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8-Bit
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3V ~ 5.25V

A/D 8x14b; D/A 4x8b
Internal

-40°C ~ 85°C (TA)

Surface Mount
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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-chips with on-chip controller devices. These devices
are designed to replace multiple traditional MCU-based system
components with a low-cost single-chip programmable device.
PSoC devices include configurable blocks of analog and digital
logic, and programmable interconnects. This architecture make
it possible for you to create customized peripheral configurations
that match the requirements of each individual application.
additionally, a fast central processing unit (CPU), flash memory,
SRAM data memory, and configurable 1/0O are included in a
range of convenient pinouts and packages.

The PSoC architecture, as shown 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 combining all of the device resources into a
complete custom system. The PSoC CY8C23x33 family can
have up to three 1/O ports that connect to the global digital and
analog interconnects, providing access to four digital blocks and
four 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
general Purpose I/0O (GPIO)

The M8C CPU core is a powerful processor with speeds up to
24 MHz, providing a four million instructions per second MIPS
8-bit Harvard-architecture microprocessor. The CPU uses an
interrupt controller with 11 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 8 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 IP
protection.

The PSoC device incorporates flexible internal clock generators,
including a 24 MHz internal main oscillator (IMO) accurate to
+5% [?l 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 ECO
(32.768 kHz external crystal oscillator) 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.

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
interfacing. Every pin also has the capability to generate a
system interrupt on high level, low level, and change from last
read.

Note

Digital System

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

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

m PWMs (8-and 16-bit)

m PWMs with Dead band (8- and 16-bit)

m Counters (8- to 32- bit)

m Timers (8- to 32- bit)

m UART 8 bit with selectable parity (up to 1)

m Serial peripheral interface (SPI) master and slave (up to 1)

m I2C slave and multi master (1 available as a system resource)
m Cyclical redundancy checker (CRC)/Generator (8 to 32 bit)

m IrDA (up to 1)

m Pseudo Random Sequence Generators (8- to 32- bit)

The digital blocks can be connected to any GPIO through a
series of global buses that can route any signal to any pin. The
buses also allow for signal multiplexing and for performing logic
operations. This configurability frees your designs from the
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 the optimum
choice of system resources for your application. Family
resources are shown in the table tittled PSoC Device Character-
istics on page 5.

2. Errata: When the device is operated within 0 °C to 70 °C, the frequency tolerance is reduced to +2.5%, but if operated at extreme temperature (below 0 °C or above
70 °C), frequency tolerance deviates from +2.5% to £5%. For more information, see Errata on page 50.
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Additional System Resources

System resources, some of which are listed in the previous
sections, provide additional capability useful to complete
systems. Additional resources include a multiplier, decimator,
low voltage detection, and power-on-reset. Brief statements
describing the merits of each system resource follow:

m Digital clock dividers provide three customizable clock

m The decimator provides a custom hardware filter for digital
signal processing applications including the creation of delta
sigma ADCs.

m The 1°C module provides 100- and 400-kHz communication
over two wires. Slave, master, and multi-master modes are all
supported.

m Low-Voltage detection interrupts can signal the application of

frequencies for use in applications. The clocks may be routed
to both the digital and analog systems. Additional clocks can
be generated using digital PSoC blocks as clock dividers.

m A multiply accumulate (MAC) provides a fast 8-bit multiplier
with 32-bit accumulate, to assist in both general math and
digital filters.

falling voltage levels, while the advanced POR circuit
eliminates the need for a system supervisor.

m Aninternal 1.3-V reference provides an absolute reference for
the analog system, including ADCs and DACs.

PSoC Device Characteristics

Depending on the PSoC device characteristics, the digital and analog systems can have 16, 8, or 4 digital blocks and 12, 6, or 3
analog blocks. Table 1 lists the resources available for specific PSoC device groups.

Table 1. PSoC Device Characteristics

PSoC Part Digital Digital Digital Analog Analog Analog Analog SRAM Flash SAR
Number 110 Rows Blocks Inputs Outputs | Columns | Blocks Size Size ADC
CY8C29x66 up to 64 4 16 up to 12 4 4 12 2K 32K No
CY8C28xxx up to 44 upto3 | upto12 | upto44 up to 4 up to 6 1;&?{3} 1K 16 K Yes
CY8C27x43 up to 44 2 8 up to 12 4 4 12 256 16 K No
CY8C24x94 up to 56 1 4 up to 48 2 2 6 1K 16 K No
CY8C24x23A up to 24 1 4 up to 12 2 2 6 256 4K No
CY8C23x33 up to 26 1 4 up to 12 2 2 4 256 8K Yes
CY8C24x33 up to 26 1 4 up to 12 2 2 4 256 8 K Yes
CY8C22x45 up to 38 2 8 up to 38 0 4 6l 1K 16 K No
CY8C21x45 up to 24 1 4 up to 24 0 4 6! 512 8K Yes
CY8C21x34 up to 28 1 4 up to 28 0 2 413] 512 8K No
CY8C21x23 up to 16 1 4 upto 8 0 2 413] 256 4K No
CY8C20x34 up to 28 0 0 up to 28 0 0 334 512 8K No
CY8C20xx6 up to 36 0 0 up to 36 0 0 334 up to up to No
2K 32K
Notes

3. Limited analog functionality.
4. Two analog blocks and one CapSense®.
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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

a Up to four full-duplex universal asynchronous receiver/trans-
mitters (UARTSs), 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 configura-
tions 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: 001-44369 Rev. *|

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 are
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 the designer to read and
program and read and write data memory, and read and write /0O
registers, read and write CPU registers, set and clear break-
points, and provide program run, halt, and step control. The
debugger also allows the designer 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 getting started.

