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What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.

Applications of "Embedded -
Microcontrollers"

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 2-8. Example PCB Layout for 100-pin TQFP Part for Optimal Analog Performance

3.  Pin Descriptions

IDAC0, IDAC1, IDAC2, IDAC3

Low resistance output pin for high current DACs (IDAC).

Opamp0OUT, Opamp1OUT, Opamp2OUT, Opamp3OUT

High current output of uncommitted opamp[11].

Extref0, Extref1

External reference input to the analog system.

Opamp0–, Opamp1–, Opamp2–, Opamp3–

Inverting input to uncommitted opamp.

Opamp0+, Opamp1+, Opamp2+, Opamp3+

Noninverting input to uncommitted opamp.

GPIO

General purpose I/O pin provides interfaces to the CPU, digital 
peripherals, analog peripherals, interrupts, LCD segment drive, 
and CapSense[11].

I2C0: SCL, I2C1: SCL

I2C SCL line providing wake from sleep on an address match. 
Any I/O pin can be used for I2C SCL if wake from sleep is not 
required.

I2C0: SDA, I2C1: SDA

I2C SDA line providing wake from sleep on an address match. 
Any I/O pin can be used for I2C SDA if wake from sleep is not 
required.

IND

Inductor connection to boost pump.

kHz XTAL: Xo, kHz XTAL: Xi

32.768-kHz crystal oscillator pin.

MHz XTAL: Xo, MHz XTAL: Xi

4- to 25-MHz crystal oscillator pin.

nTRST

Optional JTAG test reset programming and debug port 
connection to reset the JTAG connection.

SIO

Special I/O provides interfaces to the CPU, digital peripherals 
and interrupts with a programmable high threshold voltage, 
analog comparator, high sink current, and high impedance state 
when the device is unpowered.

SWDCK

Serial wire debug clock programming and debug port 
connection.

SWDIO

Serial wire debug input and output programming and debug port 
connection.

SWV

Single wire viewer debug output.

TCK

JTAG test clock programming and debug port connection.

TDI

JTAG test data in programming and debug port connection.

TDO

JTAG test data out programming and debug port connection.

VDDD VSSD VDDA

VSSA

VSSD
Plane

VSSA
Plane

Note
11. GPIOs with opamp outputs are not recommended for use with CapSense.
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6.  System Integration

6.1  Clocking System

The clocking system generates, divides, and distributes clocks 
throughout the PSoC system. For the majority of systems, no 
external crystal is required. The IMO and PLL together can 
generate up to a 66 MHz clock, accurate to ±1 percent over 
voltage and temperature. Additional internal and external clock 
sources allow each design to optimize accuracy, power, and 
cost. Any of the clock sources can be used to generate other 
clock frequencies in the 16-bit clock dividers and UDBs for 
anything the user wants, for example a UART baud rate 
generator. 

Clock generation and distribution is automatically configured 
through the PSoC Creator IDE graphical interface. This is based 
on the complete system’s requirements. It greatly speeds the 
design process. PSoC Creator allows you to build clocking 
systems with minimal input. You can specify desired clock 
frequencies and accuracies, and the software locates or builds a 
clock that meets the required specifications. This is possible 
because of the programmability inherent in PSoC. 

Key features of the clocking system include:

 Seven general purpose clock sources
 3- to 62-MHz IMO, ±1% at 3 MHz
 4- to 25-MHz external crystal oscillator (MHzECO)
 Clock doubler provides a doubled clock frequency output for 

the USB block, see USB Clock Domain on page 30.
 DSI signal from an external I/O pin or other logic
 24- to 67-MHz fractional PLL sourced from IMO, MHzECO, 

or DSI
 1-kHz, 33-kHz, 100-kHz ILO for WDT and sleep timer
 32.768-kHz external crystal oscillator (kHzECO) for RTC

 IMO has a USB mode that auto locks to the USB bus clock 
requiring no external crystal for USB (USB equipped parts only)

 Independently sourced clock in all clock dividers

 Eight 16-bit clock dividers for the digital system

 Four 16-bit clock dividers for the analog system

 Dedicated 16-bit divider for the bus clock

 Dedicated 4-bit divider for the CPU clock

 Automatic clock configuration in PSoC Creator

Figure 6-1. Clocking Subsystem

Table 6-1.  Oscillator Summary

Source Fmin Tolerance at Fmin Fmax Tolerance at Fmax Startup Time

IMO 3 MHz ±1% over voltage and temperature 62 MHz ±7% 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 67 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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Figure 6-8. Resets

The term device reset indicates that the processor as well as 
analog and digital peripherals and registers are reset.

A reset status register shows some of the resets or power voltage 
monitoring interrupts. The program may examine this register to 
detect and report certain exception conditions. This register is 
cleared after a power-on reset. For details see the Technical 
Reference Manual.

