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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.

Applications of "Embedded -
Microcontrollers"

Obsolete

M8C

8-Bit

24MHz

12C, SPI

LVD, POR, PWM, WDT
13

8KB (8K x 8)
FLASH

1IKx 8

1.71V ~ 5.5V

A/D 1x10b
Internal

-40°C ~ 85°C (TA)
Surface Mount
16-UFQFN

16-QFN (3x3)
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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:
A Hardware and software 12C slaves and masters
o Full-speed USB 2.0
AaUp to four full-duplex universal asynchronous

receiver/transmitters (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.

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
configurations and dynamic reconfiguration. Dynamic
reconfiguration makes it possible to change configurations at run
time. In essence, this lets you to use more than 100 percent of
PSoC'’s resources for an application.

Document Number: 001-86894 Rev. *C

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.

Debugger

PSoC Designer has a debug environment that provides
hardware in-circuit emulation, allowing you to test the program in
a physical system while providing an internal view of the PSoC
device. Debugger commands allow you to read and program and
read and write data memory, and read and write I/O registers.
You can read and write CPU registers, set and clear breakpoints,
and provide program run, halt, and step control. The debugger
also lets you to create a trace buffer of registers and memory
locations of interest.

Online Help System

The online help system displays online, context-sensitive help.
Designed for procedural and quick reference, each functional
subsystem has its own context-sensitive help. This system also
provides tutorials and links to FAQs and an Online Support
Forum to aid the designer.

In-Circuit Emulator

A low-cost, high-functionality in-circuit emulator (ICE) is
available for development support. This hardware can program
single devices.

The emulator consists of a base unit that connects to the PC
using a USB port. The base unit is universal and operates with
all PSoC devices. Emulation pods for each device family are
available separately. The emulation pod takes the place of the
PSoC device in the target board and performs full-speed
(24 MHz) operation.

Page 8 of 65



——
———
—e—
—
—
—
—— -
——
—
—
—

==~ CYPRESS

CY8C24X93

Embedded in Tomorrow”™

Designing with PSoC Designer

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

10.Select user modules.
11.Configure user modules.
12.0rganize and connect.
13.Generate, verify, and debug.

Select User Modules

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

Configure User Modules

Each user module that you select establishes the basic register
settings that implement the selected function. They also provide
parameters and properties that allow you to tailor their precise
configuration to your particular application. For example, a PWM
User Module configures one or more digital PSoC blocks, one
for each eight bits of resolution. Using these parameters, you can
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. All of the user modules are documented in
datasheets that may be viewed directly in PSoC Designer or on
the Cypress website. These user module datasheets explain the

Document Number: 001-86894 Rev. *C

internal operation of the user module and provide performance
specifications. Each datasheet describes the use of each user
module parameter, and other information that you may need to
successfully implement your design.

Organize and Connect

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

Generate, Verify, and Debug

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

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

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

Page 9 of 65


http://www.cypress.com/?rID=39931
http://www.cypress.com/?app=search&searchType=keyword&keyword=&rtID=116&id=0&applicationID=0&l=1
http://www.cypress.com/?app=search&searchType=keyword&keyword=&rtID=116&id=0&applicationID=0&l=1

|
"'II\.
@

Embedded in Tomorrow"™

YPRESS

CY8C24X93

32-pin QFN (28 GPIOs) [

Table 3. Pin Definitions — CY8C24193 ["]

Ei(;]. Diai Type Name Description
igital Analog
1 IOH I PO[1]
2 110 | P2[7]
3 I/O | P2[5] |Crystal output (XOut)
4 110 | P2[3] |Crystal input (XIn)
5 110 I P2[1]
6 110 I P3[3]
7 110 I P3[1]
8 IOHR I P1[7] |I’C SCL, SPISS
9 IOHR I P1[5] |I?C SDA, SPI MISO
10 IOHR | P1[3] [SPICLK.
11 IOHR [ P1[1] [ISSP CLKBI I2C SCL, SPI MOSI.
12 Power Vgs |Ground connection.
13 IOHR [ P1[0] gﬁ%Eﬁ@@LFCSDA
14 IOHR I P1[2]
15 IOHR | P1[4] |Optional external clock input
(EXTCLK)
16 IOHR I P1[6]
17 Input XRES |Active high external reset with
internal pull-down
18 110 I P3[0]
19 110 I P3[2]
20 110 I P2[0]
21 110 I P2[2]
22 110 I P2[4]
23 110 I P2[6]
24 IOH I PO[0]
25 IOH I P0[2]
26 IOH I PO[4]
27 IOH I P0[6]
28 Power Vpp |Supply voltage
29 IOH I PO[7]
30 IOH I PO[5]
31 IOH I PO[3]
32 Power Vgs |Ground connection
CP Power Vgs |Center pad must be connected to

ground

Figure 3. CY8C24193

PO[3], Al
PO[7], Al
PO[6], Al

Vss

Al,PO[1]
Al,P2[7]
Al, XOut, P2[5]
Al, Xin, P2[3]
Al,P2[1]
Al,P3[3]
AlLP3[1]
AlL12C SCL, SPI SS,P1[7]

