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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"
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CapSense, DMA, LCD, POR, PWM, WDT
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Figure 2-3. 48-pin SSOP Part Pinout

©I0)P1221® |, 4gjmvDDA
(SI0) P12[3] o 2 . 47[BVSSA
(Opamp20UT, GPIO) Po[0] = 3 | Linesshow gk ycca
(Opamp0OUT, GPIO) PO[1] = 4 ;/LII::)E;:)C/) 10O 45 km P15[3] (GPIO, KHZ XTAL: XI)
(OpampO+, GPIO) PO[2] = 5 | ooci oo | 44 m P15[2] (GPIO, KHZ XTAL: XO)
(OpampO-/Extref0, GPIO) PO[3] =| 6 43 |m P12[1] (SIO, 12C1: SDA)
vDDIOO = 7 42|m P12[0] (SIO, 12C1: SCL)
(Opamp2+, GPIO) PO[4] = 8 I 41 f= vDDIO3
(Opamp2-, GPIO) PO[5] = 9 40 B P15[1] (GPIO, MHZ XTAL: XI)
(IDACO, GPIO) PO[6] = 10 39 = P15[0] (GPIO, MHZ XTAL: XO)
(IDAC2, GPIO) PO[7] = 11 38 = VCCD
VCCD o 12 SSOP 37 mVSSD
vssD = 13 —36 = VDDD )
VDDD = 14 35 [m P15[7] (USBIO, D-, SWDCK)
(GPIO) P2[3] o 15 34 |= P15[6] (USBIO, D+, SWDIO)
(GPI0) P2[4] o 16 33 = P1[7] (GPIO)
VDDIO2 o 17 32 | P1[6] (GPIO)
(GPIO) P2[5] = 18 |31 |= VDDIO1
(GPI0) P2[6] = 19 30 = P1[5] (GPIO, n'TRST)
(GPI0) P2[7] = 20 29 = P1[4] (GPIO, TDI)
VSSD o 21 28 B P1[3] (GPIO, TDO, SWV)
NC o 22 27 |mP1[2] (GPIO, Configurable XRES)
vssD =23 26 = P1[1] (GPIO, TCK, SWDCK)
VSSD o 24 25 = P1[0] (GPIO, TMS, SWDIO)

Note

9. Pins are Do Not Use (DNU) on devices without USB. The pin must be left floating.
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4.4.4.2 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.

4.4.4.3 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.

4.4.4.4 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.

4.4.4.5 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
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.

4.4.4.6 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
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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.

4.4.4.7 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.

4.5 Interrupt Controller

The interrupt controller provides a mechanism for hardware
resources to change program execution to a new address,
independent of the current task being executed by the main
code. The interrupt controller provides enhanced features not
found on original 8051 interrupt controllers:

m Thirty-two interrupt vectors

m Jumps directly to ISR anywhere in code space with dynamic
vector addresses

m Multiple sources for each vector
m Flexible interrupt to vector matching
m Each interrupt vector is independently enabled or disabled

m Each interrupt can be dynamically assigned one of eight
priorities

m Eight level nestable interrupts
m Multiple 1/O interrupt vectors
m Software can send interrupts

m Software can clear pending interrupts

Figure 4-2 on page 18 represents typical flow of events when an
interrupt triggered. Figure 4-3 on page 19 shows the interrupt
structure and priority polling.
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5.7.4 XData Space Access SFRs

The 8051 core features dual DPTR registers for faster data
transfer operations. The data pointer select SFR, DPS, selects
which data pointer register, DPTRO or DPTR1, is used for the
following instructions:

= MOVX @DPTR, A
m MOVX A, @DPTR

= MOVC A, @A+DPTR
= JMP @A+DPTR

m INC DPTR

m MOV DPTR, #data16

The extended data pointer SFRs, DPX0, DPX1, MXAX, and
P2AX, hold the most significant parts of memory addresses
during access to the xdata space. These SFRs are used only
with the MOVX instructions.

During a MOVX instruction using the DPTRO/DPTR1 register,
the most significant byte of the address is always equal to the
contents of DPX0/DPX1.

