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4.3.1  Instruction Set Summary

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

4.3.1.2 Logical Instructions
The logical instructions perform Boolean operations such as AND, OR, XOR on bytes, rotate of accumulator contents, and swap of 
nibbles in an accumulator. The Boolean operations on the bytes are performed on the bit-by-bit basis. Table 4-2 shows the list of 
logical instructions and their description.

Table 4-1.  Arithmetic Instructions 

Mnemonic Description Bytes Cycles
ADD A,Rn Add register to accumulator 1 1

ADD A,Direct Add direct byte to accumulator 2 2

ADD A,@Ri Add indirect RAM to accumulator 1 2

ADD A,#data Add immediate data to accumulator 2 2

ADDC A,Rn Add register to accumulator with carry 1 1

ADDC A,Direct Add direct byte to accumulator with carry 2 2

ADDC A,@Ri Add indirect RAM to accumulator with carry 1 2

ADDC A,#data Add immediate data to accumulator with carry 2 2

SUBB A,Rn Subtract register from accumulator with borrow 1 1

SUBB A,Direct Subtract direct byte from accumulator with borrow 2 2

SUBB A,@Ri Subtract indirect RAM from accumulator with borrow 1 2

SUBB A,#data Subtract immediate data from accumulator with borrow 2 2

INC A Increment accumulator 1 1

INC Rn Increment register 1 2

INC Direct Increment direct byte 2 3

INC @Ri Increment indirect RAM 1 3

DEC A Decrement accumulator 1 1

DEC Rn Decrement register 1 2

DEC Direct Decrement direct byte 2 3

DEC @Ri Decrement indirect RAM 1 3

INC DPTR Increment data pointer 1 1

MUL Multiply accumulator and B 1 2

DIV Divide accumulator by B 1 6

DAA Decimal adjust accumulator 1 3

Table 4-2.  Logical Instructions 

Mnemonic Description Bytes Cycles
ANL A,Rn AND register to accumulator 1 1

ANL A,Direct AND direct byte to accumulator 2 2

ANL A,@Ri AND indirect RAM to accumulator 1 2

ANL A,#data AND immediate data to accumulator 2 2

ANL Direct, A AND accumulator to direct byte 2 3
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Figure 6-9. SIO Input/Output Block Diagram

Figure 6-10. USBIO Block Diagram 
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6.4.1  Drive Modes
Each GPIO and SIO pin is individually configurable into one of the eight drive modes listed in Table 6-6. Three configuration bits are 
used for each pin (DM[2:0]) and set in the PRTxDM[2:0] registers. Figure 6-11 depicts a simplified pin view based on each of the eight 
drive modes. Table 6-6 shows the I/O pin’s drive state based on the port data register value or digital array signal if bypass mode is 
selected. Note that the actual I/O pin voltage is determined by a combination of the selected drive mode and the load at the pin. For 
example, if a GPIO pin is configured for resistive pull-up mode and driven high while the pin is floating, the voltage measured at the 
pin is a high logic state. If the same GPIO pin is externally tied to ground then the voltage unmeasured at the pin is a low logic state.

Figure 6-11. Drive Mode

Table 6-6.  Drive Modes

Diagram Drive Mode PRTxDM2 PRTxDM1 PRTxDM0 PRTxDR = 1 PRTxDR = 0
0 High impedence analog 0 0 0 High Z High Z
1 High Impedance digital 0 0 1 High Z High Z
2 Resistive pull-up[15] 0 1 0 Res High (5K) Strong Low
3 Resistive pull-down[15] 0 1 1 Strong High Res Low (5K)
4 Open drain, drives low 1 0 0 High Z Strong Low
5 Open drain, drive high 1 0 1 Strong High High Z
6 Strong drive 1 1 0 Strong High Strong Low
7 Resistive pull-up and pull-down[15] 1 1 1 Res High (5K) Res Low (5K)
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Note
15. Resistive pull-up and pull-down are not available with SIO in regulated output mode.
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7.1  Example Peripherals
The flexibility of the CY8C38 family’s UDBs and analog blocks 
allow the user to create a wide range of components 
(peripherals). The most common peripherals were built and 
characterized by Cypress and are shown in the PSoC Creator 
component catalog, however, users may also create their own 
custom components using PSoC Creator. Using PSoC Creator, 
users may also create their own components for reuse within 
their organization, for example sensor interfaces, proprietary 
algorithms, and display interfaces.
The number of components available through PSoC Creator is 
too numerous to list in the datasheet, and the list is always 
growing. An example of a component available for use in 
CY8C38 family, but, not explicitly called out in this datasheet is 
the UART component.

