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Welcome to E-XFL.COM

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

8051

8-Bit

50MHz

EBI/EMI, I12C, LINbus, SPI, UART/USART
CapSense, DMA, LCD, POR, PWM, WDT
25

16KB (16K x 8)

FLASH

512x8

2K x 8

1.71V ~ 5.5V

A/D 16x12b; D/A 2x8b

Internal

-40°C ~ 85°C (TA)

Surface Mount

48-BSSOP (0.295", 7.50mm Width)
48-SSOP
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(GPIO) P2[5]
(GPIO) P2[6]
(GPIO) P2[7]
(12C0: SCL, SIO) P12[4]
(12C0: SDA, SIO) P125]
(GPIO) P6[4]
(GPIO) PB[5]
(GPIO) Pé[6]
(GPIO) P6[7]

(GPIO) P5[0]
(GPIO) P5[1]
(GPIO) P5[2]
(GPIO) P5[3]
(TMS, SWDIO, GPIO) P1[0]

(TCK, SWDCK, GPIO) P1[1]
(CONFIGURABLE XRES, GPIO) P1[2]
(TDO, SWV, GPIO) P1[3]
(TDI, GPIO) P1[4]

(NTRST, GPIO) P1[5]

Figure 2-6. 100-pin TQFP Part Pinout
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Table 2-1. VDDIO and Port Pin Associations
VDDIO Port Pins
VDDIOO PO[7:0], P4[7:0], P12[3:2]
VDDIO1 P1[7:0], P5[7:0], P12[7:6]
VDDIO2 P2[7:0], P6[7:0], P12[5:4], P15[5:4]
VDDIO3 P3[7:0], P12[1:0], P15[3:0]
VDDD P15[7:6] (USB D+, D-)

Note

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

PO[3] (GPIO, OPAMPO-/EXTREFO0)

PO[2]
PO[1]
PO[0]
P4[1] (GPIO)
P4[0] (GPIO)
P12[3] (SIO)
P12[2] (SIO)
VSSD

VDDA

VSSA

VCCA

GPIO, OPAMPO+)

P15[3] (GPIO, KHZ XTAL: X)
P15[2] (GPIO, KHZ XTAL: XO)

P12[1] (SIO, 12C1: SDA)
P12[0] (SIO, 12C1: SCL)
P3[7] (GPIO)
P3[6] (GPIO)

GPIO, OPAMPOOUT)
GPIO, OPAMP20UT)
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4.3 Instruction Set
The 8051 instruction set is highly optimized for 8-bit handling and

Boolean operations. The types of instructions supported include:

® Arithmetic instructions

m Logical instructions

m Data transfer instructions

m Boolean instructions

m Program branching instructions

Table 4-1. Arithmetic Instructions

4.3.1 Instruction Set Summary

4.3.1.1 Arithmetic Instructions

Arithmetic instructions support the direct, indirect, register,
immediate constant, and register-specific instructions.
Arithmetic modes are used for addition, subtraction,
multiplication, division, increment, and decrement operations.
Table 4-1 lists the different arithmetic instructions.

Mnemonic Description Bytes Cycles
ADD ARn Add register to accumulator 1 1
ADD A,Direct Add direct byte to accumulator 2 2
ADD A,@Ri Add indirect RAM to accumulator 1 2
ADD A #data Add immediate data to accumulator 2 2
ADDC A,Rn Add register to accumulator with carry 1 1
ADDC A,Direct Add direct byte to accumulator with carry 2 2
ADDC A,@Ri Add indirect RAM to accumulator with carry 1 2
ADDC A #data Add immediate data to accumulator with carry 2 2
SUBB A,Rn Subtract register from accumulator with borrow 1 1
SUBB A,Direct Subtract direct byte from accumulator with borrow 2 2
SUBB A,@Ri Subtract indirect RAM from accumulator with borrow 1 2
SUBB A,#data Subtract immediate data from accumulator with borrow 2 2
INC A Increment accumulator 1 1
INC Rn Increment register 1 2
INC Direct Increment direct byte 2 3
INC @RI Increment indirect RAM 1 3
DEC A Decrement accumulator 1 1
DEC Rn Decrement register 1 2
DEC Direct Decrement direct byte 2 3
DEC @Ri Decrement indirect RAM 1 3
INC DPTR Increment data pointer 1 1
MUL Multiply accumulator and B 1 2
DIV Divide accumulator by B 1 6
DAA Decimal adjust accumulator 1 3

Document Number: 001-53304 Rev. *Y
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4.4 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.

4.4.1 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

Table 4-6. PHUB Spokes and Peripherals

PHUB Spokes Peripherals
0 SRAM
1 I0s, PICU, EMIF
2 PHUB local configuration, Power manager,

Clocks, IC, SWV, EEPROM, Flash
programming interface

Analog interface and trim, Decimator

USB, CAN, IZC, Timers, Counters, and PWMs

Reserved

UDBs group 1

N oo MW

UDBs group 2

4.4.2 DMA Features
m Twenty-four DMA channels

m Each channel has one or more Transaction Descriptors (TDs)
to configure channel behavior. Up to 128 total TDs can be
defined

m TDs can be dynamically updated
m Eight levels of priority per channel
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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
m Transactions can be stalled or canceled

m Supports transaction size of infinite or 1 to 64 KB

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

4.4.3 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 percent 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 4-7 after the CPU and DMA priority levels 0 and
1 have satisfied their requirements.

Table 4-7. Priority Levels

Priority Level % Bus Bandwidth
0 100.0
100.0
50.0
25.0
12.5
6.2
3.1
1.5

N OO B~ W N~

When the fairness algorithm is disabled, DMA access is granted
based solely on the priority level; no bus bandwidth guarantees
are made.

