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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"

Active

ARM® Cortex®-M3

32-Bit Single-Core

67MHz

12C, LINbus, SPI, UART/USART, USB
CapSense, DMA, LCD, POR, PWM, WDT
62

256KB (256K x 8)

FLASH

2Kx 8

64K x 8

1.71V ~ 5.5V

A/D 1x20b, 2x12b; D/A 4x8b
Internal

-40°C ~ 85°C (TA)

Surface Mount

100-LQFP

100-TQFP (14x14)
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Figure 2-4. 100-pin TQFP Part Pinout
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Table 2-1. Vpp)o and Port Pin Associations

VDDIO Port Pins

VDDIOO PO[7:01, P4[7:0], P12[3:2]

VDDIO1 P1[7:0], P5[7:0], P12[7:6]

VDDIO2 P2[7:01, P6[7:0], P12[5:4], P15[5:4]

VDDIO3 P3[7:0], P12[1:0], P15[3:0]
VDDD P15[7:6] (USB D+, D-)

Note

5. Pins are Do Not Use (DNU) on devices without USB. The pin must be left floating.
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O, IDACO)

O, OPAMP2+, SAR0 EXTREF)

0, OPAMP2-)

VDDIO3

(OPAMP1+, GPIO) P3|

VDDIOO
PO[3] (GPIO, OPAMPO-, EXTREFO0)
PO[2] (GPIO, OPAMPO+, SAR1 EXTREF)
PO[1] (GPIO, OPAMPOOUT)

PO[0] (GPIO, OPAMP20UT

P4[1] (GPIO)

P4[0] (GPIO)

P12[3] (SIO)

P12[2] (SIO)

VSSD

VDDA

VSSA

VCCA

NC

P15[3] (GPIO, KHZ XTAL: XI)
P15[2] (GPIO, KHZ XTAL: XO)
P12[1] (SIO, 12C1: SDA)
P12[0] (SIO, 12C1: SCL)

P3[7] (GPIO, OPAMP30UT)
P3[6] (GPIO, OPAMP10UT)
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Figure 4-2. DMA Timing Diagram
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4.3.4.2 Auto Repeat DMA

Auto repeat DMA is typically used when a static pattern is
repetitively read from system memory and written to a peripheral.
This is done with a single TD that chains to itself.

4.3.4.3 Ping Pong DMA

A ping pong DMA case uses double buffering to allow one buffer
to be filled by one client while another client is consuming the
data previously received in the other buffer. In its simplest form,
this is done by chaining two TDs together so that each TD calls
the opposite TD when complete.

4.3.4.4 Circular DMA

Circular DMA is similar to ping pong DMA except it contains more
than two buffers. In this case there are multiple TDs; after the last
TD is complete it chains back to the first TD.

4.3.4.5 Indexed DMA

In an indexed DMA case, an external master requires access to
locations on the system bus as if those locations were shared
memory. As an example, a peripheral may be configured as an
SPI or I2C slave where an address is received by the external
master. That address becomes an index or offset into the internal
system bus memory space. This is accomplished with an initial
“address fetch” TD that reads the target address location from
the peripheral and writes that value into a subsequent TD in the
chain. This modifies the TD chain on the fly. When the “address
fetch” TD completes it moves on to the next TD, which has the
new address information embedded in it. This TD then carries
out the data transfer with the address location required by the
external master.

4.3.4.6 Scatter Gather DMA

In the case of scatter gather DMA, there are multiple
noncontiguous sources or destinations that are required to
effectively carry out an overall DMA transaction. For example, a
packet may need to be transmitted off of the device and the
packet elements, including the header, payload, and trailer, exist
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in various noncontiguous locations in memory. Scatter gather
DMA allows the segments to be concatenated together by using
multiple TDs in a chain. The chain gathers the data from the
multiple locations. A similar concept applies for the reception of
data onto the device. Certain parts of the received data may need
to be scattered to various locations in memory for software
processing convenience. Each TD in the chain specifies the
location for each discrete element in the chain.

4.3.4.7 Packet Queuing DMA

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

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

4.3.4.8 Nested DMA

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

At initial power on, IPOR monitors the power voltages Vppp,
Vppa, Veep and Veea. The trip level is not precise. It is set to
approximately 1 volt (0.75V to 1.45 V). This 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.

m 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.
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m 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.