During a MOVX instruction using the RO or R1 register, the most
significant byte of the address is always equal to the contents of
MXAX, and the next most significant byte is always equal to the
contents of P2AX.

5.7.5 I/O Port SFRs

The I/0 ports provide digital input sensing, output drive, pin
interrupts, connectivity for analog inputs and outputs, LCD, and
access to peripherals through the DSI. Full information on 1/O
ports is found in I/O System and Routing on page 33.

I/O ports are linked to the CPU through the PHUB and are also
available in the SFRs. Using the SFRs allows faster access to a
limited set of /O port registers, while using the PHUB allows boot
configuration and access to all I/O port registers.

Each SFR supported 1/O port provides three SFRs:

® SFRPRTXDR sets the output data state of the port (where x is
port number and includes ports 0-6, 12 and 15).

m The SFRPRTXSEL selects whether the PHUB PRTxDR
register or the SFRPRTxXDR controls each pin’s output buffer
within the port. If a SFRPRTXSEL[y] bit is high, the
corresponding SFRPRTxDR([y] bit sets the output state for that
pin. If a SFRPRTXSEL]y] bit is low, the corresponding
PRTxDR[y] bit sets the output state of the pin (where y varies
from 0 to 7).

m The SFRPRTXPS is a read only register that contains pin state
values of the port pins.
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5.7.5.1 xdata Space

The 8051 xdata space is 24-bit, or 16 MB in size. The majority of
this space is not ‘external'—it is used by on-chip components.
See Table 5-5. External, that is, off-chip, memory can be
accessed using the EMIF. See External Memory Interface on

page 23.

Table 5-5. XDATA Data Address Map

Address Range

Purpose

0x00 0000 — 0x00 1FFF

SRAM

0x00 4000 — 0%00 42FF

Clocking, PLLs, and oscillators

0x00 4300 — 0%00 43FF

Power management

0x00 4400 — 0x00 44FF

Interrupt controller

0x%00 4500 — 0x00 45FF

Ports interrupt control

0x00 4700 — 0%00 47FF

Flash programming interface

0x00 4800 - 0x00 48FF

Cache controller

0x%00 4900 — 0x00 49FF

I2C controller

0x00 4E00 — 0%00 4EFF

Decimator

0x00 4F00 — 0x00 4FFF

Fixed timer/counter/PWMs

0x%00 5000 — 0x00 51FF

1/O ports control

0x00 5400 — 0%00 54FF

EMIF control registers

0x00 5800 — 0%00 5FFF

Analog subsystem interface

0x%00 6000 — 0x00 60FF

USB controller

0x00 6400 — 0x00 6FFF

UDB Working Registers

0x00 7000 — 0x00 7FFF

PHUB configuration

0x00 8000 — 0x00 8FFF EEPROM

0x00 AO0O0 — 0%00 A400 CAN

0x00 C0O00 — 0x00 C800 [DFB

0x01 0000 — 0x01 FFFF Digital Interconnect
configuration

0x05 0220 — 0x05 02F0

Debug controller

0x08 0000 — 0x08 1FFF

Flash ECC bytes

0x80 0000 — OxFF FFFF

External memory interface
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Figure 6-7. GPIO Block Diagram
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Figure 6-11. SIO Reference for Input and Output
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6.4.13 SIO as Comparator

This section applies only to SIO pins. The adjustable input level
feature of the SIOs as explained in the Adjustable Input Level
section 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 6-8 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 I2C bus may cause transient states on the SIO pins.
The overall 12C bus design should take this into account.
6.4.15 Over Voltage Tolerance

All'I/O pins provide an over voltage tolerance feature at any
operating Vpp.
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m There are no current limitations for the SIO pins as they present a
high impedance load to the external circuit where VDDIO < V) <
55V.

® The GPIO pins must be limited to 100 pA using a current limiting
resistor. GPIO pins clamp the pin voltage to approximately one
diode above the VDDIO supply where VDDIO < V,\ < VDDA.

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 V|4
and V,_levels are determined by the associated VDDIO supply
pin. 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 6-10 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 I/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 5. 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 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
I/O pins for board level test.
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7.2.2 Datapath Module

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

generators and many others.