4.4.4 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:
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Table 4-8. Interrupt Vector Table

# Fixed Function DMA uDB
0 LVD phub_termoutO[0] |udb_intr[0]
1 Cache/ECC phub_termoutO[1]  |udb_intr[1]
2 Reserved phub_termout0[2] |udb_intr[2]
3 Sleep (Pwr Mgr) phub_termoutO[3] |udb_intr[3]
4 PICUI0] phub_termout0[4] |udb_intr[4]
5 PICU[1] phub_termout0[5] |udb_intr[5]
6 PICU[2] phub_termoutO[6] |udb_intr[6]
7 PICUI[3] phub_termout0[7] |udb_intr[7]
8 PICU[4] phub_termoutO[8] |udb_intr[8]
9 PICUI[5] phub_termoutO[9] |udb_intr[9]
10 |PICUI6] phub_termout0[10] |udb_intr[10]
11 PICU[12] phub_termoutO[11] |udb_intr[11]
12 |PICU[15] phub_termoutO[12] [udb_intr[12]
13 |Comparators phub_termout0[13] [udb_intr[13]

Combined
14 |Switched Caps phub_termout0[14] [udb_intr[14]
Combined

15 [I°C phub_termout0[15] [udb_intr[15]
16 |CAN phub_termout1[0] [udb_intr[16]
17 | Timer/Counter0 phub_termout1[1] |udb_intr[17]
18 |Timer/Counter1 phub_termout1[2] |udb_intr[18]
19 |Timer/Counter2 phub_termout1[3] [udb_intr[19]
20 |Timer/Counter3 phub_termout1[4] |udb_intr[20]
21 |USB SOF Int phub_termout1[5] |udb_intr[21]
22 |USB Arb Int phub_termout1[6] |udb_intr[22]
23 |USB Bus Int phub_termout1[7] |udb_intr[23]
24 |USB Endpoint[0] phub_termout1[8] |udb_intr[24]
25 |USB Endpoint Data |phub_termout1[9] |udb_intr[25]
26 |Reserved phub_termout1[10] [udb_intr[26]
27 |LCD phub_termout1[11] [udb_intr[27]
28 |Reserved phub_termout1[12] |udb_intr[28]
29 |Decimator Int phub_termout1[13] |udb_intr[29]
30 |PHUB Error Int phub_termout1[14] [udb_intr[30]
31 |EEPROM Fault Int |phub_termout1[15] |udb_intr[31]
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5. Memory

5.1 Static RAM

CY8C34 Static RAM (SRAM) is used for temporary data storage.
Up to 8 KB of SRAM is provided and can be accessed by the
8051 or the DMA controller. See Memory Map on page 25.
Simultaneous access of SRAM by the 8051 and the DMA
controller is possible if different 4-KB blocks are accessed.

5.2 Flash Program Memory

Flash memory in PSoC devices provides nonvolatile storage for
user firmware, user configuration data, bulk data storage, and
optional ECC data. The main flash memory area contains up to
64 KB of user program space.

Up to an additional 8 KB of flash space is available for Error
Correcting Codes (ECC). If ECC is not used this space can store
device configuration data and bulk user data. User code may not
be run out of the ECC flash memory section. ECC can correct
one bit error and detect two bit errors per 8 bytes of firmware
memory; an interrupt can be generated when an error is
detected.

The CPU reads instructions located in flash through a cache
controller. This improves instruction execution rate and reduces
system power consumption by requiring less frequent flash
access. The cache has 8 lines at 64 bytes per line for a total of
512 bytes. It is fully associative, automatically controls flash
power, and can be enabled or disabled. If ECC is enabled, the
cache controller also performs error checking and correction,
and interrupt generation.

Flash programming is performed through a special interface and
preempts code execution out of flash. The flash programming
interface performs flash erasing, programming and setting code
protection levels. Flash in-system serial programming (ISSP),
typically used for production programming, is possible through
both the SWD and JTAG interfaces. In-system programming,
typically used for bootloaders, is also possible using serial
interfaces such as I20, USB, UART, and SPI, or any
communications protocol.

5.3 Flash Security

All PSoC devices include a flexible flash-protection model that
prevents access and visibility to on-chip flash memory. This
prevents duplication or reverse engineering of proprietary code.
Flash memory is organized in blocks, where each block contains
256 bytes of program or data and 32 bytes of ECC or
configuration data. A total of up to 256 blocks is provided on
64-KB flash devices.

The device offers the ability to assign one of four protection
levels to each row of flash. Table 5-1 lists the protection modes
available. Flash protection levels can only be changed by
performing a complete flash erase. The Full Protection and Field
Upgrade settings disable external access (through a debugging
tool such as PSoC Creator, for example). If your application
requires code update through a boot loader, then use the Field
Upgrade setting. Use the Unprotected setting only when no
security is needed in your application. The PSoC device also
offers an advanced security feature called Device Security which
permanently disables all test, programming, and debug ports,
protecting your application from external access (see the
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“Device Security” section on page 68). For more information
about how to take full advantage of the security features in

PSoC, see the PSoC 3 TRM.

Table 5-1. Flash Protection

Protection

Setting Allowed Not Allowed
Unprotected External read and write | -
+ internal read and write
Factory External write + internal | External read
Upgrade read and write

External read and
write

Field Upgrade | Internal read and write

External read and
write + internal write

Full Protection | Internal read

Disclaimer

Note the following details of the flash code protection features on
Cypress devices.

Cypress products meet the specifications contained in their
particular Cypress data sheets. Cypress believes that its family
of products is one of the most secure families of its kind on the
market today, regardless of how they are used. There may be
methods, unknown to Cypress, that can breach the code
protection features. Any of these methods, to our knowledge,
would be dishonest and possibly illegal. Neither Cypress nor any
other semiconductor manufacturer can guarantee the security of
their code. Code protection does not mean that we are
guaranteeing the product as “unbreakable.”

Cypress is willing to work with the customer who is concerned
about the integrity of their code. Code protection is constantly
evolving. We at Cypress are committed to continuously
improving the code protection features of our products.

5.4 EEPROM

PSoC EEPROM memory is a byte-addressable nonvolatile
memory. The CY8C34 has up to 2 KB of EEPROM memory to
store user data. Reads from EEPROM are random access at the
byte level. Reads are done directly; writes are done by sending
write commands to an EEPROM programming interface. CPU
code execution can continue from flash during EEPROM writes.
EEPROM is erasable and writeable at the row level. The
EEPROM is divided into 128 rows of 16 bytes each. The factory
default values of all EEPROM bytes are 0.

