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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.
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PSoC Functional Overview

The PSoC family consists of many devices with On-Chip
Controllers. These devices are designed to replace multiple
traditional MCU based system components with one low cost
single chip programmable component. A PSoC device includes
configurable analog blocks, digital blocks, and interconnections.
This architecture enables the user to create customized
peripheral configurations to match the requirements of each
individual application. In addition, a fast CPU, Flash program
memory, SRAM data memory, and configurable 1/O are included
in a range of convenient pinouts and packages.

The CY8C28xxx group of PSoC devices described in this
datasheet have multiple resource configuration options
available. Therefore, not every resource mentioned in this
datasheet is available for each CY8C28xxx subgroup. The
CY8C28x45 subgroup has a full feature set of all resources
described. There are six more segmented subgroups that allow
designers to use a device with only the resources and
functionality necessary for a specific application. See Table 2 on
page 9 to determine the resources available for each
CY8C28xxx subgroup. The same information is also presented
in more detail in the Ordering Information section.

The architecture for this specific PSoC device family, as shown
in the Logic Block Diagram on page 1, consists of four main
areas: PSoC Core, Digital System, Analog System, and System
Resources. The configurable global bus system allows all the
device resources to be combined into a complete custom
system. PSoC CY8C28xxx family devices have up to six 1/O
ports that connect to the global digital and analog interconnects,
providing access to up to 12 digital blocks and up to 16 analog
blocks.

The PSoC Core

The PSoC Core is a powerful engine that supports a rich feature
set. The core includes a CPU, memory, clocks, and configurable
general Purpose 1/0 (GPIO). The M8C CPU core is a powerful
processor with speeds up to 24 MHz, providing a four MIPS 8-bit
Harvard architecture microcontroller.

Memory encompasses 16K bytes of Flash for program storage,
1K bytes of SRAM for data storage. The PSoC device incorpo-
rates flexible internal clock generators, including a 24 MHz
internal main oscillator (IMO) accurate to 2.5% over temperature
and voltage. A low power 32 kHz internal low speed oscillator
(ILO) is provided for the sleep timer and watch dog timer (WDT).
The 32.768 kHz external crystal oscillator (ECO) is available for
use as a real time clock (RTC) and can optionally generate a
crystal-accurate 24 MHz system clock using a PLL.

PSoC GPIOs provide connections to the CPU, and digital and
analog resources. Each pin’s drive mode may be selected from
8 options, which allows great flexibility in external interfacing.
Every pin also has the capability to generate a system interrupt
on high level, low level, and change from last read.

The Digital System

The Digital System is composed of up to 12 configurable digital
PSoC blocks. Each block is an 8-bit resource that can be used
alone or combined with other blocks to create 8, 16, 24, and

Note

32-bit peripherals, which are called user modules. The digital
blocks can be connected to any GPIO through a series of global
buses that can route any signal to any pin.

Figure 2. Digital System Block Diagramm
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Digital peripheral configurations include:

m PWMs (8- and 16-bit, One-shot and Multi-shot capability)
m PWMs with Dead band/Kill (8- and 16-bit)

m Counters (8 to 32 bit)

m Timers (8 to 32 bit)

m Full-duplex 8-bit UARTSs (up to 3) with selectable parity

m Half-duplex 8-bit UARTSs (up to 6) with selectable parity

m Variable length SPI slave and master
o Up to 6 total slaves and masters (8-bit)
o Supports 8 to 16 bit operation

m2C slave, master, or multi-master (up to 2 available as System
Resources)

m IrDA (up to 3)

m Pseudo Random Sequence Generators (8 to 32 bit)
m Cyclical Redundancy Checker/Generator (16 bit)

m Shift Register (2 to 32 bit)

1. CY8C28x52 devices do not have digital block row 2. They have two digital rows with eight total digital blocks.
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The Analog System

The Analog System is composed of up to 16 configurable analog
blocks, each containing an opamp circuit that allows the creation
of complex analog signal flows. Some devices in this PSoC
family have an analog multiplex bus that can connect to every
GPIO pin. This bus can also connect to the analog system for
analysis with comparators and analog-to-digital converters. It
can be split into two sections for simultaneous dual-channel
processing.

Some of the more common PSoC analog functions (most
available as user modules) are:

m Analog-to-digital converters (6 to 14-bit resolution, up to 4,
selectable as Incremental or Delta Sigma)

m Dedicated 10-bit SAR ADC with sample rates up to 142 ksps
m Synchronized, simultaneous Delta Sigma ADCs (up to 4)

m Filters (2 to 8 pole band-pass, low pass, and notch)

m Amplifiers (up to 4, with selectable gain to 48x)

m Instrumentation amplifiers (up to 2, with selectable gain to 93x)
m Comparators (up to 6, with 16 selectable thresholds)

m DACs (up to 4, with 6 to 9-bit resolution)

m Multiplying DACs (up to 4, with 6 to 9-bit resolution)

m High current output drivers (up to 4 with 30 mA drive)

m 1.3 V reference (as a System Resource)

m DTMF Dialer

m Modulators

m Correlators

m Peak detectors

m Many other topologies possible

Document Number: 001-48111 Rev. *O

Figure 3. Analog System Block Diagram for CY8C28x45 and
CY8C28x52 Devices
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Figure 4. Analog System Block Diagram for CY8C28x43 Figure 5. Analog System Block Diagram for CY8C28x33
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Designing with PSoC Designer

The development process for the PSoC device differs from that
of a traditional fixed-function microprocessor. The configurable
analog and digital hardware blocks give the PSoC architecture a
unique flexibility that pays dividends in managing specification
change during development and lowering inventory costs. These
configurable resources, called PSoC blocks, have the ability to
implement a wide variety of user-selectable functions. The PSoC
development process is:

1. Select user modules.

2. Configure user modules.

3. Organize and connect.

4. Generate, verify, and debug.

Select User Modules

PSoC Designer provides a library of prebuilt, pretested hardware
peripheral components called “user modules.” User modules
make selecting and implementing peripheral devices, both
analog and digital, simple.

