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20,8 830 P U _F e e e e e e e e e e e 220
21.3.54IDACT_CODE ...ttt ettt e e e e e e e e e et e e e e e e e e e nnnes 222
21.3.55CPU_SCRT ittt e e e et e e st e e e e et e e e e e be e e e e e a e e e e 223
271.3.56CPU_SCRO ..ottt et e e e e ettt e e e et e e e e st e e e e e beee e e e e nreeeeeennnnes 224

214 Bank 1 REQISTEIS ..ottt e e e e e e e e e e e e e e aeeeeeeeee e ereraae 225
DA S T o I 1Y O PSR 225
DA A e S I 1Y L PSPPSR 226
D S TS 1 e O PSSR 227
21.4.4 MISC_CRT oottt e e e ettt e e e st e e e e s bbe e e e e e bt e e e e e enbeeeeeennnnes 228
21,45 PMAX WA Lottt e e ettt e e e et e e e e e a e e e e e ae e e e e e e e eaeeennnnes 229
21.4.8 PMAX_RA oot e e e e e e e e e e e e e nnnees 230
DA S 1V = G PR ERR 231
DA I T @ 1 N PSR RER 232
21.4.9 ECO_ENBUS ...ttt e e ettt e e e s et e e e e s entae e e e e ananeeeaeeannes 233
214 10ECO_TRIM oottt e e e st e e e e et e e e e ettt e e e e e nbeeeeeennnees 234
DA S T 1Y/ 16 G O PP ERR 235
DA S 2 1@ T 1 PSSR 236
DA S 1@ 1 N e PSPPSR 237
DA I S 1 [ @ R O PRSP RRR 239
DA I S 1@ S T O 1 0 PSR 240
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214 16ECO_CFG oot
214 17T0SC_CR2 ...t
214 18VLT_CR et
214 19VLT_CMP e e
21.4.20IMO_TR e e
21 4.2TILO_TR oot
21.4.22SLP_CFG ..ot
21.4.23SLP_CFG2 ... s
21.4.24SLP_CFG3 ...
21.4.25RO_TR ot
21.4.26IDAC_SHLD_DFT ..ooiiiiiie e s
21.4.27TIDAC_BYPASS ... s
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The PSoC family consists of many Programmable System-on-Chip with On-Chip Controller devices. The CapSensePLUS
CY8C20X37, CY8C20X47, CY8C20x67, and CY8C20055 devices have fixed analog and digital resources in addition to a fast

CPU, Flash program memory, and SRAM data memory to support various CapSense® algorithms.

For the most up-to-date ordering, pinout, packaging, or electrical specification information, refer to the datasheet. For the
most current technical reference manual information and newest product documentation, go to the Cypress web site at
http://www.cypress.com >> Documentation.

This section contains:

m Pin Information on page 18.

Document Organization

This manual is organized into sections and chapters, according to functionality. Each section contains a top-level architectural
diagram and a register summary (if applicable). Most chapters within the sections have an introduction, an architectural/appli-
cation description, register definitions, and timing diagrams. The sections are as follows:

m Overview — Presents the top-level architecture, helpful information to get started, and document history and
conventions. The PSoC device pinouts are detailed in the chapter Pin Information, on page 18.

m Core — Describes the heart of the device in various chapters, beginning with an architectural overview and a summary list
of registers pertaining to the core.

m CapSense System — Describes the configurable PSoC CapSense system in various chapters, beginning with an archi-
tectural overview and a summary list of registers pertaining to the CapSense system.

m System Resources — Presents additional system resources, beginning with an overview and a summary list of registers
pertaining to system resources.

m Registers — Lists all PSoC device registers in register mapping tables, and presents bit-level detail of each register in its
own Register Reference chapter. Where applicable, detailed register descriptions are also located in each chapter.

m Glossary — Defines the specialized terminology used in this manual. Glossary terms are presented in bold, italic font
throughout this manual.

m Index — Lists the location of key topics and elements that constitute and empower the devices.

PSoC CY8C20xx7/S, CY8C20055 Technical Reference Manual, Document No. 001-79551 Rev. *B 12
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Top Level Architecture

The PSoC block diagram on the next page illustrates the top-
level architecture of the CapSensePLUS CY8C20X37,
CY8C20X47, CY8C20X67, and CY8C20055 devices. Each
major grouping in the diagram is covered in this manual in its
own section: PSoC Core, CapSense System, and the Sys-
tem Resources. Banding these three main areas together is
the communication network of the system bus.

PSoC Core

The PSoC Core is a powerful engine that supports a rich
instruction set. It encompasses the SRAM for data storage,
an interrupt controller for easy program execution to new
addresses, sleep and watchdog timers, a regulated 3.0V
output option is provided for Port 1 1/Os, and multiple clock
sources that include the IMO (internal main oscillator) and
ILO (internal low speed oscillator) for precision, programma-
ble clocking.

The CPU core, called the M8C, is a powerful processor with
speeds up to 24 MHz. The M8C is a four MIPS 8-bit Har-
vard architecture microprocessor. Within the CPU core are
the SROM and Flash memory components that provide
flexible programming.

PSoC GPIOs provide connection to the CPU and the
CapSense resources of the device. Each pin’s drive mode is
selectable from four options, allowing great flexibility in
external interfacing. Every pin also has the capability to gen-
erate a system interrupt on low level and change from last
read.

Section A: Overview

CapSense® System

The CapSense System is composed of comparators, refer-
ence drivers, /0 multiplexers, and digital logic to support
various capacitive sensing algorithms. Various reference
selections are provided. Digital logic is mainly comprised of
counters and timers.

System Resources
The System Resources provide additional PSoC capability.
These system resources include:

m Digital clocks to increase the flexibility of the PSoC pro-
grammable system-on-chip.

12C functionality with “no bus stalling.”

Various system resets supported by the M8C.
Power-On-Reset (POR) circuit protection.

SPI master and slave functionality.

A programmable timer to provide periodic interrupts.

Clock boost network providing a stronger signal to
switches.

CY8C20055 device distinctions

The CY8C20055 is a 16-pin QFN/SOIC device with 8 KB
flash and 1 KB SRAM. The following features are not sup-
ported.

m SPI (SPI chapter on page 141)
m  ADC module (ADC User Module Usage on page 61)

m CapSense methods (12.1.1.1 Positive Charge
Integration on page 82 to 12.1.1.3 Negative Charge
Integration on page 84): Positive charge integration,
CSA, and Negative charge integration

PSoC CY8C20xx7/S, CY8C20055 Technical Reference Manual, Document No. 001-79551 Rev. *B 13
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Top-Level Block Diagram
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Getting Started

The quickest path to understanding PSoC is by reading the datasheet and using PSoC Designer™ Integrated Development
Environment (IDE). This manual is useful for understanding the details of the PSoC integrated circuit.

Important Note For the most up-to-date Ordering, Packaging, or Electrical Specification information, refer to the individual
PSoC device’s datasheet or go to http://www.cypress.com.
Support

Free support for PSoC products is available online at http://www.cypress.com. Resources include Training Seminars, Discus-
sion Forums, Application Notes, TightLink Technical Support Email/Knowledge Base, and Application Support Technicians.

Technical Support can be reached at http://www.cypress.com/support.

Product Upgrades

Cypress provides scheduled upgrades and version enhancements for PSoC Designer free of charge. You can order the
upgrades from your distributor on CD-ROM or download them directly from http://www.cypress.com under Software. Also pro-
vided are critical updates to system documentation under http://www.cypress.com >> Documentation.

Development Kits

Development Kits are available from the following distributors: Digi-Key, Avnet, Arrow, and Future. The Cypress Online Store
contains development kits, C compilers, and all accessories for PSoC development.

Document History

This section serves as a chronicle of the PSoC® CY8C20xx7/S, CY8C20055 Technical Reference Manual.

Technical Reference Manual History

R e\lfar:(ieolggt . Originator Description of Change

** 21 June 2012 VAIR New Technical Reference Manual.
a. Updated OSC_CR2 register in Core Register Summary on page 25.
b. Updated the number of blocks per bank in Table 3-6 on page 35.
c. Added explanation on BLOCKID parameter in Checksum Function on page 37.
d. Updated description in Architectural Description on page 62.

*A June 2015 ASRI/RJVB , ) :
e. Updated OSC_CR2 register in System Resources Register Summary on page 105.
f. Updated description in External Clock on page 108.
g. Updated Figure 15-2, Figure 15-3, and description in Switch Operation on page 108.
h. Updated description for OSC_CR2 Register on page 69, 122 and 255.

*B January 2019 TAVA Updated logo and copyright information
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Documentation Conventions

There are only four distinguishing font types used in this
manual, besides those found in the headings.

m The first is the use of italics when referencing a docu-
ment title or file name.

m The second is the use of bold italics when referencing a
term described in the Glossary of this manual.

m The third is the use of Times New Roman font, distinguish-
ing equation examples.

m  The fourth is the use of Courier New font, distinguish-
ing code examples.

Register Conventions

Section A: Overview

Numeric Naming

Hexadecimal numbers are represented with all letters in
uppercase with an appended lowercase ‘h’ (for example,
“14h’ or ‘3Ah’) and hexadecimal numbers may also be rep-
resented by a ‘0Ox’ prefix, the C coding convention. Binary
numbers have an appended lowercase ‘b’ (for example,
01010100b’ or ‘01000011b’). Numbers not indicated by an
‘h’ or ‘b’ are decimal.

Units of Measure

This table lists the units of measure used in this manual.

Units of Measure

Symbol Unit of Measure
The following table lists the register conventions that are °C degrees Celsius
specific to this manual. A more detailed set of register con- dB decibels
ventions is located in the Register Reference chapter on p fomiofarads
page 164.
Hz hertz
Register Conventions k kilo, 1000
Convention Example Description K 210, 1024
‘r)](e‘”i:ea register PRTXIE gl‘laur:Z)I:(aeigrilsstt:Pces/address ranges of the KB 1024 bytes
Kbit 1024 bits
R R: 00 Read register or bit(s)
w W: 00 Write register or bit(s) kHz kilohertz (32.000)
(0] RO : 00 Only a read/write register or bit(s). kQ kilohms
L RL : 00 Logical register or bit(s) MHz megahertz
C RC : 00 Clearable register or bit(s) MQ megaohms
00 RW : 00 Reset value is 0x00 or 00h uA microamperes
XX RW : XX Register is not reset uF microfarads
0, 0,04h Register is in bank 0 us microseconds
1, 1,23h Register is in bank 1 uVv microvolts
X, x,F7h Z?e%iit:r:;);isw in register bank 0 and reg- uVrms microvolts root-mean-square
Empty, grayed- Reserved bit or group of bits, unless oth- mA milliamperes
out table cell erwise stated ms milliseconds
mV millivolts
nA nanoampheres
ns nanoseconds
nVv nanovolts
Q ohms
pF picofarads
pp peak-to-peak
ppm parts per million
sps samples per second
c sigma: one standard deviation
\ volts
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Acronyms

This table lists the acronyms that are used in this manual.

Section A: Overview

Acronyms (continued)

Acronym Description
PCH program counter high
PCL program counter low
PD power down
PMA PSoC® memory arbiter
POR power on reset
PPOR precision power on reset
PRS pseudo random sequence
PSoC® Programmable System-on-Chip
PSSDC power system sleep duty cycle
PWM pulse width modulator
RAM random access memory
RETI return from interrupt
RO relaxation oscillator
ROM read only memory
RwW read/write
SAR successive approximation register
SC switched capacitor
SIE serial interface engine
SEO single-ended zero
SOF start of frame
SP stack pointer
SPI serial peripheral interconnect
SPIM serial peripheral interconnect master
SPIS serial peripheral interconnect slave
SRAM static random access memory
SROM supervisory read only memory
SSADC single slope ADC
SSC supervisory system call
TC terminal count
WDT watchdog timer
WDR watchdog reset
XRES external reset

Acronyms
Acronym Description
ABUS analog output bus
AC alternating current
ADC analog-to-digital converter
API Application Programming Interface
BC broadcast clock
BR bit rate
BRA bus request acknowledge
BRQ bus request
CBUS comparator bus
Cl carry in
CMP compare
CcO carry out
CPU central processing unit
CRC cyclic redundancy check
CT continuous time
DAC digital-to-analog converter
DC direct current
DI digital or data input
DMA direct memory access
DO digital or data output
ECO external crystal oscillator
FB feedback
GIE global interrupt enable
GPIO general purpose I/0O
ICE in-circuit emulator
IDE integrated development environment
ILO internal low speed oscillator
IMO internal main oscillator
110 input/output
IOR I/O read
Iow 1/0 write
IPOR imprecise power on reset
IRQ interrupt request
ISR interrupt service routine
ISSP in system serial programming
IVR interrupt vector read
LFSR linear feedback shift register
LRb last received bit
LRB last received byte
LSb least significant bit
LSB least significant byte
LUT look-up table
MISO master-in-slave-out
MOSI master-out-slave-in
MSb most significant bit
MSB most significant byte
PC program counter

PSoC CY8C20xx7/S, CY8C20055 Technical Reference Manual, Document No. 001-79551 Rev. *B
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This chapter lists, describes, and illustrates all pins and pinout configurations for the CY8C20x67, CY8C20x47, CY8C20x37,
and CY8C20055 PSoC devices. For up-to-date ordering, pinout, and packaging information, refer to the individual PSoC
device’s data sheet or go to http://www.cypress.com.