7.1.1  Example Digital Components
The following is a sample of the digital components available in 
PSoC Creator for the CY8C38 family. The exact amount of 
hardware resources (UDBs, routing, RAM, flash) used by a 
component varies with the features selected in PSoC Creator for 
the component. 

Communications
I2C
UART 
SPI

Functions
EMIF
PWMs
Timers
Counters

Logic
NOT
OR
XOR
AND

7.1.2  Example Analog Components
The following is a sample of the analog components available in 
PSoC Creator for the CY8C38 family. The exact amount of 
hardware resources (SC/CT blocks, routing, RAM, flash) used 
by a component varies with the features selected in PSoC 
Creator for the component. 

Amplifiers
TIA
PGA
opamp

ADC
Delta-sigma

DACs
Current

Voltage
PWM

Comparators

Mixers

7.1.3  Example System Function Components
The following is a sample of the system function components 
available in PSoC Creator for the CY8C38 family. The exact 
amount of hardware resources (UDBs, DFB taps, SC/CT blocks, 
routing, RAM, flash) used by a component varies with the 
features selected in PSoC Creator for the component. 

CapSense

LCD drive

LCD control

Filters

7.1.4  Designing with PSoC Creator

7.1.4.1 More Than a Typical IDE
A successful design tool allows for the rapid development and 
deployment of both simple and complex designs. It reduces or 
eliminates any learning curve. It makes the integration of a new 
design into the production stream straightforward. 
PSoC Creator is that design tool. 
PSoC Creator is a full featured Integrated Development 
Environment (IDE) for hardware and software design. It is 
optimized specifically for PSoC devices and combines a modern, 
powerful software development platform with a sophisticated 
graphical design tool. This unique combination of tools makes 
PSoC Creator the most flexible embedded design platform 
available.
Graphical design entry simplifies the task of configuring a 
particular part. You can select the required functionality from an 
extensive catalog of components and place it in your design. All 
components are parameterized and have an editor dialog that 
allows you to tailor functionality to your needs.
PSoC Creator automatically configures clocks and routes the I/O 
to the selected pins and then generates APIs to give the 
application complete control over the hardware. Changing the 
PSoC device configuration is as simple as adding a new 
component, setting its parameters, and rebuilding the project.
At any stage of development you are free to change the 
hardware configuration and even the target processor. To 
retarget your application (hardware and software) to new 
devices, even from 8- to 32-bit families, just select the new 
device and rebuild.
You also have the ability to change the C compiler and evaluate 
an alternative. Components are designed for portability and are 
validated against all devices, from all families, and against all 
supported tool chains. Switching compilers is as easy as editing 
the from the project options and rebuilding the application with 
no errors from the generated APIs or boot code. 
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7.1.4.4 Software Development

Figure 7-4. Code Editor

Anchoring the tool is a modern, highly customizable user 
interface. It includes project management and integrated editors 
for C and assembler source code, as well the design entry tools.
Project build control leverages compiler technology from top 
commercial vendors such as ARM® Limited, Keil™, and  
CodeSourcery (GNU). Free versions of Keil C51 and GNU C 
Compiler (GCC) for ARM, with no restrictions on code size or end 
product distribution, are included with the tool distribution. 
Upgrading to more optimizing compilers is a snap with support 
for the professional Keil C51 product and ARM RealView™ 
compiler.

7.1.4.5 Nonintrusive Debugging

Figure 7-5. PSoC Creator Debugger

With JTAG (4-wire) and SWD (2-wire) debug connectivity 
available on all devices, the PSoC Creator debugger offers full 
control over the target device with minimum intrusion. 
Breakpoints and code execution commands are all readily 
available from toolbar buttons and an impressive lineup of 
windows—register, locals, watch, call stack, memory and 
peripherals—make for an unparalleled level of visibility into the 
system.
PSoC Creator contains all the tools necessary to complete a 
design, and then to maintain and extend that design for years to 
come. All steps of the design flow are carefully integrated and 
optimized for ease-of-use and to maximize productivity.