QFN
(Top View)

1
2
3
4
5|
6
7
8

9

Vss

Al ISSP DATA, 12C SDA, SPI CLK, P1[0]
Al P1[2]

Al, SPI CLK, P1[3]
Al, EXTCLK, P1[4]

Al, 12C SDA, SPI MISO, P1[5]
AlISSP CLK , 12C SCL, SPI MOSI, P1[1]

18]
18]

LEGEND A = Analog, | = Input, O = Output, OH = 5 mA High Output Drive, R = Regulated Output.

Notes

6. 28 GPIOs.
7. The center pad (CP) on the QFN package must be connected to ground (Vgg) for best mechanical, thermal, and electrical performance. If not connected to ground,
it must be electrically floated and not connected to any other signal.
8. On power-up, the SDA(P1[0]) drives a strong high for 256 sleep clock cycles and drives resistive low for the next 256 sleep clock cycles. The SCL(P1[1]) line drives
resistive low for 512 sleep clock cycles and both the pins transition to high impedance state. On reset, after XRES de-asserts, the SDA and the SCL lines drive
resistive low for 8 sleep clock cycles and transition to high impedance state. Hence, during power-up or reset event, P1[1] and P1[0] may disturb the 12C bus. Use
alternate pins if you encounter issues.
9. Alternate SPI clock.

Document Number: 001-86894 Rev. *C
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32-pin QFN (28 GPIOs) [10]

Table 4. Pin Definitions — CY8C24293 [11]
Pin

Figure 4. CY8C24293 Device

No. Digital Analog | Name Description

1 IOH I PO[1]

2 /0 | P2[5] |Crystal output (XOut)

3 /0 | P2[3] |Crystal input (XIn) |

4 |0 I P2[1] Al XOut PO[1] fm 1 P2L4] A

5 110 | P4[3] Al XIn,P2[5] @ 2 P2[2] ,Al
A P23 = 3 P2[0] ,Al

6 110 I P3[3] Al P21 = 4 PA[2] Al

7 110 | P3[1] AlLPA3] = 5 P4[0] ,Al
AlLP3[3] = 6 P3[2] ,Al

2,

8 [IOHR P1[7] [I°C SCL, SPI SS AP b 7 P30] Al

9 IOHR P1[5] |I?C SDA, SPI MISO Al J2 C SCL, SPI SS,P1[7] = § XRES

1

1

0 |IOHR P1[3] |SPICLK.
1 |IOAR P1[1] |1SSP CLK "2, 12C SCL, SPI MOSI. g g =g § g :tz g
. 958 37352
12 |Power Vss Ground connection s9= g ©
13 [IOHR I P1[0] [1SSP DATAI'Z, 12C SDA, SPI CLKI™I £65 7 O
£<g @ =

14 |IOHR | P1[2] 8 8 =

15 |IOHR | P1[4] |Optional external clock input = 5 E
(EXTCLK) = 3 9

16 |IOHR | P1[6] g g

17 Input XRES |Active high external reset with :_’: :_‘
internal pull-down s =

18 |I/O | P3[0]

19 |I/O | P3[2]

20 |l/O | P4[0]

21 |l/O | P4[2]

22 |l/O | P2[0]

23 |l/O | P2[2]

24 |llO | P2[4]

25 |IOH | PO[0]

26 |(IOH | PO[2]

27 |IOH | PO[4]

28 |(IOH | PO[6]

29 |Power Vpp

30 |IOH | PO[7]

31 |IOH | PO[3]

32 |Power Vss Ground connection

CP |Power Vss Center pad must be connected to

ground

LEGEND A = Analog, | = Input, O = Output, OH = 5 mA High Output Drive, R = Regulated Output.

Notes

10.28 GPIOs.

11. The center pad (CP) on the QFN package must be connected to ground (Vgs) for best mechanical, thermal, and electrical performance. If not connected to ground,
it must be electrically floated and not connected to any other signal.

