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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®-M3

32-Bit Single-Core

80MHz

CANbus, I2C, 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 2x12b; D/A 4x8b

Internal

-40°C ~ 85°C (TA)

Surface Mount

99-UFBGA, WLCSP

99-WLCSP (5.19x5.94)
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Figure 6-6. Application of Boost Converter powering PSoC device
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All components and values are required

The boost converter may also generate a supply that is not used
directly by the PSoC device. An example of this use case is
boosting a 1.8 V supply to 4.0 V to drive a white LED. If the boost
converter is not supplying the PSoC devices Vppa, Vppp, and
Vppjo it must comply with the same design rules as supplying

the PSoC device, but with a change to the bulk capacitor
requirements. A parallel arrangement 22 yF, 1.0 yF, and 0.1 pF
capacitors are all required on the Vout supply and must be
placed within 1 cm of the VBOOST pin to ensure regulator
stability.

Figure 6-7. Application of Boost Converter not powering PSoC device

Vour
External PSoC
Load VDDA [
VDDD [
_[22 yF 1.0 yF_[0.1 WF
T T
VDDD [
VDDA, VDDD, and
| VBOOST VDDIO connections
Schottky, 1A IND per section 6.2
VDDIOO =3 power System.
4.7 uH Boost | VDDIO2 |
10 pH ;
22 yH Logie VDDIO1
| VBAT \ —
< 22pF [
- T |vsss VDDIO3 [
0.5-3.6V
VSSA
VSSD

All components and values are required =

The switching frequency is set to 400 kHz using an oscillator
integrated into the boost converter. The boost converter can be
operated in two different modes: active and standby. Active

mode is the normal mode of operation where the boost regulator
actively generates a regulated output voltage. In standby mode,
most boost functions are disabled, thus reducing power
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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.

6.4 1/0 System and Routing

PSoC I/Os are extremely flexible. Every GPIO has analog and
digital I/O capability. All I/Os have a large number of drive modes,
which are set at POR. PSoC also provides up to four individual
I/0 voltage domains through the VDDIO pins.

There are two types of I/O pins on every device; those with USB
provide a third type. Both General Purpose /O (GPIO) and
Special I/0 (S10) provide similar digital functionality. The primary
differences are their analog capability and drive strength.
Devices that include USB also provide two USBIO pins that
support specific USB functionality as well as limited GPIO
capability.

All' /O pins are available for use as digital inputs and outputs for
both the CPU and digital peripherals. In addition, all I/O pins can
generate an interrupt. The flexible and advanced capabilities of
the PSoC 1/0, combined with any signal to any pin routability,
greatly simplify circuit design and board layout. All GPIO pins can
be used for analog input, CapSense[g], and LCD segment drive,
while SIO pins are used for voltages in excess of VDDA and for
programmable output voltages.

m Features supported by both GPIO and SIO:
o User programmable port reset state
o Separate I/O supplies and voltages for up to four groups of /1O
o Digital peripherals use DSI to connect the pins
o Input or output or both for CPU and DMA
o Eight drive modes

Note
9. GPIOs with opamp outputs are not recommended for use with CapSense.
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o Every pin can be an interrupt source configured as rising
edge, falling edge or both edges. If required, level sensitive
interrupts are supported through the DSI

o Dedicated port interrupt vector for each port

o Slew rate controlled digital output drive mode

o Access port control and configuration registers on either port
basis or pin basis

o Separate portread (PS)and write (DR) data registers to avoid
read modify write errors

o Special functionality on a pin by pin basis

m Additional features only provided on the GPIO pins:
o LCD segment drive on LCD equipped devices
o CapSense[
o Analog input and output capability
o Continuous 100 pA clamp current capability
o Standard drive strength down to 1.71 V

m Additional features only provided on SIO pins:
o Higher drive strength than GPIO
o Hot swap capability (5 V tolerance at any operating VDD)
o Programmable and regulated high input and output drive
levels down to 1.2V
o No analog input, CapSense, or LCD capability
o Overvoltage tolerance up to 5.5V
o SIO can act as a general purpose analog comparator

m USBIO features:
o Full speed USB 2.0 compliant I/0
o Highest drive strength for general purpose use
o Input, output, or both for CPU and DMA
o Input, output, or both for digital peripherals
o Digital output (CMOS) drive mode
o Each pin can be an interrupt source configured as rising
edge, falling edge, or both edges
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The USBIO pins (P15[7] and P15[6]), when enabled for I/O mode, have limited drive mode control. The drive mode is set using the
PRT15.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

m 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 1/O’s digital input buffer due to a floating voltage. This
state is recommended for pins that are floating or that support
an analog voltage. High impedance analog pins do not provide
digital input functionality.