7.2  Universal Digital Block
The UDB represents an evolutionary step to the next generation 
of PSoC embedded digital peripheral functionality. The 
architecture in first generation PSoC digital blocks provides 
coarse programmability in which a few fixed functions with a 
small number of options are available. The new UDB 
architecture is the optimal balance between configuration 
granularity and efficient implementation. A cornerstone of this 
approach is to provide the ability to customize the devices digital 
operation to match application requirements.
To achieve this, UDBs consist of a combination of uncommitted 
logic (PLD), structured logic (Datapath), and a flexible routing 
scheme to provide interconnect between these elements, I/O 
connections, and other peripherals. UDB functionality ranges 
from simple self contained functions that are implemented in one 
UDB, or even a portion of a UDB (unused resources are 
available for other functions), to more complex functions that 
require multiple UDBs. Examples of basic functions are timers, 
counters, CRC generators, PWMs, dead band generators, and 
communications functions, such as UARTs, SPI, and I2C. Also, 
the PLD blocks and connectivity provide full featured general 
purpose programmable logic within the limits of the available 
resources. 

Figure 7-6. UDB Block Diagram
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Figure 7-19. CAN Controller Block Diagram

7.6  USB
PSoC includes a dedicated Full-Speed (12 Mbps) USB 2.0 
transceiver supporting all four USB transfer types: control, 
interrupt, bulk, and isochronous. PSoC Creator provides full 
configuration support. USB interfaces to hosts through two 
dedicated USBIO pins, which are detailed in the “I/O System and 
Routing” section on page 28.
USB includes the following features:

Eight unidirectional data endpoints

One bidirectional control endpoint 0 (EP0)

Shared 512-byte buffer for the eight data endpoints

Dedicated 8-byte buffer for EP0

Three memory modes
Manual memory management with no DMA access
Manual memory management with manual DMA access
Automatic memory management with automatic DMA 
access

Internal 3.3-V regulator for transceiver

Internal 48-MHz main oscillator mode that auto locks to USB 
bus clock, requiring no external crystal for USB (USB equipped 
parts only)

Interrupts on bus and each endpoint event, with device wakeup

USB reset, suspend, and resume operations

Bus-powered and self-powered modes

Figure 7-20. USB

TxMessage0
TxReq
TxAbort

TxMessage7
TxReq
TxAbort

TxMessage1
TxReq
TxAbort

TxMessage6
TxReq
TxAbort

Priority 
Arbiter

RxMessage0

RxMessage15

RxMessage1

RxMessage14

RxMessage 
Handler

Acceptance Code 0 Acceptance Mask 0

Acceptance Code 1 Acceptance Mask 1

Acceptance Code 14 Acceptance Mask 14

Acceptance Code 15 Acceptance Mask 15

RTR RxMessages 
0-15

Tx
CAN 

Framer

CRC 
Generator

Rx
CAN 

Framer
CRC Check

Bit Timing

Error Detection
CRC
Form
ACK
Bit Stuffing
Bit Error
Overload
Arbitration

TxInterrupt 
Request 

(if enabled)

RxInterrupt 
Request 

(if enabled)

Error Status
� Error Active
� Error Passive
� Bus Off
Tx Error Counter
Rx Error Counter

ErrInterrupt 
Request 

(if enabled)

WakeUp 
Request

Rx Buffer 
Status

RxMessage 
Available

Tx Buffer 
Status
TxReq 

Pending

Rx

Tx

S I E 
(Serial Interface 

Engine)

48 MHz 
IMO

Arbiter 512 X 8 
SRAM

USB 
I/O

D+

D–Interrupts

S
ys

te
m

 B
us

External 22 Ω
 Resistors

[+] Feedback [+] Feedback 

http://ccc01.opinionlab.com/o.asp?id=wRiLHxlo&prev=docurate_001-11729_pdf_p_44
http://ccc01.opinionlab.com/o.asp?id=wRiLHxlo&prev=docurate_001-11729_pdf_p_44


PRELIMINARY
PSoC® 3: CY8C38 Family Datasheet

Document Number: 001-11729 Rev. *Q Page 47 of 117

The PSoC Creator software program provides a user friendly 
interface to configure the analog connections between the GPIO 
and various analog resources and connections from one analog 
resource to another. PSoC Creator also provides component 
libraries that allow you to configure the various analog blocks to 
perform application specific functions (PGA, transimpedance 
amplifier, voltage DAC, current DAC, and so on). The tool also 
generates API interface libraries that allow you to write firmware 
that allows the communication between the analog peripheral 
and CPU/Memory.