Because the EEPROM is mapped to the 8051 xdata space, the
CPU cannot execute out of EEPROM. There is no ECC
hardware associated with EEPROM. If ECC is required it must
be handled in firmware.

It can take as much as 20 milliseconds to write to EEPROM or
flash. During this time the device should not be reset, or
unexpected changes may be made to portions of EEPROM or
flash. Reset sources (see Section 6.3.1) include XRES pin,
software reset, and watchdog; care should be taken to make
sure that these are not inadvertently activated. In addition, the
low voltage detect circuits should be configured to generate an
interrupt instead of a reset.
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5.5 Nonvolatile Latches (NVLs)
PSoC has a 4-byte array of nonvolatile latches (NVLs) that are used to configure the device at reset. The NVL register map is shown

in Table 5-2.

Table 5-2. Device Configuration NVL Register Map

Register Address

7|6 5\4

3 | 2 1 | 0

0x00 PRT3RDM[1:0] PRT2RDM[1:0] PRT1RDM[1:0] PRTORDM][1:0]
0x01 PRT12RDM[1:0] PRT6RDM[1:0] PRT5RDM[1:0] PRT4RDM[1:0]
0x02 XRESMEN | DBGEN PRT15RDM[1:0]
0x03 DIG_PHS_DLY[3:0] \ ECCEN \ DPS[1:0] \

The details for individual fields and their factory default settings are shown in Table 5-3:.

Table 5-3. Fields and Factory Default Settings
Field Description Settings

PRTXRDM[1:0]

Controls reset drive mode of the corresponding 10
port. See “Reset Configuration” on page 42. All pins
of the port are set to the same mode.

00b (default) - high impedance analog
01b - high impedance digital

10b - resistive pull up

11b - resistive pull down

XRESMEN

Controls whether pin P1[2] is used as a GPIO or as
an external reset. See “Pin Descriptions” on page 11,
XRES description.

0 (default for 68-pin 72-pin, and 100-pin parts) - GPIO
1 (default for 48-pin parts) - external reset

DBGEN

Debug Enable allows access to the debug system, for
third-party programmers.

0 - access disabled
1 (default) - access enabled

DPS[1:0]

Controls the usage of various P1 pins as a debug port.
See “Programming, Debug Interfaces, Resources” on
page 65.

00b - 5-wire JTAG

01b (default) - 4-wire JTAG
10b - SWD

11b - debug ports disabled

ECCEN

Controls whether ECC flash is used for ECC or for
general configuration and data storage. See “Flash
Program Memory” on page 22.

0 - ECC disabled
1 (default) - ECC enabled

DIG_PHS_DLY[3:0]

Selects the digital clock phase delay.

See the TRM for details.

Although PSoC Creator provides support for modifying the device configuration NVLs, the number of NVL erase / write cycles is limited
— see “Nonvolatile Latches (NVL))” on page 109.

Document Number: 001-53304 Rev. *Y
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Figure 6-9. GPIO Block Diagram

Digital Input Path Naming Convention

PRT[x]CTL ‘X’ = Port Number
PRT[X]DBL_SYNC_IN 'y’ = Pin Number

PRT[X]PS
<:| Digital System Input T

PICU[X]INTTYPE[y]

PICU[X]INTSTAT Input Buffer Disable
Interrupt
Logic

Pin Interrupt Signal
PICU[X]INTSTAT

Digital Output Path

PRT[X]SLW
PRT[x]SYNC_OUT

PRT[X]DR

[ Digital System Output, }]J In

PRT[X]BYP

Vddio Vddio

Vddio

PRT[X]DM2 Drive | | Slew
PRT[X]DM1 Logic cntl ,Xl PIN
PRT[x]DMO

Bidirectional Control T\
> PRT[X]BIE OE [
1/

Analog

0
Dﬁpsense Global Control J—D

|
|
CAPS[X]CFG1 bﬁ | Switches
PRT[XIAG : R
Analog Global |
PRT[XJAMUX Ly
e

Analog Mux

22

LCD

Display
Data

Logic & MUX MWV

PRT[x]LCD_COM_SEG
PRT[X]JLCD EN
LCD Bias Bus 5
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6.4.5 Pin Interrupts

All GPIO and SIO pins are able to generate interrupts to the
system. All eight pins in each port interface to their own Port
Interrupt Control Unit (PICU) and associated interrupt vector.
Each pin of the port is independently configurable to detect rising
edge, falling edge, both edge interrupts, or to not generate an
interrupt.

Depending on the configured mode for each pin, each time an
interrupt event occurs on a pin, its corresponding status bit of the
interrupt status register is set to “1” and an interrupt request is
sent to the interrupt controller. Each PICU has its own interrupt
vector in the interrupt controller and the pin status register
providing easy determination of the interrupt source down to the
pin level.

Port pin interrupts remain active in all sleep modes allowing the
PSoC device to wake from an externally generated interrupt.

While level sensitive interrupts are not directly supported;
Universal Digital Blocks (UDB) provide this functionality to the
system when needed.

6.4.6 Input Buffer Mode

GPIO and SIO input buffers can be configured at the port level
for the default CMOS input thresholds or the optional LVTTL
input thresholds. All input buffers incorporate Schmitt triggers for
input hysteresis. Additionally, individual pin input buffers can be
disabled in any drive mode.

6.4.7 1/0 Power Supplies

Up to four I/O pin power supplies are provided depending on the
device and package. Each I/O supply must be less than or equal
to the voltage on the chip’s analog (VDDA) pin. This feature
allows users to provide different I/O voltage levels for different
pins on the device. Refer to the specific device package pinout
to determine VDDIO capability for a given port and pin.

The SIO port pins support an additional regulated high output
capability, as described in Adjustable Output Level.