Configure User Modules

Each user module that you select establishes the basic register
settings that implement the selected function. They also provide
parameters and properties that allow you to tailor their precise
configuration to your particular application. For example, a PWM
User Module configures one or more digital PSoC blocks, one
for each eight bits of resolution. Using these parameters, you can
establish the pulse width and duty cycle. Configure the
parameters and properties to correspond to your chosen
application. Enter values directly or by selecting values from
drop-down menus. All of the user modules are documented in
datasheets that may be viewed directly in PSoC Designer or on
the Cypress website. These user module datasheets explain the
internal operation of the user module and provide performance

Document Number: 001-48111 Rev. *O

specifications. Each datasheet describes the use of each user
module parameter, and other information that you may need to
successfully implement your design.

Organize and Connect

Build signal chains at the chip level by interconnecting user
modules to each other and the I/O pins. Perform the selection,
configuration, and routing so that you have complete control over
all on-chip resources.

Generate, Verify, and Debug

When you are ready to test the hardware configuration or move
on to developing code for the project, perform the “Generate
Configuration Files” step. This causes PSoC Designer to
generate source code that automatically configures the device to
your specification and provides the software for the system. The
generated code provides APIs with high-level functions to control
and respond to hardware events at run time, and interrupt
service routines that you can adapt as needed.

A complete code development environment lets you to develop
and customize your applications in C, assembly language, or
both.

The last step in the development process takes place inside
PSoC Designer's Debugger (accessed by clicking the Connect
icon). PSoC Designer downloads the HEX image to the ICE
where it runs at full-speed. PSoC Designer debugging
capabilities rival those of systems costing many times more. In
addition to traditional single-step, run-to-breakpoint, and
watch-variable features, the debug interface provides a large
trace buffer. It lets you to define complex breakpoint events that
include monitoring address and data bus values, memory
locations, and external signals.
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Register Reference

This section lists the registers of the CY8C28xxx PSoC devices. For detailed register information, reference the

PSoC Technical Reference Manual for CY8C28xxx PSoC devices.

Register Conventions

The register conventions specific to this section are listed in the

following table.

Convention

Description

Read register or bit(s)

Write register or bit(s)

Logical register or bit(s)

Clearable register or bit(s)

#Ol—é;u

Access is bit specific

Document Number: 001-48111 Rev. *O

Register Mapping Tables

CY8C28xxx PSoC devices have a total register address space
of 512 bytes. The register space is referred to as 1/0 space and
is divided into two banks. The XIO bit in the Flag register
(CPU_F) determines which bank of registers CPU instructions
access. When the XIO bit is set the registers in Bank 1 are
accessed by CPU instructions. When the XIO bit is cleared the
registers in Bank 0 are accessed by CPU instructions.

Note In the following register mapping tables, blank fields are
reserved and should not be accessed.
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Table 8. CY8C28x03 Register Map Bank 0 Table: User Space

Name Addr (0,Hex) | Access Name Addr (0,Hex) | Access Name Addr (0,Hex) | Access Name Addr (0,Hex) | Access
PRTODR 00 RW DBC20DRO 40 # 80 RDI2RI Co RW
PRTOIE 01 RW DBC20DR1 41 w 81 RDI2SYN C1 RW
PRTOGS 02 RW DBC20DR2 42 RW 82 RDI2IS C2 RW
PRTODM2 03 RW DBC20CRO 43 # 83 RDI2LTO C3 RW
PRT1DR 04 RW DBC21DRO 44 # 84 RDI2LT1 C4 RW
PRT1IE 05 RW DBC21DR1 45 w 85 RDI2RO0 C5 RW
PRT1GS 06 RW DBC21DR2 46 RW 86 RDI2RO1 C6 RW
PRT1DM2 07 RW DBC21CRO 47 # 87 RDI2DSM Cc7 RW
PRT2DR 08 RW DCC22DR0 48 # 88 C8
PRT2IE 09 RW DCC22DR1 49 w 89 C9
PRT2GS 0A RW DCC22DR2 4A RW 8A CA
PRT2DM2 0B RW DCC22CR0O 4B # 8B CB
PRT3DR ocC RW DCC23DR0 4C # 8C cC
PRT3IE oD RW DCC23DR1 4D w 8D CcD
PRT3GS OE RW DCC23DR2 4E RW 8E CE
PRT3DM2 OF RW DCC23CR0O 4F # 8F CF
PRT4DR 10 RW 50 90 CUR_PP DO RW
PRT4IE 11 RW 51 91 STK_PP D1 RW
PRT4GS 12 RW 52 92 D2
PRT4DM2 13 RW 53 93 IDX_PP D3 RW
PRT5DR 14 RW 54 94 MVR_PP D4 RW
PRT5IE 15 RW 55 95 MVW_PP D5 RW
PRT5GS 16 RW 56 96 12C0_CFG D6 RW
PRT5DM2 17 RW 57 97 12C0_SCR D7 #
18 58 98 12C0_DR D8 RW
19 59 99 12C0_MSCR D9 #
1A 5A 9A INT_CLRO DA RW
1B 5B 9B INT_CLR1 DB RW
1C 5C 9C INT_CLR2 DC RW
1D 5D 9D INT_CLR3 DD RW
1E 5E 9E INT_MSK3 DE RW
1F 5F 9F INT_MSK2 DF RW