In-Circuit Emulator

A low cost, high functionality 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 7 of 53
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Table 6. Register Map Bank 1 Table: Configuration Space

Name Addr (1,Hex) [ Access Name Addr (1,Hex) | Access Name Addr (1,Hex) | Access Name Addr (1,Hex) [ Access
PRTODMO 00 RW 40 80 Co
PRTODM1 01 RW 41 81 C1
PRTOICO 02 RW 42 82 Cc2
PRTOIC1 03 RW 43 83 C3
PRT1DMO 04 RW 44 ASD11CRO 84 RW C4
PRT1DM1 05 RW 45 ASD11CR1 85 RW C5
PRT1ICO 06 RW 46 ASD11CR2 86 RW C6
PRT1IC1 07 RW 47 ASD11CR3 87 RW Cc7
PRT2DMO 08 RW 48 88 C8
PRT2DM1 09 RW 49 89 C9
PRT2ICO 0A RW 4A 8A CA
PRT2IC1 0B RW 4B 8B CB
PRT3DMO 1} RW 4C 8C CC
PRT3DM1 oD RW 4D 8D CD
PRT3ICO OE RW 4E 8E CE
PRT3IC1 OF RW 4F 8F CF
10 50 90 GDI_O_IN DO RW
11 51 91 GDI_E_IN D1 RW
12 52 92 GDI_O_OuU D2 RW
13 53 93 GDI_E_OU D3 RW
14 54 ASC21CRO 94 RW D4
15 55 ASC21CR1 95 RW D5
16 56 ASC21CR2 96 RW D6
17 57 ASC21CR3 97 RW D7
18 58 98 D8
19 59 99 D9
1A 5A 9A DA
1B 5B 9B DB
1C 5C 9C DC
1D 5D 9D OSC_GO_EN DD RW
1E 5E 9E OSC_CR4 DE RW
1F 5F 9F OSC_CR3 DF RW
DBBOOFN 20 RW CLK_CRO 60 RW A0 OSC_CRO EO RW
DBBOOIN 21 RW CLK_CR1 61 RW A1 OSC_CR1 E1 RW
DBB00OU 22 RW ABF_CRO 62 RW A2 OSC_CR2 E2 RW
23 AMD_CRO 63 RW A3 VLT_CR E3 RW
DBBO1FN 24 RW 64 Ad VLT_CMP E4 R
DBBO1IN 25 RW 65 A5 E5
DBB010OU 26 RW AMD_CR1 66 RW A6 E6
27 ALT_CRO 67 RW A7 E7
DCBO2FN 28 RW 68 SARADC_TRS A8 RW IMO_TR E8 w
DCBO02IN 29 RW 69 SARADC_TRCL A9 RW ILO_TR E9 W
DCB020U 2A RW 6A SARADC_TRCH AA RW BDG_TR EA RW
2B 6B SARADC_CR2 AB # ECO_TR EB W
DCBO3FN 2C RW TMP_DRO 6C RW SARADC_LCR AC RW EC
DCBO3IN 2D RW TMP_DR1 6D RW AD ED
DCBO030OU 2E RW TMP_DR2 6E RW AE EE
2F TMP_DR3 6F RW AF EF
30 ACBOOCR3 70 RW RDIORI BO RW FO
31 ACBOOCRO 71 RW RDIOSYN B1 RW F1
32 ACBOOCR1 72 RW RDIOIS B2 RW F2
33 ACBOOCR2 73 RW RDIOLTO B3 RW F3
34 ACB01CR3 74 RW RDIOLT1 B4 RW F4
35 ACB01CRO 75 RW RDIOROO B5 RW F5
36 ACBO1CR1 76 RW RDIORO1 B6 RW F6
37 ACBO1CR2 * 77 RW B7 CPU_F F7 RL
38 78 B8 F8
39 79 B9 F9
3A 7A BA FLS_PR1 FA RW
3B 7B BB FB
3C 7C BC FC
3D 7D BD FD
3E T7E BE CPU_SCR1 FE #
3F 7F BF CPU_SCRO FF #

Gray fields are reserved.  # Access is bit specific.

Document Number: 001-44369 Rev. *|
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Electrical Specifications

This section presents the DC and AC electrical specifications of the CY8C23433 PSoC device. For up-to-date latest electrical speci-
fications, visit http://www.cypress.com.

Specifications are valid for —-40°C < Tp < 85°C and T; < 100°C, except where noted.

Refer to Table 23 on page 30 for the electrical specifications for the IMO using SLIMO mode.

