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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"

Embedded microcontrollers are used in virtually every
sector of electronics, providing the necessary control and
processing power for a multitude of applications. In
consumer electronics, they manage the operations of
smartphones, home appliances, and wearable devices. In
automotive systems, microcontrollers control engine
functions, safety features, and infotainment systems.
Industrial applications rely on microcontrollers for
automation, robotics, and process control. Additionally,
microcontrollers are integral in medical devices, handling
functions such as monitoring, diagnostics, and control of
therapeutic equipment. Their versatility and
programmability make them essential components in
creating efficient, responsive, and intelligent electronic
systems.

Common Subcategories of "Embedded -
Microcontrollers"

Embedded microcontrollers can be categorized based on
their architecture, performance, and application focus.
Common subcategories include 8-bit, 16-bit, and 32-bit
microcontrollers, differentiated by their processing power
and memory capacity. 8-bit microcontrollers are typically
used in simple applications like basic control systems and
small devices. 16-bit microcontrollers offer a balance
between performance and complexity, suitable for
medium-scale applications like industrial automation. 32-
bit microcontrollers provide high performance and are
used in complex applications requiring advanced
processing, such as automotive systems and sophisticated
consumer electronics. Each subcategory serves a specific
range of applications, providing tailored solutions for
different performance and complexity needs.

Types of "Embedded - Microcontrollers"

There are various types of embedded microcontrollers,
each designed to meet specific application requirements.
General-purpose microcontrollers are versatile and used in
a wide range of applications, offering a balance of
performance, memory, and peripheral options. Special-
purpose microcontrollers are tailored for specific tasks,
such as automotive controllers, which include features like
built-in motor control peripherals and automotive-grade
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Figure 2-5. 68-pin QFN Part Pinout[7]

Notes
7. The center pad on the QFN package should be connected to digital ground (VSSD) for best mechanical, thermal, and electrical performance. If not connected to 

ground, it should be electrically floated and not connected to any other signal. For more information, see AN72845, Design Guidelines for QFN Devices.
8. Pins are Do Not Use (DNU) on devices without USB. The pin must be left floating.
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Table 2-2 shows the pinout for the 72-pin CSP package. Since there are four VDDIO pins, the set of I/O pins associated with any VDDIO 
may sink up to 100 mA total, same as for the 100-pin and 68-pin devices.

Figure 2-7 and Figure 2-8 show an example schematic and an example PCB layout, for the 100-pin TQFP part, for optimal analog 
performance on a two layer board. 

 The two pins labeled VDDD must be connected together.

 The two pins labeled VCCD must be connected together, with capacitance added, as shown in Figure 2-7 and Power System on 
page 31. The trace between the two VCCD pins should be as short as possible.

 The two pins labeled VSSD 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.

Table 2-2.  CSP Pinout

Ball Name Ball Name Ball Name

G6 P2[5] F1 VDDD A5 VDDA

E5 P2[6] E1 VSSD A6 VSSD

F5 P2[7] E2 VCCD B6 P12[2]

J7 P12[4] C1 P15[0] C6 P12[3]

H6 P12[5] C2 P15[1] A7 P0[0]

J6 VSSB D2 P3[0] B7 P0[1]

J5 Ind D3 P3[1] B5 P0[2]

H5 VBOOST D4 P3[2] C5 P0[3]

J4 VBAT D5 P3[3] A8 VIO0

H4 VSSD B4 P3[4] D6 P0[4]

J3 XRES_N B3 P3[5] D7 P0[5]

H3 P1[0] A1 VIO3 C7 P0[6]

G3 P1[1] B2 P3[6] C8 P0[7]

H2 P1[2] A2 P3[7] E8 VCCD

J2 P1[3] C3 P12[0] F8 VSSD

G4 P1[4] C4 P12[1] G8 VDDD

G5 P1[5] E3 P15[2] E7 P15[4]

J1 VIO1 E4 P15[3] F7 P15[5]

F4 P1[6] B1[10] NC G7 P2[0]

F3 P1[7] B8[10] NC H7 P2[1]

H1 P12[6] D1[10] NC H8 P2[2]

G1 P12[7] D8[10] NC F6 P2[3]

G2 P15[6] A3 VCCA E6 P2[4]

F2 P15[7] A4 VSSA J8 VIO2

Note
10. These pins are Do Not Use (DNU); they must be left floating.

http://www.cypress.com/?rID=39677
http://www.cypress.com/?rID=39677
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4.4.4.5 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 transmitted off of the device and the 
packet elements, including the header, payload, and trailer, exist 
in various noncontiguous locations in memory. Scatter gather 
DMA allows the segments to be concatenated together by using 
multiple TDs in a chain. The chain gathers the data from the 
multiple locations. A similar concept applies for the reception of 
data onto the device. Certain parts of the received data may need 
to be scattered to various locations in memory for software 
processing convenience. Each TD in the chain specifies the 
location for each discrete element in the chain.

4.4.4.6 Packet Queuing DMA

Packet queuing DMA is similar to scatter gather DMA but 
specifically refers to packet protocols. With these protocols, 
there may be separate configuration, data, and status phases 
associated with sending or receiving a packet. 

For instance, to transmit a packet, a memory mapped 
configuration register can be written inside a peripheral, 
specifying the overall length of the ensuing data phase. The CPU 
can set up this configuration information anywhere in system 
memory and copy it with a simple TD to the peripheral. After the 
configuration phase, a data phase TD (or a series of data phase 
TDs) can begin (potentially using scatter gather). When the data 
phase TD(s) finish, a status phase TD can be invoked that reads 
some memory mapped status information from the peripheral 
and copies it to a location in system memory specified by the 
CPU for later inspection. Multiple sets of configuration, data, and 
status phase “subchains” can be strung together to create larger 
chains that transmit multiple packets in this way. A similar 
concept exists in the opposite direction to receive the packets.