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

Normal Voltage Available Trip
Interrupt | Supply Range Settings
DLVI vDDD (1.71V-55V 1.70 V-5.45 V in
250 mV increments
ALVI VDDA |1.71V-55V 1.70 V-5.45 V in
250 mV increments
AHVI VDDA |1.71V-55V 575V

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
m XRES - External Reset

PSoC 5LP has a dedicated XRES pin, which holds the part in
reset while held active (low). The response to an XRES is the
same as to an IPOR reset. The external reset is active low. It
includes an internal pull-up resistor. XRES is active during
sleep and hibernate modes.

After XRES has been deasserted, at least 10 ps must elapse
before it can be reasserted.

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

mode configuration for the USBIO pins.

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

PRT15.DM1[7,6]
Pull up enable

PRT15.DMO[7,6]
Drive Mode enable

PRT15.DR[7,6] = 1

PRT15.DR[7,6] =0 Description

0 0 High Z Strong Low Open Drain, Strong Low

0 1 Strong High Strong Low Strong Outputs

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

® High impedance analog

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

To achieve the lowest chip current in sleep modes, all 1/0Os
must either be configured to the high impedance analog mode,
or have their pins driven to a power supply rail by the PSoC
device or by external circuitry.

m High impedance digital

The input buffer is enabled for digital signal input. This is the
standard high impedance (HiZ) state recommended for digital
inputs.
m Resistive pull-up or resistive pull-down

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

m Open drain, drives high and open drain, drives low

Open drain modes provide high impedance in one of the data
states and strong drive in the other. Pins can be used for digital
input and output in these modes. A common application for
these modes is driving the 1°C bus signal lines.

m Strong drive

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

m Resistive pull-up and pull-down

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

6.4.2 Pin Registers

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

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

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

6.4.3 Bidirectional Mode

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

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

6.4.4 Slew Rate Limited Mode

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

This section applies only to SIO pins. The adjustable input level
feature of the S1Os as explained in the Adjustable Input Level on
page 38 can be used to construct a comparator. The threshold
for the comparator is provided by the SIO's reference generator.
The reference generator has the option to set the analog signal
routed through the analog global line as threshold for the
comparator. Note that a pair of SIO pins share the same
threshold.

The digital input path in Figure 6-9 on page 35 illustrates this
functionality. In the figure, ‘Reference level’ is the analog signal
routed through the analog global. The hysteresis feature can
also be enabled for the input buffer of the SIO, which increases
noise immunity for the comparator.

6.4.14 Hot Swap

This section applies only to SIO pins. SIO pins support ‘hot swap’
capability to plug into an application without loading the signals
that are connected to the SIO pins even when no power is
applied to the PSoC device. This allows the unpowered PSoC to
maintain a high impedance load to the external device while also
preventing the PSoC from being powered through a SIO pin’s
protection diode.

Powering the device up or down while connected to an
operational I12C bus may cause transient states on the SIO pins.
The overall 12C bus design should take this into account.

6.4.15 Overvoltage Tolerance

All 1/0 pins provide an overvoltage tolerance feature at any
operating VDD.

m There are no current limitations for the SI0 pins as they present
a high impedance load to the external circuit.

®m The GPIO pins must be limited to 100 yA using a current limiting
resistor. GPIO pins clamp the pin voltage to approximately one
diode above the VDDIO supply.

m |n case of a GPIO pin configured for analog input/output, the
analog voltage on the pin must not exceed the VDDIO supply
voltage to which the GPIO belongs.

A common application for this feature is connection to a bus such
as 12C where different devices are running from different supply
voltages. In the I2C case, the PSoC chip is configured into the
Open Drain, Drives Low mode for the SIO pin. This allows an
external pull-up to pull the 12C bus voltage above the PSoC pin
supply. For example, the PSoC chip could operate at 1.8 V, and
an external device could run from 5 V. Note that the SIO pin’s
VIH and VIL levels are determined by the associated VDDIO

supply pin.
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The SIO pin must be in one of the following modes: 0 (high
impedance analog), 1 (high impedance digital), or 4 (open drain
drives low). See Figure 6-11 for details. Absolute maximum
ratings for the device must be observed for all I/O pins.

6.4.16 Reset Configuration

While reset is active all 1/Os are reset to and held in the High
Impedance Analog state. After reset is released, the state can be
reprogrammed on a port-by-port basis to pull-down or pull-up. To
ensure correct reset operation, the port reset configuration data
is stored in special nonvolatile registers. The stored reset data is
automatically transferred to the port reset configuration registers
at reset release.