6.3.1  Reset Sources

6.3.1.1 Power Voltage Level Monitors

 IPOR – Initial power-on reset

At initial power on, IPOR monitors the power voltages VDDD,
VDDA, VCCD and VCCA. The trip level is not precise. It is set
to approximately 1 volt, which is below the lowest specified
operating voltage but high enough for the internal circuits to be
reset and to hold their reset state. The monitor generates a
reset pulse that is at least 150 ns wide. It may be much wider
if one or more of the voltages ramps up slowly.

After boot, the IPOR circuit is disabled and voltage supervision
is handed off to the precise low-voltage reset (PRES) circuit.

 PRES – Precise low voltage reset

This circuit monitors the outputs of the analog and digital
internal regulators after power up. The regulator outputs are
compared to a precise reference voltage. The response to a
PRES trip is identical to an IPOR reset.

In normal operating mode, the program cannot disable the
digital PRES circuit. The analog regulator can be disabled,
which also disables the analog portion of the PRES. The PRES
circuit is disabled automatically during sleep and hibernate
modes, with one exception: During sleep mode the regulators
are periodically activated (buzzed) to provide supervisory
services and to reduce wakeup time. At these times the PRES
circuit is also buzzed to allow periodic voltage monitoring. 

 ALVI, DLVI, AHVI – Analog/digital low voltage interrupt, analog 
high voltage interrupt 
Interrupt circuits are available to detect when VDDA and
VDDD go outside a voltage range. For AHVI, VDDA is
compared to a fixed trip level. For ALVI and DLVI, VDDA and
VDDD are compared to trip levels that are programmable, as
listed in Table 6-5. ALVI and DLVI can also be configured to
generate a device reset instead of an interrupt.

The monitors are disabled until after IPOR. During sleep mode
these circuits are periodically activated (buzzed). If an interrupt
occurs during buzzing then the system first enters its wakeup
sequence. The interrupt is then recognized and may be
serviced. 

The buzz frequency is adjustable, and should be set to be less
than the minimum time that any voltage is expected to be out
of range. For details on how to adjust the buzz frequency, see
the TRM.

6.3.1.2 Other Reset Sources

 XRES – External reset 

PSoC 3 has either a single GPIO pin that is configured as an
external reset or a dedicated XRES pin. Either the dedicated
XRES pin or the GPIO pin, if configured, holds the part in reset
while held active (low). The response to an XRES is the same
as to an IPOR reset.

After XRES has been deasserted, at least 10 µs must elapse
before it can be reasserted.
The external reset is active low. It includes an internal pull-up
resistor. XRES is active during sleep and hibernate modes. 

 SRES – Software reset 
A reset can be commanded under program control by setting
a bit in the software reset register. This is done either directly
by the program or indirectly by DMA access. The response to
a SRES is the same as after an IPOR reset.
Another register bit exists to disable this function. 

WRES – Watchdog timer reset 
The watchdog reset detects when the software program is no
longer being executed correctly. To indicate to the watchdog
timer that it is running correctly, the program must periodically
reset the timer. If the timer is not reset before a user-specified
amount of time, then a reset is generated. 
Note IPOR disables the watchdog function. The program must
enable the watchdog function at an appropriate point in the
code by setting a register bit. When this bit is set, it cannot be
cleared again except by an IPOR power on reset event.

Reset 
Controller

Watchdog 
Timer

External 
Reset

Power 
Voltage 
Level 

Monitors

Software 
Reset 

Register

VDDD VDDA

Reset 
Pin

System
Reset

Processor
Interrupt

Table 6-5.  Analog/Digital Low Voltage Interrupt, Analog High 
Voltage Interrupt

Interrupt Supply Normal Voltage 
Range Available Trip Settings

DLVI VDDD 1.71 V–5.5 V 1.70 V–5.45 V in 250 mV 
increments

ALVI VDDA 1.71 V–5.5 V 1.70 V–5.45 V in 250 mV 
increments

AHVI VDDA 1.71 V–5.5 V 5.75 V



PSoC® 3: CY8C38 Family Datasheet

Document Number: 001-11729 Rev. AF Page 47 of 140

7.2.2  Datapath Module

The datapath contains an 8-bit single cycle ALU, with associated compare and condition generation logic. This datapath block is 
optimized to implement embedded functions, such as timers, counters, integrators, PWMs, PRS, CRC, shifters and dead band 
generators and many others.

Figure 7-4. Datapath Top Level

7.2.2.1 Working Registers

The datapath contains six primary working registers, which are 
accessed by CPU firmware or DMA during normal operation.

7.2.2.2 Dynamic Configuration RAM

Dynamic configuration is the ability to change the datapath 
function and internal configuration on a cycle-by-cycle basis, 
under sequencer control. This is implemented using the 8-word 
× 16-bit configuration RAM, which stores eight unique 16-bit 
wide configurations. The address input to this RAM controls the 
sequence, and can be routed from any block connected to the 
UDB routing matrix, most typically PLD logic, I/O pins, or from 
the outputs of this or other datapath blocks.