6.4.8 Analog Connections

These connections apply only to GPIO pins. All GPIO pins may
be used as analog inputs or outputs. The analog voltage present
on the pin must not exceed the VDDIO supply voltage to which
the GPIO belongs. Each GPIO may connect to one of the analog
global busses or to one of the analog mux buses to connect any
pin to any internal analog resource such as ADC or comparators.
In addition, select pins provide direct connections to specific
analog features such as the high current DACs or uncommitted
opamps.

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

Document Number: 001-53304 Rev. *Y

6.4.9 CapSense

This section applies only to GPIO pins. All GPIO pins may be
used to create CapSense buttons and sliders!'®l. See the
“CapSense” section on page 64 for more information.

6.4.10 LCD Segment Drive

This section applies only to GPIO pins. All GPIO pins may be
used to generate Segment and Common drive signals for direct
glass drive of LCD glass. See the “LCD Direct Drive” section on
page 63 for details.

6.4.11 Adjustable Output Level

This section applies only to SIO pins. SIO port pins support the
ability to provide a regulated high output level for interface to
external signals that are lower in voltage than the SIO’s
respective VDDIO. SIO pins are individually configurable to
output either the standard VDDIO level or the regulated output,
which is based on an internally generated reference. Typically a
voltage DAC (VDAC) is used to generate the reference (see
Figure 6-13). The “DAC” section on page 64 has more details on
VDAC use and reference routing to the SIO pins. Resistive
pull-up and pull-down drive modes are not available with SIO in
regulated output mode.

6.4.12 Adjustable Input Level

This section applies only to SIO pins. SIO pins by default support
the standard CMOS and LVTTL input levels but also support a
differential mode with programmable levels. SIO pins are
grouped into pairs. Each pair shares a reference generator block
which, is used to set the digital input buffer reference level for
interface to external signals that differ in voltage from VDDIO.
The reference sets the pins voltage threshold for a high logic
level (see Figure 6-13). Available input thresholds are:

m 0.5 x VDDIO
m 0.4 x VDDIO
m 0.5 x VREF
m VREF

Typically a voltage DAC (VDAC) generates the Vggp reference.
“DAC” section on page 64 has more details on VDAC use and
reference routing to the SIO pins.
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m Logical OR
m Logical XOR

m Pass, used to pass a value through the ALU to the shift register,
mask, or another UDB register

Independent of the ALU operation, these functions are available:
m Shift left

m Shift right

m Nibble swap

m Bitwise OR mask

7.2.2.3 Conditionals

Each datapath has two compares, with bit masking options.
Compare operands include the two accumulators and the two
data registers in a variety of configurations. Other conditions
include zero detect, all ones detect, and overflow. These
conditions are the primary datapath outputs, a selection of which
can be driven out to the UDB routing matrix. Conditional
computation can use the built in chaining to neighboring UDBs
to operate on wider data widths without the need to use routing
resources.

7.2.2.4 Variable MSB

The most significant bit of an arithmetic and shift function can be
programmatically specified. This supports variable width CRC

and PRS functions, and in conjunction with ALU output masking,
can implement arbitrary width timers, counters and shift blocks.

7.2.2.5 Builtin CRC/PRS

The datapath has built in support for single cycle Cyclic
Redundancy Check (CRC) computation and Pseudo Random
Sequence (PRS) generation of arbitrary width and arbitrary
polynomial. CRC/PRS functions longer than 8 bits may be
implemented in conjunction with PLD logic, or built in chaining
may be use to extend the function into neighboring UDBs.

7.2.2.6 Input/Output FIFOs

Each datapath contains two four-byte deep FIFOs, which can be
independently configured as an input buffer (system bus writes
to the FIFO, datapath internal reads the FIFO), or an output
buffer (datapath internal writes to the FIFO, the system bus reads
from the FIFO). The FIFOs generate status that are selectable
as datapath outputs and can therefore be driven to the routing,
to interact with sequencers, interrupts, or DMA.

Document Number: 001-53304 Rev. *Y

Figure 7-5. Example FIFO Configurations

System Bus System Bus
FO FO F1
DO/D1 DO D1
[ AOAT/ALU | [AO/ATALU | [AOATALU | [ A0 |[ A1 |
F1 FO F1
System Bus System Bus
TX/RX Dual Capture Dual Buffer

7.2.2.7 Chaining

The datapath can be configured to chain conditions and signals
such as carries and shift data with neighboring datapaths to
create higher precision arithmetic, shift, CRC/PRS functions.

7.2.2.8 Time Multiplexing

In applications that are over sampled, or do not need high clock
rates, the single ALU block in the datapath can be efficiently
shared with two sets of registers and condition generators. Carry
and shift out data from the ALU are registered and can be
selected as inputs in subsequent cycles. This provides support
for 16-bit functions in one (8-bit) datapath.

7.2.2.9 Datapath I/O

There are six inputs and six outputs that connect the datapath to
the routing matrix. Inputs from the routing provide the
configuration for the datapath operation to perform in each cycle,
and the serial data inputs. Inputs can be routed from other UDB
blocks, other device peripherals, device I/O pins, and so on. The
outputs to the routing can be selected from the generated
conditions, and the serial data outputs. Outputs can be routed to
other UDB blocks, device peripherals, interrupt and DMA
controller, /O pins, and so on.

7.2.3 Status and Control Module
The primary purpose of this circuitry is to coordinate CPU
firmware interaction with internal UDB operation.

Figure 7-6. Status and Control Registers
System Bus

- T 7 >
v

8-bit Control Register
(Write/Read)

8-bit Status Register
(Read Only)

A

A
\

Routing Channel
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7.8 1°C

PSoC includes a single fixed-function 12C peripheral. Additional
I2C interfaces can be instantiated using Universal Digital Blocks
(UDBs) in PSoC Creator, as required.

The I12C peripheral provides a synchronous two-wire interface

designed to interface the PSoC device with a two-wire 12C serial
communication bus. Itis compatible[16] with 12C Standard-mode,
Fast-mode, and Fast-mode Plus devices as defined in the NXP
I12C-bus specification and user manual (UM10204). The 12C bus
I/0 may be implemented with GPIO or SIO in open-drain modes.