To achieve the lowest chip current in sleep modes, all I/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 12C 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 FETs.

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
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.

Document Number: 001-84935 Rev. *L

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
PRTxDM][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.

6.4.5 Pin Interrupts

All GPIO and SIO pins are able to generate interrupts to the
system. All eight pins in each port interface to their own Port
Interrupt Control Unit (PICU) and associated interrupt vector.
Each pin of the port is independently configurable to detect rising
edge, falling edge, both edge interrupts, or to not generate an
interrupt.

Depending on the configured mode for each pin, each time an
interrupt event occurs on a pin, its corresponding status bit of the
interrupt status register is set to “1” and an interrupt request is
sent to the interrupt controller. Each PICU has its own interrupt
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7.3 UDB Array Description

Figure 7-7 shows an example of a 16 UDB array. In addition to
the array core, there are a DSI routing interfaces at the top and
bottom of the array. Other interfaces that are not explicitly shown
include the system interfaces for bus and clock distribution. The
UDB array includes multiple horizontal and vertical routing
channels each comprised of 96 wires. The wire connections to
UDBs, at horizontal/vertical intersection and at the DSl interface
are highly permutable providing efficient automatic routing in
PSoC Creator. Additionally the routing allows wire by wire
segmentation along the vertical and horizontal routing to further
increase routing flexibility and capability.

Figure 7-7. Digital System Interface Structure
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7.3.1 UDB Array Programmable Resources

Figure 7-8 shows an example of how functions are mapped into
a bank of 16 UDBs. The primary programmable resources of the
UDB are two PLDs, one datapath and one status/control register.
These resources are allocated independently, because they
have independently selectable clocks, and therefore unused
blocks are allocated to other unrelated functions.

An example of this is the 8-bit Timer in the upper left corner of
the array. This function only requires one datapath in the UDB,
and therefore the PLD resources may be allocated to another
function. A function such as a Quadrature Decoder may require
more PLD logic than one UDB can supply and in this case can
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utilize the unused PLD blocks in the 8-bit Timer UDB.
Programmable resources in the UDB array are generally
homogeneous so functions can be mapped to arbitrary
boundaries in the array.

Figure 7-8. Function Mapping Example in a Bank of UDBs
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7.4 DSI Routing Interface Description

The DSI routing interface is a continuation of the horizontal and
vertical routing channels at the top and bottom of the UDB array
core. It provides general purpose programmable routing
between device peripherals, including UDBs, I/Os, analog
peripherals, interrupts, DMA and fixed function peripherals.

Figure 7-9 illustrates the concept of the digital system
interconnect, which connects the UDB array routing matrix with
other device peripherals. Any digital core or fixed function
peripheral that needs programmable routing is connected to this
interface.

Signals in this category include:

m Interrupt requests from all digital peripherals in the system.

® DMA requests from all digital peripherals in the system.

m Digital peripheral data signals that need flexible routing to I/Os.
m Digital peripheral data signals that need connections to UDBs.
m Connections to the interrupt and DMA controllers.

m Connection to /O pins.

m Connection to analog system digital signals.
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Figure 8-2. CY8BC56LP Analog Interconnect
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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 Successive Approximation ADCs

The CY8C56LP family of devices has one or two Successive
Approximation (SAR) ADCs, depending on device selected.
These ADCs are 12-bit at up to 1 Msps, with single-ended or
differential inputs, making them useful for a wide variety of
sampling and control applications.

8.3.1 Functional Description

In a SAR ADC an analog input signal is sampled and compared
with the output of a DAC. A binary search algorithm is applied to
the DAC and used to determine the output bits in succession

from MSB to LSB. A block diagram of one SAR ADC is shown in

Figure 8-5.
Figure 8-5. SAR ADC Block Diagram
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vrefp | array gita
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clock
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The input is connected to the analog globals and muxes. The
frequency of the clock is 18 times the sample rate; the clock rate
ranges from 1 to 18 MHz.
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8.3.2 Conversion Signals

Writing a start bit or assertion of a Start of Frame (SOF) signal is
used to start a conversion. SOF can be used in applications
where the sampling period is longer than the conversion time, or
when the ADC needs to be synchronized to other hardware. This
signal is optional and does not need to be connected if the SAR
ADC is running in a continuous mode. A digital clock or UDB
output can be used to drive this input. When the SAR s first
powered up or awakened from any of the sleeping modes, there
is a power up wait time of 10 ys before it is ready to start the first
conversion.

