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SCENIX Overview

1.1 Introduction

The Scenix SX family of high-performance 8-bit microcontrollers provide an economical solution to

a wide range of embedded controller applications. These devices are fabricated with an advanced
CMOS process technology. This advanced process, combined with a RISC-based architecture, allows
high-speed computation, flexible 1/O control, and efficient data manipulation. Throughput is enhanced
by operating the device aefjuecies up to 50 MHz and by using an optimized instruction set that
includes mostly single-cycle instructions.

On-chip core functions include a general-purpose 8-bit timer with prescaler, an analog comparator, a
brown-out detector, a watchdog timer, a power-save mode with multi-source wakeup capability, an
internal R/C oscillator, user-selectable clock modes, and high-current outddisoAal featres are
provided by individual members of the SX family according to the system requirements, such as PWM
timers and additional 1/0 ports.

1.2 Key Features
These are the key core features of SX family devices:
* 50 MIPS performance at 50 MHz oscillator frequency

*  From 2,048 to 4,096 words of EE/Flash program memory, 12 bits wide, rated for 10,000 rewrite
cycles

* From 136 to 256 bytes of general-purpose SRAM memory
* In-system programming capability tugh OSQoins

» User-selectable clock modes using an internal oscillator, external clock signal, or external oscil-
lator (crystal or RC)

* Analog comparator

* Brown-out detector

e Multi-InputWakeup (MIWU) on eight pins

* Fast lookup capability through run-time readable code

e Complete development tool support available from third-party vendors

SX User’'s Manual Rev. 2.0 9 © 1999 Scenix Semiconductor, Inc. All rights reserved.
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1.3 CPU Features
These are the key features of the device CPU:
* Fully static design — DC to 50 MHz operation
e 20 ns instruction cycle time at 50 MHz
* Mostly single-cycle instructions
e 8-level deep hardware subroutine stack
e Single-level interrupt processing
» Fixed interrupt rggonse time: 60 ns internal, 100 ns external at 50 ¥idzbo Mode)

» Hardware context save/restore for interrupt processing

1.4 1/O Features
These are the key features of the device 1/O ports:
» Software-selectable 1/0 configuration
e Each pin programmable as an input or output
e TTL or CMOS level selection omputs
* Internal weak pull-up selection on inputs (~2Q to Vpp)
e Schmitt trigger inputs (except Port A)
* Symmetrical drive on Port A outputs (sam@ro\é +/-)

* All outputs capable of sinking/sourcing 30 mA

1.5 Architecture

The SX family uses a modified Harvard architecture. This architecture is based on having two separate
memories with separate address buses, one for the program and one for data, while allowing transfer
of data from program memory to SRAM. This ability allows accessing data tables from program
memory. The advantage of this architecture is that instruction fetch and memory transfers can be
overlapped in a multi-stage pipeline, which means the next instruction can be fetched from program
memory while the current instruction is being executed.

The SX family implements a four-stage pipeline (fetch, decode, execute, and write back), which results
in a throughput of one instruction per clock cycle. At the maximum operating frequency of 50 MHz,
instructions are executed at the rate of one per 20-ns clock cycle.

SX User’'s Manual Rev. 2.0 10 © 1999 Scenix Semiconductor, Inc. All rights reserved.
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1.6 Programming and Debugging Support

SX devices are supported by complete development tool packages offered by third-party vendors. Each
development tool package provides an integrated development environment including editor, macro
assembler, debugg and device programmer. For more information on the available development tool
packages, contact Scenic Semiconductor.

1.7 Applications

Emerging applications and advances in existing ones require higher perfornmalecmairtaining
low cost and fast time-to-market.

SX devices provide solutions for many familiar applications such as process controllers, electronic
appliances/tools, security/monitoring systeargjtelecommunication devices such as FSK modems
with DTMF detection/genernan and Caller ID functions. In addition, the enhanced throughput of the
device allows efficient development of software modules called “Virtual Peripherals” to replace on-
chip hardware peripherals. The concept of Virtual Peripherals provides benefits such as simple
implementation, reduced component count, fast time to market, increased flexibility in design, and
overall system cost reduction.

Here are some examples of Virtual Peripheral applications:

» Serial, Parallel, 12C™, Microwire™ (p-Wire), Dallas p-Wire, SPI1, DMX2, X-10, IR trans-
ceivers

* Frequency generation and measurement
* Spectrum analysis

* Multi-tasking, interrupts, and networking
* Resonance loops

* DRAM drivers

e Music and voice synthesis

«  PPM/PWM output

» Delta/Sigma ADC

* DTMF generation/detection
 PSK/FSK generation/detection

* Quadrature encoder/decoder

» Peripheral Interface Device (PID) and servo control

* Video controller

© 1999 Scenix Semiconductor, Inc. All rights reserved. 11 SX User’s Manual Rev. 2.0
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1.8 Part Numbers and Pinout Diagrams
This user’s guide describes the falimg Scenix SX microcontrollers:
e SXI18AC, SX20AC, and SX28AC microcontrollers (with 2K program memories)
* SX48BD and SX52BD microcontrollers (with 4K program memories and multi-function timers)

The SX18/20/28AC devices are available in the pin configurations shéugune 1-1 These devices
are functionally the same except that the 18-pin and 20-pin devices do not have the port pins RCO
through RC7. Therefore, Port C cannot be used in the smaller packages.

SX 28-PIN SX 28-PIN
SX 20-PIN ~ =
SX 18-PIN = RTCC {1 281 MCLR  Vvss—{1 281 MCLR
N rA2 |1 20| Ray  Vdd—2 271 0SC1 RTCC—{2 271 osc1
rRA2 {1 1gl-rar  RA3I|2 1ol Rao Mo 201-0sC2  vdd_{3 26| 0SC2
RAS|2  171-RA0 RTcc—{3  18-osci Y| 5 RET vda—d4 o SR RE7
RTCC {3 16 |- OSC1 MCLR—|4 17}-osc2 =2 o RAO — 5 23| Ree
MCLR—|4 15 0SC2 g5 |5 16 |—vdd RAO— B RAL— —
Vss —5 14} vdd Vss—|6 15}-vdd RAL—{7 — RC4 RA2 |7 22| RC4
RBO—{6 13-RB7  RBo-]7 14|_RrRB7 RA2{8 21} RC3 RA3 {8 21 RC3
RB1_{7 12}-RB6  RB1_|8 13]_RrRB6 RA3—9 20L-rc2  RBO—]9 20l rc2
RB2_|8 11LRrB5 RB2_lO 12|_rBs RBO—{10 19 Rrc1 RB1 {10 19_Rrc1
RB3 {9 10}-rRB4  RB3-]10 11|_RrRBa RB1-11 181 RcCO RB2 {11 18]- RCO
o RB2 {12 1167 — RB7 RB3 {12 17 rB7
RB3—{13 — RB6 RB4_{13 16| RB6
SDIP/SOIC SSOP rRea_l1a 15| Rres vss_|1a 15| Rgs
SDIP/SOIC SSoP

Figure 1 -1 SX18/20/28 Pin Assignments

SX User’'s Manual Rev. 2.0 12 © 1999 Scenix Semiconductor, Inc. All rights reserved.
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The SX48/52BD devices are available in the pin configurations showiginme 1-2 These devices
are functionally the same except that the 48-pin device does not have the port pins RA4 through RA7.
Therefore, the upper four pins of Port A are not available in the smaller package.

(@]

OO T MHOAN A O I~
PozhondooNTaa
r>>Srorrereree o

48 47 46 45 44 43 42 41 40 39 38 37
MCLR1 361 RD6
0OSC1 2 35} RD5
0OSC2 3 34 RD4

Vdd 4 33} Vss
Vss -5 48 - PIN 32} vdd
RAO 6 TQFP 31} RD3
RA1 7 30 RD2
RA2 -8 291- RD1
RA3 19 28 RDO
RB0O {10 27} RC7
RB1 {11 26} RC6
RB2 {12 25} rCS

1314151617 18192021 222324

I RELEENELNS

M MOMMOMMOMMNM3D OO0 000

roerer>"rre x o

Top View
@)

23IP s3I0

rexe>>rrxrxre e e

L

52515049 48 47 46 45 44 43 42 41 40

RA6 41 39| RD7
RA7 -2 38 RD6
MCLR -3 37F RD5
0OSC1 14 36 RD4
0SC2 5 35 Vss
Vdd 16 52 - PIN 34} vdd
Vss {7 PQFP 33} RD3
RAO -8 32 RD2
RA1 9 31 RD1
RA2 {10 30} RDO
RA3 {11 291~ rC7
RBO {12 281 RC6
RB1 {13 271 RC5

141516 17 18 19 20 21 22 23 24 25 26

B E8E5S485803

rrererere>"ergrer

Top View

Figure 1 -2 SX48/52BD Pin Assignments
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Table 1-1is a list of the available SX device packages and the corresponding number of pins, number

of 1/0 pins, program (flash) memory size, and general-purpose RAM size. Use this table as a guide for
ordering the parts that fit your requirements.

Table 1-1 Device Package Names

Device Pins | I/O EE/Flash (Words) RAM (Bytes)
SX18AC/SO 18 12 2K 136
SX18AC/DP 18 12 2K 136
SX20AC/SS 20 12 2K 136
SX28AC/SO 28 20 2K 136
SX28AC/DP 28 20 2K 136
SX28AC/SS 28 20 2K 136
SX48BD/TQFP 48 36 4K 256 + 15 global regs,
SX52BD/PQFP 52 40 4K 256 + 15 global regs.

Figure 1-3is a diagram showing the general namiogwentions for SX family devices. The part
number consists of several fields that specify the manufacturer, pin count, feature set, memory size,
supply voltage, operating temperature range, and package type, as indi¢ageddri -3

Throughout this manual, the term “SX” refers to all the devices listedahle 1-1 except where
indicated otherwise.

SX User’s Manual Rev. 2.0 14 © 1999 Scenix Semiconductor, Inc. All rights reserved.
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DP= SDIP
SO= SOP

SXlSACXX'LI/SO SS= SSOP

TQ= Think PQFP

Package Type —»PQ: POFP

Extended Temperature —»gank=  0°C to -70°C

- Low Voltage—l

Speed Blank = 3.3V

| = -40°Cto +85°C

. L= Low Voltage (TBD)
—— Memory Size —

Blank = 50 MHz
— Feature Set
75 = 75 MHz

__ Pin Count 100 = 100 MHz
. v
— SceniX A= 512 word
B= 1k word
C= 2k word
D= 4kword

Figure 1-3 Part Numbering Reference Guide

© 1999 Scenix Semiconductor, Inc. All rights reserved. 15 SX User’s Manual Rev. 2.0
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1.9 Pin Descriptions

Table 1-2describes the SX device pins. For each pin, the table shows the pin type (input, output, or

power), the input voltage levels (TTL, CMOS, or Schmitt trigger), and the pin dndtiotethat not

all of these pins are available on all the devices. For example, some devices have fewer I/O pins. Also

note that only the core functions of the pins are shown in the table. Some pins have atldititinalk
in certain SX devices.

The followingabbreviabns areused in the table:

| = device input

O = device output

I/O = bidirectional 1/0 pin

P = power supply pin

NA = not applicable

TTL = TTL input levels
CMOS = CMOS input levels
ST = Schmitt trigger input
MIWU = Multi-Input Wakeup

SX User’'s Manual Rev. 2.0
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Table 1-2 Pin Descriptions

Pin Input o
Name Type Levels Description
RAO-RA7 I/10 TTL/CMOS | Port A bidirectional 1/0 pin; symmetrical source / sink

capability

RBO I/O | TTL/ICMOS/ST| Port B bidirectional 1/0 pin; MIWInput; canparator
output

RB1 I/O | TTL/ICMOS/ST| Port B bidirectional 1/0 Pin; MIWIhput; canparator
negative input

RB2 I/O | TTL/ICMOS/ST| Port B bidirectional 1/0 pin; MIWIlnput; canparator

positive input

RB3-RB7 I/O | TTL/ICMOS/ST| Port B bidirectional 1/0 pins; MIWidputs
RCO-RC7 I/O | TTL/CMOS/ST, Port C bidirectional I/O pins

RDO-RD7 I/O | TTL/ICMOS/ST| Port D bidirectional I/O pins

REO-RE7 I/O | TTL/CMOS/ST| Port E bidirectional I/O pins

RTCC I ST Input to Real Time Clock/Counter
MCLR I ST Master Clear reset input — active low
OSC1/In/Vpp I ST Crystal oscillator input - external clock soungeii
OSC2/0Out @) CMOS Crystal oscillator output — in R/C mode, internally
pulled to Vdd through weak pullup
vdd P NA Positive supply pins
Vss P NA Ground pins
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2.1 Introduction

The SX device is a complete 8-bit RISC microcontroller with an electrically erasable (flash) program
memory and in-system programming capability. The device can operate with a clock rate of up to 50
MHz and can execute instructions at a rate of up to 50 million instructions per second.