4.4.4.7 Nested DMA

One TD may modify another TD, as the TD configuration space
is memory mapped similar to any other peripheral. For example,
a first TD loads a second TD’s configuration and then calls the
second TD. The second TD moves data as required by the
application. When complete, the second TD calls the first TD,
which again updates the second TD’s configuration. This
process repeats as often as necessary.

4.5  Interrupt Controller

The interrupt controller provides a mechanism for hardware 
resources to change program execution to a new address, 
independent of the current task being executed by the main 
code. The interrupt controller provides enhanced features not 
found on original 8051 interrupt controllers:

 Thirty two interrupt vectors

 Jumps directly to ISR anywhere in code space with dynamic 
vector addresses

Multiple sources for each vector

 Flexible interrupt to vector matching

 Each interrupt vector is independently enabled or disabled

 Each interrupt can be dynamically assigned one of eight 
priorities

 Eight level nestable interrupts

Multiple I/O interrupt vectors

 Software can send interrupts

 Software can clear pending interrupts

When an interrupt is pending, the current instruction is 
completed and the program counter is pushed onto the stack. 
Code execution then jumps to the program address provided by 
the vector. After the ISR is completed, a RETI instruction is 
executed and returns execution to the instruction following the 
previously interrupted instruction. To do this the RETI instruction 
pops the program counter from the stack.

If the same priority level is assigned to two or more interrupts, 
the interrupt with the lower vector number is executed first. Each 
interrupt vector may choose from three interrupt sources: Fixed 
Function, DMA, and UDB. The fixed function interrupts are direct 
connections to the most common interrupt sources and provide 
the lowest resource cost connection. The DMA interrupt sources 
provide direct connections to the two DMA interrupt sources 
provided per DMA channel. The third interrupt source for vectors 
is from the UDB digital routing array. This allows any digital signal 
available to the UDB array to be used as an interrupt source. 
Fixed function interrupts and all interrupt sources may be routed 
to any interrupt vector using the UDB interrupt source 
connections.

Figure 4-2 on page 21 represents typical flow of events when an 
interrupt triggered. Figure 4-3 on page 22 shows the interrupt 
structure and priority polling.
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Figure 4-2. Interrupt Processing Timing Diagram

Notes 

1: Interrupt triggered asynchronous to the clock

2: The PEND bit is set on next active clock edge to indicate the interrupt arrival

3: POST bit is set following the PEND bit

4: Interrupt request and the interrupt number sent to CPU core after evaluation priority (Takes 3 clocks)

5: ISR address is posted to CPU core for branching

6: CPU acknowledges the interrupt request

7: ISR address is read by CPU for branching

8, 9: PEND and POST bits are cleared respectively after receiving the IRA from core

10: IRA bit is cleared after completing the current instruction and starting the instruction execution from ISR location (Takes 7 cycles)

11: IRC is set to indicate the completion of ISR, Active int. status is restored with previous status
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Figure 5-2. 8051 Internal Data Space In addition to the register or bit address modes used with the 
lower 48 bytes, the lower 128 bytes can be accessed with direct 
or indirect addressing. With direct addressing mode, the upper 
128 bytes map to the SFRs. With indirect addressing mode, the 
upper 128 bytes map to RAM. Stack operations use indirect 
addressing; the 8051 stack space is 256 bytes. See the 
“Addressing Modes” section on page 13

5.7.3  SFRs

The special function register (SFR) space provides access to frequently accessed registers. The memory map for the SFR memory 
space is shown in Table 5-4. 

The CY8C32 family provides the standard set of registers found 
on industry standard 8051 devices. In addition, the CY8C32 
devices add SFRs to provide direct access to the I/O ports on the 
device. The following sections describe the SFRs added to the 
CY8C32 family.

5.7.3.1 XData Space Access SFRs

The 8051 core features dual DPTR registers for faster data 
transfer operations. The data pointer select SFR, DPS, selects 
which data pointer register, DPTR0 or DPTR1, is used for the 
following instructions:

MOVX @DPTR, A

MOVX A, @DPTR

MOVC A, @A+DPTR

 JMP @A+DPTR

 INC DPTR

MOV DPTR, #data16

The extended data pointer SFRs, DPX0, DPX1, MXAX, and 
P2AX, hold the most significant parts of memory addresses 
during access to the xdata space. These SFRs are used only 
with the MOVX instructions.

During a MOVX instruction using the DPTR0/DPTR1 register, 
the most significant byte of the address is always equal to the 
contents of DPX0/DPX1.

During a MOVX instruction using the R0 or R1 register, the most 
significant byte of the address is always equal to the contents of 
MXAX, and the next most significant byte is always equal to the 
contents of P2AX.

5.7.3.2 I/O Port SFRs

The I/O ports provide digital input sensing, output drive, pin 
interrupts, connectivity for analog inputs and outputs, LCD, and 
access to peripherals through the DSI. Full information on I/O 
ports is found in I/O System and Routing on page 37.