When the conversion is complete, a status bit is set and the
output signal End of Frame (EOF) asserts and remains asserted
until the value is read by either the DMA controller or the CPU.
The EOF signal may be used to trigger an interrupt or a DMA
request.

8.3.3 Operational Modes

A ONE_SHOT control bit is used to set the SAR ADC conversion
mode to either continuous or one conversion per SOF signal.
DMA transfer of continuous samples, without CPU intervention,
is supported.

8.4 Comparators

The CY8C56LP family of devices contains four comparators.
Comparators have these features:

m |nput offset factory trimmed to less than 5 mV
m Rail-to-rail common mode input range (Vgga to Vppa)

m Speed and power can be traded off by using one of three
modes: fast, slow, or ultra low power

m Comparator outputs can be routed to look up tables to perform
simple logic functions and then can also be routed to digital
blocks

m The positive input of the comparators may be optionally passed
through a low pass filter. Two filters are provided

m Comparator inputs can be connections to GPIO, DAC outputs
and SC block outputs

8.4.1 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 Digital System
Interface.
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Figure 8-6. Analog Comparator
ANAIF
From — +
Analog comp0 L/ E— From
Routing _ compi Analog
- Routing
+— From
comp3 Analog
From — | *+ _ Routing
Analog comp2
Routing —— —
‘ UDBs
8.4.2 LUT Table 8-2. LUT Function vs. Program Word and Inputs

The CY8C56LP family of devices contains four LUTs. The LUT
is a two input, one output lookup table that is driven by any one
or two of the comparators in the chip. The output of any LUT is
routed to the digital system interface of the UDB array. From the
digital system interface of the UDB array, these signals can be
connected to UDBs, DMA controller, I/O, or the interrupt
controller.

The LUT control word written to a register sets the logic function
on the output. The available LUT functions and the associated
control word is shown in Table 8-2.
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Control Word Output (A and B are LUT inputs)
0000b FALSE (‘0")
0001b A AND B
0010b A AND (NOT B)
0011b A
0100b (NOT A) AND B
0101b B
0110b A XORB
0111b AORB
1000b A NORB
1001b A XNOR B
1010b NOT B
1011b A OR (NOT B)
1100b NOT A
1101b (NOTA)ORB
1110b A NAND B
1111b TRUE (‘1’)
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9.1 JTAG Interface

The IEEE 1149.1 compliant JTAG interface exists on four or five
pins (the nTRST pin is optional). The JTAG clock frequency can
be up to 12 MHz, or 1/3 of the CPU clock frequency for 8 and
16-bit transfers, or 1/5 of the CPU clock frequency for 32-bit

transfers, whichever is least. By default, the JTAG pins are
enabled on new devices but the JTAG interface can be disabled,
allowing these pins to be used as General Purpose /O (GPIO)
instead. The JTAG interface is used for programming the flash
memory, debugging, I/O scan chains, and JTAG device chaining.

Figure 9-1. JTAG Interface Connections between PSoC 5LP and Programmer

Voo
Host Programmer PSoC 5
Yoo 3 T Voo, Voo, Vooioor Vooiow, Vooioz Vooios 2>
TCK [ [ TeK (P1[1]
™S ® ™S (PL[0]) °
0O [ > [ TDI (P1[4])
oI TDO (P1[3))
nTRST® [ [ nTRST (P1[5]) ©
XRES | [} xRes*
GND [ | Ve, Veen
GND

voltage level as host Programmer.

supplies.

in NVL is not equal to “Debug Ports Disabled”.

' The voltage levels of Host Programmer and the PSoC 5 voltage domains involved in Programming should be same.
The Port 1 JTAG pins and XRES pin are powered by Vppio1. SO, Vppios 0f PSOC 5 should be at same
voltage level as host V;p. Rest of PSoC 5 voltage domains ( Voo, Vooa, Vooioo, Vooioz, Vooios) Need not be at the same

% Vdda must be greater than or equal to all other power supplies (Vddd, Vddio’s) in PSoC 5.

