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PSoC®5: CY8C55 Family Datasheet

Programmable System-on-Chip (PSoC®)

General Description

With its unique array of configurable blocks, PSoC®5is a true system-level solution providing microcontroller unit (MCU), memory,
analog, and digital peripheral functions in a single chip. The CY8C55 family offers a modern method of signal acquisition, signal
processing, and control with high accuracy, high bandwidth, and high flexibility. Analog capability spans the range from thermocouples
(near DC voltages) to ultrasonic signals. The CY8C55 family can handle dozens of data acquisition channels and analog inputs on
every GPIO pin. The CY8C55 family is also a high-performance configurable digital system with some part numbers including
interfaces such as USB, multimaster 12C, and controller area network (CAN). In addition to communication interfaces, the CY8C55
family has an easy to configure logic array, flexible routing to all I/O pins, and a high-performance 32-bit ARM® Cortex™-M3
microprocessor core. Designers can easily create system-level designs using a rich library of prebuilt components and boolean
primitives using PSoC Creator™, a hierarchical schematic design entry tool. The CY8C55 family provides unparalleled opportunities
for analog and digital bill of materials integration while easily accommodating last minute design changes through simple firmware

updates.

Features
m 32-bit ARM Cortex-M3 CPU core
1 DC to 67 MHz operation
o Flash program memory, up to 256 KB, 100,000 write cycles,
20-year retention, and multiple security features
a Up to 64 KB SRAM memory
0 2-KB electrically erasable programmable read-only memory
(EEPROM) memory, 1 million cycles, and 20 years retention
0 24-channel direct memory access (DMA) with multilayer
AMBA high-performance bus (AHB) bus access
» Programmable chained descriptors and priorities
» High bandwidth 32-bit transfer support
m Low voltage, ultra low power
o Operating voltage range:2.7 Vto 5.5V
0 Higt;h-?fficiency boost regulator from 1.8 V input to 5.0 V
outpu
a5 mA at 6 MHz
o Low power modes includin%:
* 3-yA sleep mode with real time clock (RTC) and
low-voltage detect (LVD) interrupt
 1-pA hibernate mode with RAM retention
m Versatile I/O system
128 to 72 1/0s (62 GPIOs, 8 SlIOs, 2 USBIOs)
o Any GPIO to any digital or analog peripheral routability
o LCD direct drive from any GPIO, up to 46x16 segments

a CapSense® support from any GPIO[!!

0 1.2 Vto 5.5 V I/O interface voltages, up to 4 domains

1 Maskable, independent IRQ on any pin or port

o Schmitt-trigger transistor-transistor logic (TTL) inputs

o All GPIOs configurable as open drain high/low,
pull-up/pull-down, High-Z, or strong output

a1 25 mA sink on SIO

m Digital peripherals

0 20 to 24 programmable logic device (PLD) based universal
digital blocks (UDBSs)

3 Full CAN 2.0b 16 RX, 8 TX buffers(?]

o Full-Speed (FS) USB 2.0 12 Mbps using internal oscillator

o Four 16-bit configurable timers, counters, and PWM blocks

3 67 MHz, 24-bit fixed point digital filter block (DFB) to
implement finite impulse response (FIR) and infinite impulse
response (lIR) filters

o Library of standard peripherals
* 8-, 16-, 24-, and 32-bit timers, counters, and PWMs
« SPI, UART, and I°C
< Many others available in catalog

Notes
1. GPIOs with opamp outputs are not recommended for use with CapSense.

o Library of advanced peripherals
* Cyclic redundancy check (CRC)
« Pseudo random sequence (PRS) generator
* Local interconnect network (LIN) bus 2.0
» Quadrature decoder
m Analog peripherals (2.7 V < Vppa <5.5V)