To eliminate the need for excessive CPU intervention and
overhead, I1°C specific support is provided for status detection
and generation of framing bits. 12C o1perates as a slave, a master,
or multimaster (Slave and Master)['’]. In slave mode, the unit
always listens for a start condition to begin sending or receiving
data. Master mode supplies the ability to generate the Start and
Stop conditions and initiate transactions. Multimaster mode
provides clock synchronization and arbitration to allow multiple
masters on the same bus. If Master mode is enabled and Slave
mode is not enabled, the block does not generate interrupts on
externally generated Start conditions. 1°C interfaces through DSI
routing and allows direct connections to any GPIO or SIO pins.

12c provides hardware address detect of a 7-bit address without
CPU intervention. Additionally the device can wake from
low-power modes on a 7-bit hardware address match. If wakeup
functionality is required, 12c pin connections are limited to one of
two specific pairs of SIO pins. See descriptions of SCL and SDA
pins in Pin Descriptions on page 11.

I°C features include:

m Slave and Master, Transmitter, and Receiver operation
m Byte processing for low CPU overhead

m Interrupt or polling CPU interface

m Support for bus speeds up to 1 Mbps

m 7 or 10-bit addressing (10-bit addressing requires firmware
support)

m SMBus operation (through firmware support — SMBus
supported in hardware in UDBs)

m 7-bit hardware address compare
m Wake from low-power modes on address match

m Glitch filtering (active and alternate-active modes only)

Data transfers follow the format shown in Figure 7-18. After the
START condition (S), a slave address is sent. This address is 7
bits long followed by an eighth bit which is a data direction bit
(R/W) - a 'zero' indicates a transmission (WRITE), a 'one'
indicates a request for data (READ). A data transfer is always
terminated by a STOP condition (P) generated by the master.

Figure 7-18. 1°c Complete Transfer Timing

ADDRESS . - RW . . ACK

[ A

krard | | I I | | ATA
|

7.8.1 External Electrical Connections

As Figure 7-19 shows, the 12C bus requires external pull-up
resistors (Rp). These resistors are primarily determined by the
supply voltage, bus speed, and bus capacitance. For detailed
information on how to calculate the optimum pull-up resistor
value for your design, we recommend using the UM10204
I12C-bus specification and user manual Rev 6, or newer, available
from the NXP website at www.nxp.com.

Notes

8 . 9 1-7 8 9 1 [
[
Pl oATA Pl ! |stoe|
L L e
Figure 7-19. Connection of Devices to the 1°C Bus
S— +Vpp
pull-up
resistors |:{‘J|:| Rp
_SDA (Serlal Data Lina)
SCL (Sarial Clock Ling)
Device 1 Device 2

16. The 1°C peripheral is non-compliant with the NXP 12C specification in the following areas: analog glitch filter, I/O VO,7/IO,_, 1/0 hysteresis. The I°C Block has a digital
1

glitch filter (not available in sleep mode). The Fast-mode minimum fall-time specification can be met by setting the

Specifications in “Inputs and Outputs” section on page 79 for details.

Os to slow speed mode. See the I/0 Electrical

17. Fixed-block IC does not support undefined bus conditions, nor does it support Repeated Start in Slave mode. These conditions should be avoided, or the UDB-based

1°cC component should be used instead.
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8.2.3 Start of Conversion Input

The SoC signal is used to start an ADC conversion. A digital
clock or UDB output can be used to drive this input. It can be
used when the sampling period must be longer than the ADC
conversion time or when the ADC must be synchronized to other
hardware. This signal is optional and does not need to be
connected if ADC is running in a continuous mode.

8.2.4 End of Conversion Output

The EoC signal goes high at the end of each ADC conversion.
This signal may be used to trigger either an interrupt or DMA
request.

8.3 Comparators

The CY8C34 family of devices contains four comparators in a
device. Comparators have these features:

m Input offset factory trimmed to less than 5 mV

® Rail-to-rail common mode input range (Vgga to VDDA)

m Speed and power can be traded off by using one of three
modes: fast, slow, or ultra low-power

m Comparator outputs can be routed to lookup tables to perform
simple logic functions and then can also be routed to digital
blocks

m The positive input of the comparators may be optionally passed
through a low pass filter. Two filters are provided

m Comparator inputs can be connections to GPIO, DAC outputs
and SC block outputs

8.3.1 Input and Output Interface

The positive and negative inputs to the comparators come from
the analog global buses, the analog mux line, the analog local
bus and precision reference through multiplexers. The output
from each comparator could be routed to any of the two input
LUTs. The output of that LUT is routed to the UDB Digital System
Interface.

Figure 8-5. Analog Comparator

ANAIF
From — +
Analog comp0 H+— From
Routing _ compt Analog
| Routing
H— From
comp3 Analog
From + | Routing
Analog comp2
Routng ——— —
\ \

UDBs
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11.2 Device Level Specifications

Specifications are valid for —-40 °C < T, <85 °C and T; < 100 °C, except where noted. Specifications are valid for 1.71 Vt0 5.5V,
except where noted.