8.1  Analog Routing
The CY8C38 family of devices has a flexible analog routing 
architecture that provides the capability to connect GPIOs and 
different analog blocks, and also route signals between different 
analog blocks. One of the strong points of this flexible routing 
architecture is that it allows dynamic routing of input and output 
connections to the different analog blocks. 

8.1.1  Features

Flexible, configurable analog routing architecture

16 analog globals (AG) and two analog mux buses 
(AMUXBUS) to connect GPIOs and the analog blocks

Each GPIO is connected to one analog global and one analog 
mux bus

Eight analog local buses (abus) to route signals between the 
different analog blocks

Multiplexers and switches for input and output selection of the 
analog blocks

8.1.2  Functional Description
Analog globals (AGs) and analog mux buses (AMUXBUS) 
provide analog connectivity between GPIOs and the various 
analog blocks. There are 16 AGs in the CY8C38 family. The 
analog routing architecture is divided into four quadrants as 
shown in Figure 8-2. Each quadrant has four analog globals 
(AGL[0..3], AGL[4..7], AGR[0..3], AGR[4..7]). Each GPIO is 
connected to the corresponding AG through an analog switch. 
The analog mux bus is a shared routing resource that connects 
to every GPIO through an analog switch. There are two 
AMUXBUS routes in CY8C38, one in the left half (AMUXBUSL) 
and one in the right half (AMUXBUSR), as shown in Figure 8-2 
on page 48. 
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asserts high and remains high until the value is read by either the
DMA controller or the CPU.

8.2.2.1 Single Sample
In Single Sample mode, the ADC performs one sample
conversion on a trigger. In this mode, the ADC stays in standby
state waiting for the SoC signal to be asserted. When SoC is
signaled the ADC performs four successive conversions. The
first three conversions prime the decimator. The ADC result is
valid and available after the fourth conversion, at which time the
EoC signal is generated. To detect the end of conversion, the
system may poll a control register for status or configure the
external EoC signal to generate an interrupt or invoke a DMA
request. When the transfer is done the ADC reenters the standby
state where it stays until another SoC event.

8.2.2.2 Continuous
Continuous sample mode is used to take multiple successive
samples of a single input signal. Multiplexing multiple inputs
should not be done with this mode. There is a latency of three
conversion times before the first conversion result is available.
This is the time required to prime the decimator. After the first
result, successive conversions are available at the selected
sample rate.

8.2.2.3 Multi Sample
Multi sample mode is similar to continuous mode except that the
ADC is reset between samples. This mode is useful when the
input is switched between multiple signals. The decimator is
re-primed between each sample so that previous samples do not
affect the current conversion. Upon completion of a sample, the
next sample is automatically initiated. The results can be
transferred using either firmware polling, interrupt, or DMA.

8.2.2.4 Multi Sample (Turbo)
The multi sample (turbo) mode operates identical to the
Multi-sample mode for resolutions of 8 to 16 bits. For resolutions
of 17 to 20 bits, the performance is about four times faster than
the multi sample mode, because the ADC is only reset once at
the end of conversion.

More information on output formats is provided in the Technical
Reference Manual.