Figure 5. Voltage versus CPU Frequency Figure 8. IMO Frequency Trim Options
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Absolute Maximum Ratings
Exceeding maximum ratings may shorten the useful life of the device. User guidelines are not tested.

Table 7. Absolute Maximum Ratings

Symbol Description Min Typ Max Units Notes
Tsta Storage temperature -55 25 +100 °C |Higher storage temperatures
reduce data retention time.
Recommended storage
temperature is +25°C + 25°C.
Extended duration storage
temperatures above 65°C
degrade reliability.
TeakeETEMP | Bake temperature - 125 See °C
package
label
TeakeTive |Bake time See - 72 Hour
package s
label
Ta Ambient temperature with power applied -40 - +85 °C
Vdd Supply voltage on Vpp relative to Vgg -0.5 - +6.0 \Y
Vio DC input voltage Vgs—05| — | Vpp+0.5 \Y
Vioz DC voltage applied to tri-state Vgs—-05| - Vpp + 0.5 \Y,
Ivio Maximum current into any port pin -25 - +50 mA
ESD Electrostatic discharge voltage 2000 - - V  |Human Body Model ESD.
LU Latch-up current - - 200 mA

Operating Temperature

Table 8. Operating Temperature

Symbol Description Min Typ Max Units Notes
Ta Ambient temperature —40 - +85 °C
T, Junction temperature —40 - +100 °C | The temperature rise from

ambient to junction is package
specific. See Table 37 on page
41. You must limit the power
consumption to comply with this
requirement.

Document Number: 001-44369 Rev. *I Page 15 of 53
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Output buffer specifications

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

°C and are for design guidance only.
Table 14. 5-V DC Analog Output Buffer Specifications
Symbol Description Min Typ Max Units Notes
CL Load capacitance - - 200 pF | This specification
applies to the
external circuit that
is being driven by
the analog output
buffer.
Vosos Input offset voltage (absolute value) - 3 12 mV
TCVpsor | Average input offset voltage drift - +6 - pnv/eCc
Vemos Common-mode input voltage range 0.5 - Vpp—1.0 V
RouTtos | Output resistance
Power = low - 1 - Q
Power = high - 1 - Q
VouigHos | High output voltage swing (Load = 32 ohms to Vpp/2)
Power = low 0.5xVpp+1.1| — - Vv
Power = high 0.5xVpp+1.1| — - \
VoLowos | Low output voltage swing (Load = 32 ohms to Vpp/2)
Power = low - - |10.5xVpp-1.3| V
Power = high - - 10.5xVpp-13| V
Isos Supply current including bias cell (no load)
Power = low - 1.1 5.1 mA
Power = high - 2.6 8.8 mA
PSRRpg | Supply voltage rejection ratio 52 64 dB | Vout>(Vpp-1.25)
Table 15. 3.3-V DC Analog Output Buffer Specifications
Symbol Description Min Typ Max Units Notes
CL Load capacitance - - 200 pF | This specification
applies to the
external circuit that
is being driven by
the analog output
buffer.
Vosos Input offset voltage (absolute value) - 3 12 mV
TCVosog |Average input offset voltage drift - +6 - pv/ec
Vemos Common-mode input voltage range 0.5 - Vpp—1.0 V
RouTtos |Output resistance
Power = low - 1 - Q
Power = high - 1 - Q
VonicHos |High output voltage swing (Load = 1k ohms to Vpp/2)
Power = low 0.5xVpp+1.0| — - Vv
Power = high 0.5xVpp+1.0| — - V
VoLowos |Low output voltage swing (Load = 1k ohms to Vpp/2)
Power = low - - 10.5xVpp-1.0| V
Power = high - - |0.5xVpp-1.0] V
Isos Supply current including bias cell (no load)
Power = low 0.8 20 mA
Power = high - 2.0 4.3 mA
PSRRpg |Supply voltage rejection ratio 52 64 - dB |Vour>(Vpp-1.25)
Document Number: 001-44369 Rev. *I Page 20 of 53




l!m

\]

=i
—
F—

r—4
-
-

GYPHESS

PERFORM

CY8C23433, CY8C23533

DC Analog Reference Specifications

The following table lists the guaranteed maximum and minimum specifications for the voltage and temperature ranges: 4.75 V to 5.25
V and —40°C < Ty <85°C, or 3.0 V t0 3.6 V and —40°C < Tp < 85°C, respectively. Typical parameters apply to 5 V and 3.3 V 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 16. 5-V DC Analog Reference Specifications