ALU

The ALU performs eight general purpose functions. They are:
 Increment
 Decrement
 Add
 Subtract
 Logical AND
 Logical OR
 Logical XOR
 Pass, used to pass a value through the ALU to the shift register, 

mask, or another UDB register.
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Table 7-1.  Working Datapath Registers

Name Function Description

A0 and A1 Accumulators These are sources and sinks for 
the ALU and also sources for the 
compares.

D0 and D1 Data Registers These are sources for the ALU 
and sources for the compares.

F0 and F1 FIFOs These are the primary interface 
to the system bus. They can be a 
data source for the data registers 
and accumulators or they can 
capture data from the 
accumulators or ALU. Each FIFO 
is four bytes deep.
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Independent of the ALU operation, these functions are available:

 Shift left

 Shift right

 Nibble swap

 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 Built in CRC/PRS

The datapath has built-in support for single cycle CRC 
computation and 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.

Figure 7-5. Example FIFO Configurations

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, I/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

The bits of the control register, which may be written to by the 
system bus, are used to drive into the routing matrix, and thus 
provide firmware with the opportunity to control the state of UDB 
processing. The status register is read-only and it allows internal 
UDB state to be read out onto the system bus directly from 
internal routing. This allows firmware to monitor the state of UDB 
processing. Each bit of these registers has programmable 
connections to the routing matrix and routing connections are 
made depending on the requirements of the application.

7.2.3.1 Usage Examples

As an example of control input, a bit in the control register can 
be allocated as a function enable bit. There are multiple ways to 
enable a function. In one method the control bit output would be 
routed to the clock control block in one or more UDBs and serve 
as a clock enable for the selected UDB blocks. A status example 
is a case where a PLD or datapath block generated a condition, 
such as a “compare true” condition that is captured and latched 
by the status register and then read (and cleared) by CPU 
firmware.
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7.9  Digital Filter Block

Some devices in the CY8C38 family of devices have a dedicated 
HW accelerator block used for digital filtering. The DFB has a 
dedicated multiplier and accumulator that calculates a 24-bit by 
24-bit multiply accumulate in one bus clock cycle. This enables 
the mapping of a direct form FIR filter that approaches a 
computation rate of one FIR tap for each clock cycle. The MCU 
can implement any of the functions performed by this block, but 
at a slower rate that consumes MCU bandwidth.

The heart of the DFB is a datapath (DP), which is the numerical 
calculation unit of the DFB. The DP is a 24-bit fixed-point 
numerical processor containing a 48-bit multiply and accumulate 
function (MAC), a multi-function ALU, sample and coefficient 
data RAMs as well as data routing, shifting, holding and rounding 
functions.

In the MAC, two 24-bit values can be multiplied and the result 
added to the 48-bit accumulator in each bus clock cycle. The 
MAC is the only portion of the DP that is wider than 24 bits. All 
results from the MAC are passed on to the ALU as 24-bit values 
representing the high-order 24 bits in the accumulator shifted by 
one (bits 46:23). The MAC assumes an implied binary point after 
the most significant bit.

The DP also contains an optimized ALU that supports add, 
subtract, comparison, threshold, absolute value, squelch, 
saturation, and other functions. The DP unit is controlled by 
seven control fields totaling 18 bits coming from the DFB 
Controller. For more information see the TRM.

The PSoC Creator interface provides a wizard to implement FIR 
and IIR digital filters with coefficients for LPF, BPF, HPF, Notch 
and arbitrary shape filters. 64 pairs of data and coefficients are 
stored. This enables a 64 tap FIR filter or up to 4 16 tap filters of 
either FIR or IIR formulation.

Figure 7-20. DFB Application Diagram (pwr/gnd not shown)

The typical use model is for data to be supplied to the DFB over 
the system bus from another on-chip system data source such 
as an ADC. The data typically passes through main memory or 
is directly transferred from another chip resource through DMA. 
The DFB processes this data and passes the result to another 
on chip resource such as a DAC or main memory through DMA 
on the system bus.

Data movement in or out of the DFB is typically controlled by the 
system DMA controller but can be moved directly by the MCU.

8.  Analog Subsystem

The analog programmable system creates application specific 
combinations of both standard and advanced analog signal 
processing blocks. These blocks are then interconnected to 
each other and also to any pin on the device, providing a high 
level of design flexibility and IP security. The features of the 
analog subsystem are outlined here to provide an overview of 
capabilities and architecture.

 Flexible, configurable analog routing architecture provided by 
analog globals, analog mux bus, and analog local buses.

 High resolution delta-sigma ADC.

 Up to four 8-bit DACs that provide either voltage or current 
output.

 Four comparators with optional connection to configurable LUT 
outputs.

 Up to four configurable switched capacitor/continuous time 
(SC/CT) blocks for functions that include opamp, unity gain 
buffer, programmable gain amplifier, transimpedance amplifier, 
and mixer.

 Up to four opamps for internal use and connection to GPIO that 
can be used as high current output buffers.

 CapSense subsystem to enable capacitive touch sensing.

 Precision reference for generating an accurate analog voltage 
for internal analog blocks.
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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 8-10. LCD System

8.6.1  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. 

8.6.2  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 
through the DMA.

8.6.3  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. 