1.1 Pinouts

The PSoC devices are available in a variety of packages. Every port pin (labeled with a “P”), except for Vss, Vdd, and XRES
in the following tables and illustrations, is capable of Digital 1/0.

1.1.1 CY8C20237, CY8C20247, CYBC20055 PSoC 16-Pin SOIC (8K, 16K) Part Pinout

Table 1-1. 16-Pin SOIC (8K, 16K) Part Pinout

Pin Type CY8C20237, CY8C20247, CY8C20055 PSoC
No. | Digital Analog | Name Description Device
1 110 | PO[3] Integrating Input
- Al, PO[3] = PO[7], Al

2 110 | PO[1] Integrating Input Al PO[1] B Voo
Al, P2[5] = PO[4], Al

3 110 | P2[5] Al, P2[3] = XRES

4 1/10 | p2[3] Al, P1[7] 12 P P1[4], EXTCLK
Al, P1[5] = P12], Al

5 110 | P1[7] Al P1[3] I P1[10], ISSP DATA, IC SDA, SPI CLK, Al

Al, ISSP CLK, I2C SCL, SPI MOSI, P1[1] m Vss

6 110 | P1[5]

7 110 | P1[3]

8 o] I P11l |1SSP CLK', 12C SCL, SPI MOSI?

9 Power Vss Ground connection

e I P1[0] | ISSP DATA', 12C SDA, SPI CLK? 3

11 110 | P1[2]

12 110 | P1[4] Optional external clock (EXTCLK)

13 INPUT XRES | Active high external reset with internal

pull-down

14 |10 | I PO[4]

15 Power Vbp Supply voltage

16 |10 | I PO[7]

LEGEND A = Analog, | = Input, O = Output, OH = 5 mA High Output Drive, R = Regulated Output.
On power-up, the SDA(P1[0]) drives a strong high for 256 sleep clock cycles and drives resistive low for the next 256 sleep clock cycles. The
SCL(P1[1])line drives resistive low for 512 sleep clock cycles and both the pins transition to high impedance state. On reset, after XRES de-
asserts, the SDA and the SCL lines drive resistive low for 8 sleep clock cycles and transition to high impedance state. Hence, during power-up or
reset event, P1[1] and P1[0] may disturb the 12C bus. Use alternate pins if you encounter issues.

2 3Pl is not available in CY8C20055 device.
3 Alternate SPI clock.

PSoC CY8C20xx7/S, CY8C20055 Technical Reference Manual, Document No. 001-79551 Rev. *B 18
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1.1.2 CY8C20237, CY8C20247, CY8C20055 16-Pin QFN Part Pinout
Table 1-2. 16-Pin QFN/COL Part Pinout
i T
Al — B Name Description
No. | Digital | Analog
1 10 I P2[5] | XTAL Out
2 10 | P2[3] XTAL In
3 | IOHR I P71 |12c scL, sPI ss!
4 | IOHR I P1[5] | 12C SDA, sPIMISO!
5 IOHR | P1[3] SPI CLK!
6 | IOHR I P11 | TC CLK?, 12C SCL, SPI MOSI'
7 Power Vss Ground pin
8 | IOHR I P1[0] | TC DATAZ, 12C SDA, SPI CLK'
9 | IOHR I P1[2]
10 IOHR | P1[4] EXTCLK
1" Input XRES | Active high external reset with internal pull down
12 | I0H I PO[4]
13 Power Vdd Power pin
14 IOH | PO[7]
15 IOH | PO[3] Integrating input
16 IOH | PO[1] Integrating input

Pin Information

CY8C20237, CY8C20247, CY8C20055 Devices

P2[5]
P2[3]
P1[7]
P1[5]

LEGEND A = Analog, | = Input, O = Output, H = 5 mA High Output Drive, R = Regulated Output Option.
SPI is not available in CY8C20055 device.

PSoC CY8C20xx7/S, CY8C20055 Technical Reference Manual, Document No. 001-79551 Rev. *B
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2 These are the ISSP pins, which are not High Z at POR (Power On Reset).
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P1[4]
P1[2]
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1.1.3 CY8C20337, CY8C20347 PSoC 24-Pin Part Pinout

Table 1-3. 24-Pin QFN Part Pinout?

Pin Type - CY8C20337, CY8C20347 PSoC Device
— Name Description
No. | Digital | Analog
1 10 | P2[5] XTAL Out T L,EBEE. X
2 10 I P2[3] | XTAL In £ 2R2823%
3 10 | P2[1]
N — O
4 IOHR | P1[7] 12C SCL, SPI SS VN & PO[2]
5 IOHR | P1[5] 12C SDA, SPI MISO PO[0]
6 IOHR | P1[3] SPI CLK QFN P2[4]
7 | IOHR I P11 | TCc CLK', 12C SCL, SPI MOSI (Top View) P2[2]
8 NC No connection XRES
9 Power Vss Ground pin P1[6]
10 | IOHR I P10l | TC DATA', 12C SDA, SPI CLK L} gay
=0 o8NS
11 IOHR | P1[2] Sze22 3
o oaa
12 | IOHR | P1[4] EXTCLK
13 | IOHR | P1[6]
14 Input XRES | Active high external reset with internal pull down
15 10 | P2[2]
16 IOH | P2[4]
17 IOH | PO[0]
18 IOH | PO[2]
19 IOH | PO[4]
20 Power Vdd Power pin
21 IOH | PO[7]
22 IOH | PO[3]
23 IOH | Vss Ground pin
24 IOH | PO[1] Integrating input

LEGEND A = Analog, | = Input, O = Output, H = 5 mA High Output Drive, R = Regulated Output Option.

1 These are the ISSP pins, which are not High Z at POR (Power On Reset).

2 The center pad on the QFN package must be connected to ground (Vss) for best mechanical, thermal, and electrical performance. If not con-
nected to ground, it must be electrically floated and not connected to any other signal.
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1.1.4 CY8C20437, CY8C20447, CY8C20467 PSoC 32-Pin Part Pinout

Table 1-4. 32-Pin QFN Part Pinout?

pn| & | & -
No. =) 8 Name Description
a <
1 IOH | PO[1] | Integrating input
2 10 | P2[5]
3 10 | P2[3] | XTAL Out
4 10 | P2[1] | XTAL In
5 10 | P4[3]
6 10 | P3[3]
7 10 | P3[1]
8 | IOHR | P1[7] |I2C SCL, SPI SS
9 | IOHR | P1[5] |I12C SDA, SPI MISO
10 | IOHR | P1[3] | SPICLK
M JIOHR | I [P1[1] | TC CLK', 12C SCL, SPI MOSI
12 Power Vss Ground pin
13 | IOHR | | |P1[0] |TC DATA', I12C SDA, SPI CLK
14 | IOHR | P1[2]
15 | IOHR | P1[4] |EXTCLK
16 | IOHR | P1[6]
17 Input XRES | Active high external reset with internal pull down
18 10 | P3[0]
19 10 | P3[2]
20 10 | P4[0]
21 10 | P4[2]
22 10 | P2[0]
23 10 | P2[2]
24 | IOH | P2[4]
25 | IOH | PO[0]
26 | IOH | PO[2]
27 | IOH | PO[4]
28 | IOH | PO[6]
29 Power Vdd Power pin
30 | IOH | PO[7]
31 IOH | PO[3] | Integrating input
32 Power Vss Ground pin

LEGEND A = Analog, | = Input, O = Output, NC = No Connection, H = 5 mA High Output Drive, R = Regulated Output Option.
1 These are the ISSP pins, which are not High Z at POR (Power On Reset).

2 The center pad on the QFN package must be connected to ground (Vss) for best mechanical, thermal, and electrical performance. If not con-

CY8C20437, CY8C20447, CY8C20467 Devices

PO[1]
P2[5]
P2[3]
P2[1]
P4[3]
P3[3]
P3[1]
P1[7]

1
2
3
4
5
6
7
8

nected to ground, it must be electrically floated and not connected to any other signal.
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PA[5]

PO[3]
PO[7]
vdd

(Top View)

PO[6]
PO4]
PO[2]

PO[O]

QFN

Pin Information

P2[4]
P2[2]
P2[0]
P4[2]
P4[0]
P3[2]
P3[0]
XRES
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Pin Information

= —d
1.1.5 CY8C20637, CY8C20647, CY8C20667 PSoC 48-Pin Part Pinout
Table 1-5. 48-Pin Part Pinout?
pin| B 2 o CY8C20637, CY8C20647, CY8C20667 PSoC Devices
No.| @ 8 Name Description - e
[=} < P PV S - OI N
Cwo OO0 OS99 oo
1 NC No connection a>0zazz>o0oa
2 10 | P2[7] NC
3 10 | P2[5] XTAL Out P2[7]
4 10 | P2[3] XTAL In P2[5]
5 10 | P2[1] P2[3]
6 10 I | P4[3] P2[1]
7] 10 R P4[3] QFN
8 | 10 NEG ﬁg{;} (Top View)
9 10 | P3[5] P3[5]
10 10 | P3[3] P3[3]
1 10 | P3[1] P3[1]
12 | IOHR | P1[7] 12C SCL, SPI SS P1[7]
13 | IOHR | P1[5] 12C SDA, SPI MISO
14 NC No connection “‘_E % g §§ % % § ‘% @ §
15 NC No connection o oo ooan
16 | IOHR | P1[3] SPI CLK
17 | IOHR | 1 | P1[1] TC CLK', 12C SCL, SPI MOSI
18 Power Vss Ground pin
19 NC No connection
20 NC No connection
21 Power Vvdd Power pin
22 | IOHR [ I | P1[0] TC DATA', 12C SDA, SPI CLK
23 | IOHR | P1[2]
24 | IOHR | P1[4] EXTCLK
25 | IOHR | P1[6]
26 Input XRES Active high external reset with internal pull down
27 10 | P3[0]
28 10 | P3[2]
29 10 | P3[4]
30 10 | P3[6] = )
31| 10 | | |Pao] z‘;‘ % § Name Description
32| 10 I | P4[2] e | <
33 10 | P2[0] 41 Power Vdd Power pin
34 10 | P2[2] 42 NC No connection
35 10 | P2[4] 43 NC No connection
36 NC No connection 44 IOH | | PO[7]
37 | IOH | PO[0] 45 NC No connection
38 | IOH | PO[2] 46 IOH I | PO[3] Integrating input
39 | IOH | PO[4] 47 Power Vss Ground pin
40 | IOH | PO[6] 48 IOH | I | PO[1] Integrating input

LEGEND A = Analog, | = Input, O = Output, NC = No Connection, H = 5 mA High Output Drive, R = Regulated Output Option.
! These are the ISSP pins, which are not High Z at POR (Power On Reset).

2 The center pad on the QFN package must be connected to ground (Vss) for best mechanical, thermal, and electrical performance. If not connected
to ground, it must be electrically floated and not connected to any other signal.

PSoC CY8C20xx7/S, CY8C20055 Technical Reference Manual, Document No. 001-79551 Rev. *B

22




A
(e

CYPRESS

EMBEDDED IN TOMORROW

30-Ball WLCSP

Pin Information

Bottom View

OO0 O00O0 0

1.1.6 CY8C20747, CY8C20767 PSoC 30-Ball Part Pinout
Table 1-6. 30-Ball Part Pinout (WLCSP)
Pin No. Type Name Description
Digital Analog
A1 IOH | PO[2]
A2 IOH | PO[6]
A3 Power Vvdd Supply voltage
A4 IOH | PO[1] Integrating Input
A5 10 | P2[7]
B1 10 | P4[2]
B2 IOH | PO[0]
B3 IOH | PO[4]
B4 IOH | PO[3] Integrating Input
B5 10 | P2[5] Crystal Output (Xout)
C1 10 | P2[2]
c2 10 | P2[4]
C3 IOH | PO[7]
c4 IOH | P3[2]
C5 10 | P2[3] Crystal Input (Xin)
D1 10 I P2[0]
D2 10 | P3[0]
D3 10 | P3[1]
D4 10 I P3[3]
D5 10 | P2[1]
E1 Input XRES Active high external reset with internal
pull down
E2 IOHR | P1[6]
E3 IOHR | P1[4] Optional external clock input (EXT
CLK)
E4 IOHR | P1[7] I12C SCL, SPI SS
E5 IOHR | P1[5] 12C SDA, SPI MISO
F1 IOHR | P1[2]
F2 IOHR | P1[0] ISSP DATA, 12C SDA, SPI CLK
F3 Power Vss Supply ground
F4 IOHR | P1[1] ISSP CLK, 12C SCL, SPI MOSI
F5 IOHR | P1[3] SPI CLK
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The PSoC Core section discusses the core components of a PSoC device with a base part number of CY8C20x37,
CY8C20x47, CY8C20x67, or CY8C20055 and the registers associated with those components. The core section covers the
heart of the PSoC device, which includes the M8C microcontroller; SROM, interrupt controller, GPIO, and SRAM paging;
multiple clock sources such as IMO and ILO; and sleep and watchdog functionality. This section includes these chapters:

CPU Core (M8C) on page 27. m Internal Main Oscillator (IMO) on page 62.
Supervisory ROM (SROM) on page 33. m Internal Low Speed Oscillator (ILO) on page 65.
RAM Paging on page 39. m External Crystal Oscillator (ECO), on page 67
Interrupt Controller on page 45. m Sleep and Watchdog on page 71.

General Purpose 1/0 (GPIO) on page 52.