G Reference Power
ARF_CR Setti Symbol | Reference Description Min Typ Max Units
[5:3] ettings
0b000 RefPower = high VREFHI Ref High | Vpp/2 + Bandgap Vpp/2+1.136 | Vpp/2 + 1.288 | Vpp/2 + 1.409 | V
Opamp bias = high [y, """ "AGND | Vpp/2 Vpp/2 - 0.138 | Vpp/2 + 0.003 | Vpp/2 +0.132 | V
VREFLO Ref Low VDD/2 — Bandgap VDD/2 —-1.417 VDD/2 —1.289 VDD/2 —-1.154 \%
RefPower = high VREFHI Ref High | Vpp/2 + Bandgap Vpp/2 +1.202 | Vpp/2 + 1.290 | Vpp/2 + 1.358 |  V
Opamp bias =low ™y - AGND  |Vpp/2 Vpp/2 —0.055 | Vpp/2 + 0.001 | Vpp/2 + 0.055 | V
VREFLO Ref Low VDD/2 - Bandgap VDD/2 -1.369 VDD/2 -1.295 VDD/2 -1.218 \%
RefPower =medium | VRgrn Ref High | Vpp/2 + Bandgap Vpp/2 +1.211 | Vpp/2 + 1.292 | Vpp/2 +1.357 | V
Opamp bias = high [y """ "AGND | Vpp/2 Vpp/2-0.055|  Vpp/2 | Vpp/l2+0.052| V
VREFLO Ref Low VDD/2 - Bandgap VDD/2 -1.368 VDD/2 —-1.298 VDD/2 -1.224 V
RefPower=medium | VRggrn Ref High | Vpp/2 + Bandgap Vpp/2+1.215| Vpp/2 + 1.292 | Vpp/2 +1.353 | V
Opamp bias =low [y, - """ "AGND | Vpp/2 Vpp/2 - 0.040 | Vpp/2 — 0.001 | Vpp/2 + 0.033 | V
VREFLO Ref Low VDD/2 et Bandgap VDD/2 -1.368 VDD/2 -1.299 VDD/2 -1.225 \Y
0b001 RefPower = high VREFHI Ref High | P2[4]+P2[6] (P2[4] = | P2[4] + P2[6] | P2[4]+P2[6]— | P2[4]+P2[6]+ | V
Opamp bias = high Vpp/2, P2[6] = 1.3 V) —0.076 0.021 0.041
VAGND AGND P2[4] P2[4] P2[4] P2[4] -
VREFLO Ref Low | P2[4]-P2[6] (P2[4] = | P2[4]-P2[6] | P2[4]-P2[6]+ | P2[4]-P2[6]+ | V
Vpp/2, P2[6] = 1.3 V) —0.025 0.011 0.085
RefPower = high VREFHI Ref High | P2[4]+P2[6] (P2[4] = | P2[4] + P2[6] | P2[4]+P2[6]— | P2[4]+P2[6]+ | V
Opamp bias = low Vpp/2, P2[6] = 1.3 V) —0.069 0.014 0.043
VAGND AGND P2[4] P2[4] P2[4] P2[4] -
VREFLO Ref Low | P2[4]-P2[6] (P2[4] = | P2[4]-P2[6] | P2[4]-P2[6]+ | P2[4]-P2[6]+ | V
Vpp/2, P2[6] = 1.3 V) —-0.029 0.005 0.052
RefPower =medium | Vgrgrn) Ref High | P2[4]+P2[6] (P2[4] = | P2[4] + P2[6] | P2[4]+P2[6]— | P2[4]+P2[6]+ | V
Opamp bias = high Vpp/2, P2[6] = 1.3 V) -0.072 0.011 0.048
VAGND AGND P2[4] P2[4] P2[4] P2[4] -
VREFLO Ref Low | P2[4]-P2[6] (P2[4] = | P2[4]-P2[6] | P2[4]-P2[6]+ | P2[4]-P2[6]+ | V
Vpp/2, P2[6] = 1.3 V) —0.031 0.002 0.057
RefPower =medium | Vrgrn) Ref High | P2[4]+P2[6] (P2[4] = | P2[4] + P2[6] | P2[4]+P2[6]— | P2[4]+P2[6]+ | V
Opamp bias = low Vpp/2, P2[6] = 1.3 V) —-0.070 0.009 0.047
VAGND AGND P2[4] P2[4] P2[4] P2[4] -
VREFLO Ref Low | P2[4]-P2[6] (P2[4] = | P2[4]-P2[6] | P2[4]-P2[6]+ | P2[4]-P2[6]+ | V
Vpp/2, P2[6] = 1.3 V) —0.033 0.001 0.039

