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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"

Obsolete

ARM® Cortex®-MO0
32-Bit Single-Core
16MHz

12C

Brown-out Detect/Reset, POR, PWM, WDT
20

16KB (16K x 8)

FLASH

2K x 8

1.71V ~ 5.5V

D/A 1x7b, 1x8b
Internal

-40°C ~ 85°C (TA)
Surface Mount
24-UFQFN Exposed Pad
24-QFN (4x4)
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More Information

Cypress provides a wealth of data at www.cypress.com to help you to select the right PSoC device for your design, and to help you
to quickly and effectively integrate the device into your design. For a comprehensive list of resources, see the knowledge base article
KBAB86521, How to Design with PSoC 3, PSoC 4, and PSoC 5LP. Following is an abbreviated list for PSoC 4:

m Overview: PSoC Portfolio, PSoC Roadmap

m Product Selectors: PSoC 1, PSoC 3, PSoC 4, PSoC 5LP
In addition, PSoC Creator includes a device selection tool.

m Application notes: Cypress offers a large number of PSoC
application notes covering a broad range of topics, from basic
to advanced level. Recommended application notes for getting
started with PSoC 4 are:
a1 AN79953: Getting Started With PSoC 4
1 AN88619: PSoC 4 Hardware Design Considerations
1 AN86439: Using PSoC 4 GPIO Pins
a AN57821: Mixed Signal Circuit Board Layout
a AN81623: Digital Design Best Practices

PSoC Creator

1 AN73854: Introduction To Bootloaders
1 AN89610: ARM Cortex Code Optimization

m Technical Reference Manual (TRM) is in two documents:
a Architecture TRM details each PSoC 4 functional block.
a Registers TRM describes each of the PSoC 4 registers.

m Development Kits:

1 CY8CKIT-040, PSoC 4000 Pioneer Kit, is an easy-to-use and
inexpensive development platform with debugging capability.
This kitincludes connectors for Arduino™ compatible shields
and Digilent® Pmod™ daughter cards.

A The MiniProg3 device provides an interface for flash
programming and debug.

PSoC Creator is a free Windows-based Integrated Design Environment (IDE). It enables concurrent hardware and firmware design
of PSoC 3, PSoC 4, and PSoC 5LP based systems. Create designs using classic, familiar schematic capture supported by over 100
pre-verified, production-ready PSoC Components; see the list of component datasheets. With PSoC Creator, you can:

1. Drag and drop component icons to build your hardware
system design in the main design workspace

2. Codesign your application firmware with the PSoC hardware,
using the PSoC Creator IDE C compiler

3. Configure components using the configuration tools
4. Explore the library of 100+ components
5. Review component datasheets

Figure 1. CapSense Example Project in PSoC Creator

File Edit Yiew Project Build Debug Tools Window Help
R A A R I AR ] o B 00% - 8 R Debug

4 % Microsoft Sans Serif - 10

- B S U EEE AL D

| Workspace Explorer (1 project) = # % Start Page P cysch - a b ox |G Catalog (142 co... = B %
Bis % * | searchior A (e[l | P
T Workspoce ThermalManagement’ | « " Temperature Sensors and Fans Analog Temperature Sensin,
= F3] Project 'Thermal Manngeme & Clesed-Loop Fan Controller (External to PSeC) 9 " o |~ Cypress | off chp <
T T E = w1 M Cypress Component Catalog =
& Theemal Managernert Syster | 2 e i Analog
%13 Header Files = + e ADG
H ThemalManager b = Nl o N"ullf'ﬂl“-'_
3 Source Files 2™ " ﬁ”dw'\tw
1 + & Comparntors
) mainc T
<l ThamalManager ¢ 3 80 DAC
=53 Generated_Source Ak % @ Manwal Rouling
rated % CopSense
Lr PSaCs i Loy
) i Commumnicatiang
B o 120
i ADC Channaels; Thenmistor
(o] 0. Reference resistor Thrermriator Sonial Communication Block
1. Thermistor ™ ] Softwore Transmit ART [v1]
é 2. Ground gw 3 g 5P i
3. Potentiometer L # UART (SCE made) [v1.10]
7] Host Processor Interface TR tator) e 5 UART (v2 30] dl !
(12C-based Data Logging r % Digtal
Configure 'CapSense_CSD" # Functions
& Logic
i Fegesters
Nams:  CapSense '
il P50C" Crostor™ Componant Datavtat ? "I""'\"
- isplay
General / Widgets Con Sean Order | Advanced | Tune Helper | Buitin | 4 = . - N
c] CLFC_INT.e 2 o = Capacitive Sensing (CapSense” CSD) Puts and Pins
& GLPE. DumSend [E5/ Add Button | [ Remove | Rename | 248 System
£] CLFC_DataSend c Companent is corfigured in Smart Sense mode so some widget properties are not available. Thesmal Managomont
e #
vl CLFC_DetaSend. h IR s O & 2
& CLFC_FW_PWI | Lnear Siders Features 2 DD e .2 o
] CLFC_FW_PWM1 | Radial Sidere 8] Thammistor Calculstar [l 20 _
A PV 4 ® Suppon for user-defined combin, T T— " i
. || Metrix Buttons :—O ProXIMItY CARACIEVE SENSCrS
Touch Pads
4 . A . . ™ b ted PC GL [ datashest
|| Presamity Sensors Automatic SmartSensa™ tuning! tegrated PC GUI igent 4-Wire DC Fan Controliar
: o -\ Generics j—o ® bigh imimursty 1o AC pawer line r perwer supply vollage changes Inst_té
£] CLFC_FW_Pwmis, &l ® Opsional twe scan channels (parabiel sy) ed), which increases sensor scan rate.
=3 CLFC_PW_PWM3 ny
- ® Sheeld slectrode support for reliable operation in the presence of water film or droplets.
W) CLEC, :r_ 2 . 3 :l—Q ® Guided sensor and erminal assignments wsing the CapSense cusiomizer
‘ 1 ) i- - L)
Ready General Description e Wamings 1 Notes
Datasheet ] [ oK ] ’ Apply ] I Cancel Capacitive Sensing. using a Delta-Sigma Modulator (CapSense CSD) component. i a versatile
and efficient way 10 maasure capactancs in apphcabons such as touch sense butions, shders.
touchpad, and proxmity detection.