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

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

8.3  Comparators
The CY8C38 family of devices contains four comparators in a 
device. Comparators have these features:

Input offset factory trimmed to less than 5 mV
Rail-to-rail common mode input range (VSSA to VDDA)
Speed and power can be traded off by using one of three 
modes: fast, slow, or ultra low-power
Comparator outputs can be routed to lookup tables to perform 
simple logic functions and then can also be routed to digital 
blocks
The positive input of the comparators may be optionally passed 
through a low pass filter. Two filters are provided
Comparator inputs can be connections to GPIO, DAC outputs 
and SC block outputs

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

11.3.1  Digital Core Regulator 

11.3.2  Analog Core Regulator

11.3.3  Inductive Boost Regulator.

Table 11-4.  Digital Core Regulator DC Specifications

Parameter Description Conditions Min Typ Max Units
VDDD Input voltage 1.8 – 5.5 V
VCCD Output voltage – 1.80 – V

Regulator output capacitor ±10%, X5R ceramic or better. The two 
VCCD pins must be shorted together, with 
as short a trace as possible, see Power 
System on page 24

– 1 – µF

Table 11-5.  Analog Core Regulator DC Specifications

Parameter Description Conditions Min Typ Max Units
VDDA Input voltage 1.8 – 5.5 V
VCCA Output voltage – 1.80 – V

Regulator output capacitor ±10%, X5R ceramic or better – 1 – µF

Notes
25. For output voltages above 3.6 V, an external diode is required.
26. Maximum output current applies for output voltages ≤ 4x input voltage.

Table 11-6.  Inductive Boost Regulator DC Specifications
Unless otherwise specified, operating conditions are: VBAT = 2.4 V, VOUT = 2.7 V, IOUT = 40 mA, FSW = 400 kHz, LBOOST = 22 µH, 
CBOOST = 22 µF || 0.1 µF

Parameter Description Conditions Min Typ Max Units
VBAT Input voltage

Includes startup
T=-35 °C to +65 °C 0.5 – 5.5 V

Over entire temperature range 0.68 – 5.5 V

IOUT Load current[25, 26] VBAT = 1.6 – 3.6 V, VOUT = 3.6 – 5.0 V,
external diode

– – 50 mA

VBAT = 1.6 – 3.6 V, VOUT = 1.6 – 3.6 V,
internal diode

– – 75 mA

VBAT = 0.8 – 1.6 V, VOUT = 1.6 – 3.6 V,
internal diode

– – 30 mA

VBAT = 0.8 – 1.6 V, VOUT = 3.6 – 5.0 V,
external diode

– – 20 mA

VBAT = 0.5 – 0.8 V, VOUT = 1.6 – 3.6 V,
internal diode

– – 15 mA

ILPK Inductor peak current – – 700 mA

IQ Quiescent current Boost active mode – 200 – µA

Boost standby mode, 32 khz external crystal 
oscillator, IOUT < 1 μA

– 12 – µA
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VOUT Boost voltage range[27, 28]

1.8 V 1.71 1.80 1.89 V

1.9 V 1.81 1.90 2.00 V

2.0 V 1.90 2.00 2.10 V

2.4 V 2.28 2.40 2.52 V

2.7 V 2.57 2.70 2.84 V

3.0 V 2.85 3.00 3.15 V

3.3 V 3.14 3.30 3.47 V

3.6 V 3.42 3.60 3.78 V

5.0 V External diode required 4.75 5.00 5.25 V

RegLOAD Load regulation – – 3.8 %

RegLINE Line regulation – – 4.1 %

ηOUT Efficiency LBOOST = 10 µH 70 85 – %

LBOOST = 22 µH 82 90 – %

Table 11-7.  Inductive Boost Regulator AC Specifications
Unless otherwise specified, operating conditions are: VBAT = 2.4 V, VOUT = 2.7 V, IOUT = 40 mA, FSW = 400 kHz, LBOOST = 22 µH, 
CBOOST = 22 µF || 0.1 µF.

Parameter Description Conditions Min Typ Max Units
VRIPPLE Ripple voltage 

(peak-to-peak)
VOUT = 1.8 V, FSW = 400 kHz, IOUT = 10 mA – – 100 mV

FSW Switching frequency – 0.1, 0.4, 
or 2

– MHz

Table 11-8.  Recommended External Components for Boost Circuit

Parameter Description Conditions Min Typ Max Units
LBOOST Boost inductor 4.7 10 47 µH

