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"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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2. PSoC Functional Overview

The PSoC family consists of many programmable
system-on-chips with On-Chip Controller devices. All PSoC
family devices are designed to replace traditional MCUs, system
ICs, and the numerous discrete components that surround them.
The PSoC CY8C24x94 devices are unique members of the
PSoC family because it includes a full featured, full speed (12
Mbps) USB port. Configurable analog, digital, and interconnect
circuitry enable a high level of integration in a host of industrial,
consumer, and communication applications.

This architecture enables the user to create customized
peripheral configurations that match the requirements of each
individual application. Additionally, a fast CPU, Flash program
memory, SRAM data memory, and configurable 1/O are included
in a range of convenient pinouts and packages.

The PSoC architecture, as illustrated on the left, is comprised of
four main areas: PSoC Core, Digital System, Analog System,
and System Resources including a full speed USB port. Config-
urable global busing enables all the device resources to be
combined into a complete custom system. The PSoC
CY8C24x94 devices can have up to seven I/O ports that connect
to the global digital and analog interconnects, providing access
to 4 digital blocks and 6 analog blocks.

2.1 The PSoC Core

The PSoC Core is a powerful engine that supports a rich feature
set. The core includes a CPU, memory, clocks, and configurable
GPI/O (General Purpose 1/0).

The M8C CPU core is a powerful processor with speeds up to 24
MHz, providing a four MIPS 8-bit Harvard architecture micropro-
cessor. The CPU uses an interrupt controller with up to 20
vectors, 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 16K of Flash for program storage, 1K of
SRAM for data storage, and up to 2K of EEPROM emulated
using the Flash. Program Flash uses four protection levels on
blocks of 64 bytes, allowing customized software IP protection.

The PSoC device incorporates flexible internal clock generators,
including a 24 MHz IMO (internal main oscillator) accurate to 8%
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. The clocks, together with programmable clock
dividers (as a System Resource), provide the flexibility to
integrate almost any timing requirement into the PSoC device. In
USB systems, the IMO self tunes to + 0.25% accuracy for USB
communication.

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 inter-
facing. Every pin is also capable of generating a system interrupt
on high level, low level, and change from last read.
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2.2 The Digital System

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

Figure 2-1. Digital System Block Diagram
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Digital peripheral configurations include the following:
m Full Speed USB (12 Mbps)

m PWMs (8 to 32 bit)

m PWMs with Dead band (8 to 24 bit)

m Counters (8 to 32 bit)

m Timers (8 to 32 bit)

m UART 8 bit with selectable parity

m SPI master and slave

m |2C slave and multi-master

m Cyclical Redundancy Checker/Generator (8 to 32 bit)
m IrDA

m Pseudo Random Sequence Generators (8 to 32 bit)

The digital blocks are connected to any GPI/O through a series
of global buses that can route any signal to any pin. The buses
also enable signal multiplexing and performing logic operations.
This configurability frees the 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 enables you the
optimum choice of system resources for your application. Family
resources are shown in Table 2-1 on page 4.
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2.3 The Analog System

The Analog System is composed of 6 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
available as user modules) are as follows.

m Analog-to-digital converters (up to 2, with 6 to 14-bit resolution,
selectable as Incremental, Delta Sigma, and SAR)

m Filters (2 and 4 pole band-pass, low-pass, and notch)

m Amplifiers (up to 2, with selectable gain to 48x)

m Instrumentation amplifiers (1 with selectable gain to 93x)
m Comparators (up to 2, with 16 selectable thresholds)

m DACs (up to 2, with 6- to 9-bit resolution)

m Multiplying DACs (up to 2, with 6- to 9-bit resolution)

m High current output drivers (two with 30 mA drive as a PSoC
Core Resource)

m 1.3V reference (as a System Resource)
m DTMF Dialer

m Modulators

m Correlators

m Peak Detectors

m Many other topologies possible

Analog blocks are arranged in a column of three, which includes
one CT (Continuous Time) and two SC (Switched Capacitor)
blocks, as shown in Figure 2-2.
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Figure 2-2. Analog System Block Diagram
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2.3.1 The Analog Multiplexer System

The Analog Mux Bus can connect to every GPI/O pin in ports 0-5.
Pins are connected to the bus individually or in any combination.
The bus also connects to the analog system for analysis with
comparators and analog-to-digital converters. It is split into two
sections for simultaneous dual-channel processing. An
additional 8:1 analog input multiplexer provides a second path to
bring Port 0 pins to the analog array.

Switch control logic enables selected pins to precharge continu-
ously under hardware control. This enables capacitive
measurement for applications such as touch sensing. Other
multiplexer applications include:

m Track pad, finger sensing.
m Chip-wide mux that enables analog input from up to 48 I/O pins.

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 under 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) for CapSense applications is 5:1.
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5. 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 by 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 can be summarized in the
following four steps:

1. Select components

2. Configure components

3. Organize and Connect

4. Generate, Verify, and Debug

5.1 Select Components

Both the system-level and chip-level views provide a library of
prebuilt, pretested hardware peripheral components. In the
system-level view, these components are called “drivers” and
correspond to inputs (a thermistor, for example), outputs (a
brushless DC fan, for example), communication interfaces
(I C-bus, for example), and the logic to control how they interact
with one another (called valuators).

In the chip-level view, the components are called “user modules”.
User modules make selecting and implementing peripheral
devices simple, and come in analog, digital, and mixed signal
varieties.