Top-Level Core Architecture

This figure displays the top level architecture of the PSoC core. Each component of the figure is discussed at length in this
section.

PSoC Core Block Diagram

1.8/2.5/3V|| PWRSYS ||
Port4| | Port3 | | Port 2 Port 1 Port 0 LDO (Regulator)
CORE j t t t t
SYSTEM BUS
1K, 2K . 8K, 16K, 32K Flash
SRAM Supervisory ROM  (SROM) Nonvolatile Memory
Interrupt > Sleep and
Controller CPU Core (M8C) ] Watchdog
6/12/24 MHz Internal Main Oscillator (IMO) Internal Low Speed Oscillator (ILO)

Multiple Clock Sources
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Core Register Summary

Section B: PSoC Core

This table lists all the PSoC registers for the CPU core in address order within their system resource configuration. The
grayed out bits are reserved bits. If you write these bits always write them with a value of ‘0’. For the core registers, the first ‘X’
in some register addresses represents either bank 0 or bank 1. These registers are listed throughout this manual in bank 0,

even though they are also available in bank 1.

Summary Table of the Core Registers

Address | Name || Btz | Bit6e | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bito || Access
M8C REGISTER (page 27)
xF7h  |cPu F | PgMode[1:0] [ xo1 | xo | | cary | zeo | GE || RL:02
RAM PAGING (SRAM) REGISTERS (page 39)
x,6Ch TMP_DRO Data(7:0] RW : 00
x,6Dh TMP_DR1 Data(7:0] RW : 00
x,6Eh TMP_DR2 Data(7:0] RW : 00
x,6Fh TMP_DR3 Data(7:0] RW : 00
0,D0h CUR_PP Page Bits[2:0] RW: 0
0,D1h STK_PP Page Bits[2:0] RW: 0
0,D3h IDX_PP Page Bits[2:0] RW: 0
0,D4h MVR_PP Page Bits[2:0] RW: 0
0,D5h MVW_PP Page Bits[2:0] RW: 0
INTERRUPT CONTROLLER REGISTERS (page 45)
0,DAh INT_CLRO 12C Sleep SPI GPIO | Timer0 | CapSense Analog V Monitor RW : 00
0,DBh INT_CLR1 Timer2 Timer1 RW : 00
0,0Ch INT_CLR2 RW : 00
0,DEh INT_MSK2 RW : 00
0,DFh INT_MSK1 Timer2 Timer1 RW : 00
0,EOh INT_MSKO 12C Sleep SPl | GPIO | Timer0 | CapSense Analog V Monitor || RW : 00
0,E1h INT_SW_EN ENSWINT || RW:0
0,E2h INT_VC Pending Interrupt[7:0] RC : 00
GENERAL PURPOSE I/O (GPI0) REGISTERS (page 56)

0,00h PRTODR Data(7:0] RW : 00
0,01h PRTOIE Interrupt Enables[7:0] RW: 00
0,04h PRT1DR Data[7:0] RW : 00
0,05h PRT1IE Interrupt Enables[7:0] RW: 00
0,08h PRT2DR Data[7:0] RW : 00
0,09h PRT2IE Interrupt Enables[7:0] RW: 00
0,0Ch PRT3DR Data[7:0] RW : 00
0,0Dh PRT3IE Interrupt Enables[7:0] RW: 00
1,00h PRTODMO Drive Mode 0[7:0] RW : 00
1,01h PRTODM1 Drive Mode 1[7:0] RW : FF
1,04h PRT1DMO Drive Mode 0[7:0] RW : 00
1,05h PRT1DM1 Drive Mode 1[7:0] RW : FF
1,08h PRT2DMO Drive Mode 0[7:0] RW : 00
1,09h PRT2DM1 Drive Mode 1[7:0] RW : FF
1,0Ch PRT3DMO Drive Mode 0[7:0] RW : 00
1,0Dh PRT3DM1 Drive Mode 1[7:0] RW : FF
0,10h PRTxDR Data[7:0] RW : 00
0,11h PRTXIE Interrupt Enables[7:0] RW : 00
1,10h PRTXDMO Drive Mode 0[7:0] RW : 00
1,11h PRTXDM1 Drive Mode 0[7:0] RW : 00
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Summary Table of the Core Registers (continued)

Section B: PSoC Core

Address Name Bit 7 Bit 6 Bit 5 | Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Access

1,0Ch I0_CFG1 StrongP Range[1:0] P1T—|_';g¥"— SP'S:;%ON REG_EN IOINT RW : 00
INTERNAL MAIN OSCILLATOR (IMO) REGISTER (page 63)
1,E8h IMO_TR Trim[7:0] W: 00
x,FEh CPU_SCR1 IRESS | SLIM[1:0] IRAMDIS #:00
1,E2h 0SC_CR2 CLK48MEN | EXTCLKEN |  RsvD RW : 00
INTERNAL LOW SPEED OSCILLATOR (ILO) REGISTER (page 66)
1,E9h ILO_TR | | PD_MODE | ILOFREQ | SATBIASB | Freqg Trim[3:0] || RW: 18
EXTERNAL CRYSTAL OSCILLATOR (ECO) REGISTERS (page 67)
1,D2h ECO_ENBUS | ECO_ENBUS[2:0] RW : 07
1,D3h ECO_TRIM | ECO_XGM[2:0] ECO_LP[1:0] RW : 00
1,E1h ECO_CFG | ECO_LPM ECO_EXW | ECO_EX RW : 00
SLEEP AND WATCHDOG REGISTERS (page 75)

0,E3h RES_WDT WDSL_Clear[7:0] W: 00
1,EBh SLP_CFG PSSDC[1:0] | RW : 0
1,ECh  |SLP_CFG2 | ALT Buzz [1:0] 12C_ON | LSO_OFF || RW: 00
1,EDh SLP_CFG3 | DBL_TAPS | T2TAP [1:0] TATAP [1:0] TOTAP [1:0] RW : OX7F
LEGEND
L The and f, expr; or f, expr; and xor f, expr instructions can be used to modify this register.
x An “x” before the comma in the address field indicates that this register can be accessed or written to no matter what bank is used.
C Clearable register or bit(s).
R Read register or bit(s).
W Write register or bit(s).
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This chapter explains the CPU Core, called the M8C, and its associated register. It covers the internal M8C registers, address
spaces, instruction set and formats. For additional information concerning the M8C instruction set, refer to the PSoC
Designer Assembly Language User Guide available at the Cypress web site (http://www.cypress.com). For a quick reference
of all PSoC registers in address order, refer to the Register Reference chapter on page 164.

2.1 Overview

The M8C is a four MIPS 8-bit Harvard architecture micropro-
cessor. Selectable processor clock speeds up to 24 MHz
enable you to tune the M8C to a particular application’s per-
formance and power requirements. The M8C supports a rich
instruction set that allows for efficient low-level language
support.

2.2

The M8C has five internal registers that are used in program
execution. Here is a list of these registers.

Internal Registers

Accumulator (A)

Index (X)

Program Counter (PC)
Stack Pointer (SP)

m Flags (F)

All the internal M8C registers are 8 bits in width, except for
the PC which is 16 bits wide. Upon reset, A, X, PC, and SP
are reset to 00h. The Flag register (F) is reset to 02h, indi-
cating that the Z flag is set.

With each stack operation, the SP is automatically incre-
mented or decremented so that it always points to the next
stack byte in RAM. If the last byte in the stack is at address
FFh, the stack pointer wraps to RAM address 00h. It is the
firmware developer’s responsibility to ensure that the stack
does not overlap with user defined variables in RAM.

With the exception of the F register, the M8C internal regis-
ters are not accessible via an explicit register address. The
internal M8C registers are accessed using these instruc-
tions:

m MOV A, expr
MOV X, expr
SWAP A, SP
OR F, expr
JMP LABEL

The F register is read by using address F7h in either register
bank.

2.3 Address Spaces

The M8C has three address spaces: ROM, RAM, and regis-
ters. The ROM address space includes the Supervisory
ROM (SROM) and the Flash. The ROM address space is
accessed through its own address and data bus.

The ROM address space is composed of the Supervisory
ROM and the on-chip Flash program store. Flash is orga-
nized into 128-byte blocks. Program store page boundaries
are not an issue because the M8C automatically increments
the 16-bit PC on every instruction. This makes the block
boundaries invisible to user code. Instructions occurring on
a 128-byte Flash page boundary (with the exception of JMP
instructions) incur an extra M8C clock cycle, since the upper
byte of the PC is incremented.

The register address space is used to configure the PSoC
microcontroller’s programmable blocks. It consists of two
banks of 256 bytes each. To switch between banks, the XIO
bit in the Flag register is set or cleared (set for Bank1,
cleared for Bank0). The common convention is to leave the
bank set to BankO (XIO cleared), switch to Bank1 as needed
(set XIO), then switch back to BankO.
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24 Instruction Set Summary

The instruction set is summarized in both Table 2-1 and Table 2-2 (in numeric and mnemonic order, respectively), and serves
as a quick reference. If more information is needed, the Instruction Set Summary tables are described in detail in the PSoC
Designer Assembly Language User Guide (refer to the http://www.cypress.com web site).

Table 2-1. Instruction Set Summary Sorted Numerically by Opcode

X x x

2lgl, 2], 2lgl,

o |2 o . o |2l . o |20 .

slel % Instruction Format Flags sl 5 Instruction Format Flags sl 5 Instruction Format Flags
o|O| @ o|O|@ o|O|@

S S S

00| 15| 1|SSC 2D| 8| 2|OR [X+expr], A z 5A| 5| 2| MOV [expr], X

01| 4| 2]|ADD A, expr Cz 2E| 9| 3| OR/[expr], expr 4 5B| 4| 1|MOVA X 4
02| 6| 2|ADD A, [expr] Cz 2F| 10| 3| OR [X+expr], expr z 5C| 4| 1|MOVX A

03| 7| 2|ADDA, [X+expr] CZz 30| 9| 1|HALT 5D| 6| 2|MOV A, reg[expr] 4
04| 7| 2|ADD [expr], A Cz 31| 4] 2| XORA, expr z 5E| 7| 2|MOV A, reg[X+expr] z
05| 8| 2| ADD [X+expr], A Cz 32| 6] 2|XORA, [expr] 4 5F| 10| 3| MOV [expr], [expr]

06| 9| 3| ADD [expr], expr Cz 33| 7] 2| XORA, [X+expr] z 60| 5| 2|MOV reg[expr], A

07| 10| 3| ADD [X+expr], expr C,z 34| 7] 2|XOR [expr], A z 61| 6| 2|MOV reg[X+expr], A

08| 4 1| PUSH A 35| 8] 2|XOR [X+expr], A z 62| 8| 3| MOV reglexpr], expr

09| 4| 2|ADCA, expr Cz 36| 9] 3| XOR [expr], expr z 63| 9| 3| MOV reg[X+expr], expr

0OA| 6| 2|ADCA, [expr] Cz 37| 10] 3| XOR [X+expr], expr z 64| 4| 1|ASLA Cz
0B| 7| 2|ADCA, [X+expr] C,z 38| 5| 2|ADD SP, expr 65| 7| 2|ASL [expr] Cz
0C| 7| 2|ADC [expr], A CZz 39| 5| 2|CMPA, expr 66| 8| 2|ASL [X+expr] C,Zz
0D| 8| 2|ADC [X+expr], A Cz 3A| 7| 2|CMPA, [expr] if (A=B) Z=1 67| 4| 1|ASRA C,z
OE| 9| 3| ADC [expr], expr Cz 3B| 8] 2|CMP A, [X+expr] ) 68| 7| 2|ASR [expr] C,z
OF| 10| 3| ADC [X+expr], expr C,z 3C| 8| 3| CMP [expr], expr if (A<B) C=1 69| 8| 2|ASR [X+expr] Cz
10| 4| 1|PUSHX 3D| 9| 3| CMP [X+expr], expr 6A| 4| 1|RLCA C,Zz
11| 4| 2|SUBA, expr Cz 3E| 10| 2| MVIA, [[expr]++] z 6B| 7| 2|RLC [expr] C,z
12| 6| 2|SUBA, [expr] CZz 3F| 10| 2| MVI [[expr]++], A 6C| 8| 2|RLC [X+expr] Cz
13| 7| 2|SUBA, [X+expr] CZz 40| 4| 1|NOP 6D| 4| 1|RRCA Cz
14| 7| 2| SUB [expr], A C,z 41| 9| 3| AND reglexpr], expr z 6E| 7| 2|RRC [expr] Cz
15| 8| 2| SUB [X+expr], A Cz 421 10| 3| AND reg[X+expr], expr z 6F| 8| 2|RRC [X+expr] Cz
16| 9| 3| SUB [expr], expr Cz 43| 9| 3| ORreg[expr], expr z 70| 4| 2|ANDF, expr Cz
171 10| 3| SUB [X+expr], expr Cz 441 10| 3| OR reg[X+expr], expr z 71| 4| 2| ORF, expr Cz
18| 5| 1|POPA z 45| 9| 3| XOR reg[expr], expr z 72| 4| 2| XORF, expr Cz
19| 4 2| SBB A, expr C z 46| 10| 3| XOR reg[X+expr], expr z 73| 4| 1|CPLA z
1A| 6| 2|SBBA, [expr] Cz 47| 8| 3|TST [expr], expr 4 74| 4| 1|INCA C,z
1B| 7| 2|SBBA, [X+expr] Cz 48 3| TST [X+expr], expr z 75| 4| 1]INCX Cz
1C| 7| 2|SBB[expr], A C,z 49| 9| 3| TST reg[expr], expr z 76| 7| 2|INC [expr] Cz
1D| 8| 2| SBB [X+expr], A Cz 4A| 10| 3| TST reg[X+expr], expr z 77| 8| 2|INC [X+expr] Cz
1E| 9| 3| SBB [expr], expr Cz 4B| 5| 1|SWAPA,X 4 78| 4| 1|DECA C,z
1F| 10| 3| SBB [X+expr], expr Cz 4C| 7] 2| SWAP A, [expr] z 79| 4| 1|DECX Cz
20| 5| 1|POPX 4D| 7| 2| SWAP X, [expr] 7A| 7| 2| DEC [expr] Cz
21| 4| 2| ANDA, expr 4 4E| 5| 1|SWAPA, SP 4 7B| 8| 2|DEC [X+expr] C,Zz
22| 6| 2|ANDA, [expr] 4 4F| 4| 1| MOV X, SP 7C| 13| 3|LCALL