6.4.17 Low Power Functionality

In all low power modes the 1/O pins retain their state until the part
is awakened and changed or reset. To awaken the part, use a
pin interrupt, because the port interrupt logic continues to
function in all low power modes.

6.4.18 Special Pin Functionality

Some pins on the device include additional special functionality
in addition to their GPIO or SIO functionality. The specific special
function pins are listed in “Pinouts” on page 6. The special
features are:

m Digital
o 4- to 25-MHz crystal oscillator

o 32.768-kHz crystal oscillator

o Wake from sleep on I2C address match. Any pin can be used
for I°C if wake from sleep is not required.

o JTAG interface pins

o SWD interface pins

o SWV interface pins

o TRACEPORT interface pins
o External reset

m Analog
o Opamp inputs and outputs
o High current IDAC outputs
o External reference inputs

6.4.19 JTAG Boundary Scan

The device supports standard JTAG boundary scan chains on all
pins for board level test.
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Figure 7-9. Digital System Interconnect
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Interrupt and DMA routing is very flexible in the CY8C58LP
programmable architecture. In addition to the numerous fixed
function peripherals that can generate interrupt requests, any
data signal in the UDB array routing can also be used to generate
a request. A single peripheral may generate multiple
independent interrupt requests simplifying system and firmware
design. Figure 7-10 shows the structure of the IDMUX
(Interrupt/DMA Multiplexer).

Figure 7-10. Interrupt and DMA Processing in the IDMUX
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7.4.1 1/0 Port Routing

There are a total of 20 DSI routes to a typical 8-bit I/O port, 16
for data and four for drive strength control.

When an I/O pin is connected to the routing, there are two
primary connections available, an input and an output. In
conjunction with drive strength control, this can implement a
bidirectional 1/0 pin. A data output signal has the option to be
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single synchronized (pipelined) and a data input signal has the
option to be double synchronized. The synchronization clock is
the system clock (see Figure 6-1). Normally all inputs from pins
are synchronized as this is required if the CPU interacts with the
signal or any signal derived from it. Asynchronous inputs have
rare uses. An example of this is a feed through of combinational
PLD logic from input pins to output pins.

Figure 7-11. /0O Pin Synchronization Routing

DO K

T

Figure 7-12. I/O Pin Output Connectivity
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There are four more DSI connections to a given 1/O port to
implement dynamic output enable control of pins. This
connectivity gives a range of options, from fully ganged 8-bits
controlled by one signal, to up to four individually controlled pins.
The output enable signal is useful for creating tri-state
bidirectional pins and buses.

Figure 7-13. I/O Pin Output Enable Connectivity

4 10 Control Signal Connections from
UDB Array Digital System Interface

e i i e
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11.3.2 Analog Core Regulator
Table 11-5. Analog Core Regulator DC Specifications

Parameter Description Conditions Min Typ Max Units

Vopa Input voltage 1.8 - 5.5 \Y

Veea Output voltage - 1.80 - \Y
Regulator output capacitor +10%, X5R ceramic or better 0.9 1 1.1 uF

Figure 11-7. Analog Regulator PSRR vs Frequency and Vpp
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11.3.3 Inductive Boost Regulator

Unless otherwise specified, operating conditions are: Vgat = 0.5 V-3.6 V, Vo1 = 1.8 V=5.0 V, Igyt = 0 mA-50 mA,

LgoosT = 4.7 yH-22 pH, Cgpost = 22 pF || 3 x 1.0 yF || 3 x 0.1 pF, Cgar = 22 pF, Ig = 1.0 A, excludes 99-pin CSP package. For
information on using boost with 99-pin CSP package, contact Cypress support. Unless otherwise specified, all charts and graphs show
typical values.