Upper Core RAM Shared 
with Stack Space 

(indirect addressing)

SFR
Special Function Registers

(direct addressing)

Lower Core RAM Shared with Stack Space
(direct and indirect addressing)

Bit-Addressable Area

4 Banks, R0-R7 Each

0xFF

0x80

0x7F

0x30

0x2F

0x20

0x1F

0x00

Table 5-4.  SFR Map

Address 0/8 1/9 2/A 3/B 4/C 5/D 6/E 7/F

0×F8 SFRPRT15DR SFRPRT15PS SFRPRT15SEL – – – – –

0×F0 B – SFRPRT12SEL – – – – –

0×E8 SFRPRT12DR SFRPRT12PS MXAX – – – – –

0×E0 ACC – – – – – – –

0×D8 SFRPRT6DR SFRPRT6PS SFRPRT6SEL – – – – –

0×D0 PSW – – – – – – –

0×C8 SFRPRT5DR SFRPRT5PS SFRPRT5SEL – – – – –

0×C0 SFRPRT4DR SFRPRT4PS SFRPRT4SEL – – – – –

0×B8 – – – – – – – –

0×B0 SFRPRT3DR SFRPRT3PS SFRPRT3SEL – – – – –

0×A8 IE – – – – – – –

0×A0 P2AX – SFRPRT1SEL – – – – –

0×98 SFRPRT2DR SFRPRT2PS SFRPRT2SEL – – – – –

0×90 SFRPRT1DR SFRPRT1PS – DPX0 DPX1 – –

0×88 – SFRPRT0PS SFRPRT0SEL – – – – –

0×80 SFRPRT0DR SP DPL0 DPH0 DPL1 DPH1 DPS –
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Figure 6-1. Clocking Subsystem

Table 6-1.  Oscillator Summary

Source Fmin Tolerance at Fmin Fmax Tolerance at Fmax Startup Time

IMO 3 MHz ±2% over voltage and temperature 24 MHz ±4% 13-µs max

MHzECO 4 MHz Crystal dependent 25 MHz Crystal dependent 5 ms typ, max is 
crystal dependent

DSI 0 MHz Input dependent 33 MHz Input dependent Input dependent

PLL 24 MHz Input dependent 50 MHz Input dependent 250 µs max

Doubler 48 MHz Input dependent 48 MHz Input dependent 1 µs max

ILO 1 kHz –50%, +100% 100 kHz –55%, +100% 15 ms max in lowest 
power mode

kHzECO 32 kHz Crystal dependent 32 kHz Crystal dependent 500 ms typ, max is 
crystal dependent
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6.1.1  Internal Oscillators 

Figure 6-1 shows that there are two internal oscillators. They can 
be routed directly or divided. The direct routes may not have a 
50% duty cycle. Divided clocks have a 50% duty cycle.

6.1.1.1 Internal Main Oscillator

In most designs the IMO is the only clock source required, due 
to its ±2-percent accuracy. The IMO operates with no external 
components and outputs a stable clock. A factory trim for each 
frequency range is stored in the device. With the factory trim, 
tolerance varies from ±2 percent at 3 MHz, up to ±4-percent at 
24 MHz. The IMO, in conjunction with the PLL, allows generation 
of other clocks up to the device's maximum frequency (see 
Phase-locked Loop)

The IMO provides clock outputs at 3, 6, 12, and 24 MHz.

6.1.1.2 Clock Doubler

The clock doubler outputs a clock at twice the frequency of the 
input clock. The doubler works at input frequency of 24 MHz, 
providing 48 MHz for the USB. It can be configured to use a clock 
from the IMO, MHzECO, or the DSI (external pin). 

6.1.1.3 Phase-locked Loop

The PLL allows low-frequency, high-accuracy clocks to be 
multiplied to higher frequencies. This is a tradeoff between 
higher clock frequency and accuracy and, higher power 
consumption and increased startup time. 

The PLL block provides a mechanism for generating clock 
frequencies based upon a variety of input sources. The PLL 
outputs clock frequencies in the range of 24 to 50 MHz. Its input 
and feedback dividers supply 4032 discrete ratios to create 
almost any desired clock frequency. The accuracy of the PLL 
output depends on the accuracy of the PLL input source. The 
most common PLL use is to multiply the IMO clock at 3 MHz, 
where it is most accurate to generate the other clocks up to the 
device’s maximum frequency.

The PLL achieves phase lock within 250 µs (verified by bit 
setting). It can be configured to use a clock from the IMO, 
MHzECO or DSI (external pin). The PLL clock source can be 
used until lock is complete and signaled with a lock bit. The lock 
signal can be routed through the DSI to generate an interrupt. 
Disable the PLL before entering low-power modes.

6.1.1.4 Internal Low-Speed Oscillator

The ILO provides clock frequencies for low-power consumption, 
including the watchdog timer, and sleep timer. The ILO 
generates up to three different clocks: 1 kHz, 33 kHz, and 
100 kHz. 

The 1 kHz clock (CLK1K) is typically used for a background 
‘heartbeat’ timer. This clock inherently lends itself to low-power 
supervisory operations such as the watchdog timer and long 
sleep intervals using the central timewheel (CTW).

The central timewheel is a 1 kHz, free running, 13-bit counter 
clocked by the ILO. The central timewheel is always enabled, 
except in hibernate mode and when the CPU is stopped during 
debug on chip mode. It can be used to generate periodic 
interrupts for timing purposes or to wake the system from a 
low-power mode. Firmware can reset the central timewheel. 
Systems that require accurate timing should use the RTC 
capability instead of the central timewheel.

The 100-kHz clock (CLK100K) can be used as a low power 
master clock. It can also generate time intervals using the fast 
timewheel.

The fast timewheel is a 5-bit counter, clocked by the 100-kHz 
clock. It features programmable settings and automatically 
resets when the terminal count is reached. An optional interrupt 
can be generated each time the terminal count is reached. This 
enables flexible, periodic interrupts of the CPU at a higher rate 
than is allowed using the central timewheel.

The 33-kHz clock (CLK33K) comes from a divide-by-3 operation 
on CLK100K. This output can be used as a reduced accuracy 
version of the 32.768-kHz ECO clock with no need for a crystal. 

6.1.2  External Oscillators

Figure 6-1 shows that there are two external oscillators. They 
can be routed directly or divided. The direct routes may not have 
a 50% duty cycle. Divided clocks have a 50% duty cycle.

6.1.2.1 MHz External Crystal Oscillator

The MHzECO provides high frequency, high precision clocking 
using an external crystal (see Figure 6-2). It supports a wide 
variety of crystal types, in the range of 4 to 25 MHz. When used 
in conjunction with the PLL, it can generate other clocks up to the 
device's maximum frequency (see “Phase-locked Loop” section 
on page 30). The GPIO pins connecting to the external crystal 
and capacitors are fixed. MHzECO accuracy depends on the 
crystal chosen.