12. On power-up, the SDA(P1[0]) drives a strong high for 256 sleep clock cycles and drives resistive low for the next 256 sleep clock cycles. The SCL(P1[1]) line drives
resistive low for 512 sleep clock cycles and both the pins transition to high impedance state. On reset, after XRES de-asserts, the SDA and the SCL lines drive
resistive low for 8 sleep clock cycles and transition to high impedance state. Hence, during power-up or reset event, P1[1] and P1[0] may disturb the 12C bus. Use
alternate pins if you encounter issues.

13. Alternate SPI clock.
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Electrical Specifications (CY8C24193/493)

This section presents the DC and AC electrical specifications of the CY8C24193/493 PSoC devices. For the latest electrical
specifications, confirm that you have the most recent datasheet by visiting the web at http://www.cypress.com/psoc.

Figure 8. Voltage versus CPU Frequency
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Absolute Maximum Ratings (CY8C24193/493)
Exceeding maximum ratings may shorten the useful life of the device. User guidelines are not tested.

Table 8. Absolute Maximum Ratings

Symbol Description Conditions Min Typ Max Units

Tstc Storage temperature Higher storage temperatures reduce data -55 +25 +125 °C

retention time. Recommended Storage

Temperature is +25 °C = 25 °C. Extended

duration storage temperatures above 85 °C

degrades reliability.
Vpp Supply voltage relative to Vgg - -0.5 - +6.0 \Y
Vio DC input voltage - Vgg—-05| - |Vppt+05| V
Vioz DC voltage applied to tristate - Vgs—-05| - |Vpp+05| V
Imio Maximum current into any port pin |- -25 - +50 mA
ESD Electro static discharge voltage Human body model ESD 2000 - - \%
LU Latch up current In accordance with JESD78 standard - - 200 mA
Operating Temperature (CY8C24193/493)
Table 9. Operating Temperature

Symbol Description Conditions Min Typ Max Units

Ta Ambient temperature - —40 - +85 °C
Te Commercial temperature range - 0 70 °C
T, Operational die temperature The temperature rise from ambient to junction

is package specific. See the Thermal

Impedances on page 49. The user must limit —40 - +100 °C

the power consumption to comply with this

requirement.

Document Number: 001-86894 Rev. *C
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Table 13. 1.71 Vto 2.4 V DC GPIO Specifications
Symbol Description Conditions Min Typ Max Units
Rpy Pull-up resistor - 4 5.60 8 kQ
VoH1 High output voltage lon = 10 pA, maximum of 10 mA|Vpp—0.20 - - \%
Port 2 or 3 pins source current in all I/Os
VoH2 High output voltage lon = 0.5mA, maximum of 10 mA|Vpp— 0.50 - - \%
Port 2 or 3 pins source current in all I/Os
VoH3 High output voltage loy = 100 pA, maximum of 10 mA|Vpp—0.20 - - \%
Port 0 or 1 pins with LDO regulator source current in all I/Os
Disabled for Port 1
VoHs High output voltage lon =2 mA, maximum of 10 mA source | Vpp — 0.50 - - \
Port 0 or 1 Pins with LDO Regulator current in all I/Os
Disabled for Port 1
VoL Low output voltage loL =5 mA, maximum of 20 mA sink - - 0.40 \
current on even port pins (for example,
PO[2] and P1[4]) and 30 mA sink
current on odd port pins (for example,
PO[3] and P1[5])
Vi Input low voltage - - - 10.30xVpp| V
Viy Input high voltage - 0.65xVpp| - - \
VH Input hysteresis voltage - - 80 - mV
I Input leakage (absolute value) - - 1 1000 nA
CpiN Capacitive load on pins Package and pin dependent 0.50 1.70 7 pF
temp =25°C

Table 14. GPIO Current Sink and Source Specifications

Supply Port 2/3/4 per | Total Current Even | Total Current Odd 3
Voltage Mode RONEERErliOi(max) 1/0 (max) Pins (max) Pins (max) s
1.71-24 Sink 5 20 30 mA
Source 0.5 10031 mA
24-3.0 Sink 10 10 30 30 mA
Source 0.2 10031 mA
3.0-5.0 Sink 25 25 60 60 mA
Source 5 1 200311 mA
Note

31. Total current (odd + even ports)

Document Number: 001-86894 Rev. *C
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AC General Purpose I/O Specifications (CY8C24193/493)