® For Power cycle mode Programming, XRES pin is not required. But the Host programmer must have
the capability to toggle power (Vddd, Vdda, All Vddio’s) to PSoC 5. This may typically require external
interface circuitry to toggle power which will depend on the programming setup. The power supplies can
be brought up in any sequence, however, once stable, VDDA must be greater than or equal to all other

* For JTAG Programming, Device reset can also be done without connecting to the XRES pin or Power cycle mode by
using the TMS, TCK,TDI, TDO pins of PSoC 5, and writing to a specific register. But this requires that the DPS setting

® By default, PSoC 5 is configured for 4-wire JTAG mode unless user changes the DPS setting. So the TMS pin is
unidirectional. But if the DPS setting is changed to non-JTAG mode, the TMS pin in JTAG is bi-directional as the SWD
Protocol has to be used for acquiring the PSoC 5 device initially. After switching from SWD to JTAG mode, the TMS
pin will be uni-directional. In such a case, unidirectional buffer should not be used on TMS line.

® nTRST JTAG pin (P1[5]) cannot be used to reset the JTAG TAP controlller during first time programming of PSoC 5
as the default setting is 4-wire JTAG (nTRST disabled). Use the TMS, TCK pins to do a reset of JTAG TAP controller.
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Table 11-2. DC Specifications (continued)
Parameter Description Conditions | Min | Typ Max Units
Ipp®! Hibernate Mode
VDD = VDD|O = T=-40°C 0.2 2 |JA
4.5-55V T=25°C 0.24 2
T=85°C 2.6 15
T=105°C 2.6 15
AllTequlsiors and oscilators off. yop S ppio = [T=—40°C 011 2
SRAM retention T=25°C 0.3 2
(BBPIOt ii]tgl:_’llépts are active T=85°C 2 15
S?gspins in single ended input, unregulated output mode T=105°C 2 15
VDD = VDDlO = T=-40°C 0.9 2
1.71-1.95V T=25°C 0.1 2
T=85°C 1.8 15
T=105°C 1.8 15
Iopar’! Analog current consumption while device is reset Vppa < 3.6 V 0.3 0.6 mA
Vppa > 3.6V 1.4 3.3 mA
Ipppr2’} Digital current consumption while device is reset Vppp < 3.6 V 1.1 3.1 mA
Vppp > 3.6 V 0.7 3.1 mA
Iob pROG[25] Current consumption while device programming. Sum of 15 21 mA
- digital, analog, and 10s: IDDD + IDDA + IDDIOX.
Notes

26. The current consumption of additional peripherals that are implemented only in programmed logic blocks can be found in their respective datasheets, available in
PSoC Creator, the integrated design environment. To estimate total current, find CPU current at frequency of interest and add peripheral currents for your particular
system from the device datasheet and component datasheets.

27.Based on device characterization (Not production tested).
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Figure 11-11. Efficiency vs Vgat, Lgoost = 4.7 HH [33]
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Figure 11-13. Efficiency vs VgaTt, LgoosTt = 22 HH [33]
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Figure 11-12. Efficiency vs Vgat, Leoost = 10 pH [33]
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33. Typical example. Actual values may vary depending on external component selection, PCB layout, and other design parameters.
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Figure 11-17. SIO Output High Voltage and Current,
Unregulated Mode
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Figure 11-19. SIO Output High Voltage and Current, Regulat-
ed Mode
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Figure 11-18. SIO Output Low Voltage and Current,
Unregulated Mode
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Table 11-12. SIO Comparator Specifications[40]

Parameter Description Conditions Min Typ Max Units
Vos Offset voltage Vppio=2V - - 68 mV
Vppio=2.7V - - 72
Vpopio =55V - - 82
TCVos |Offset voltage drift with temp - - 250 pVv/°eC
CMRR  |Common mode rejection ratio Vppio=2V 30 - - dB
Vopio=2.7V 35 - -
Vbpio =55V 40 - -
Tresp Response time - - 30 ns
11.4.3 USBIO

For operation in GPIO mode, the standard range for Vppp applies, see Device Level Specifications on page 67.
Table 11-13. USBIO DC Specifications