5.2 Configure Components

Each of the components 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 application. For example, a Pulse
Width Modulator (PWM) User Module configures one or more
digital PSoC blocks, one for each 8 bits of resolution. The user
module parameters permit you to establish the pulse width and
duty cycle. Configure the parameters and properties to
correspond to your chosen application. Enter values directly or
by selecting values from drop-down menus.

Both the system-level drivers and chip-level user modules are
documented in data sheets that are viewed directly in PSoC
Designer. These data sheets explain the internal operation of the
component and provide performance specifications. Each data
sheet describes the use of each user module parameter or driver
property, and other information you may need to successfully
implement your design.
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5.3 Organize and Connect

You can build signal chains at the chip level by interconnecting
user modules to each other and the 1/O pins, or connect system
level inputs, outputs, and communication interfaces to each
other with valuator functions.

In the system-level view, selecting a potentiometer driver to
control a variable speed fan driver and setting up the valuators
to control the fan speed based on input from the pot selects,
places, routes, and configures a programmable gain amplifier
(PGA) to buffer the input from the potentiometer, an analog to
digital converter (ADC) to convert the potentiometer’s output to
a digital signal, and a PWM to control the fan.

In the chip-level view, perform the selection, configuration, and
routing so that you have complete control over the use of all
on-chip resources.

5.4 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
Application” step. This causes PSoC Designer to generate
source code that automatically configures the device to your
specification and provides the software for the system.

Both system-level and chip-level designs generate software
based on your design. The chip-level design provides application
programming interfaces (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. The system-level
design also generates a C main() program that completely
controls the chosen application and contains placeholders for
custom code at strategic positions allowing you to further refine
the software without disrupting the generated code.

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 the
PSoC Designer's Debugger subsystem. The Debugger
downloads the HEX image to the ICE where it runs at full speed.
Debugger capabilities rival those of systems costing many times
more. In addition to traditional single-step, run-to-breakpoint and
watch-variable features, the Debugger provides a large trace
buffer and allows you define complex breakpoint events that
include monitoring address and data bus values, memory
locations and external signals.
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7. Pin Information

This section describes, lists, and illustrates the CY8C24x94 PSoC device family pins and pinout configuration.

The CY8C24x94 PSoC devices are available in the following packages, all of which are shown on the following pages. Every port pin
(labeled with a “P”) is capable of Digital /0. However, Vss, Vdd, and XRES are not capable of Digital 1/0.

Note CY8C24794 must use Power Cycle programming when using the MiniProg.
7.1 56-Pin Part Pinout

Table 7-1. 56-Pin Part Pinout (QFN®) See LEGEND details and footnotes in Table 7-2 on page 9.

Pin|  Type Name Description Figure 7-1. CY8C24794 56-Pin PSoC Device
No. [ Digital | Analog s s

1 10 ILM | P2[3] |Direct switched capacitor block input. 2592 ====

2 1/0 I,M | P2[1] |Direct switched capacitor block input. ss<<<< <<<<s53s

3 1/0 M P4[7] EE-CwlBE, ,@XNg o

NNOO OO W DT OO0 OO N N

4 110 M P4[5] oooo0oO0Q>>000000

5 110 M P4[3] o

6 1/10 M P4[1] Al 1 42 o P2[2A, LM
7 [ wo M P3[7] Al 2 41 P2[0],A, LM
8 | 10 M P3[5] i gg Eim,m

9 W0 | ™M | Pag 5 B o P4[2]M
10 110 M P3[1] 6 37 o P4[0],M
11 1/10 M P5[7] 7 QFN % o P3[6].M
12 | 10 M P5[5] 8 (Top View) 3% o P3[4],M
13| 10 M | P5[3] 3;: ﬁg{gm
14 1/10 M P5[1] . 2o P5[BEIM
15 110 M P1[7] |12C Serial Clock (SCL). 31 e P5[4],M
16 1/10 M P1[5] |12C Serial Data (SDA). 0 P5[2,M
17 110 M P1[3] 2« P5[0],M
18 | 10 M P1[1] [12C Serial Clock (SCL), ISSP SCLKI.

19 Power Vss | Ground connection. Eems ﬁ A § O A

20 USB D+ Taaa EE;;;;_

21 USB D- ag=4d < = i =

22 Power Vdd |Supply voltage. 3 a 3 2 3

23 | 10 P7[7] ga o 8 X

24 | 10 P7[0] == = =

25 [ 110 M P1[0] [I12C Serial Data (SDA), ISSP SDATAI™

26 1/10 M P1[2]

27 110 M P1[4] |Optional External Clock Input (EXTCLK).

28 1/10 M P1[6]

29 110 M P5[0] Pin Type

Name Description

30 | /0 M P5[2] No. [ pjgital [ Analog P

31 110 M P5[4] 44 110 M P2[6] |External Voltage Reference (VREF) input.

32 110 M P5[6] 45 110 I, M PO[0] |Analog column mux input.

33 110 M P3[0] 46 1/0 I, M PO[2] |Analog column mux input.

34 110 M P3[2] 47 1/0 I, M PO[4] |Analog column mux input VREF.

35 110 M P3[4] 48 110 I, M PO[6] |Analog column mux input.

36 110 M P3[6] 49 Power Vdd |Supply voltage.

37 110 M P4[0] 50 Power Vss [Ground connectl/On.

38 110 M P4[2] 51 1/0 I, M PO[7] |Analog column mux input,.