0 1.024 V £1% internal voltage reference across —40 °C to
+85 °C (128 ppm/°C)
o Configurable delta-sigma ADC with 8- to 20-bit resolution
» Sample rates up to 192 ksps
» Programmable gain stage: x0.25 to x16
« 12-bit mode, 192 ksps, 66-dB signal to noise and distortion
ratio (SINAD), +1-bit INL/DNL
 16-bit mode, 48 ksps, 84-dB SINAD, +2-bit INL, +1-bit DNL
a Two SAR ADCs, each 12-bit at 1 Mspsl?!
o Four 8-bit 8 Msps current IDACs or 1-Msps voltage VDACs
o Four comparators with 95-ns response time
o Four uncommitted opamps with 25-mA drive capability
a Four configurable multifunction analog blocks. Example
configurations are programmable gain amplifier SPG ),
transimpedance amplifier (TIA), mixer, and Sample and Hold
a CapSense support
m Programming, debug, and trace
a Single-wire debug (SWD) and single wire viewer (SWV)
interfaces
o Cortex-M3 flash patch and breakpoint (FPB) block
a Cortex-M3 data watchpoint and trace (DWT) generates data
trace information
o Cortex-M3 Instrumentation Trace Macrocell (ITM) can be
used for printf-style debugging
o DWT and ITM blocks communicate with off-chip debug and
trace systems via the SWYV interface
0 Bootloader programming supportable through 12C, SPI,
UART, USB, and other interfaces
m Precision, programmable clocking
0 3 to 62 MHz internal oscillator over full temperature and
voltage rarll_?e )
0 4- to 25 MHz crystal oscillator for crystal PPM accuracy
o Internal PLL clock generation up to 67 MHz
0 32.768 KHz watch crystal oscillator
o Low power internal oscillator at 1, 33, and 100 kHz
m Temperature and packaging
7 —40 °C to +85 °C industrial temperature

7 68-pin QFN and 100-pin TQFP package options.

2. This feature on select devices only. See Ordering Information on page 106 for details.
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1. Architectural Overview

Introducing the CY8C55 family of ultra low power, flash Programmable System-on-Chip (PSoC) devices, part of a scalable 8-bit
PSoC 3 and 32-bit PSoC 5 platform. The CY8C55 family provides configurable blocks of analog, digital, and interconnect circuitry
around a CPU subsystem. The combination of a CPU with a flexible analog subsystem, digital subsystem, routing, and 1/0 enables
a high level of integration in a wide variety of consumer, industrial, and medical applications.

Figure 1-1. Simplified Block Diagram
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Figure 1-1 illustrates the major components of the CY8C55
family. They are:

m ARM Cortex-M3 CPU subsystem

m Nonvolatile subsystem

m Programming, debug, and test subsystem
m Inputs and outputs

m Clocking

m Power

m Digital subsystem

m Analog subsystem

PSoC'’s digital subsystem provides half of its unique
configurability. It connects a digital signal from any peripheral to
any pin through the digital system interconnect (DSI). It also
provides functional flexibility through an array of small, fast, low
power UDBs. PSoC Creator provides a library of pre-built and
tested standard digital peripherals (UART, SPI, LIN, PRS, CRC,
timer, counter, PWM, AND, OR, and so on) that are mapped to
the UDB array. The designer can also easily create a digital
circuit using boolean primitives by means of graphical design
entry. Each UDB contains programmable array logic
(PAL)/programmable logic device (PLD) functionality, together
with a small state machine engine to support a wide variety of
peripherals.

In addition to the flexibility of the UDB array, PSoC also provides
configurable digital blocks targeted at specific functions. For the
CY8C55 family, these blocks can include four 16-bit timers,
counters, and PWM blocks; e slave, master, and multimaster;
Full-Speed USB; and Full CAN 2.0b.

For more details on the peripherals see the “Example
Peripherals” section on page 32 of this data sheet. For
information on UDBs, DSI, and other digital blocks, see the
“Digital Subsystem” section on page 32 of this data sheet.