DBCOODRO 20 # 60 A0 INT_MSKO EO RW

DBCOODR1 21 w 61 A1 INT_MSK1 E1 RW

DBCOODR2 22 RW 62 A2 INT_VC E2 RC

DBCOOCRO 23 # 63 A3 RES_WDT E3 w

DBC01DRO 24 # 64 A4 12C1_SCR E4 #

DBC01DR1 25 w 65 A5 12C1_MSCR E5 #

DBC01DR2 26 RW 66 A6 E6

DBC01CRO 27 # 12C1_DR 67 RW A7 E7

DCC02DR0O 28 # 68 MUL1_X A8 w MULO_X E8 w

DCCO02DR1 29 W 69 MUL1_Y A9 w MULO_Y E9 w

DCC02DR2 2A RW SADC_DH 6A RW MUL1_DH AA R MULO_DH EA R

DCC02CRO 2B # SADC_DL 6B RW MUL1_DL AB R MULO_DL EB R

DCCO03DRO 2C # TMP_DRO 6C RW ACC1_DR1 AC RW ACCO_DR1 EC RW

DCCO3DR1 2D w TMP_DR1 6D RW ACC1_DRO AD RW ACCO_DRO ED RW

DCCO03DR2 2E RW TMP_DR2 6E RW ACC1_DR3 AE RW ACCO_DR3 EE RW

DCCO03CRO 2F # TMP_DR3 6F RW ACC1_DR2 AF RW ACCO_DR2 EF RW

DBC10DRO 30 # 70 RDIORI BO RW FO

DBC10DR1 31 w 71 RDIOSYN B1 RW F1

DBC10DR2 32 RW 72 RDIOIS B2 RW F2

DBC10CRO 33 # 73 RDIOLTO B3 RW F3

DBC11DRO 34 # 74 RDIOLT1 B4 RW F4

DBC11DR1 35 w 75 RDIOROO B5 RW F5

DBC11DR2 36 RW 76 RDIORO1 B6 RW F6

DBC11CRO 37 # 77 RDIODSM B7 RW CPU_F F7 RL

DCC12DR0O 38 # 78 RDIRI B8 RW F8

DCC12DR1 39 W 79 RDI1SYN B9 RW F9

DCC12DR2 3A RW 7A RDI1IS BA RW FA

DCC12CR0O 3B # 7B RDI1LTO BB RW FB

DCC13DR0O 3C # 7C RDIMLT1 BC RW FC

DCC13DR1 3D W 7D RDI1RO0 BD RW FD

DCC13DR2 3E RW 7E RDI1RO1 BE RW CPU_SCR1 FE #

DCC13CRO 3F # 7F RDI1DSM BF RW CPU_SCRO FF #

Blank fields are Reserved and should not be accessed. # Access is bit specific. *Address has a dual purpose, see “Mapping Exceptions” on page 251
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Table 16. CY8C28x43 Register Map Bank 0 Table: User Space

Name Addr (0,Hex) | Access Name Addr (0,Hex) | Access Name Addr (0,Hex) | Access Name Addr (0,Hex) | Access
PRTODR 00 RW DBC20DRO 40 # ASC10CRO 80 RW RDI2RI Co RW
PRTOIE 01 RW DBC20DR1 41 w ASC10CR1 81 RW RDI2SYN C1 RW
PRTOGS 02 RW DBC20DR2 42 RW ASC10CR2 82 RW RDI2IS C2 RW
PRTODM2 03 RW DBC20CRO 43 # ASC10CR3 83 RW RDI2LTO C3 RW
PRT1DR 04 RW DBC21DRO 44 # ASD11CRO 84 RW RDI2LT1 C4 RW
PRT1IE 05 RW DBC21DR1 45 w ASD11CR1 85 RW RDI2RO0 C5 RW
PRT1GS 06 RW DBC21DR2 46 RW ASD11CR2 86 RW RDI2RO1 C6 RW
PRT1DM2 07 RW DBC21CRO 47 # ASD11CR3 87 RW RDI2DSM Cc7 RW
PRT2DR 08 RW DCC22DR0 48 # ASC12CRO 88 RW C8
PRT2IE 09 RW DCC22DR1 49 w ASC12CR1 89 RW C9
PRT2GS 0A RW DCC22DR2 4A RW ASC12CR2 8A RW CA
PRT2DM2 0B RW DCC22CR0O 4B # ASC12CR3 8B RW CB
PRT3DR ocC RW DCC23DR0 4C # ASD13CRO 8C RW cC
PRT3IE oD RW DCC23DR1 4D w ASD13CR1 8D RW CcD
PRT3GS OE RW DCC23DR2 4E RW ASD13CR2 8E RW CE
PRT3DM2 OF RW DCC23CR0O 4F # ASD13CR3 8F RW CF
PRT4DR 10 RW 50 ASD20CRO 90 RW CUR_PP DO RW
PRT4IE 11 RW 51 ASD20CR1 91 RW STK_PP D1 RW
PRT4GS 12 RW 52 ASD20CR2 92 RW D2
PRT4DM2 13 RW 53 ASD20CR3 93 RW IDX_PP D3 RW
PRT5DR 14 RW 54 ASC21CRO 94 RW MVR_PP D4 RW
PRT5IE 15 RW 55 ASC21CR1 95 RW MVW_PP D5 RW
PRT5GS 16 RW 56 ASC21CR2 96 RW 12C0_CFG D6 RW
PRT5DM2 17 RW 57 ASC21CR3 97 RW 12C0_SCR D7 #
18 58 ASD22CRO 98 RW 12C0_DR D8 RW
19 59 ASD22CR1 99 RW 12C0_MSCR D9 #
1A 5A ASD22CR2 9A RW INT_CLRO DA RW
1B 5B ASD22CR3 9B RW INT_CLR1 DB RW
1C 5C ASC23CRO 9C RW INT_CLR2 DC RW
1D 5D ASC23CR1 9D RW INT_CLR3 DD RW
1E 5E ASC23CR2 9E RW INT_MSK3 DE RW
1F 5F ASC23CR3 9F RW INT_MSK2 DF RW