Parameter Description Conditions Min Typ Max Units
Rusbi USB D+ pull-up resistancel*"] With idle bus 0.900 - 1.575 kQ
Rusba USB D+ pull-up resistance!*! While receiving traffic 1.425 - 3.090 kQ
Vohusb Static output high[4O] 15 kQ £5% to Vgg, internal pull-up 2.8 - 3.6 \%
enabled
Volusb Static output lowl40] 15 kQ £5% to Vgg, internal pull-up - - 0.3 \%
enabled
Vihgpio Input voltage high, GPIO model*"] Vppp = 1.8V 1.5 - - v
Vppp =3.3V 2 - - V
Vppp = 5.0V 2 - - Vv
Vilgpio Input voltage low, GPIO model*7] Vppp = 1.8V - - 0.8 v
Vppp =3.3V - - 0.8 \Y,
Vppp = 5.0V - - 0.8 \Y,
Vohgpio  |Output voltage high, GPIO model*°] loy =4 MA, Vppp = 1.8V 1.6 - - v
loy =4 mA, Vppp =3.3V 3.1 - - \Y,
loy =4 mA, Vppp =5.0V 4.2 - - \Y,
Volgpio Output voltage low, GPIO mode!*C] lo=4 mA, Vppp =18V - - 0.3 \Y,
loL =4 mA, Vppp =3.3V - - 0.3 \Y,
lo. =4 mA, Vppp =5.0V - - 0.3 \Y,
Vpi Differential input sensitivity [(D+)—(D-)| - - 0.2 \Y,
Vem Differential input common mode range 0.8 - 25 \Y,
Vse Single ended receiver threshold 0.8 - \%
Rps2 PS/2 pull-up resistancel*?! In PS/2 mode, with PS/2 pull-up 3 - kQ
enabled
Rext External USB series resistor 40! In series with each USB pin 21.78 22 22.22 Q
(—1%) (+1%)
Zo USB driver output impedance[4°] Including Rext 28 - 44 Q
CiNn USB transceiver input capacitance - - 20 pF
I Input leakage current (absolute value)*?l| 25 °C, Vppp =3.0V - - 2 nA
Note

40. Based on device characterization (Not production tested).
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11.5.2 Delta-Sigma ADC

Unless otherwise specified, operating conditions are:

m Operation in continuous sample mode

m fclk = 6.144 MHz

m Reference = 1.024 V internal reference bypassed on P3.2 or P0.3

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

Table 11-20. 12-bit Delta-sigma ADC DC Specifications

Parameter Description Conditions Min Typ Max Units
Resolution 8 - 12 bits
. No. of
Number of channels, single ended - - GPIO -
. . Differential pair is formed using a No. of
Number of channels, differential pair of GPIOs. - — GPIO/2 -
Monotonic Yes - - - -
. Buffered, buffer gain = 1, o
Ge Gain error Range = +1.024 V, 25 °C - - +0.4 %
L Buffered, buffer gain = 1, ppm/°
cd Gain drift Range = +1.024 V - - 50 C
rBaunfsf_;ered, 16-bit mode, full voltage _ _ +0.2 mv
V | ff I
08 nput offset voltage Buffered, 16-bit mode, _ _ +0.1 mv
Vppa = 1.8V 5%, 25 °C -
Temperature coefficient, input offset Buffer gain = 1, 12-bit, o
TCVos voltage Range = +1.024 V - - T e
Input voltage range, single ended] Vssa - Vbpa Y
Input voltage range, differential unbuf-
fefed[‘”] 9e 1ang Vssa - Vbpa \Y
Input voltage range, differential,
buF;fered[“? ? Vssa - Vopa-1| V
INL12 Integral non Iinearity[‘m Range = +1.024 V, unbuffered - - +1 LSB
DNL12 Differential non Iinearity[‘“] Range = +1.024 V, unbuffered - - +1 LSB
INL8 Integral non Iinearity[‘m Range = +1.024 V, unbuffered - - +1 LSB
DNL8 Differential non Iinearity[‘“] Range = +1.024 V, unbuffered - - +1 LSB
Rin_Buff ADC input resistance Input buffer used 10 - - MQ
Rin_ADC12 | ADC input resistance L“E:‘tg;ff/r bypassed, 12bit, Range | _ | 44g142] - KO
Rin_ExtRef | ADC external reference input resistance - 70142, 43] - kQ
ADC external reference input voltage, see
Vextref also internal reference in Voltage Pins PO[3], P3[2] 0.9 - 1.3 \%
Reference on page 88
Current Consumption
Iop 12 Current consumption, 12 bit!"] 192 ksps, unbuffered - - 1.4 mA
IBUFF Buffer current consumptiont*] - - 2.5 mA

Notes

41.Based on device characterization (not production tested).

42. 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.