Document Number: 001-89638 Rev. *G

Page 2 of 34


http://www.cypress.com/?source=PSoC5LP_Datasheet
http://www.cypress.com/?id=4&rID=77024&source=PSoC5LP_Datasheet
http://www.cypress.com/psoc/?source=PSoC5LP_Datasheet
http://www.cypress.com/?rID=86788&source=PSoC5LP_Datasheet
http://www.cypress.com/?id=1573&source=PSoC5LP_Datasheet
http://www.cypress.com/?id=5041&source=PSoC5LP_Datasheet
http://www.cypress.com/?id=4976&source=PSoC5LP_Datasheet
http://www.cypress.com/?id=5044&source=PSoC5LP_Datasheet
http://www.cypress.com/go/an79953
http://www.cypress.com/go/an77835
http://www.cypress.com/go/an88619
http://www.cypress.com/go/an86439
http://www.cypress.com/go/an57821
http://www.cypress.com/go/an58304
http://www.cypress.com/go/an58304
http://www.cypress.com/?rID=39974
http://www.cypress.com/go/an81623
http://www.cypress.com/go/an73854
http://www.cypress.com/go/an89610
http://www.cypress.com/?rID=78684
http://www.cypress.com/?rID=78807
http://www.cypress.com/go/cy8ckit-042
http://www.cypress.com/psoccreator/?source=PSoC5LP_Datasheet
http://www.cypress.com/?app=search&searchType=advanced&keyword=&rtID=377&id=4749&applicationID=0&l=0

o CYPRESS

PSoC® 4: PSoC 4000 Family
Datasheet

R EMBEDDED IN TOMORROW

Functional Definition

CPU and Memory Subsystem

CPU

The Cortex-M0O CPU in the PSoC 4000 is part of the 32-bit MCU
subsystem, which is optimized for low-power operation with
extensive clock gating. Most instructions are 16 bits in length and
the CPU executes a subset of the Thumb-2 instruction set. This
enables fully compatible, binary, upward migration of the code to
higher performance processors, such as the Cortex-M3 and M4.
It includes a nested vectored interrupt controller (NVIC) block
with eight interrupt inputs and also includes a Wakeup Interrupt
Controller (WIC). The WIC can wake the processor from the
Deep Sleep mode, allowing power to be switched off to the main
processor when the chip is in the Deep Sleep mode. The CPU
subsystem also includes a 24-bit timer called SYSTICK, which
can generate an interrupt.

The CPU also includes a debug interface, the serial wire debug
(SWD) interface, which is a 2-wire form of JTAG. The debug
configuration used for PSoC 4000 has four breakpoint (address)
comparators and two watchpoint (data) comparators.

Flash

The PSoC 4000 device has a flash module with a flash accel-
erator, tightly coupled to the CPU to improve average access
times from the flash block. The low-power flash block is designed
to deliver zero wait-state (WS) access time at 16 MHz.

SRAM

Two KB of SRAM are provided with zero wait-state access at
16 MHz.

SROM

A supervisory ROM that contains boot and configuration routines
is provided.

System Resources

Power System

The power system is described in detail in the section on Power
on page 12. It provides an assurance that voltage levels are as
required for each respective mode and either delays mode entry
(for example, on power-on reset (POR)) until voltage levels are
as required for proper functionality, or generates resets (for
example, on brown-out detection). The PSoC 4000 operates
with a single external supply over the range of either 1.8 V +5%
(externally regulated) or 1.8 to 5.5 V (internally regulated) and
has three different power modes, transitions between which are
managed by the power system. The PSoC 4000 provides Active,
Sleep, and Deep Sleep low-power modes.

All subsystems are operational in Active mode. The CPU
subsystem (CPU, flash, and SRAM) is clock-gated off in Sleep
mode, while all peripherals and interrupts are active with instan-
taneous wake-up on a wake-up event. In Deep Sleep mode, the
high-speed clock and associated circuitry is switched off;
wake-up from this mode takes 35 pS.

Document Number: 001-89638 Rev. *G

Clock System

The PSoC 4000 clock system is responsible for providing clocks
to all subsystems that require clocks and for switching between
different clock sources without glitching. In addition, the clock
system ensures that there are no metastable conditions.

The clock system for the PSoC 4000 consists of the internal main
oscillator (IMO) and the internal low-frequency oscillator (ILO)
and provision for an external clock.

Figure 3. PSoC 4000 MCU Clocking Architecture
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The Fcpy signal can be divided down to generate synchronous
clocks for the analog and digital peripherals. There are four clock
dividers for the PSoC 4000, each with 16-bit divide capability The
16-bit capability allows flexible generation of fine-grained
frequency values and is fully supported in PSoC Creator.

IMO Clock Source

The IMO is the primary source of internal clocking in the

PSoC 4000. It is trimmed during testing to achieve the specified
accuracy.The IMO default frequency is 24 MHz and it can be
adjusted from 24 to 48 MHz in steps of 4 MHz. The IMO
tolerance with Cypress-provided calibration settings is +2% (24
and 32 MHz).

ILO Clock Source

The ILO is a very low power, 40-kHz oscillator, which is primarily
used to generate clocks for the watchdog timer (WDT) and
peripheral operation in Deep Sleep mode. ILO-driven counters
can be calibrated to the IMO to improve accuracy.