Table 11-6. Inductive Boost Regulator DC Specifications

Parameter Description Conditions Min Typ Max Units
VOUT Boost output V0|tage[29] vsel = 1.8 Vin register BOOST_CRO 1.71 1.8 1.89 \
vsel = 1.9 V in register BOOST_CRO 1.81 1.90 2.00 \Y,
vsel = 2.0 V in register BOOST_CRO 1.90 2.00 210 \Y,
vsel = 2.4 V in register BOOST_CRO 2.16 2.40 2.64 \Y,
vsel = 2.7 V in register BOOST_CRO 243 2.70 2.97 \Y,
vsel = 3.0 V in register BOOST_CRO 2.70 3.00 3.30 \Y,
vsel = 3.3 V in register BOOST_CRO 297 3.30 3.63 \
vsel = 3.6 V in register BOOST_CRO 3.24 3.60 3.96 \
vsel = 5.0 V in register BOOST_CRO 4.50 5.00 5.50 \Y,
VBAT |nput Vo|tage to boost[SO] IOUT =0mA-5mA |vsel=1.8V-2.0YV, 0.5 - 0.8 \%
Tp=0°C-70°C
louT = 0 MA-15 mA |vsel = 1.8 V-5.0 V3], 1.6 - 3.6 v
Tp=-10°C-85°C
lout =0 MA-25 mA |vsel = 1.8 V-2.7 V, 0.8 - 1.6 \
Tp=-10°C-85°C
louT = 0 MA-50 mA |vsel = 1.8 V-3.3 V3], 1.8 - 25 Y%
Tp =-40°C-85°C
vsel=1.8V-3.3 VB, 1.3 - 25 %
Tp=-10°C-85°C
vsel =2.5V-5.0 V31, 25 - 3.6 v
Tp=-10°C-85°C
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11.4 Inputs and Outputs

Specifications are valid for -40 °C < Ty < 105 °C and T < 120 °C, except where noted. Specifications are valid for 1.71 Vto 5.5V,
except where noted. Unless otherwise specified, all charts and graphs show typical values.

When the power supplies ramp up, there are low-impedance connections between each GPIO pin and its Vpp g supply. This causes
the pin voltages to track Vpp,o until both Vpp g and Vpppa reach the IPOR voltage, which can be as high as 1.45 V. At that point, the
low-impedance connections no longer exist and the pins change to their normal NVL settings.

Also, if Vppp is less than Vpp, o, a low-impedance path may exist between a GPIO and Vppp, causing the GPIO to track Vppa until
Vppa becomes greater than or equal to Vppo.

11.4.1 GPIO
Table 11-8. GPIO DC Specifications
Parameter Description Conditions Min Typ Max Units
\m Input voltage high threshold CMOS Input, PRT[X]CTL =0 0.7 x Vppio - - Vv
Vi Input voltage low threshold CMOS Input, PRT[x]CTL=0 - - 0.3 x \Y
Vbbio
Viy Input voltage high threshold LVTTL Input, PRT[X]CTL =1, Vppj0<2.7 V| 0.7 X Vpp|o - - \Y
Vi Input voltage high threshold LVTTL Input, PRT[X]CTL=1,Vpp022.7 V 2.0 - - \Y
i Input voltage low threshold LVTTL Input, PRT[X]CTL=1, Vppio<2.7V - - 0.3x \%
Vbpio
VI Input voltage low threshold LVTTL Input, PRT[X]CTL =1, Vpp o227V - - 0.8 \%
VoH Output voltage high lon =4 mA at 3.3 Vppio Vppio — 0.6 - - Vv
IOH =1mAat1.8 VDDlO VDDlO -0.5 - - \Y
VoL Output voltage low loo =8 mA at 3.3 Vppio - - 0.6 \Y
lo. =3 mAat 3.3 Vppo - - 0.4 \Y
IOL =4mAat1.8 VDDIO - - 0.6 \
Rpullup Pull-up resistor 3.5 5.6 8.5 kQ
Rpulldown |Pull-down resistor 3.5 5.6 8.5 kQ
I Input leakage current (absolute |25 °C, Vpp,g =3.0V - - 2 nA
value)[34]
CiN Input capacitance!®4! P0.0, P0.1, P0.2, P3.6, P3.7 - 17 20 pF
P0.3, P0.4, P3.0, P3.1, P3.2 - 10 15 pF
P0.6, P0.7, P15.0, P15.6, P15.7[%°] - 7 12 pF
All other GPIOs - 5 9 pF
VH Input voltage hysteresis - 40 - mV
(Schmitt-Trigger)34
Idiode Current through protection diode - - 100 WA
to Vppio and Vssio
Rglobal letjassistance pin to analog global |25 °C, Vppo =3.0V - 320 - Q
Rmux Resistance pin to analog mux bus|25 °C, Vppjo =3.0V - 220 - Q