PSoC'’s analog subsystem is the second half of its unique
configurability. All analog performance is based on a highly
accurate absolute voltage reference with less than 1% error over
temperature and voltage. The configurable analog subsystem
includes:

m Analog muxes

m Comparators

m Analog mixers

m Voltage references

m ADCs

m DACs

m Digital filter block (DFB)

Document Number: 001-66235 Rev. *A
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All GPIO pins can route analog signals into and out of the device
using the internal analog bus. This allows the device to interface
up to 62 discrete analog signals. One of the ADCs in the analog
subsystem is a fast, accurate, configurable delta-sigma ADC
with these features:

m Less than 0.5 mV offset
m A gain error of 0.2%
m Integral non linearity (INL) less than +2 LSB

m Differential non linearity (DNL) less than 1 LSB
m SINAD better than 84 dB in 16-bit mode

This converter addresses a wide variety of precision analog
applications including some of the most demanding sensors.

The CY8C55 family also offers up to two SAR ADCs. Featuring
12-bit conversions at up to 1 M samples per second, they also
offer low nonlinearity and offset errors and SNR better than

70 dB. They are well-suited for a variety of higher speed analog
applications.

The output of any of the ADCs can optionally feed the
programmable DFB via DMA without CPU intervention. The
designer can configure the DFB to perform IIR and FIR digital
filters and several user defined custom functions. The DFB can
implement filters with up to 64 taps. It can perform a 48-bit
multiply-accumulate (MAC) operation in one clock cycle.

Four high-speed voltage or current DACs support 8-bit output
signals at an update rate of up to 8 Msps. They can be routed
out of any GPIO pin. You can create higher resolution voltage
DAC outputs using the UDB array. This can be used to create a
pulse width modulated (PWM) DAC of up to 10 bits, at up to
48 kHz. The digital DACs in each UDB support PWM, PRS, or
delta-sigma algorithms with programmable widths.

In addition to the ADCs, DACs, and DFB, the analog subsystem
provides multiple:

m Comparators
m Uncommitted opamps

m Configurable switched capacitor/continuous time (SC/CT)
blocks. These support:
0 Transimpedance amplifiers
o Programmable gain amplifiers
a Mixers
o Other similar analog components

See the “Analog Subsystem” section on page 44 of this data
sheet for more details.

PSoC'’s CPU subsystem is built around a 32-bit three-stage
pipelined ARM Cortex-M3 processor running at up to 67 MHz.
The Cortex-M3 includes a tightly integrated nested vectored
interrupt controller (NVIC) and various debug and trace modules.
The overall CPU subsystem includes a DMA controller, flash
cache, and RAM. The NVIC provides low latency, nested
interrupts, and tail-chaining of interrupts and other features to
increase the efficiency of interrupt handling. The DMA controller
enables peripherals to exchange data without CPU involvement.
This allows the CPU to run slower (saving power) or use those
CPU cycles to improve the performance of firmware algorithms.
The flash cache also reduces system power consumption by
allowing less frequent flash access.
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PSoC'’s nonvolatile subsystem consists of flash and
byte-writeable EEPROM. It provides up to 256 KB of on-chip
flash. The CPU can reprogram individual blocks of flash,
enabling boot loaders. A powerful and flexible protection model
secures the user's sensitive information, allowing selective
memory block locking for read and write protection. Two KB of
byte-writable EEPROM is available on-chip to store application
data.

The three types of PSoC I/O are extremely flexible. All I/Os have
many drive modes that are set at POR. PSoC also provides up
to four I/O voltage domains through the Vpp,g pins. Every GPIO
has analog I/0, LCD drive, flexible interrupt generation, slew rate
control, and digital I/O capability. The SIOs on PSoC allow Vgy
to be set independently of Vpp o when used as outputs. When
SIOs are in input mode they are high impedance. This is true
even when the device is not powered or when the pin voltage
goes above the supply voltage. This makes the SIO ideally suited
for use on an 12C bus where the PSoC may not be powered when
other devices on the bus are. The SIO pins also have high
current sink capability for applications such as LED drives. The
programmable input threshold feature of the SIO can be used to
make the SIO function as a general purpose analog comparator.
For devices with FS USB, the USB physical interface is also
provided (USBIO). When not using USB, these pins may also be
used for limited digital functionality and device programming. All
the features of the PSoC I/Os are covered in detail in the “6.4 1/O
System and Routing” section on page 26 of this data sheet.