CBOOST Filter capacitor[27] 10 22 47 µF

IF External Schottky diode 
average forward current

External Schottky diode is required for 
VOUT > 3.6 V

1 – – A

VR 20 – – V

Table 11-6.  Inductive Boost Regulator DC Specifications (continued) 
Unless otherwise specified, operating conditions are: VBAT = 2.4 V, VOUT = 2.7 V, IOUT = 40 mA, FSW = 400 kHz, LBOOST = 22 µH, 
CBOOST = 22 µF || 0.1 µF

Parameter Description Conditions Min Typ Max Units

Notes
27. Based on device characterization (Not production tested).
28. At boost frequency of 2 MHz, Vboost is limited to 2 x Vbat.  At 400 kHz, Vboost is limited to 4 x Vbat.
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Figure 11-10. Open Loop Gain and Phase vs Frequency and 
Temperature, Power Mode = High, Cl = 15 Pf, Vdda = 5V

Figure 11-11. Opamp Closed Loop Frequency Response, 
Gain = 1, Vdda = 5V

Table 11-19.  Opamp AC Specifications

Parameter Description Conditions Min Typ Max Units
GBW Gain-bandwidth product Power mode = minimum, 200 pF load 1 – – MHz

Power mode = low, 200 pF load 2 – – MHz
Power mode = medium, 200 pF load 1 – – MHz
Power mode = high, 200 pF load 3 – – MHz

SR Slew rate, 20% - 80% Power mode = low, 200 pF load 1.1 – – V/µs
Power mode = medium, 200 pF load 0.9 – – V/µs
Power mode = high, 200 pF load 3 – – V/µs

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

– 45 – nV/sqrtHz
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Figure 11-12. Opamp Closed Loop Frequency Response, 
Gain = 10, Vdda = 5V

Figure 11-13. Opamp test Circuit for Gain = 10

Figure 11-14. Opamp Noise vs Frequency, Power Mode = 
High, Vdda = 5V

Figure 11-15. Opamp CMRR vs Frequency
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11.5.2  Delta-sigma ADC 
Unless otherwise specified, operating conditions are:

Operation in continuous sample mode
fclk = 3.072 MHz for resolution = 16 to 20 bits; fclk = 6.144 MHz for resolution = 8 to 15 bits
Reference = 1.024 V internal reference bypassed on P3.2 or P0.3
Unless otherwise specified, all charts and graphs show typical values

Table 11-20.  20-bit Delta-sigma ADC DC Specifications

Parameter Description Conditions Min Typ Max Units
Resolution 8 – 20 bits

Number of channels, single ended – – No. of 
GPIO –

Number of channels, differential Differential pair is formed using a 
pair of GPIOs. – – No. of 

GPIO/2 –

Monotonic Yes – – – –

Ge Gain error Buffered, buffer gain = 1, modulator 
gain = 1, 16-bit mode, 25 °C – – ±0.2 %

Gd Gain drift Buffered, buffer gain = 1, modulator 
gain = 1, 16-bit mode – – 50 ppm/°C

Vos Input offset voltage Buffered – – ±0.1 mV

TCVos ADC TC input offset voltage Temperature coefficient, input offset 
voltage – – 55 µV/°C

Input voltage range, single ended[33] VSSA – VDDA V
Input voltage range, differential unbuf-
fered[33] VSSA – VDDA V

Input voltage range, differential, 
buffered[33] VSSA – VDDA – 1 V

PSRRb Power supply rejection ratio, buffered[33] Buffer gain = 1, 16-bit, 
Range = ±1.024 V 90 – – dB

CMRRb Common mode rejection ratio, buffered[33] Buffer gain = 1, 16 bit, 
Range = ±1.024 V 85 – – dB

INL20 Integral non linearity[33] Range = ±1.024 V, unbuffered – – ±32 LSB
DNL20 Differential non linearity[33] Range = ±1.024 V, unbuffered – – ±1 LSB
INL16 Integral non linearity[33] Range = ±1.024 V, unbuffered – – ±2 LSB
DNL16 Differential non linearity[33] Range = ±1.024 V, unbuffered – – ±1 LSB
INL12 Integral non linearity[33] Range = ±1.024 V, unbuffered – – ±1 LSB
DNL12 Differential non linearity[33] Range = ±1.024 V, unbuffered – – ±1 LSB
INL8 Integral non linearity[33] Range = ±1.024 V, unbuffered – – ±1 LSB
DNL8 Differential non linearity[33] Range = ±1.024 V, unbuffered – – ±1 LSB
Rin_Buff ADC input resistance Input buffer used 10 – – MΩ