The following table lists guaranteed maximum and minimum specifications for the entire voltage and temperature ranges.
Table 26. AC GPIO Specifications

Symbol Description Conditions Min | Typ Max Units
Ferio GPIO operating frequency Normal strong mode Port 0O, 1 0 — |6 MHz for MHz
1.71V <Vpp<240V
0 — |12 MHz for MHz
240V <Vpp<5.50V
tRISE23 Rise time, strong mode, Cload = 50 pF |Vpp=3.0t03.6V, 10% to 90%| 15 - 80 ns
Ports 2 or 3
tRISE23L Rise time, strong mode low supply, Vpp=1.71t03.0V,10%t0 90%| 15 - 80 ns
Cload = 50 pF, Ports 2 or 3
trISEO1 Rise time, strong mode, Cload = 50 pF |Vpp=3.0t03.6V, 10% to 90%| 10 - 50 ns
Ports 0 or 1 LDO enabled or disabled
tRISEOIL Rise time, strong mode low supply, Vpp=1.711t03.0V,10%t0 90%| 10 - 80 ns
Cload = 50 pF, Ports 0 or 1 LDO enabled or disabled
tEALL Fall time, strong mode, Cload =50 pF |Vpp=3.0t03.6V, 10% to 90%| 10 - 50 ns
all ports
tEALLL Fall time, strong mode low supply, Vpp=1.71103.0V,10% t0 90%| 10 - 70 ns
Cload = 50 pF, all ports

Figure 9. GPIO Timing Diagram

90%

GPIO Pin
Output
Voltage

A

— |-— —» —
TRise23 TFall
TRise01 TFallL
TRise23L
TRise01L

AC Comparator Specifications (CY8C24193/493)
The following table lists guaranteed maximum and minimum specifications for the entire voltage and temperature ranges.

Table 27. AC Low Power Comparator Specifications

Symbol Description Conditions Min Typ Max Units
tLpe Comparator response time, 50 mV overdrive does not include - - 100 ns
50 mV overdrive offset voltage.

AC External Clock Specifications (CY8C24193/493)
The following table lists guaranteed maximum and minimum specifications for the entire voltage and temperature ranges.

Table 28. AC External Clock Specifications

Symbol Description Conditions Min Typ Max Units
FoscexT Frequency (external oscillator - 0.75 - 25.20 MHz
frequency)
High period - 20.60 - 5300 ns
Low period - 20.60 - - ns
Power-up IMO to switch - 150 - - us
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AC Programming Specifications (CY8C24193/493)
Figure 10. AC Waveform
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The following table lists the guaranteed maximum and minimum specifications for the entire voltage and temperature ranges.

Table 29. AC Programming Specifications

Symbol Description Conditions Min Typ Max Units
trscLK Rise time of SCLK - 1 - 20 ns
tescLk Fall time of SCLK - 1 - 20 ns
tsscLk Data setup time to falling edge of SCLK |- 40 - - ns
thscik Data hold time from falling edge of SCLK |- 40 - - ns
FscLk Frequency of SCLK - 0 - 8 MHz
tERASEB Flash erase time (block) - - - 18 ms
tWRITE Flash block write time - - - 25 ms
tbscLk Data out delay from falling edge of SCLK |3.6 < Vpp - - 60 ns
tbscLk3 Data out delay from falling edge of SCLK [3.0 <Vpp <3.6 - - 85 ns
thscLk? Data out delay from falling edge of SCLK [1.71 <Vpp < 3.0 - - 130 ns
txrRsT3 External reset pulse width after power-up |Required to enter programming 300 - - us

mode when coming out of sleep
txrES XRES pulse length - 300 - - us
tvDDWAIT Vpp stable to wait-and-poll hold off - 0.1 - 1 ms
tvDDXRES Vpp stable to XRES assertion delay - 14.27 - - ms
troLL SDAT high pulse time - 0.01 - 200 ms
taca “Key window” time after a Vpp ramp - 3.20 - 19.60 ms
acquire event, based on 256 ILO clocks.
tXRESINI “Key window” time after an XRES event, |- 98 - 615 us
based on 8 ILO clocks

Document Number: 001-86894 Rev. *C
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Table 31. SPI Master AC Specifications

Symbol Description Conditions Min Typ Max Units
FscLk SCLK clock frequency Vpp =24V - - 6 MHz
Vpp <24V - - 3 MHz
DC SCLK duty cycle - - 50 - %
tseTup MISO to SCLK setup time Vpp224V 60 - - ns
Vpp <24V 100 - - ns
tHoLp SCLK to MISO hold time - 40 - - ns
touT vaL SCLK to MOSI valid time - - - 40 ns
touT H MOSI high time - 40 - - ns

Figure 12. SPI Master Mode 0 and 2

SPI Master, modes 0 and 2 . Ve

' Trich ]

SCLK
(mode 0)

Figure 13. SPI Master Mode 1 and 3
SPI Master, modes 1 and 3 e

SCLK : | : :
(mode 1) :

X = X
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DC Chip-Level Specifications (CY8C24093/293/393/693)

The following table lists guaranteed maximum and minimum specifications for the entire voltage and temperature ranges.