Document Number: 001-44369 Rev. *|
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RS Reference Power
ARF_CR Setti Symbol | Reference Description Min Typ Max Units
15:3] ettings
0b100 | RefPower = high | Vgerr | RefHigh |2 x Bandgap + P2[6] | 2.481+ P2[6] | 2.569 + P2[6] | 2.639 + P2[6] | V
Opamp bias = high (P2[6]1=1.3V)
Vaeno | AGND |2 x Bandgap 2.511 2.590 2.658 Vv
VRerlo | Reflow |2 x Bandgap — P2[6] | 2.515— P2[6] | 2.602 — P2[6] | 2.654 — P2[6] | V
(P2[6] = 1.3 V)
RefPower = high | Vrerry | RefHigh |2 x Bandgap + P2[6] | 2.498 + P2[6] | 2.579 + P2[6] | 2.642 + P2[6]| V
Opamp bias = low (P2[6] =1.3V)
Vaono | AGND | 2 x Bandgap 2.518 2.592 2.652 Vv
Vrerlo | Reflow |2 x Bandgap — P2[6] | 2.513 — P2[6] | 2.598 — P2[6] | 2.650 — P2[6] | V
(P2[6] = 1.3 V)
RefPower = Vrerr | RefHigh |2 x Bandgap + P2[6] | 2.504 + P2[6] | 2.583 + P2[6] | 2.646 + P2[6]| V
medium (P2[6] =1.3V)
Opamp bias = high [y, " "AGND |2 x Bandgap 2.521 2.592 2.650 Vv
Vrerlo | ReflLow |2 x Bandgap — P2[6] | 2.513 - P2[6] | 2.596 — P2[6] | 2.649 — P2[6] | V
(P2[6] = 1.3 V)
RefPower = Vierni | RefHigh |2 x Bandgap + P2[6] | 2.505 + P2[6] | 2.586 + P2[6] | 2.648 + P2[6] | V
medium (P2[6]1=1.3V)
Opamp bias =low [y, " AGND |2 x Bandgap 2.521 2.594 2.648 Y
VRerlo | Reflow |2 x Bandgap — P2[6] | 2.513 — P2[6] | 2.595 — P2[6] | 2.648 — P2[6] | V
(P2[6] = 1.3 V)
0b101  |RefPower = high | Vrerr | RefHigh |P2[4]+Bandgap | P2[4] +1.228 | P2[4] + 1.284 | P2[4] + 1.332| V
Opamp bias = high (P2[4] = Vpp/2)
Vaenp | AGND | P2[4] P2[4] P2[4] P2[4] -
Vrerlo | Reflow |P2[4]-Bandgap | P2[4]—1.358 | P2[4] — 1.293 | P2[4] - 1.226 | V
(P2[4] = Vpp/2)
RefPower = high | Veerry | RefHigh |P2[4] + Bandgap | P2[4] + 1.236 | P2[4] + 1.289 | P2[4] + 1.332| V
Opamp bias = low (P2[4] = Vpp/2)
Vacno | AGND | P2[4] P2[4] P2[4] P2[4] -
Vrerlo | Reflow | P2[4]-Bandgap | P2[4]—1.357 | P2[4] — 1.297 | P2[4] - 1.229 | V
(P2[4] = Vpp/2)
RefPower = VRerni | RefHigh | P2[4] + Bandgap | P2[4] + 1.237 | P2[4] + 1.291 | P2[4] + 1.337 | V
medium (P2[4] = Vpp/2)
Opamp bias = high [y, "7 "AGND | P2[4] P2[4] P2[4] P2[4] -
Vrerlo | Reflow | P2[4]—Bandgap | P2[4]—1.356 | P2[4] — 1.299 | P2[4] - 1.232| V
(P2[4] = Vpp/2)
RefPower = Vrerri | RefHigh |P2[4]+ Bandgap | P2[4] + 1.237 | P2[4] + 1.292 | P2[4] + 1.337 | V
medium (P2[4] = Vpp/2)
Opamp bias =low 7y, 0| AGND | P2[4] P2[4] P2[4] P2[4] -
VRerlo | Reflow |P2[4]-Bandgap | P2[4]—1.357 | P2[4] - 1.300 | P2[4] - 1.233| V