8.6.4  LCD DAC

The LCD DAC generates the contrast control and bias voltage 
for the LCD system. The LCD DAC produces up to five LCD drive 
voltages plus ground, based on the selected bias ratio. The bias 
voltages are driven out to GPIO pins on a dedicated LCD bias 
bus, as required. 

8.7  CapSense

The CapSense system provides a versatile and efficient means 
for measuring capacitance in applications such as touch sense 
buttons, sliders, proximity detection, etc. The CapSense system 
uses a configuration of system resources, including a few 
hardware functions primarily targeted for CapSense. Specific 
resource usage is detailed in the CapSense component in PSoC 
Creator.

A capacitive sensing method using a Delta-sigma Modulator 
(CSD) is used. It provides capacitance sensing using a switched 
capacitor technique with a delta-sigma modulator to convert the 
sensing current to a digital code.

8.8  Temp Sensor

Die temperature is used to establish programming parameters 
for writing flash. Die temperature is measured using a dedicated 
sensor based on a forward biased transistor. The temperature 
sensor has its own auxiliary ADC.
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8.9  DAC

The CY8C38 parts contain up to four Digital to Analog 
Convertors (DACs). Each DAC is 8-bit and can be configured for 
either voltage or current output. The DACs support CapSense, 
power supply regulation, and waveform generation. Each DAC 
has the following features:

 Adjustable voltage or current output in 255 steps

 Programmable step size (range selection)

 Eight bits of calibration to correct ± 25 percent of gain error

 Source and sink option for current output 

 High and low speed / power modes

 8 Msps conversion rate for current output

 1 Msps conversion rate for voltage output

Monotonic in nature

 Data and strobe inputs can be provided by the CPU or DMA, 
or routed directly from the DSI

 Dedicated low-resistance output pin for high-current mode

Figure 8-11. DAC Block Diagram

8.9.1  Current DAC

The current DAC (IDAC) can be configured for the ranges 0 to 
31.875 µA, 0 to 255 µA, and 0 to 2.04 mA. The IDAC can be 
configured to source or sink current.

8.9.2  Voltage DAC

For the voltage DAC (VDAC), the current DAC output is routed 
through resistors. The two ranges available for the VDAC are 0 
to 1.02 V and 0 to 4.08 V. In voltage mode any load connected 
to the output of a DAC should be purely capacitive (the output of 
the VDAC is not buffered).

8.10  Up/Down Mixer

In continuous time mode, the SC/CT block components are used 
to build an up or down mixer. Any mixing application contains an 
input signal frequency and a local oscillator frequency. The 
polarity of the clock, Fclk, switches the amplifier between 
inverting or noninverting gain. The output is the product of the 
input and the switching function from the local oscillator, with 
frequency components at the local oscillator plus and minus the 
signal frequency (Fclk + Fin and Fclk – Fin) and reduced-level 
frequency components at odd integer multiples of the local 
oscillator frequency. The local oscillator frequency is provided by 
the selected clock source for the mixer. 

Continuous time up and down mixing works for applications with 
input signals and local oscillator frequencies up to 1 MHz.

Figure 8-12. Mixer Configuration

8.11  Sample and Hold

The main application for a sample and hold, is to hold a value 
stable while an ADC is performing a conversion. Some 
applications require multiple signals to be sampled 
simultaneously, such as for power calculations (V and I).

Reference 

Source

Scaler

I source  Range 

1x , 8x , 64x

I sink  Range    

1x , 8x , 64x

R

3R

Vout
Iout

Vref

Vout
0

1

 

Rmix 0 20 k or 40 k

Rmix 0 20 k or 40 k

sc_clk

sc_clk

Vin

C2 = 1.7 pF

C1 = 850 fF
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10.  Development Support

The CY8C38 family has a rich set of documentation, 
development tools, and online resources to assist you during 
your development process. Visit 
psoc.cypress.com/getting-started to find out more.

10.1  Documentation

A suite of documentation, supports the CY8C38 family to ensure 
that you can find answers to your questions quickly. This section 
contains a list of some of the key documents.

Software User Guide: A step-by-step guide for using PSoC 
Creator. The software user guide shows you how the PSoC 
Creator build process works in detail, how to use source control 
with PSoC Creator, and much more.

Component data sheets: The flexibility of PSoC allows the 
creation of new peripherals (components) long after the device 
has gone into production. Component data sheets provide all of 
the information needed to select and use a particular component, 
including a functional description, API documentation, example 
code, and AC/DC specifications. 

Application Notes: PSoC application notes discuss a particular 
application of PSoC in depth; examples include brushless DC 
motor control and on-chip filtering. Application notes often 
include example projects in addition to the application note 
document.

Technical Reference Manual: The Technical Reference Manual 
(TRM) contains all the technical detail you need to use a PSoC 
device, including a complete description of all PSoC registers.

10.2  Online

In addition to print documentation, the Cypress PSoC forums 
connect you with fellow PSoC users and experts in PSoC from 
around the world, 24 hours a day, 7 days a week.