The PSoC device incorporates flexible internal clock generators,
designed for high stability and factory trimmed for high accuracy.
The Internal Main Oscillator (IMO) is the master clock base for
the system, and has one-percent accuracy at 3 MHz. The IMO
can be configured to run from 3 MHz up to 62MHz. Multiple clock
derivatives can be generated from the main clock frequency to
meet application needs. The device provides a PLL to generate
system clock frequencies up to 67 MHz from the IMO, external
crystal, or external reference clock. It also contains a separate,
very low-power ILO for the sleep and watchdog timers. A
32.768 kHz external watch crystal is also supported for use in
RTC applications. The clocks, together with programmable clock
dividers, provide the flexibility to integrate most timing
requirements.

Document Number: 001-66235 Rev. *A
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The CY8C55 family supports a wide supply operating range from
2.7 to 5.5 V. This allows operation from regulated supplies such
as 3.3V £10% or 5.0 V + 10%, or directly from a wide range of
battery types. It also provides an integrated high efficiency
synchronous boost converter that can power the device from
supply voltages as low as 1.8 V. The designer can use the boost
converter to generate other voltages required by the device,
such as a 3.3 V supply for LCD glass drive. The boost's output
is available on the Vgoogt pin, allowing other devices in the
application to be powered from the PSoC.

PSoC supports a wide range of low power modes. These include
a 1-pA hibernate mode with RAM retention and a 3-pA sleep
mode with RTC. In the second mode, the optional 32.768 kHz
watch crystal runs continuously and maintains an accurate RTC.

Power to all major functional blocks, including the programmable
digital and analog peripherals, can be controlled independently
by firmware. This allows low power background processing
when some peripherals are not in use. This, in turn, provides a
total device current of only 2 mA when the CPU is running at

6 MHz.

The details of the PSoC power modes are covered in the “6.2
Power System” section on page 21 of this data sheet.

PSoC uses a SWD interface for programming, debug, and test.
Using this standard interface enables the designer to debug or
program the PSoC with a variety of hardware solutions from
Cypress or third party vendors. The Cortex-M3 debug and trace
modules include FPB, DWT, and ITM. These modules have
many features to help solve difficult debug and trace problems.
Details of the programming, test, and debugging interfaces are
discussed in the “Programming, Debug Interfaces, Resources”
section on page 55 of this data sheet.

2. Pinouts

The Vpp o pin that supplies a particular set of pins is indicated
by the black lines drawn on the pinout diagrams in Figure 2-1 and
Figure 2-2. Using the Vpp,o pins, a single PSoC can support
multiple interface voltage levels, eliminating the need for off-chip
level shifters. Each Vpp,g may sink up to 100 mA total to its
associated 1/O pins and opamps. On the 68-pin and 100-pin
devices, each set of Vpp o associated pins may sink up to

100 mA. The 48 pin device may sink up to 100 mA total for all
VddioO plus Vddio2 associated 1/O pins and 100 mA total for all
Vddiol plus Vddio3 associated I/O pins.
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(GPIO) P2[6]
(GPIO) P2[7]
(SI10) P12[4]
(SI0) P12[5]

Vssh

Ind

Vboost

Vbat

Vssd

XRES

(SWDIO, GPIO) P1[0
(SWDCK, GPIO) P1[1
(GPIO) P1[2

(GPIO) P1[4
(GPIO) P1[5
vddiol

]
]
]
(SWV, GPIO) P1[3]
]
]

Notes

3. Pins are Do Not Use (DNU) on devices without USB. The pin must be left floating.

Figure 2-1. 68-pin QFN Part Pinout!¥
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PO[3] (GPIO, OpAmpO0-/Extref0)
PO[2] (GPIO, OpAmMpO+)
PO[1] (GPIO, OpAmp0Oout)
PO[0] (GPIO, OpAmp2out)
P12[3] (SIO)

P12[2] (SIO)

Vssd

Vdda

Vssa

Vcca

P15[3] (GPIO, kHz XTAL: Xi)
P15[2] (GPIO, kHz XTAL: Xo0)
P12[1] (SIO)