Watchdog Timer

A watchdog timer is implemented in the clock block running from
the ILO; this allows watchdog operation during Deep Sleep and
generates a watchdog reset if not serviced before the set timeout
occurs. The watchdog reset is recorded in a Reset Cause
register, which is firmware readable.

Reset

The PSoC 4000 can be reset from a variety of sources including
a software reset. Reset events are asynchronous and guarantee
reversion to a known state. The reset cause is recorded in a
register, which is sticky through reset and allows software to
determine the cause of the reset. An XRES pin is reserved for
external reset on the 24-pin package. An internal POR is
provided on the 16-pin and 8-pin packages. The XRES pin has
an internal pull-up resistor that is always enabled. Reset is Active
Low.

Voltage Reference

The PSoC 4000 reference system generates all internally
required references. A 1.2-V voltage reference is provided for the
comparator. The IDACs are based on a +5% reference.
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Pinouts

All port pins support GPIO. Ports 0, 1, and 2 support CSD CapSense and analog multiplexed bus connections. TCPWM functions and Alternate Functions are multiplexed

with port pins as follows for the five PSoC 4000 packages.

Table 1. Pin Descriptions

28-Pin SSOP 24-Pin QFN 16-Pin QFN 16-Pin SOIC 8-Pin SOIC
Pin Name Pin Name Pin Name Pin Name Pin Name TCPWM Signals | Alternate Functions
20 VSS
21 P0.0/TRINO 1 P0.0/TRINO TRINO:TrgggerInput
22 | PO.1/TRIN1/CMPO| 2 |PO0.1/TRIN1/CMPO| 1 |P0.1/TRIN1/CMPO | 3 |PO0.1/TRIN1/CMPO TRIN1: Triggerlnput| CMPO_0: Sense
0 0 0 0 1 Comp Out
23 P0.2/TRIN2 3 P0.2/TRIN2 2 P0.2/TRIN2 4 P0.2/TRIN2 TRIN2:Tri2ggerInput
24 P0.3/TRIN3 4 P0.3/TRIN3 TRIN3:Tr§;gerInput
25 | P0.4/TRIN4/CMPO | 5 |P0.4/TRIN4/CMPO | 3 | P0.4/TRIN4/CMPO | 5 |P0.4/TRIN4/CMPO | 2 |P0.4/TRIN4/CMPO |TRIN4:Triggerinput| CMPO_0: Sense
_0/EXT_CLK _0/EXT_CLK _0/EXT_CLK _0/EXT_CLK _0/EXT_CLK 4 Comp Out, External
Clock, CMOD Cap
26 VCC 6 VCC 4 VCC 6 VCC 3 VCC
27 VDD 7 VDD 6 VDD 7 VDD 4 VDD
28 VSS 8 VSS 7 VSS 8 VSS VSS
1 P0.5 9 P0.5 5 VvDDIO 9 P0.5
2 P0.6 10 P0.6 8 P0.6 10 P0.6
3 P0.7 11 P0.7
4 P1.0 12 P1.0
5 P1.1/0UTO 13 P1.1/0UTO 9 P1.1/0UTO 11 P1.1/0UTO 6 P1.1/0UTO OuUTO0: PWM OUT 0
6 P1.2/SCL 14 P1.2/SCL 10 P1.2/SCL 12 P1.2/SCL 12C Clock
7 P1.3/SDA 15 P1.3/SDA 11 P1.3/SDA 13 P1.3/SDA 12C Data
8 P1.4/UNDO 16 P1.4/UNDO UNDO:gntderrow
u
9 P1.5/0OVF0 17 P1.5/0VF0O OVFO0: Overflow Out
10 [P1.6/OVFO/UNDO/n| 18 |P1.6/OVFO/UNDO/n| 12 |P1.6/OVFO/UNDO/n| 14 |P1.6/OVFO/UNDO/n| 7 |P1.6/OVFO/UNDO/n nOUTO: CMPO_0: Sense
ouTo OouTo OUT0/CMPO_0 OUTO0/CMPO_0 OUT0/CMPO_0 Complement of Comp Out, Irjter[qial
/CMPQO_0 /CMPO_0 OUTO, UNDO, Reset function
OVFO as above

Note

1. Must not have load to ground during POR (should be an output).

Document Number: 001-89638 Rev. *G
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Table 1. Pin Descriptions (continued)
28-Pin SSOP 24-Pin QFN 16-Pin QFN 16-Pin SOIC 8-Pin SOIC
Pin Name Pin Name Pin Name Pin Name Pin Name TCPWM Signals | Alternate Functions
11 VSS
12 | No Connect (NC)
13 |P1.7/IMATCH/EXT_| 19 |P1.7/MATCH/EXT_| 13 |P1.7/MATCH/EXT_| 15 |P1.7/MATCH/EXT_ MATCH: Match Out External Clock
CLK CLK CLK CLK
14 P2.0 20 P2.0 16 P2.0
15 VSS
16 |P3.0/SDA/SWD_IO| 21 |P3.0/SDA/SWD_IO| 14 |P3.0/SDA/SWD_IO| 1 |P3.0/SDA/SWD_IO| 8 |P3.0/SDA/SWD_IO I2C Data, SWD 1/O
17 |P3.1/SCL/SWD_CL| 22 |P3.1/SCL/SWD_CL| 15 |P3.1/SCL/SWD_CL| 2 |P3.1/SCL/SWD_CL| 1 |P3.1/SCL/SWD_CL 12C Clock, SWD
K K K K K Clock
18 P3.2 23 P3.2 16 P3.2 OUTO0:PWM OUT 0
19 XRES 24 XRES XRES: External
Reset

Descriptions of the Pin functions are as follows:

VDD: Power supply for both analog and digital sections.

VDDIO: Where available, this pin provides a separate voltage domain (see the Power section for details).
VSS: Ground pin.
VCCD: Regulated digital supply (1.8 V £5%).