Figure 7-4. Datapath Top Level
PHUB System Bus
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Programmable g 3 — % Al —» O U% Programmable
Routing 6 3 o D1 D0O— 2% 6 Routing
x5 o B
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(o2} o N
@ § [=X v Data Registers o og
=g -2 0
< | Do | 233
To/From - To/From
v Previous <—| Chaining [«—» Next
| A1 | Datapath Datapath
v v Accumulators
| 20 |
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Parallel Input/Output l
(to/from Programmable Routing) \ ' 7 \‘ vy '/
PO <—4L l
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7.2.2.1 Working Registers

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

Table 7-1. Working Datapath Registers

Name Function Description
AO and A1 |Accumulators | These are sources and sinks for
the ALU and also sources for the
compares.
DO and D1 |Data Registers |These are sources for the ALU
and sources for the compares.
FO and F1 |FIFOs These are the primary interface

to the system bus. They can be a
data source for the data registers
and accumulators or they can
capture data from the
accumulators or ALU. Each FIFO
is four bytes deep.
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7.2.2.2 Dynamic Datapath Configuration RAM

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

ALU

The ALU performs eight general purpose functions. They are:
| [ncrement

m Decrement

m Add

m Subtract

m Logical AND

m Logical OR

m Logical XOR

m Pass, used to pass a value through the ALU to the shift register,
mask, or another UDB register.
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Figure 7-15. CAN Controller Block Diagram
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7.6 USB

PSoC includes a dedicated Full-Speed (12 Mbps) USB 2.0
transceiver supporting all four USB transfer types: control,
interrupt, bulk, and isochronous. PSoC Creator provides full
configuration support. USB interfaces to hosts through two
dedicated USBIO pins, which are detailed in the “I/O System and
Routing” section on page 33.

USB includes the following features:

m Eight unidirectional data endpoints

m One bidirectional control endpoint 0 (EPO)

m Shared 512-byte buffer for the eight data endpoints
m Dedicated 8-byte buffer for EPO

® Three memory modes
o Manual memory management with no DMA access
o Manual memory management with manual DMA access

o Automatic memory management with automatic DMA
access

m Internal 3.3-V regulator for transceiver

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

m Interrupts on bus and each endpoint event, with device wakeup
m USB reset, suspend, and resume operations

m Bus-powered and self-powered modes

Figure 7-16. USB
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7.7 Timers, Counters, and PWMs

The timer/counter/PWM peripheral is a 16-bit dedicated
peripheral providing three of the most common embedded
peripheral features. As almost all embedded systems use some
combination of timers, counters, and PWMs. Four of them have
been included on this PSoC device family. Additional and more
advanced functionality timers, counters, and PWMs can also be
instantiated in UDBs as required. PSoC Creator allows you to
choose the timer, counter, and PWM features that they require.
The tool set utilizes the most optimal resources available.

The timer/counter/PWM peripheral can select from multiple clock
sources, with input and output signals connected through the
DSI routing. DSI routing allows input and output connections to
any device pin and any internal digital signal accessible through
the DSI. Each of the four instances has a compare output,
terminal count output (optional complementary compare output),
and programmable interrupt request line. The
Timer/Counter/PWMs are configurable as free running, one shot,
or Enable input controlled. The peripheral has timer reset and
capture inputs, and a kill input for control of the comparator
outputs. The peripheral supports full 16-bit capture.

Timer/Counter/PWM features include:

m 16-bit Timer/Counter/PWM (down count only)

m Selectable clock source

m PWM comparator (configurable for LT, LTE, EQ, GTE, GT)
m Period reload on start, reset, and terminal count

m Interrupt on terminal count, compare true, or capture
m Dynamic counter reads

m Timer capture mode

m Count while enable signal is asserted mode

® Free run mode

® One Shot mode (stop at end of period)

m Complementary PWM outputs with deadband

m PWM output Kill

Figure 7-17. Timer/Counter/PWM
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The opamp and resistor array is programmable to perform
various analog functions including

m Naked operational amplifier — Continuous mode

m Unity-gain buffer — Continuous mode

® PGA - Continuous mode

m Transimpedance amplifier (TIA) — Continuous mode

m Up/down mixer — Continuous mode

m Sample and hold mixer (NRZ S/H) — Switched cap mode

m First order analog to digital modulator — Switched cap mode

8.5.1 Naked Opamp

The Naked Opamp presents both inputs and the output for

connection to internal or external signals. The opamp has a unity
gain bandwidth greater than 6.0 MHz and output drive current up
to 650 pA. This is sufficient for buffering internal signals (such as