11.2.1 Device Level Specifications
Table 11-2. DC Specifications

Parameter | Description Conditions Min | Typ?| Max Units
Analog supply voltage and input to analog _
Vppa core regulator Analog core regulator enabled 1.8 5.5 Vv
Vppa ngégg:éipply voltage, analog regulator Analog core regulator disabled | 1.71 1.8 1.89 \Y,
. . . 1.8 - | Vopa?"
Vppp Digital supply voltage relative to Vggp Digital core regulator enabled > V
- - Vppa + 0.1127]
Digital supply voltage, digital regulator - :
Vppp bypassed Digital core regulator disabled 1.71 1.8 1.89 \Y,
1.71 - Vppal?'!
Vppio#2 I/0O supply voltage relative to V. DDA \%
DDIO pply 9 SSIO _ — Vopa + 0.127]
Veea Pejé?ﬂ%?atlggacs%r)e voltage input (Analog Analog core regulator disabled | 1.71 1.8 1.89 \Y,
Veen ggﬁf;%gg%g‘;g voltage input (Digital | pyoita) core regulator disabled | 1.71 | 1.8 1.89 v
Active Mode
Only IMO and CPU clock enabled. CPU |Vppy =27V~ | 1=40°C| - | 12 2.9
executing simple loop from instruction 55V, T=25°C - 1.2 3.1
buffer. FCPU =6 MHZ[ZG] T=85°C _ 4.9 7.7
VDDX= 27V — T=-40"°C - 1.3 2.9
55V, T=25°C - 1.6 3.2
Fopu=3MHZl roggec | — | 48 75
Vppx =2.7V - T=-40°C| - 21 3.7
25 Vi 5 MHa T=25°C| - | 23 3.9
Ipp (23241 CcPU T=85°C| - | 56 85 .
IMO enabled, bus clock and CPU clock \5/%D\)/<'= 2.7V - T=-40°C| - 3.5 5.2
enabled. CPU executing program from S e | T=25°C| - 3.8 5.5
f|aSh FCPU - 12 MHZ 5
T=85°C - 71 9.8
VDD\>/<= 27V - T=-40°C| - 6.3 8.1
55V, =25 ° —
Fopy = 24 MHZL20 T=25°C 6.6 8.3
T=85°C - 10 13
\5/%D\>/<=2.7V— T=-40°C| - 1.5 13.5
Fopy =48 MHZ28l | 1=29°C | = | 12 14
T=85°C - 15.5 18.5
Notes

21. The power supplies can be brought up in any sequence however once stable Vppa must be greater than or equal to all other supplies.
22.The Vpp)o supply voltage must be greater than the maximum voltage on the associated GPIO pins. Maximum voltage on GPIO pin < Vpp o < Vppa.
23. Total current for all power domains: digital (Ippp), analog (Ippa), and 1/0s (Ippjoo, 1, 2, 3)- Boost not included. All I/Os floating.
24. The current consumption of additional peripherals that are implemented only in programmed logic blocks can be found in their respective datasheets, available in
PSoC Creator, the integrated design environment. To estimate total current, find the CPU current at the frequency of interest and add peripheral currents for your
particular system from the device datasheet and component datasheets.

25.Vppy = 3.3 V.

26. Based on device characterization (Not Production tested).
27. Guaranteed by design, not production tested.
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Table 11-13. SIO Comparator Specifications[*?

Parameter Description Conditions Min Typ Max Units
Vos Offset voltage Vppio=2V - - 68 mV
Vopio=2.7V - - 72
Vbpio =55V - - 82
TCVos |Offset voltage drift with temp - - 250 pVv/°eC
CMRR |Common mode rejection ratio Vppio=2V 30 - - dB
Vopio=2.7V 35 - -
Vppio=5.5V 40 - -
Tresp Response time - - 30 ns
11.4.3 USBIO

For operation in GPIO mode, the standard range for Vppp applies, see Device Level Specifications on page 71.
Table 11-14. USBIO DC Specifications

Parameter Description Conditions Min Typ Max Units
Rusbi USB D+ pull-up resistance With idle bus 0.900 - 1.575 kQ
Rusba USB D+ pull-up resistance While receiving traffic 1.425 - 3.090 kQ
Vohusb Static output high 15 kQ £5% to Vgg, internal pull-up 2.8 - 3.6 \Y,

enabled
Volusb Static output low 15 kQ £5% to Vgg, internal pull-up - - 0.3 \Y,
enabled
Vihgpio Input voltage high, GPIO mode Vopp 23V 2 - - \Y
Vilgpio Input voltage low, GPIO mode Vppp 23V - - 0.8 \Y,
Vohgpio Output voltage high, GPIO mode  |lgy =4 mA, Vppp =23V 24 - - \
Volgpio Output voltage low, GPIO mode lo=4 mA, Vppp 23V - - 0.3 \Y,
Vdi Differential input sensitivity |(D+) — (D)) - - 0.2 \%
Vcem Differential input common mode 0.8 - 2.5 Vv
range
Vse Single ended receiver threshold 0.8 - 2 \%
Rps2 PS/2 pull-up resistance In PS/2 mode, with PS/2 pull-up 3 - 7 kQ
enabled
Rext External USB series resistor In series with each USB pin 21.78 22 22.22 Q
(=1%) (+1%)
Zo USB driver output impedance Including Rext 28 - 44 Q
CiN USB transceiver input capacitance - - 20 pF
1, 1451 Input leakage current (absolute 25°C,Vppp=3.0V - - 2 nA
L value)
Note

45. Based on device characterization (Not production tested).
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Table 11-29. IDAC AC Specifications

Parameter Description Conditions Min Typ Max Units
Foac Update rate - - 8 Msps
TsETTLE Settling time to 0.5 LSB Range = 31.875 pA or 255 pA, full - - 125 ns

scale transition, High speed mode,
600 Q 15-pF load

Current noise

10 kHz

Range = 255 pA, source mode, - 340 -
High speed mode, Vppa =5V,

pA/sqrtHz

Figure 11-44. IDAC Step Response, Codes 0x40 - 0xCO,
255 pA Mode, Source Mode, High speed mode, Vppy =5V
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Figure 11-46. IDAC PSRR vs Frequency
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Figure 11-45. IDAC Glitch Response, Codes 0x7F - 0x80,
255 pA Mode, Source Mode, High speed mode, Vppa =5V
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Figure 11-47. IDAC Current Noise, 255 pA Mode,
Source Mode, High speed mode, Vppp =5V
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Figure 11-50. VDAC INL vs Temperature, 1 V Mode
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Figure 11-52. VDAC Full Scale Error vs Temperature, 1V
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Figure 11-54. VDAC Operating Current vs Temperature, 1V
Mode, Low speed mode
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Figure 11-51. VDAC DNL vs Temperature, 1 V Mode
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Figure 11-53. VDAC Full Scale Error vs Temperature, 4 V
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Figure 11-55. VDAC Operating Current vs Temperature, 1V
Mode, High speed mode
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Table 11-31. VDAC AC Specifications