Pins belonging to Ports 0, 1, and 2 can all be used as CSD sense or shield pins connected to AMUXBUS A or B. They can also be used as GPIO pins that can be driven by
the firmware, in addition to their alternate functions listed in the Table 1.

Pins on Port 3 can be used as GPIO, in addition to their alternate functions listed above.

The following packages are provided: 28-pin SSOP, 24-pin QFN, 16-pin QFN, 16-pin SOIC, and 8-pin SOIC.

Note

2. This pin is not to be used; it must be left floating.

Document Number: 001-89638 Rev. *G
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Figure 4. 28-Pin SSOP Pinout
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Figure 7. 16-Pin SOIC Pinout
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Table 2. 16-ball WLCSP Pin Descriptions and Diagram

Pin Name TCPWM Signal I'-‘D\ulhecrtri]gaes Pin Diagram
B4 P3.2 OUTO0:PWMOUTO - Bottom View
C3 P0.2/TRIN2 TRINZ2:Trigger Input 2 - 4 3 2 1
C4 | PO0.4/TRIN4/CMPO_O/| TRIN4:Trigger Input 4| CMPO_Q: Sense
RO Clock, CNIOD Cap OO0O|"
D4 VCCD - - B
D3 VDD - - Q Q Q Q
D2 VSS - _ OO0O0)| ¢
Cc2 VDDIO - - D
D1 P0.6 - - Q Q Q Q
C1 P1.1/0UTO OUTO0:PWMOUTO - .
BT P1.2/SCL - I°C Clock Top View
A1 P1.3/SDA - I°C Data roz 8
A2 P1.6/OVFO/UNDO/nO | nOUTO0:Complement | CMPO_0: Sense O
UTO/CMPO_0 of OUTO, UNDO, |Comp Out, Internal
OVFO Reset functionl \ I 1DOT
B2 P1.7/MATCH/ MATCH: Match Out External Clock
EXT_CLK
A3 P2.0 - -
B3 P3.0/SDA/SWD_IO - I°C Data, SWD I/0
A4 P3.1/SCL/SWD_CLK - I2C Clock, SWD
Clock

Note

3. Must not have load to ground during POR (should be an output).

Document Number: 001-89638 Rev. *G
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Power

The following power system diagrams (Figure 9 and Figure 10)
show the set of power supply pins as implemented for the
PSoC 4000. The system has one regulator in Active mode for the
digital circuitry. There is no analog regulator; the analog circuits
run directly from the Vpp input. There is a separate regulator for
the Deep Sleep mode. The supply voltage range is either 1.8 V
1+5% (externally regulated) or 1.8 V to 5.5 V (unregulated exter-
nally; regulated internally) with all functions and circuits
operating over that range.

The Vpp)o pin, available in the 16-pin QFN package, provides a
separate voltage domain for the following pins: P3.0, P3.1, and
P3.2. P3.0 and P3.1 can be I2C pins and the chip can thus
communicate with an 12C system, running at a different voltage
(where Vpp o < Vpp). For example, Vpp can be 3.3 V and Vpp o
can be 1.8 V.

The PSoC 4000 family allows two distinct modes of power supply
operation: Unregulated External Supply and Regulated External

Supply.
Unregulated External Supply

In this mode, the PSoC 4000 is powered by an external power
supply that can be anywhere in the range of 1.8 to 5.5 V. This
range is also designed for battery-powered operation. For
example, the chip can be powered from a battery system that
starts at 3.5 V and works down to 1.8 V. In this mode, the internal
regulator of the PSoC 4000 supplies the internal logic and the
Vep output of the PSoC 4000 must be bypassed to ground via
an external capacitor (0.1 uF; X5R ceramic or better).

Bypass capacitors must be used from Vpp to ground. The typical
practice for systems in this frequency range is to use a capacitor
in the 1-yF range, in parallel with a smaller capacitor (0.1 pF, for
example). Note that these are simply rules of thumb and that, for
critical applications, the PCB layout, lead inductance, and the
bypass capacitor parasitic should be simulated to design and
obtain optimal bypassing.

An example of a bypass scheme follows (Vppg is available on
the 16-QFN package).

Document Number: 001-89638 Rev. *G

Figure 9. 16-pin QFN Bypass Scheme Example - Unregulated
External Supply

Power supply connections when 1.8 <Vpp < 5.5V

1.8Vto55V
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’TEQ Vboio

10.1 uF
B IEQ Vss

Regulated External Supply

In this mode, the PSoC 4000 is powered by an external power
supply that must be within the range of 1.71 to 1.89 V; note that
this range needs to include the power supply ripple too. In this
mode, the Vpp and V¢¢p pins are shorted together and
bypassed. The internal regulator should be disabled in the
firmware. Note that in this mode VDD (VCCD) should never
exceed 1.89 in any condition, including flash programming.

An example of a bypass scheme follows (Vpp|o is available on
the 16-QFN package).

Figure 10. 16-pin QFN Bypass Scheme Example - Regulated
External Supply

Power supply connections when 1.71 <Vpp<1.89 V
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0.1 pF
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Electrical Specifications

Absolute Maximum Ratings
Table 3. Absolute Maximum Ratings!*!

Spec ID# Parameter Description Min Typ Max Units C(?r?éiiitiilgés
SID1 Vbp_aABS Digital supply relative to Vgg —0.5 - 6 \
SID2 Veep ABs Direct digital core voltage input relative | —-0.5 - 1.95 \Y
to Vgg
SID3 VePio_ABS GPIO voltage -0.5 - Vpp+0.5 \Y,
SID4 IcPio_ABS Maximum current per GPIO -25 - 25 mA
SID5 IGPIO_injection GPIO injection current, Max for V| > -0.5 - 0.5 mA | Current injected
Vpp. and Min for V| < Vgg per pin
BiD44 ESD_HBM Electrostatic discharge human body 2200 - - \%
model
BID45 ESD_CDM Electrostatic discharge charged device 500 - - \%
model
BID46 LU Pin current for latch-up -140 - 140 mA

Device Level Specifications

All specifications are valid for 40 °C < T, <85 °C and T; < 100 °C, except where noted. Specifications are valid for 1.71 V0 5.5V,
except where noted.