The SX device has multi-pin 1/0O ports, an internal oscillator, a Watchdog timer, a Real-Time Clock/
Counter, an analog comparator, power-on and boow reset camol, and Multi-lnput Wakeup
capability. Figure 2-1is a block diagram showing the core features of the basic device. Additional
features are available with some SX family members. For example, some devices offer more RAM, a
larger EEPROM program memory, or additional peripheadutes such as mulfunction timers.

OSC1 0OSsC2 RTCC
v A v
0SC a 8-bit Watchdog 8-bit Timer
Driver > Clock > " Timer (WDT) RTCC [
4MHz P CEC
Internal v | T A Interrupt
RC OSC IR VA Storage
System Clock 4—' t
P 0 MCLR Prescaler for RTCC %8
Rovet 3 | Analog
Reset Interrupt
r’ Postscaler for WDT | P |' MIWU[—» Port B =% Comp
MIWU | System 8 8 8
w Clock ¢ v v
< Internal Data Bus B
A Y y y o
8 i W 8 : °y° | sct 8 8
PC 8-Level n-system
stack | FSR 8 ALU Debugging Port A | |Port C
Address
i In-System 4 8
otarimns
Pipeline
STATUS v T
136 Bytes 2k x 12
OPTION SRAM EEPROM
| MODE | Address 12
A
8 , Write Data
< 8 Read Data |
P 12 Instruction
IREAD

Figure 2 -1 SX28AC Block Diagram
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The SX device uses a modified Harvard architecture, in which the program and data are stored in
separate memory spaces. The advantage of this architecture is that instruction fetches and data
transfers can be overlapped with a multi-stage pipeline, which means the next instruction can be
fetched from program memory while the current instruction is being executed uses data from the data
memory. This device has a “modified” Harvard architecture because instructions are available for
transferring data from the gggrammemory to the data memory.

2.2 Program Memory

The program memory holds thppication program for the device. It is an electrically erasable, flash-
programmed memory containing 2,048 words for the SX18/20/28AC or 4,096 words for the SX48/
52BD, with 12 bits per word. Each memory location holds a single 12-bitinstruction opcode or 12 bits
of fixed data that can be accessed by the program. The memory can be programmed and reprogramme
through the device oscillator pins, even with the device installed in the target system.

The program memory is addressed by the prog@umter, a regter of 11 bits for the SX18/20/28AC
or 12 bits for the SX48/52BD. Operation of the program counter is described in d&adtion 2.6

2.3 Data Memory

The data memory is a RAM-based register set consisting of general-purpose registers and dedicated-
purpose registers. The number of registers depends on the SX device type. The SX18/20/28AC has 13
general-purpose registers and seven dedicated-purpose registers. The SX48/52&Fykasral-

purpose registers and nine dedicated-purpose registers. All of these registers are aigie.biise
registers are organized into banks, allowing the SX instructions to address the registers using just five
bits of the 12-bit instruction opcode.

Because the registers are organized into banks or “files,” these memory-mapped registers are called
“file registers.” In the descriptions of the SX instructionShapter 3 the abbreviation “fr’ represents
a 5-bit register selection value encoded into the instruction opcode.

2.3.1 Banks

The SX device can be programmed to use any one of the data memory banks at any given time. The
high-order bits in the File Select Register (FSR) specify the current bank number. To change from one
bank to another, the program can either write an eight-bit value to the FSR register or use the “bank”
instruction. The “bank” instruction writes the three high-order bits in the FSR registentetecting

the other bits in the register.
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The organization of theéatamemory banks is somewhat different for the various SX family members:

* SX18A/SX20A/SX28A: eight banks of 32 bytes per bank, with global registers mapped to the
bottom 16 bytes in all banks

» SX48BD/SX52BD: 16 banks of eight bytes per bank, with global registers mapped into a sepa-
rate bank

The following sedbnsdescribe the bank organization in detail.

2.3.2 SX18/20/28AC Bank Organization

The data memory of the SX18AC, SX20AC, or SX28AC is a RAM-based register set consisting of
136 general-purpose registers and eight dedicated-purpose registers. All of these registers are eight bit
wide. The registers are organized into eight banks, designated Bank 0 through Bank 7.

Each SX instruction that accessesasadnemory register contains a 5-bit field in the instruction
opcode that specifies the register to be accessed. The abbreviation “fr” represents the 5-bit register
address designator. For example, the instruction daseriphov fr,W” means that a 5-bit value or

label must be substituted for “fr” in the instruction, such as “mov $0F,W” (to move the contents of the
working register W into file register OFh).

The SX device can be programmed to use any one of the eight banks at any given time. The three higt
order bits in the File Select Register (FSR) specify the current bank number. To change from one bank
to another, the program can either write an eight-bit value to the FSR register or use the “bank”
instruction. The “bank” instruction writes the three bank-selection bits in the FSR register without
affecting the other bits in the register. Bank 0 is selected by default upon power-up or reset.

Within each bank, there are 32 available addresses, ranging from 00h tdabFh2-1shows the
organization of file registers in the memory-mapped address space. The numbers along the left side th
table (ranging from $00 to $1F) show the 32 possible register addresses that can be specified in the
instruction. The bank numbers listed across the top (ranging from 0 to 7) are the numbers that can be
programmed into the three high-order bits of the FSR register. The entries inside the table show the
registers accessed by each combination of register address and bank selection.

The 5-bit register addresses along the left side are shown as they are written in the syntax of the SX
assembly language, using a dollar sign ($) indicating the beginning of a hexadecimal value. Inside the
table, the register addresses are shown as 8-bit hexadecimal values.
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Table 2-1 RAM Register Map

Bank0 Bank1l Bank2 Bank3 Bank4 Bank5 Bank6 Bank7
$00 | INDF INDF INDF INDF INDF INDF INDF INDF
$01 | RTCC RTCC RTCC RTCC RTCC RTCC RTCC RTCC
$02 | PC PC PC PC PC PC PC PC
$03 | Status | Status Status Status Status Status Status Status
$04 | FSR FSR FSR FSR FSR FSR FSR FSR
$05 | RA RA RA RA RA RA RA RA
$06 | RB RB RB RB RB RB RB RB
$07 | RC RC RC RC RC RC RC RC
$08 | 08h 08h 08h 08h 08h 08h 08h 08h
$09 | 09h 09h 09h 09h 09h 09h 09h 09h
$0A | OAh OAh OAh OAh OAh OAh OAh OAh
$0B | OBh 0Bh 0Bh 0Bh 0Bh 0Bh 0Bh 0Bh
$0C | OCh 0Ch 0Ch 0Ch 0Ch 0Ch 0Ch 0Ch
$0D | ODh 0Dh 0Dh 0Dh 0Dh 0Dh 0Dh 0Dh
$0E | OEh OEh OEh OEh OEh OEh OEh OEh
$OF | OFh OFh OFh OFh OFh OFh OFh OFh
$10 | 10h 30h 50h 70h 90h BOh DOh FOh
$11 | 11h 31h 51h 71h 91h Blh D1h Flh
$12 | 12h 32h 52h 72h 92h B2h D2h F2h
$13 | 13h 33h 53h 73h 93h B3h D3h F3h
$14 | 14h 34h 54h 74h 94h B4h D4h Fah
$15 | 15h 35h 55h 75h 95h B5h D5h F5h
$16 | 16h 36h 56h 76h 96h B6h D6h Féh
$17 | 17h 37h 57h 77h 97h B7h D7h F7h
$18 | 18h 38h 58h 78h 98h B8h D8h F8h
$19 | 19h 39h 59h 79h 99h B9h D9h Foh
$1A | 1Ah 3Ah 5Ah 7Ah 9Ah BAh DAh FAh
$1B | 1Bh 3Bh 5Bh 7Bh 9Bh BBh DBh FBh
$1C | 1Ch 3Ch 5Ch 7Ch 9Ch BCh DCh FCh
$1D | 1Dh 3Dh 5Dh 7Dh 9Dh BDh DDh FDh
$1E | 1Eh 3Eh 5Eh 7Eh 9Eh BEh DEh FEh
$1F | 1Fh 3Fh 5Fh 7Fh 9Fh BFh DFh FFh
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For the first 16 addresses that can be specified in an instruction (00h through OFh), the same 16
registers are accessed, irrespective of the bank setting. Therefore, these 16 “global” registers are
always accessible. The first eight are dedicated-purpose registers (INDF, RTCC, PC, and so on), and
the next eight are general-purpose registersalbe 2-1 these registers are shown shaded in Bank 1
through Bank 7 to indicate that they are the same registers as in Bank 0.

For the upper 16 addresses that can be specified in an instruction (10h through 1Fh), a different set of
registers is accessed in eachlod his allows as many 428 different registers to be accessed in this
memory range, although only 16 are accessible at any given time.

The total number of general-purpose registers is 24 in Bank O (from 08h to 1Fh) and 16 in each of the
remaining seven banks (from 10h to 1Fh in each bank), for a tdt8bafagisters. In the SX18AC and
SX20AC, an additional general-purpose register is available at address 08h because there is no Port ¢
register occupying that address.

There are two addressing modes for the SX18/20/28AC, called the indirect and direct modes. The
addressing mode used for register access depends on the 5-bit “fr” value used in the instruction:

* indirect mode: fr = 00h
e direct mode: fr = 01h through 1Fh

For indirect addressing (fr=00), the File Select Register (FSR) specifies the register to be accessed.
FSR is an 8-bit, memory-mapped register (at address 04h) which serves as an 8-bit pointer into data
memory for indirect addressing.

For direct addressing with bit 4 of “fr” equal to O (fr=01-0F), Bank 0O is accessed and the value of “fr”
itself specifies the register to be accessed. In this case, a “global” register in Bank 0 is accessed (01h
through OFh) and the FSR register is ignored.

For direct addressing with bit 4 of “fr” equal to 1 (fr=10-1F), the three high-order bits of the FSR
register specify the bank number accessed, and the five bits of “fr” specify which register in that bank
is accessed. In this case, the upper half of a bank is accessed.

2.3.3 SX48/52BD Bank Organization

The data memory of the SX48BD or SX52BD is a RAM-based register set consisting of 262 general-
purpose registers and nine special-purpose registers. It is organized into 16 banks, designated Bank C
through Bank F, each containing 16 registers, plus an additional bank of 15 global registers.

Each SX instruction that accessesasadnemory register contains a 5-bit field in the instruction
opcode that specifies the register to be accessed. The abbreviation “fr” represents the 5-bit register
address designator. For example, the instruction daserifphov fr, W’ means that a 5-bit value or

label must be substituted for “fr” in the instruction, such as “mov $0F,W” (to move the contents of the
working register W into file register OFh).
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There are three different addressing modes for the SX48/52BC, called the indirect, direct, and semi-
direct modes. The addressing mode used for register access depends on the 5-bit “fr” value used in th
instruction:

* indirect mode: fr = 00h
» direct mode: fr = 01h through OFh
* semi-direct mode: fr = 10h through 1Fh

For indirect addressing (fr=00), the File Select Register (FSR) specifies the register to be accessed.
FSR is an 8-bit, memory-mapped register (at address 04h) which serves as an 8-bit pointer into data
memory for indirect addressing. In this mode, the global register bank and Bank 1 through Bank F are
accessible. Bank 0 is not accessible.

For direct addressing (fr=01-0F), the value of “fr” itself specifies the register to be accessed, and the
FSR register is ignored. For this addressing mode, only the global register bank is accessible. To gain
access to any other bank, you must use either indirect or semi-direct addressing.

For semi-direct addressing (fr=10-1F), the bank number is selected by the four high-order bits of FSR,
and the register within that bank is selected by the four low-order bits of “fr.” In other words, the
register address abtained by combining the four high-order bits of FSR with the four low-order bits

of “fr”. In this addressing mode, the low-order bits of FSR are ignored. Bank 0 through Bank F are
accessible, but the global register bankds accesble.

Figure 2-2 is a diagram simng how register addressing works in the indirect, direct, and semi-direct
modes for SX48/52BD devices.

The 15 global registers are always accessible by direct addressing, regardless of what is contained in
the FSR register. The global registers are also accessible with indirect addressing, but they are not
accessible with semi-direct addressing. Of the 15 global registers, the first nine are special-purpose
registers (RTCC, PC, STATUS, and so on), and the next six are general-purpose registers. All of the
registers in Bank 0 though Bank F are general-purpose registers.

To change the contents of the FSR register, the program can either write an eight-bit value to the FSR
register or use the “bank” instruction. The “bank” instruction writes the three high-order bits in the FSR
register and clears bit 4 without affecting the other bits in the register. Thus, the “bank” instruction lets
you quickly change from one even-numbered bank to another. To select an odd-numbered bank, you
must set bit 4 of the FSR register after you use the “bank” instruction.

2.3.4 Register Access Examples for SX48/52BD
Here is an example of an instruction that uses direct addressing:
inc $0F ;increment file register OFh

This instruction increments the contents of file register OFh in the global register bank. It does not
matter what is contained in the FSR register.
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Figure 2-2 SX48/52BD Register Access Modes
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To gain access to any register outside of the global register bank, it is necessary to use semi-direct or
indirect addressing. In that case, you need to make sure that the FSR register contains the correct val
for accessing the desired bank.