Rin_ADC16 ADC input resistance Input buffer bypassed, 16-bit, Range 
= ±1.024 V – 74[34] – kΩ

Rin_ADC12 ADC input resistance Input buffer bypassed, 12 bit, Range 
= ±1.024 V – 148[34] – kΩ

Cin_G1 ADC input capacitance[33] Gain = 1 – 5 – pF

Notes
33. Based on device characterization (not production tested).
34. By using switched capacitors at the ADC input an effective input resistance is created. Holding the gain and number of bits constant, the resistance is proportional to 

the inverse of the clock frequency. This value is calculated, not measured. For more information see the Technical Reference Manual.
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Figure 11-25. IDAC INL vs Input Code, Range = 255 µA, 
Source Mode

Figure 11-26. IDAC INL vs Input Code, Range = 255 µA, Sink 
Mode

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

– – 44 µA

Slow mode, source mode, range = 
255 µA,

– – 33 µA

Slow mode, source mode, range = 
2.04 mA

– – 33 µA

Slow mode, sink mode, range = 
31.875 µA

– – 36 µA

Slow mode, sink mode, range = 
255 µA

– – 33 µA

Slow mode, sink mode, range = 
2.04 mA

– – 33 µA

Fast mode, source mode, range = 
31.875 µA

– – 310 µA

Fast mode, source mode, range = 
255 µA

– – 305 µA

Fast mode, source mode, range = 
2.04 mA

– – 305 µA

Fast mode, sink mode, range = 
31.875 µA

– – 310 µA

Fast mode, sink mode, range = 255 
µA

– – 300 µA

Fast mode, sink mode, range = 
2.04 mA

– – 300 µA

Table 11-29.  IDAC DC Specifications (continued) 

Parameter Description Conditions Min Typ Max Units
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Figure 11-27. IDAC DNL vs Input Code, Range = 255 µA, 
Source Mode

Figure 11-28. IDAC DNL vs Input Code, Range = 255 µA, Sink 
Mode

Figure 11-29. IDAC INL vs Temperature, Range = 255 µA, Fast 
Mode

Figure 11-30. IDAC DNL vs Temperature, Range = 255 µA, 
Fast Mode

Figure 11-31. IDAC Full Scale Error vs Temperature, Range 
= 255 µA, Source Mode

Figure 11-32. IDAC Full Scale Error vs Temperature, Range 
= 255 µA, Sink Mode
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11.6  Digital 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.

11.6.1  Timer
The following specifications apply to the Timer/Counter/PWM peripheral in timer mode. Timers can also be implemented in UDBs; for 
more information, see the Timer component datasheet in PSoC Creator.  

11.6.2  Counter
The following specifications apply to the Timer/Counter/PWM peripheral, in counter mode. Counters can also be implemented in 
UDBs; for more information, see the Counter component datasheet in PSoC Creator. 

Table 11-42.  Timer DC Specifications

Parameter Description Conditions Min Typ Max Units
Block current consumption 16-bit timer, at listed input clock 

frequency
– – – µA

3 MHz – 15 – µA
12 MHz – 60 – µA
48 MHz – 260 – µA
67 MHz – 350 – µA

Table 11-43.  Timer AC Specifications

Parameter Description Conditions Min Typ Max Units
Operating frequency DC – 67 MHz
Capture pulse width (Internal) 15 – – ns
Capture pulse width (external) 30 – – ns
Timer resolution 15 – – ns
Enable pulse width 15 – – ns
Enable pulse width (external) 30 – – ns
Reset pulse width 15 – – ns
Reset pulse width (external) 30 – – ns

Table 11-44.  Counter DC Specifications

Parameter Description Conditions Min Typ Max Units
Block current consumption 16-bit counter, at listed input clock 

frequency
– – – µA

3 MHz – 15 – µA
12 MHz – 60 – µA
48 MHz – 260 – µA
67 MHz – 350 – µA

Table 11-45.  Counter AC Specifications

Parameter Description Conditions Min Typ Max Units
Operating frequency DC – 67 MHz
Capture pulse 15 – – ns
Resolution 15 – – ns
Pulse width 15 – – ns
Pulse width (external) 30 ns
Enable pulse width 15 – – ns
Enable pulse width (external) 30 – – ns
Reset pulse width 15 – – ns
Reset pulse width (external) 30 – – ns
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11.6.6  Digital Filter Block  