Table 4. DC Specifications

Typical values measured at Vpp = 3.3 V and 25 °C.

Details/
Spec ID# Parameter Description Min Typ Max Units Conditions
SID53 Vpp Power supply input voltage 1.8 - 5.5 \% With regulator
enabled
SID255 Vop Power supply input voltage (Voep = 1.71 - 1.89 \Y, Internally unreg-
Vpp) ulated supply
SID54 Vbpio Vppio domain supply 1.71 - Vpop \Y
SID55 Cerc External regulator voltage bypass - 0.1 - MF | X5R ceramic or
better
SID56 Cexc Power supply bypass capacitor - 1 - MF | X5R ceramic or
better
Active Mode, Vpp=1.8t0 5.5V
SID9 Ibps Execute from flash; CPU at 6 MHz - 2.0 2.85 mA
SID12 Ipps Execute from flash; CPU at 12 MHz - 3.2 3.75 mA
SID16 Ibp11 Execute from flash; CPU at 16 MHz - 4.0 4.5 mA
Sleep Mode, Vpp = 1.71t0 5.5V
SID25 Ibp20 I°C wakeup, WDT on. 6 MHz - 1.1 - mA
SID25A Ipp20A I°C wakeup, WDT on. 12 MHz - 1.4 - mA
Deep Sleep Mode, Vpp = 1.8 to 3.6 V (Regulator on)
SID31 IbD26 | 1°C wakeup and WDT on | - 25 ] 82 [ A |
Note

4. Usage above the absolute maximum conditions listed in Table 1 may cause permanent damage to the device. Exposure to Absolute Maximum conditions for extended
periods of time may affect device reliability. The Maximum Storage Temperature is 150 °C in compliance with JEDEC Standard JESD22-A103, High Temperature
Storage Life. When used below Absolute Maximum conditions but above normal operating conditions, the device may not operate to specification.
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Table 11. Comparator AC Specifications (Guaranteed by Characterization)

Details/
Spec ID# Parameter Description Min Typ Max Units Conditions
SID336!8] Tcomp1 Response Time High Bandwidth mode, - - 90 ns
50-mV overdrive
SID33718l Tcomp2 Response Time Low Power mode, - - 110 ns
50-mV overdrive
CSD
Table 12. CSD and IDAC Block Specifications
Details/
Spec ID# Parameter Description Min Typ Max Units Conditions
CSD and IDAC Specifications
SYS.PER#3 |VDD_RIPPLE Max allowed ripple on power supply, - - +50 mV | VDD > 2V (with ripple),
DC to 10 MHz 25 °C Tp,
Sensitivity = 0.1 pF
SYS.PER#16 | VDD_RIPPLE_1.8 | Max allowed ripple on power supply, - - +25 mV | VDD > 1.75V (with ripple),
DC to 10 MHz 25 C Ty, Parasitic Capaci-
tance (Cp) < 20 pF, Sensi-
tivity > 0.4 pF
SID.CSD#15 VREFHI Reference Buffer Output 1.1 1.2 1.3 \%
SID.CSD#16 IDAC1IDD IDAC1 (8-bits) block current - - 1125 MA
SID.CSD#17 IDAC2IDD IDAC2 (7-bits) block current - - 1125 MA
SID308 Vesp Voltage range of operation 1.71 - 5.5 \ 1.8V+5%o0or1.8Vto55V
SID308A VCOMPIDAC | Voltage compliance range of IDAC 0.8 - |Vpp-0.8 \Y
SID309 IDAC1pNL DNL for 8-bit resolution -1 - 1 LSB
SID310 IDAC1\L INL for 8-bit resolution -3 - 3 LSB
SID311 IDAC2pNL DNL for 7-bit resolution -1 - 1 LSB
SID312 IDAC2\ INL for 7-bit resolution -3 - 3 LSB
SID313 SNR Ratio of counts of finger to noise. 5 - - Ratio | Capacitance range of 9 to
Guaranteed by characterization 35 pF, 0.1 pF sensitivity
SID314 IDAC1cRTY Output current of IDAC1 (8 bits) in - 612 - MA
high range
SID314A IDAC1cRrT2 Output current of IDAC1(8 bits) in - 306 - pA
low range
SID315 IDAC2¢cRT1 Output current of IDAC2 (7 bits) in - 304.8 - pA
high range
SID315A IDAC2¢cRT2 Output current of IDAC2 (7 bits) in - 152.4 - pA
low range
SID320 IDACoFFsET All zeroes input - - +1 LSB
SID321 IDACgaIN Full-scale error less offset - - 10 %
SID322 IDAC\ismaTcH | Mismatch between IDACs - - 7 LSB
SID323 IDACsETs Settling time to 0.5 LSB for 8-bit - - 10 us Full-scale transition. No
IDAC external load.
SID324 IDACseT7 Settling time to 0.5 LSB for 7-bit - - 10 us Full-scale transition. No
IDAC external load.
SID325 CMOD External modulator capacitor. - 2.2 - nF 5-V rating, X7R or NPO cap.
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Table 16. Flash DC Specifications

Spec ID Parameter Description Min Typ Max Units Details/Conditions
SID173 Vpe Erase and program voltage 1.71 - 5.5 \Y
Table 17. Flash AC Specifications

Spec ID Parameter Description Min Typ Max Units Details/Conditions

SID174 TrRoWWRITEL Row (block) write time (erase and - - 20 ms Row (block) = 64 bytes
program)