39 110 M P4[4] 52 1/0 1/0, M | PO[5] |Analog column mux input and column output.
40 110 M P4[6] 53 1/0 1/0,M | PO[3] |Analog column mux input and column output.
41 110 I, M P2[0] |Direct switched capacitor block input. 54 110 I, M PO[1] |Analog column mux input.

42 110 I, M P2[2] |Direct switched capacitor block input. 55 110 M P2[7]

43 110 M P2[4] |External Analog Ground (AGND) input. | 56 110 M P2[5]
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7.2 56-Pin Part Pinout (with XRES)

Table 7-2. 56-Pin Part Pinout (QFN2)

Pin| Type Name Description Figure 7-2. CY8C24894 56-Pin PSoC Device
No. [ Digital | Analog
1 110 I, M P2[3] |Direct switched capacitor block input. s s
2 | 1o I, M | P2[1] |Direct switched capacitor block input. 2502 ===
3 110 M P4[7] S=<<<< << <<= =
4 | 10 M P4[5] BEECBBE (5 O T
5 | 1o M| Pa[3] fagea a
6 1/10 M P4[1] ]
7 1/10 M P3[7] A LM, P2[3] =1 P2[2, A L M
8 110 M P3[5] A LM, P2[1] @2 P2[0], A I, M
M, P4[7] = 3 P4[6], M
9 110 M P3[3] M, P4[5] f= 4 P4[4], M
10 110 M P3[1] M, P4[3] @5 P4[2], M
1" 1/10 M P5[7] M, P4[1] =6 P4[0], M
12 1/10 M P5[5] M, P3[7] =7 QFN XRES
13 110 M P5[3] M, P3[5] =8 (Top View) P3[4], M
4 | 10 M| P5M] " :E’} ggg} y
15 110 M P1[7] |12C Serial Clock (SCL). M, P5[7] P5[6], M
16 1/10 M P1[5] |12C Serial Data (SDA). M, P5[5] P5[4], M
17 110 M P1[3] M, P5[3] P5[2], M
18 | 10 M P1[1] |12C Serial Clock (SCL), ISSP SCLKI'™" M, PS[1] P5[0], M
19 Power Vss |Ground connection.
20 USB D+ EE®8=g8403ECERTE
21 USB D- Taaa- “EREEaaan
22 Power Vdd |Supply voltage. g é = g é 25 =
23 1/10 P7[7] 99 ¢ o 3
24 1/10 P7[0] ; 8 ; S
25 [ 110 M P1[0] [I12C Serial Data (SDA), ISSP SDATAI™. = = v
26 1/10 M P1[2]
27 110 M P1[4] |Optional External Clock Input (EXTCLK).
28 110 M P1[6]
29 110 M P5[0] Pin Type
Name Description
30| 1O | M | P52 No. [ Digital | Analog e
31 110 M P5[4] 44 110 M P2[6] |External Voltage Reference (VREF) input.
32 110 M P5[6] 45 110 I, M PO[0] |Analog column mux input.
33 110 M P3[0] 46 110 I, M PO[2] |Analog column mux input.
34 110 M P3[2] 47 1/0 I, M PO[4] |Analog column mux input VREF.
35 110 M P3[4] 48 1/0 I, M PO[6] |Analog column mux input.
36 Input XRES |Active high external reset with internal 49 Power Vdd |Supply voltage.
pull down.
37 110 M P4[0] 50 Power Vss | Ground connection.
38 110 M P4[2] 51 1/0 I, M PO[7] |Analog column mux input,.
39 110 M P4[4] 52 1/0 1/0, M | PO[5] |Analog column mux input and column output.
40 110 M P4[6] 53 1/0 1/0, M | PO[3] |Analog column mux input and column output.
41 110 I, M P2[0] |Direct switched capacitor block input. 54 110 I, M PO[1] |Analog column mux input.
42 110 I, M P2[2] |Direct switched capacitor block input. 55 110 M P2[7]
43 110 M P2[4] |External Analog Ground (AGND) input. | 56 110 M P2[5]

LEGEND A = Analog, | = Input, O = Output, and M = Analog Mux Input.

Notes

1. These are the ISSP pins, which are not High Z at POR. See the PSoC Programmable System-on-Chip Technical Reference Manual for details.

2. The center pad on the QFN package should be connected to ground (Vss) for best mechanical, thermal, and electrical performance. If not connected to ground, it

should be electrically floated and not connected to any other signal.

Document Number: 38-12018 Rev. *O
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Figure 7-5. CY8C24094 OCD (Not for Production)
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7.6 100-Ball VFBGA Part Pinout (On-Chip Debug)

The following 100-pin VFBGA part table and drawing is for the CY8C24094 On-Chip Debug (OCD) PSoC device.

Note This part is only used for in-circuit debugging. It is NOT available for production.