Here is an example that uses semi-direct addressing:

mov W, #$F0 ;load W with FOh
mov FSR,W ;set upper 4 bits of FSR (Bank F)
inc  $1F ;increment file register FFh

In this example, “FSR” is a label that represents the value 04h, which is the address of the FSR registe
in the global register bank. Note that the FSR register is itself a memory-mapped global register at
address 04h, which &ways accessible using directdaessing.

To use the “bank” instruction, in the syntax of the assembly langyagspecify the desired bank

number as an 8-bit address. The assembler encodes the three high-order bits of the specified value in
the instruction opcode and ignores the low-order bits, and always clears bit 4 of the FSR register (in
other words, selects an even-numbered bank). For example, to increment file register 2Fh, you could
use the followingnstructions:

bank $20 ;select Bank 2 in FSR
inc  $1F ;increment register 2Fh

Note that the “bank” instruction onipodifies the upper three (not four) bits and always clears bit 4 in
the FSR register. Therefore, to selecodd-numbered bank, you need to set bit 4 in the FSR register
using a separate “set bit” instruction. For example, to increment file register 3Fh, you could use the
following instructions:

bank $30 ;select Bank 3 in FSR (bits 7-6-5 only)
setb FSR.4 ;set bit4 of FSR register to select Bank 3
inc  $1F ;increment register 3Fh

After the FSR register has been set to the desired bank number, it is not necessary to set it again until
you need to gain access to a different bank.

With indirect addressing, you specify the full 8-bit address of the register using F@Riatea This
addressing mode provides the flexibility to access different registers or multiple registers using the
same instruction in the program.

You invoke indirect addressing by using fr=00h. For example:

mov  W.,#$F5 ;load W with F5h

mov FSR,W :move value F5hinto FSR

mov  W,#$01 :load W with O1h

mov  $00,W ;move value 0l1lh into register F5h

In the second “mov” instruction, FSR is loaded with the desired 8-bit register address. In the fourth
“mov” instruction, fr = 00, so the devicedks at FSRind moves the result to the register addressed
by FSR, which is the register at F5h (Bank F, register number 5).

A practical example that uses indirect addressing is theafiodgpprogram, which clears the upper
eight registers in the global register bank and all banks from Bank 1 through Bank F:
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clr FSR ;clear FSR to 00h (at address 04h)
loop setb FSR.3 ;set FSR bit 3
clr $00 ;Clear register pointed to by FSR
incszFSR ;increment FSR and test, skip jmp if 00h
jmp  :loop ;jump back and clear next reg.

This program initially clears FSR @Dh. Atthe beginning of theobp, it sets bit 3 oFSR so that it

starts at 08h. The “cB00” instruction clears the registeointed to by FSR (initially, the file register

at 08h in the global register bank). Then the program increments FSR and clears consecutive file
registersalways inthe upper half of each bank: (0&8h, OAh... OFh, 18h, 19h ... FFh). The loop

ends when FSR wraps back to 00h.

For addresses from 01h through OFh, the global register bank is accessed. For higher addresses, Ban
1 through Bank F are accessed. This program does not affect Bank 0, which is not accessible in the
indirect addressing mode. Bank O can be accessed only using the semi-direct mode.

2.4 Special-Function Registers

The SXinstructions can access the a set of dedicated file registers at the bottom of the data memory
and the general-purpose file registers at higher addresses. Many instructions can also access certain
non-memory-mapped registers: the Working register (W), the port control registers, the MODE
register, and the OPTION register. All of these registers are eight bits wide.

Table 2-2lists and briefly describes the dedicated file registeranememory-mapped registers that
are accessible to SX instructions.

2.4.1 W (Working Register)

The W register is the main working register used by many instructions as the source or destination of
the operation. It is often used as a temporary storage area for intermediate operations. For example, tc
add the contents aWo file registers, you must first move the contents of one file register to W and
then execute an “add” instruction to perform an addition between W and the other file register.

In the default device configurati, W is not nemory-mapped and can only be accessed by instructions
that work specifically with W as the source or destoratHowever, you can optionally make the W
available as a memory-mapped register at address 01h. To do this, first program the OBTIONX

0 in the FUSE word in the program memory. Then have your program clear the RTW bit in the
OPTION register. If you do this, the RTCC register normally at address 01h beooavashble.

2.4.2 FSR (Indirect through FSR)

The INDF register location (address 00h) is used for indirect addressing. Whenever this address is
specified as the source or destination of an operation, the device uses the register pointed to by the FS
register (address 04h). There is no actual register or data stored at address 00h.

For more information on indirect addresgj seesection 2.3
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Table 2-2 Register Summar

Register Name

Description

input signals on the REO-RE7 1/O pins. In devicetheut Port E, the regfer at
09h is a general-purpose register.

W Working Register. This is the main working register used by many instructions
as the source or destination of the operation.

INDF (00h) Indirect through FSR. There is no actual register at this memory location.|When
this address (00h) is specified as the source or destination of an operation, the
register location pointed to by FSR is accessed.

RTCC (01h) Real-Time Clockfiunter. This register can be used to keep track of elapsed
time or occurrences of transitions on the RTCC input pin.

PC (02h) Program Counter. Only the lower eight bits of the program counter are available
at this register location.

STATUS (03h) | Status. This register contains the status bits for the device such as the C|flag, Z
flag, and program memory page selection bits.

FSR (04h) File Select Register. This register specifies the bank number for direct agddress-
ing or the full 8-bit address for indirect addressing.

RA (05h) Port A Data Register. This register is used to control output signals and read
input signals on the RAO-RA7 I/O pins.

RB (06h) Port B Data Register. This register is used to control output signals and read
input signals on the RBO-RB7 1/O pins.

RC (07h) Port C Data Register. This register is used to control output signals and rfead
input signals on the RCO-RC7 I/O pins. In devices without Port C, the register at
07h is a general-purpose register.

RD (08h) Port D Data Register. This register is used to control output signals and read
input signals on the RD0O-RD7 I/O pins. In deviceshwitt Port D the register
at 08h is a general-purpose register.

RE (09h) Port E Data Register. This register is used to control output signals and read

Port Control

The port control registers are used to control the configuration of the port

10

when

Registers pins. These registers are accessed by a special-purpose instruetion,w”.

MODE MODE Register. This register controls access to the port control registers
you use the “mov Irx,W” instruction.

OPTION Option Register. This register sets some device configuration options sug

h as

the Real-Time Clock/Counter incrementing mode.
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2.4.3 RTCC (Real-Time Clock/Counter)

The RTCC register (address 01h) is an 8-bit Real-Time Clockitér used to keep track of elapsed
time or to keep a count of transitions on the RTCC input pin. The timer operating configuration is
determined by control bits in the OPTION register.

To keep track of time, you configure the timer register to be incremented once per instruction cycle or
once per multiple of the instruction cycle. Tauat externakvents, you configure the timer register to
be incremented once per rising edge or falling edge on the RTCC input pin.

The program can read or write the register at any time. A rollover from FBbht@eneris an
interrupt to the CPU if that condition is enabled as an interrupt.

For more information on the operation of the timer, Seetion 6.2

If you do not need to use the RTCC regisy@y can optionally make thvorking register (W)
available as a memory-mapped register at address 01h. For details, see the description of the W
register.

2.4.4 PC (Program C ounter)

The PC register (address 02h) contains the lower eight bits of the 11-bit or 12-bit progreen. d he
program counter is a pointer register that points to the current instruction being executed in the 2,048-
word or 4,096-word program memory. During regular program execution, the program counter is
incremented automatically once per instruction cycle. This regular sequence is altered in order to
perform skips, jumps, and subroutine calls in the application program.

For detailed information on program counter operationSseédon 2.6

2.45 STATUS (Status Register)

The STATUS register (address 03h) contains the device status bits, which are automatically set or
cleared by the device when certain events occur. The program can read this regisyetime to
determine the status of the device. The format of the register is shown belovglda@-3briefly
describes each of the register bit fields.

| PA2 | PAl | PAO | TO | PD | z | DC | C |
Bit 7 BitO

The STATUS egister is a read/write register except for the TO and PD bits, which are read-only bits.
Thosetwo bits caanot be changed by writing to th@/AUS register address.

When you write to the STATUS register, it is recommendedythatise the “setb” (set biénd “clrb”

(clear bit) instructions to control the individual flags rather than “mov” (move) instructions to move
whole register values. This is because the CPU often modifies the STATUS register bits, possibly
resulting in register values that are different from what you expect.

The individual bits of the STATUS register are described below.
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Table 2-3 STATUS Register Bits

Status Bits Description

PA2:PAO Program memory page selection bits. You set or clear these bits to specify|the pro-
gram memory page number for a jump or call instruction.

TO Watchdog timeout flag. This bit is set to 1 upon power-up and cleared to 0 when a
Watchdog timeout occurs.

PD Power Down flag. This bit is set tauhon pover-upand cleared to @hen the
“sleep” instruction is executed.

Z Zero flag. This bit is set when the result of an operation is zero.

DC Digit Carry flag. This bitis set when there is a carry out from bit 3 to bit 4 in an
addition operation and cleared when there is a borrow out from bit 3 to bit 4 in a
subtraction operation.

C Carry flag. This bit is set when there is a carry out of bit 7 in an addition operation
and cleared when there is a borrow out of bit 7 a subtraction aperttisalso
affected by the rotate-through-carry instructions.

PA2:PAO (Program Memory Page Selection Bits)

PA2:PAO are the program memory page selection bits. They are used to set the high-order bits of the
program counter for jump and call instructions. You can set thenowtiafecting the other bits in the
STATUS register by using the “page” instruction. For detailsSsegon 2.6

TO (Watchdog Timeout Flag)

TO is the Watchdog Timeout flag. It is setto 1 upon power-up and cleared to 0 when a watchdog
timeout occurs. It is set back tafion execution of the “clrwdt” (dear Watchdog timer) instruction or
“sleep” instruction. For details, s&ection

PD (Power Down Flag)

PD is the Power Down flag. It is set taiponpowerup andcleared to 0 upon execution of the “sleep”
instruction. It is set back to 1 upon execution of the “clrwdt” (clear Watchdog timer) instruction. For
details, se&ection 4.3

Z (Zero Flag)

Z is the Zero flag. This bit is affected by the execution of many types of instructions (add, subtract,
increment, decrement, move, logic operations, and so on). When one of these instructions is executec
the Z flag is set to 1 if the result is zero or cleared to O if the result is nonzero.
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DC (Digit Carry Flag)

DC is the digit carry flag. This bit is affected by the execution of instructions that add or subtract. For
an instruction that performs addition, the C flag is set to 1 if a carry occurs out of bit 3 to bit 4, or is
cleared to O otherwise. For instructions that perform subtraction, the C flag is cleared to O if a borrow
occurs out of bit 3 to bit 4, oris set to 1 otherwise. This flag can be used to implement carry-bit
functionswith single hexadecimal digits.

C (Carry Flag)

C is the carry flag. This bit is affected by the execution of the adgtibtradbn, androtate-through-

carry instructions. For an instruction that performs addition, the C flag is set to 1 if overflow occurs (a
carry out of bit 7), or is cleared to 0 otherwise. For an instruction that performs subtraction, the C flag
is cleared to O if underflow occurs (a borrow out of bit 7), or is set to 1 otherwise.

The device can be configured either to use or not use the C flag as an implicit input to addition and
subtraction operations. This option is controlled by theb@ the FUSEX Word (a word that is
programmed at the same time as the program memory). An implicit addition of the C flag can be used
to implement multiple-byte addition and subtraction algorithms.

In the default configuration, the carry flag is not used as an input to addition and subtrpetations.
In that case, the carry flag can still be added or subtracted explicitly by using a separate “test carry bit
and skip” instruction in conjunction with an “increment” or “decrement” instruction.

2.4.6 FSR (File Select Register)

The FSR register (addre@4h) is the File Select Registesad to specify the bank number for semi-
direct addressing of file registers, or the full 8-bit address for indirect addressing of file registers. The
file registers are addressed as follows:

* For semi-direct addressing, the high-order bits of FSR specify the bank number, and the instruc-
tion opcode specifies the register within the selecte#.bBhelow-order bits of FSR are ignored
in this addressing mode.

* Forindirect addressing, the FSR register specifies the full 8-bit address of the register being ac-
cessed. To invoke this mode, the instruction specifies address 00h (INDF) as the source or desti
nation of the operation.

For more information on using the FSR register for addressing the data regist&scser

2.4.7 RAthrough RE (Port Data Registers)

The RA, RB, RC, RD, and RE registers (addresses 05h, 06h, 07h, 08h, and 09h) are the I/O port data
registers for Port A through Port E. When a port is configured to operate as an output, writing to its
port data register sets the output values of the port pins. In the default operating mode, reading from
one of these register locations reads the port pins directly (not necessarily returning the values
contained in the port data register).
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For the SX48/52BD, a control bit called PORTRD in the T2CNT2 register determines how the device
reads data from its 1/O ports. Set this bit to 1 to have the device read data directly from the port I/O
pins (the default operating mode). Clear this bit to O to have the device read data from the port data
registers.