SID175 TrowerASE ] Row erase time - - 13 ms

SID176 TROWPROGRAM[”] Row program time after erase - - 7 ms

SID178 Teuikerasel ! | Bulk erase time (16 KB) - - 15 ms

SID180M"T [ Tpevprog ™ Total device program time - - 7.5 seconds

SIiD181["2 FEND Flash endurance 100 K - - cycles

siD182"l | Frer Flash retention. TA<55°C, 100 K | 20 - - years
P/E cycles

SID182AI"] Flash retention. T, <85°C, 10K | 10 - - years
P/E cycles

System Resources

Power-on Reset (POR)

Table 18. Power On Reset (PRES)

Spec ID Parameter Description Min Typ Max Units Details/Conditions
SID.CLK#6 |SR_POWER_UP [Power supply slew rate 1 - 67 V/ms |At power-up
SID185" |Vriseipor Rising trip voltage 0.80 - 15 v
SID186" |VeaLLipor Falling trip voltage 0.70 - 1.4 v
Table 19. Brown-out Detect (BOD) for Vcp

Spec ID Parameter Description Min Typ Max Units Details/Conditions
SID190M"l [VeaL LpPor BOD trip voltage in active and 1.48 - 1.62 v

sleep modes
SID192"T [Vea Lopsip BOD trip voltage in Deep Sleep | 1.11 - 15 Y
Notes

11. It can take as much as 20 milliseconds to write to Flash. During this time the device should not be Reset, or Flash operations will be interrupted and cannot be relied
on to have completed. Reset sources include the XRES pin, software resets, CPU lockup states and privilege violations, improper power supply levels, and watchdogs.
Make certain that these are not inadvertently activated.

12. Guaranteed by characterization.
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SWD Interface
Table 20. SWD Interface Specifications

Spec ID Parameter Description Min Typ Max Units | Details/Conditions

SID213 F_SWDCLK1 33V<Vpp<h5V - - 14 MHz |SWDCLK<1/3CPU
clock frequency
SID214 F_SWDCLK2 171V <Vpp<33V - - 7 MHz |SWDCLK<1/3CPU
clock frequency

sID215"31 [T_sSwDI_SETUP|T = 1/f SWDCLK 0.25*T - - ns
siD216!"3l [T_SwDI_HOLD [T = 1/f SWDCLK 0.25*T - - ns
SID2171™! [T_SwWDO_VALID |T = 1/f SWDCLK - - 0.5*T ns
SID217A"3l[T_SWDO_HOLD |T = 1/f SWDCLK 1 - - ns
Internal Main Oscillator
Table 21. IMO DC Specifications
(Guaranteed by Design)

Spec ID Parameter Description Min Typ Max Units | Details/Conditions
SID218 imo1 IMO operating current at 48 MHz - - 250 MA
SID219 limo2 IMO operating current at 24 MHz - - 180 MA
Table 22. IMO AC Specifications

Spec ID Parameter Description Min Typ Max Units | Details/Conditions
SID223 FimoToL1 Frequency variation at 24 and - - 2 % 2V<Vpp<5.5V,and

32 MHz (trimmed) —25°C<Tp<85°C
SID223A  |FimoToLveed Frequency variation at 24 and - - 4 % All other conditions
32 MHz (trimmed)

SID226 TSTARTIMO IMO startup time - - 7 us
SID228 T I TRMSIMO2 RMS jitter at 24 MHz - 145 - ps
Internal Low-Speed Oscillator
Table 23. ILO DC Specifications
(Guaranteed by Design)

Spec ID Parameter Description Min Typ Max Units Details/Conditions
SID231"3T 1, o1 ILO operating current - 0.3 1.05 MA
SID233" {1 oLeak ILO leakage current - 2 15 nA
Table 24. ILO AC Specifications

Spec ID Parameter Description Min Typ Max Units Details/Conditions
SID234"T | TorarTILO ILO startup time - - 2 ms
SI1D236M" [Ty opuTy ILO duty cycle 40 50 60 %
SID237 FiLoTriM1 ILO frequency range 20 40 80 kHz

Note
13. Guaranteed by characterization.
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Table 25. External Clock Specifications

Spec ID Parameter Description Min Typ Max Units Details/Conditions
SID305!M ExtClkFreq External clock input frequency 0 - 16 MHz
SID306!"* | ExtClkDuty Duty cycle; measured at Vppo 45 - 55 %
Table 26. Block Specs

Spec ID Parameter Description Min Typ Max Units | Details/Conditions
siD262" | T kswiten System clock source switching time 3 - 4 Periods

Note
14. Guaranteed by characterization.
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Ordering Information

The PSoC 4000 part numbers and features are listed in the following table. All package types are available in Tape and Reel.

Feature Package

P —~ %)
S 531532z |z |2|88|/8|5|2(2/19/9]¢
Eg")- (EB 0 S i i § Fo 9 0 — - & X
CY8C4013SXI-400 16 8 2 - - - - 1 1 - v - - — -
% CY8C4013SXI-410 16 8 2 1 1 1 1 - v - - -
é CY8C4013SXI-411 16 8 2 - 1 1 1 1 1 - - v - - -
© CY8C4013LQl-411 16 8 2 - 1 1 1 1 1 - - - v - -
CY8C4014SXI-420 16 16 2 v 1 1 1 1 1 - v - - - -
CY8C4014SXI-411 16 16 2 - 1 1 1 1 1 - - v - - -
CY8C4014SXI-421 16 16 2 v 1 1 1 1 1 - - v - - -
s CY8C4014LQl-421 16 16 2 v 1 1 1 1 1 - - - v - -
g CY8C4014LQlI-412 16 16 2 - 1 1 1 1 1 - - - - v —
% CY8C4014LQl-422 16 16 2 v 1 1 1 1 1 - - - - v -
CY8C4014PVI-412 16 16 2 - 1 1 1 1 1 - - - - - v
CY8C4014PVI-422 16 16 2 v 1 1 1 1 1 - - - - - v
CY8C4014FNI-421 16 16 2 v 1 1 1 1 1 v - - - - -
5 CY8C4014LQI-SLT1 16 16 2 v 1 1 1 1 1 - - - v _ _
g CY8C4014LQI-SLT2 16 16 2 v 1 1 1 1 1 - - - - v -

Part Numbering Conventions

PSoC 4 devices follow the part numbering convention described in the following table. All fields are single-character alphanumeric (0,
1,2,...,9, AB, ..., Z) unless stated otherwise.