10.3  Tools

With industry standard cores, programming, and debugging 
interfaces, the CY8C38 family is part of a development tool 
ecosystem. Visit us at www.cypress.com/go/psoccreator for the 
latest information on the revolutionary, easy to use PSoC Creator 
IDE, supported third party compilers, programmers, debuggers, 
and development kits.

http://psoc.cypress.com/getting-started
http://psoc.cypress.com/getting-started
www.cypress.com/go/psoccreator
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Figure 11-8. TA range over VBAT and VOUT Figure 11-9. IOUT range over VBAT and VOUT

Figure 11-10. LBOOST values over VBAT and VOUT

Table 11-7.  Recommended External Components for Boost Circuit

Parameter Description Conditions Min Typ Max Units

LBOOST Boost inductor 4.7 µH nominal 3.7 4.7 5.7 µH

10 µH nominal 8.0 10.0 12.0 µH

22 µH nominal 17.0 22.0 27.0 µH

CBOOST Total capacitance sum of 
VDDD, VDDA, VDDIO

[37]
17.0 26.0 31.0 µF

CBAT Battery filter capacitor 17.0 22.0 27.0 µF

IF Schottky diode average 
forward current

1.0 – – A

VR Schottky reverse voltage 20.0 – – V

Note
37. Based on device characterization (Not production tested).
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Figure 11-15. GPIO Output High Voltage and Current Figure 11-16. GPIO Output Low Voltage and Current

Table 11-10.  GPIO AC Specifications

Parameter Description Conditions Min Typ Max Units

TriseF Rise time in Fast Strong Mode[41] 3.3 V VDDIO Cload = 25 pF – – 6 ns

TfallF Fall time in Fast Strong Mode[41] 3.3 V VDDIO Cload = 25 pF – – 6 ns

TriseS Rise time in Slow Strong Mode[41] 3.3 V VDDIO Cload = 25 pF – – 60 ns

TfallS Fall time in Slow Strong Mode[41] 3.3 V VDDIO Cload = 25 pF – – 60 ns

Fgpioout

GPIO output operating frequency

2.7 V < VDDIO < 5.5 V, fast strong drive mode 90/10% VDDIO into 25 pF – – 33 MHz

1.71 V < VDDIO < 2.7 V, fast strong drive mode 90/10% VDDIO into 25 pF – – 20 MHz

3.3 V < VDDIO < 5.5 V, slow strong drive mode 90/10% VDDIO into 25 pF – – 7 MHz

1.71 V < VDDIO < 3.3 V, slow strong drive mode 90/10% VDDIO into 25 pF – – 3.5 MHz

Fgpioin
GPIO input operating frequency

1.71 V < VDDIO < 5.5 V 90/10% VDDIO – – 33 MHz

Note
41. Based on device characterization (Not production tested).
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11.4.4  XRES 

11.5  Analog Peripherals

Specifications are valid for –40 °C  TA  85 °C and TJ  100 °C, except where noted. Specifications are valid for 1.71 V to 5.5 V, 
except where noted.

11.5.1  Opamp 

Note
46. Based on device characterization (Not production tested).

Table 11-17.  XRES DC Specifications

Parameter Description Conditions Min Typ Max Units

VIH Input voltage high threshold 0.7  VDDIO – – V

VIL Input voltage low threshold – – 0.3 VDDIO V

Rpullup Pull-up resistor 3.5 5.6 8.5 k 

CIN Input capacitance[46] – 3 – pF

VH Input voltage hysteresis 
(Schmitt-Trigger)[46]

– 100 – mV

Idiode Current through protection diode to VDDIO 
and VSSIO

– – 100 µA

Table 11-18.  XRES AC Specifications

Parameter Description Conditions Min Typ Max Units

TRESET Reset pulse width 1 – – µs

Table 11-19.  Opamp DC Specifications

Parameter Description Conditions Min Typ Max Units

VI Input voltage range VSSA – VDDA V

VOS Input offset voltage – – 2.5 mV

Operating temperature –40 °C 
to 70 °C

– – 2 mV

TCVOS Input offset voltage drift with 
temperature

Power mode = high – – ±30 µV/ °C

Ge1 Gain error, unity gain buffer 
mode

Rload = 1 k – – ±0.1 %

CIN Input capacitance Routing from pin – – 18 pF

VO Output voltage range 1 mA, source or sink, power 
mode = high

VSSA + 0.05 – VDDA – 0.05 V

IOUT Output current capability, 
source or sink

VSSA + 500 mV Vout  VDDA 
–500 mV, VDDA > 2.7 V

25 – – mA

VSSA + 500 mV  Vout  VDDA 
–500 mV, 1.7 V = VDDA  2.7 V

16 – – mA

IDD Quiescent current Power mode = min – 250 400 uA

Power mode = low – 250 400 uA

Power mode = med – 330 950 uA

Power mode = high – 1000 2500 uA

CMRR Common mode rejection ratio 80 – – dB

PSRR Power supply rejection ratio VDDA  2.7 V 85 – – dB

VDDA < 2.7 V 70 – – dB

IIB Input bias current[46] 25 °C – 10 – pA
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Table 11-24.  Delta-sigma ADC RMS Noise in Counts vs. Input Range and Sample Rate, 16-bit, Internal Reference, Single Ended