Figure 6-2. MHzECO Block Diagram

6.1.2.2 32.768-kHz ECO

The 32.768-kHz External Crystal Oscillator (32kHzECO) 
provides precision timing with minimal power consumption using 
an external 32.768-kHz watch crystal (see Figure 6-3). The 
32kHzECO also connects directly to the sleep timer and provides 
the source for the RTC. The RTC uses a 1-second interrupt to 
implement the RTC functionality in firmware.

The oscillator works in two distinct power modes. This allows 
users to trade off power consumption with noise immunity from 
neighboring circuits. The GPIO pins connected to the external 
crystal and capacitors are fixed. 

Xo
(Pin P15[0])

4 - 25 MHz 
Crystal Osc

XCLK_MHZ

4 – 25 MHz 
crystal

Capacitors

External 
Components

Xi
(Pin P15[1])
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 Input or output or both for CPU and DMA
 Eight drive modes
 Every pin can be an interrupt source configured as rising 

edge, falling edge or both edges. If required, level sensitive 
interrupts are supported through the DSI

 Dedicated port interrupt vector for each port
 Slew rate controlled digital output drive mode
 Access port control and configuration registers on either port 

basis or pin basis
 Separate port read (PS) and write (DR) data registers to avoid 

read modify write errors
 Special functionality on a pin by pin basis

 Additional features only provided on the GPIO pins:
 LCD segment drive on LCD equipped devices
 CapSense
 Analog input and output capability
 Continuous 100 µA clamp current capability

 Standard drive strength down to 1.7 V

 Additional features only provided on SIO pins:
 Higher drive strength than GPIO
 Hot swap capability (5 V tolerance at any operating VDD)
 Programmable and regulated high input and output drive 

levels down to 1.2 V
 No analog input, CapSense, or LCD capability
 Overvoltage tolerance up to 5.5 V
 SIO can act as a general purpose analog comparator

 USBIO features: 
 Full speed USB 2.0 compliant I/O
 Highest drive strength for general purpose use
 Input, output, or both for CPU and DMA
 Input, output, or both for digital peripherals
 Digital output (CMOS) drive mode
 Each pin can be an interrupt source configured as rising 

edge, falling edge, or both edges
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The USBIO pins (P15[7] and P15[6]), when enabled for I/O mode, have limited drive mode control. The drive mode is set using the 
PRT15.DM0[7, 6] register. A resistive pull option is also available at the USBIO pins, which can be enabled using the PRT15.DM1[7, 
6] register. When enabled for USB mode, the drive mode control has no impact on the configuration of the USB pins. Unlike the GPIO 
and SIO configurations, the port wide configuration registers do not configure the USB drive mode bits. Table 6-7 shows the drive 
mode configuration for the USBIO pins.

 High Impedance Analog

The default reset state with both the output driver and digital
input buffer turned off. This prevents any current from flowing
in the I/O’s digital input buffer due to a floating voltage. This
state is recommended for pins that are floating or that support
an analog voltage. High impedance analog pins do not provide
digital input functionality. 

To achieve the lowest chip current in sleep modes, all I/Os
must either be configured to the high impedance analog mode,
or have their pins driven to a power supply rail by the PSoC
device or by external circuitry.

 High Impedance Digital

The input buffer is enabled for digital signal input. This is the
standard high impedance (HiZ) state recommended for digital
inputs.

 Resistive pull-up or resistive pull-down

Resistive pull-up or pull-down, respectively, provides a series
resistance in one of the data states and strong drive in the
other. Pins can be used for digital input and output in these
modes. Interfacing to mechanical switches is a common
application for these modes. Resistive pull-up and pull-down
are not available with SIO in regulated output mode.

Open Drain, Drives High and Open Drain, Drives Low 

Open drain modes provide high impedance in one of the data
states and strong drive in the other. Pins can be used for digital
input and output in these modes. A common application for
these modes is driving the I2C bus signal lines.

 Strong Drive

Provides a strong CMOS output drive in either high or low
state. This is the standard output mode for pins. Strong Drive
mode pins must not be used as inputs under normal
circumstances. This mode is often used to drive digital output
signals or external FETs.

 Resistive pull-up and pull-down

Similar to the resistive pull-up and resistive pull-down modes
except the pin is always in series with a resistor. The high data
state is pull-up while the low data state is pull-down. This mode
is most often used when other signals that may cause shorts
can drive the bus. Resistive pull-up and pull-down are not
available with SIO in regulated output mode.

6.4.2  Pin Registers

Registers to configure and interact with pins come in two forms 
that may be used interchangeably. 

All I/O registers are available in the standard port form, where 
each bit of the register corresponds to one of the port pins. This 
register form is efficient for quickly reconfiguring multiple port 
pins at the same time.

I/O registers are also available in pin form, which combines the 
eight most commonly used port register bits into a single register 
for each pin. This enables very fast configuration changes to 
individual pins with a single register write.

6.4.3  Bidirectional Mode

High-speed bidirectional capability allows pins to provide both 
the high impedance digital drive mode for input signals and a 
second user selected drive mode such as strong drive (set using 
PRT×DM[2:0] registers) for output signals on the same pin, 
based on the state of an auxiliary control bus signal. The 
bidirectional capability is useful for processor busses and 
communications interfaces such as the SPI Slave MISO pin that 
requires dynamic hardware control of the output buffer.

The auxiliary control bus routes up to 16 UDB or digital peripheral 
generated output enable signals to one or more pins. 