The part numbers are of the form CY8C4ABCDEF-XYZ where the fields are defined as follows.

Examples CY8C 4 ABCDEF - X x X
Cypress Prefix :I

4: PSoC4 Architecture
0 : 4000 Family Family Group within Architecture
1:16 MHz Speed Grade
4:16KB Flash Capacity
PV: SSOP
SX: SOIC Package Code
LQ: QFN
FN: WLCSP
| : Industrial Temperature Range

Peripheral Set
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The Field Values are listed in the following table:

Field Description Values Meaning
CcYsC Cypress prefix
4 Architecture 4 PSoC 4
A Family 0 4000 Family
B CPU speed 1 16 MHz
4 48 MHz
C Flash capacity 3 8 KB
4 16 KB
5 32 KB
6 64 KB
7 128 KB
DE Package code SX SOIC
LQ QFN
PV SSOP
FN WLCSP
F Temperature range | Industrial
XYZ Attributes code 000-999 | Code of feature set in specific family
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The center pad on the QFN package should be connected to ground (VSS) for best mechanical, thermal, and electrical performance.
If not connected to ground, it should be electrically floating and not connected to any other signal.

Figure 13. 16-pin QFN Package EPAD (Sawn)

TOP_VIEW SIDE_VIEW BOTTOM VIEW
———3.000.10—]
0.50£0.10
16 13 131 e PIN # ID
o l iy
1 12 Tﬂ 0.24+0.06
\_PIN 1 DOT s - _f
3 1.70£0.10 |
S 0.50£0.10
9 < ——
4 9 T 1
nnag
5 8 —]=—0.05 MAX ~I>L [~—0.40£0.10
] — 1.70+0.10

NOTES

1. B HATCH AREA IS SOLDERABLE EXPOSED PAD
2. REFERENCE JEDEC # MO-248
3. ALL DIMENSIONS ARE IN MILLMETERS

4. PACKAGE WEIGHT: See Cypress Package Material Declaration Datasheet (PMDD)
posted on the Cypress web

001-87187 *A

Figure 14. 16-pin (150-mil) SOIC Package Outline
PIN 1 ID

1ABARAAAR

1
¥ 1. DIMENSIONS IN INCHESIMMI MBX.

@ 0150038101 2. REFERENCE JEDEC MS-012
015713987 3. PACKAGE WEIGHT : refer to PMDD spec. 001-04308
023005.842]

0.244[6.197]

PART #

fgEgBEEE_ | e o

0010002541 ,, e,
0386098041 - X 45
" 4393t9.982] ‘ SEATING PLANE - ‘ 001610.406]

[ 0.061[1.549]
0068017271 \i
T * [ 000401021 \£
0016004061 00075001501

0.05001.2701

BSC 0°~8° 0.0098[0.2491
0.035[0.8891 51-85068 *E

0.019200.4871 0.0098[0.2491

Note
16. Dimensions of the QFN package drawings are in inches [millimeters].
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Figure 15. 8-pin (150-mil) SOIC Package Outline
1. DIMENSIONS IN INCHES[MM] MIN.
MAX.

2. PIN1ID IS OPTIONAL,
ROUND ON SINGLE LEADFRAME
RECTANGULAR ON MATRIX LEADFRAME

3. REFERENCE JEDEC MS-012
4. PACKAGE WEIGHT 0.07gms

1 A A A=

PART #
S08.15 STANDARD PKG
d SZ08.15 LEAD FREE PKG
0.150[3.810] SW8.15 LEAD FREE PKG
0.157[3.987]
0.230(5.842
0.244[6.197)

JHgE_ |

0.189[4.800]

0.0100.254] s
0.196[4.978] SEATING PLANE A‘ " a01e0406] X 45
/ t \ 0.061[1.549] { \I
tl: l 0.068[1.727) ‘ J k \—L
1 * ] 0.00400.102] —_—
0.050[1.270] f L
BSC 0.004[0.102] 0°~8° 0.01610.408 0.0075[0.190]

0.0098[0.249)]
0.0098[0.249] 0.035[0.889] f !