23| 7| 2| ANDA, [X+expr] 4 50| 4| 2| MOV A, expr 4 7D| 7| 3|LJMP

24| 7| 2| AND [expr], A 4 51| 5| 2| MOV A, [expr] 4 7E| 10| 1|RETI Cz
25| 8| 2| AND [X+expr], A 4 52| 6| 2|MOV A, [X+expr] 4 7F| 8| 1|RET

26| 9| 3| AND [expr], expr 4 53| 5| 2|MOV [expr], A 8x| 5| 2|JMP

271 10| 3| AND [X+expr], expr Zz 54| 6] 2|MOV [X+expr], A 9x| 11| 2| CALL

28| 11| 1| ROMX 4 55| 8| 3| MOV [expr], expr Ax| 5| 2|Jz

29| 4| 2|ORA, expr z 56| 9] 3| MOV [X+expr], expr Bx| 5| 2|JNZ

2A| 6| 2|ORA, [expr] 4 57| 4| 2| MOV X, expr Cx| 5| 2|JC

2B| 7| 2|ORA, [X+expr] z 58| 6] 2|MOV X, [expr] Dx| 5| 2|JNC

2C| 7| 2|OR [expr], A 4 59| 7| 2| MOV X, [X+expr] Ex| 7| 2|JACC

Note 1 Interrupt acknowledge to Interrupt Vector table = 13 cycles. Fx| 13| 2| INDEX z

Note 2 The number of cycles required by an instruction is increased by one for instructions that span
128 byte page boundaries in the Flash memory space.
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Table 2-2. Instruction Set Summary Sorted Alphabetically by Mnemonic
x x x
2.1, 2.1, 2.,
§ é 'ﬂ;’. Instruction Format Flags § é 'ﬂ;’. Instruction Format Flags § é 'ﬂ;’. Instruction Format Flags
o |O|m o|O |m o |O|m
S S S
09| 4|2 | ADCA, expr CZz 76 |7 |2 | INC [expr] Cz 20| 5 |1 |POPX
OA| 6|2 | ADC A, [expr] Cz 77| 8 |2 | INC [X+expr] Cz 18| 5|1 |POPA 4
0B| 7|2 | ADC A, [X+expr] Cz Fx |13 |2 | INDEX 4 10| 4 |1 | PUSHX
0C| 7|2 | ADC [expr], A CZz Ex|7 |2 |JACC 08| 4 |1 |PUSHA
0OD| 8|2 | ADC [X+expr], A CZz Cx|5 |2 |JC 7E|10 |1 | RETI CZz
OE| 9|3 | ADC [expr], expr Cz 8x| 5|2 |JMP 7F| 8 |1 |RET
OF | 10| 3 | ADC [X+expr], expr Cz Dx|5 |2 |JINC 6A| 4 |1 |RLCA Cz
01| 4|2 | ADD A, expr CZz Bx|5 |2 |JNZ 6B| 7 |2 | RLC [expr] CZz
02| 6|2 | ADD A, [expr] CZz Ax|5 |2 |JzZ 6C| 8 |2 | RLC [X+expr] CZz
03| 7|2 | ADD A, [X+expr] C,z 7C| 13 |3 |LCALL 28 {11 |1 | ROMX 4
04 | 7|2 | ADD [expr], A CZz 7D|7 |3 |LIMP 6D| 4 |1 |RRCA Cz
05| 8|2 | ADD [X+expr], A CZz 4F |4 |1 | MOV X, SP 6E| 7 |2 | RRC [expr] CZz
06 | 9|3 | ADD [expr], expr C z 50 |4 |2 | MOV A, expr z 6F | 8 | 2 | RRC [X+expr] C z
07 | 10| 3 | ADD [X+expr], expr Cz 5115 |2 | MOV A, [expr] 4 19| 4 |2 | SBB A, expr Cz
38| 5|2 | ADD SP, expr 5216 |2 | MOV A, [X+expr] z 1A| 6 |2 | SBB A, [expr] Cz
21| 4|2 | AND A, expr z 53|5 |2 | MOV [expr], A 1B| 7 |2 | SBB A, [X+expr] C z
22| 6|2 | AND A, [expr] 4 54 |6 |2 | MOV [X+expr], A 1C| 7 |2 | SBB [expr], A CZz
23| 7|2 | AND A, [X+expr] 4 5518 |3 | MOV [expr], expr 1D| 8 |2 | SBB [X+expr], A Cz
24| 7|2 | AND [expr], A z 5619 |3 | MOV [X+expr], expr 1E| 9 | 3 | SBB [expr], expr Cz
25| 8|2 | AND [X+expr], A z 57 |4 |2 | MOV X, expr 1F | 10 | 3 | SBB [X+expr], expr C z
26 | 9|3 | AND [expr], expr z 58 |6 |2 | MOV X, [expr] 00151 | SSC
27 | 10| 3 | AND [X+expr], expr 4 59 |7 |2 | MOV X, [X+expr] 11| 4 |2 | SUB A, expr Cz
70 2 | AND F, expr Cz 5A15 |2 | MOV [expr], X 12| 6 |2 | SUB A, [expr] Cz
41 3 | AND reglexpr], expr z 5B|4 |1 |MOVA, X z 13| 7 |2 | SUBA, [X+expr] C z
42 | 10| 3 | AND reg[X+expr], expr |Z 5C|4 |1 |MOV X A 14| 7 |2 | SUB [expr], A C z
64| 4|1 |ASLA CZz 5D|6 |2 | MOV A, reglexpr] 4 15| 8 |2 | SUB [X+expr], A CZz
65| 7|2 | ASL [expr] Cz 5E|7 |2 | MOV A, reg[X+expr] z 16 | 9 | 3 | SUB [expr], expr Cz
66 | 8|2 | ASL [X+expr] Cz 5F 1 10 | 3 | MOV [expr], [expr] 17 | 10 | 3 | SUB [X+expr], expr Cz
67| 4|1 | ASRA CZz 60 |5 |2 [ MOV reg[expr], A 4B| 5 |1 | SWAPA, X 4
68 | 7|2 | ASR [expr] Cz 616 |2 | MOV reg[X+expr], A 4C| 7 |2 | SWAP A, [expr] z
69 | 8|2 | ASR [X+expr] Cz 62 |8 |3 | MOV reg[expr], expr 4D| 7 |2 | SWAP X, [expr]
9x | 11|12 | CALL 63 |9 |3 | MOV reg[X+expr], expr 4E| 5 |1 | SWAP A, SP 4
39| 5|2 | CMP A, expr 3E|10 |2 | MVI A, [[expr]++] z 47 | 8 | 3 | TST [expr], expr z
3A| 7|2 |CMP A, [expr] if (A=B) Z=1 3F |10 |2 | MVI [[expr]++], A 48 | 9 | 3 | TST [X+expr], expr z
3B| 8|2 | CMP A, [X+expr] ) 40 |4 |1 |NOP 49 | 9 | 3 | TST reg[expr], expr z
3C| 8|3 | CMP [expr], expr if (A<B) C=1 294 |2 |ORA, expr z 4A |10 | 3 | TST reg[X+expr], expr z
3D| 9|3 | CMP [X+expr], expr 2A|6 |2 |ORA, [expr] z 72| 4 |2 | XORF, expr C, z
73| 4|1 |CPLA 4 2B|7 |2 |ORA, [X+expr] 4 31 |4 |2 | XORA, expr 4
78| 4|1 |DECA Cz 2C|7 |2 |OR[expr], A 4 32 |6 |2 | XORA, [expr] 4
79| 4|1 |DECX CZz 2D|8 |2 | OR [X+expr], A 4 33 |7 |2 | XORA, [X+expr] z
7A| 7|2 | DEC [expr] C,z 2E|9 |3 | OR [expr], expr z 34 |7 |2 | XOR [expr], A z
7B| 8|2 | DEC [X+expr] Cz 2F | 10| 3 | OR [X+expr], expr z 358 |2 | XOR [X+expr], A z
30| 9|1 |HALT 43|19 |3 | OR reg[expr], expr z 36 |9 |3 | XOR [expr], expr z
74| 4|1 |INCA Cz 44 110 | 3 | OR reg[X+expr], expr z 37 |10 | 3 | XOR [X+expr], expr z
75| 411 |INCX C,z 7114 |2 | ORF, expr C,z 45| 9 | 3 | XOR reg[expr], expr z
Note 1 Interrupt acknowledge to Interrupt Vector table = 13 cycles. 46 | 10 | 3 | XOR reg[X+expr], expr z
Note 2 The number of cycles required by an instruction is increased by one for instructions that span
128 byte page boundaries in the Flash memory space.
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2.5

The M8C has a total of seven instruction formats that use
instruction lengths of one, two, and three bytes. All instruc-
tion bytes are taken from the program memory (Flash),
using an address and data bus that are independent from
the address and data buses used for register and RAM
access.

Instruction Formats

While examples of instructions are given in this section,
refer to the PSoC Designer Assembly Language User Guide
for detailed information on individual instructions.

2.51

Many instructions, such as some of the MOV instructions,
have single-byte forms because they do not use an address
or data as an operand. As shown in Table 2-3, one-byte
instructions use an 8-bit opcode. The set of one-byte
instructions are divided into four categories, according to
where their results are stored.

One-Byte Instructions

Table 2-3. One-Byte Instruction Format
Byte 0
8-Bit Opcode

The first category of one-byte instructions are those that do
not update any registers or RAM. Only the one-byte NOP
and SSC instructions fit this category. While the program
counter is incremented as these instructions execute, they
do not cause any other internal M8C registers to update, nor
do these instructions directly affect the register space or the
RAM address space. The SSC instruction causes SROM
code to run, which modifies RAM and the M8C internal reg-
isters.

The second category contains the two PUSH instructions.
The PUSH instructions are unique because they are the only
one-byte instructions that modify a RAM address. These
instructions automatically increment the SP.

The third category contains the HALT instruction. The HALT
instruction is unique because it is the only one-byte instruc-
tion that modifies a user register. The HALT instruction mod-
ifies user register space address FFh (CPU_SCRO register).

The final category for one-byte instructions are those that
update the internal M8C registers. This category holds the
largest number of instructions: ASL, ASR, CPL, DEC, INC,
MOV, POP, RET, RETI, RLC, ROMX, RRC, SWAP. These
instructions cause the A, X, and SP registers or SRAM to
update.

CPU Core (M8C)

252

The majority of M8C instructions are two bytes in length.
While these instructions are divided into categories identical
to the one-byte instructions, this does not provide a useful
distinction between the three two-byte instruction formats
that the M8C uses.

Two-Byte Instructions

Table 2-4. Two-Byte Instruction Formats

Byte 0 | Byte 1
4-Bit Opcodel 12-Bit Relative Address
8-Bit Opcode 8-Bit Data
8-Bit Opcode 8-Bit Address

The first two-byte instruction format, shown in the first row of
Table 2-4, is used by short jumps and calls: CALL, JMP,
JACC, INDEX, JC, INC, IJNZ, JZ. This instruction format
uses only 4 bits for the instruction opcode, leaving 12 bits to
store the relative destination address in a two’s-complement
form. These instructions can change program execution to
an address relative to the current address by -2048 or
+2047.

The second two-byte instruction format, shown in the sec-
ond row of Table 2-4, is used by instructions that employ the
Source Immediate addressing mode (see the PSoC
Designer Assembly Language User Guide). The destination
for these instructions is an internal M8C register, while the
source is a constant value. An example of this type of
instruction is ADD A, 7.

The third two-byte instruction format, shown in the third row
of Table 2-4, is used by a wide range of instructions and
addressing modes. The following is a list of the addressing
modes that use this third two-byte instruction format:

Source Direct (ADD A, [7])

Source Indexed (ADD A, [X+7])

Destination Direct (ADD [7], A)

Destination Indexed (ADD [X+7], A)

Source Indirect Post Increment (MV1 A, [7]1)
[71. A

For more information on addressing modes see the PSoC
Designer Assembly Language User Guide.

m Destination Indirect Post Increment (MV 1
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253

The three-byte instruction formats are the second most
prevalent instruction formats. These instructions need three
bytes because they either move data between two
addresses in the user accessible address space (registers
and RAM) or they hold 16-bit absolute addresses as the
destination of a long jump or long call.