Table 35. DC Chip-Level Specifications

Symbol Description Conditions Min Typ Max | Units
VDD[43' 44, 45] Supply voltage No USB activity. Refer the table DC POR | 1.71 - 5.50 \%
and LVD Specifications
(CY8C24093/293/393/693) on page 37
Vppuse®® 44 4% | Operating voltage USB activity, USB regulator enabled 4.35 - 525 | V
USB activity, USB regulator bypassed 3.15 3.3 3.60 \Y,
Ipp24 Supply current, IMO =24 MHz |Conditions are Vpp <3.0 V, Tp =25 °C, - - 4.00 mA
CPU = 24 MHz. No /O sourcing current
Ipp12 Supply current, IMO =12 MHz |Conditions are Vpp <3.0 V, Ty =25 °C, - - 2.60 mA
CPU =12 MHz. No I/O sourcing current
Ibps Supply current, IMO =6 MHz  |Conditions are Vpp < 3.0 V, Tp = 25 °C, - - 1.80 mA
CPU =6 MHz. No I/O sourcing current
Isgo Deep sleep current Vpp £3.0V, Tp =25 °C, I/O regulator - 0.10 1.05 pA
turned off
IsB1 Standby current with POR, LVD |Vpp < 3.0V, T =25 °C, I/O regulator - 1.07 1.50 pA
and sleep timer turned off
Isgi2c Standby current with 1°C Conditions are Vpp = 3.3V, Ty =25 °C - 1.64 - pA
enabled and CPU = 24 MHz
Notes

43.When Vpp remains in the range from 1.71 V to 1.9 V for more than 50 ps, the slew rate when moving from the 1.71 V to 1.9 V range to greater than 2 V must be
slower than 1 V/500 ps to avoid triggering POR. The only other restriction on slew rates for any other voltage range or transition is the SRpower up Parameter.
44.1f powering down in standby sleep mode, to properly detect and recover from a Vpp brown out condition any of the following actions must be taken:
a.Bring the device out of sleep before powering down.
b.Assure that Vpp falls below 100 mV before powering back up.
c.Set the No Buzz bit in the OSC_CRO register to keep the voltage monitoring circuit powered during sleep.
d.Increase the buzz rate to assure that the falling edge of Vpp is captured. The rate is configured through the PSSDC bits in the SLP_CFG register.
For the referenced registers, refer to the CY8C24x93 Te ?mlcal Reference Manual. In deep sleep mode, additional low power voltage monitoring circuitry allows
Vpp brown out conditions to be detected for edge rates slower than 1V/ms.
45. For USB mode, the Vpp supply for bus-powered application should be limited to 4.35 V-5.35 V. For self-powered application, Vpp should be 3.15 V-3.45 V.
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Table 37. 2.4V to 3.0 V DC GPIO Specifications

Symbol Description Conditions Min Typ | Max |[Units
Rpy Pull-up resistor - 4 5.60 8 kQ
VoH1 High output voltage lon < 10 pA, maximum of 10 mA source  |Vpp-0.20| - - \Y
Port 2 or 3 or 4 pins current in all I/Os

VoH2 High output voltage lon = 0.2 mA, maximum of 10 mA source |Vpp—-0.40| - - \Y
Port 2 or 3 or 4 pins current in all I/Os

VoH3 High output voltage lon < 10 pA, maximum of 10 mA source  |Vpp—-0.20| - - \Y
Port 0 or 1 pins with LDO regulator current in all I/Os
Disabled for port 1

VoHa High output voltage loy =2 mA, maximum of 10 mA source Vpp—-050| — - \
Port 0 or 1 pins with LDO regulator current in all I/Os
Disabled for Port 1

Vousa High output voltage lon < 10 pA, Vpp > 2.4 V, maximum of 1.50 1.80 | 2.10 \Y
Port 1 pins with LDO enabled for 1.8 V out| 20 mA source current in all I/Os