DAC outputs) and driving external loads greater than 7.5 kohms.

8.5.2 Unity Gain

The Unity Gain buffer is a Naked Opamp with the output directly
connected to the inverting input for a gain of 1.00. It has a -3 dB
bandwidth greater than 6.0 MHz.

8.5.3 PGA

The PGA amplifies an external or internal signal. The PGA can
be configured to operate in inverting mode or noninverting mode.
The PGA function may be configured for both positive and
negative gains as high as 50 and 49 respectively. The gain is
adjusted by changing the values of R1 and R2 as illustrated in
Figure 8-8. The schematic in Figure 8-8 shows the configuration
and possible resistor settings for the PGA. The gain is switched
from inverting and non inverting by changing the shared select
value of the both the input muxes. The bandwidth for each gain
case is listed in Table 8-3.

Table 8-3. Bandwidth

The PGA is used in applications where the input signal may not
be large enough to achieve the desired resolution in the ADC, or
dynamic range of another SC/CT block such as a mixer. The gain
is adjustable at runtime, including changing the gain of the PGA
prior to each ADC sample.

8.5.4 TIA

The Transimpedance Amplifier (TIA) converts an internal or
external current to an output voltage. The TIA uses an internal
feedback resistor in a continuous time configuration to convert
input current to output voltage. For an input current I;,, the output
voltage is VRgr - lin X Ry, Where Ve is the value placed on the
non inverting input. The feedback resistor Rfb is programmable
between 20 KQ and 1 MQ through a configuration register.
Table 8-4 shows the possible values of Rfb and associated
configuration settings.

Table 8-4. Feedback Resistor Settings

Configuration Word Nominal R¢, (KQ)
000b 20
001b 30
010b 40
011b 60
100b 120
101b 250
110b 500
111b 1000

Figure 8-9. Continuous Time TIA Schematic
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Gain Bandwidth
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24 340 kHz
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Figure 8-8. PGA Resistor Settings
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— Vout
Vreef 4

The TIA configuration is used for applications where an external
sensor's output is current as a function of some type of stimulus
such as temperature, light, magnetic flux etc. In a common
application, the voltage DAC output can be connected to the
Vrer TIA input to allow calibration of the external sensor bias
current by adjusting the voltage DAC output voltage.

8.6 LCD Direct Drive

The PSoC LCD driver system is a highly configurable peripheral
designed to allow PSoC to directly drive a broad range of LCD
glass. All voltages are generated on chip, eliminating the need
for external components. With a high multiplex ratio of up to 1/16,
the CY8C38 family LCD driver system can drive a maximum of
736 segments. The PSoC LCD driver module was also designed
with the conservative power budget of portable devices in mind,
enabling different LCD drive modes and power down modes to
conserve power.
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9.2 Serial Wire Debug Interface

The SWD interface is the preferred alternative to the JTAG
interface. It requires only two pins instead of the four or five
needed by JTAG. SWD provides all of the programming and
debugging features of JTAG at the same speed. SWD does not
provide access to scan chains or device chaining. The SWD
clock frequency can be up to 1/3 of the CPU clock frequency.

SWD uses two pins, either two of the JTAG pins (TMS and TCK)
or the USBIO D+ and D- pins. The USBIO pins are useful for in
system programming of USB solutions that would otherwise
require a separate programming connector. One pin is used for
the data clock and the other is used for data input and output.

SWD can be enabled on only one of the pin pairs at a time. This
only happens if, within 8 us (key window) after reset, that pin pair
(JTAG or USB) receives a predetermined sequence of 1s and Os.
SWD is used for debugging or for programming the flash
memory.