Table 7-6. 100-Ball Part Pinout (VFBGA)

i = o = =
rllon. %, é Name Description ng‘ :% é Name Description
a < (=] <
A1 |Power Vss Ground connection. F1 OCDE |OCD even data I/O.
A2 |Power Vss Ground connection. F2 [I/O (M P5[7]
A3 NC No connection. F3 [I/O (M P3[5]
A4 NC No connection. F4 |10 |M P5[1]
A5 NC No connection. F5 |Power Vss Ground connection.
A6 |Power Vdd Supply voltage. F6 |Power Vss Ground connection.
A7 NC No connection. F7 [l/O (M P5[0]
A8 NC No connection. F8 [I/O (M P3[0]
A9 |Power Vss Ground connection. F9 XRES |Active high pin reset with internal pull down.
A10 | Power Vss Ground connection. F10 [I/O P7[1]
B1 [Power Vss Ground connection. G1 OCDO |OCD odd data output.
B2 |Power Vss Ground connection. G2 |I/0 |M P5[5]
B3 (I/O (LM |P2[1] |Direct switched capacitor block input. G3 [l/O (M P3[3]
B4 (1/O (I,M |PO[1] [Analog column mux input. G4 [I/0O (M P1[7] [I2C Serial Clock (SCL).
B5 |I/O |I,M |PO[7] |Analog column mux input. G5 [I/0 [M [P1[1] [I2C Serial Clock (SCL), ISSP SCLKI™.
B6 |Power Vdd  [Supply voltage. G6 [I/IO [M [P1[0] [I2C Serial Data (SDA), ISSP SDATAI™.
B7 (I/O [I,M |PO[2] [Analog column mux input. G7 [l/O (M P1[6]
B8 (I/O [I,M |P2[2] |Direct switched capacitor block input. G8 |I/I0 |M P3[4]
B9 |Power Vss Ground connection. G9 [l/O (M P5[6]
B10 |Power Vss Ground connection. G10|l/O P7[2]
C1 NC No connection. H1 NC No connection.
C2 (/IO |M P4[1] H2 (I/O |M [P5[3]
C3 (I/IO |M P4[7] H3 (110 |[M [P3[1]
C4 (I/IO |M P2[7] H4 (I/O |M [P1[5] [I2C Serial Data (SDA).
C5 |l/O :\//IO’ PO[5] |Analog column mux input and column output.jH5 (/O [M P1[3]
C6 |I/O (LM |PO[6] [Analog column mux input. H6 |I/O |M |P1]2]
C7 |1/O |I,M [PO[0] |Analog column mux input. H7 [I/O (M P1[4] |Optional External Clock Input (EXTCLK).

Document Number: 38-12018 Rev. *O
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8. Register Reference
This section lists the registers of the CY8C24x94 PSoC device family. For detailed register information, reference the

PSoC Programmable System-on-Chip Technical Reference Manual.

8.1 Register

The register conventions specific to this section are listed in the

following table.

Conventions

Convention

Description

Read register or bit(s)

Write register or bit(s)

Logical register or bit(s)

Clearable register or bit(s)

#Ol—é;u

Access is bit specific

Document Number: 38-12018 Rev. *O

8.2 Register Mapping Tables

The PSoC device has a total register address space of 512
bytes. The register space is referred to as 1/O 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 XOlI bit
is set the user is in Bank 1.

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

Page 17 of 47

+] Feedback


http://ccc01.opinionlab.com/o.asp?id=wRiLHxlo&prev=docurate_38-12018_pdf_p_17

O

TPHESS

CY8C24094, CY8C24794
CY8C24894, CY8C24994

PERFORM

9. Electrical Specifications

This section presents the DC and AC electrical specifications of the CY8C24x94 PSoC device family. For the most up to date electrical

specifications, confirm that you have the most recent data sheet by going to the web at http://www.cypress.com/psoc.

Specifications are valid for -40°C < T ,%< 85°C and T < 100°C, except where noted. Specifications for devices running at greater than
0

12 MHz are valid for -40°C < Tp <7

C and T < 82°C.

Figure 9-1. Voltage versus CPU Frequency

525 L ——

B

~

[$)]
Il

Vdd Voltage

3.00 +——-

12 MHz 24 MHz

CPU Frequency

The following table lists the units of measure that are used in this chapter.

Table 9-1. Units of Measure

Symbol Unit of Measure Symbol Unit of Measure
°C degree Celsius uW microwatts
dB decibels mA milli-ampere
fF femto farad ms milli-second
Hz hertz mV milli-volts
KB 1024 bytes nA nanoampere
Kbit 1024 bits ns nanosecond
kHz kilohertz nV nanovolts
kQ kilohm w ohm
MHz megahertz pA picoampere
MQ megaohm pF picofarad
A microampere pp peak-to-peak
uF microfarad ppm parts per million
pH microhenry ps picosecond
us microsecond sps samples per second
Y microvolts s sigma: one standard deviation
uVrms microvolts root-mean-square Vv volts

Document Number: 38-12018 Rev. *O
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9.1 Absolute Maximum Ratings

Table 9-2. Absolute Maximum Ratings
Symbol Description Min Typ Max Units Notes
Tste Storage Temperature -55 25 +100 °C |Higher storage temperatures
reduces data retention time. Recom-
mended storage temperature is
+25°C + 25°C. Extended duration
storage temperatures above 65°C
degrades reliability.
Ta Ambient Temperature with Power Applied -40 - +85 °C
Vdd Supply Voltage on Vdd Relative to Vss -0.5 - +6.0 Vv
Vio DC Input Voltage Vss - - vdd + V
0.5 0.5
Vyo2 DC Voltage Applied to Tri-state Vss - - Vdd + \%
0.5 0.5
Imiio Maximum Current into any Port Pin -25 - +50 mA
Imaro Maximum Current into any Port Pin -50 - +50 mA
Configured as Analog Driver
ESD Electro Static Discharge Voltage 2000 - - \% Human Body Model ESD.
LU Latch-up Current - - 200 mA
9.2 Operating Temperature
Table 9-3. Operating Temperature
Symbol Description Min Typ Max | Units Notes
Ta Ambient Temperature -40 - +85 °c
Tausg | Ambient Temperature using USB -10 - +85 °c
T, Junction Temperature -40 - +100 °C The temperature rise from ambient to

junction is package specific. See
Thermal Impedance on page 41. The
user must limit the power
consumption to comply with this

requirement.