Three-Byte Instructions

Table 2-5. Three-Byte Instruction Formats

Byte 0 Byte 1 | Byte 2
8-Bit Opcode 16-Bit Address (MSB, LSB)
8-Bit Opcode 8-Bit Address 8-Bit Data
8-Bit Opcode 8-Bit Address 8-Bit Address

The first instruction format, shown in the first row of
Table 2-5, is used by the LIMP and LCALL instructions.
These instructions change program execution uncondition-
ally to an absolute address. The instructions use an 8-bit
opcode, leaving room for a 16-bit destination address.

CPU Core (M8C)

The second three-byte instruction format, shown in the sec-
ond row of Table 2-5, is used by the following two address-
ing modes:

m Destination Direct Source Immediate (ADD [7], 5)

m Destination Indexed Source Immediate
(ADD [X+7], 5)

The third three-byte instruction format, shown in the third
row of Table 2-5, is for the Destination Direct Source Direct
addressing mode, which is used by only one instruction.
This instruction format uses an 8-bit opcode followed by two
8-bit addresses. The first address is the destination address
in RAM, while the second address is the source address in
RAM. The following is an example of this instruction:

Mov [7]. [5]
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2.6 Register Definitions

CPU Core (M8C)

The following register is associated with the CPU Core (M8C). The register description has an associated register table show-
ing the bit structure. The bits that are grayed out in the table are reserved bits and are not detailed in the register description

that follows. Always write reserved bits with a value of ‘0’.

2.6.1 CPU_F Register
Address Name Bit7 | Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Access
x,F7h CPU_F PgMode[1:0] XIO Carry Zero GIE RL : 02
LEGEND

L The AND F, expr; OR F, expr; and XOR F, expr flag instructions can be used to modify this register.
x An “X” before the comma in the address field indicates that this register can be read or written to no matter what bank is used.

The M8C Flag Register (CPU_F) provides read access to
the M8C flags.

Bits 7 and 6: PgMode[1:0]. PgMode determines how the
CUR_PP, STK_PP, and IDX_PP registers are used in form-
ing effective RAM addresses for Direct Address mode and
Indexed Address mode operands. PgMode also determines
whether the stack page is determined by the STK_PP or
IDX_PP register. (See the Register Definitions on page 42 in
the RAM Paging chapter.)

Bit 4: XIO. The I/O bank select bit, also known as the regis-
ter bank select bit, is used to select the register bank that is
active for a register read or write. This bit allows the PSoC
device to have 512 8-bit registers and is thought of as the
ninth address bit for registers. The address space accessed
when the XIO bit is set to ‘0’ is called user space, while
address space accessed when the XIO bit is set to ‘1’ is
called configuration space.

Bit 2: Carry. The Carry flag bit is set or cleared in response
to the result of several instructions. It is also manipulated by

26.2

The following registers are related to the M8C block:
m CPU_SCR1 register on page 223.
m CPU_SCRO register on page 224.

Related Registers
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the flag logic opcodes (for example, OR F, 4). See the PSoC
Designer Assembly Language User Guide for more details.

Bit 1: Zero. The Zero flag bit is set or cleared in response
to the result of several instructions. It is also manipulated by
the flag logic opcodes (for example, OR F, 2). See the PSoC
Designer Assembly Language User Guide for more details.

Bit 0: GIE. The state of the Global Interrupt Enable bit
determines whether interrupts (by way of the interrupt
request (IRQ)) are recognized by the M8C. This bit is set or
cleared using the flag logic instructions (for example, OR F,
1). GIE is also automatically cleared when an interrupt is
processed, after the flag byte has been stored on the stack,
preventing nested interrupts. If wanted, set the bit in an
interrupt service routine (ISR). For GIE=1, the M8C sam-
ples the IRQ input for each instruction. For GIE=0, the M8C
ignores the IRQ.

For additional information, refer to the CPU_F register on
page 220.

32



3. Supervisory ROM (SROM)

&= CYPRESS

s EMBEDDED IN TOMORROW"

This chapter discusses the Supervisory ROM (SROM) functions. For a quick reference of all PSoC registers in address order,

refer to the Register Reference chapter on page 164.

3.1 Architectural Description

The SROM holds code that boots a PSoC device, calibrates
circuitry, and performs Flash operations. The functions pro-
vided by the SROM are called from code stored in the Flash
or by device programmers.

The SROM is used to boot the part and provide interface
functions to the Flash blocks. (Table 3-1 lists the SROM
functions.) The SROM functions are accessed by executing
the Supervisory System Call instruction (SSC), which has an
opcode of 00h. Before executing the SSC, the M8C's accu-
mulator needs to load with the wanted SROM function code
from Table 3-1.

Attempting to access undefined functions (Reserved func-
tions) causes a HALT. The SROM functions execute code
with calls; therefore, the functions require stack space. With
the exception of Reset, all of the SROM functions have a
parameter block in SRAM that you must configure before
executing the SSC.

Table 3-2 lists all possible parameter block variables. The
meaning of each parameter, with regards to a specific
SROM function, is described later in this chapter. Because
the SSC instruction clears the CPU_F PgMode bits, all
parameter block variable addresses are in SRAM Page 0.
The CPU_F value is automatically restored at the end of the
SROM function.

The MVR_PP and the MVW_PP pointers are not disabled
by clearing the CPU_F PgMode bits. Therefore, the
POINTER parameter is interpreted as an address in the
page indicated by the MV1 page pointers, when the supervi-
sory operation is called. This allows the data buffer used in
the supervisory operation to be located in any SRAM page.
(See the RAM Paging chapter on page 39 for more details
regarding the MVR_PP and MVW_PP pointers.)

Table 3-1. List of SROM Functions

Required

Function Code Function Name Stack Space Page
00h SWBootReset 0 34
01h ReadBlock 7 35
02h WriteBlock 7 35
03h EraseBlock 5 36
06h TableRead 3 36
07h CheckSum 4 37
08h Calibrate0 4 37
0%h Calibrate1 3 37
0Ah WriteAndVerify 7 38
OFh HWBootReset 3 38

Note ProtectBlock and EraseAll (described on page 36) SROM functions are
not listed in the table above because they are dependent on external pro-
gramming.

Table 3-2. SROM Function Variables

Variable Name SRAM Address
KEY1/RETURN CODE 0,F8h
KEY2 0,F9h
BLOCKID 0,FAh
POINTER 0,FBh
CLOCK 0,FCh
Reserved 0,FDh
DELAY 0,FEh
Reserved 0,FFh

Note CLOCK and DELAY are ignored and are reserved for future use.

Two important variables that are used for all functions are
KEY1 and KEY2. These variables are used to help discrimi-
nate between valid SSCs and inadvertent SSCs. KEY1 must
always have a value of 3Ah, while KEY2 must have the
same value as the stack pointer when the SROM function
begins execution. This is the SP (Stack Pointer) value when
the SSC opcode is executed, plus three. For all SROM func-
tions except SWBootReset, if either of the keys do not
match the expected values, the M8C halts. The SWBootRe-
set function does not check the key values. It only checks to
see if the accumulator's value is 0x00.
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The following code example puts the correct value in KEY1
and KEY2. The code is preceded by a HALT, to force the
program to jump directly into the setup code and not acci-
dentally run into it.

1. halt

SSCOP: mov [KEY1], 3ah
mov X, SP

mov A, X

add A, 3

mov [KEY2], A

OO~ WN

3.1.1 Additional SROM Feature

Return Codes: These aid in the determination of success
or failure of a particular function. The return code is stored in
KEY1’s position in the parameter block. The Checksum and
TableRead functions do not have return codes because
KEY1’s position in the parameter block is used to return
other data.

Table 3-3. SROM Return Code Meanings

Rett\x[;rllu(;ode Description
00h Success.
01h Function not allowed because of block level protection.
02h Software reset without hardware reset.
03h Fatal error, SROM halted.
04h Write and Verify error.
06h Failure of Smartwrite parameters CheckSum

Note Read, write, and erase operations may fail if the target
block is read or write protected. Block protection levels are
set during device programming and cannot be modified from
code in the PSoC device.

3.1.2 SROM Function Descriptions

3.1.2.1 SWBootReset Function

The SROM function SWBootReset is responsible for transi-
tioning the device from a reset state to running user code.
See Chapter “System Resets” on page 130 for more infor-
mation on what events causes the SWBootReset function to
execute.

The SWBootReset function executes whenever the SROM
is entered with an M8C accumulator value of 00h; the SRAM
parameter block is not used as an input to the function. This
happens, by design, after a hardware reset because the
M8C's accumulator is reset to 00h or when user code exe-
cutes the SSC instruction with an accumulator value of 00h.

If the checksum of the calibration data is valid, the
SWBootReset function ends by setting the internal M8C reg-
isters (CPU_SP, CPU_PC, CPU_X, CPU_F, CPU_A) to 00h,
writing 00h to most SRAM addresses in SRAM Page 0, and
then begins to execute user code at address 0000h. (See
Table 3-5 and the following paragraphs for more information
on which SRAM addresses are modified.) If the checksum is

PSoC CY8C20xx7/S, CY8C20055 Technical Reference Manual, Document No. 001-79551 Rev. *B

Supervisory ROM (SROM)

not valid, an internal reset is executed and the boot process
starts over. If this condition occurs, the internal reset status
bit (IRESS) is set in the CPU_SCR1 register.

In devices with more than 256 bytes of SRAM, no SRAM is
modified by the SWBootReset function in SRAM pages
numbered higher than '0'.

Table 3-5 documents the value of all the SRAM addresses in
Page 0 after a successful SWBootReset. A value of “xx”
indicates that the SRAM address is not modified by the
SWBootReset function. A hex value indicates that the
address always has the indicated value after a successful
SWBootReset. A “??” indicates that the value, after a
SWBootReset, is determined by the value of the IRAMDIS
bit in the CPU_SCR1 register. If IRAMDIS is not set, these
addresses are initialized to 00h. If IRAMDIS is set, these
addresses are not modified by a SWBootReset after a
watchdog reset.
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The IRAMDIS bit allows the preservation of variables even if
a watchdog reset (WDR) occurs. The IRAMDIS bit is reset
by all system resets except watchdog reset. Therefore, this
bit is only useful for watchdog resets and not general resets.

Supervisory ROM (SROM)

Flash and has two hundred fifty-six 128-byte blocks. Valid
block IDs are 0x00 to OxFF.

Table 3-6. Flash Memory Organization

Amount of | Amount of ek Number of
Table 3-5. SRAM Map Post SWBootReset (00h) PSoC Device Blocks
Flash SRAM per Bank Banks
0 ! 2 3 4 5 6 ! CY8C20x37,
Address | 8 9 A B c D E F CY8C20055 8KB 1K Bytes 64 1
0x0 0x00 |0x00 JOx00 2?2 |?? [?2 |?? |?? CY8C20x47 16 KB 2K Bytes | 128 1
- (XA KX KON KOO KO KX A CY8C20x67 32 KB 2K Bytes | 256 1

?? ?? ?? 27 ?? ?? ?? ??
0x1_

CCO CCO KON O OO O K Kt The first thing the ReadBlock function does is check the pro-

?? ?? ?? ?? ?? ?? ?? ?? . . . . .
0x2 i i i i i i i i tection bits to determine if the wanted BLOCKID is readable.

CEI OO K K A KO KX If read protection is turned on, the ReadBlock function exits
0x3 CCO KA KO KON KGO KGR K K setting the accumulator and KEY2 back to 00h. KEY1 has a

KK KO K O OO KO K Kt value of 01h indicating a read failure.

27 ?? ?? ?? ?? ?? ?? ??

X T 2 122 22 |2 22 | If read protection is not enabled, the function reads 128

P P P P 27 P P P bytes from the Flash using a ROMX instruction and stores the
Ox5_ 7 77 7 P 77 77 7 7 results in SRAM using an MV instruction. The 128 bytes are

P P ) P P P P ) stored in SRAM, beginning at the address indicated by the
0x6_ 27 ) 27 27 27 ) 27 27 value of the POINTER parameter. When the ReadBlock

77 77 27 77 27 27 27 27 completes successfully, the accumulator, KEY1, and KEY2
07 22 |22 |22 |22 |22 |22 |22 |22 has a value of 00h.

2? 2? 2? 2? ?? 2? 2? 2?
0x8_ — — — — — — — — Note An MVl [expr], A stores the Flash block contents

- - - - - - - - in SRAM meaning that you can use the MVW_PP register to

7 7 7 7 7 7 7 ?? . . . .
0x9 2 2 2 2 2 2 - 2 indicate which SRAM pages receive the data.

- 27 27 27 27 27 27 27 27
OxA AR KO N O A KA A K Table 3-7. ReadBlock Parameters (01h)
- ?? ?? ?? ?? ?? ?? ?? ?? —

2 2 2 2 2 2 2 2 Name Address Type : Desc.nptlon :
0xB_ 7 7 77 77 77 77 77 7 MVW_PP | 0,D5h Register | MVI write page pointer register.

?? ?? ?? ?? ?? ?? ?? ?? KEYT 0.F8h RAM 3AN. - -
0xC_ > > > s s s s s KEY2 0,F9h RAM S}(zc(:)l:tlz?jmter value+3, when SSC is
XD 0x00 |0x00 |0x00 |0x00 [0x00 |0x00 [0x00 |0x00 BLOCKID | 0.FAN RAM Flash block number.