P12[0] (SIO)

P3[7] (GPIO, OpAmp3out)
P3[6] (GPIO, OpAmplout)
Vddio3

4. The center pad on the QFN package should be connected to digital ground (Vsgp) for best mechanical, thermal, and electrical performance. If not connected to
ground, it should be electrically floated and not connected to any other signal.
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Figure 2-2. 100-pin TQFP Part Pinout
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Figure 2-3 and Figure 2-4 on page 9 show an example schematic and an example PCB layout, for the 100-pin TQFP part, for optimal

analog performance on a two-layer board.

m The two pins labeled Vppp must be connected together.

m The two pins labeled Vcp must be connected together, with capacitance added, as shown in Figure 2-3 and 6.2 Power System on
page 21. The trace between the two V¢p pins should be as short as possible.

m The two pins labeled Vggp must be connected together.

For information on circuit board layout issues for mixed signals, refer to the application note AN57821 - Mixed Signal Circuit Board

Layout Considerations for PSoC® 3 and PSoC 5.

Note
5. Pins are Do Not Use (DNU) on devices without USB. The pin must be
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PERFORM
Figure 2-3. Example Schematic for 100-pin TQFP Part with Power Connections
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Note The two Vcp pins must be connected together with as short a trace as possible. A trace under the device is recommended, as

shown in Figure 2-4.
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Figure 2-4. Example PCB Layout for 100-pin TQFP Part for Optimal Analog Performance

vddd

Vssd
Plane

3. Pin Descriptions

IDACO, IDAC1, IDAC2, IDAC3. Low-resistance output pin for
high-current DACs (IDAC).

OpAmpOout, OpAmplout, OpAmp2out, OpAmp3out. High
current output of uncommitted opamp. 6

ExtrefO, Extrefl. External reference input to the analog system.

OpAmpO0-, OpAmpl-, OpAmp2-, OpAmp3-. Inverting input to
uncommitted opamp.

OpAmpO0+, OpAmpl+, OpAmp2+, OpAmp3+. Noninverting
input to uncommitted opamp.

GPIO. Provides interfaces to the CPU, digital peripherals,
analog periFheraIs, interrupts, LCD segment drive, and
CapSense.®!

Ind. Inductor connection to boost pump.

kHz XTAL: Xo, kHz XTAL: Xi. 32.768 KHz crystal oscillator pin.

MHz XTAL: Xo, MHz XTAL: Xi. 4 to 25 MHz crystal oscillator
pin. If a crystal is not used, then Xi must be shorted to ground
and Xo must be left floating.

SIO. Provides interfaces to the CPU, digital peripherals and
interrupts with a programmable high threshold voltage, analog
comparator, high sink current, and high impedance state when
the device is unpowered.

SWDCK. SWD Clock programming and debug port connection.

SWDIO. SWD Input and Output programming and debug port
connection.

SWV. SWV output.

USBIO, D+. Provides D+ connection directly to a USB 2.0 bus.
May be used as a digital I/O pin; it is powered from Vppp instead

Note
6. GPIOs with opamp outputs are not recommended for use with CapSense.
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Vssa

Vssd * Vdda

of from a Vpp,o. Pins are Do Not Use (DNU) on devices without
USB.

USBIO, D-. Provides D- connection directly to a USB 2.0 bus.
May be used as a digital I/O pin; it is powered from Vppp instead
of from a Vpp,o. Pins are DNU on devices without USB.

VgoosT- Power sense connection to boost pump.
Vgat. Battery supply to boost pump.

Vccea- Output of analog core regulator and input to analog core.
Requires a 1 uF capacitor to Vgga. Regulator output not for
external use.

Vcep- Output of digital core regulator and input to digital core.
The two V¢cp pins must be shorted together, with the trace
between them as short as possible, and a 1 pF capacitor to Vggp;
see 6.2 Power System on page 21. Regulator output not for
external use.

Vppa. Supply for all analog peripherals and analog core
regulator. Vppa must be the highest voltage present on the
device. All other supply pins must be less than or equal to

Vppa-

Vppp- Supply for all digital peripherals and digital core regulator.
Vppp Must be less than or equal to Vppa.