Vousa High output voltage lon=1mA, Vpp>2.4V, maximum of 20 mA 1.20 - - \Y,
Port 1 pins with LDO enabled for 1.8 V out|source current in all I/Os

VoL Low output voltage IOL = 10 mA, maximum of 30 mA sink - - 0.75 \Y

current on even port pins (for example,
PO[2] and P1[4]) and 30 mA sink current on
odd port pins (for example, PO[3] and P1[5])

Vi Input low voltage - - - 072 | V
Vi Input high voltage - 1.40 - \%
VH Input hysteresis voltage - - 80 - mV
I Input leakage (absolute value) - - 1 1000 | nA
CpiN Capacitive load on pins Package and pin dependent 0.50 1.70 7 pF
Temp =25 °C
ViLLvT2.5 |Input Low Voltage with low threshold Bit3 of IO_CFG1 setto enable low threshold 0.7 V -
enable set, Enable for Port1 voltage of Port1 input
Vihwvt2s | Input High Voltage with low threshold Bit3 of IO_CFG1 setto enable low threshold 1.2 - \Y
enable set, Enable for Port1 voltage of Port1 input

Table 38. 1.71 Vto 2.4 V DC GPIO Specifications

Symbol Description Conditions Min Typ Max Units
Rpy Pull-up resistor - 4 5.60 8 kQ
VoH1 High output voltage loy = 10 pA, maximum of 10 mA|Vpp—-0.20| - - \Y,

Port 2 or 3 or 4 pins source current in all I/Os
VoH2 High output voltage lon = 0.5 mA, maximum of 10 mA|Vpp—-0.50| - - \Y,
Port 2 or 3 or 4 pins source current in all I/Os
VoH3 High output voltage loy = 100 pA, maximum of 10 mA|Vpp—-0.20| - - \Y,
Port 0 or 1 pins with LDO regulator source current in all I/Os
Disabled for Port 1
VoHa High output voltage loy =2 mA, maximum of 10 mA source| Vpp —0.50| — - \
Port 0 or 1 Pins with LDO Regulator current in all I/Os
Disabled for Port 1
VoL Low output voltage loL = 5 mA, maximum of 20 mA sink - - 0.40 \
current on even port pins (for example,
PO[2] and P1[4]) and 30 mA sink
current on odd port pins (for example,
PO[3] and P1[5])
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Comparator User Module Electrical Specifications (CY8C24093/293/393/693)

The following table lists the guaranteed maximum and minimum specifications. Unless stated otherwise, the specifications are for the
entire device voltage and temperature operating range: —40 °C < T, <85 °C,1.71V<Vpp<5.5V.

Table 42. Comparator User Module Electrical Specifications

Symbol Description Conditions Min Typ Max Units
tcomp Comparator response time 50 mV overdrive - 70 100 ns
Offset Valid from 0.2 Vto Vpp - 0.2V - 25 30 mV
Current Average DC current, 50 mV - 20 80 MA

overdrive
PSRR Supply voltage > 2 V Power supply rejection ratio - 80 - dB
Supply voltage <2 V Power supply rejection ratio - 40 - dB
Input range - 0 1.5 \%
ADC Electrical Specifications (CY8C24093/293/393/693)
Table 43. ADC User Module Electrical Specifications

Symbol Description Conditions Min Typ Max Units
Input
VN Input voltage range - 0 - VREFADC \Y
CiN Input capacitance - - - 5 pF
Rin Input resistance Equivalent switched cap input 1/(500fF x | 1/(400fF x | 1/(300fF x Q

resistance for 8-, 9-, or 10-bit data clock) | data clock) | data clock)
resolution
Reference
VREFADC ADC reference voltage - 1.14 - 1.26 ‘ \Y
Conversion Rate
Folk Data clock Source is chip’s internal main 2.25 - 6 MHz
oscillator. See AC Chip-Level
Specifications for accuracy
S8 8-bit sample rate Data clock set to 6 MHz. sample - 23.43 - ksps
rate = 0.001/ (2*Resolution/Data
Clock)
S10 10-bit sample rate Data clock set to 6 MHz. sample - 5.85 - ksps
rate = 0.001/ (2*resolution/data
clock)
DC Accuracy
RES Resolution Can be set to 8-, 9-, or 10-bit 8 - 10 bits
DNL Differential nonlinearity - -1 - +2 LSB
INL Integral nonlinearity - -2 - +2 LSB
EoFFseT Offset error 8-bit resolution 0 3.20 19.20 LSB
10-bit resolution 0 12.80 76.80 LSB
Ecain Gain error For any resolution -5 - +5 %FSR
Power
lapc Operating current - - 2.10 2.60 mA
PSRR Power supply rejection ratio PSRR (Vpp>3.0V) - 24 - dB
PSRR (Vpp<3.0V) - 30 - dB
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AC GPIO Specifications (CY8C24093/293/393/693)
The following table lists guaranteed maximum and minimum specifications for the entire voltage and temperature ranges.
Table 50. AC GPIO Specifications