Parameter Description Conditions Min Typ Max Units
Foac Update rate 1V scale - - 1000 ksps
4V scale - - 250 ksps
TsettleP Settling time to 0.1%, step 25% to |1V scale, Cload = 15 pF - 0.45 1 us
75%
4V scale, Cload = 15 pF - 0.8 3.2 us
TsettleN Settling time to 0.1%, step 75% to |1V scale, Cload = 15 pF - 0.45 1 us
25%
4V scale, Cload = 15 pF - 0.7 3 us
Voltage noise Range = 1V, High speed mode, - 750 - nV/sqrtHz
VDDA =5 V, 10 kHz

Figure 11-56. VDAC Step Response, Codes 0x40 - 0xCO, 1 V Figure 11-57. VDAC Glitch Response, Codes Ox7F - 0x80, 1 V

Mode, High speed mode, Vppp =5V Mode, High speed mode, Vppy =5V
1.0 0.56
0.5
"""\ /""""""'\ 0.54
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.‘-'-_-—p_l
0.50
0.z
Plak Area
0.0 = T £ 0.4s8
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Figure 11-58. VDAC PSRR vs Frequency Figure 11-59. VDAC Voltage Noise, 1 V Mode, High speed
mode, VDDA =5V
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11.8 PSoC System Resources

Specifications are valid for 40 °C < T, <85 °C and T; < 100 °C, except where noted. Specifications are valid for 1.71 Vt0 5.5V,
except where noted.

11.8.1 POR with Brown Out

For brown out detect in regulated mode, Vppp and Vppa must be > 2.0 V. Brown out detect is not available in externally regulated
mode.

Table 11-65. Precise Low-Voltage Reset (PRES) with Brown Out DC Specifications

Parameter Description Conditions Min Typ Max Units
PRESR Rising trip voltage Factory trim 1.64 - 1.68 \Y,
PRESF Falling trip voltage 1.62 - 1.66 \%

Table 11-66. Power-on Reset (POR) with Brown Out AC Specifications

Parameter Description Conditions Min Typ Max Units
PRES_TR |Response time - - 0.5 us
Vppp/Vbpa droop rate Sleep mode - 5 - V/sec

11.8.2 Voltage Monitors
Table 11-67. Voltage Monitors DC Specifications

Parameter Description Conditions Min Typ Max Units

LVI Trip voltage
LVI_A/D_SEL[3:0] = 0000b 1.68 1.73 1.77 \Y,
LVI_A/D_SEL[3:0] = 0001b 1.89 1.95 2.01 \Y,
LVI_A/D_SEL[3:0] = 0010b 2.14 2.20 2.27 \Y
LVI_A/D_SEL[3:0] = 0011b 2.38 2.45 2.53 \Y,
LVI_A/D_SEL[3:0] = 0100b 2.62 2.71 2.79 \Y,
LVI_A/D_SEL[3:0] = 0101b 2.87 2.95 3.04 \Y,
LVI_A/D_SEL[3:0] = 0110b 3.1 3.21 3.31 \Y
LVI_A/D_SEL[3:0] = 0111b 3.35 3.46 3.56 \Y,
LVI_A/D_SEL[3:0] = 1000b 3.59 3.70 3.81 \Y,
LVI_A/D_SEL[3:0] = 1001b 3.84 3.95 4.07 Y,
LVI_A/D_SEL[3:0] = 1010b 4.08 4.20 4.33 \Y
LVI_A/D_SEL[3:0] = 1011b 4.32 4.45 4.59 \Y
LVI_A/D_SEL[3:0] = 1100b 4.56 4.70 4.84 \Y,
LVI_A/D_SEL[3:0] = 1101b 4.83 4.98 5.13 Y,
LVI_A/D_SEL[3:0] = 1110b 5.05 5.21 5.37 \Y
LVI_A/D_SEL[3:0] = 1111b 5.30 5.47 5.63 \Y

HVI Trip voltage 5.57 5.75 5.92 \Y

Table 11-68. Voltage Monitors AC Specifications

Parameter Description Conditions Min Typ Max Units

Response timel®®! - - 1 Us

Note
68. Based on device characterization (Not production tested).
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12. Ordering Information

In addition to the features listed in Table 12-1 every CY8C34 device includes: a precision on-chip voltage reference, precision
oscillators, flash, ECC, DMA, a fixed function I C, 4 KB trace RAM, JTAG/SWD programming and debug, external memory interface,
and more. In addition to these features, the flexible UDBs and analog subsection support a wide range of peripherals. To assist you
in selecting the ideal part, PSoC Creator makes a part recommendation after you choose the components required by your application.
All CY8C34 derivatives incorporate device and flash security in user-selectable security levels; see the TRM for details.