DBCOODRO 20 # AMX_IN 60 RW DECO_DH A0 RC INT_MSKO EO RW

DBCOODR1 21 w AMUX_CFG 61 RW DECO_DL A1 RC INT_MSK1 E1 RW

DBCOODR2 22 RW CLK_CR3 62 RW DEC1_DH A2 RC INT_VC E2 RC

DBCOOCRO 23 # ARF_CR 63 RW DEC1_DL A3 RC RES_WDT E3

DBC01DRO 24 # CMP_CRO 64 # DEC2_DH A4 RC 12C1_SCR E4 #

DBC01DR1 25 w ASY_CR 65 # DEC2_DL A5 RC 12C1_MSCR E5 #

DBC01DR2 26 RW CMP_CR1 66 RW DEC3_DH A6 RC DEC_CRO* E6 RW

DBC01CRO 27 # 12C1_DR 67 RW DEC3_DL A7 RC DEC_CR1* E7 RW

DCC02DR0O 28 # 68 MUL1_X A8 w MULO_X E8 w

DCCO02DR1 29 W 69 MUL1_Y A9 w MULO_Y E9 w

DCC02DR2 2A RW SADC_DH 6A RW MUL1_DH AA R MULO_DH EA R

DCC02CRO 2B # SADC_DL 6B RW MUL1_DL AB R MULO_DL EB R

DCCO03DRO 2C # TMP_DRO 6C RW ACC1_DR1 AC RW ACCO_DR1 EC RW

DCCO3DR1 2D w TMP_DR1 6D RW ACC1_DRO AD RW ACCO_DRO ED RW

DCCO03DR2 2E RW TMP_DR2 6E RW ACC1_DR3 AE RW ACCO_DR3 EE RW

DCCO03CRO 2F # TMP_DR3 6F RW ACC1_DR2 AF RW ACCO_DR2 EF RW

DBC10DRO 30 # ACBOOCR3 70 RW RDIORI BO RW FO

DBC10DR1 31 w ACBOOCRO 71 RW RDIOSYN B1 RW F1

DBC10DR2 32 RW ACBOOCR1 72 RW RDIOIS B2 RW F2

DBC10CRO 33 # ACBOOCR2 73 RW RDIOLTO B3 RW F3

DBC11DRO 34 # ACB01CR3 74 RW RDIOLT1 B4 RW F4

DBC11DR1 35 w ACB01CRO 75 RW RDIOROO B5 RW F5

DBC11DR2 36 RW ACBO1CR1 76 RW RDIORO1 B6 RW F6

DBC11CRO 37 # ACB01CR2 77 RW RDIODSM B7 RW CPU_F F7 RL

DCC12DR0O 38 # ACB02CR3 78 RW RDIRI B8 RW F8

DCC12DR1 39 W ACB02CRO 79 RW RDI1SYN B9 RW F9

DCC12DR2 3A RW ACB02CR1 7A RW RDI1IS BA RW FA

DCC12CR0O 3B # ACB02CR2 7B RW RDI1LTO BB RW FB

DCC13DR0O 3C # ACBO3CR3 7C RW RDIMLT1 BC RW FC

DCC13DR1 3D W ACBO3CRO 7D RW RDI1RO0 BD RW FD

DCC13DR2 3E RW ACBO3CR1 7E RW RDI1RO1 BE RW CPU_SCR1 FE #

DCC13CRO 3F # ACBO3CR2 7F RW RDI1DSM BF RW CPU_SCRO FF #

Blank fields are Reserved and should not be accessed. # Access is bit specific. *Address has a dual purpose, see “Mapping Exceptions” on page 251
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Table 18. CY8C28x45 Register Map Bank 0 Table: User Space

Name Addr (0,Hex) | Access Name Addr (0,Hex) | Access Name Addr (0,Hex) | Access Name Addr (0,Hex) | Access
PRTODR 00 RW DBC20DRO 40 # ASC10CRO 80 RW RDI2RI Co RW
PRTOIE 01 RW DBC20DR1 41 w ASC10CR1 81 RW RDI2SYN C1 RW
PRTOGS 02 RW DBC20DR2 42 RW ASC10CR2 82 RW RDI2IS C2 RW
PRTODM2 03 RW DBC20CRO 43 # ASC10CR3 83 RW RDI2LTO C3 RW
PRT1DR 04 RW DBC21DRO 44 # ASD11CRO 84 RW RDI2LT1 C4 RW
PRT1IE 05 RW DBC21DR1 45 w ASD11CR1 85 RW RDI2RO0 C5 RW
PRT1GS 06 RW DBC21DR2 46 RW ASD11CR2 86 RW RDI2RO1 C6 RW
PRT1DM2 07 RW DBC21CRO 47 # ASD11CR3 87 RW RDI2DSM Cc7 RW
PRT2DR 08 RW DCC22DR0 48 # ASC12CRO 88 RW C8
PRT2IE 09 RW DCC22DR1 49 w ASC12CR1 89 RW C9
PRT2GS 0A RW DCC22DR2 4A RW ASC12CR2 8A RW CA
PRT2DM2 0B RW DCC22CR0O 4B # ASC12CR3 8B RW CB
PRT3DR ocC RW DCC23DR0 4C # ASD13CRO 8C RW cC
PRT3IE oD RW DCC23DR1 4D w ASD13CR1 8D RW CcD
PRT3GS OE RW DCC23DR2 4E RW ASD13CR2 8E RW CE
PRT3DM2 OF RW DCC23CR0O 4F # ASD13CR3 8F RW CF
PRT4DR 10 RW 50 ASD20CRO 90 RW CUR_PP DO RW
PRT4IE 11 RW 51 ASD20CR1 91 RW STK_PP D1 RW
PRT4GS 12 RW 52 ASD20CR2 92 RW D2
PRT4DM2 13 RW 53 ASD20CR3 93 RW IDX_PP D3 RW
PRT5DR 14 RW 54 ASC21CRO 94 RW MVR_PP D4 RW
PRT5IE 15 RW 55 ASC21CR1 95 RW MVW_PP D5 RW
PRT5GS 16 RW 56 ASC21CR2 96 RW 12C0_CFG D6 RW
PRT5DM2 17 RW 57 ASC21CR3 97 RW 12C0_SCR D7 #
18 58 ASD22CRO 98 RW 12C0_DR D8 RW
19 59 ASD22CR1 99 RW 12C0_MSCR D9 #
1A 5A ASD22CR2 9A RW INT_CLRO DA RW
1B 5B ASD22CR3 9B RW INT_CLR1 DB RW
1C 5C ASC23CRO 9C RW INT_CLR2 DC RW
1D 5D ASC23CR1 9D RW INT_CLR3 DD RW
1E 5E ASC23CR2 9E RW INT_MSK3 DE RW
1F 5F ASC23CR3 9F RW INT_MSK2 DF RW