Vssa. Ground for all analog peripherals.
Vggg- Ground connection for boost pump.

Vsgp. Ground for all digital logic and 1/O pins.

Vppioo: VDDIOl‘_VDDIOZ' VDD|O3' Su_pply for I/O pins. Each
Vppio must be tied to a valid operating voltage (2.7 V to 5.5 V),

and must be less than or equal to Vppa.

XRES. External reset pin. Active low with internal pull-up.
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4. CPU

4.1 ARM Cortex-M3 CPU

The CY8C55 family of devices has an ARM Cortex-M3 CPU core. The Cortex-M3 is a low-power 32-bit three-stage pipelined
Harvard-architecture CPU that delivers 1.25 DMIPS/MHz. It is intended for deeply embedded applications that require fast interrupt

handling features.
Figure 4-1. ARM Cortex-M3 Block Diagram

SWvVv

Nested Data
Interrupt Inputs | vectored Flash Patch and Cortex M3 CPU Core Watchpoint and
—— ™| Interrupt Breakpoint Trace (DWT)
Controller (FPB)
(NVIC)
Instrumentation
Trace Module
I_—Tus D_—Tus S-Bus (™)
SWD Debug Block
< » (SWD) Trace Port
Interface Unit |e——»
(TPIU)
C-Bus Cortex M3 Wrapper
Y Y
AHB AHB
32 KB Bus
SRAM Matrix Bus | 256 KB
Matrix Cache Flash
AHB
\i ¥
32 KB Bus
| mati
SRAM aurix AHB Bridge and Bus Matrix DMA
PHUB
AHBSpokes_l 1_ I _1_ ¢ ¢ 0 I I _1 l_
I' b - - - - - i |
| I
| Prog. Prog. Special | 1
| GPIO Digital Analog Functions :
I
I Peripherals :
The Cortex-M3 CPU subsystem includes these features: 4.1.1 Cortex-M3 Features
m ARM Cortex-M3 CPU The Cortex-M3 CPU features include:

m Programmable nested vectored interrupt controller (NVIC),
tightly integrated with the CPU core

m Full featured debug and trace module, tightly integrated with

m 4 GB address space. Predefined address regions for code,
data, and peripherals. Multiple buses for efficient and
simultaneous accesses of instructions, data, and peripherals.

m The Thumb®-2 instruction set, which offers ARM-level

the CPU core performance at Thumb-level code density. This includes 16-bit
m Up to 256 KB of flash memory, 2 KB of EEPROM, and 64 KB and 32-bit instructions. Advanced instructions include:
of SRAM o Bit-field control
o Hardware multiply and divide
m Cache controller A Saturation
m Peripheral HUB (PHUB) A If-Then

o Wait for events and interrupts
m DMA controller 1 Exclusive access and barrier

0 Special register access
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The Cortex-M3 does not support ARM instructions.
m Bit-band support. Atomic bit-level write and read operations.

m Unaligned data storage and access. Contiguous storage of
data of different byte lengths.

m Operation at two privilege levels (privileged and user) and in
two modes (thread and handler). Some instructions can only
be executed at the privileged level. There are also two stack
pointers: Main (MSP) and Process (PSP). These features
support a multitasking operating system running one or more
user-level processes.

m Extensive interrupt and system exception support.

4.1.2 Cortex-M3 Operating Modes

The Cortex-M3 operates at either the privileged level or the user
level, and in either the thread mode or the handler mode.
Because the handler mode is only enabled at the privileged level,
there are actually only three states, as shown in Table 4-1.

Table 4-1. Operational Level

Condition
Running an exception |Handler mode

Privileged User
Not used

Running main program|Thread mode | Thread mode

Atthe user level, access to certain instructions, special registers,
configuration registers, and debugging components is blocked.
Attempts to access them cause a fault exception. At the
privileged level, access to all instructions and registers is
allowed.

The processor runs in the handler mode (always at the privileged
level) when handling an exception, and in the thread mode when
not.