(P2[4] = Vpp/2)
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Reforsnes Reference Power
ARF_CR Setti Symbol | Reference Description Min Typ Max Units
[5:3] ettings
0b000 RefPower = high VREFHI Ref High | Vpp/2 + Bandgap Vpp/2 + Vpp/2 + Vpp/2 + \%
Opamp bias = high 1.170 1.288 1.376
VAGND AGND | Vpp/2 Vpp/2 — Vpp/2 + Vpp/2 + Y
0.098 0.003 0.097
VREFLO Ref Low VDD/2 - Bandgap V D/2 - V D/2 - V D/2 - \
386 P87 P69
RefPower = hlgh VREFH| Ref ngh VDD/2 + Bandgap VDD/2 + VDD/2 + VDD/2 + \
Opamp bias = low 1.210 1.290 1.355
VAGND AGND VDD/2 VDD/2 - VDD/2 + VDD/2 + \
0.055 0.001 0.054
VREFLO Ref Low VDD/2 - Bandgap VDD/2 - VDD/2 - VDD/2 - \%
1.359 1.292 1.214
RefPower = VREFHI Ref High | Vpp/2 + Bandgap Vpp/2 + Vpp/2 + Vpp/2 + \%
medium . 1.198 1.292 1.368
Opamp bias =high =y, "1 "AGND | Vpp/2 Vpp/2 - Voo2 | Vpp/2+0.04 | V
0.041
VREFLO Ref Low VDD/2 - Bandgap V D/2 - V D/2 - V D/2 - \
362 295 320
RefPower = VREFH| Ref ngh VDD/2 + Bandgap VDD/2 + VDD/2 + VDD/2 + \
medium 1.202 1.292 1.364
Opamp bias =low =y, “AGND | Vpp/2 Vpp/2 — Vpp/2 Vo2 + |V
0.033 0.030
VREFLO Ref Low VDD/2 - Bandgap VDD/2 - VDD/2 - VDD/2 - \%
1.364 1.297 1.222
0b001 RefPower = high VREEHI Ref High | P2[4]+P2[6] (P2[4] = | P2[4] + P2[6] | P2[4] + P2[6] | P2[4] + P2[6] | V
Opamp bias = high Vpp/2, P2[6] = 0.5 V) -0.072 -0.017 +0.041
VAGND AGND | P2[4] P2[4] P2[4] P2[4] -
Vrerlo | Reflow |P2[4]-P2[6] (P2[4] = | P2[4]-P2[6] | P2[4] - P2[6] | P2[4]-P2[6] | V
Vpp/2, P2[6] = 0.5 V) —-0.029 +0.010 +0.048
RefPower = high VREEHI Ref High | P2[4]+P2[6] (P2[4] = | P2[4] + P2[6] | P2[4] + P2[6] | P2[4] + P2[6] | V
Opamp bias = low Vpp/2, P2[6] = 0.5 V) —0.066 —-0.010 +0.043
VAGND AGND | P2[4] P2[4] P2[4] P2[4] -
Vrerlo | Reflow |P2[4]-P2[6] (P2[4] = | P2[4]-P2[6] | P2[4] - P2[6] | P2[4]-P2[6] | V
Vpp/2, P2[6] = 0.5 V) —-0.024 +0.004 +0.034
RefPower = VREEHI Ref High | P2[4]+P2[6] (P2[4] = | P2[4] + P2[6] | P2[4] + P2[6] | P2[4] + P2[6] | V
medium . Vpp/2, P2[6] = 0.5 V) -0.073 —-0.007 +0.053
Opamp bias = high =y, » | AGND | P2[4] P2[4] P2[4] P2[4] -
Vrerlo | Reflow |P2[4]-P2[6] (P2[4] = | P2[4]-P2[6] | P2[4] - P2[6] | P2[4]-P2[6] | V
Vpp/2, P2[6] = 0.5 V) —-0.028 +0.002 +0.033
RefPower = VREEHI Ref High | P2[4]+P2[6] (P2[4] = | P2[4] + P2[6] | P2[4] + P2[6] | P2[4] + P2[6] | V
medium Vpp/2, P2[6] = 0.5 V) -0.073 —0.006 +0.056
Opamp bias =low |7y, ' | AGND |P2[4] P2[4] P2[4] P2[4] -
VrerLo | Reflow |P2[4]-P2[6] (P2[4] = P2[4] — P2[6]

Vpp/2, P2[6] = 0.5 V)

P2[4] - P2[6]
—-0.030

P2[4]-P2[6] | V
+0.032
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SAR8 ADC DC Specifications

The following table lists the guaranteed maximum and minimum specifications for the voltage and temperature ranges: 4.75 V to 5.25
V and —40°C < Ty <85°C, or 3.0 V t0 3.6 V and —40°C < Tp < 85°C, respectively. Typical parameters apply to 5 V and 3.3 V at 25°C
and are for design guidance only.

Table 22. SAR8 ADC DC Specifications

Symbol Description Min Typ Max Units Notes
Vapcvrer |Reference voltage at pin P3[0] when configured 3.0 - 5.25 V | The voltage level at P3[0]
as ADC reference voltage (when configured as ADC
reference voltage) must
always be maintained to be
less than chip supply voltage
level on Vpp pin.
VaDcVREF < VDD
lapcvrer | Current when P3[0] is configured as ADC Vrgg 3 - - mA
INL Integral non-linearity -1.5 - +1.5 LSB
INL Integral non-linearity accommodating a shift in —1.0012] - +1.2 LSB |The maximum LSB is over a
(limited the offset at 0x80 sub-range not exceeding
range) 1/16 of the full-scale range.
0x7F and 0x80 points specs
are excluded here
DNL Differential non-linearity -2.3 - +2.3 LSB |ADC conversion is
monotonic over full range
DNL Differential non-linearity excluding 0x7F-0x80 -1 - +1 LSB |ADC conversion is
(limited transition monotonic over full range.
range) 0x7F to Ox80 transition specs
are excluded here.
Note

12. SAR converters require a stable input voltage during the sampling period. If the voltage into the SAR8 changes by more than 1 LSB during the sampling period then
the accuracy specifications may not be met
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AC Operational Amplifier Specifications

The following table lists the guaranteed maximum and minimum specifications for the voltage and temperature ranges: 4.75 V to 5.25
V and —40°C < Ty <85°C, or 3.0 V t0 3.6 V and —40°C < Tp < 85°C, respectively. Typical parameters apply to 5 V and 3.3 V at 25°C
and are for design guidance only.

Settling times, slew rates, and gain bandwidth are based on the analog continuous time PSoC block.
Power = high and Opamp bias = high is not supported at 3.3 V.