The SWD interface can be enabled from the JTAG interface or
disabled, allowing its pins to be used as GPIO. Unlike JTAG, the
SWD interface can always be reacquired on any device during
the key window. It can then be used to reenable the JTAG
interface, if desired. When using SWD or JTAG pins as standard
GPIO, make sure that the GPIO functionality and PCB circuits do
not interfere with SWD or JTAG use.

Figure 9-2. SWD Interface Connections between PSoC 3 and Programmer

PSoC 3

— 12,3
| I VDDD: VDDA; VDD\OO; VDD\Olr VDDIOZr VDDI03

[ SWDCK (P1[1] or P15[7])

SWDIO (P1[0] or P15[6])

[ XRES or P1[2] **

VDD
Host Programmer
VDD L0
SWDCK [
SWDIO
XRES [
GND[ 1
J7GND

—
L—{ Vssp, Vssa

voltage level as host Programmer.

' The voltage levels of the Host Programmer and the PSoC 3 voltage domains involved in Programming
should be the same. XRES pin (XRES_N or P1[2]) is powered by Vppi0:. The USB SWD pins are
powered by Vppp. So for Programming using the USB SWD pins with XRES pin, the Vppp, Vopio Of
PSoC 3 should be at the same voltage level as Host V. Rest of PSoC 3 voltage domains ( Vppa, Vooioo,s
Voo, Vooios) Need not be at the same voltage level as host Programmer. The Port 1 SWD pins are
powered by Vppio1. S0 Vppios 0f PSoC 3 should be at same voltage level as host Vp,, for Port 1 SWD
programming. Rest of PSoC 3 voltage domains ( Vppp, Vooa, Vooioo, Vooioz, Vooios) Need not be at the same

2 Vdda must be greater than or equal to all other power supplies (Vddd, Vddio’s) in PSoC 3.

® 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 3. 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

supplies.
* P1[2] will be configured as XRES by default only for 48-pin devices (without dedicated XRES pin). For

devices with dedicated XRES pin, P1[2] is GPIO pin by default. So use P1[2] as Reset pin only for 48-
pin devices, but use dedicated XRES pin for rest of devices.
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11. Electrical Specifications

Specifications are valid for -40°C < Ta < 125°C and Tj < 150°C, except where noted. Specifications are valid for 1.71 V to 5.5 V, except
where noted. The unique flexibility of the PSoC UDBs and analog blocks enable many functions to be implemented in PSoC Creator
components, see the component data sheets for full AC/DC specifications of individual functions. See the Example Peripherals on
page 40 for further explanation of PSoC Creator components.

11.1 Absolute Maximum Ratings
Table 11-1. Absolute Maximum Ratings DC Specifications ['8]

Parameter Description Conditions Min Typ Max Units
Tstorag Storage temperature Recommended storage -55 25 125 °C
temperature is 0 °C-50 °C.
Exposure to storage temperatures
above 125 °C for extended periods
may affect device reliability
Vdda Analog supply voltage relative to -0.5 - 6 Vv
Vssd
Vddd Digital supply voltage relative to -0.5 - 6 \%
Vssd
Vddio I/O supply voltage relative to Vssd -0.5 - 6 \Y
Vcca Direct analog core voltage input -0.5 - 1.95 \Y
Veed Direct digital core voltage input -0.5 - 1.95 \%
Vssa Analog ground voltage Vssd - 0.5 - Vssd + \%
0.5
Vgpiol ™! DC input voltage on GPIO Includes signals sourced by Vdda | Vssd — 0.5 - Vddio + \Y
and routed internal to the pin 0.5
Vsio DC input voltage on SIO Output disabled Vssd - 0.5 - 7 \%
Output enabled Vssd — 0.5 - 6 \Y,
Ivddio 1201 Current per Vddio supply pin —40 °C to +85 °C - - 100 mA
—-40°Cto+125°C - - 40
Ispio GPIO current -30 - 41 mA
Isio SIO current —49 - 28 mA
lusBio USBIO current -56 - 59 mA
VEXTREF ADC external reference inputs Pins PO[3], P3[2] - - 2 \
LU Latch up current 2] -140 - 140 mA
ESD Electrostatic discharge voltage, Vgga tied to Vggp 2200 - - \Y
HEM Human body model Vsga not tied to Vsgp 750 - - v
ESDcpm Electro-static discharge voltage Charge Device Model 500 - - V

Note Usage above the absolute maximum conditions listed in Table 11-1 may cause permanent damage to the device. Exposure to
maximum conditions for extended periods of time may affect device reliability. When used below maximum conditions but above
normal operating conditions the device may not operate to specification.