6.4.4  Slew Rate Limited Mode

GPIO and SIO pins have fast and slow output slew rate options 
for strong and open drain drive modes, not resistive drive modes. 
Because it results in reduced EMI, the slow edge rate option is 
recommended for signals that are not speed critical, generally 
less than 1 MHz. The fast slew rate is for signals between 1 MHz 
and 33 MHz. The slew rate is individually configurable for each 
pin, and is set by the PRT×SLW registers.

Table 6-7.  USBIO Drive Modes (P15[7] and P15[6])

PRT15.DM1[7,6]
Pull up enable

PRT15.DM0[7,6] 
Drive Mode enable PRT15.DR[7,6] = 1 PRT15.DR[7,6] = 0 Description

0 0 High Z Strong Low Open Drain, Strong Low

0 1 Strong High Strong Low Strong Outputs

1 0 Res High (5k) Strong Low Resistive Pull Up, Strong Low

1 1 Strong High Strong Low Strong Outputs



PSoC® 3: CY8C32 Family Data Sheet

Document Number: 001-56955 Rev. *Y Page 43 of 128

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  I/O 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, one select pin provides direct connection to the high 
current DAC.

6.4.9  CapSense

This section applies only to GPIO pins. All GPIO pins may be 
used to create CapSense buttons and sliders. See the 
“CapSense” section on page 61 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 60 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 
the voltage DAC (VDAC) is used to generate the reference (see 
Figure 6-13). The “DAC” section on page 61 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:

 0.5 VDDIO

 0.4 VDDIO

 0.5 VREF

 VREF

Typically the voltage DAC (VDAC) generates the VREF 
reference. The “DAC” section on page 61 has more details on 
VDAC use and reference routing to the SIO pins.

Figure 6-13. SIO Reference for Input and Output

PIN

Drive
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Driver
Vhigh

Reference 
Generator

SIO_Ref
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Vinref
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Figure 7-17. Connection of Devices to the I2C Bus

For most designs, the default values in Table 7-2 will provide
excellent performance without any calculations. The default
values were chosen to use standard resistor values between the
minimum and maximum limits. The values in Table 7-2 work for
designs with 1.8 V to 5.0V VDD, less than 200-pF bus capaci-
tance (CB), up to 25 µA of total input leakage (IIL), up to 0.4 V
output voltage level (VOL), and a max VIH of 0.7 * VDD. Standard
Mode and Fast Mode can use either GPIO or SIO PSoC pins.
Fast Mode Plus requires use of SIO pins to meet the VOL spec
at 20 mA. Calculation of custom pull-up resistor values is
required; if your design does not meet the default assumptions,
you use series resistors (RS) to limit injected noise, or you need
to maximize the resistor value for low power consumption.

Calculation of the ideal pull-up resistor value involves finding a
value between the limits set by three equations detailed in the
NXP I2C specification. These equations are:

Equation 1:

Equation 2:

Equation 3:

Equation parameters:

VDD = Nominal supply voltage for I2C bus

VOL = Maximum output low voltage of bus devices. 

IOL= Low-level output current from I2C specification

TR = Rise Time of bus from I2C specification

CB = Capacitance of each bus line including pins and PCB traces

VIH = Minimum high-level input voltage of all bus devices

VNH = Minimum high-level input noise margin from I2C specifi-
cation

IIH = Total input leakage current of all devices on the bus

The supply voltage (VDD) limits the minimum pull-up resistor
value due to bus devices maximum low output voltage (VOL)
specifications. Lower pull-up resistance increases current
through the pins and can, therefore, exceed the spec conditions
of VOL. Equation 1 is derived using Ohm's law to determine the
minimum resistance that will still meet the VOL specification at
3 mA for standard and fast modes, and 20 mA for fast mode plus
at the given VDD.

Equation 2 determines the maximum pull-up resistance due to
bus capacitance. Total bus capacitance is comprised of all pin,
wire, and trace capacitance on the bus. The higher the bus
capacitance, the lower the pull-up resistance required to meet
the specified bus speeds rise time due to RC delays. Choosing
a pull-up resistance higher than allowed can result in failing
timing requirements resulting in communication errors. Most
designs with five or less I2C devices and up to 20 centimeters of
bus trace length have less than 100 pF of bus capacitance.

A secondary effect that limits the maximum pull-up resistor value
is total bus leakage calculated in Equation 3. The primary source
of leakage is I/O pins connected to the bus. If leakage is too high,
the pull-ups will have difficulty maintaining an acceptable VIH
level causing communication errors. Most designs with five or
less I2C devices on the bus have less than 10 µA of total leakage
current.

Table 7-2.  Recommended default Pull-up Resistor Values

RP Units

Standard Mode – 100 kbps 4.7 k, 5% Ω

Fast Mode – 400 kbps 1.74 k, 1% Ω

Fast Mode Plus – 1 Mbps 620, 5% Ω

RPMIN VDD max  VOL– max   IOL min  =

RPMAX TR max  0.8473 CB max =

RPMAX VDD min  VIH min – VNH min  IIH max +=
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8.3.2  LUT

The CY8C32 family of devices contains four LUTs. The LUT is a 
two input, one output lookup table that is driven by any one or 
two of the comparators in the chip. The output of any LUT is 
routed to the digital system interface of the UDB array. From the 
digital system interface of the UDB array, these signals can be 
connected to UDBs, DMA controller, I/O, or the interrupt 
controller.

The LUT control word written to a register sets the logic function 
on the output. The available LUT functions and the associated 
control word is shown in Table 8-2.

8.4  LCD Direct Drive

The PSoC Liquid Crystal Display (LCD) driver system is a highly 
configurable peripheral designed to allow PSoC to directly drive 
a broad range of LCD glass. All voltages are generated on chip, 
eliminating the need for external components. With a high 
multiplex ratio of up to 1/16, the CY8C32 family LCD driver 
system can drive a maximum of 736 segments. The PSoC LCD 
driver module was also designed with the conservative power 
budget of portable devices in mind, enabling different LCD drive 
modes and power down modes to conserve power.