Document Number: 38-12018 Rev. *O
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9.3 DC Electrical Characteristics

9.3.1 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 < Tp < 85°C, or 3.0V to 3.6V and -40°C < Ty < 85°C, respectively. Typical parameters apply to 5V and 3.3V at 25°C and
are for design guidance only.

Table 9-4. DC Chip-Level Specifications

Symbol

Description

Min

Typ

Max

Units

Notes

Vdd

Supply Voltage

3.0

5.25

See DC POR and LVD specifications,
Table 9-14 on page 28.

Ipps

Supply Current, IMO = 24 MHz (5V)

14

27

mA

Conditions are Vdd = 5.0V, T, = 25 °C,
CPU = 3 MHz, SYSCLK doubler
disabled, VC1=1.5MHz,VC2=93.75
kHz, VC3 = 93.75 kHz, analog power
= off.

Ipp3

Supply Current, IMO = 24 MHz (3.3V)

14

mA

Conditions are Vdd = 3.3V, T = 25 °C,
CPU = 3 MHz, SYSCLK doubler
disabled, VC1=1.5MHz,VC2=93.75
kHz, VC3 = 0.367 kHz, analog power
= off.

Iss

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

6.5

A

Conditions are with internal slow
speed oscillator, Vdd = 3.3V, -40°C <
Ta < 55 °C, analog power = off.

IssH

Sleep (Mode) Current with POR, LVD,
Sleep Timer, and WDT at high temper-
ature.?!

25

pA

Conditions are with internal slow
speed oscillator, Vdd = 3.3V, 55 °C <
Ta < 85 °C, analog power = off.

9.3.2 DC General Purpose I/O Specifications

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

Table 9-5. DC GPI/O Specifications

Symbol Description Min Typ Max | Units Notes

Rpy Pull Up Resistor 4 5.6 8 kQ

Rpp Pull Down Resistor 4 5.6 8 kQ

VoH High Output Level Vdd - 1.0 - - \Y I/OH =10 mA, Vdd =4.7510 5.25V (8
total loads, 4 on even port pins (for
example, P0O[2], P1[4]), 4 on odd port
pins (for example, PO[3], P1[5])). 80
mA maximum combined I/OH budget.

VoL Low Output Level - - 0.75 \ I/OL =25 mA, Vdd =4.7510 5.25V (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])). 200
mA maximum combined I/OL budget.

i Input Low Level - - 0.8 V Vdd = 3.0 to 5.25.

ViH Input High Level 21 - \Y Vdd = 3.0 to 5.25.

VH Input Hysterisis - 60 - mV

e Input Leakage (Absolute Value) - 1 - nA | Gross tested to 1 pA.

CiN Capacitive Load on Pins as Input - 3.5 10 pF | Package and pin dependent.
Temp = 25°C.

Cout Capacitive Load on Pins as Output - 3.5 10 pF | Package and pin dependent.
Temp = 25°C.

Note

3. 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.
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9.3.3 DC Full Speed USB Specifications

The following table lists guaranteed maximum and minimum specifications for the voltage and temperature ranges: 4.75V to 5.25V
and -10°C < Tp < 85°C, or 3.0V to 3.6V and -10°C < Tp < 85°C, respectively. Typical parameters apply to 5V and 3.3V at 25°C and
are for design guidance only.

Table 9-6. DC Full Speed (12 Mbps) USB Specifications

Symbol Description Min | Typ | Max [ Units | Notes

USB Interface

Vpi Differential Input Sensitivity 0.2 - - \% | (D+) - (D-) |

Ve Differential Input Common Mode Range 0.8 - 25 \Y

Vse Single Ended Receiver Threshold 0.8 - 2.0 Vv

Cin Transceiver Capacitance - - 20 pF

o High-Z State Data Line Leakage -10 - 10 pA |0V <V)y<3.3V.

Rext External USB Series Resistor 23 - 25 W | In series with each USB pin.

VyoH Static Output High, Driven 2.8 - 3.6 \Y 15 kQ * 5% to Ground. Internal
pull up enabled.

VUuoHI Static Output High, Idle 2.7 - 3.6 \ 15 kQ + 5% to Ground. Internal
pull up enabled.

VuoL Static Output Low - - 0.3 \ 15 kQ = 5% to Ground. Internal
pull up enabled.

Zo USB Driver Output Impedance 28 - 44 W | Including Rgxt Resistor.

VcRrs D+/D- Crossover Voltage 1.3 - 2.0 \Y

9.3.4 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 < Tp < 85°C, or 3.0V to 3.6V and -40°C < T, < 85°C, respectively. Typical parameters apply to 5V and 3.3V 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 Capacitor PSoC
blocks. The guaranteed specifications are measured in the Analog Continuous Time PSoC block.

Table 9-7. 5V DC Operational Amplifier Specifications

Symbol Description Min Typ Max Units Notes

Vosoa Input Offset Voltage (absolute value)

Power = Low, Opamp Bias = High - 1.6 10 mV
Power = Medium, Opamp Bias = High _ 1.3 8 mV
Power = High, Opamp Bias = High _ 1.2 7.5 mV

TCVpsoa | Average Input Offset Voltage Drift - 7.0 35.0 uv/ec

lEBOA Input Leakage Current (Port 0 Analog Pins) - 20 - pA | Gross tested to 1 pA.