Notes
34. Based on device characterization (Not production tested).
35. For information on designing with PSoC oscillators, refer to the application note, AN54439 - PSoC® 3 and PSoC 5 External Oscillator.
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11.4.2 SIO
Table 11-10. SIO DC Specifications
Parameter Description Conditions Min Typ Max Units
Vinmax Maximum input voltage All allowed values of Vddio and - - 5.5 \Y,
Vppp, see Absolute Maximum
Ratings on page 67
Vinref Input voltage reference (differential 0.5 - 10.52xVppo| V
input mode)
Output voltage reference (regulated output mode)
Voutref Vppio > 3.7 1 - Vppio—1 \Y
Vopio < 3.7 1 — | Vppio—-0.5 \Y,
Input voltage high threshold
Viy GPIO mode CMOS input 0.7 x Vppio - - V
Differential input model37] Hysteresis disabled SIO ref+0.2 | - - Vv
Input voltage low threshold
Vi GPIO mode CMOS input - - | 03xVppo | V
Differential input mode!3”] Hysteresis disabled - — |[SIO_ref-0.2| V
Output voltage high
Unregulated mode loy =4 mA, Vppp =3.3V Vppio— 0.4 - - V
Vou Regulated model®’] lon =1 mMA SIO_ref-0.65| - |SIO_ref+0.2| V
lop =0.1 mA SIO_ref—-03 | - |[SIO_ref+0.2| V
no load, lpy =0 SIO_ref-0.1 — |SIO_ref+0.1| V
VoL Output voltage low Vppio =3.30V, lg. =25 mA - - 0.8 \Y,
Vppio =3.30 V, Ig. =20 mA - - 0.4 \Y,
Vppio = 1.80V, Ig. =4 mA - - 0.4 \Y,
Rpullup Pull-up resistor 3.5 5.6 8.5 kQ
Rpulldown Pull-down resistor 3.5 5.6 8.5 kQ
I Input leakage current (absolute
value)38]
V|4 < Vddsio 25°C,Vddsio=3.0V,Vu=3.0V - - 14 nA
V|4 > Vddsio 25°C,Vddsio=0V,Vy=3.0V - - 10 MA
CiN Input Capacitance[38] - - 9 pF
Vv Input v'oltage hysteresis Single ended mode (GPIO mode) - 115 - mV
H (Schmitt-Trigger)'*®! Differential mode - 50 - mV
Idiode \C/)urrent through protection diode to - - 100 MA
SSIO
Notes

37. See Figure 6-9 on page 35 and Figure 6-12 on page 38 for more information on SIO reference.
38. Based on device characterization (Not production tested).
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Table 11-34. IDAC DC Specifications (continued)

Parameter Description Conditions Min Typ Max Units
DNL Differential nonlinearity Sink mode, range = 255 JA, - 0.3 +1 LSB
Rload = 2.4 kQ, Cload = 15 pF
Source mode, range = 255 JA, - +0.3 +1 LSB
Rload = 2.4 kQ, Cload = 15 pF
Source mode, range = 31.875 gA, - +0.2 +1 LSB
Rload = 20 kQ, Cload = 15 pF51]
Sink mode, range = 31.875 pAé - 0.2 +1 LSB
Rload = 20 kQ, Cload = 15 pF61]
Source mode, range = 2.0 4 mAf - +0.2 +1 LSB
Rload = 600 Q, Cload = 15 pF[®']
Sink mode, range = 2.0 4 mA, - +0.2 +1 LSB
Rload = 600 Q, Cload = 15 pF[61]
Vcompliance |Dropout voltage, source or sink Voltage headroom at max current, 1 - - \%
mode Rload to Vppp or Rload to Vg,
Vpirr from Vppa
Ibp Operating current, code = 0 Slow mode, source mode, range = - 44 100 MA
31.875 pA
Slow mode, source mode, range = - 33 100 MA
255 pA,
Slow mode, source mode, range = - 33 100 MA
2.04 mA
Slow mode, sink mode, range = - 36 100 MA
31.875 pA
Slow mode, sink mode, range = - 33 100 MA
255 pA
Slow mode, sink mode, range = - 33 100 MA
2.04 mA
Fast mode, source mode, range = - 310 500 MA
31.875 pA
Fast mode, source mode, range = - 305 500 MA
255 pA
Fast mode, source mode, range = - 305 500 MA
2.04 mA
Fast mode, sink mode, range = - 310 500 MA
31.875 pA
Fast mode, sink mode, range = - 300 500 MA
255 pA
Fast mode, sink mode, range = - 300 500 MA
2.04 mA