Table 25. 5-V AC Operational Amplifier Specifications

Symbol Description Min Typ Max Units
TroA Rising settling time from 80% of AV to 0.1% of AV (10 pF load, unity gain)
Power = low, Opamp bias = low - - 3.9 us
Power = medium, Opamp bias = high - - 0.72 us
Power = high, Opamp bias = high - - 0.62 us
Tsoa Falling settling time from 20% of AV to 0.1% of AV (10 pF load, unity gain)
Power = low, Opamp bias = low - - 5.9 us
Power = medium, Opamp bias = high - - 0.92 us
Power = high, Opamp bias = high - - 0.72 us
SRRroaA Rising slew rate (20% to 80%)(10 pF load, unity gain)
Power = low, Opamp bias = low 0.15 - - V/us
Power = medium, Opamp bias = high 1.7 - - V/us
Power = high, Opamp bias = high 6.5 - - V/us
SRroa Falling slew rate (20% to 80%)(10 pF load, unity gain)
Power = low, Opamp bias = low 0.01 - - V/us
Power = medium, Opamp bias = high 0.5 - - V/us
Power = high, Opamp bias = high 4.0 - - V/us
BWoa Gain bandwidth product
Power = low, Opamp bias = low 0.75 - - MHz
Power = medium, Opamp bias = high 3.1 - - MHz
Power = high, Opamp bias = high 5.4 - - MHz
Table 26. 3.3-V AC Operational Amplifier Specifications
Symbol Description Min Typ Max Units
TroA Rising settling time from 80% of AV to 0.1% of AV (10 pF load, unity gain)
Power = low, Opamp bias = low - - 3.92 us
Power = medium, Opamp bias = high - - 0.72 us
Tsoa Falling settling time from 20% of AV to 0.1% of AV (10 pF load, unity gain)
Power = low, Opamp bias = low - - 5.41 us
Power = medium, Opamp bias = high - - 0.72 us
SRRoa Rising slew rate (20% to 80%)(10 pF load, unity gain)
Power = low, Opamp bias = low 0.31 - - Vius
Power = medium, Opamp bias = high 2.7 - - Vius
SRroa Falling slew rate (20% to 80%)(10 pF load, unity gain)
Power = low, Opamp bias = low 0.24 - - Vius
Power = medium, Opamp bias = high 1.8 - - Vius
BWoa Gain bandwidth product
Power = low, Opamp bias = low 0.67 - - MHz
Power = medium, Opamp bias = high 2.8 - - MHz
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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 13. Typical AGND Noise with P2[4] Bypass

1000 -

and determined by device geometry. At high

At low frequencies, the opamp noise is proportional to 1/f, power independent,

frequencies, increased power level reduces the noise spectrum level.
Figure 14. Typical Opamp Noise

nV/rtHz
10000

1000 -

100 -

0.1 Freq(kHz)
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SAR8 ADC AC Specifications

The following table lists the guaranteed maximum and minimum specifications for the voltage and temperature ranges: 4.75 V to 5.25
Vand-40°C<Ty<85°C,or3.0Vto3.6Vand-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 34. SAR8 ADC AC Specifications??

Symbol Description Min Typ Max Units
Freqs Input clock frequency 3 V - - 3.075 MHz
Freqs Input clock frequency 5 V - - 3.075 MHz

AC I’C Specifications

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

25°C and are for design guidance only.
Table 35. AC Characteristics of the I?C SDA and SCL Pins for Vpp>3.0V

L. Standard Mode Fast Mode .

Symbol Description - - Units

Min Max Min Max

FscLiee SCL clock frequency 0 100 0 400 kHz

ThpsTaize |Hold time (repeated) START condition. After this period, the first 4.0 - 0.6 - us
clock pulse is generated.

TLowiee  |LOW period of the SCL clock 4.7 - 1.3 - us
Thiguiee  |HIGH period of the SCL clock 4.0 - 0.6 - us
TsusTaec | Setup time for a repeated START condition 4.7 - 0.6 - us
ThopaTi2c |Data hold time 0 - 0 - us
Tsupatizc |Data setup time 250 - 100124 - ns
TsusToizc | Setup Time for STOP condition 4.0 - 0.6 - us
Tsuri2C Bus free time between a STOP and START condition 4.7 - 1.3 - us
Tspioc Pulse width of spikes are suppressed by the input filter. - - 0 50 ns

Note

24. A Fast-Mode 12C-bus device can be used in a Standard-Mode 12C-bus system, but the requirement tg.pat > 250 ns must then be met. This is automatically the case
if the device does not stretch the LOW period of the SCL signal. If such device does stretch the LOW period of the SCL signal, it must output the next data bit to the
SDA line tymax * tsu:pat = 1000 + 250 = 1250 ns (according to the Standard-Mode 12C-bus specification) before the SCL line is released.
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Figure 17. 28-Pin (210-Mil) SSOP
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Capacitance on Crystal Pins

Thermal Impedances
Table 38. Typical Package Capacitance on Crystal Pins

Table 37. Thermal Impedances by Package
Package Typical 6, A[22] Package Package Capacitance
32 QFN 19.4 °C/W 32 QFN 2.0 pF
28 SSOP 95 °C/W 28 SSOP 2.8 pF

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

Table 39. Solder Reflow Peak Temperature
Package Maximum Peak Temperature Time at Maximum Peak Temperature
32 QFN 260 °C 30s
28 SSOP 260 °C 30s
Note

22.T; =Ty + POWER x 0 5.
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Glossary (continued)

CE The in-circuit emulator that allows users 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.