Cinoa Input Capacitance (Port 0 Analog Pins) - 45 9.5 pF Package and pin dependent.

Temp = 25°C.

Vemoa | Common Mode Voltage Range 0.0 - Vdd \ The common-mode input
Common Mode Voltage Range (high power 05 _ Vdd - 0.5 voltage range is measured
or high opamp bias) through an analog output

buffer. The specification
includes the limitations
imposed by the characteristics
of the analog output buffer.

GoLoa Open Loop Gain - - dB
Power = Low, Opamp Bias = High 60
Power = Medium, Opamp Bias = High 60
Power = High, Opamp Bias = High 80
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Table 9-7. 5V DC Operational Amplifier Specifications (continued)

Symbol Description Min Typ Max Units Notes
VonicHo | High Output Voltage Swing (internal signals)
A Power = Low, Opamp Bias = High Vdd - 0.2 - - Vv
Power = Medium, Opamp Bias = High Vdd-0.2 - - \%
Power = High, Opamp Bias = High Vdd - 0.5 - - \Y,
VoLowoa | Low Output Voltage Swing (internal signals)
Power = Low, Opamp Bias = High - - 0.2 Vv
Power = Medium, Opamp Bias = High - - 0.2 V
Power = High, Opamp Bias = High - - 0.5 \Y,
Isoa Supply Current (including associated AGND
buffer) - 400 800 pA
Power = Low, Opamp Bias = Low - 500 900 pA
Power = Low, Opamp Bias = High - 800 1000 pA
Power = Medium, Opamp Bias = Low - 1200 1600 JIVAN
Power = Medium, Opamp Bias = High - 2400 3200 pA
Power = High, Opamp Bias = Low - 4600 6400 LA
Power = High, Opamp Bias = High
PSRRppa | Supply Voltage Rejection Ratio 65 80 - dB | Vss<VIN<(Vdd-2.25)or(Vdd
- 1.25V) < VIN < Vdd.

9.3.5 DC Low Power Comparator Specifications
The following table lists guaranteed maximum and minimum specifications for the voltage and temperature ranges: 4.75V to 5.25V
and -40°C < Ty < 85°C, 3.0V to 3.6V and -40°C < Tp < 85°C, or 2.4V to 3.0V and -40°C < Ty < 85°C, respectively. Typical parameters

apply to 5V at 25°C and are for design guidance only.

Table 9-8. DC Low Power Comparator Specifications

Symbol Description Min Typ Max Units Notes
VRrerLpc | Low power comparator (LPC) reference 0.2 - Vdd - 1 \
voltage range
IsLpc LPC supply current - 10 40 pA
VosLpe | LPC voltage offset - 25 30 mV
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9.3.7 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 < Tp < 85°C, or 3.0V to 3.6V and -40°C < Tp < 85°C, respectively. Typical parameters apply to 5V and 3.3V at 25°C and
are for design guidance only.

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 ReflLo 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.
Reference control power is high.

Table 9-11. 5V DC Analog Reference Specifications

Symbol Description Min Typ Max Units

BG Bandgap Voltage Reference 1.28 1.30 1.32 \%

- AGND = Vdd/2[* °] Vdd/2 - 0.04 Vdd/2 - 0.01 Vdd/2 + 0.007 v

- AGND = 2 x BandGapl* ! 2 xBG-0.048 2 x BG - 0.030 2 xBG +0.024 Y]

- AGND = P2[4] (P2[4] = Vdd/2)i* 9] P2[4] - 0.011 P2[4] P2[4] + 0.011 v

- AGND = BandGapl* % BG - 0.009 BG + 0.008 BG +0.016 v

- AGND = 1.6 x BandGapl* I 1.6xBG-0.022 | 1.6xBG-0.010 | 1.6 xBG+0.018 v

- AGND Block to Block Variation (AGND = Vdd/2)% 9] -0.034 0.000 0.034 Y]

- RefHi = Vdd/2 + BandGap Vdd/2 + BG - 0.10 Vdd/2 + BG Vdd/2+BG+0.10| V

- RefHi = 3 x BandGap 3xBG-0.06 3xBG 3xBG +0.06 \%

- RefHi = 2 x BandGap + P2[6] (P2[6] = 1.3V) 2xBG+P2[6]- | 2xBG +P2[6]- | 2xBG + P2[6] + v
0.113 0.018 0.077

- RefHi = P2[4] + BandGap (P2[4] = Vdd/2) P2[4] + BG - 0.130 | P2[4] + BG - 0.016 | P2[4] + BG +0.098 | V

- RefHi = P2[4] + P2[6] (P2[4] = Vdd/2, P2[6] = 1.3V)| P2[4] + P2[6] - P2[4] + P2[6] - P2[4] + P2[6]+ v
0.133 0.016 0.100

- RefHi = 3.2 x BandGap 3.2xBG-0.112 3.2xBG 3.2xBG +0.076 v

- RefLo = Vdd/2 — BandGap Vdd/2 - BG - 0.04 |Vdd/2 - BG +0.024 | Vdd/2-BG+0.04 | V

- RefLo = BandGap BG-0.06 BG BG + 0.06 \%

- RefLo = 2 x BandGap - P2[6] (P2[6] = 1.3V) 2xBG-P2[6]- | 2xBG-P2[6]+ | 2xBG - P2[6] + Y]
0.084 0.025 0.134

- RefLo = P2[4] — BandGap (P2[4] = Vdd/2) P2[4] - BG - 0.056 | P2[4] - BG + 0.026 | P2[4] - BG + 0.107| V