For detailed information on configuring and using the I/O portsChegter 5

2.4.8 Port Control Registers and MODE Register

The MODE register controls access to the port control registers for subsequent uses of the “MOV
Irx,W” instruction. For example, there are three registers for controlling Port A: the RA Direction
register, the PLP_A (pullup enable A) register, and the LVL_A (level selection A) register. One of these
three registers is accessed by the “mov !IRA,W” instruction, depending on the value contained in the
MODE register. For the SX48/52BD, use MODE values of OFh, OEh, or ODh, respectively to read the
RA Direction, PLP_A, and LVL_A registers; or 1Fh, 1Eh, or 1Dh, respectively to write these same
registers. On the SX18/20/28AC devices, the port control registers are write-only registers, and bit 4
of the MODE register is a “don’t care” bit.

Upon reset, the MODE register is initialized to OFh for the SX18/20/28AC or to 1Fh for the SX48/
52BD. This makes the port direction registers write-accessible to the “MOV Irx,W” instructions. In
order to access the other port control registers, you first need to write the appropriate value into the
MODE register, as indicated ifable 2-4for the SX18/20/28AC or iffable 2-5for the SX48/52BD.
MODE register values not listed in the tables are reserved for future expansion.

Table 2-4 MODE Register Settings for SX18/20/28AC

MODE Register Written by Register Written by Register Written by
Reg. mov 'RA,W mov 'RB,W mov |RC,W
X8h Exchange CMP_B
X9h Exchange WKPND_B
XAh WKED_B
XBh WKEN_B
XCh ST B ST C
XDh LVL_A LVL_B LVL_C
XEh PLP_A PLP B PLP_C
XFh RA Direction RB Direction RC Direction
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Table 2-5 MODE Register Settings for SX48/52BD
MODE Reg. | mov 'RAW mov 'RB,W mov IRC,W mov |RD,W mov IRE,W

00h Read T1CPL Read T2CPL

01lh Read T1CPH Read T2CPH

02h Read T1R2CML Read T2R2CML

03h Read TIR2CMH Read T2R2CMH

04h Read TIR1CML Read T2R1CML

05h Read TIR1CMH Read T2R1CMH

06h Read TICNTB Read T2CNTB

07h Read TICNTA Read T2CNTA

08h Exchange CMP_B

0%h Exchange WKPND_B

0Ah Write WKED_B

0Bh Write WKEN_B

0Ch Read ST_B Read ST_C Read ST _D Read ST_E

0Dh Read LVL_A | Read LVL_B Read LVL_C Read LVL_D| ReadLVL_E

OEh Read PLP_A Read PLP_B Read PLP_C Read PLP_|D Read PLR_E

OFh Read RA Read RB Read RC Read RD Read RE
Direction Direction Direction Direction Direction

10h Clear Timer T1 Clear Timer T2

11h

12h Write TIR2CML Write T2R2CML

13h Write TAIR2CMH Write T2R2CMH

14h Write TIR1CML Write T2R1CML

15h Write TIR1CMH Write T2R1CMH

16h Write TICNTB Write T2CNTB

17h Write TLICNTA Write T2CNTA

18h Exchange CMP_B

19h Exchange WKPND_B

1Ah Write WKED_B

1Bh Write WKEN_B

1Ch Write ST_B Write ST_C Write ST D Write ST _E

1Dh Write LVL_A | Write LVL_B Write LVL_C Write LVL_D |Write LVL_E

1Eh Write PLP_A | Write PLP_B Write PLP_C Write PLP_D|  Write PLP_H

1Fh Write RA Write RB Write RC Write RD Write RE
Direction Direction Direction Direction Direction

After you write a value to the MODE register, that setting remains in effect until you change it by
writing to the MODE register again. For example, you can write the value 1Eh to the MODE register
just once, and then write to each of the three pullup configuration registers using the three “mov !rx,W”

instructions shown at the topTable 2-4

For detailed information on configuring and using the I/O portsChegter 5
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2.4.9 OPTION (Device Option Register)

The OPTION register sets several device @umfation options, mostly related to operation of the
Real-Time Clock/Counter. The format of the register is shown below. Upon reset, all bits in this
register are set to 1.

| RTW | RTE_IE | RTS | RTE_ES | PSA | PS2 | PS1 | PSO |
Bit 7 Bit0

RTW Bit: RTCC or W at address 01h

Clear theRTW bit to 0 to make W available as a memory-mapped register at 8dtireSst the RTW

bitto 1 for the default register configuration, with RTCC at address 01h. Before you can clear the RTW
bit, the option must be enabled by programming the OPTI®NXo O in the FUSE word in the
program memory.

RTE_IE Bit: RTCC Rollover Interrupt Enable

Clear the RTE_IE bit to 0 to enable the interrupt that occurs upon rollover of the RUGEr cor set
this bit to 1 to disable the interrupt. Before you can clear the RTE_IE bit, the option must be enabled
by programming the OPTIONHKit to O in the FUSE word in the program memory.

RTS Bit: RTCC Trigger Selection

Clear theRTS bitto O to have the RTQGflioter incremented automatically with each instruction cycle

(or a specified number of instruction cycles). This mode can be used to implement a real-time clock.
Set the RTS bit to 1 to have the RTCéliater incremented once each time a transition is detected on

the RTCC input pin (or a specified number of transitions). This mode can be used as an external even
counter.

RTE_ES: RTCC Input Edge Select

When the RTCCaunter isconfigured to ounttransitions received on the RTCC pin (when RTS=1),
the RTCC bit specifies the type afjsal edges detected on the RTCC pin. Set RTE_ES to 1 to detect
high-to-low transitions on the RTCC pin. Clear RTE_ES to 0 to detect low-to-high transitions on the
RTCC pin.

PSA Bit: Pres caler Assignment

Clear the PSA bit to 0 to have the internal prescaler operate with the Real-Time Clock/Counter. In that
case, the RTCC counter is increntezhonce every n instraon cycleswith the number n determined
by the PS2:PSO0 bits; and the Watchdog timer operates at the default rate.

Set the PSA bit to 1 to have the internal prescaler operate with thbddGitmer. Inthat case, a
Watchdog reset is generated after n timeouts of the Watchdog timer register, with the number n
determined by the PS2:PS0 bits; and the RTCC register is incremented once per instruction cycle or
external event.
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PS2:PSO0 Field: Prescaler Divide-By Factor

Use this bit field in conjunction with the PSA bit to specify an operating rate for the RTCC timer or
Watchdog timer that is lower than the default rafable 2-6 shows the clock divide-by factors
determined by these bits. Note that for a given setting, the divide-by factor depends on whether you
use the prescaler register with the RTCC timer (PSA=0) or with thehdttcimer(PSA=1). For the

RTCC timer, the timer is incremented once every 2, 4, 8 256nstruction cycles or external events.
For the Watchdog timer, a Watchdog reset is triggered after 1, 2, 4,28 averflows of the Watchdog
timer register.

Table 2-6 Prescaler Divide-By Factors

PS2:PSO . .RTCC Timer Input thchdog Timer Output
Divide-By Factor (PSA=0) Divide-By Factor (PSA=1)

000 2 1 (timeout = 0.018 sec)
001 4 2 (timeout = 0.037 sec)
010 8 4 (timeout = 0.073 sec)
011 16 8 (timeout = 0.15 sec)

100 32 16 (timeout = 0.29 sec)
101 64 32 (timeout = 0.59 sec)
110 128 64 (timeout = 1.17 sec)
111 256 128 (timeout 2.34 sec)

For detailed information on the Real-Time Clood(@ter and Watchdog timer, s€bapter 6

2.5 Instruction Execution Pipeline
The CPU executes in program in a 4-stage pipeline consisting of the following stages:
* Fetch the instruction from program memory.
« Decode the instruction opcode.
» Execute the operation.
» Write the result to destination register.

Each execution stage requires one instruction cycl&éoAbh it tkes four cycles to complete the
execution of each instruom, an oerall thoughput of one instruitin per clock cycle is achieved by
overlapping successive operations in the pipeline. For examphyle 2-7shows the sequence of
operations carriedut as the CP@xecutes the first six instructions of a program.
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Table 2-7 Pipeline Execution Sequence
Program Clock Clock Clock Clock Clock Clock
Instruction Cyclel | Cycle2 | Cycle3 | Cycled4 | Cycle5 | Cycle6 | etc.
18t instruction Fetch Decode Execute Write
2" instruction Fetch Decode Execute Write
3 instruction Fetch Decode Execute Write
4N instruction Fetch Decodd  Execute
5™ instruction Fetch Decode
6! instruction Fetch

As long as the normal flow of the program is not intpted, the device performs four pipeline
operations in parallel, thus achieving an overall throughput of one instruction per clock cycle, or 50
MIPS with a 50 MHz clock in the “turbo” clocking mode.

2.5.1 Clocking Modes

The SX device can be configured to operate in either the “turbo” or “compatible” mode. In the “turbo”
mode, instructions are executed at the rate of one per clock cycle, and one clock cycle is the same as
one instruction cycle. In the “compatible” mode, instructions are executed at the rate of one per four
clock cycles, and four device clock cycles are required for each instruction cycle. For more information
on these clocking modes, s&ection 4.2.1

2.5.2 Pipeline Delays

Any instruction or interrupt condition that alters the normal program flow will take at least one
additional instruction cycle. For example, when a test-and-skip instruction is executed and the tested
condition is true, the next instruction in the program is skipped. The next instruction occupies space
and takes up time in the pipeline whether or not it ismd. As a result, a skipped instruction causes

a delay of one instruction cycle when askip occurs. The test-and-skip instruction is described as takin
one cycle if the tested condition is false or two cycles if the tested condition is true.

The call, jump, and return-from-interrupt instructions reload the program counter and cause the
program to jump to an entirely new location in program memory. As a result, the instructions in the
pipeline are discarded, causing a multi-cycle delayagmm execution. Each call, jump, and return-
from-interrupt instruction takes two, three, or four cycles for execution, depending on the specific
instruction and the device clocking mode. For details, see the instruction descripGbapiar 3

For the same reason, the triggering of an interrupt causes a pipeline delay. For an RTCC interrupt, the
delay is three cycles. For a Multigut Wakeup interrupt, the delay is five cycles (two cycles for
interrupt synchonization and a three-cycles pipeline delay).
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2.5.3 Read-Modify-Write Considerations

A “read-modify-write” instruction is an instruction thapeates by reading a register, modifying the
value, and writing the result back to the register. Any instruction that writes a new value to a register
that depends on the existing value is a read-modify-write ingiruciome examples ardrb fr.bit”

(clear bit), “setb fr.bit” (set bit), “add fr,w” (add W to file register), and “dec fr” (decrement file
register). The “set bit” instruction, for example, does not simply set one bit and ignore the others.
Instead, it reads the whole register, clears the specified bit, and writes the whole result back to the
register.

When you use successive read-modify-write instructions on a port data register, you might get
unexpected results at very high clock rates (such as 50 MHz). ydienrite to an 1/0 portyou write

to the port data register; but when you read a port, you read the actual voltage on the I/O port pin (in
the default operating mode). There is a slight delay from the time that the data port is written and the
time that the output voltage changes to the programmed level.

When you use two successive read-modify-write instruction on the same 1/O port, the “write” part of
one instruction might not occur soon enough before the “read” part of the very next instruction,
resulting in getting “old” data for the second instronti (Remerhber that successive instructions are
executed in parallel, one behind the next in the pipeline.)

To ensure predictable results, avoid uging successive read-modify-write instructions that access
the same port data register. For exampte} caninsert a “nop” instruction between two such
instructions in the program.

2.6 Program Counter

The program counter is an 11-bit or 12-bit register that points to the current instruction being executed
in the 2,048-word or 4,096-wordggrammemory (depending on the SX device type). The eight low-
order bits of the programoanter are dectly accessible as a file register called the PC register, at
address 02h. The higher-order bits are not directly accessible.

During regular program execution, the whole 11-bit or 12-bit progcaomter is incremented
automatically once per instruction cycle. This regular sequence is altered in order to perform skips,
jumps, subroutine calls, and interrupt processing.

Upon power-up or reset, the prograouanter isloaded with the highest program address (7FFh or
FFFh). This memory locatialypically contains an instruction to jump to an initialization routine.

All interrupts cause the program counter to be loaded 060h, the bottom program dalress.
Therefore, if interrupts are used, the bottom memory segment must contain the interrupt service
routine.
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2.6.1 Testand Skip

There are several instructions that test a dmmand cause the next instruction to be skipped if the
condition is true. For example, the “SB fr.bit” instioct tests a bit in alé register and skips the next
instruction if that bitis set to 1.

When a skip occurs, the prograwuater is incremented kiwo rather than one upon conclusion of the
test-and-skip instruction, and the skipped instruction (which is already being processed in the pipeline)
is canceled. There is a delay of one clock cycle caused by the skip operation.

2.6.2 Jump Absolute

The “JMP addr9” instruction causes the program to jump to a new location by loading a new value into
the program counter. The lower nine bits of the new value come from a 9-bit field in the instruction
opcode. The upper bits of the new value come from the PA2:PAO bits ofTT&JS register.