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

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

interrupt service
routine (ISR)

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.

jitter

low-voltagedetect A circuit that senses Vpp and provides an interrupt to the system when Vpp, falls lower than a

(LVD)

M8C

master device

microcontroller

mixed-signal
modulator

noise

oscillator

parity

phase-locked
loop (PLL)

pinouts

Document Number: 001-44369 Rev. *|

selected threshold.

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

A device that controls the timing for data exchanges between two devices. Or when devices are
cascaded in width, the master device is the one that controls the timing for data exchanges
between the cascaded devices and an external interface. The controlled device is called the
slave device.

An integrated circuit chip that is designed primarily for control systems and products. In addition
to a CPU, a microcontroller typically includes memory, timing circuits, and 10 circuitry. The reason
for this is to permit the realization of a controller with a minimal quantity of chips, thus

achieving maximal possible miniaturization. This in turn, reduces the volume and the cost of

the controller. The microcontroller is normally not used for general-purpose computation as is a
microprocessor.

The reference to a circuit containing both analog and digital techniques and components.
A device that imposes a signal on a carrier.

1. A disturbance that affects a signal and that may distort the information carried by the signal.
2. The random variations of one or more characteristics of any entity such as voltage, current, or data.

A circuit that may be crystal controlled and is used to generate a clock frequency.

A technique for testing transmitting data. Typically, a binary digit is added to the data to make the
sum of all the digits of the binary data either always even (even parity) or always odd (odd parity).

An electronic circuit that controls an oscillator so that it maintains a constant phase angle relative
to a reference signal.

The pin number assignment: the relation between the logical inputs and outputs of the PSoC
device and their physical counterparts in the printed circuit board (PCB) package. Pinouts

involve pin numbers as a link between schematic and PCB design (both being computer generated
files) and may also involve pin names.
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Glossary (continued)

ort

o

power on reset
POR)

—

A group of pins, usually eight.

A circuit that forces the PSoC device to reset when the voltage is lower than a pre-set level. This is
one type of hardware reset.

PSoC® Cypress Semiconductor’s PSoC®is a registered trademark and Programmable System-on-
Chip™ is a trademark of Cypress.

PSoC Designer™ The software for Cypress’ Programmable System-on-Chip technology.

pulse width An output in the form of duty cycle which varies as a function of the applied measurand

modulator (PWM)

RAM An acronym for random access memory. A data-storage device from which data can be read out
and new data can be written in.

register A storage device with a specific capacity, such as a bit or byte.

reset A means of bringing a system back to a know state. See hardware reset and software reset.

ROM An acronym for read only memory. A data-storage device from which data can be read out, but
new data cannot be written in.

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

shift register

slave device

SRAM

SROM

stop bit

synchronous

Document Number: 001-44369 Rev. *|

value to another.

A memory storage device that sequentially shifts a word either left or right to output a stream of
serial data.

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.

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

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.

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

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.
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Glossary (continued)

user modules

user space

Vbp

Vss

watchdog timer

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.

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

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.

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.

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

A name for a power net meaning "voltage source." The most negative power supply signal.

A timer that must be serviced periodically. If it is not serviced, the CPU resets after a specified
period of time.

Document Number: 001-44369 Rev. *|
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Document History Page (continued)

Document Title: CY8C23433, CY8C23533 PSoC® Programmable System-on-Chip™
Document Number: 001-44369

Revision

ECN

Orig. of
Change

Submission
Date

Description of Change

*H

4080613

GVH

07/30/2013

Added Errata footnotes (Note 1, 2, 13).

Updated Features:
Replaced 2.5% with 5% under “Precision, programmable clocking”.
Added Note 1 and referred the same note in 5%.

Updated PSoC Functional Overview:

Updated PSoC Core:

Replaced 2.5% with 5% in 4th paragraph.
Added Note 2 and referred the same note in 5%.

Updated Electrical Specifications:

Updated AC Electrical Characteristics:

Updated AC Chip-Level Specifications:

Added Note 13 and referred the same note in F 024 parameter in Table 23.
Updated values of F|M024, Fcpu1, Fcpuz, F48M1 F24M parameters in Table 23.
Updated AC Digital Block Specifications:
Replaced all 49.2 MHz with 50.4 MHz in Table 28.
Replaced all 24.6 MHz with 25.2 MHz in Table 28.

Updated in new template.

*|

4645154

SEG

01/29/2015

Corrected the units for Roytog parameter.
Updated 28-Pin (210-Mil) gSOP package diagram.

Updated Sales, Solutlons and Legal Information based on the template.
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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

Automotive cypress.com/go/automotive psoc.cypress.com/solutions

Clocks & Buffers cypress.com/go/clocks PSoC 1 | PSoC 3 | PSoC 4 | PSoC 5LP
Interface cypress.com/go/interface Cypress Developer Community

Lighting & Power Control cypress.com/go/powerpsoc Community | Forums | Blogs | Video | Training
Memory cypress.com/go/memory

PSoC cypress.com/go/psoc Technical Support

Touch Sensing cypress.com/go/touch cypress.com/go/support

USB Controllers cypress.com/go/USB

Wireless/RF cypress.com/go/wireless

© Cypress Semiconductor Corporation, 2008-2015. The information contained herein is subject to change without notice. Cypress Semiconductor Corporation assumes no responsibility for the use of
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