DBCOODRO 20 # AMX_IN 60 RW DECO_DH A0 RC INT_MSKO EO RW

DBCOODR1 21 w AMUX_CFG 61 RW DECO_DL A1 RC INT_MSK1 E1 RW

DBCOODR2 22 RW CLK_CR3 62 RW DEC1_DH A2 RC INT_VC E2 RC

DBCOOCRO 23 # ARF_CR 63 RW DEC1_DL A3 RC RES_WDT E3

DBC01DRO 24 # CMP_CRO 64 # DEC2_DH A4 RC 12C1_SCR E4 #

DBC01DR1 25 w ASY_CR 65 # DEC2_DL A5 RC 12C1_MSCR E5 #

DBC01DR2 26 RW CMP_CR1 66 RW DEC3_DH A6 RC DEC_CRO* E6 RW

DBC01CRO 27 # 12C1_DR 67 RW DEC3_DL A7 RC DEC_CR1* E7 RW

DCC02DR0O 28 # 68 MUL1_X A8 w MULO_X E8 w

DCCO02DR1 29 W 69 MUL1_Y A9 w MULO_Y E9 w

DCC02DR2 2A RW SADC_DH 6A RW MUL1_DH AA R MULO_DH EA R

DCC02CRO 2B # SADC_DL 6B RW MUL1_DL AB R MULO_DL EB R

DCCO03DRO 2C # TMP_DRO 6C RW ACC1_DR1 AC RW ACCO_DR1 EC RW

DCCO3DR1 2D w TMP_DR1 6D RW ACC1_DRO AD RW ACCO_DRO ED RW

DCCO03DR2 2E RW TMP_DR2 6E RW ACC1_DR3 AE RW ACCO_DR3 EE RW

DCCO03CRO 2F # TMP_DR3 6F RW ACC1_DR2 AF RW ACCO_DR2 EF RW

DBC10DRO 30 # ACBOOCR3 70 RW RDIORI BO RW FO

DBC10DR1 31 w ACBOOCRO 71 RW RDIOSYN B1 RW F1

DBC10DR2 32 RW ACBOOCR1 72 RW RDIOIS B2 RW F2

DBC10CRO 33 # ACBOOCR2 73 RW RDIOLTO B3 RW F3

DBC11DRO 34 # ACB01CR3 74 RW RDIOLT1 B4 RW F4

DBC11DR1 35 w ACB01CRO 75 RW RDIOROO B5 RW F5

DBC11DR2 36 RW ACBO1CR1 76 RW RDIORO1 B6 RW F6

DBC11CRO 37 # ACB01CR2 77 RW RDIODSM B7 RW CPU_F F7 RL

DCC12DR0O 38 # ACB02CR3 78 RW RDIRI B8 RW F8

DCC12DR1 39 W ACB02CRO 79 RW RDI1SYN B9 RW F9

DCC12DR2 3A RW ACB02CR1 7A RW RDI1IS BA RW FA

DCC12CR0O 3B # ACB02CR2 7B RW RDI1LTO BB RW FB

DCC13DR0O 3C # ACBO3CR3 7C RW RDIMLT1 BC RW DAC1_D FC RW

DCC13DR1 3D W ACBO3CRO 7D RW RDI1RO0 BD RW DACO0_D FD RW

DCC13DR2 3E RW ACBO3CR1 7E RW RDI1RO1 BE RW CPU_SCR1 FE #

DCC13CRO 3F # ACBO3CR2 7F RW RDI1DSM BF RW CPU_SCRO FF #

Blank fields are Reserved and should not be accessed. # Access is bit specific. *Address has a dual purpose, see “Mapping Exceptions” on page 251
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Table 20. CY8C28x52 Register Map Bank 0 Table: User Space

Name Addr (0,Hex) | Access Name Addr (0,Hex) | Access Name Addr (0,Hex) | Access Name Addr (0,Hex) | Access

PRTODR 00 RW 40 ASC10CRO 80 RW Co

PRTOIE 01 RW 41 ASC10CR1 81 RW C1

PRTOGS 02 RW 42 ASC10CR2 82 RW C2

PRTODM2 03 RW 43 ASC10CR3 83 RW C3

PRT1DR 04 RW 44 ASD11CRO 84 RW C4

PRT1IE 05 RW 45 ASD11CR1 85 RW C5

PRT1GS 06 RW 46 ASD11CR2 86 RW C6

PRT1DM2 07 RW 47 ASD11CR3 87 RW Cc7

PRT2DR 08 RW 48 ASC12CRO 88 RW C8

PRT2IE 09 RW 49 ASC12CR1 89 RW C9

PRT2GS 0A RW 4A ASC12CR2 8A RW CA

PRT2DM2 0B RW 4B ASC12CR3 8B RW CB

PRT3DR ocC RW 4C ASD13CRO 8C RW cC

PRT3IE oD RW 4D ASD13CR1 8D RW CcD

PRT3GS OE RW 4E ASD13CR2 8E RW CE

PRT3DM2 OF RW 4F ASD13CR3 8F RW CF

PRT4DR 10 RW 50 ASD20CRO 90 RW CUR_PP DO RW

PRT4IE 11 RW 51 ASD20CR1 91 RW STK_PP D1 RW

PRT4GS 12 RW 52 ASD20CR2 92 RW D2

PRT4DM2 13 RW 53 ASD20CR3 93 RW IDX_PP D3 RW

PRT5DR 14 RW 54 ASC21CRO 94 RW MVR_PP D4 RW

PRT5IE 15 RW 55 ASC21CR1 95 RW MVW_PP D5 RW

PRT5GS 16 RW 56 ASC21CR2 96 RW 12C0_CFG D6 RW

PRT5DM2 17 RW 57 ASC21CR3 97 RW 12C0_SCR D7 #
18 58 ASD22CRO 98 RW 12C0_DR D8 RW
19 59 ASD22CR1 99 RW 12C0_MSCR D9 #
1A 5A ASD22CR2 9A RW INT_CLRO DA RW
1B 5B ASD22CR3 9B RW INT_CLR1 DB RW
1C 5C ASC23CRO 9C RW INT_CLR2 DC RW
1D 5D ASC23CR1 9D RW INT_CLR3 DD RW
1E 5E ASC23CR2 9E RW INT_MSK3 DE RW
1F 5F ASC23CR3 9F RW INT_MSK2 DF RW