Note
61. Based on device characterization (Not production tested).
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Figure 11-47. IDAC INL vs Input Code, Range = 255 YA,
Source Mode
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Figure 11-49. IDAC DNL vs Input Code, Range = 255 pA,
Source Mode

0.5

0.25

oAt

-0.25

DNL, LSB

-0.5 v
0 32 64 96 128 160 192 224 256
Code, 8-bit
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Figure 11-48. IDAC INL vs Input Code, Range = 255 YA, Sink
Mode
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Figure 11-50. IDAC DNL vs Input Code, Range = 255 pA, Sink
Mode
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Figure 11-63. VDAC INL vs Temperature, 1 V Mode Figure 11-64. VDAC DNL vs Temperature, 1 V Mode
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Figure 11-65. VDAC Full Scale Error vs Temperature, 1V Figure 11-66. VDAC Full Scale Error vs Temperature, 4 V
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Figure 11-67. VDAC Operating Current vs Temperature, 1V Figure 11-68. VDAC Operating Current vs Temperature, 1 V
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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 11-49. Counter DC Specifications[72]

Parameter Description Conditions Min Typ Max Units
Block current consumption 16-bit counter, at listed input clock - - - MA
frequency
3 MHz - 15 - MA
12 MHz - 60 - MA
48 MHz - 260 - MA
80 MHz - 360 - MA

Table 11-50. Counter AC Specifications!’2

Parameter Description Conditions Min Typ Max Units
Operating frequency DC - 80.01 MHz
Capture pulsel”®! 15 - - ns
Resolution[”3] 15 - - ns
Pulse width["! 15 - - ns
Pulse width (external) 30 ns
Enable pulse widthl”3] 15 - - ns
Enable pulse width (external) 30 - - ns
Reset pulse width[”?] 15 - - ns
Reset pulse width (external) 30 - - ns

Notes

72.Based on device characterization (Not production tested).
73. For correct operation, the minimum Timer/Counter/PWM input pulse width is the period of bus clock.
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11.6.3 Pulse Width Modulation

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

Table 11-51. PWM DC Specifications["]

Parameter Description Conditions Min Typ Max | Units
Block current consumption 16-bit PWM, at listed input clock frequency - - - MA
3 MHz - 15 - MA
12 MHz - 60 - MA
48 MHz - 260 - MA
80 MHz - 360 - MA

Table 11-52. PWM AC Specifications!™!

Parameter Description Conditions Min Typ Max Units
Operating frequency DC - 80.01 MHz
Pulse width["] 15 - - ns
Pulse width (external) 30 - - ns
Kill pulse width["®! 15 - - ns
Kill 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
11.6.4 1°C
Table 11-53. Fixed I2C DC Specifications[”
Parameter Description Conditions Min Typ Max Units
Block current consumption Enabled, configured for 100 kbps - - 250 pA
Enabled, configured for 400 kbps - - 260 A

Table 11-54. Fixed I12C AC Specifications[’8

Parameter Description Conditions Min Typ Max Units

Bit rate - - 1 Mbps

11.6.5 Controller Area Network
Table 11-55. CAN DC Specifications!’4 77]

Parameter Description Conditions Min Typ Max Units
Ibp Block current consumption - - 200 MA

Table 11-56. CAN AC Specifications!’4 771

Parameter Description Conditions Min Typ Max Units

Bit rate Minimum 8 MHz clock - - 1 Mbit

Notes
74.Based on device characterization (Not production tested).
75. For correct operation, the minimum Timer/Counter/PWM input pulse width is the period of bus clock.
76. Rise/fall time matching (TR) not guaranteed, see Table 11-15 on page 84.
77.Refer to ISO 11898 specification for details.