4.1.3 CPU Registers

The Cortex-M3 CPU registers are listed in Table 4-2. Registers
R0O-R15 are all 32 bits wide.

Table 4-2. Cortex M3 CPU Registers

Table 4-2. Cortex M3 CPU Registers (continued)

Register Description

R13 R13 is the stack pointer register. It is a banked
register that switches between two 32-bit stack
pointers: the main stack pointer (MSP) and the
process stack pointer (PSP). The PSP is used
only when the CPU operates at the user level in
thread mode. The MSP is used in all other
privilege levels and modes. Bits[0:1] of the SP
are ignored and considered to be 0, so the SP is
always aligned to a word (4 byte) boundary.

R14 R14 is the link register (LR). The LR stores the
return address when a subroutine is called.

R15 R15 is the program counter (PC). Bit O of the PC
isignored and considered to be 0, so instructions
are always aligned to a half word (2 byte)
boundary.

xPSR The program status registers are divided into
three status registers, which are accessed either

together or separately:

m Application program status register (APSR)
holds program execution status bits such as
zero, carry, negative, in bits[27:31].

m Interrupt program status register (IPSR) holds
the current exception number in bits[0:8].

m Execution program status register (EPSR)
holds control bits for interrupt continuable and
IF-THEN instructions in bits[10:15] and
[25:26]. Bit 24 is always set to 1 to indicate
Thumb mode. Trying to clear it causes a fault
exception.

PRIMASK A 1-bit interrupt mask register. When set, it
allows only the nonmaskable interrupt (NMI) and
hard fault exception. All other exceptions and

interrupts are masked.

Register Description

FAULTMASK |A 1-bit interrupt mask register. When set, it
allows only the NMI. All other exceptions and
interrupts are masked.

RO-R12 General purpose registers R0-R12 have no
special architecturally defined uses. Most
instructions that specify a general purpose

register specify RO-R12.

m Lowregisters: Registers RO-R7 are accessible
by all instructions that specify a general
purpose register.

m High registers: Registers R8-R12 are
accessible by all 32-bitinstructions that specify
a general purpose register; they are not
accessible by all 16-bit instructions.

BASEPRI A register of up to nine bits that define the
masking priority level. When set, it disables all
interrupts of the same or higher priority value. If

set to 0 then the masking function is disabled.
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CONTROL |A 2-hit register for controlling the operating

mode.

Bit 0: 0 = privileged level in thread mode,
1 = user level in thread mode.

Bit 1: 0 = default stack (MSP) is used,

1 = alternate stack is used. If in thread mode or
user level then the alternate stack is the PSP.
There is no alternate stack for handler mode; the
bit must be 0 while in handler mode.

4.2 Cache Controller

The CY8C55 family has a 1 KB instruction cache between the

CPU and the flash memory. This improves instruction execution
rate and reduces system power consumption by requiring less

frequent flash access.
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4.3 DMA and PHUB

The PHUB and the DMA controller are responsible for data
transfer between the CPU and peripherals, and also data
transfers between peripherals. The PHUB and DMA also control
device configuration during boot. The PHUB consists of:

m A central hub that includes the DMA controller, arbiter, and
router

m Multiple spokes that radiate outward from the hub to most
peripherals

There are two PHUB masters: the CPU and the DMA controller.
Both masters may initiate transactions on the bus. The DMA
channels can handle peripheral communication without CPU
intervention. The arbiter in the central hub determines which
DMA channel is the highest priority if there are multiple requests.

4.3.1 PHUB Features
m CPU and DMA controller are both bus masters to the PHUB

m Eight Multi-layer AHB Bus parallel access paths (spokes) for
peripheral access

m Simultaneous CPU and DMA access to peripherals located on
different spokes

m Simultaneous DMA source and destination burst transactions
on different spokes

m Supports 8-, 16-, 24-, and 32-bit addressing and data

m Transactions can be stalled or canceled
m Supports transaction size of infinite or 1 to 64k bytes