- RefLo = P2[4]-P2[6] (P2[4] = Vdd/2, P2[6] = 1.3V) | P2[4] - P2[6] - P2[4] - P2[6] + P2[4] - P2[6] + Y]
0.057 0.026 0.110

Table 9-12. 3.3V DC Analog Reference Specifications

Symbol Description Min Typ Max Units

BG Bandgap Voltage Reference 1.28 1.30 1.32 \%

- AGND = Vdd/2l4 ° Vdd/2 - 0.03 Vdd/2 - 0.01 Vdd/2 + 0.005 v

- AGND = 2 x BandGap!* °I Not Allowed

- AGND = P2[4] (P2[4] = Vdd/2) P2[4] - 0.008 P2[4] + 0.001 P2[4] + 0.009 v

- AGND = BandGap!* °! BG - 0.009 BG + 0.005 BG +0.015 v

- AGND = 1.6 x BandGapl* °I 1.6xBG-0.027 | 1.6xBG-0.010 | 1.6xBG+0.018 | V

- AGND Column to Column Variation (AGND = -0.034 0.000 0.034 \%

vdd/2)4

- RefHi = Vdd/2 + BandGap Not Allowed

- RefHi = 3 x BandGap Not Allowed

- RefHi = 2 x BandGap + P2[6] (P2[6] = 0.5V) Not Allowed

- RefHi = P2[4] + BandGap (P2[4] = Vdd/2) Not Allowed

- RefHi = P2[4] + P2[6] (P2[4] = Vdd/2, P2[6] = 0.5V)| P2[4] + P2[6] - P2[4] + P2[6] - P2[4] + P2[6] + v
0.075 0.009 0.057
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Table 9-12. 3.3V DC Analog Reference Specifications (continued)

Symbol Description Min Typ Max Units
- RefHi = 3.2 x BandGap Not Allowed

- RefLo = Vdd/2 - BandGap Not Allowed

- RefLo = BandGap Not Allowed

- RefLo = 2 x BandGap - P2[6] (P2[6] = 0.5V) Not Allowed

- RefLo = P2[4] — BandGap (P2[4] = Vdd/2) Not Allowed

- RefLo = P2[4]-P2[6] (P2[4] = Vdd/2, P2[6] = 0.5V) | P2[4]- P2[6]-0.048 | P2[4]- P2[6] + P2[4] - P2[6] + \Y

0.022 0.092

9.3.8 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 < Tp < 85°C, or 3.0V to 3.6V and -40°C < T, < 85°C, respectively. Typical parameters apply to 5V and 3.3V at 25°C and

are for design guidance only.

Table 9-13. DC Analog PSoC Block Specifications

Symbol Description Min Typ Max Units Notes
Rer Resistor Unit Value (Continuous Time) - 12.2 - kQ
Csc Capacitor Unit Value (Switched Capacitor) - 80 - fF

Note

4. AGND tolerance includes the offsets of the local buffer in the PSoC block. Bandgap voltage is 1.3V + 0.02V.
5. Avoid using P2[4] for digital signaling when using an analog resource that depends on the Analog Reference. Some coupling of the digital signal may appear on the
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9.3.10 DC Programming Specifications

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

Table 9-15. DC Programming Specifications

Symbol Description Min Typ Max Units Notes
lopp Supply Current During Programming or Verify - 15 30 mA
ViLp Input Low Voltage During Programming or - - 0.8 \%
Verify
Vinp Input High Voltage During Programming or 21 - - \%
Verify
liLp Input Current when Applying Vilp to P1[0] or - - 0.2 mA Driving internal pull down
P1[1] During Programming or Verify resistor.
livp Input Current when Applying Vihp to P1[0] or - - 1.5 mA Driving internal pull down
P1[1] During Programming or Verify resistor.
Vorv Output Low Voltage During Programming or - - Vss + \%
Verify 0.75
Vonrv Output High Voltage During Programming or |Vdd-1.0 - Vdd \%
Verify
Flashgnp | Flash Endurance (per block) 50,000 - - - Erase/write cycles per block.
B
Flashgnt | Flash Endurance (total)! 1,800,0 - - - Erase/write cycles.
00
Flashpr |Flash Data Retention 10 - - Years
Note

8. A maximum of 36 x 50,000 block endurance cycles is allowed. This may be balanced between operations on 36x1 blocks of 50,000 maximum cycles each, 36x2 blocks
of 25,000 maximum cycles each, or 36x4 blocks of 12,500 maximum cycles each (to limit the total number of cycles to 36x50,000 and that no single block ever sees
more than 50,000 cycles).

For the full industrial range, the user must employ a temperature sensor user module (FlashTemp) and feed the result to the temperature argument before writing.
Refer to the Flash APIs Application Note AN2015 at http://www.cypress.com under Application Notes for more information.
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When bypassed by a capacitor on P2[4], the noise of the analog ground signal distributed to each block is reduced by a factor of up
to 5 (14 dB). This is at frequencies above the corner frequency defined by the on-chip 8.1k resistance and the external capacitor.

Figure 9-4. Typical AGND Noise with P2[4] Bypass
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At low frequencies, the opamp noise is proportional to 1/f, power independent, and determined by device geometry. At high

frequencies, increased power level reduces the noise spectrum level.