DBCOODRO 20 # AMX_IN 60 RW DECO_DH A0 RC INT_MSKO EO RW

DBCOODR1 21 w AMUX_CFG 61 RW DECO_DL A1 RC INT_MSK1 E1 RW

DBCOODR2 22 RW CLK_CR3 62 RW DEC1_DH A2 RC INT_VC E2 RC

DBCOOCRO 23 # ARF_CR 63 RW DEC1_DL A3 RC RES_WDT E3 w

DBC01DRO 24 # CMP_CRO 64 # DEC2_DH A4 RC E4

DBC01DR1 25 w ASY_CR 65 # DEC2_DL A5 RC E5

DBC01DR2 26 RW CMP_CR1 66 RW DEC3_DH A6 RC DEC_CRO* E6 RW

DBC01CRO 27 # 67 DEC3_DL A7 RC DEC_CR1* E7 RW

DCC02DR0O 28 # 68 MUL1_X A8 w MULO_X E8 w

DCCO02DR1 29 W 69 MUL1_Y A9 w MULO_Y E9 w

DCC02DR2 2A RW 6A MUL1_DH AA R MULO_DH EA R

DCC02CRO 2B # 6B MUL1_DL AB R MULO_DL EB R

DCCO03DRO 2C # TMP_DRO 6C RW ACC1_DR1 AC RW ACCO_DR1 EC RW

DCCO3DR1 2D w TMP_DR1 6D RW ACC1_DRO AD RW ACCO_DRO ED RW

DCCO03DR2 2E RW TMP_DR2 6E RW ACC1_DR3 AE RW ACCO_DR3 EE RW

DCCO03CRO 2F # TMP_DR3 6F RW ACC1_DR2 AF RW ACCO_DR2 EF RW

DBC10DRO 30 # ACBOOCR3 70 RW RDIORI BO RW FO

DBC10DR1 31 w ACBOOCRO 71 RW RDIOSYN B1 RW F1

DBC10DR2 32 RW ACBOOCR1 72 RW RDIOIS B2 RW F2

DBC10CRO 33 # ACBOOCR2 73 RW RDIOLTO B3 RW F3

DBC11DRO 34 # ACB01CR3 74 RW RDIOLT1 B4 RW F4

DBC11DR1 35 w ACB01CRO 75 RW RDIOROO B5 RW F5

DBC11DR2 36 RW ACBO1CR1 76 RW RDIORO1 B6 RW F6

DBC11CRO 37 # ACB01CR2 77 RW RDIODSM B7 RW CPU_F F7 RL

DCC12DR0O 38 # ACB02CR3 78 RW RDIRI B8 RW F8

DCC12DR1 39 W ACB02CRO 79 RW RDI1SYN B9 RW F9

DCC12DR2 3A RW ACB02CR1 7A RW RDI1IS BA RW FA

DCC12CR0O 3B # ACB02CR2 7B RW RDI1LTO BB RW FB

DCC13DR0O 3C # ACBO3CR3 7C RW RDIMLT1 BC RW DAC1_D FC RW

DCC13DR1 3D W ACBO3CRO 7D RW RDI1RO0 BD RW DACO0_D FD RW

DCC13DR2 3E RW ACBO3CR1 7E RW RDI1RO1 BE RW CPU_SCR1 FE #

DCC13CRO 3F # ACBO3CR2 7F RW RDI1DSM BF RW CPU_SCRO FF #

Blank fields are Reserved and should not be accessed. # Access is bit specific. *Address has a dual purpose, see “Mapping Exceptions” on page 251
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Absolute Maximum Ratings

Table 22. Absolute Maximum Ratings

Symbol Description Min Typ Max Units Notes

Tste Storage temperature -55 25 +100 °C | Higher storage temperatures
reduce data retention time.
Recommended storage
temperature is +25°C + 25°C.
Extended duration storage
temperatures above 65°C
degrade reliability.

TeakeTEmP | Bake temperature - 125 See °c

Package
label
teakeTiVE | Bake time See - 72 Hours
package
label

Ta Ambient temperature with power applied -40 - +85 °C

Vpp Supply voltage on Vpp relative to Vgg -0.5 - +6.0 \Y

Vio DC input voltage Vgs— 0.5 - |Vpp+05 \

Vioz DC voltage applied to tri-state Vgs— 0.5 - Vpp + 0.5 \

Imio Maximum current into any port pin -25 - +50 mA

Ivaio Maximum current into any port pin -50 - +50 mA

configured as analog driver

ESD Electro static discharge voltage 2000 - - \Y Human Body Model ESD.

LU Latch up current - - 200 mA

Operating Temperature

Table 23. Operating Temperature

Symbol Description Min Typ Max Units Notes
Ta Ambient temperature -40 - +85 °C
T, Junction temperature -40 - +100 °C | The temperature rise from

ambient to junction is package
specific. See Thermal
Impedances on page 72. The
user must limit the power
consumption to comply with this
requirement.

Document Number: 001-48111 Rev. *O

Page 34 of 87



CY8C28243/CY8C28403/CY8C28413

= CY8C28433/CY8C28445/CY8C28452
Shee L CY8C28513/CY8C28545
—F CYPRESS CY8C28623/CY8C28643/CY8C28645

DC Analog PSoC Block Specifications

The following table lists guaranteed maximum and minimum specifications for the voltage and temperature ranges: 4.75V to 5.25 V
and 40 °C <Tp<85°C,or3.0Vto3.6Vand—40 °C <Tx <85 °C, respectively. Typical parameters apply to 5V and 3.3 V at 25 °C
and are for design guidance only.

Table 36. DC Analog PSoC Block Specifications

Symbol Description Min Typ Max | Units Notes
Ret Resistor Unit Value (Continuous Time) - 12.24 - kQ
Csc Capacitor Unit Value (Switch Cap) - 80 - fF

DC Analog Mux Bus Specifications

The following table lists guaranteed maximum and minimum specifications for the voltage and temperature ranges: 4.75V to 5.25 V
and 40 °C <Tp<85°C,or3.0Vto 3.6 Vand—40 °C < Tx <85 °C, respectively. Typical parameters apply to 5V and 3.3 V at 25 °C

and are for design guidance only.
Table 37. DC Analog Mux Bus Specifications

Symbol Description Min Typ Max | Units Notes
Rsw Switch Resistance to Common Analog Bus - - 400 Q |Vpp=3.0V
Rvss Resistance of Initialization Switch to Vgg - - 800 Q

DC SAR10 ADC Specifications

The following table lists guaranteed maximum and minimum specifications for the voltage and temperature ranges: 4.75V to 5.25 V
and 40°C <Tp<85°C,or3.0Vto 3.6V and—40 °C <Tx <85 °C, respectively. Typical parameters apply to 5V and 3.3 V at 25 °C

and are for design guidance only.
Table 38. DC SAR10 ADC Specifications

Symbol Description Min | Typ | Max | Units Notes
INLsar10 Integral nonlinearity for VREF >3 V -2.5 - 2.5 LSB | 10-bit resolution
Integral nonlinearity for VREF <3 V -5 - 5 LSB | 10-bit resolution
DNLsar10 Differential nonlinearity for VREF > 3 V -1.5 - 1.5 | LSB |10-bit resolution
Differential nonlinearity for VREF <3V -4 - 4 LSB | 10-bit resolution
Isar10 Active current consumption 0.08 | 0.5 | 0497 | mA
lVrREFsAR10 | Inputcurrentinto P2[5] when configured as - - 0.5 mA | The internal voltage reference buffer is
the SAR10 ADC’s VREF input. disabled in this configuration.
VyvrersaAr10 | Input reference voltage at P2[5] when 2.7 - Vpp— V | When VREEF is buffered inside the
configured as the SAR10 ADC'’s external 0.3V SAR10 ADC, the voltage level at P2[5]
voltage reference. (when configured as the external
reference voltage) must always be at
least 300 mV less than the chip supply
voltage level on the Vpp pin.
(Vvrersar1o < (Vpp — 300 mV)).
VossAR10 Offset voltage 5 7.7 10 mV
SAR\mp SAR input impedence - 1.64 - MQ | Frequency dependant = 1/ Fs °C.
142.9 kHz (maximum) and Cin = 4.28 pF
(typical)
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DC Programming Specifications