Therefore, the PA2:PAO bits of thef/AUS register must be pre-loaded with the dest#8word

page number before the jump instruction is executed.

For example, if the jump destination is address 7EOh in the program memory,the PA2:PAO bits in the
STATUS register must be set to 011 before you execute the “JMP addr9” instruction. You can use the
following seqence of instructions to perform the jump:

setb $03.5 ;set bit5in STATUS register (PAO)

setb $03.6 ;set bit 6 in STATUS register (PA1)

clrb $03.7 ;clear bit 7 in STATUS register (PA2)

jmp  $1EO ;jump to program memory address 7EQOh

In this example, the desired jump address is 7EOh. The lower nine bits of this address are specified by
the “JMP addr9” instruction as 1EOh, and tipgper three bits are obtained from the PA2:PAO bits (bits
7:5) in the SATUS register, which are setto 011 prior to the “ymp” instruction.

Another way to achieve the same effect faster and with fewer instructions is to use the “page”
instruction to set the PA2:PAO bits in the STATUS register:

page $600 ;set page to 600h (PA2:PAO = 011 binary)
jmp  $1EO ;jump to program memory address 7EOh

The “page” instruction sets the values of the PA2:PAO bits without affecting other bits in the STATUS
register. It does this in just one clock cycle. You specify a 12-bit value in the instruction and the
assembler encodes the three high-order bits of the value into the instruction (and ignores the lower-
order bits). When you execute the instruction, it sets the PA2:PAQ bits imMAIRJS register
accordingly.

Note that is necessary to setthe PA2:PAOQ bits prior to the “jmp” instruction only if they do not already
contain the desired page number. You can set them just once and then use any number of “jmp”
instructions as long as you stay within the same 512-word page in the program memory.

A “JMP addr9” instruction takes two clock cycles in the “compatible” clocking mode or three clock
cycles in the “turbo” clocking mode. (For information on clocking modesSeeton 4.2.
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2.6.3  Jump Indirect and Jump Relative

Instead of using the “JMP addr9” to specify an absolute jump destinaiu can cause a jump by
modifying the PC register (file register address 02h), which holds the lower eight bits of the program
counter.

For example, to perform an indirect jump, you can move a new value from W to PC, as in the following
example:

mov  W,$0B ;load W with 8-bit jump address from file reg.
mov  $02,W ;load PC with new address (lower 8 bits only)

To perform an indirect relative jump (a jump of a certain number of memory locations forward or
backward from the next instruction), you can add W to PC or subtract W from PC, as in the following
example:

mov  W,#$04 ;load W with the immediate value 04h
add $02,W increase PC by 4 (jump forward 5 instructions)

You can use an indirect jump to implement a multiple-braociditional jump (for example, to jump
to one of four different routines based on a calculation result).

If you peform a jump by modifying the PC register, you can only jump to a location within the same
256-word segment in the program memory. This is because you can only modify the lower eight bits
of the program counter. To jump across a 256-word boundary, use the “PAGE addrl2” and “JMP
addr9” instructions.

A jump performed by modifying the PC register with a “mov” or “add” instruction takes four clock
cycles in the “compatible” clocking mode or three clock cycles in the “turbo” clocking mode.

2.6.4 Call

The “CALL addr8” instruction calls a subroutine. It works just like a “JMP addr9” instruction, with
the following diffeences:

* The “call” instruction saves the full prograraunter \alue, incremented by one, on the program
stack. This allows the program to later return from the subroutine and continue execution with
the instruction immediately following the call.

* The “call” instruction only specifies the lower eight bits (rather than the lower nine bits) of the
jump address. The ninth bit (bit 8) of the jump address is always 0. Therefore, the subroutine must
start in the bottom half of a 512-word page in the program memory (000h to OFFh, 200h to 2FFh,
etc.).

Figures 2-3and2-4 show how the prograeounter is laded for a “ymp” instruction and for “call”
instruction, respectively. In either case, the PA2:PAO bits must contain the desired 512-word page of
the program memory before the “jmp” or “call” instruction is executed. These bits can be easily
changed with the “page” instruction.
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Figure 2 -3 Program Counter Loading for Jump Instruction
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BITS 11:8 OF PC (7:0)

PROGRAM COUNTER

Figure 2-4 Program Counter Loading for Call Instruction

When a “call” instruction is executed, the CPU does the following:
* Increments the stack pointer and stores the full programter contents othe program stack.

» Loads the lower eight bits of the program counter (the PC register) with the 8-bit value specified
in the instruction opcode.

* Clears the ninth bit (bit 8) of the programunter to 0.
» Copies the PA2:PAO bits into the high-order bit positions of the stack pointer (bits 11:9).

Like the “jmp” instruction, the “call” instruction takéso clock cycles in the “compatible” mode or
three clock cycles in the “turbo” clocking mode.

2.6.5 Return

A subroutine called by the “call” instructions is terminated by a “return” instruction. The “return”
instruction restores the full value to the prograsanter from the stack. This causes the program to
jump back to the instruction immediately follmg the “call” instruction that called the subroutine.

Itis not necessary to setthe PA2:PAO bits inthe STATUS register in order to return to the correct place
in the program. This is because the full program address is saved on the stack in a “call” instruction
and fully restored by a “return” instruoti. Trerefore, the program always returns to the instruction
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immediately following the “call” instruction, even for a subroutine call across page boundaries. The
PA2:PAO bits are ignored by “return” instructions.

There are several different “return” type instructions available in the instruction set. Some are for
returning from subroutines and other are for returning from interrupts. All of them are listed and
described inTable 2-8 For more information on interrupts, Sekapter 6

Table 2-8 Return-from-Subroutine/Interrupt Instructions

Option Bits Description

RET Return from Subroutine. This is an ordinary return from subroutine. It does|not
affect any registers or flags.

RETP Return from Subroutine Across Page Boundary. This instruction works like the

RET instruction, but also writes bits 11:9 of the return address (the address of the
instruction immediately following the CALL instruction) to the PA2:PAO bits of
the STATUS egister. This automatically configures the PA2:PAO bits to select
the current page, allowing a subsequent same-page jump or call to be executed
without another “page” instruction.

RETW #lit Return from Subroutine with Literal in W. This instruction works like the RET
instruction, except that it loads a literal value into W before returning from the
subroutine. A sequence of these instructions can be used imctan with a
PC-adjustment instruction to implement a data-lookup table.

RETI Return from Interrupt. This instruction restores the progamier and the W,
STATUS, and FSR registers that were saved upon occurrence of the interrupt.
(Note that the program stack is not used for interrupt processing.)

RETIW Return from Interrupt and Adjust RTCC with W. This instruction works like the
RETI instruction, but lso adds W to the RTCC register. This can be used to
adjust the RTCG@ounterback to the value in contained upon occurrence of the
interrupt.

2.7 Stack

When a “call” instruction is executed, the full address of the instruction immediately following the
“call” instructions is pushed onto the program stack. Upon return from the subroutine, the full address
is popped from the stack and restored to tlogm@m counter, causing execution to resume with the
instruction immediately following the “call” instruction.

The stack is a last-in, first-out (LIFO) data buffer, 12 tiide (11 bits wide fothe SX18/20/28AC)
and eight levels deep. The eight levels of the stack allow subroutines be nested, one within another, uj
to eight levels deep.

In the default device configurati, the stack isrhited to two levels. In general, however, the stack
should be configured to eight levels because there is no reason to limit the stack size. This option is
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controlled by the STACKit in the FUSE word register (aregister programmed at the same time as
the program memory).

The stack is not memory-mapped and there are no “push” or “pop” instructions in the instruction set.
Therefore, the program stack is not directly accessible to the program and is not used for any purpose
other than to save and restore program memory addresses, which is done implicitly by “call” and
“return” instructions.

There is no “stack pointer” for this stack. Instead, the device simply moves all the data words down or
up the stack for each “call” or “return” instruction executed, as indicatédunes 2-5and2-6.

| PROGRAM COUNTER (11:0) |

v

STACK 1
STACK 2
STACK 3
STACK 4
STACK 5
STACK 6
STACK 7
STACK 8 ¢

“— — <«

“«— “— — <

STACK 8 CONTENTS
ARE DISCARDED

Figure 2-5 Stack Operation for a “Call” Instruction

| PROGRAM COUNTER (11:0) |

STACK 1
STACK 2
STACK 3
STACK 4
STACK 5
STACK 6
STACK 7
STACK 8 T

> —> —»

—> > > —>

L STACK 8 CONTENTS
ARE LEFT UNCHANGED

Figure 2 -6 Stack Operation for a “Return” Instruction

For a “call” instruction, the device copies the contents of the whole program counter to the top stack
location, and existing words in the stack are moved down by one stackioaty cata word in the
bottom stack location is lost.
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For any type of return-from-subroutine instruction (RET, RETP, or RETW lit), the device copies the
contents of the top-level stack location into the prograomter, and existing words in the stack are
moved up by one stack location. The bottom stack location is left unchanged.

If you attempt to nest subroutines beyond eight levels, or if you execute a return-from-subroutine
instruction without a prior corresponding “call” instruction, unpredictable results will occur because
an incorrect address will be copied to the program counter.

The stack is not used for interrupt processing and is therefore not involved in the return-from-interrupt
instructions (RETI and RETIW). For information on interrupt processing;lsapter 6

2.8 Device Configuration Options

The SX device has three 12-bit configuration registers that can be read or written at the same time the
the instruction memory is programmed:

 FUSE word register, memory-mapped in the program memory at FFFh (SX18/20/28AC) or
1FFFh (SX48/52BD)

* FUSEX word register, accessible by a deviagpamming command
« DEVICE word register, a read-only word accessible by a device programming command

These registers are not accessible to the application program at run time. They can only be read or
written when the device is set up for programming the instruction memory.

The register formats are shown Figure 2-7 and the configuration fields within the registers are
explained iMable 2-9 Table 2-1GandTable 2-11Note that the format of the FUSEX register depends
on the SX device type (SX18/20/28AC or SX48/52BD).
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FUSE Word (Read/Program at FFFh or 1FFFh in main memory map)
TURBO | SYNC | OPTIONX | STACKX | IRC |DIV2 | DIV1 |DIVO | CP | WDTE| FOSCl| Foscq
Bit 11 Bit 0

FUSEX Word for SX18/20/28AC (Read/Program via Programming Command)
\ Preset| |RCTR|M2| IRCTR|M1| IRCTRIMO| Preset| _CF| BOR1| BORO| RAM1| RAMO| MEM1| MEMO
Bit 11 Bit O

FUSEX Word for SX48/52BD (Read/Program via Programming Command)
‘SLEEPCLK| WDRT2| WDRT]| WDRTq “CF | IRCTRIM2| IRCTRIM1| IRCTRIMO| Res|. Res%. Boql Boq
Bit 11 Bit 0

DEVICE Word (Hard-Wired Read-Only)
| Part ID Code: FFEh for SX18/20/28AC or 001h for SX48/52BD
Bit 11 Bit 0

Figure 2 -7 Device Configuration Register Formats
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Table 2-9 FUSE Word Register Configuration Bits (Sheet 1 of 2)

Option Bits Description

TURBO Turbo Mode. Set to 1 for “compatible” mode, in which the instruction rate oper-
ates at one-fourth the oscillator clock rate. Set to O for the turbo mode, in which
the instruction rate is equal to the oscillator clock rate.

SYNC Synchronous Input Mode (for turbo mode operation). Set to 1 to disable or|clear
to O to enable.This bit allows an input signal to be syoralzed with internal
clock throughtwo internal flip-flops.

OPTIONX OPTION Register Extension. Set to 1 to disable the programmability of bit 6 and
bit 7 in the OPTION register, the RTW and RTE_IE bits (in other words, to force
these two bits to 1Clear to 0 to enable programming of the RTW and RTE_|E
bits in the OPTION register.

STACKX Stack Extensin. Set to 1 to limit the stack sizetwo locations. Clear to 0 to
extend the stack size to eight locations.

IRC Internal RC Oscillator. Set to 1 to disable the internal oscillator and have the
OSC1 and OSC2 pins operate as defined by the FOSC1:FOSCO bits. Clear to 0 to
enable the internal oscillator, and to have the OSC1 pin weakly pulled low and

the OSC2 pin weakly pulled high.

DIV2:DIVO Internal RC Oscillator Divider. This field sets the divide-by factor for generating
the instruction clock from the internal oscillator when the internal oscillator fis
enabled (IRG= 0). The nominal instruction rate is determined by DIV2:DIVO |as

follows:
000 = 4 MHz
001 =2 MHz
010 =1 MHz
011 = 500 kHz
100 = 250 kHz
101 =125 kHz
110 = 62.5 kHz
111 =31.25 kHz
CP Code Protection. Set to 1 for no code protection. Clear to O for code protegtion.