Symbol Description Conditions Min | Typ Max Units
Ferio GPIO operating frequency Normal strong mode Port 0, 1 0 — |6 MHz for MHz
1.71V <Vpp<240V
0 — |12 MHz for MHz
240V <Vpp<5.50V
tRISE23 Rise time, strong mode, Cload = 50 pF |Vpp =3.0t0 3.6V, 10% to 90%| 15 - 80 ns
Port 2 or 3 or 4 pins
trISE23L Rise time, strong mode low supply, Vpp=1.71t03.0V,10% to 90%| 15 - 80 ns
Cload = 50 pF, Port 2 or 3 or 4 pins
trISEO1 Rise time, strong mode, Cload = 50 pF |Vpp=3.0t03.6V, 10% to 90%| 10 - 50 ns
Ports 0 or 1 LDO enabled or disabled
tRISEOIL Rise time, strong mode low supply, Vpp=1.71t03.0V,10% t0 90%| 10 - 80 ns
Cload = 50 pF, Ports 0 or 1 LDO enabled or disabled
tEALL Fall time, strong mode, Cload = 50 pF |Vpp=3.0t03.6V, 10% to 90%| 10 - 50 ns
all ports
tEALLL Fall time, strong mode low supply, Vpp=1.71t03.0V,10% to 90%| 10 - 70 ns
Cload = 50 pF, all ports

Figure 17. GPIO Timing Diagram
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AC I2C Specifications (CY8C24093/293/393/693)
The following table lists guaranteed maximum and minimum specifications for the entire voltage and temperature ranges.

Table 56. AC Characteristics of the 12C SDA and SCL Pins

o Standard Mode Fast Mode .

Symbol Description - - Units

Min Max Min Max

fscL SCL clock frequency 0 100 0 400 kHz

tHD:STA Hold time (repeated) START condition. After this period, the first 4.0 - 0.6 - V]
clock pulse is generated

tLow LOW period of the SCL clock 4.7 - 1.3 - VE
tHiGH HIGH Period of the SCL clock 4.0 - 0.6 - us
tsu.sTA Setup time for a repeated START condition 4.7 - 0.6 - us
tHD:DAT Data hold time 0 3.45 0 0.90 us
tsu:DAT Data setup time 250 - 100153 - ns
tsu:sTo Setup time for STOP condition 4.0 - 0.6 - VE
tsuF Bus free time between a STOP and START condition 4.7 - 1.3 - VE
tsp Pulse width of spikes are suppressed by the input filter - - 0 50 ns

Figure 19. Definition for Timing for Fast/Standard Mode on the 1°C Bus

oth clock

Note

53. A Fast-Mode I°C-bus device can be used in a standard mode I°C-bus system, but the requirement tsu:paT = 250 ns must then be met. This automatically be the
case if the device does not stretch the LOW period of the SCL signal. If such device does gtretch the L8W period of the SCL signal, it must output the next data bit
to the SDA line trmax + tsy.pat = 1000 + 250 = 1250 ns (according to the Standard-Mode 1°C-bus specification) before the SCL line is released.
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Packaging Information

This section illustrates the packaging specifications for the CY8C24X93 PSoC device, along with the thermal impedances for each

package.

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 24. 32-pin QFN (5 x 5 x 0.55 mm) LQ32 3.5 x 3.5 E-Pad (Sawn) Package Outline, 001-42168
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NOTES:
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2. BASED ON REF JEDEC # MO-248
3. PACKAGE WEIGHT: 0.0388g
4. DIMENSIONS ARE IN MILLIMETERS
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Figure 27. 48-pin QFN (7 x 7 x 1.0 mm) LT48A 5.1 x 5.1 E-Pad (SAWN) Package Outline, 001-13191
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m For information on the preferred dimensions for mounting QFN packages, see the following Application Note at
http://www.amkor.com/products/notes_papers/MLFAppNote.pdf.