43.Recommend an external reference device with an output impedance <100 Q, for example, the LM185/285/385 family. A 1 uF capacitor is recommended. For more
information, see AN61290 - PSoC® 3 and PSoC 5LP Hardware Design Considerations.
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Table 11-21. Delta-sigma ADC AC Specifications

Parameter Description Conditions Min | Typ Max Units
Startup time - - 4 Samples
THD Total harmonic distortion[**] Buffer gain = 1, 12-bit, - - | 0.0032 %

Range = £1.024 V

12-Bit Resolution Mode

SR12 Sample rate, continuous, high power[44] Range = +1.024 V, unbuffered | 4 - 192 ksps
BW12 Input bandwidth at max sample ratel**] Range = +1.024 V, unbuffered | - 44 - kHz
SINAD12int |Signal to noise ratio, 12-bit, internal referencel*l|Range = +1.024 V, unbuffered | 66 - - dB

8-Bit Resolution Mode

SR8 Sample rate, continuous, high power(*4] Range = +1.024 V, unbuffered| 8 - 384 ksps
BWS Input bandwidth at max sample ratel**] Range = +1.024 V, unbuffered | - 88 - kHz
SINADS8Int Signal to noise ratio, 8-bit, internal referencel*4 Range = £1.024 V, unbuffered | 43 - - dB

Table 11-22. Delta-sigma ADC Sample Rates, Range = +1.024 V

Resolution, Continuous Multi-Sample
Bits Min Max Min Max
8 8000 384000 1911 91701
9 6400 307200 1543 74024
10 5566 267130 1348 64673
1 4741 227555 1154 55351
12 4000 192000 978 46900

Figure 11-33. Delta-sigma ADC IDD vs sps, Range =+£1.024 V,
Continuous Sample Mode, Input Buffer Bypassed
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Note
44 . Based on device characterization (Not production tested).
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Table 11-25. SAR ADC AC Specifications®]
Parameter Description Conditions Min Typ Max Units
A_SAMP_1 |Sample rate with external reference - - 1 Msps
bypass cap
A_SAMP_2 |Sample rate with no bypass cap. - - 500 Ksps
Reference = Vpp
A_SAMP_3 |Sample rate with no bypass cap. - - 100 Ksps
Internal reference
Startup time - - 10 us
SINAD Signal-to-noise ratio 68 - - dB
THD Total harmonic distortion - - 0.02 %

Figure 11-39. SAR ADC Noise Histogram, 100 ksps, Internal
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49. Based on device characterization (Not production tested).
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Figure 11-40. SAR ADC Noise Histogram, 1 msps, Internal
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Table 11-30. 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 EA' - +0.2 +1 LSB
Rload = 20 kQ, Cload = 15 pF[>®!
Sink mode, range = 31.875 pAé - 0.2 +1 LSB
Rload = 20 kQ, Cload = 15 pF®
Source mode, range = 2.0 4 mA, - +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[®!
Vcompliance |Dropout voltage, source or sink Voltage headroom at max current, 1 - - \%
mode Rload to Vppp or Rload to Vggap,
Vdiff from VDDA
Ipp 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
55. Based on device characterization (Not production tested).
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Figure 11-73. Synchronous Write and Read Cycle Timing, No Wait States
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Table 11-66. Synchronous Write and Read Timing Specifications[75]
Parameter Description Conditions Min Typ Max Units
Fbus_clock |Bus clock frequency[76] - - 33 MHz
Tbus_clock |Bus clock periodl’’] 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
75. Based on device characterization (Not production tested).
76. EMIF signal timings are limited by GPIO frequency limitations. See “GPIO” section on page 75.
77. EMIF output signals are generally synchronized to bus clock, so EMIF signal timings are dependent on bus clock frequency.

Document Number: 001-84935 Rev. *L Page 111 of 131



PSoC®5LP: CY8C56LP Family
a CYPRESS Datasheet
A

- EMBEDDED IN TOMORROW "

Figure 13-1. 68-pin QFN 8 x 8 with 0.4 mm Pitch Package Outline (Sawn Version)
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Figure 13-2. 100-pin TQFP (14 x 14 x 1.4 mm) Package Outline
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Updated Flash:

Updated Table 11-58:
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time” parameter.

Added Note 72 and referred the same note in last condition corresponding to
“Flash data retention time” parameter.

Updated EEPROM:

Updated Table 11-60:

Updated details in “Conditions” column corresponding to “EEPROM data
retention time” parameter.

Added Note 72 and referred the same note in last condition corresponding to
“EEPROM data retention time” parameter.

Updated Nonvolatile Latches (NVL):
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Updated details in “Conditions” column corresponding to “NVL data retention
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Replaced 85 °C with 105 °C.

Updated Figure 11-78.
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Added reference to code examples in More Information.

Updated typ value of Tyyg e from 2 to 10 in EEPROM AC specs table.
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Updated Serial Wire Debug Interface with limitations of debugging on Port 15.
Updated Delta-sigma ADC DC Specifications
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