With code protection, the program code and configuration registers read back as
scrambled data. This prevents reverse-engineering of your proprietary code and
configuration options.
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Table 2-9 FUSE Word Register Configuration Bits (Sheet 2 of 2)

Option Bits Description
WDTE Watchdog timer enable. Setto 1 to enable the Watchdog timer. Clear to O to dis-
able the Watchdog timer.
FOSC1: External Oscillator Configurain. This field sets up the device to operate with a
FOSCO particular type of external oscillator when the device is configured to opera

e

with an external oscillator (RE€ 1). The type of external oscillator is determined

by FOSC1:FOSCO as follows:

00 = LP — low-power crystal

01 = HS — high-speed crystal

10 = XT — normal crystal

11 = RC network — OSC2 is weakly pulled high and no CLKOUT output

Table 2-10 FUSEX Word Register Configuration Bits for SX18/20/28AC

ne reg-

Hz

ns
arry

Option Bits Description

Preset Preset factory-configured bits. Do not alter these bits when you program t
ister.

IRCTRIM2: Internal RC Oscillator Trim. This 3-bit field adjusts the operation of the internal

IRCTRIM RC oscillator to make it operate within the target frequency range of 4.0 M
plus or minus 8%. Parts are shipped from the factory untrimmed. The devige
relies on the programming tool to provide the trimming function.

CF Carry Flag Input. Set to 1 to ignore the carry flag aputito additiorand sub-
traction operations. Clear to 0 to add the carry flag into all addition operatio
(ADD fr,W means fr =fr + W + C); and to subtract the complement of the c
flag from all subtraction operations (SUB fr,W means fr = fr — W — /C).

BOR1: Brown-Out Reset.

BORO 00b = Brown-Out enabled
01lb = Reserved
10b = Reserved
11b = Brown-Out disabled
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Table 2-10 FUSEX Word Register Configuration Bits for SX18/20/28AC

the device. To do so, use one the following MEM1:MEMOQisgét
00 =1 page (512 words), 1 bank

01 =1 page, 2 banks

10 = 4 pages, 4 banks

11 = 4 pages, 8 banks (default)

Option Bits Description
RAML1: Configured Number of RAM Banks. Thetseo factory-configured bitsreuld
RAMO not be changed unlegsu want to reduce the configured amount of RAM in the
device. To do so, use one the faliag RAM1:RAMO settings:
00 = 1 bank
01 = 2 banks
10 = 4 banks
11 = 8 banks (default)
MEML1.: Configured Memory Size. Thesso factory-configured bits should not be
MEMO changed unlesguwant to reduce the configured amount afgmam memory ir

I

Table 2-11 FUSEX Word Register Configuration Bits for SX48/52BD

Option Bits Description

SLEEPCLK Sleep Clock Disable. Clear this bit to 0 to enable operation of the clock during
sleep mode (to allow fast start-up). Set this bitto 1 to disable clock operatign dur-
ing sleep mode (to reduce power consumption).

WDRT2: Delay Reset Timer (DRT) timeout period. This 3-bit field can be used to specify

WDRTO the DRT timeout period that results in an automatic wake-up from the sleep
mode:
100 = 0 msec (no delay)
101 = 0.06 msec
110 = 7.68 msec
111 =18.4 msec (efault)
000 = 60 msec
001 = 480 msec
010 = 960 msec
011 = 1920 msec
For fast start-up from the sleep mode, clear the SLEEPCLK bit and set the
WDRT2:WDRTO field to 100. This will keep the clock operating during the sleep
mode and allow a zero start-up delay.

CF Carry Flag Input. Set to 1 to ignore the carry flag aspatito additiorand sub-
traction operations. Clear to O to add the carry flag into all addition operations
(ADD fr,W means fr =fr + W + C); and to subtract the complement of the carry

flag from all subtraction operations (SUB fr,W means fr = fr — W — /C).
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Table 2-11 FUSEX Word Register Configuration Bits for SX48/52BD

Option Bits Description
IRCTRIM2: Internal RC Oscillator Trim. This 3-bit field adjusts the operation of the internal
IRCTRIM RC oscillator to make it operate within the target frequency range of 4.0 MHz
plus or minus 8%. Parts are shipped from the factory untrimmed. The devige
relies on the programming tool to provide the trimming function.
BOR1: BORO | Brown-Out Reset; factory preset values. Bits should not be changed unless

brown-out feature is to be disabled. Set bits to “11b” to disable.
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3.1 Introduction

The Scenix SX microcontrollers use a RISC (Reduced Instruction Set Computer) architecture. In this
type of architecture, the instruction set is limited in complexity and diversity, but the instructions can
be executed very fasydically at a ate of one instruction per clock cycle. High performance is
achieved by executing many simple instructions very fast.

The instruction set consists entirely of single-word (12-bit) instructions, most of which can be executed
at a rate of one instruction per clock cycle, for a total throughput of up to 50 MIPS (million instructions
per second) when the device operates with a 50 MHz clock. The only common instructions that take
more than one clock cycle to execute are those that control program flow, such as call and return
instructions, and test-and-skip instructions that resultin a skip.

3.2 Instruction Operands

An SX program consists of a sequence of instructions stored in the device program memory. Each
instruction, when executed, changes the data contained in one or more device registers. All data
registers are eight bits wide.

Most of the device registers are memory-mapped. Each memory-mapped register occupies an addres
in the data memory address space, and can be accessed by the “mov” instructions of the SX instructio
set. An instruction refers to a memory-mapped register by specifying a 5-bit “fr” (file register) value

in the instruction. Multiple sets or “banks” of registers are available, as specified by the File Select
Register (FSR). For more information on register addressing modé&xdem 2.3

The W (Working) register is used in many of the instructions but is not memory-mapped. It is often
used as the source or destination of an operation. The letter “W” represents this register in the syntax
of the assembly language.

There are several dedicated-purpose registers and many general-purpose registers in the data memor
address space, organized as described in Chapter 2. The exact number of registers and their
organization depend on the specific SX device type.

The source data for an operation can be provided by the instructodeojiselfrather than a register.
An operand provided this way is called an “immediate” operand. In the syntax of the assembly
language, the “number” or “pound” character (#) indicates an immediate value. Here is one example:

mov  W,#$0F :move immediate value OFh into W
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The immediate value OFh is loaded into the W register. The 8-bit immediate value occupies an eight-
bit field in the instruction opcode.

3.3 Instruction Types
The instructions are divided into the following categories:
* Logic Instructions
* Arithmetic and Shift Instructions
« Bitwise Operation Instructions
» Data Movement Instructions
* Program Control Instructions
» System Control Instructions

The following subsections describe the characteristics of the instructions in these categories.

3.3.1 Logic Instructions

Each bgic instructiorperforms a standard logical operation (AND, OR, exclusive OR, or logical
complement) on the respective bits of the 8-bit operands. The result of the logic operation is written to
W or to a file register.

All of these instructions take one clock cycle for execution.

3.3.2 Arithmetic and Shift Instructions

Each arithmetic or shift instruction performs an operation suctidissaibtact, rotate left or right
through carry, increment, decrement, clear to zero, or swap high/low nibbles.

The device can be configured either to use or not use the carry flag as an implicit input to addition and
subtraction operations. This option is controlled by theb@fnh the FUSEX Word (a word that is
programmed at theame time ashe pogrammemory). In the default configurat, the carry flag is

not used as an input to these operations. In that case, the carry flag can still be added or subtracted
explicitly by using a separate “test carry bit” instructionamjanction with an “increment” or
“decrement” instruction.

There are instructions are available that increment or decrement a register and simultaneously test the
result. If the 8-bit result is zero, the next instruction in the program is skipped. These instructions can
be used to make program loops.

All of the arithmetic and shift instructions take one clock cycle for execution, except in the case of the
test-and-skip instructions when the tested condition is true and a skip occurs.
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3.3.3  Bitwise Operation Instructions
There are four bitwise operation instructions:
* ‘“setb” sets a single bit to 1 in a data register without affecting other bits
« “clrb” clears a single bit to 0 in a data register without affecting other bits
* “sb”tests a single bitin a data register and skips the next instruction if the bit is setto 1
* “snb”tests a single bit in a data register and skips the next instruction if the bit is cleared to O

Any bit inany memory-mapped register can be set, eldaortested individually, including bits in the
program counter, FSR register, and STATUS register. These instructions are often used to set, clear,
and test bits in theTATUS register.

All of the bitwise operation instructions take one clock cycle for exag@xcept in the case of the
test-and-skip instructions when the testeddition is true and a skip occurs. If a skip instruction is
immediately followed by a PAGE or BANK instruction (attte tested ondition is true) then two
instructions are skipped and the operation consumes three cycles. This is useful for conditional
branching to another page where a PAGE instruction precedes a JMP. If several PAGE and BANK
instructions immediately follow a skip instruction then they are all skipped plus the next instruction
and a cycle is consumed for each.

3.34 Data Movement Instructions

Each data movement instruction moves a byte of data from one register to another, or performs an
operation on the contents of a source register and simultaneously moves the result intoou (wit
affecting the source register). The following operations can be performed simultaneously with data
movement into W: add, subtract, complement, increment, decrement, rotate left, rotate right, and sway.
high/low nibbles.

Instructions are also available that simultaneously increment or decrement the contents of a register,
move the result into W, and test the result. If the 8-bit result is zero, the next instruction in the prograrn
is skipped.

Additional data movement instructions are provided to access the port control registers, the MODE
register, and the OPTION register, which are not accessible as ordinary file registers.

All of the data movement instructions take one clock cycle for execution, except in the case of the test-
and-skip instructions when the tested condition is true and a skip occurs.

3.3.5 Program Control Instructions

Each program control instruch alters thdlow of the program by changing the contents of the
program counter. Included in this category are the jump, call, and return-from-subroutine instructions.

The “jmp” instruction has a single operand that specifies the new address at which to resume executior
The new address is typically specified as a label, as in the following example:
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snb STATUS.O ;check carry bit and skip next if C=0
jmp do_carry ;Jjump to do_carry routine if C=1
do_carry ;jump destination label

;program execution continues here

If the carry bit is set to 1, the “jmp” instruction is executed and program execution continues where the
“do_carry” label appears in the program.

The “call” instruction works in a similar manner, except that it saves the contents of the program
counter before jJumping to the new address. Therefore, it calls a subroutine that can be terminated by
any of several “return” instructions, as shown in the following example:

call add_2bytes ;call subroutine add_carry
;subroutine results used here

add_2bytes ;subroutine label
:subroutine code here
ret :return from subroutine

Returning from a subroutine restores the saved progoamier contets, which causes program to
resume execution with the instruction immediately foifgy the “call” instruction.

A program memory address contains 12 bits (or 11 bits for the SX18/20/28AC). The “jmp” instruction
specifies only the lowest nine bits of the jump address and the “call” instruction specifies only the
lowest eight bits of the call address. For information on how the device handles the higher-order
program address bits, sBection

An indirect (register-specified) jump can be accomplished by moving the desired jump address from
W to the PC register (mdd02W). An indirect relative jump can be accomplished by adding W to the
PC register (add $02,W).

Program control instructions such as “jmp,” “call,” and “ret” alter the normal program sequence.
Therefore, when one of these instructions is executed, the execution pipeline is automatically cleared
of pending instructions and refilled with new instructions, starting at the new program address.
Because the pipeline must be cleared, multiple clock cycles are required for execution. The typical
execution time for one of these instructionsaie orthree clock cycles, depending on the specific
instruction and the device configuration mode (“compatible” or “turbo” clocking mode). For the exact
number of clock cycles required, see the instruction set summary tables or the detailed instruction
descriptions.

3.3.6  System Control Instructions

A system control instruction performs a special-purpose operation that sets the operating mode of the
device or reads data from the program memory. Included in this category are the following
instructions:

* “bank” loads a bank number into the FSR register

* ‘“iread” reads a word from the program memory
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* “page” writes the page number bits in tHABJS register
* ‘“sleep” places the device in the power down mode

All of these instructions take one clock cycle for execution, except in the case of the “iread” instruction
in the “turbo” device clocking mode, which takes four clock cycles.

3.4 Instruction Summary Tables

Tables 3-Ithrough3-6 list all of the SX instructions, organized byegary. For each instruction, the
table shows the instruction mnemonic (as written in assembly language), a brief description of what
the instruction does, the number of instruction cycles required for execution, the binary opcode, and
the status flags affected by the instruction.

The “Cycles” columntypically shows a value of 1, which means that the overall throughput for the
instruction is one per clock cycle. In some cases, the exact number of cycles depends on the outcome
of the instruction (such as the test-and-skip instructions) or the clocking mode (Compatible or Turbo).
In those cases, all possible numbers of cycles are shown in the table.