The following table lists guaranteed maximum and minimum specifications for the voltage and temperature ranges: 4.75V to 5.25 V
and 40 °C <Tp<85°C,or3.0Vto3.6Vand—40 °C <Tx <85 °C, respectively. Typical parameters apply to 5V and 3.3 V at 25 °C
and are for design guidance only.

Table 41. DC Programming Specifications

Symbol Description Min Typ Max Units Notes

Vppp Vpp for programming and erase 4.5 5 5.5 V | This specification applies to
the functional requirements of
external programmer tools.

VbbLy Low Vpp for verify 3 3.1 3.2 V | This specification applies to
the functional requirements of
external programmer tools.

VDDHY High Vpp for verify 51 52 53 V | This specification applies to
the functional requirements of
external programmer tools.

VpopwriTe | Supply Voltage for Flash write operation 3 - 5.25 V | This specification applies to
this device when itis executing
internal flash writes.

Iopp Supply Current During Programming or Verify - 5 25 mA
ViLp Input Low Voltage During Programming or - - 0.8 \Y,
Verify
Vinp Input High Voltage During Programming or 2.2 - - Vv
Verify
liLp Input Current when Applying Vilp to P1[0] or - - 0.21 mA | Driving internal pull-down
P1[1] During Programming or Verify resistor.
e Input Current when Applying Vihp to P1[0] or - - 1.5 mA | Driving internal pull-down
P1[1] During Programming or Verify resistor.
Vorv Output Low Voltage During Programming or - - 0.75 Vv
Verify
Vonrv Output High Voltage During Programming or | Vpp—-1.0| - Vbp \
Verify
Flashgnpg | Flash Endurance (per block) 50,0000 [ — - — | Erase/write cycles per block.
Flashgnyt | Flash Endurance (total)! ™! 1,800,000 | - - — | Erase/write cycles. Must be
programmed and read at the
same voltage to meet this.
Flashpr Flash Data Retention 10 - - Years
Notes
18. ;I'hg gg,\O/OO cycle Flash endurance per block will only be guaranteed if the Flash is operating within one voltage range. Voltage ranges are 3.0 V to 3.6 V and 4.75 V
0 9. f

19. A maximum of 36 X 50,000 block endurance cycles is allowed. This may be balanced between operations on 36x1 blocks of 50,000 maximum cycles each, 36x2
blocks of 25,000 maximum cycles each, or 36x4 blocks of 12,500 maximum cycles each (to limit the total number of cycles to 36x50,000 and that no single block ever
sees more than 50,000 cycles).

For the full industrial range, the user must employ a temperature sensor user module (FlashTemp) and feed the result to the temperature argument before writing.
Refer to the Flash APIs Application Note AN2015 at http://www.cypress.com under Application Notes for more information.
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Figure 10. PLL Lock Timing Diagram

PLL
Enable
l—— TpLsiew ———» 24 MHz
PLL
Gain 0
Figure 11. PLL Lock for Low Gain Setting Timing Diagram
PLL
Enable
e——— Teistewow ————» 24 MHz
PLL ]
Gain
Figure 12. External Crystal Oscillator Startup Timing Diagram
32K
Select 32 kHz
la— Tos ——»|
Faoko
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AC GPIO Specifications

The following table lists guaranteed maximum and minimum specifications for the voltage and temperature ranges: 4.75V to 5.25 V
and 40 °C <Tp<85°C,or3.0Vto3.6Vand—40 °C <Tx <85 °C, respectively. Typical parameters apply to 5V and 3.3 V at 25 °C
and are for design guidance only.

Table 44. AC GPIO Specifications

Symbol Description Min Typ Max | Units Notes

Ferio GPIO Operating Frequency 0 - 12.3 MHz | Normal Strong Mode

tRiseF Rise Time, Normal Strong Mode, Cload = 50 pF 3 - 18 ns |Vpp=4.5t05.25V, 10% —90%
tralF Fall Time, Normal Strong Mode, Cload = 50 pF 2 - 18 ns |Vpp=4.5t05.25V, 10% —90%
trises Rise Time, Slow Strong Mode, Cload = 50 pF 10 27 - ns |Vpp=31t05.25V, 10% —90%
tras Fall Time, Slow Strong Mode, Cload = 50 pF 10 22 - ns |Vpp=3t05.25V, 10% - 90%

Figure 13. GPIO Timing Diagram

90%

GPIO
Pin
Output
Voltage

10%

_N
TRiseF
TRiseS
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PERFORM

When bypassed by a capacitor on P2[4], the noise of the analog ground signal distributed to each block is reduced by a factor of up
to 5 (14 dB). This is at frequencies above the corner frequency defined by the on-chip 8.1k resistance and the external capacitor.

Figure 14. Typical AGND Noise with P2[4] Bypass
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At low frequencies, the opamp noise is proportional to 1/f, power independent, and determined by device geometry. At high
frequencies, increased power level reduces the noise spectrum level.
Figure 15. Typical Opamp Noise
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AC Programming Specifications

The following table lists guaranteed maximum and minimum specifications for the voltage and temperature ranges: 4.75V to 5.25 V
and 40 °C <Tp<85°C,or3.0Vto3.6Vand—40 °C <Tx <85 °C, respectively. Typical parameters apply to 5V and 3.3 V at 25 °C
and are for design guidance only.