PSoC Creator provides an LCD segment drive component. The 
component wizard provides easy and flexible configuration of 
LCD resources. You can specify pins for segments and 
commons along with other options. The software configures the 
device to meet the required specifications. This is possible 
because of the programmability inherent to PSoC devices.

Key features of the PSoC LCD segment system are:

 LCD panel direct driving 

 Type A (standard) and Type B (low-power) waveform support 

Wide operating voltage range support (2 V to 5 V) for LCD 
panels

 Static, 1/2, 1/3, 1/4, 1/5 bias voltage levels 

 Internal bias voltage generation through internal resistor ladder 

 Up to 62 total common and segment outputs

 Up to 1/16 multiplex for a maximum of 16 backplane/common 
outputs 

 Up to 62 front plane/segment outputs for direct drive

 Drives up to 736 total segments (16 backplane × 46 front plane) 

 Up to 64 levels of software controlled contrast 

 Ability to move display data from memory buffer to LCD driver 
through DMA (without CPU intervention) 

 Adjustable LCD refresh rate from 10 Hz to 150 Hz 

 Ability to invert LCD display for negative image 

 Three LCD driver drive modes, allowing power optimization 

Figure 8-6. LCD System

8.4.1  LCD Segment Pin Driver

Each GPIO pin contains an LCD driver circuit. The LCD driver 
buffers the appropriate output of the LCD DAC to directly drive 
the glass of the LCD. A register setting determines whether the 
pin is a common or segment. The pin’s LCD driver then selects 
one of the six bias voltages to drive the I/O pin, as appropriate 
for the display data. 

8.4.2  Display Data Flow

The LCD segment driver system reads display data and 
generates the proper output voltages to the LCD glass to 
produce the desired image. Display data resides in a memory 
buffer in the system SRAM. Each time you need to change the 
common and segment driver voltages, the next set of pixel data 
moves from the memory buffer into the Port Data Registers via 
DMA.

8.4.3  UDB and LCD Segment Control

A UDB is configured to generate the global LCD control signals 
and clocking. This set of signals is routed to each LCD pin driver 
through a set of dedicated LCD global routing channels. In 
addition to generating the global LCD control signals, the UDB 
also produces a DMA request to initiate the transfer of the next 
frame of LCD data. 

Table 8-2.  LUT Function vs. Program Word and Inputs

Control Word Output (A and B are LUT inputs)

0000b FALSE (‘0’)

0001b A AND B

0010b A AND (NOT B)

0011b A

0100b (NOT A) AND B

0101b B

0110b A XOR B

0111b A OR B

1000b A NOR B

1001b A XNOR B

1010b NOT B

1011b A OR (NOT B)

1100b NOT A

1101b (NOT A) OR B

1110b A NAND B

1111b TRUE (‘1’)

LCD Driver 
Block

UDB

DMA
Display 
RAM

LCD 
DAC

PIN

Global 
Clock

PHUB
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Figure 11-11. Efficiency vs VBAT, LBOOST = 4.7 µH [35] Figure 11-12. Efficiency vs VBAT, LBOOST = 10 µH [35] 

Figure 11-13. Efficiency vs VBAT, LBOOST = 22 µH [35] Figure 11-14. VRIPPLE vs VBAT [35] 

Note
35. Typical example. Actual values may vary depending on external component selection, PCB layout, and other design parameters. 
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11.4.2  SIO 

Notes
39. See Figure 6-10 on page 40 and Figure 6-13 on page 43 for more information on SIO reference
40. Based on device characterization (Not production tested).

Table 11-11.  SIO DC Specifications

Parameter Description Conditions Min Typ Max Units

Vinmax Maximum input voltage All allowed values of VDDIO and 
VDDD, see Section 11.1

– – 5.5 V

Vinref Input voltage reference (Differ-
ential input mode)

0.5 – 0.52 VDDIO V

Voutref

Output voltage reference (Regulated output mode)

VDDIO > 3.7 1 – VDDIO – 1 V

VDDIO < 3.7 1 – VDDIO – 0.5 V

VIH

Input voltage high threshold

GPIO mode CMOS input 0.7  VDDIO – – V

Differential input mode[39] Hysteresis disabled SIO_ref + 0.2 – – V

VIL

Input voltage low threshold

GPIO mode CMOS input – – 0.3 VDDIO V

Differential input mode[39] Hysteresis disabled – – SIO_ref – 0.2 V

VOH

Output voltage high

Unregulated mode IOH = 4 mA, VDDIO = 3.3 V VDDIO – 0.4 – – V

Regulated mode[39] IOH = 1 mA SIO_ref – 0.65 – SIO_ref + 0.2 V

Regulated mode[39] IOH = 0.1 mA SIO_ref – 0.3 – SIO_ref + 0.2 V

VOL

Output voltage low VDDIO = 3.30 V, IOL = 25 mA – – 0.8 V

VDDIO = 3.30 V, IOL = 20 mA – – 0.4 V

VDDIO = 1.80 V, IOL = 4 mA – – 0.4 V

Rpullup Pull-up resistor 3.5 5.6 8.5 k

Rpulldown Pull-down resistor 3.5 5.6 8.5 k

IIL Input leakage current (absolute 
value)[40]

VIH < Vddsio 25 °C, Vddsio = 3.0 V, VIH = 3.0 V – – 14 nA

VIH > Vddsio 25 °C, Vddsio = 0 V, VIH = 3.0 V – – 10 µA

CIN Input Capacitance[40] – – 7 pF

VH
Input voltage hysteresis 
(Schmitt-Trigger)[40]

Single ended mode (GPIO mode) – 40 – mV

Differential mode – 35 – mV

Idiode Current through protection diode 
to VSSIO

– – 100 µA
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11.5.5  Current Digital-to-analog Converter (IDAC)

All specifications are based on use of the low-resistance IDAC output pins (see Pin Descriptions on page 12 for details). See the IDAC 
component data sheet in PSoC Creator for full electrical specifications and APIs.