The instruction execution time is derived by dividing the oscillator frequency be either one (Turbo
mode) or four (Compatible mode). The divide-by factor is selected through the FUSE Word register

The detailed instruction descriptions iBection 3.5fully explain the operation of each instruction,
including the flags affected, the number of cycles required for execution, and usage examples.
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Table 3-1 Logic Instructions
Cycles
Syntax Description Opcode Hags
Comp. | Turbo
AND fr, W | AND of fr and W into fr 1 1 | 0001 O11f ffff z
AND W, fr | AND of W and fr into W 1 1 | 0001 O10f ffff z
AND W, #lit | AND of W and Literal into W 1 1 | 1110 kkkk kkkk z
NOT fr Complement of fr into fr 1 1 | 0010 O11f ffff Z
OR fr, W OR of fr and W into fr 1 1 | 0001 OOXf ffff z
OR Wi fr OR of W and fr into fr 1 1 | 0001 OOOf ffff Z
OR W #lit OR of W and Literal into W 1 1 | 1101 kkkk kkkk 4
XOR fr,W | XOR of frand W into fr 1 1 | 0001 101f ffff z
XOR W, fr XOR of W and fr into W 1 1 | 0001 100f ffff Z
XOR W #lit | XOR of W and Literal into W 1 1 | 1111 kkkk kkkk Z
Table 3-2 Arithmetic and Shift Instructions (Sheet 1 of 2)
Cycles
Syntax Description Opcode Hags
Comp. | Turbo
ADD fr,W | Add W to fr 1 1 0001 111f ffff C,DC,z
ADD W,fr | Add frto W 1 1 0001 110f ffff C,DC,z
CLR fr Clear fr 1 1 0000 011f ffff Z
CLR W Clear W 1 1 0000 0100 0000 Z
CLR 'WDT | Clear Watchdog Timer 1 1 | 0000 0000 0100 TO, PD
DEC fr Decrement fr 1 1 | 0000 111f ffff Z
DECSZ fr | Decrement fr and Skip if 1lor 1or | 0010 1211f ffff none
Zero 2 (skip) | 2 (skip)
INC fr Increment fr 1 1 | 0010 101f ffff z
INCSZ fr Increment fr and Skip if lor lor | 0011 111f ffff none
Zero 2 (skip) | 2 (skip)
RL fr Rotate fr Left thoughCarry 1 1 0011 O11f ffff C
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Table 3-2 Arithmetic and Shift Instructions (Sheet 2 of 2)

Cycles
Syntax Description Opcode Hags
Comp. | Turbo
RR fr Rotate fr Right through 1 1 0011 O01f ffff C
Carry
SUB fr,W Subtract W from fr 1 1 | 0000 101f ffff C,DC,zZ
SWAP fr Swap High/LowNibbles of 1 1 0011 101f ffff none
fr
Table 3-3 Bitwise Operation Instructions
Cycles
Syntax Description Opcode Hags
Comp. | Turbo
CLRB fr.bit | Clear Bitin fr 1 1 0100 bbbf ffff none
SB fr.bit Test Bit in fr and Skip if Set lor{ 1or | 0111 bbbf ffff none
2 (skip) | 2 (skip)
SETB fr.bit | Set Bit in fr 1 1 0101 bbbf ffff none
SNB fr.bit | TestBit in fr and Skip if Clear lor| 1lor | 0110 bbbf ffff none
2 (skip) | 2 (skip)
Table 3-4 Data Movement Instructions (Sheet 1 of 2)
Cycles
Syntax Description Opcode Hags
Comp. | Turbo
MOV fr,W Move W to fr 1 1 0000 001f ffff none
MOV W,fr Move fr to W 1 1 0010 000f ffff Z
MOV W, fr-W Move (fr-W) to W 1 1 0000 100f ffff C,DC, z
MOV W, #lit Move Literal to W 1 1 1100 kkkk kkkk none
MOV W,/fr Move Complement 1 1 0010 010f ffff Z
offrtow
MOV W,--fr Move (fr-1) to W 1 1 0000 110f ffff
MOV W,++ir Move (fr+1) to W 1 1 0010 100f ffff
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Table 3-4 Data Movement Instructions (Sheet 2 of 2)
Cycles
Syntax Description Opcode Hags
Comp. | Turbo

MOV W,<<fr Rotate fr Left 1 1 0011 010f ffff C
through Carry and
Move to W

MOV W,>>fr Rotate fr Right 1 1 0011 000f ffff C
through Carry and
Move to W

MOV W,<>fr Swap High/Low 1 1 0011 100f ffff none
Nibbles of frand
move to W

MOV WM Move MODE Reg- 1 1 0000 0100 0010 none
ister to W

MOVSZ W,--fr Move (fr-1) to W lor 1 0010 110f ffff none
and Skip if Zero 2 (skip) | 2 (skip)

MOVSZ W,++fr Move (fr+1) to W lor 1 0011 110f ffff none
and Skip if Zero 2 (skip) | 2 (skip)

MOV M,W Move W to MODE 1 1 0000 0100 0011 none
Register

MOV M, #lit Move Literal to 1 1 0000 0101 kkkk none
MODE Register

MOV Irx,W Move W to Port Rx 1 1 0000 0000 ffff none
Control Register

MOV !OPTION, W | Move W to 1 1 0000 0000 0010 none
OPTION Register

TEST fr Test fr for Zero 1 1 | 0010 001f ffff Z
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Table 3-5 Program Control Instructions

Cycles
Syntax Description Opcode Hags
Comp. | Turbo
CALL addr8 | Call Subroutine 2 3 | 1001 kkkk kkkk none
JMP addr9 Jump to Address 2 3| 101k kkkk kkkk none
NOP No Operation 1 1 | 0000 0000 0000 none
RET Return from Subroutine 2 3 | 0000 0000 1100 none
RETP Return from Subroutine 2 3 0000 0000 1101 PAL,
Across Page &indary PAO
RETI Return from Interrupt 2 3 | 00000000 1110 all Status
RETIW Return from Interrupt and 2 3 0000 0000 1111 all Status
Add RTCCto W
RETW lit Return from Subroutine 2 3 1000 kkkk kkkk none
with Literal in W
Table 3-6 System Control Instructions
Cycles
Syntax Description Opcode Hags
Comp. | Turbo
BANK addr8 | Load Bank Number into 1 1 0000 0001 1nnn none
FSR(7:5)
IREAD Read Word from Instruc- 1 4 0000 0100 0001 none
tion Memory
PAGE addrl2| Loaéage Nmber into 1 1 0000 0001 Onnn PA2,
STATUS(7:5) PA1, PAO
SLEEP Power Down Mode 1 1 | 0000 00000011 TO, PD
© 1999 Scenix Semiconductor, Inc. All rights reserved. 56 SX User's Manual Rev. 2.0




Chapter 3 Instruction Set Www.scenix.comqrm_EH”I

3.5 Equivalent Assembler Mnemonics

Some assemblers support additional instruction mnemonics thatpacalsases of existing
instructions or alternative mnemonics for standard ones. For example, an assembler might support the
mnemonic “CLC” (clear carry), which is interpreted the same as the instrictrb $03.0” Clear bit

0 in the STATUS register). Some of the commonly supported equivalent assembler mnemonics are
described inTable 3-7

Table 3-7 Equivalent Assembler Mnemonics

Syntax Description Equivdent Cycles
CLC Clear Carry Flag CLRB $03.0 1
CLz Clear Zero Flag CLRB $03.2 1
JMP W Jump Indirect W MOV $02,W 4 or 3 (note [1)
JMP PC+W | Jump Indirect W Relative ADD $02,W 4 or 3 (note 1)
MODE imm4 | Move Immediate to MODE Register MOV M #lit 1
NOT W Complement W XOR W #$FF 1
SC Skip if Carry Flag Set SB $03.0 1 or 2 (notg 2)
SKIP Skip Next Instruction SNB $02.0 or SB $02|0 4 or 2 (note 3)

NOTES: 1. The JMP W or JMP PC+W instruction takes 4 cycles in the “compatible” clock-
ing mode or 3 cycles in the “turbo” clocking mode.

2. The SC instruction takes 1 cycle if the tested condition is false or 2 cycles if the
tested condition is true.

3. The assembler converts the SKIP ingtiwtinto a SNB or SB instruction that
tests the least significant bit of the programuicer, choosing SNB or SB so that
the tested condition is always true. The instruction takes 4 cycles in the “compat-
ible” clocking mode or 2 cycles in the “turbo” clocking mode.

3.6 Detailed Instruction Descriptions

Each instruction in the SX instruction set is described in detail in the following pages. The instructions
are described in alphabetical order by mnemonic name.

Each description starts on a new page of the manual. The heading at the top of the page shows the
syntax of the command and a brief description of what the command does.
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In the syntax description, the parts that are to be used literally are shoppencase and the variable
parts are shown in lower case. For example, the “add W to file register” command is shown as follows:

ADD fr,W

The “ADD” and “W” should be used exctly as shown in the command syntax, whereas the lower-case
notation “fr” means that you should use a file register address, which can be any value from $00 to $1F
or an equivalent symbol. In an actual program, you can use egipercase or lower-case characters.
Here is an example of an actual “add W to register” command:

add $OF,W ;add contents of W to file register OFh
The text after the semicolon is a comment, which is ignored by the assembler.
Each instruction description includes the following information:

« Operation. This section describes the effects of the command in equation form. For example, the
“add W to file register” command shows thgeration as “fr = fr + W’ (fr is set equal to the sum
of fr plus W).

* Flags Affected. This is a list of the status flags that are affected by execution of the command,
such as the carry (C) and zero (Z) flags.

e Opcode. This is the 12-bit opcode of the encoded instruction, shown in binary format. Bits that
depend on variables are shown as letters rather than 0 or 1. For example, the opcode for the “ADD
fr, W’ instruction is shown as 0001 110f ffff. The sequence of five “f” characters represents the
five-bit file register address specified in the instrotiThe étter “k” or “n” is similarly used to
represent the constant or number specified in the instruction.

» Description. This is a verbal description of what the instruction does.

* Cycles. This is the number of clock cycles required to execute the instruction. In cases where this
number depends on certain conditions, thaselitions and the resulting numbers are explained.
In some cases, the number depends on the clocking mode (“turbo” or “compatible” mode). In the
“compatible” mode, the number shown is the number of regular instruction cycles required for
executon, exch cycle consisting of four device clocks.

 Example. At least one example of the instruction is provided, together with an explanation of
how the example operates.

In some cases, there is an additional section called “Configoi@ptivhich explains how the behavior
of the instruction is affected by the device configuration.

Some assemblers support additional instruction mnemonics thatpaotalsases of existing
instructions. Also, some assemblers support “macro” mnemonics, which are assembled into multiple
instructions. These additional assembler mmeicsare beyond the scope of this section. For more
information, see the documentation provided with the assembler.

Table 3-8is a quick reference to the abbreviations and symbols used in the instruction descriptions.
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Table 3-8 Key to Abbreviations and Symbol

Symbol Description
wW Working register
fr File register value (a 5-bit file register address specified in the instruction)
PC Lower eight bits of progranoanter (global file regter 02h)
STATUS | STATUS register (gbal file registe03h)
FSR File Select Register (global file register 04h)
C Carry flag in STATUS register (bit 0)
DC Digit Carry flag in STATUS egister (bit 1)
Z Zero flag in STATUS register (bit 2
PD Power Down flag in STATUS register (bit 3)
TO Watchdog Timeout flag in STATUS register (bit 4)
PA2:PAO | Page select bits in STATUS)igter (bits 7:5)
OPTION | OPTION register (not memory-mapped)
WDT Watchdog Timer register (not memory-mapped)
MODE | MODE register (not memory-mapped)
rx Port control register pointer (RA, RB, RC, RD, or RE)
! Non-memory-mapped register designator
f File register address bit in opcode
k Constant value bit in opcode
n Numerical value bitin opcode
b Bit position selector bit in opcode
. File register / bit selector separator in assembly language instruction
# Immediate literal designator in assembly language instruction
lit Literal value in assembly language instruction
addr8 8-bit address in assembly language instruction
addr9 9-bit address in assembly language instruction
addrl2 | 12-bit address in assembly language instruction
/ Logical 1's complement
| Logical OR
A Logical exclusive OR
& Logical AND
<> Swap high and low nibbles (4-bit segments)
<< Rotate left through carry flag
>> Rotate right through carry flag
-- Decrement file register
++ Increment file register
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3.6.1 ADDfrW Add W to fr
Operation: fr=fr+W
Flags affected: C,DC, Z
Opcode: 0001 111f ffff
Description: This instruction adds the contents of W to the contents of the specified file register

Config. Option:

Cycles:

Example:

and writes the 8-bit result into the same file register. W is left unchanged. The reg-
ister contents are treated as unsigned values.

If the result of addition exceeds FFh, the C flag is set and the lower eight bits of the
result are written to the file register. Otherwise, the C flag is cleared.

If there is a carry from bit 3 to bit 4, the DC (digit carry) flag is G¢herwise, the
flag is cleared.

If the result of addition is 00h, the Z flag is set. Otherwise, the flag is cleared. An
addition result o100h is onsidered zero and therefore sets the Z flag.

If the Chbit in the FUSEX configuration register has beesgpanmed to 0, this
instruction also adds the C flag as a carry-in input:

fr=fr+ W+C
1
add $12,W

This example adds the contents of W to file register 12h. For example, if the file
register contains 7Fh and W contains 02h, this instruction adds 02h to 7Fh and
writes the result, 81h, into the file register; and clears the C and Z flags. It sets the
DC flag because of the carry from bit 3 to bit 4.
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3.6.2 ADDW,fr Add frto W
Operation: W =W +fr

Flags affected: C,DC, Z

Opcode: 0001 110f ffff

Description: This instruction adds the contents of the specified file register to the contents of W

Config. Option:

Cycles:

Example:

and writes the 8-bit result into W. The file register is left unchanged. The register
contents are treated as unsigned values.