Sample rate, Input Voltage Range

sps 0 to VREF 0 to VREF x 2 VSSA to VDDA 0 to VREF x 6

2000 1.21 1.02 1.14 0.99

3000 1.28 1.15 1.25 1.22

6000 1.36 1.22 1.38 1.22

12000 1.44 1.33 1.43 1.40

24000 1.67 1.50 1.43 1.53

48000 1.91 1.60 1.85 1.67

Table 11-25.  Delta-sigma ADC RMS Noise in Counts vs. Input Range and Sample Rate, 16-bit, Internal Reference, Differential

Sample rate, Input Voltage Range

 sps ±VREF ±VREF/2 ±VREF/4 ±VREF/8 ±VREF / 16

2000 0.56 0.65 0.74 1.02 1.77

4000 0.58 0.72 0.81 1.10 1.98

8000 0.53 0.72 0.82 1.12 2.18

15625 0.58 0.72 0.85 1.13 2.20

32000 0.60 0.76 INVALID OPERATING REGION

43750 0.58 0.75

48000 0.59

Table 11-26.  Delta-sigma ADC RMS Noise in Counts vs. Input Range and Sample Rate, 20-bit, External Reference, Single Ended

Sample rate, Input Voltage Range

sps 0 to VREF 0 to VREF x 2 VSSA to VDDA 0 to VREF x 6

8 1.28 1.24 6.02 0.97

23 1.33 1.28 6.09 0.98

45 1.77 1.26 6.28 0.96

90 1.65 0.91 6.84 0.95

187 1.87 1.06 7.97 1.01

Table 11-27.  Delta-sigma ADC RMS Noise in Counts vs. Input Range and Sample Rate, 20-bit, External Reference, Differential

Sample rate, sps Input Voltage Range

±VREF ±VREF/2 ±VREF/4 ±VREF/8 ±VREF/16

8 0.70 0.84 1.02 1.40 2.65

11.3 0.69 0.86 0.96 1.40 2.69

22.5 0.73 0.82 1.25 1.77 2.67

45 0.76 0.94 1.02 1.76 2.75

61 0.75 1.01 1.13 1.65 2.98

170 0.75 0.98 INVALID OPERATING REGION

187 0.73
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Figure 11-41. IDAC INL vs Input Code, Range = 255 µA, 
Source Mode

Figure 11-42. IDAC INL vs Input Code, Range = 255 µA, Sink 
Mode

IDD Operating current, code = 0 Low speed mode, source mode, 
range = 31.875 µA

– 44 100 µA

Low speed mode, source mode, 
range = 255 µA,

– 33 100 µA

Low speed mode, source mode, 
range = 2.04 mA

– 33 100 µA

Low speed mode, sink mode, 
range = 31.875 µA

– 36 100 µA

Low speed mode, sink mode, 
range = 255 µA

– 33 100 µA

Low speed mode, sink mode, 
range = 2.04 mA

– 33 100 µA

High speed mode, source mode, 
range = 31.875 µA

– 310 500 µA

High speed mode, source mode, 
range = 255 µA

– 305 500 µA

High speed mode, source mode, 
range = 2.04 mA

– 305 500 µA

High speed mode, sink mode, 
range = 31.875 µA

– 310 500 µA

High speed mode, sink mode, 
range = 255 µA

– 300 500 µA

High speed mode, sink mode, 
range = 2.04 mA

– 300 500 µA

Table 11-32.  IDAC DC Specifications (continued) 

Parameter Description Conditions Min Typ Max Units
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Figure 11-68. Bandwidth vs. Temperature, at Different Gain 
Settings, Power Mode = High

Figure 11-69. Noise vs. Frequency, VDDA = 5 V, 
Power Mode = High

11.5.11  Temperature Sensor

11.5.12  LCD Direct Drive 

Table 11-41.  PGA AC Specifications

Parameter Description Conditions Min Typ Max Units

BW1 –3 dB bandwidth Power mode = high, 
gain = 1, input = 100 mV 
peak-to-peak

6.7 8 –  MHz

SR1 Slew rate Power mode = high, 
gain = 1, 20% to 80%

3 – – V/µs

en Input noise density Power mode = high, 
VDDA = 5 V, at 100 kHz

– 43 – nV/sqrtHz

1

10

, M
H

z

0.1

-40 -20 0 20 40 60 80

B
W

Temperature, °C

Gain = 1 Gain = 24 Gain = 48

Table 11-42.  Temperature Sensor Specifications

Parameter Description Conditions Min Typ Max Units

Temp sensor accuracy Range: –40 °C to +85 °C – ±5 – °C

Table 11-43.  LCD Direct Drive DC Specifications

Parameter Description Conditions Min Typ Max Units

ICC LCD system operating current Device sleep mode with wakeup at 
400-Hz rate to refresh LCDs, bus 
clock = 3 MHz, VDDIO = VDDA = 3 V,
4 commons, 16 segments, 1/4 duty 
cycle, 50 Hz frame rate, no glass 
connected