Unless otherwise specified, all charts and graphs show typical values.

Table 11-26.  IDAC DC Specifications

Parameter Description Conditions Min Typ Max Units

Resolution – – 8 bits

IOUT Output current at code = 255 Range = 2.04 mA, code = 255, 
VDDA  2.7 V, Rload = 600 

– 2.04 – mA

Range = 2.04 mA, high speed 
mode, code = 255, VDDA  2.7 V, 
Rload = 300 

– 2.04 – mA

Range = 255 µA, code = 255, Rload 
= 600 

– 255 – µA

Range = 31.875 µA, code = 255, 
Rload = 600 

– 31.875 – µA

Monotonicity – – Yes

Ezs Zero scale error – 0 ±1 LSB

Eg Gain error Range = 2.04 mA, 25 °C – – ±2.5 %

Range = 255 µA, 25 ° C – – ±2.5 %

Range = 31.875 µA, 25 ° C – – ±3.5 %

TC_Eg Temperature coefficient of gain 
error

Range = 2.04 mA – – 0.04 % / °C

Range = 255 µA – – 0.04 % / °C

Range = 31.875 µA – – 0.05 % / °C

INL Integral nonlinearity Sink mode, range = 255 µA, Codes 
8 – 255, Rload = 2.4 k, Cload = 
15 pF

– ±0.9 ±1 LSB

Source mode, range = 255 µA, 
Codes 8 – 255, Rload = 2.4 k, 
Cload = 15 pF

– ±1.2 ±1.6 LSB

DNL Differential nonlinearity Sink mode, range = 255 µA, Rload 
= 2.4 k, Cload = 15 pF

– ±0.3 ±1 LSB

Source mode, range = 255 µA, 
Rload = 2.4 k, Cload = 15 pF

– ±0.3 ±1 LSB

Vcompliance Dropout voltage, source or sink 
mode

Voltage headroom at max current, 
Rload to VDDA or Rload to VSSA, 
VDIFF from VDDA

1 – – V
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Figure 11-56. Synchronous Write Cycle Timing 

Table 11-56.  Synchronous Write Cycle Specifications

Parameter Description Conditions Min Typ Max Units

T EMIF clock Period[63] VDDA 3.3 V 30.3 – – ns

Tcp/2 EM_Clock pulse high T/2 – – ns

Tceld EM_CEn low to EM_Clock high 5 – – ns

Tcehd EM_Clock high to EM_CEn high T/2 – 5 – – ns

Taddrv EM_Addr valid to EM_Clock high 5 – – ns

Taddriv EM_Clock high to EM_Addr invalid T/2 – 5 – – ns

Tweld EM_WEn low to EM_Clock high 5 – – ns

Twehd EM_Clock high to EM_WEn high T/2 – 5 – – ns

Tds Data valid before EM_Clock high 5 – – ns

Tdh Data invalid after EM_Clock high T – – ns

Tadscld EM_ADSCn low to EM_Clock high 5 – – ns

Tadschd EM_Clock high to EM_ADSCn high T/2 – 5 – – ns

EM_Addr

EM_CEn

EM_WEn

EM_Data

EM_ Clock

Address

EM_ ADSCn

Tcp/2

Tceld

Taddrv

Tcehd

Taddriv

Twehd
Tweld

Tds

Data

Tadscld Tadschd

Tdh

Note
63. Limited by GPIO output frequency, see Table 11-10 on page 77.
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12.  Ordering Information

In addition to the features listed in Table 12-1, every CY8C32 device includes: a precision on-chip voltage reference, precision 
oscillators, flash, ECC, DMA, a fixed function I2C, 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 CY8C32 derivatives incorporate device and flash security in user-selectable security levels; see the TRM for details. 

Table 12-1.  CY8C32 Family with Single Cycle 8051

Part Number

MCU Core Analog Digital I/O[76]

Package JTAG ID[77]
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16 KB Flash

CY8C3244AXI-153 50 16 2 0.5 ✔ 12-bit Del-Sig 1 2 0 0 – ✔ 16 4 – – 70 62 8 0 100-pin TQFP 0×1E099069 

CY8C3244LTI-130 50 16 2 0.5 ✔ 12-bit Del-Sig 1 2 0 0 – ✔ 16 4 – – 46 38 8 0 68-pin QFN 0×1E082069 

CY8C3244LTI-123 50 16 2 0.5 ✔ 12-bit Del-Sig 1 2 0 0 – ✔ 16 4 – – 29 25 4 0 48-pin QFN 0×1E07B069 

CY8C3244PVI-133 50 16 2 0.5 ✔ 12-bit Del-Sig 1 2 0 0 – ✔ 16 4 – – 29 25 4 0 48-pin SSOP 0×1E085069 

32 KB Flash

CY8C3245AXI-158 50 32 4 1 ✔ 12-bit Del-Sig 1 2 0 0 – ✔ 20 4 – – 70 62 8 0 100-pin TQFP 0×1E09E069 

CY8C3245LTI-163 50 32 4 1 ✔ 12-bit Del-Sig 1 2 0 0 – ✔ 20 4 – – 46 38 8 0 68-pin QFN 0×1E0A3069 

CY8C3245LTI-139 50 32 4 1 ✔ 12-bit Del-Sig 1 2 0 0 – ✔ 20 4 – – 29 25 4 0 48-pin QFN 0×1E08B069 

CY8C3245PVI-134 50 32 4 1 ✔ 12-bit Del-Sig 1 2 0 0 – ✔ 20 4 – – 29 25 4 0 48-pin SSOP 0×1E086069 