- 0x00 |[0x00 |[0x00 |[0x00 [0x00 |0x00 |0x00 |0x00 "
Addresses in SRAM to store returned
OxE 0x00 |0x00 |[0x00 [0x00 [0x00 |0x00 [0x00 |0x00 POINTER [ 0.FBh RAM data.
X
- 0x00 |0x00 |[0x00 |0x00 [0x00 |0x00 [0x00 |0x00

0x00 |0x00 |0x00 |0x00 [0x00 |0x00 |?? ?? 3.1.2.3 WriteBlock Function

0x00
OxF_ 0x02 | Xx 0x00 |0x00 |oxn |xx 0x00 | 0x00 The WriteBlock function stores data in the Flash. No verifi-

0x06 cation of the data is performed, but execution time is about

Address F8h is the return code byte for all SROM functions
(except Checksum and TableRead); for this function, the
only acceptable values are 00h, 02h, and 06h (only for
INT_CLR2 CY8C20x67 Revision AA). Address FCh is the
fail count variable. After POR (Power on Reset), WDR, or
XRES (External Reset), the variable is initialized to 00h by
the SROM. Each time the Checksum fails, the fail count is
incremented. Therefore, if it takes two passes through
SWBootReset to get a good Checksum, the fail count is
01h.

3.1.2.2

The ReadBlock function is used to read 128 contiguous
bytes from Flash: a block. The PSoC device has 32 KB of

ReadBlock Function

1 ms less than the WriteAndVerify function. The WriteAnd-
Verify function is the recommended method for altering the
data in one Block of Flash (see “WriteAndVerify Function” on
page 38). Data moves 128 bytes at a time from SRAM to
Flash. This is a two-step process, the first step is to load the
page latch with 128 bytes of data and it is followed by the
programming of the corresponding block of Flash. No erase
is needed before WriteBlock.

If write protection is turned on, then the WriteBlock function
exits, setting the accumulator and KEY2 back to 00h. KEY1
has a value of 01h, indicating a write failure. Write protection
is set when the PSoC device is programmed externally and
cannot be changed through the SSC function.
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The BLOCKID of the Flash block, where the data is stored,
must be determined and stored at SRAM address FAh. Valid
block IDs are 0x00 to OxFF.

An MVI A, [expr] instruction is used to move data from
SRAM into Flash. Therefore, use the MVI read pointer
(MVR_PP register) to specify which SRAM page from which
data is pulled. Using the MV 1 read pointer and the parameter
blocks POINTER value allows the SROM WriteBlock func-
tion to move data from any SRAM page into any Flash
block.

The SRAM address, the first of the 128 bytes to store in
Flash, is indicated using the POINTER variable in the
parameter block (SRAM address FBh).

Table 3-8. WriteBlock Parameters (02h)

Name Address | Type Description

MVR_PP | 0,D4h Register | MVI read page pointer register.

KEY1 0,F8h RAM 3Ah.

KEY?2 0.Foh RAM Stack Pointer value+3, when SSC is
executed.

BLOCKID |0,FAh RAM Flash block number.
First of 128 addresses in SRAM, where

POINTER | 0,FBh RAM the data to be stored in Flash, is located
before calling WriteBlock.

3.1.2.4 EraseBlock Function

The EraseBlock function is not recommended for use. The
functionality is redundant with the WriteBlock and WriteAnd-
Verify functions. The only practical use is for clearing all data
in a 128 byte block of contiguous bytes in Flash to 0x00. If
used, it should not be called repeatedly on the same block.
It may be used between WriteAndVerify or WriteBlock oper-
ations.

If write protection is turned on, then the EraseBlock function
exits, setting the accumulator and KEY2 back to 00h. KEY1
has a value of 01h, indicating a write failure.

To set up the parameter block for the EraseBlock function,
store the correct key values in KEY1 and KEY2. The block
number to erase must be stored in the BLOCKID variable.

Table 3-9. EraseBlock Parameters (03h)

Supervisory ROM (SROM)

In this table, note that all protection is removed by EraseAll.

Table 3-10. Protect Block Modes

Mode Settings Description In PSoC Designer
00b SR ER EW IW Unprotected U = Unprotected
01b SREREW IW | Read protect F = Factory upgrade
10b SREREW IW | Disable external write | R = Field upgrade
11b SREREW IW Disable internal write | W = Full protection

Table 3-11. Protection Level Bit Packing

7 | 6 5 | 4 3 | 2 1 0
Block n+3 Block n+2 Block n+1 Block n
3.1.2.6 TableRead Function

The TableRead function gives the user access to part-spe-
cific data stored in the Flash during manufacturing. The
Flash for these tables is separate from the program Flash
and is not directly accessible. It also returns a revision ID for
the die (do not confuse this with the silicon ID stored in the
Table 0 row in Table 3-14).

A summary of the information stored in the tables for the
Flash is contained in Table 3-14.There are four 8-byte tables
in the CY8C20x67, CY8C20X47, CY8C20x37, and

CY8C20055 devices.
Table 3-12. TableRead Parameters (06h)
Name Address Type Description
KEY1 0,F8h RAM 3Ah.
Stack Pointer value+3, when SSC is

KEY2 0,F9h RAM executed.

BLOCKID | 0,FAh RAM Table number to read.

3.1.2.7 EraseAll Function

The EraseAll function performs a series of steps that
destroys the user data in the Flash banks and resets the
protection block in each Flash bank to all zeros (the unpro-
tected state). This function is only executed by an external
programmer. If EraseAll is executed from code, the M8C
HALTs without touching the Flash or protections. See Table
3-13. The three other hidden blocks above the protection
block, in each Flash bank, are not affected by the EraseAll.

Name Address Type Description
KEY1 0,F8h RAM 3Ah.
, - Table 3-13. EraseAll Parameters (05h)
KEY2 0.F9h RAM Stack Pointer value+3, when SSC is
’ executed. Name Address Type Description
BLOCKID | 0,FAh RAM Flash block number. KEY1 0,F8h RAM 3Ah.
KEY2 0.F9h RAM Stack Pointer value+3, when SSC is
: ’ ted.
3.1.25 ProtectBlock Function oxeoue

The PSoC devices offer Flash protection on a block-by-
block basis. Table 3-10 lists the protection modes available.
In the table, ER and EW indicate the ability to perform exter-
nal reads and writes (that is, by an external programmer).
For internal writes, IW is used. Internal reading is always
permitted by way of the ROMX instruction. An SR indicates
the ability to read by way of the SROM ReadBlock function.

PSoC CY8C20xx7/S, CY8C20055 Technical Reference Manual, Document No. 001-79551 Rev. *B 36




o CYPRESS

~ammp> EMBEDDED IN TOMORROW

Table 3-14. Flash Tables with Assigned Values

Supervisory ROM (SROM)

Table Byte 0 Byte 1 Byte 2 Byte 3 Byte 4 Byte 5 Byte 6 Byte 7
Silicon ID High Byte
Expected Numbers =
Table 0 # Bits Used to Encode = | Reserved
Max Values (including 0) =
Bits Targeted =
IMO 6 MHz | IMO 12 h
Table 1 trim MHz trim IMO 24 MHz trim
Table 2 Reserved
Table 3
3.1.2.8 Checksum Function 3.1.2.10 Calibratel Function

The Checksum function calculates a 16-bit checksum over a
user specifiable number of blocks, within a single Flash
bank starting at block zero. The BLOCKID parameter is
used to pass in the number of blocks to checksum. A
BLOCKID value of '1' calculates the checksum of only block
0, a BLOCKID value of '2' calculates the checksum of block
0 and block 1, and so on. A BLOCKID value of '0' calculates
the checksum of the entire Flash bank. Note that if the
BLOCKID is greater than or equal to the number of blocks
that the device has, the function calculates checksum for
entire flash. For example, in a 8KB flash memory device
(CY8C20x37/CY8C20055), if the BLOCKID is equal to or
greater than “64”, the function calculates checksum for
entire 8KB flash.

The 16-bit checksum is returned in KEY1 and KEY2. The
parameter KEY1 holds the lower 8 bits of the checksum and
the parameter KEY2 holds the upper 8 bits of the checksum.

Table 3-15. Checksum Parameters (07h)
Name Address Type
KEY1 0,F8h RAM 3Ah.

Stack Pointer value+3, when SSC is
executed.

Description

KEY2 0,F9h RAM

Number of Flash blocks from which to

BLOCKID | 0,FAn RAM calculate the checksum.

3.1.29

This function may be executed at any time to set all calibra-
tion values. However, it is unnecessary to call this function.
This function is simply documented for completeness. The
calibration values are accessed by way of the TableRead
function, which is described in the section titled TableRead

Calibrate0O Function

While the Calibrate1 function is a completely separate func-
tion from Calibrate0, they perform the same task, which is to
transfer the calibration values stored in a special area of
Flash to their appropriate registers. What is unique about
Calibrate1 is that it calculates a checksum of the calibration
data and, if that checksum is determined as invalid,
Calibrate1 causes a hardware reset by generating an inter-
nal reset. If this occurs, it is indicated by setting the Internal
Reset Status bit (IRESS) in the CPU_SCR1 register.

The Calibrate1 function uses SRAM to calculate a check-
sum of the calibration data. The POINTER value is used to
indicate the address of a 38-byte buffer used by this func-
tion. When the function completes, the 38 bytes are set to
00h.

An MVI A, [expr] and an MVl [expr], A instruction
are used to move data between SRAM and Flash. There-
fore, the MVI write pointer (MVW_PP) and the MVI read
pointer (MVR_PP) must be specified to the same SRAM
page to control the page of RAM used for the operations.

Calibrate1 was created as a sub-function of SWBootReset
and the Calibrate1 function code was added to provide
direct access. For more information on how Calibrate1
works, see SWBootReset Function on page 34.

This function may be executed at any time to reset all cali-
bration values. However, it is unnecessary to call this func-
tion. This function is simply documented for completeness.
The calibration values are accessed by way of the
TableRead function, which is described in the section titled
TableRead Function on page 36.

Table 3-17. Calibrate1 Parameters (09h)

Function, on page 36. Name Address Type Description
. KEY1 0,F8h RAM 3Ah.
Table 3-16. Calibrate0 Parameters (08h) - -
KEY2 0.Foh RAM Stack Pointer value+3, when SSC is
Name Address Type Description ’ executed.
KEY1 0,F8h RAM 3Ah. POINTER | 0.FBh RAM tli]l:’sstﬂcj)rfé(i)oiRAM addresses used by
Stack Pointer value+3, when SSC is .
KEY2 0.Foh RAM executed. MVR_PP | 0,D4h Register | MV write page pointer.
MVW_PP | 0,D5h Register | MVI read page pointer.
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3.1.2.11  WriteAndVerify Function

WriteAndVerify is the recommend function for modifying one
block of data in Flash. The WriteAndVerify function works
exactly the same as the WriteBlock function except that the
flash data is verified after the Write. The execution time is
about 1 ms longer than WriteBlock (but still within the Twrite
spec). The function performs a three-step process. In the
first step, 128 bytes of data are moved from SRAM to the
Flash. In the second step, Flash is programmed with the
data. In the final step the Flash data are compared against
the input data values, thus verifying that the write was suc-
cessful. The write and verify is one SROM operation; there-
fore, the SROM is not exited until the verify is completed.

The parameters for this block are identical to the WriteBlock
(see WriteBlock Function on page 35). If the verify operation
fails, the 0x04 error code is returned at SRAM address OxF8

Table 3-18. WriteAndVerify Parameters (0Ah)

Name Address Type Description
KEY1 0,F8h RAM 3Ah.
Stack Pointer value+3, when SSC is
KEY2 0,F9h RAM executed.
BLOCKID | 0,FAh RAM Flash block number.

First of 128 addresses in SRAM, where
POINTER | 0,FBh RAM the data to be stored in Flash, is located
before calling WriteBlock.

3.1.2.12 HWBootReset Function

The HWBootReset function is used to force a hardware
reset. A hardware reset causes all registers to go back to
their POR state. Then, the SROM SWBootReset function
executes, followed by Flash code execution beginning at
address 0x0000.

The HWBootReset function only requires that the CPU_A,
KEY1, and KEY2 be set up correctly. As with all other
SROM functions, if the setup is incorrect, the SROM exe-
cutes a HALT. Then, either a POR, XRES, or WDR is
needed to clear the HALT. See Chapter “System Resets” on
page 130 for more information.

Table 3-19. HWBootReset Parameters (OFh)

Name | Address | Type Description

KEY1 0,F8h RAM | 3Ah.

KEY2 0,FSh RAM | Stack Pointer value+3, when SSC is executed.

3.2 Register Definitions

This chapter has no register detail information because
there are no registers directly assigned to the Supervisory
ROM.
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This chapter explains the PSoC device’s use of RAM Paging and its associated registers. For a complete table of the RAM
paging registers, refer to the Summary Table of the Core Registers on page 25. For a quick reference of all PSoC registers in
address order, refer to the Register Reference chapter on page 164.

4.1 Architectural Description

The M8C is an 8-bit CPU with an 8-bit memory address bus.
The memory address bus allows the M8C to access up to
256 bytes of SRAM, to increase the amount of available
SRAM and preserve the M8C assembly language. The
PSoC device has 1K and 2K bytes of SRAM with eight
pages of memory architecture.

To take full advantage of the paged memory architecture of
the PSoC device, you use several registers and manage
two CPU_F register bits. However, the Power On Reset
(POR) value for all of the paging registers and CPU_F bits is
zero. This places the PSoC device in a mode identical to
devices with only 256 bytes of SRAM. There is no need to
understand all of the Paging registers to take advantage of
the additional SRAM available in some devices. To use the
additional SRAM pages you modify the memory paging logic
reset state.