– 38 – A

ICC_SEG Current per segment driver Strong drive mode – 260 – µA

VBIAS LCD bias range (VBIAS refers to the 
main output voltage(V0) of LCD DAC)

VDDA  3 V and VDDA  VBIAS 2 – 5 V

LCD bias step size VDDA  3 V and VDDA  VBIAS – 9.1 × VDDA – mV

LCD capacitance per 
segment/common driver 

Drivers may be combined – 500 5000 pF

Long term segment offset – – 20 mV

IOUT Output drive current per segment 
driver)

VDDIO = 5.5V, strong drive mode 355 – 710 µA
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Figure 11-70. Clock to Output Performance

11.7  Memory

Specifications are valid for –40 °C  TA  85 °C and TJ  100 °C, except where noted. Specifications are valid for 1.71 V to 5.5 V, 
except where noted.

11.7.1  Flash

 

Note
61. See PSoC® 3 Device Programming Specifications for a description of a low-overhead method of programming PSoC 3 flash.

Table 11-59.  Flash DC Specifications

Parameter Description Conditions Min Typ Max Units

Erase and program voltage VDDD pin 1.71 – 5.5 V

Table 11-60.  Flash AC Specifications

Parameter Description Conditions Min Typ Max Units

TWRITE Row write time (erase + program) – 15 20 ms

TERASE Row erase time – 10 13 ms

Row program time – 5 7 ms

TBULK Bulk erase time (16 KB to 64 KB) – – 35 ms

Sector erase time (8 KB to 16 KB) – – 15 ms

TPROG Total device programming time No overhead[61] – 1.5 2 seconds

Flash data retention time, retention 
period measured from last erase 
cycle

Average ambient temp. 
TA  55 °C, 100 K erase/program 
cycles

20 – – years

Average ambient temp. 
TA  85 °C, 10 K erase/program 
cycles

10 – –

http://www.cypress.com/?rID=44327
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11.7.2  EEPROM 

11.7.3  Nonvolatile Latches (NVL))

11.7.4  SRAM  

Table 11-61.   EEPROM DC Specifications

Parameter Description Conditions Min Typ Max Units

Erase and program voltage 1.71 – 5.5 V

Table 11-62.   EEPROM AC Specifications

Parameter Description Conditions Min Typ Max Units

TWRITE Single row erase/write cycle time – 10 20 ms

EEPROM data retention time, 
retention period measured from last 
erase cycle 

Average ambient temp, TA  25 °C, 
1M erase/program cycles

20 – – years

Average ambient temp, TA  55 °C, 
100 K erase/program cycles

20 – –

Average ambient temp. TA 85 °C, 
10 K erase/program cycles

10 – –

Table 11-63.  NVL DC Specifications

Parameter Description Conditions Min Typ Max Units

Erase and program voltage VDDD pin 1.71 – 5.5 V

Table 11-64.  NVL AC Specifications

Parameter Description Conditions Min Typ Max Units

NVL endurance Programmed at 25 °C 1K – – program/erase cycles

Programmed at 0 °C to 70 °C 100 – – program/erase cycles

NVL data retention time Average ambient temp. TA ≤ 55 °C 20 – – years

Average ambient temp. TA ≤ 85 °C 10 – – years

Table 11-65.   SRAM DC Specifications

Parameter Description Conditions Min Typ Max Units

VSRAM SRAM retention voltage 1.2 – – V

Table 11-66.   SRAM AC Specifications

Parameter Description Conditions Min Typ Max Units

FSRAM SRAM operating frequency DC – 67.01 MHz
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11.9  Clocking

Specifications are valid for –40 °C  TA  85 °C and TJ  100 °C, except where noted. Specifications are valid for 1.71 V to 5.5 V, 
except where noted. Unless otherwise specified, all charts and graphs show typical values.

11.9.1  Internal Main Oscillator

Figure 11-75. IMO Current vs. Frequency 

Note
73. Based on device characterization (Not production tested).

Table 11-77.  IMO DC Specifications[73]

Parameter Description Conditions Min Typ Max Units

Supply current

62.6 MHz – – 600 µA

48 MHz – – 500 µA

24 MHz – USB mode With oscillator locking to USB bus – – 500 µA

24 MHz – non USB mode – – 300 µA

12 MHz – – 200 µA

6 MHz – – 180 µA

3 MHz – – 150 µA
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12.1  Part Numbering Conventions

PSoC 3 devices follow the part numbering convention described here. All fields are single character alphanumeric (0, 1, 2, …, 9, A, 
B, …, Z) unless stated otherwise.