CY8C3245AXI-166 50 32 4 1 ✔ 12-bit Del-Sig 1 2 0 0 – ✔ 20 4 ✔ – 72 62 8 2 100-pin TQFP 0×1E0A6069 

CY8C3245LTI-144 50 32 4 1 ✔ 12-bit Del-Sig 1 2 0 0 – ✔ 20 4 ✔ – 31 25 4 2 48-pin QFN 0×1E090069 

CY8C3245PVI-150 50 32 4 1 ✔ 12-bit Del-Sig 1 2 0 0 – ✔ 20 4 ✔ – 31 25 4 2 48-pin SSOP 0×1E096069 

CY8C3245FNI-212 50 32 4 1 ✔ 12-bit Del-Sig 1 2 0 0 – ✔ 20 4 – – 46 38 8 0 72-pin WLCSP 0x1E0D4069

64 KB Flash

CY8C3246LTI-149 50 64 8 2 ✔ 12-bit Del-Sig 1 2 0 0 – ✔ 24 4 – – 46 38 8 0 68-pin QFN 0×1E095069 

CY8C3246PVI-147 50 64 8 2 ✔ 12-bit Del-Sig 1 2 0 0 – ✔ 24 4 ✔ – 31 25 4 2 48-pin SSOP 0×1E093069 

CY8C3246AXI-131 50 64 8 2 ✔ 12-bit Del-Sig 1 2 0 0 – ✔ 24 4 – – 70 62 8 0 100-pin TQFP 0×1E083069 

CY8C3246LTI-162 50 64 8 2 ✔ 12-bit Del-Sig 1 2 0 0 – ✔ 24 4 – – 29 25 4 0 48-pin QFN 0×1E0A2069 

CY8C3246PVI-122 50 64 8 2 ✔ 12-bit Del-Sig 1 2 0 0 – ✔ 24 4 – – 29 25 4 0 48-pin SSOP 0×1E07A069 

CY8C3246AXI-138 50 64 8 2 ✔ 12-bit Del-Sig 1 2 0 0 – ✔ 24 4 ✔ – 72 62 8 2 100-pin TQFP 0×1E08A069 

CY8C3246LTI-128 50 64 8 2 ✔ 12-bit Del-Sig 1 2 0 0 – ✔ 24 4 ✔ – 48 38 8 2 68-pin QFN 0×1E080069 

CY8C3246LTI-125 50 64 8 2 ✔ 12-bit Del-Sig 1 2 0 0 – ✔ 24 4 ✔ – 31 25 4 2 48-pin QFN 0×1E07D069 

CY8C3246FNI-213 50 64 8 2 ✔ 12-bit Del-Sig 1 2 – – – ✔ 24 4 – – 46 38 8 – 72-pin WLCSP 0x1E0D5069

Notes
75. 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 45 for more information on how UDBs can be used.
76. The I/O Count includes all types of digital I/O: GPIO, SIO, and the two USB I/O. See the I/O System and Routing on page 37 for details on the functionality of each of 

these types of I/O.
77. 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

Figure 13-2. 48-pin QFN Package Outline
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*D 2938381 05/27/10 MKEA Replaced VDDIO with VDDD in USBIO diagram and specification tables, added text 
in USBIO section of Electrical Specifications. 
Added Table 13-2 (Package MSL)
Modified Tstorag condition and changed max spec to 100
Added bullet (Pass) under ALU (section 7.2.2.2)
Added figures for kHzECO and MHzECO in the External Oscillator section
Updated Figure 6-1(Clocking Subsystem diagram)
Removed CPUCLK_DIV in table 5-2, Deleted Clock Divider SFR subsection 
Updated PSoC Creator Framework image
Updated SIO DC Specifications (VIH and VIL parameters)
Updated bullets in Clocking System and Clocking Distribution sections 
Updated Figure 8-2
Updated Table 11-10 
Updated PCB Layout and Schematic, updated as per MTRB review comments
Updated Table 6-3 (power changed to current)
In 32kHZ EC DC Specifications table, changed ICC Max to 0.25
In IMO DC Specifications table, updated Supply Current values
Updated GPIO DC Specs table
Modified to support a maximum 50MHz CPU speed

*E 2958674 06/22/10 SHEA Minor ECN to post datasheet to external website

*F 2989685 08/04/10 MKEA Added USBIO 22 ohm DP and DM resistors to Simplified Block Diagram
Added to Table 6-6 a footnote and references to same.
Added sentences to the resistive pull-up and pull-down description bullets.
Added sentence to Section 6.4.11, Adjustable Output Level.
Updated section 5.5 External Memory Interface 
Updated Table 11-73 JTAG Interface AC Specifications 
Updated Table 11-74 SWD Interface AC Specifications

*G 3078568 11/04/10 MKEA Updated “Current Digital-to-analog Converter (IDAC)” on page 87
Updated “Voltage Digital to Analog Converter (VDAC)” on page 92
Updated Table 11-2, “DC Specifications,” on page 68

*H 3107314 12/10/2010 MKEA Updated delta-sigma tables and graphs.
Updated Flash AC specs
Formatted table 11.2.
Updated interrupt controller table
Updated transimpedance amplifier section
Updated SIO DC specs table
Updated Voltage Monitors DC Specifications table 
Updated LCD Direct Drive DC specs table 
Updated ESDHBM value.
Updated IDAC and VDAC sections
Removed ESO parts from ordering information
Changed USBIO pins from NC to DNU and removed redundant USBIO pin 
description notes
Updated POR with brown out DC and AC specs
Updated 32 kHz External Crystal DC Specifications
Updated XRES IO specs
Updated Inductive boost regulator section
Delta sigma ADC spec updates
Updated comparator section
Removed buzz mode from Power Mode Transition diagram

*I 3179219 02/22/2011 MKEA Updated conditions for flash data retention time.
Updated 100-pin TQFP package spec.
Updated EEPROM AC specifications.
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