Table 12-1. CY8C34 Family with Single Cycle 8051

MCU Core Analog Digital 110181l

_ 2
Part Number | 5| _ |~ 15 5 § % Package | JTAG IDI®2

$lg|S|= |5 g @, %= | E slo

AEIEIE: 25818 &% (=(8|c 20| |2

Sl8|E|a(8] 8 |2|5|coE|g|8|5|8l2|a 5|88

O|ZT|»|w|3 < Alo|w<|O0|a|lOo|D|a|ln|OC|r|O|®|>
16 KB Flash
CY8C3444LTI-110 |50 | 16 | 2 | 0.5 | v | 12-bit Del-Sig 4| 2 |2|-|v| 6|4 |-]|- |46 |38 0 |68-pin QFN |0x1E0BE069
CY8C3444LTI-119 |50 |16 | 2 | 05 | v | 12-bitDel-Sig | 2 | 4 | 2 |2 |- | v |16 - |29 |25 48-pin QFN | 0x1E077069
CY8C3444PVI-100 |50 |16 | 2 | 05 | v | 12-bitDel-Sig | 2 | 4 | 2 |2 | -|v |16 |4 | - | - |29 |25 [4 |0 |48-pin SSOP |0x1E064069
32 KB Flash
CY8C3445AXI1-104 |50 32| 4 | 1 | v | 12-bitDel-Sig | 2 | 4| 2 |2 | -|v |20 |4 | - | - |70 |62 [8 |0 |100-pin TQFP|0x1E068069
CY8C3445LT1-079 |50 |32 | 4 | 1 | v | 12-bitDel-Sig | 2 [ 4| 2 |2 | -|v |20 |4 | - | - [46 |38 [8 |0 |68-pinQFN |0x1E04F069
CY8C3445LT1-078 |50 |32 | 4 | 1 | v | 12-bitDel-Sig | 2 [ 4| 2 | 2| -|v |20 |4 | - | - [29 |25 [4 |0 |48-pinQFN |0x1E04E069
CY8C3445PVI-094 |50 32| 4 | 1 | v | 12-bitDelSig | 2 | 4| 2 | 2| -|v |20 |4 | - | - |29 |25 |4 |0 |48-pin SSOP |0x1EO5E069
CY8C3445AXI1-108 |50 32| 4 | 1 | v | 12-bitDel-Sig | 2 | 4| 2 |2 | -|v |20 |4 |v |- |72 |62 [8 |2 |100-pin TQFP|0x1E06C069
CY8C3445LT1-081 (50 |32 | 4 | 1 | v | 12-bitDel-Sig | 2 [ 4| 2 |2 |- |v |20 |4 |v | - |48 |38 [8 |2 |68-pinQFN |0x1E051069
CY8C3445PVI-090 |50 32| 4 | 1 | v | 12-bitDel-Sig | 2 |4 | 2 |2 |- |v |20 |4 |v |- |31 |25 |4 |2 |48-pinSSOP |0x1E05A069
64 KB Flash
CY8C3446LTI-073 (50 |64 | 8 | 2 | v | 12-bitDel-Sig | 2 [ 4| 2 |2 |- |v |24 |4 |v | - |31 |25 [4 |2 |48-pinQFN |0x1E049069
CY8C3446LTI-074 |50 |64 | 8 | 2 | v | 12-bitDel-Sig | 2 [ 4| 2 | 2| - |v |24 |4 | - | - [46 |38 [8 |0 |68-pinQFN |0x1E04A069
CY8C3446LTI-083 (50 |64 | 8 | 2 | v | 12-bitDel-Sig | 2 |4 | 2 | 2| - |v |24 |4 | - | - |29 |25 [4 |0 |48-pinQFN |0x1E053069
CY8C3446AXI1-099 |50 |64 | 8 | 2 | v | 12bitDel-Sig | 2 | 4| 2 |2 | -|v |24 |4 |v |- |72 |62 [8 |2 |100-pinTQFP|0x1E063069
CY8C3446AXI-105 |50 |64 | 8 | 2 | v | 12-bitDelSig | 2 | 4| 2 |2 | -|v |24 |4 | - | - |70 |62 [8 |0 [100-pin TQFP|0x1E069069
CY8C3446LT1-085 (50 |64 | 8 | 2 | v | 12-bitDel-Sig | 2 [ 4| 2 |2 | -|v |24 |4 |v | - |48 |38 [8 |2 |68pinQFN |0x1E055069
CY8C3446PVI-076 |50 |64 | 8 | 2 | v | 12-bitDelSig | 2 | 4 | 2 |2 | -|v |24 |4 |v | - |31 |25 [4 |2 |48-pinSSOP |0x1E04C069
CY8C3446PVI-102 |50 |64 | 8 | 2 | v | 12-bitDelSig | 2 | 4 | 2 |2 | -|v |24 |4 | - | v |29 |25 [4 |0 |48-pin SSOP |0x1E066069

Notes

79. Analog blocks support a wide variety of functionality including TIA, PGA, and mixers. See the Example Peripherals on page 43 for more information on how analog
blocks can be used.

80. UDBs support a wide variety of functionality including SPI, LIN, UART, timer, counter, PWM, PRS, and others. Individual functions may use a fraction of a UDB or
multiple UDBs. Multiple functions can share a single UDB. See the Example Peripherals on page 43 for more information on how UDBs can be used.

81. ;I;]he I/? Coun]E i;\gludes all types of digital I/0: GPIO, SIO, and the two USB I/O. See the 1/0 System and Routing on page 36 for details on the functionality of each of

ese types o .
82. The JTAG ID has three major fields. The most significant nibble (left digit) is the version, followed by a 2 byte part number and a 3 nibble manufacturer ID.
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Figure 13-1. 48-pin (300 mil) SSOP Package Outline
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Figure 13-2. 48-pin QFN Package Outline

TOP VIEW SIDE VIEW BOTTOM VIEW
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NOTES:

1.8 HATCH AREA IS SOLDERABLE EXPOSED METAL.

REFERENCE JEDEC# MO-220

PACKAGE WEIGHT: REFER TO PMDD SPEC.
ALL DIMENSIONS ARE IN MM [MIN/MAX]
PACKAGE CODE

PART # DESCRIPTION 001-45616 *E
LT48D LEAD FREE

SRR

5.55 REF|
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18. 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, 2009-2016. 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
hereby grants you a personal, non-exclusive, nontransferable license (without the right to sublicense) (1) under its copyright rights in the Software (a) for Software provided in source code form, to
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.

TO THE EXTENT PERMITTED BY APPLICABLE LAW, CYPRESS MAKES NO WARRANTY OF ANY KIND, EXPRESS OR IMPLIED, WITH REGARD TO THIS DOCUMENT OR ANY SOFTWARE
OR ACCOMPANYING HARDWARE, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE. To the extent
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. ltis
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.

Cypress, the Cypress logo, Spansion, the Spansion logo, and combinations thereof, PSoC, CapSense, EZ-USB, F-RAM, and Traveo are trademarks or registered trademarks of Cypress in the United
States and other countries. For a more complete list of Cypress trademarks, visit cypress.com. Other names and brands may be claimed as property of their respective owners.
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