The memory paging architecture consists of five areas:
m Stack Operations

The first three of these areas do not depend upon the
CPU_F register's PgMode bits and are covered in the next
subsections after Basic Paging. The function of the last two
depend upon the CPU_F PgMode bits and are covered last.

411

To increase the amount of SRAM, the M8C accesses mem-
ory page bits. The memory page bits are located in the
CUR_PP register and allow for selection of one of eight
SRAM pages. In addition to setting the page bits, Page
mode is enabled by setting the CPU_F[7] bit. If Page mode
is not enabled, the page bits are ignored and all non-stack
memory access is directed to Page 0.

Basic Paging

After Page mode is enabled and the page bits are set, all
instructions that operate on memory access the SRAM page
indicated by the page bits. The exceptions to this are the
instructions that operate on the stack and the MV1 instruc-
tions: PUSH, POP, LCALL, RETI, RET, CALL, and MVI. See

m Interrupts the description of Stack Operations and MVI Instructions
® MVl Instructions below for a more detailed discussion.
m  Current Page Pointer
m Indexed Memory Page Pointer
Figure 4-1. Data Memory Organization
00h
Page 0 Page 1 Page 2 Page 3 Page 4 Page 5 Page 6 Page 7
SRAM SRAM SRAM SRAM SRAM SRAM SRAM SRAM
256 Bytes 256 Bytes 256 Bytes 256 Bytes 256 Bytes 256 Bytes 256 Bytes 256 Bytes
FFh ISR
41.2 Stack Operations mined by the value of the three least significant bits (LSb) of

As mentioned previously, the paging architecture's reset
state puts the PSoC in a mode identical to that of a 256-byte
device. Therefore, upon reset, all memory accesses are to
Page 0. The SRAM page that stack operations use is deter-

the Stack Page Pointer register (STK_PP). Stack operations
have no dependency on the PgMode bits in the CPU_F reg-
ister. Stack operations are those that use the Stack Pointer
(SP) to calculate their affected address. Refer to the PSoC

PSoC CY8C20xx7/S, CY8C20055 Technical Reference Manual, Document No. 001-79551 Rev. *B



o CYPRESS

~ammp> EMBEDDED IN TOMORROW

Designer Assembly Language User Guide for more informa-
tion on all M8C instructions.

Stack memory accesses are a special case. If they were not,
the stack could fragment across several pages. To prevent
the stack from fragmenting, all instructions that operate on
the stack automatically use the page indicated by the
STK_PP register. Therefore, if the program encounters a
CALL, the PSoC device automatically pushes the program
counter onto the stack page indicated by STK_PP. After the
program counter is pushed, the SRAM paging mode auto-
matically switches back to the precall mode. All other stack
operations, such as RET and POP, follow the same rule as
CALL. The stack is confined to a single SRAM page and the
Stack Pointer wraps from 00h to FFh and FFh to 00h. The
user code must ensure that the stack is not damaged
because of stack wrapping.

Because the value of the STK_PP register can change at
any time, it is theoretically possible to manage the stack in
such a way as to allow it to grow beyond one SRAM page or
manage multiple stacks. However, the only supported use of
the STK_PP register is when its value is set before the first
stack operation and not changed again.

41.3

Interrupts, in a multipage SRAM PSoC device, operate the
same as interrupts in a 256-byte device. However, because
the CPU_F register is automatically set to 0x00 on an inter-
rupt and because of the nonlinear nature of interrupts in a
system, other parts of the memory paging architecture can
be affected.

Interrupts

Interrupts are an abrupt change in program flow. If no spe-
cial action is taken on interrupts by the PSoC device, the
interrupt service routine (ISR) could be thrown into any
SRAM page. To prevent this problem, the special address-
ing modes for all memory accesses, except for stack and
MVI, are disabled when an ISR is entered. The special
addressing modes are disabled when the CUP_F register is
cleared. At the end of the ISR, the previous SRAM address-
ing mode is restored when the CPU_F register value is
restored by the RETI instruction.

All interrupt service routine code starts execution in SRAM
Page 0. If the ISR must change to another SRAM page, do
this by changing the values of the CPU_F[7:6] bits to enable
the special SRAM addressing modes. However, any change
made to the CUR_PP, IDX_PP, or STK_PP registers per-
sists after the ISR returns. Therefore, have the ISR save the
current value of any paging register it modifies and restore
its value before the ISR returns.

41.4

MVI instructions use data page pointers of their own
(MVR_PP and MVW_PP). This allows a data buffer to be
located away from other program variables, but accessible
without changing the Current Page Pointer (CUR_PP).

MVI Instructions

RAM Paging

An MV instruction performs three memory operations. Both
forms of the MVI instruction access an address in SRAM
that holds the data pointer (a memory read 1st access),
incrementing that value and then storing it back in SRAM (a
memory write 2nd access). This pointer value must reside in
the current page, just as all other nonstack and nonindexed
operations on memory. However, the third memory opera-
tion uses the MVx_PP register. This third memory access is
either a read or a write, depending upon which MV instruc-
tion is used. The MVR_PP pointer is used for the MVI
instruction that moves data into the accumulator. The
MVW_PP pointer is used for the MV1 instruction that moves
data from the accumulator into SRAM. The MV pointers are
always enabled, regardless of the state of the Flag register
page bits (CPU_F register).

4.1.5

The Current Page Pointer determines which SRAM page is
used for all memory accesses. Normal memory accesses
are those not covered by other pointers including all non-
stack, non-MVI, and nonindexed memory access instruc-
tions. The normal memory access instructions have the
SRAM page they operate on determined by the value of the
CUR_PP register. By default, the CUR_PP register has no
affect on the SRAM page that is used for normal memory
access, because all normal memory access is forced to
SRAM Page 0.

The upper bit of the PgMode bits in the CPU_F register
determine if the CUR_PP register affects normal memory
access. When the upper bit of the PgMode bits is set to ‘0",
all normal memory access is forced to SRAM Page 0. This
mode is automatically enabled when an Interrupt Service
Routine (ISR) is entered. This is because, before the ISR is
entered, the M8C pushes the current value of the CPU_F
register onto the stack and then clears the CPU_F register.
Therefore, by default, any normal memory access in an ISR
is guaranteed to occur in SRAM Page 0.

When the RETI instruction is executed to end the ISR, the
previous value of the CPU_F register is restored, returning
to the previous page mode. This is the default ISR behavior
and that it is possible to change the PgMode bits in the
CPU_F register while in an ISR. If the PgMode bits are
changed while in an ISR, the pre-ISR value is still restored
by the RETI; but if the CUR_PP register is changed in the
ISR, the ISR is also required to restore the value before exe-
cuting the RET 1 instruction.

Current Page Pointer

When the upper bit of the PgMode bits is set to ‘1°, all nor-
mal memory access is forced to the SRAM page indicated
by the CUR_PP register value. Table 4-1 summarizes the
PgMode bit values and the corresponding Memory Paging
mode.

4.1.6

The Source Indexed and Destination Indexed addressing
modes to SRAM are treated as a unique addressing mode

Index Memory Page Pointer
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in a PSoC device with more than one page of SRAM. An
example of an indexed addressing mode is the MOV A,
[X+expr] instruction. Register access has indexed
addressing as well; however, those instructions are not
affected by the SRAM paging architecture.

Important Note INT__CLR2If you are not using assembly to
program a PSoC device, be aware that the compiler writer
may restrict the use of some memory paging modes.
Review the conventions in your compiler’s user guide for
more information on restrictions or conventions associated
with memory paging modes.

Indexed SRAM accesses operate in one of three modes:

m Index memory access modes are forced to SRAM
Page 0.

m Index memory access modes are directed to the SRAM
page indicated by the value in the STK_PP register.

m Index memory access is forced to the SRAM page indi-
cated by the value in the IDX_PP register.

The mode is determined by the value of the PgMode bits in
the CPU_F register. However, the final SRAM page that is
used also requires setting either the Stack Page Pointer
(STK_PP) register or the Index Page Pointer (IDX_PP) reg-
ister. The table below shows the three indexed memory
access modes. The third column of the table is provided for
reference only.

Table 4-1. CPU_F PgMode Bit Modes

Pgl\cng:ijg FBlts Slf:l\slrePr:ge Sllzr;\dl\:x::ge Typical Use

00b 0 0 ISR*

01b 0 STK_PP ISR with variables on stack
10b CUR_PP IDX_PP

11b CUR_PP STK_PP

* Mode used by SROM functions initiated by the SSC instruction.

After reset, the PgMode bits are set to 00b. In this mode,
index memory accesses are forced to SRAM Page 0, just as
they are in a PSoC device with only 256 bytes of SRAM.
This mode is also automatically enabled when an interrupt
occurs in a PSoC device and is considered the default ISR
mode. This is because before the ISR is entered, the M8C
pushes the current value of the CPU_F register onto the
stack and then clears the CPU_F register. Thus, by default,
any indexed memory access in an ISR is guaranteed to
occur in SRAM Page 0. When the RET I instruction executes
to end the ISR, the previous value of the CPU_F register is
restored as is the previous page mode. Note that this ISR
behavior is the default and that the PgMode bits in the
CPU_F register may be changed while in an ISR. If the
PgMode bits are changed while in an ISR, the pre-ISR value
is still restored by the RETI; but if the STK_PP or IDX_PP
registers are changed in the ISR, the ISR is also required to
restore the values before executing the RET instruction.

RAM Paging

The most likely PgMode bit change, while in an ISR, is from
the default value of 00b to 01b. In the 01b mode, indexed
memory access is directed to the SRAM page indicated by
the value of the STK_PP register. By using the PgMode,
modification of the STK_PP register value is unnecessary.
The STK_PP register determines on which SRAM page the
stack is located. The 01b paging mode is intended to pro-
vide easy access to the stack, while in an ISR, by setting the
CPU_X register (just X in instruction format) equal to value
of SP using MOV X, SP instruction.

The two previous paragraphs covered two of the three
indexed memory access modes: STK_PP and forced to
SRAM Page 0. Note, as shown in Table 4-1, that the
STK_PP mode for indexed memory access is available
under two PgMode settings. The 01b mode is intended for
ISR use and the 11b mode is intended for non-ISR use. The
third indexed memory access mode requires the PgMode
bits to be set to 10b. In this mode indexed memory access is
forced to the SRAM page indicated by the value of the
IDX_PP register.
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4.2 Register Definitions

The following registers are associated with RAM Paging and are listed in address order. The register descriptions have an
associated register table showing the bit structure for that register. The bits in the tables that are grayed out are reserved bits
and are not detailed in the register descriptions that follow. Always write reserved bits with a value of ‘0. For a complete table
of RAM Paging registers, refer to the Summary Table of the Core Registers on page 25.

4.21 TMP_DRx Registers

Address Name Bit7 | Bit 6 | Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Access
X,6xh TMP_DRx Data[7:0] RW : 00
LEGEND

x An X’ before the comma in the address field indicates that this register can be read or written to no matter what bank is used. An “x” after the comma in the
address field indicates that there are multiple instances of the register.

The Temporary Data Registers (TMP_DRO, TMP_DR1, value in SRAM is not always accessible without first chang-
TMP_DR2, and TMP_DR3) enhance the performance in ing the current page. The TMP_DRX registers are readable
multiple SRAM page PSoC devices. and writable registers that are provided to improve the per-
formance of multiple SRAM page PSoC devices, by supply-

These registers have no predefined function (for example, ing some register space for data that is always accessible.

the compiler and hardware do not use these registers) and
exist for the user to define. For an expanded listing of the TMP_DRXx registers, refer to

the Summary Table of the Core Registers on page 25. For
Bits 7 to 0: Data[7:0]. Due to the paged SRAM architec- additional information, refer to the TMP_DRXx register on
ture of PSoC devices with more than 256 bytes of SRAM, a page 231.

422 CUR_PP Register

Address Name Bit7 | Bit 6 | Bit5 | Bit 4 | Bit 3 Bit 2 | Bit 1 | Bit 0 Access
0,D0h CUR_PP Page Bits[2:0] RW : 00

The Current Page Pointer Register (CUR_PP) sets the The Source Indirect Post Increment and Destination Indirect
effective SRAM page for normal memory accesses in a Post Increment addressing modes, better know as MV, are
multi-SRAM page PSoC device. only partially affected by the value of the CUR_PP register.
For MV instructions, the pointer address is in the SRAM
Bits 2 to 0: Page Bits[2:0]. These bits affect the SRAM page indicated by CUR_PP, but the address pointed to may
page that is accessed by an instruction when the be in another SRAM page.
|CPU—F[7'6] bl.ts have a value of elthgr 10b or 11b. Source See the MVR_PP and MVW_PP register descriptions for
ndexed, Destination Indexed addressing modes, and stack . ;
instructions, are never affected by the value of the CUR_PP more information.
register. (See the STK_PP and IDX_PP registers for more For additional information, refer to the CUR_PP register on
information.) page 202.
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423 STK_PP Register

Address Name Bit 7 | Bit 6 | Bit5 | Bit 4 | Bit 3 Bit 2 | Bit 1 | Bit 0 Access
0,D1h STK_PP Page Bits[2:0] RW: 0

The Stack Page Pointer Register (STK_PP) is used to set Note The impact that the STK_PP register has on the stack
the effective SRAM page for stack memory accesses in a is independent of the SRAM Paging bits in the CPU_F regis-
multi-SRAM page PSoC device. ter.