11.6.7  USB 

Table 11-51.  DFB DC Specifications

Parameter Description Conditions Min Typ Max Units
DFB operating current 64-tap FIR at FDFB

100 kHz (1.3 ksps) – 0.03 0.05 mA
500 kHz (6.7 ksps) – 0.16 0.27 mA
1 MHz (13.4 ksps) – 0.33 0.53 mA
10 MHz (134 ksps) – 3.3 5.3 mA
48 MHz (644 ksps) – 15.7 25.5 mA
67 MHz (900 ksps) – 21.8 35.6 mA

Table 11-52.  DFB AC Specifications

Parameter Description Conditions Min Typ Max Units
FDFB DFB operating frequency DC – 67 MHz

Note
42. Rise/fall time matching (TR) not guaranteed, see USB Driver AC Specifications on page 68.

Table 11-53.  USB DC Specifications

Parameter Description Conditions Min Typ Max Units
VUSB_5 Device supply for USB operation USB configured, USB regulator 

enabled
4.35 – 5.25 V

VUSB_3.3 USB configured, USB regulator 
bypassed

3.15 – 3.6 V

VUSB_3 USB configured, USB regulator 
bypassed[42]

2.85 – 3.6 V
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11.7.4  SRAM  

11.7.5  External Memory Interface 

Figure 11-48. Asynchronous Read Cycle Timing

Table 11-61.   SRAM DC Specifications

Parameter Description Conditions Min Typ Max Units
VSRAM SRAM retention voltage 1.2 – – V

Table 11-62.   SRAM AC Specifications

Parameter Description Conditions Min Typ Max Units
FSRAM SRAM operating frequency DC – 67 MHz

EM_Addr

EM_CEn

EM_OEn

EM_Data

EM_WEn

Address

Data

Tcel

Taddrv Taddrh

Toel

Tdoesu
Tdoeh
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11.9.3  Internal Low-Speed Oscillator  

11.9.4  External Crystal Oscillator 

11.9.5  External Clock Reference 

Jp–p
Jitter (peak to peak)[50]

F = 24 MHz – 0.9 – ns
F = 3 MHz – 1.6 – ns 

Jperiod
Jitter (long term)[50]

F = 24 MHz – 0.9 – ns
F = 3 MHz – 12 – ns

Table 11-78.  IMO AC Specifications (continued) 

Parameter Description Conditions Min Typ Max Units

Table 11-79.  ILO DC Specifications

Parameter Description Conditions Min Typ Max Units

ICC

Operating current FOUT = 1 kHz – 0.3 1.7 µA
FOUT = 33 kHz – 1.0 2.6 µA
FOUT = 100 kHz – 1.0 2.6 µA

Leakage current Power down mode – 2.0 15 nA

Table 11-80.  ILO AC Specifications

Parameter Description Conditions Min Typ Max Units
Startup time, all frequencies Turbo mode – – 2 ms

FILO

ILO frequencies (trimmed)
100 kHz 45 100 200 kHz
1 kHz 0.5 1 2 kHz

ILO frequencies (untrimmed)
100 kHz 30 100 300 kHz
1 kHz 0.3 1 3.5 kHz

Table 11-81.  ECO AC Specifications

Parameter Description Conditions Min Typ Max Units
F Crystal frequency range 4 – 33 MHz

Table 11-82.  External Clock Reference AC Specifications[50]

Parameter Description Conditions Min Typ Max Units
External frequency range 0 – 33 MHz
Input duty cycle range Measured at VDDIO/2 30 50 70 %
Input edge rate VIL to VIH 0.1 – – V/ns

Note
Note
50. Based on device characterization (Not production tested).
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Figure 13-3. 68-pin QFN 8×8 with 0.4 mm Pitch Package Outline (Sawn Version)

Figure 13-4. 100-pin TQFP (14 × 14 × 1.4 mm) Package Outline
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