Document Number: 001-84932 Rev. *L Page 113 of 139



PSOC® 5LP: CY8C58LP Family
ws CYPRESS Datasheet

- EMBEDDED IN TOMORROW

11.7.5 External Memory Interface

Figure 11-77. Asynchronous Write and Read Cycle Timing, No Wait States

P Tbus_clock o
Bus Clock
EM_Addr }‘ )(
EM_CE
EM_WE
EM—OE Twr_setup
Trd_setup Trd_hold
EM_Data
P Write Cycle o P Read Cycle o
P Minimum of 4 bus clock cycles between successive EMIF accesses o
Table 11-69. Asynchronous Write and Read Timing Specifications®4
Parameter Description Conditions Min Typ Max Units
Fbus_clock |Bus clock frequency!®®] - - 33 MHz
Tbus_clock |Bus clock period[86] 30.3 - - ns
Twr_Setup |Time from EM_data valid to rising edge of Tbus_clock — 10 - - ns
EM_WE and EM_CE
Trd_setup |Timethat EM_data must be valid before rising 5 - - ns
edge of EM_OE
Trd_hold Time that EM_data must be valid after rising 5 - - ns
edge of EM_OE

Notes
84. Based on device characterization (Not production tested).
85. EMIF signal timings are limited by GPIO frequency limitations. See “GPIO” section on page 76.
86. EMIF output signals are generally synchronized to bus clock, so EMIF signal timings are dependent on bus clock frequency.
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Figure 11-78. Synchronous Write and Read Cycle Timing, No Wait States
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Table 11-70. Synchronous Write and Read Timing Specifications[87]

Parameter Description Conditions Min Typ Max Units
Fbus_clock |Bus clock frequency!®el — — 33 MHz
Tbus_clock |Bus clock period®®] 30.3 - - ns
Twr_Setup |Time from EM_data valid to rising edge of Tbus_clock — 10 - - ns
EM_Clock

Trd_setup |Timethat EM_data must be valid before rising 5 - - ns
edge of EM_OE

Trd_hold Time that EM_data must be valid after rising 5 - - ns
edge of EM_OE

Notes
87.Based on device characterization (Not production tested).
88. EMIF signal timings are limited by GPIO frequency limitations. See “GPIO” section on page 76.
89. EMIF output signals are generally synchronized to bus clock, so EMIF signal timings are dependent on bus clock frequency.
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Table 11-80. IMO AC Specifications (continued)

Parameter Description Conditions Min Typ Max | Units
Tstart_imo |Startup time[00] From enable (during normal system operation)| — - 13 us
Jitter (peak to peak)!100]
Jp-p F =24 MHz - 0.9 - ns
F =3 MHz - 1.6 - ns
Jitter (long term)[101]
Jperiod F =24 MHz - 0.9 - ns
F =3 MHz - 12 - ns
Figure 11-82. IMO Frequency Variation vs. Temperature Figure 11-83. IMO Frequency Variation vs. V¢
05 0.2 :
. I I
——62.6 MHz 0.15 ——3MHZ [ |
—24 MHz —6MHZ
0.25 ——3 MHz 0.1 —— 24 MHz [
~ ~—— S 005
0 / —_— C . |
s // £ 005 - .
S 025 \
e -0.1
\ -0.15
0.5 N
40 20 0 20 40 60 80 100 0.2
Temperature, °C 1.7 1.7 1.8 1.85 1.9 1.95
Veen, V
Notes

99. Fimo is measured after packaging, and thus accounts for substrate and die attach stresses.
100.Based on device characterization (Not production tested).
101.Based on device characterization (Not production tested). USBIO pins tied to ground (VSSD).
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12.1 Part Numbering Conventions

PSoC 5LP 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-LPxxx

m a: Architecture m ef: Package code
o 3: PSoC 3 o Two character alphanumeric
o 5: PSoC 5 o AX: TQFP
m b: Family group within architecture olLT _QFN
o 2: CY8C52LP family o PV- SSOP
0 4: CYSC54LP family o FN: CSP
o 6: CY8C56LP family m g: Temperature Range
o 8: CY8CS58LP family o C: Commercial
o |: Industrial

m c: Speed grade o Q: Extended

o 6: 67 MHz .
o 8: 80 MHz o A: Automotive
. . : H
m d: Flash capacity xxx: Peripheral set .
. o Three character numeric
o 5: 32KB No meaning is associated with these three characters
o 6: 64 KB o 9
o7:128 KB
o 8: 256 KB
Examples CY8C 5 8 8 8 AXPV I -LPx x x
Cypress Prefix j
5: PSoC 5 Architecture
8: CY8C58LP Family Family Group within Architecture
8: 80 MHz Speed Grade
8: 256 KB Flash Capacity
AX: TQFP, PV: SSOP Package Code
I: Industrial Temperature Range

Peripheral Set

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 5LP CY8C58LP 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 Datasheets (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.
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Figure 13-1. 68-pin QFN 8x8 with 0.4 mm Pitch Package Outline (Sawn Version)
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