The second type of memory accesses that the STK_PP reg-
ister affects are indexed memory accesses when the
CPU_F[7:6] bits are set to 11b. In this mode, Source
The purpose of this register is to determine on which SRAM Indexed and Destination Indexed memory accesses are
page to store the stack. In the reset state, this register's directed to the stack SRAM page, rather than the SRAM
value is 0x00 and the stack is in SRAM Page 0. However, if page indicated by the IDX_PP register or SRAM Page 0.

the STK_PP register value is changed, the next stack opera-
tion occurs on the SRAM page indicated by the new
STK_PP value. Therefore, set the value of this register early
in the program and never change it. If the program changes
the STK_PP value after the stack grows, the program must
ensure that the STK_PP value is restored when needed.

Bits 2 to 0: Page Bits[2:0]. These bits have the potential
to affect two types of memory access.

For additional information, refer to the STK_PP register on
page 203.

4.2.4 IDX_PP Register

Address Name Bit 7 | Bit 6 | Bit 5 | Bit 4 | Bit 3 Bit 2 | Bit 1 | Bit 0 Access
0,D3h IDX_PP Page Bits[2:0] RW: 0

The Index Page Pointer Register (IDX_PP) sets the effective register has on indexed addressing modes is only enabled
SRAM page for indexed memory accesses in a multi-SRAM when the CPU_F[7:6] is set to 10b.

page PSoC device. When CPU_FJ[7:6] is set to 10b and an indexed memory
access is made, the access is directed to the SRAM page

Bits 2 to 0: Page Bits[2:0]. These bits allow instructions, indicated by the value of the IDX_PP register.

which use the Source Indexed and Destination Indexed
address modes, to operate on an SRAM page that is not  See the STK_PP register description for more information
equal to the current SRAM page. However, the effect this on other indexed memory access modes. For additional

4.2.5 MVR_PP Register

Address Name Bit 7 | Bit 6 | Bit5 | Bit 4 | Bit 3 Bit 2 | Bit 1 | Bit 0 Access
0,D4h MVR_PP Page Bits[2:0] RW: 0

The MVI Read Page Pointer Register (MVR_PP) sets the When an MVI A, [expr] instruction is executed in a
effective SRAM page for MVI read memory accesses in a device with more than one page of SRAM, the SRAM
multi-SRAM page PSoC device. address that is read by the instruction is determined by the
value of the least significant bits in this register. However,
Bits 2 to 0: Page Bits[2:0]. These bits are only used by the pointer for the MV1 A, [expr] instruction is always
the MVI A, [expr] instruction, not to be confused with the located in the current SRAM page. See the PSoC Designer
MVI [expr], A instruction covered by the MVW_PP reg- Assembly Language User Guide for more information on the
ister. This instruction is considered a read because data is MVI A, [expr] instruction.
transferred from SRAM to the microprocessor's A register

(CPU_A). The function of this register and the MVI instructions are

independent of the SRAM Paging bits in the CPU_F register.
For additional information, refer to the MVR_PP register on
page 205.
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426 MVW_PP Register

Address Name Bit 7 | Bit 6 | Bit5 | Bit 4 | Bit 3 Bit 2 | Bit 1 | Bit 0 Access
0,D5h MVW_PP Page Bits[2:0] RW: 0

The MVI Write Page Pointer Register (MVW_PP) sets the
effective SRAM page for MVI write memory accesses in a
multi-SRAM page PSoC device.

Bits 2 to 0: Page Bits[2:0]. These bits are only used by
the MVI [expr], Ainstruction, notto be confused with the
MVI A, [expr] instruction covered by the MVR_PP regis-
ter. This instruction is considered a write because data is
transferred from the microprocessor's A register (CPU_A) to
SRAM.

When an MVI [expr], A instruction is executed in a
device with more than one page of SRAM, the SRAM

address that is written by the instruction is determined by
the value of the least significant bits in this register. How-
ever, the pointer for the MV1 [expr], A instruction is
always located in the current SRAM page. See the PSoC
Designer Assembly Language User Guide for more informa-
tion on the MVI [expr], A instruction.

The function of this register and the MVI instructions are
independent of the SRAM Paging bits in the CPU_F register.
For additional information, refer to the MVW_PP register on
page 206.

4.2.7 Related Registers
m CPU_F Register on page 32.
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This chapter presents the Interrupt Controller and its associated registers. The interrupt controller provides a mechanism for a
hardware resource in PSoC devices to change program execution to a new address without regard to the current task being
performed by the code being executed. For a quick reference of all PSoC registers in address order, refer to the Register
Reference chapter on page 164.

5.1

Architectural Description

A block diagram of the Interrupt Controller is shown in Figure 5-1, illustrating the concepts of posted interrupts and pending

Figure 5-1. Interrupt Controller Block Diagram

interrupts.
Interrupt Taken
or
(INT_CLRx:n Write)
Posted Pending
Interrupt Interrupt
S
1— D Q ) -
Interrupt .
Source
(Timer,
GPIO, etc.)
INT_MSKXx

Mask Bit Setting

This is the sequence of events that occur during interrupt
processing.

1.
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An interrupt becomes active, either because (a) the
interrupt condition occurs (for example, a timer expires),
(b) a previously posted interrupt is enabled through an
update of an interrupt mask register, or (c) an interrupt is
pending and GIE is set from ‘0’ to ‘1’ in the CPU Flag
register.

The current executing instruction finishes.

Priority
Encoder

—— Interrupt Vector

Interrupt
Request

)
Y

M8C Core

GIE

The internal interrupt service routine (ISR) executes, tak-
ing 13 cycles. During this time, the following actions
occur:

The PCH, PCL, and Flag register (CPU_F) are pushed
onto the stack (in that order).

The CPU_F register clears. Since this clears the GIE bit
to ‘0’, additional interrupts are temporarily disabled.

The PCH (PC[15:8]) is cleared to zero.

The interrupt vector is read from the interrupt controller
and its value is placed into PCL (PCJ[7:0]). This sets the
program counter to point to the appropriate address in
the interrupt table (for example, 0014h for the GPIO
interrupt).
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4. Program execution vectors to the interrupt table. Typi-
cally an LIMP instruction in the interrupt table sends exe-
cution to the user's interrupt service routine for this
interrupt. (See Instruction Set Summary on page 28.)

5. The ISR executes. Interrupts are disabled since GIE = 0.
In the ISR, interrupts can be re-enabled if necessary by
setting GIE = 1 (take care to avoid stack overflow in this
case).

6. The ISR ends with an RET instruction. This pops the
Flag register, PCL, and PCH from the stack, restoring
those registers. The restored Flag register re-enables
interrupts since GIE = 1 again.

7. Execution resumes at the next instruction, after the
instruction that occurred before the interrupt. However, if
there are more pending interrupts, the subsequent inter-
rupts are processed before the next normal program
instruction.

Interrupt Latency. The time between the assertion of an
enabled interrupt and the start of its ISR is calculated using
this equation:

Latency =
Time for current instruction to finish +

Time for M8C to change program counter to interrupt
address +

Time for LIMP instruction in interrupt table to execute.

Equation 1
Latency =
Time for current instruction to finish +
Time for M8C to change program counter to interrupt address +

Time for LJMP instruction in interrupt table to execute.

For example, if the 5-cycle JMP instruction is executing
when an interrupt becomes active, the total number of CPU
clock cycles before the ISR begins is:

Equation 2

(1 to 5 cycles for JMP to finish) +

(13 cycles for interrupt routine) +
(7 cycles for LIMP) = 21 to 25 cycles.

In this example, at 24 MHz, 25 clock cycles take 1.042 ps.

Interrupt Priority. Interrupt priorities come into consider-
ation when more than one interrupt is pending during the
same instruction cycle. In this case, the Priority Encoder
(see Figure 5-1) generates an interrupt vector for the high-
est priority pending interrupt.

Interrupt Controller

5.1.1

An interrupt is posted when its interrupt conditions occur.
This results in the flip-flop in Figure 5-1 clocking in a 1. The
interrupt remains posted until the interrupt is taken or until it
is cleared by writing to the appropriate INT_CLRXx register.

Posted versus Pending Interrupts

A posted interrupt is not pending unless it is enabled by set-
ting its interrupt mask bit (in the appropriate INT_MSKXx reg-
ister). All pending interrupts are processed by the Priority
Encoder to determine the highest priority interrupt taken by
the M8C if the Global Interrupt Enable bit is set in the
CPU_F register.

Disabling an interrupt by clearing its interrupt mask bit (in
the INT_MSKXx register) does not clear a posted interrupt,
nor does it prevent an interrupt from posting. It simply pre-
vents a posted interrupt from becoming pending.

It is especially important to understand the functionality of
clearing posted interrupts, if the configuration of the PSoC
device is changed by the application.

For example, if a block has a posted interrupt when it is
enabled and then disabled, the posted interrupt remains.
Therefore, it is good practice to use the INT_CLR register to
clear posted interrupts before enabling or re-enabling a
block.

5.2

The interrupt controller and its associated registers allow the
user's code to respond to an interrupt from almost every
functional block in PSoC devices. Interrupts for all the digital
blocks and each of the analog columns are available, as
well as interrupts for supply voltage, sleep, variable clocks,
and a general GPIO (pin) interrupt.

Application Overview

The registers associated with the interrupt controller allow
for the disabling of interrupts either globally or individually.
The registers also provide a mechanism by which a user
can clear all pending and posted interrupts or clear individ-
ual posted or pending interrupts. A software mechanism is
provided to set individual interrupts. Setting an interrupt by
way of software is very useful during code development,
when one may not have the complete hardware system nec-
essary to generate a real interrupt.
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The following table lists the interrupts and priorities that are

available in the PSoC devices.

Table 5-1. Device Interrupts

CY8C20x47, CY8C20x37)

Interrupt Priority Lr\l(t;:‘r::spst Interrupt Name
0 (Highest) 0000h Reset
1 0004h Supply voltage monitor
2 0008h Analog
3 000Ch CapSense
4 0010h Timer0
5 0014h GPIO
6 0018h SPI
7 001Ch 12C
8 0020h Sleep Timer
9 0024h Timer1
10 0028h Timer2
23 (Lowest for CY8C20x67, 005Ch ADC
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5.3

The following registers are associated with the Interrupt Controller and are listed in address order. The register descriptions
have an associated register table showing the bit structure for that register. The bits in the tables that are grayed out are
reserved bits and are not detailed in the register descriptions that follow. Always write reserved bits with a value of ‘0’. For a
complete table of Interrupt Controller registers, refer to the Summary Table of the Core Registers on page 25.

Register Definitions

5.3.1 INT_CLRO Register
Address Name Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Access
0,DAh INT_CLRO 12C Sleep SPI GPIO Timer0 CapSense Analog V Monitor RW : 00

The Interrupt Clear Register 0 (INT_CLRO) enables the indi-
vidual interrupt sources’ ability to clear posted interrupts.

The INT_CLRO register is similar to the INT_MSKO register
in that it holds a bit for each interrupt source. Functionally
the INT_CLRO register is similar to the INT_VC register,
although its operation is completely independent. When the
INT_CLRO register is read, any bits that are set indicate an
interrupt was posted for that hardware resource. Reading
this register gives the user the ability to determine all posted
interrupts.

The Enable Software Interrupt (ENSWINT) bit in the
INT_SW_EN register determines how an individual bit
value, written to an INT_CLRO register, is interpreted. When
ENSWINT is cleared (the default state), writing 1's to the
INT_CLRO register has no effect. However, writing O's to the
INT_CLRO register, when ENSWINT is cleared, causes the
corresponding interrupt to clear. If the ENSWINT bit is set,
any 0's written to the INT_CLRO register are ignored. How-
ever, 1's written to the INT_CLRO register, while ENSWINT
is set, cause an interrupt to post for the corresponding inter-
rupt.

Software interrupts aid in debugging interrupt service rou-
tines by eliminating the need to create system level interac-
tions that are sometimes necessary to create a hardware-
only interrupt.

Bit 7: 12C. This bit allows posted I12C interrupts to be read,
cleared, or set.

Bit 6: Sleep. This bit allows posted sleep interrupts to be
read, cleared, or set.

Bit 5: SPI. This bit allows posted SPI interrupts to be read,
cleared, or set.

Bit 4: GPIO. This bit allows posted GPIO interrupts to be
read, cleared, or set.

Bit 3: Timer0. This bit allows posted timer interrupts to be
read, cleared, or set.

Bit 2: CapSense. This bit allows posted CapSense inter-
rupts to be read, cleared, or set.

Bit 1: Analog. This bit allows posted analog interrupts to
be read, cleared, or set.

Bit 0: V Monitor. This bit allows posted voltage monitor
interrupts to be read, cleared, or set.

For additional information, refer to the INT_CLRO register on
page 210.
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53.2 INT_CLR1 Register
Address Name || Bit7 | Bité | Bit5 [ Bit4a | Bit3 | Bit 2 Bit 1 Bit 0 Access
0,0Bh INT_CLR1 | Timer2 Timer! || RW: 00

This register enables the individual interrupt sources' ability
to clear posted interrupts.

When bits in this register are read, a '1' is returned for every
bit position that has a corresponding posted interrupt. When
bits in this register are written with a '0' and ENSWINT is not
set, posted interrupts are cleared at the corresponding bit
positions. If there is no posted interrupt, there is no effect.
When bits in this register are written with a '"1' and ENSWINT
is set, an interrupt is posted in the interrupt controller.

Bit 1: Timer2. Read '0', no posted inte