Notes
18. Usage above the absolute maximum conditions listed in Table 11-1 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.
19. The Vddio supply voltage must be greater than the maximum analog voltage on the associated GPIO pins. Maximum analog voltage on GPIO pin < Vddio < Vdda.
20. Maximum value 100 mA of Iddio applies only to —40 °C to +85 °C range and the limit of Iddio parameter for the —40 °C to +125 °C range is 40 mA.
21. Meets or exceeds JEDEC Spec EIA/JESD78 IC Latch-up Test.
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Figure 11-1. Active Mode Current vs Fcpy, Vpp = 3.3 V, Temperature = 25 °C
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11.4.3 USBIO
Table 11-10. USBIO DC Specifications
Parameter Description Conditions Min Typ Max Units
Rusbi USB D+ pull up resistance 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 15 kQ 5% to Vss, internal pull up 2.8 - 3.6 \%
enabled
Volusb Static output low 15 kQ +5% to Vss, internal pull up - - 0.3 \%
enabled
Vihgpio Input voltage high, GPIO mode Vopp 23V 2 - - \Y,
Vilgpio Input voltage low, GPIO mode Vppp =23V - - 0.8 \Y,
Vohgpio Output voltage high, GPIO mode |loh =4 mA, Vddio >3V 24 - - \Y,
Volgpio Output voltage low, GPIO mode lol =4 mA, Vddio >3V - - 0.3 \Y
Vdi Differential input sensitivity [(D+)-(D-)| - - 0.2 \Y,
Vem Differential input common mode 0.8 - 25 \Y,
range
Vse Single ended receiver threshold 0.8 - \%
Rps2 PS/2 pull up resistance In PS/2 mode, with PS/2 pull up 3 - 7 kQ
enabled
Rext External USB series resistor In series with each USB pin 21.78 22 22.22 Q
(-1%) (+1%)
USB driver output impedance Including Rext, -40°C < Ta < 85°C 28 - 44 Q
z and Tj £100°C
(o}
Including Rext, -40°C < Ta<125°C 28 - 46 Q
and Tj < 150°C
Cin USB transceiver input capacitance - - 20 pF
il [35] Input leakage current (absolute 25°C, Vddio=3.0 V - - 2 nA
value)
Note

35. Based on device characterization (not production tested).
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Figure 11-20. Opamp Operating Current vs Vdda and Power Mode
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Table 11-16. Opamp AC Specifications
Parameter Description Conditions Min Typ Max Units
GBW Gain-bandwidth product Power mode = minimum, 15 pF 1 - - MHz
load
Power mode = low, 15 pF load 2 - - MHz
Power mode = medium, 200 pF 1 - — MHz
load
Power mode = high, 200 pF load 25 - - MHz
SR Slew rate, 20% - 80% Power mode = low, 15 pF load 1.1 - - V/us
Power mode = medium, 200 pF 0.9 - - V/us
load
Power mode = high, 200 pF load 3 - - V/us
en Input noise density Power mode = high, Vdda =5V, - 45 - nV/sqrtH
at 100 kHz z

Figure 11-21. Opamp Noise vs Frequency, Power Mode = High, Vdda=5V

rvisgrHz

Document Number: 001-54683 Rev. *K

1000
B
N
™
‘\‘h
M|
100
]
10
0.01 0.1 1 10 100

kHz

1000

Page 87 of 146



= = PSoC® 3: CY8C38
==# CYPRESS Automotive Family Datasheet

11.6.2 Delta-Sigma ADC
Unless otherwise specified, operating conditions are:

m Operation in continuous sample mode
m fclk = 3.072 MHz for resolution = 16 to 20 bits; fclk = 6.144 MHz for resolution = 8 to 15 bits
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 11-17. 20-bit Delta-sigma ADC DC Specifications