Figure 9-5. Typical Opamp Noise
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9.4.7 AC External Clock Specifications

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

Table 9-23. AC External Clock Specifications

Symbol Description Min Typ Max | Units Notes
Foscext | Frequency for USB Applications 23.94 24 24.06 | MHz

- Duty Cycle 47 50 53 %

- Power up to IMO Switch 150 - - us

9.4.8 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 < Tp < 85°C, or 3.0V to 3.6V and -40°C < Ty < 85°C, respectively. Typical parameters apply to 5V and 3.3V at 25°C and
are for design guidance only.

Table 9-24. 5V AC Analog Output Buffer Specifications

Symbol Description Min Typ Max | Units Notes

TroB Rising Settling Time to 0.1%, 1V Step, 100pF
Load - - 2.5 us
Power = Low - - 2.5 us
Power = High

Tsos Falling Settling Time to 0.1%, 1V Step, 100pF
Load - - 2.2 us
Power = Low - - 2.2 us
Power = High

SRrog | Rising Slew Rate (20% to 80%), 1V Step, 100
pF Load 0.65 - - V/us
Power = Low 0.65 - - V/us
Power = High

SRrpg | Falling Slew Rate (80% to 20%), 1V Step, 100
pF Load 0.65 - - V/us
Power = Low 0.65 - - V/us
Power = High

BWogss | Small Signal Bandwidth, 20mV,,,, 3dB BW,
100 pF Load 0.8 - - MHz
Power = Low 0.8 - - MHz
Power = High

BWogLs |Large Signal Bandwidth, 1V,, 3dB BW, 100
pF Load 300 - - kHz
Power = Low 300 - - kHz
Power = High
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10. Packaging Dimensions

This section illustrates the package specification for the CY8C24x94 PSoC devices, along with the thermal impedance for the package
and solder reflow peak temperatures.

Important Note Emulation tools may require a larger area on the target PCB than the chip’s footprint. For a detailed description of
the emulation tools’ dimensions, refer to the document titted PSoC Emulator Pod Dimensions at
http://www.cypress.com/design/MR10161.

Figure 10-1. 56-Pin (8x8 mm) QFN
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NOTES:
1. @ HATCH AREA IS SOLDERABLE EXPOSED METAL.
2. REFERENCE JEDEC#: MO-220

3. PACKAGE WEIGHT: 0.162g

4. ALL DIMENSIONS ARE IN MM [MIN/MAX]

5. PACKAGE CODE

PART # DESCRIPTION

LF56A STANDARD
LY56A PB-FREE 001-12921 **
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Figure 10-6. 100-Pin (14x14 x 1.4 mm) TQFP

18,000,825 SO MNOTE:
14,00£0,05 SO —— | 1. JEIEC STD REF MS-026
100 76 2, BODY LENGTH DIMENSION DOES NOT INCLUDE MOLD PROTRUSION/END FLASH
MOLD PROTRUSION/END FLASH SHALL NOT EXCEED 0.0098 in <028 » PER SIIE
HHRAAHARARAARAAARAAGHARAR BODY LENGTH DIMENSIONS ARE MAX PLASTIC LBl:lmr SIZE I:‘ELUE—I‘)\IGWILDLD MISMATCH
1 o R 3, DIMEWSIONS IN MILLIMETERS
s e o §
| = o wn
] ] =]
== = 5
[ | = &l
[ ! = =
| - — - A —|
= =_ b ST
E= ES ] 015 MAX. |
s e o §
| o
% :%—L R 0.08 MIN. /
m— = B 020 MAX,
[ = 050
= = TYP, DETAILA e
] =] - 02 0.60%0.15
== =
£h 0 ==}
100 REF.
U HHEE e EE T A e EHHEHA
25 50 NOTE: PKG. CAN HAVE
(~ SEATING PLANE /II". HI&“&]“ [
| L60 MAX — | e
VL A N
I".‘ rilj'ul ‘.'“-‘I' 14050.05 TOP LEFT CORNER CHAMFER 4 CORNERS CHAMFER
008 “ ;o
f\____/
020 MAX. / 51-85048 *C

/
L SEE DETaIL &

10.1 Thermal Impedance

Table 10-1. Thermal Impedance for the Package

Package Typical 6, [1]
56 QFNI'6] 12.93 °C/W
68 QFNI'6] 13.05 °C/W
100 VFBGA 65 °C/W
100 TQFP 51 °C/W

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

Table 10-2. Solder Reflow Peak Temperature

Package Minimum Peak Temperaturel'”! | Maximum Peak Temperature
56 QFN 240°C 260°C
68 QFN 240°C 260°C
100 VFBGA 240°C 260°C

Notes
15.T;=Tp + POWER x 0,5
16. To achieve the thermal impedance specified for the QFN package, the center thermal pad should be soldered to the PCB ground plane.

17. Higher temperatures may be required based on the solder melting point. Typical temperatures for solder are 220 + 5°C with Sn-Pb or 245 + 5°C with Sn-Ag-Cu paste.
Refer to the solder manufacturer specifications
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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.com/sales.

Products PSoC Solutions

PSoC psoc.cypress.com General psoc.cypress.com/solutions

Clocks & Buffers clocks.cypress.com Low Power/Low Voltage psoc.cypress.com/low-power

Wireless wireless.cypress.com Precision Analog psoc.cypress.com/precision-analog

Memories memory.cypress.com LCD Drive psoc.cypress.com/lcd-drive

Image Sensors image.cypress.com CAN 2.0b psoc.cypress.com/can
USB psoc.cypress.com/usb

© Cypress Semiconductor Corporation, 2004-2009. 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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