m Pinned vias for thermal conduction are not required for the low power PSoC device.
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Development Tool Selection
Software

PSoC Designer™

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

PSoC Programmer

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

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

CY3215-DK Basic Development Kit

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

Document Number: 001-86894 Rev. *C

PSoC Designer supports the advance emulation features also.
The kit includes:

m PSoC Designer Software CD

m |CE-Cube In-Circuit Emulator

m |CE Flex-Pod for CY8C29X66A Family

m Cat-5 Adapter

m Mini-Eval Programming Board

m 110 ~ 240 V Power Supply, Euro-Plug Adapter
m iIMAGEcraft C Compiler (Registration Required)
m |SSP Cable

m USB 2.0 Cable and Blue Cat-5 Cable

m 2 CY8C29466A-24PXI| 28-PDIP Chip Samples

Evaluation Tools

All evaluation tools are sold at the Cypress Online Store. For
more information on PSoC 1 Kkits, visit the link
http://www.cypress.com/?rID=63754

Device Programmers

All device programmers are purchased from the Cypress Online
Store.
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4. Wakeup from sleep with analog interrupt

m Problem Definition
Device wakes up from sleep when an analog interrupt is trigger

m Parameters Affected
No datasheet parameters are affected.

m Trigger Condition(S)
Triggered by enabling analog interrupt during sleep mode when device operating temperature is 50 °C or above

m Scope of Impact
Device unexpectedly wakes up from sleep

m Workaround
Disable the analog interrupt before entering sleep and turn it back on upon wake-up.

m Fix Status
Will not be fixed

m Changes
None
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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 PSoC®Solutions

ARM® Cortex® Microcontrollers cypress.com/arm PSoC 1| PSoC 3| PSoC 4 | PSoC 5LP
Automotive cypress.com/automotive Cypress Developer Community
Clocks & Buffers cypress.com/clocks Forums | Projects | Video | Blogs | Training | Components
Interface cypress.com/interface

Lighting & Power Control cypress.com/powerpsoc Technical Support

Memory cypress.com/memory cypress.com/support

PSoC cypress.com/psoc

Touch Sensing cypress.com/touch

USB Controllers cypress.com/usb

Wireless/RF cypress.com/wireless

© Cypress Semiconductor Corporation, 2013-2016. This document is the property of Cypress Semiconductor Corporation and its subsidiaries, including Spansion LLC ("Cypress"). This document,
including any software or firmware included or referenced in this document ("Software"), is owned by Cypress under the intellectual property laws and treaties of the United States and other countries
worldwide. Cypress reserves all rights under such laws and treaties and does not, except as specifically stated in this paragraph, grant any license under its patents, copyrights, trademarks, or other
intellectual property rights. If the Software is not accompanied by a license agreement and you do not otherwise have a written agreement with Cypress governing the use of the Software, then Cypress
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modify and reproduce the Software solely for use with Cypress hardware products, only internally within your organization, and (b) to distribute the Software in binary code form externally to end users
(either directly or indirectly through resellers and distributors), solely for use on Cypress hardware product units, and (2) under those claims of Cypress's patents that are infringed by the Software (as
provided by Cypress, unmodified) to make, use, distribute, and import the Software solely for use with Cypress hardware products. Any other use, reproduction, modification, translation, or compilation
of the Software is prohibited.
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permitted by applicable law, Cypress reserves the right to make changes to this document without further notice. Cypress does not assume any liability arising out of the application or use of any
product or circuit described in this document. Any information provided in this document, including any sample design information or programming code, is provided only for reference purposes. lItis
the responsibility of the user of this document to properly design, program, and test the functionality and safety of any application made of this information and any resulting product. Cypress products
are not designed, intended, or authorized for use as critical components in systems designed or intended for the operation of weapons, weapons systems, nuclear installations, life-support devices or
systems, other medical devices or systems (including resuscitation equipment and surgical implants), pollution control or hazardous substances management, or other uses where the failure of the
device or system could cause personal injury, death, or property damage ("Unintended Uses"). A critical component is any component of a device or system whose failure to perform can be reasonably
expected to cause the failure of the device or system, or to affect its safety or effectiveness. Cypress is not liable, in whole or in part, and you shall and hereby do release Cypress from any claim,
damage, or other liability arising from or related to all Unintended Uses of Cypress products. You shall indemnify and hold Cypress harmless from and against all claims, costs, damages, and other
liabilities, including claims for personal injury or death, arising from or related to any Unintended Uses of Cypress products.
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