Table 55. AC Programming Specifications

Symbol Description Min Typ Max | Units Notes
trscLk Rise Time of SCLK 1 - 20 ns
tescLk Fall Time of SCLK 1 - 20 ns
tsscLk Data Setup Time to Falling Edge of SCLK 40 - - ns
tHscLk Data Hold Time from Falling Edge of SCLK 40 - - ns
FscLk Frequency of SCLK 0 - 8 MHz
tERASEB Flash Erase Time (Block) - 10 - ms
tWRITE Flash Block Write Time - 40 - ms
tpbscLk Data Out Delay from Falling Edge of SCLK — — 55 ns |Vpp>3.6
tbscLks Data Out Delay from Falling Edge of SCLK - - 75 ns |3.0<Vpp<36
tERASEALL Flash Erase Time (Bulk) - 40 - ms | Erase all blocks and protection

fields at once.

tproGRAM HOT | Flash Block Erase + Flash Block Write Time | — — 10089 ms [0°C<Tj<100°C
tproGRAM coLp | Flash Block Erase + Flash Block Write Time | — - [200B%] ms |40°C<Tj<0°C

Note
30. For the full industrial range, the user must employ a temperature sensor user module (FlashTemp) and feed the result to the temperature argument before writing.
Refer to the Flash APIs Application Note, AN2015 at http://ww.cypress.com under Application Notes for more information.
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Figure 21. 56-pin SSOP (300 Mils) 0563 Package Outline, 51-85062
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Development Tool Selection

This section presents the development tools available for all current PSoC device families including the CY8C28xxx family.

Software

PSoC Designer

At the core of the PSoC development software suite is PSoC
Designer. Utilized by thousands of PSoC developers, this robust
software has been facilitating PSoC designs for over half a
decade. PSoC Designer is available free of charge at
http://www.cypress.com.

PSoC Programmer

Flexible enough to be used on the bench in development, yet
suitable for factory programming, PSoC Programmer works
either as a standalone programming application or it can operate
directly from PSoC Designer. PSoC Programmer software is
compatible with both PSoC ICE-Cube In-Circuit Emulator and
PSoC MiniProg. PSoC Programmer is available free of charge
at http://www.cypress.com.

Development Kits

All development kits can be purchased from the Cypress Online
Store.

CY3215-DK Basic Development Kit

The CY3215-DK is for prototyping and development with PSoC
Designer. This kit supports in-circuit emulation and the software
interface allows users to run, halt, and single step the processor
and view the content of specific memory locations. Advanced
emulation features are supported in PSoC Designer. The kit
includes:

m PSoC Designer Software CD

m |CE-Cube In-Circuit Emulator

m Pod kit for CY8C29x66 PSoC Family

m Cat-5 Adapter

m Mini-Eval Programming Board

m 110 ~ 240 V Power Supply, Euro-Plug Adapter
m ISSP Cable

m USB 2.0 Cable and Blue Cat-5 Cable

m 2 CY8C29466-24PXI 28-PDIP Chip Samples

Document Number: 001-48111 Rev. *O

Evaluation Tools

All evaluation tools can be purchased from the Cypress Online
Store.

CY3210-MiniProg1

The CY3210-MiniProg1 kit allows a user to program PSoC
devices via the MiniProg1 programming unit. The MiniProg is a
small, compact prototyping programmer that connects to the PC
via a provided USB 2.0 cable. The kit includes:

m MiniProg Programming Unit

m MiniEval Socket Programming and Evaluation Board

m 28-Pin CY8C29466-24PXI| PDIP PSoC Device Sample
m 28-Pin CY8C27443-24PXI| PDIP PSoC Device Sample
m PSoC Designer Software CD

m Getting Started Guide

m USB 2.0 Cable

CY3210-PSoCEval1

The CY3210-PSoCEval1 kit features an evaluation board and
the MiniProg1 programming unit. The evaluation board includes
an LCD module, potentiometer, LEDs, and plenty of bread-
boarding space to meet all of your evaluation needs. The kit
includes:

m Evaluation Board with LCD Module

m MiniProg Programming Unit

m 28-Pin CY8C29466-24PX| PDIP PSoC Device Sample (2)
m PSoC Designer Software CD

m Getting Started Guide

m USB 2.0 Cable
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Glossary (continued)

bias 1. A systematic deviation of a value from a reference value.
2. The amount by which the average of a set of values departs from a reference value.

3. The electrical, mechanical, magnetic, or other force (field) applied to a device to establish a reference level to
operate the device.

block 1. A functional unit that performs a single function, such as an oscillator.

2. A functional unit that may be configured to perform one of several functions, such as a digital PSoC block or
an analog PSoC block.

buffer 1. A storage area for data that is used to compensate for a speed difference, when transferring data from one
device to another. Usually refers to an area reserved for IO operations, into which data is read, or from which
data is written.
2. A portion of memory set aside to store data, often before it is sent to an external device or as it is received
from an external device.

3. An amplifier used to lower the output impedance of a system.

bus 1. A named connection of nets. Bundling nets together in a bus makes it easier to route nets with similar routing
patterns.
2. A set of signals performing a common function and carrying similar data. Typically represented using vector
notation; for example, address[7:0].
3. One or more conductors that serve as a common connection for a group of related devices.

clock The device that generates a periodic signal with a fixed frequency and duty cycle. A clock is sometimes used to
synchronize different logic blocks.

comparator An electronic circuit that produces an output voltage or current whenever two input levels simultaneously satisfy
predetermined amplitude requirements.

compiler A program that translates a high level language, such as C, into machine language.
configuration In PSoC devices, the register space accessed when the XIO bit, in the CPU_F register, is set to ‘1°.
space

crystal oscillator  An oscillator in which the frequency is controlled by a piezoelectric crystal. Typically a piezoelectric crystal is less
sensitive to ambient temperature than other circuit components.

cyclicredundancy A calculation used to detect errors in data communications, typically performed using a linear feedback shift
check (CRC) register. Similar calculations may be used for a variety of other purposes such as data compression.

data bus A bi-directional set of signals used by a computer to convey information from a memory location to the central
processing unit and vice versa. More generally, a set of signals used to convey data between digital functions.

debugger A hardware and software system that allows the user to analyze the operation of the system under development.
A debugger usually allows the developer to step through the firmware one step at a time, set break points, and
analyze memory.

dead band A period of time when neither of two or more signals are in their active state or in transition.

digital blocks The 8-bit logic blocks that can act as a counter, timer, serial receiver, serial transmitter, CRC generator,
pseudo-random number generator, or SPI.

digital-to-analog A device that changes a digital signal to an analog signal of corresponding magnitude. The analog-to-digital (ADC)
(DAC) converter performs the reverse operation.
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