0.0138[0.350] 51-85066 *H
0.0192(0.487]
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Figure 16. 16-Ball WLCSP 1.47 x 1.58 x 0.4 mm
D | Bb <16X> Al BALL CORNER
1 2 3 4 | 0.265 4 3 2 1"
7 7
*+1Q D © OO0 0"
\f o
B PIN 1 DOT N —@ O O B
U
E
¢ D 0 OO0 0O|°
U
D N r) O D
¥ 4
AL 0.265 "’I@l
TOP VIEW A 0211 A [oen
eD)
SIDE VIEW
—
BOTTOM VIEW
DIMENSIONS NOTES:
SYMBOL
MIN. NOM. MAX. 1. ALL DIMENSIONS ARE IN MILLIMETERS.
A N ) 042 2. SOLDER BALL POSITION DESIGNATION PER JEP95, SECTION 3, SPP-020.
M 0.089 0.099 0.109 3. "e" REPRESENTS THE SOLDER BALL GRID PITCH.
D 1.447 1472 1497 4. SYMBOL "MD" IS THE BALL MATRIX SIZE IN THE "D" DIRECTION.
e 1579 To0a SYMBOL "ME" IS THE BALL MATRIX SIZE IN THE "E" DIRECTION.
o 105850 N IS THE NUMBER OF POPULATED SOLDER BALL POSITIONS FOR MATRIX
- SIZE MD X ME.
E1 1.05 BSC
MD 4 ADIMENSION "b" IS MEASURED AT THE MAXIMUM BALL DIAMETER IN A
e PLANE PARALLEL TO DATUM C.
4
N 16 "SD" AND "SE" ARE MEASURED WITH RESPECT TO DATUMS A AND B AND
T o 02 o2 DEFINE THE POSITION OF THE CENTER SOLDER BALL IN THE OUTER ROW.
- - - WHEN THERE IS AN ODD NUMBER OF SOLDER BALLS IN THE OUTER ROW,
eD 035 BSC uSDu OR uSEu 0
oE 0.35 BSC o
WHEN THERE IS AN EVEN NUMBER OF SOLDER BALLS IN THE OUTER ROW,
D .
S 0.18 BSC "SD" = eD/2 AND "SE" = eE/2.
SE 0.18 BSC
Am CORNER TO BE IDENTIFIED BY CHAMFER, LASER OR INK MARK
METALIZED MARK, INDENTATION OR OTHER MEANS.
8. "+" INDICATES THE THEORETICAL CENTER OF DEPOPULATED SOLDER
BALLS.
9. JEDEC SPECIFICATION NO. REF. : N/A. 002-18598 **
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Table 31. Acronyms Used in this Document (continued)

Table 31. Acronyms Used in this Document (continued)

Document Number: 001-89638 Rev. *G

Acronym Description Acronym Description
PC program counter SWv single-wire viewer
PCB printed circuit board D transaction descriptor, see also DMA
PGA programmable gain amplifier THD total harmonic distortion
PHUB peripheral hub TIA transimpedance amplifier
PHY physical layer TRM technical reference manual
PICU port interrupt control unit TTL transistor-transistor logic
PLA programmable logic array X transmit
PLD programmable logic device, see also PAL UART Universal Asynchronous Transmitter Receiver, a
PLL phase-locked loop communications protocol
PMDD package material declaration data sheet ubs universal digital block
POR power-on reset USB Universal Serial Bus
PRES precise power-on reset USBIO ;J%%gr;lét:toutput, PSoC pins used to connect to
PRS pseudo random sequence VDAC voltage DAC, see also DAC, IDAC
PS port read data register WDT watchdog timer
PSoC® Programmable System-on-Chip™ WOL write once latch, see also NVL
PSRR power supply rejection ratio WRES watchdog timer reset
PWM pulse-width modulator XRES external reset /O pin
RAM random-access memory XTAL crystal
RISC reduced-instruction-set computing
RMS root-mean-square
RTC real-time clock
RTL register transfer language
RTR remote transmission request
RX receive
SAR successive approximation register
SC/CT switched capacitor/continuous time
SCL I2C serial clock
SDA I°C serial data
S/H sample and hold
SINAD signal to noise and distortion ratio
SIO special input/output, GPIO with advanced
features. See GPIO.
SOC start of conversion
SOF start of frame
SPI Serial Peripheral Interface, a communications
protocol
SR slew rate
SRAM static random access memory
SRES software reset
SWD serial wire debug, a test protocol
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Sales, Solutions, and Legal Information

Worldwide Sales and Design Support

Cypress maintains a worldwide network of offices, solution centers, manufacturer’s representatives, and distributors. To find the office
closest to you, visit us at Cypress Locations.

Products

ARM® Cortex® Microcontrollers

Automotive

Clocks & Buffers
Interface

Internet of Things
Memory
Microcontrollers

PSoC

Power Management ICs
Touch Sensing

cypress.com/arm
cypress.com/automotive
cypress.com/clocks
cypress.com/interface
cypress.com/iot
cypress.com/memory
cypress.com/mcu
cypress.com/psoc
cypress.com/pmic
cypress.com/touch

PSoC® Solutions
PSoC 1 | PSoC 3 | PSoC 4 | PSoC 5LP | PSoC 6

Cypress Developer Community

Forums | WICED IOT Forums | Projects | Video | Blogs | Training
| Components

Technical Support

cypress.com/support

USB Controllers
Wireless Connectivity

cypress.com/usb
cypress.com/wireless
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worldwide. Cypress reserves all rights under such laws and treaties and does not, except as specifically stated in this paragraph, grant any license under its patents, copyrights, trademarks, or other
intellectual property rights. If the Software is not accompanied by a license agreement and you do not otherwise have a written agreement with Cypress governing the use of the Software, then Cypress
hereby grants you a personal, non-exclusive, nontransferable license (without the right to sublicense) (1) under its copyright rights in the Software (a) for Software provided in source code form, to
modify and reproduce the Software solely for use with Cypress hardware products, only internally within your organization, and (b) to distribute the Software in binary code form externally to end users
(either directly or indirectly through resellers and distributors), solely for use on Cypress hardware product units, and (2) under those claims of Cypress's patents that are infringed by the Software (as
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the responsibility of the user of this document to properly design, program, and test the functionality and safety of any application made of this information and any resulting product. Cypress products
are not designed, intended, or authorized for use as critical components in systems designed or intended for the operation of weapons, weapons systems, nuclear installations, life-support devices or
systems, other medical devices or systems (including resuscitation equipment and surgical implants), pollution control or hazardous substances management, or other uses where the failure of the
device or system could cause personal injury, death, or property damage ("Unintended Uses"). A critical component is any component of a device or system whose failure to perform can be reasonably
expected to cause the failure of the device or system, or to affect its safety or effectiveness. Cypress is not liable, in whole or in part, and you shall and hereby do release Cypress from any claim,
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