CY8Cabcdefg-xxx

 a: Architecture
 3: PSoC 3
 5: PSoC 5

 b: Family group within architecture
 4: CY8C34 family
 6: CY8C36 family
 8: CY8C38 family

 c: Speed grade
 4: 48 MHz
 6: 67 MHz

 d: Flash capacity
 4: 16 KB
 5: 32 KB
 6: 64 KB

 ef: Package code
 Two character alphanumeric
 AX: TQFP
 LT: QFN
 PV: SSOP
 FN: CSP

 g: Temperature range
 C: commercial
 I: industrial
 A: automotive

 xxx: Peripheral set
 Three character numeric
 No meaning is associated with these three characters. 

Tape and reel versions of these devices are available and are marked with a "T" at the end of the part number.

All devices in the PSoC 3 CY8C38 family comply to RoHS-6 specifications, demonstrating the commitment by Cypress to lead-free 
products. Lead (Pb) is an alloying element in solders that has resulted in environmental concerns due to potential toxicity. Cypress 
uses nickel-palladium-gold (NiPdAu) technology for the majority of leadframe-based packages.

A high-level review of the Cypress Pb-free position is available on our website. Specific package information is also available. Package 
Material Declaration data sheets (PMDDs) identify all substances contained within Cypress packages. PMDDs also confirm the 
absence of many banned substances. The information in the PMDDs will help Cypress customers plan for recycling or other “end of 
life” requirements.

Architecture

Cypress Prefix

Family Group within Architecture

Speed Grade

Flash Capacity

Package Code

Temperature Range

Peripheral Set

3: PSoC 3

6: 67 MHz

6: 64 KB

PV: SSOP

I: Industrial

Examples CY8C 3 8 VP66 I xx- x

8: CY8C38 Family



PSoC® 3: CY8C38 Family Datasheet

Document Number: 001-11729 Rev. AF Page 138 of 140

*W 3732521 09/03/2012 MKEA Replaced IDDDR and IDDAR specs in Table 11-2, “DC Specifications,” on 
page 72 that were dropped out in *U revision.
Updated VOS Max value from 10 to 15 in Table 11-36, “Mixer DC Specifications,” 
on page 104.
Updated Table 11-21, “20-bit Delta-sigma ADC DC Specifications,” on page 91,
IDD_20 Max value from 1.25 to 1.5 mA
IDD_16 Max value from 1.2 to 1.5 mA
IDD_12 Max value from 1.4 to 1.95 mA
Replaced PSoC® 3 Programming AN62391 with TRM in footnote #61 and 
“Programming, Debug Interfaces, Resources” section on page 65.
Removed Figure 11-8 (Efficiency vs Vout)
Updated Table 11-19, “Opamp DC Specifications,” on page 88, IDD Quiescent 
current row values from 200 and 270 to 250 and 400 respectively.
Updated conditions for Storage Temperature in Table 11-1, “Absolute Maximum 
Ratings DC Specifications[18],” on page 71
Updated conditions and min values for NVL data retention time in Table 11-64, 
“NVL AC Specifications,” on page 113
Updated Table 11-79, “ILO DC Specifications,” on page 121.
Removed the following pruned parts from the “Ordering Information” section on 
page 123.
CY8C3865PVI-060
CY8C3865LTI-062
CY8C3865PVI-063
CY8C3866AXI-035
Updated PSoC 3 boost circuit value throughout the document.
Removed 100 kHz sub row in Table 11-55, “DFB DC Specifications,” on 
page 110.
Updated package diagram 51-85061 to *F revision. 

*X 3922905 03/25/2013 MKEA Updated IDD_XX parameters under Table 11-21, “20-bit Delta-sigma ADC DC 
Specifications,” on page 91.
Updated Temperature Drift spec in Voltage Reference Specifications.
Added CY8C3865AXI-204, CY8C3865LTI-205, CY8C3866AXI-206, 
CY8C3866LTI-207, CY8C3866AXI-208, and CY8C3866LTI-209 part numbers 
in Ordering Information.
Updated I2C section and GPIO and SIO DC specification tables.
Corrected Hibernate max limit.
Changed INL max value from ±1.5 to ±1.6 in IDAC DC Specifications.
Updated ECCEN default setting in Fields and Factory Default Settings.

*Y 4064707 07/18/2013 MKEA Added USB test ID in Features.
Updated schematic in Section 2..
Added paragraph for device reset warning in Section 5.4.
Added NVL bit for DEBUG_EN in Section 5.5.
Updated UDB PLD array diagram in Section 7.2.1.
Changed Tstartup specs in Section 11.2.1.
Changed GPIO rise and fall time specs in Section 11.4.
Added Opamp IIB spec in Section 11.5.1.
Changed Del-sig Vos spec in Section 11.5.2.
Added VREF spec condition: pre-assembly and added "box method" to VREF 
temperature drift spec conditions in Section 11.5.3.
Added IMO spec condition: pre-assembly in Section 11.9.1.
Added Appendix for CSP package (preliminary).

*Z 4118845 09/10/2013 MKEA Removed TSTG spec. and added note clarifying the maximum storage temper-
ature range in Table 11-1.
Updated Vos spec conditions and TCVos in Table 11-21.
Updated FIMO spec (3 MHz).
Updated 100-TQFP package diagram.
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