space that may be protected. A Flash block holds 64 bytes.

frequency The number of cycles or events per unit of time, for a periodic function.

gain The ratio of output current, voltage, or power to input current, voltage, or power, respectively.
Gain is usually expressed in dB.

12c A two-wire serial computer bus by Philips Semiconductors (now NXP Semiconductors). 12C is an
Inter-Integrated Circuit. It is used to connect low-speed peripherals in an embedded system. The
original system was created in the early 1980s as a battery control interface, but it was later used
as a simple internal bus system for building control electronics. 12C uses only two bi-directional
pins, clock and data, both running at +5V and pulled high with resistors. The bus operates at 100
kbits/second in standard mode and 400 kbits/second in fast mode.

ICE The in-circuit emulator that allows you to test the project in a hardware environment, while
viewing the debugging device activity in a software environment (PSoC Designer).

input/output (I/O) A device that introduces data into or extracts data from a system.

interrupt A suspension of a process, such as the execution of a computer program, caused by an event
external to that process, and performed in such a way that the process can be resumed.

interrupt service A block of code that normal code execution is diverted to when the M8C receives a hardware

routine (ISR) interrupt. Many interrupt sources may each exist with its own priority and individual ISR code
block. Each ISR code block ends with the RETI instruction, returning the device to the point in
the program where it left normal program execution.

jitter 1. A misplacement of the timing of a transition from its ideal position. A typical form of corruption that occurs on
serial data streams.
2. The abrupt and unwanted variations of one or more signal characteristics, such as the interval between
successive pulses, the amplitude of successive cycles, or the frequency or phase of successive cycles.

low-voltage detect A circuit that senses Vpp and provides an interrupt to the system when Vpp falls lower than a selected threshold.
(LVD)

M8C An 8-bit Harvard-architecture microprocessor. The microprocessor coordinates all activity inside
a PSoC by interfacing to the Flash, SRAM, and register space.
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Glossary (continued)

serial 1. Pertaining to a process in which all events occur one after the other.
2. Pertaining to the sequential or consecutive occurrence of two or more related activities in a single device or
channel.
settling time The time it takes for an output signal or value to stabilize after the input has changed from one

value to another.

shift register A memory storage device that sequentially shifts a word either left or right to output a stream of
serial data.
slave device A device that allows another device to control the timing for data exchanges between two

devices. Or when devices are cascaded in width, the slave device is the one that allows another
device to control the timing of data exchanges between the cascaded devices and an external
interface. The controlling device is called the master device.

SRAM An acronym for static random access memory. A memory device where you can store and
retrieve data at a high rate of speed. The term static is used because, after a value is loaded into an SRAM cell,
it remains unchanged until it is explicitly altered or until power is removed from the device.

SROM An acronym for supervisory read only memory. The SROM holds code that is used to boot the
device, calibrate circuitry, and perform Flash operations. The functions of the SROM may be
accessed in normal user code, operating from Flash.

stop bit A signal following a character or block that prepares the receiving device to receive the next
character or block.

synchronous 1. A signal whose data is not acknowledged or acted upon until the next active edge of a clock signal.
2. A system whose operation is synchronized by a clock signal.

tri-state A function whose output can adopt three states: 0, 1, and Z (high-impedance). The function does
not drive any value in the Z state and, in many respects, may be considered to be disconnected
from the rest of the circuit, allowing another output to drive the same net.

UART A UART or universal asynchronous receiver-transmitter translates between parallel bits of data
and serial bits.

user modules Pre-build, pre-tested hardware/firmware peripheral functions that take care of managing and
configuring the lower level Analog and Digital PSoC Blocks. User Modules also provide high
level API (Application Programming Interface) for the peripheral function.

user space The bank 0 space of the register map. The registers in this bank are more likely to be modified
during normal program execution and not just during initialization. Registers in bank 1 are most
likely to be modified only during the initialization phase of the program.

Vpp A name for a power net meaning "voltage drain." The most positive power supply signal. Usually
5Vor33V.
Vss A name for a power net meaning "voltage source." The most negative power supply signal.

watchdog timer A timer that must be serviced periodically. If it is not serviced, the CPU resets after a specified
period of time.
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Sales, Solutions, and Legal Information

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

Automotive

Clocks & Buffers
Interface

Lighting & Power Control

Memory

Optical & Image Sensing
PSoC

Touch Sensing

USB Controllers
Wireless/RF

cypress.com/go/automotive
cypress.com/go/clocks
cypress.com/go/interface
cypress.com/go/powerpsoc
cypress.com/go/plc
cypress.com/go/memory
cypress.com/go/image
cypress.com/go/psoc
cypress.com/go/touch
cypress.com/go/USB
cypress.com/go/wireless

PSoC Solutions
psoc.cypress.com/solutions
PSoC 1 | PSoC 3| PSoC 5

© Cypress Semiconductor Corporation, 2003-2010. The information contained herein is subject to change without notice. Cypress Semiconductor Corporation assumes no responsibility for the use of
any circuitry other than circuitry embodied in a Cypress product. Nor does it convey or imply any license under patent or other rights. Cypress products are not warranted nor intended to be used for
medical, life support, life saving, critical control or safety applications, unless pursuant to an express written agreement with Cypress. Furthermore, Cypress does not authorize its products for use as
critical components in life-support systems where a malfunction or failure may reasonably be expected to result in significant injury to the user. The inclusion of Cypress products in life-support systems
application implies that the manufacturer assumes all risk of such use and in doing so indemnifies Cypress against all charges.

Any Source Code (software and/or firmware) is owned by Cypress Semiconductor Corporation (Cypress) and is protected by and subject to worldwide patent protection (United States and foreign),
United States copyright laws and international treaty provisions. Cypress hereby grants to licensee a personal, non-exclusive, non-transferable license to copy, use, modify, create derivative works of,
and compile the Cypress Source Code and derivative works for the sole purpose of creating custom software and or firmware in support of licensee product to be used only in conjunction with a Cypress
integrated circuit as specified in the applicable agreement. Any reproduction, modification, translation, compilation, or representation of this Source Code except as specified above is prohibited without

the express written permission of Cypress.

Disclaimer: CYPRESS MAKES NO WARRANTY OF ANY KIND, EXPRESS OR IMPLIED, WITH REGARD TO THIS MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES
OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE. Cypress reserves the right to make changes without further notice to the materials described herein. Cypress does not
assume any liability arising out of the application or use of any product or circuit described herein. Cypress does not authorize its products for use as critical components in life-support systems where
a malfunction or failure may reasonably be expected to result in significant injury to the user. The inclusion of Cypress’ product in a life-support systems application implies that the manufacturer

assumes all risk of such use and in doing so indemnifies Cypress against all charges.

Use may be limited by and subject to the applicable Cypress software license agreement.
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