m Large transactions may be broken into smaller bursts of 1 to
127 bytes

m TDs may be nested and/or chained for complex transactions

4.3.3 Priority Levels

The CPU always has higher priority than the DMA controller
when their accesses require the same bus resources. Due to the
system architecture, the CPU can never starve the DMA. DMA
channels of higher priority (lower priority number) may interrupt
current DMA transfers. In the case of an interrupt, the current
transfer is allowed to complete its current transaction. To ensure
latency limits when multiple DMA accesses are requested
simultaneously, a fairness algorithm guarantees an interleaved
minimum percentage of bus bandwidth for priority levels 2
through 7. Priority levels 0 and 1 do not take part in the fairness
algorithm and may use 100% of the bus bandwidth. If a tie occurs
on two DMA requests of the same priority level, a simple round
robin method is used to evenly share the allocated bandwidth.
The round robin allocation can be disabled for each DMA
channel, allowing it to always be at the head of the line. Priority
levels 2 to 7 are guaranteed the minimum bus bandwidth shown
in Table 4-4 after the CPU and DMA priority levels 0 and 1 have
satisfied their requirements.

Table 4-4. Priority Levels

Tt 5 -
Table 4-3. PHUB Spokes and Peripherals Prlorltg/ Level % Busllzznodwmh
PHUB jpokes — Peripherals 1 100.0
1 I0s, PICU 2 200
> - 3 25.0
2 PHUB local configuration, Power manager, 2 25
Clocks, IC, EEPROM, Flash programming :
interface 5 6.2
3 Analog interface and trim, Decimator 6 3.1
4 USB, CAN, I12C, Timers, Counters, and PWMs 7 15
5 DFB
6 UDBs group 1 When the fairness algc_)rit_hm is disabled, DMA access is granted
based solely on the priority level; no bus bandwidth guarantees
7 UDBs group 2 are made.

4.3.2 DMA Features
m 24 DMA channels

m Each channel has one or more transaction descriptors (TDs)
to configure channel behavior. Up to 127 total TDs can be
defined

m TDs can be dynamically updated
m Eight levels of priority per channel

m Any digitally routable signal, the CPU, or another DMA channel,
can trigger a transaction

m Each channel can generate up to two interrupts per transfer
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4.3.4 Transaction Modes Supported

The flexible configuration of each DMA channel and the ability to
chain multiple channels allow the creation of both simple and
complex use cases. General use cases include, but are not
limited to:

4.3.4.1 Simple DMA

In a simple DMA case, a single TD transfers data between a
source and sink (peripherals or memory location). The basic
timing diagrams of DMA read and write cycles are shown in
Figure 4-5. For more description on other transfer modes, refer
to the Technical Reference Manual.
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Figure 4-5. DMA Timing Diagram
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4.3.4.2 Auto Repeat DMA

Auto repeat DMA is typically used when a static pattern is
repetitively read from system memory and written to a peripheral.
This is done with a single TD that chains to itself.

4.3.4.3 Ping Pong DMA

A ping pong DMA case uses double buffering to allow one buffer
to be filled by one client while another client is consuming the
data previously received in the other buffer. In its simplest form,
this is done by chaining two TDs together so that each TD calls
the opposite TD when complete.

4.3.4.4 Circular DMA

Circular DMA is similar to ping pong DMA except it contains more
than two buffers. In this case there are multiple TDs; after the last
TD is complete it chains back to the first TD.

4.3.4.5 Indexed DMA

In an indexed DMA case, an external master requires access to
locations on the system bus as if those locations were shared
memory. As an example, a peripheral may be configured as an
SPI or I2C slave where an address is received by the external
master. That address becomes an index or offset into the internal
system bus memory space. This is accomplished with an initial
“address fetch” TD that reads the target address location from
the peripheral and writes that value into a subsequent TD in the
chain. This modifies the TD chain on the fly. When the “address
fetch” TD completes it moves on to the next TD, which has the
new address information embedded in it. This TD then carries
out the data transfer with the address location required by the
external master.

4.3.4.6 Scatter Gather DMA

In the case of scatter gather DMA, there are multiple
noncontiguous sources or destinations that are required to
effectively carry out an overall DMA transaction. For example, a
packet may need to be trans