Parameter Description Conditions Min Typ Max Units
Resolution 8 - 20 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, Range = o
Ge Gain error £1.024 V/, 16-bit mode, 25 °C - - | 02 %
L Buffered, buffer gain = 1, Range = o
Gd Gain drift +1.024 V, 16-bit mode - - 50 | ppm/°C
Buffered, 16-bit mode, _ _ +0.2 mv
full voltage range -
Vos Input offset voltage -
Buffered, 16-bit mode, _ _ +0.1 mv
VDDA=1-8Vi5°A7 -
- . Buffer gain = 1, 16-bit, °
TCVos Temperature coefficient, input offset voltage Range = +1.024 V - - 1 pVv/°C
Input voltage range, single endedl>®! Vssa - Vbpa v
Input voltage range, differential unbuf-
ferr')ed[36] ’ ? Vssa - Vbba \
Input voltage range, differential, buffered>°] Vssa - Vppa — 1 \Y
I . 36] |Buffer gain =1, 16-bit, _ _
PSRRb Power supply rejection ratio, buffered Range = +1.024 V 90 dB
I . [36] |Buffer gain = 1, 16 bit, _ _
CMRRb Common mode rejection ratio, buffered Range = +1.024 V 85 dB
INL20 Integral non linearity[3°] Range = +1.024 V, unbuffered - - +32 LSB
DNL20 Differential non linearity!>®] Range = +1.024 V, unbuffered - - +1 LSB
Range = +1.024 V, unbuffered; _ _ +2 LSB
INL16 Integral non linearity[36] 2.7V =Vppa =5.5Vrange -
1.71V = Vppa < 2.7 Vrange -2.1 - +2.7 LSB
Range = +1.024 V, unbuffered; _ _ +1 LSB
DNL16 Differential non linearity[3€] 2.7V =Vppa =5.5Vrange -
1.71V £ Vppa < 2.7 V range -1 - +1.1 LSB
INL12 Integral non linearity!>°] Range = +1.024 V, unbuffered - - +1 LSB
DNL12 Differential non Iinearity[36] Range = +1.024 V, unbuffered - - 11 LSB
INL8 Integral non linearity>°] Range = +1.024 V, unbuffered - - +1 LSB
DNL8 Differential non linearity!>®! Range = +1.024 V, unbuffered - - +1 LSB

Note
36. Based on device characterization (not production tested).
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Figure 11-53. VDAC Operating Current vs Temperature, 1 V Mode, High speed mode
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Parameter Description Conditions Min Typ Max Units
f SWDCK SWDCLK frequency 3.3V<Vppps<5V - - 1407 T MHz
1.71V <Vppp < 3.3V - - 71671 MHz
1.71V <Vppp < 3.3V, - - 5501 1 MHz
SWD over USBIO pins
T_SWDI_setup |SWDIO input setup before SWDCK high|T = 1/f SWDCK max T/4 - -
T_SWDI_hold |SWDIO input hold after SWDCK high |T = 1/f SWDCK max T/4 - -
T_SWDO_valid [SWDCK high to SWDIO output T = 1/f_SWDCK max - - 2T/5
Figure 11-66. SWD Interface Timing
(1//_SWDCK)
SWDCK |
T_SWDI_setupi T_SWDI_hold
It
SWDIO | |
(PSoC input) _/_ \ / \
T_SWDO_valid . . T_SWDO_hold
— f-— .
SWDIO /—\— 1\
(PSoC output) -
11.8.6 SWYV Interface
Table 11-74. SWV Interface AC Specifications>"]
Parameter Description Conditions Min Typ Max Units
SWV mode SWV bit rate - 33 Mbit
Notes

60.f_TCK must also be no more than 1/3 CPU clock frequency.
61.f_SWDCK must also be no more than 1/3 CPU clock frequency.
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