If the result of addition exceeds FFh, the C flag is set and the lower eight bits of the
result are written to W. Otherwise, the C flag is cleared.

If there is a carry from bit 3 to bit 4, the DC (digit carry) flag is G¢herwise, the
flag is cleared.

If the result of addition is 00h, the Z flag is set. Otherwise, the flag is cleared. An
addition result o100h is onsidered zero and therefore sets the Z flag.

If the CPbit in the FUSEX register has been programmed to 0, this instruction also
adds the C flag as a carry-mput:

W=W+fr+C
1
add W,$12

This example adds the contents of file register 12h to W. For example, if the file
register contains 81h and W contains 82h, this instruction adds 81h to 82h and
writes the lower eight bits of the result, 03h, into W. It sets the C flag because of the
carry out of bit 7, and clears the DC flag because there is no carry from bit 3 to bit
4. The Z flag is cleared because the result is nonzero.
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3.6.3 AND fr,W AND of frand W into fr
Operation: fr=fr&w

Flags affected: Z

Opcode: 0001 O11f frif

Description: This instruction performs a bitwise logical AND of the contents of the specified file
register and W, and writes the 8-bit resultinto the same file register. W is left un-
changed. If the result is 00h, the Z flag is set.

Cycles: 1

Example: and $10,W ;performgical ANDand overwrite fr

This example performs a bitwise logical AND of the working register W with a
value stored in file register 10h. The resultis written back to the file register 10h.

For example, suppose that the file register 10h is loaded with the value OFh and W
contains the value 13h. The instruction takes the logical AND of OFh and 13h and
writes the result, 03h, into the same file register. The result is nonzero, so the Z flag
is cleared.
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3.6.4 ANDW,fr AND of W and fr into W
Operation: W=W &fr
Flags affected: Z
Opcode: 0001 010f ffff
Description: This instruction performs a bitwise logical AND of the contents of W and the spec-

ified file register, and writes the 8-bit result into W. The file register is left un-
changed. If the result is 00h, the Z flag is set.

Cycles: 1

Example: and W,$0B ;perfornogical ANDand overwrite W

This example performs a bitwise logical AND of the value stored in file register
0Bh with W. The result is written back to W.

For example, suppose that the file register OBh is loaded with the value OFh and W
contains the value 13h. The instruction takes the logical AND of OFh and 13h and
writes the result, 03h, into W. The result is nonzero, so the Z flag is cleared.
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3.6.5 AND W, #lit AND of W and Literal into W
Operation: W=W &lit

Flags affected: Z

Opcode: 1110 kkkk kkkk

Description: This instruction performs a bitwise logical AND of the contents of W and an 8-bit
literal value, and writes the 8-bit result into W. If the resultdhi, the Z flag iset.

Cycles: 1

Example: and W, #$0F ;mask out four high-order bits of W

This example performs a bitwise logical AND of W with the literal value #0Fh. The
result is written back to W.

For example, suppose that \Wntains the value 50h. The instruction takes the
logical AND of this value with OFh and writes the result, 00h, into W. The result is
zero, so the Zflag is set.
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3.6.6 BANK addr8 Load Bank Number into FSR(7:5)

Operation: FSR(7:5) = addr8(7:5)
FSR(4) = 0 (for SX48/52BD only)

Flags affected:  none

Opcode: 0000 0001 1nnn

Description: This instruction loads the three high-order bits of the File Select Register (FSR).
The high-order bits of FSR specify the data memory bank number for subsequent
memory access instructions. You can specify any 3-bit value from 0 to 7.

In the syntax of the assembly language, you specify the bank using a full 8-bit data
memory address. The assembler encodes the three high-order bits of this address
into the instruction opcode and ignores the five low-order bits.

For the SX18/20/28AC, the bits 4.0 of FSR are left unchanged.

For the SX48/52BD, bit 4 is cleared to 0 and bits 3:0 of FSR are left unchanged. To
select an odd-numbered bank, you need to set bit 4 of FSR by using the instruction
“sethb $04.4” after the “b&” instrudion.

Cycles: 1

Example: bank  $EO ;select highest bank

This example writes the three high-order bits of FSR with 111. For the SX18/20/
28A, this selects Bank 7, the highest bank. For the SX48/52BD, this selects Bank
E, because the instruction always clears bit 4 in the FSR register. To select Bank F
instead, you @ed to follow this instruction with a “setb $04.4” instruction.
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3.6.7 CALL addr8 Call Subroutine
Operation: top-of-stack = programunter + 1

Flags affected:

Opcode:

Description:

Cycles:

Example:

PC(7:0) = addr8
program counter (8) =0

program counter (11:9) =PA2:PAO

none

1001 kkkk kkkk

This instruction calls a subroutine. The full 12-bit address of the next program in-
struction is saved on the stack and the programmier isoaded with a new ad-
dress, which causes a jump to that program address.

Bits 7:0 come from the 8-bit constant value in the instruction, bit 8 is always 0, and
bits 11:9 come from the PA2PAO bits in the STATUS register. Therefore, the
subroutine must start in the bottom half of a 512-word page in the program memory
(000h to OFFh, 200h to 2FFh, etc.).

The subroutine is terminated by any one of the “return” instructions, which restores
the saved address to the prograurger. Execution proceeds from the instruction
following the “call” instruction.

2 in “compatible” mode, or 3 in “turbo” mode

page $600 ;set page of subroutine in STATUS reg.
call addxy ;call subroutine addxy
mov  $0C,W ;use addxy subroutine results
;more of program (not shown)
addxy ;subroutine address label
mov  W,$0E ;subroutine instructions start here
add W,$0F
ret ;return from subroutine

The “call” instruction in this example calls a subroutine called “addxy.” When the
“call” instruction is executed, the address of the following instruction (the “mov
$0C,W” instruction) is pushed onto the stack and the program jumps to the “addxy”
routine. When the “ret” instruction is executed, the 12-bit program address saved
on the stack is popped and restored to the prog@mmter, which causes the
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program to continue with the instruction immediately following the “call”
instruction.

The “addxy” routine must start in the lower half of a 512-word page of the program
memory. This is because bit 8 of the subroutine address must be 0. The PA2PAO
bits of the STATUS register must contain the three high-order bits of the subroutine
address prior to the “call” instruction. This is the purpose of the “page” instruction.
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3.6.8 CLRfr Clear fr
Operation: fr=0

Flags affected: Z

Opcode: 0000 011f ffff

Description: This instruction clears the specified file register to zero. It also sets the Z flag un-
conditionaly.

Cycles: 1

Example: clr $0A

This example clears file register 0Ah to 00h and sets the Z flag.
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3.6.9 CLRW Clear W

Operation: W=0

Flags affected: Z

Opcode: 0000 0100 0000

Description: This instruction clears W, the working register. It also sets the Z flag.
Cycles: 1

Example: clr W

This example clears W to 00h and sets the Z flag.
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3.6.10 CLR!'WDT Clear Watchdog Timer
Operation: Clears Walhdlog tmer munter and prescaleognter

Flags affected:

Opcode:

Description:

Cycles:

Example:

Z

0000 011f ffff

This instruction clears the Wadog Timer ounter tazero. It also clears the Watch-
dog prescaler register to zero, and sets the Z,an®,PD flags to 1ltlfe Zero,
Watchdog Timeout, and Power Down flags in the STATUS register).

If the Watchdog circuit ignabled, the application software must execute this
instruction periodically in order to prevent aWatchdog reset.

clr WDT

This example clears the Watchdog Timer counter and the Watchdog prescaler
register to zero; and sets the Z, TO, and PD flags.
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3.6.11 CLRB fr.bit Clear Bitin fr

Operation: Clear a specified bit in fr

Flags affected: none

Opcode: 0100 bbbf ffff

Description: This instruction clears a bit in the specified file register toltbutithanging the
other bits in the register. The file register address (00h through 1Fh) and the bit
number (0 through 7) are the instruction operands.

Cycles: 1

Example: clrb $1F.7

This example clears the most significant bit of file register 1Fh.
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3.6.12 DECr Decrement fr
Operation: fr="fr-1

Flags affected: Z
Opcode: 0000 111f ffff
Description: This instruction decrements the specified register file by one.

If the file register contains 01h, itis decremented to 00h and the Z flag is set.
Otherwise, the flag is cleared.

If the file register contain@0h, it is decremdgrd to FFh.

Cycles: 1

Example: dec $18

This example decrements file register 18h.
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3.6.13 DECSZ fr Decrement fr and Skip if Zero
Operation: fr="fr-1
if 0, then skip next instruction
Flags affected: none
Opcode: 0010 112fffff
Description: This instruction decrements the specified register file by one and tests the new reg-

ister value. If that value is zero, the next program instruction is skipbdrwise,
execution proceeds normally with the next instruction.

Cycles: 1 if tested condition is false, 2 if tested condition is true
Example: decsz $18

jmp backl

mov  $19,W

The “decsz” instruction decrements file register 18h. If the result is nonzero,
execution proceeds normally with the “jmp” instruction. If the result is zero, the
device skips the “jmp” instruction and proceeds with the “mov” instruction.
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3.6.14 INC fr Increment fr
Operation: fr="fr+1

Flags affected: Z

Opcode: 0010 1041f ffff

Description: This instruction increments the specified register file by one.
If the file register contains FFh and is incremented to 00h, the Z flag is set.
Otherwise, the flag is cleared.

Cycles: 1

Example: inc $18

This example increments file register 18h.
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3.6.15 INCSZ fr Increment fr and Skip if Zero
Operation: fr=fr+1
if 0, then skip next instruction
Flags affected: none
Opcode: 0011 122fffff
Description: This instruction increments the specified register file by one and tests the new reg-

ister value. If that value is zero, the next program instruction is skipbdrwise,
execution proceeds normally with the next instruction.

Cycles: 1 if tested condition is false, 2 if tested condition is true
Example: incsz  $18

jmp backl

mov  $17,W

The “incsz” instruction increments file register 18h. If the result is nonzero,
execution proceeds normally with the “jmp” instruction. If the result is zero, the
device skips the “jmp” instruction and proceeds with the “mov” instruction.
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3.6.16 IREAD Read Word from Instruction Memory
Operation: MODE:W = data at (MODE:W)

Flags affected:

Opcode:

Description:

none

0000 0100 0001

This instruction allows the device to transfer data from instruction memory into
data memory. It concatenates the lower four bits of the MODE register with W to
make a 12-bit address, using the MODE register bits for the high-order part and W
for the low-order part. It reads the 12-bit word from program memory at that ad-
dress. Then it writes the four high-order bits of the word into the lower four bits of
the MODE register, and writes the eight low-order bits of the word into W. The four
high-order bits of the MODE register are cleared to zero.

Figure 3-1shows how the MODE and W register are used to specify the program
memory address and to contain the 12-bit result.

Program Memory
Address Pointer 12
£ 3 LTI
Upper 4 bits Lower 8 bits
MODE T Program
Register ,#\ | Memory
w
Register
I—f—l |

T

T

Lower 8 bits

T

12

/ Program Data

/

Figure 3-1 Program Counter Loading for Call Instruction

Cycles: 1
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Example: mov W, #$03 ;load W with the value 03h

mov M,W :move value 03h into MODE register

mov W, #3$80 ;load W with the value 80h

iread ;read program address 380h into W & MODE

mov  $0E,W ;move lower byte of data to reg OEh

mov WM :move upper 4 bits of data to W

mov  $0F,W ;move upper 4 bits of data to reg OFh

This example reads the 12-bit data stored the program address 380h. The program
first loads the MODE register and W with the 12-bit program address, 380h. After
the “iread” instruction, the MODE register and W contain the 12-bit value stored in
the program memory at address 380h. The program then stores the lower eight bits
of the result into file register OEh and the upper four bits of the result into file
register OFh.
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3.6.17 JMP addr9 Jump to Address
Operation: PC(7:0) = addr9(7:0)

Flags affected:

Opcode:

Description:

Cycles:

Example:

program counter (8) = addr9(8)
program counter (11:9) =PA2:PAO

none
101k kkkk kkkk

This instruction causes the program to jump to a specified address. It loads the pro-
gram counter with the new address. The new 12-bit address is generated from two
different sources. Bits 8:0 come from the 9-bit constant value in the instruction and
bits 11:9 come from the PA2:PAOQ bits in the STATUS register. TheSTATUS register
must contain the appropriate value prior to the jump instruction.

2 in “compatible” mode, or 3 in “turbo” mode

page $600 ;set page of jump addr. in STATUS reg.
snb $03.0 ;test carry flag and skip if clear
jmp overflo ;jump to overflo routine if C=1
;more of program (not shown)
overflo ;
mov  W,$09 ;routine executed if C=1

This example shows one way to implement a conditional jump. The “jmp”
instruction, if executed, causes a jump to the address of the “overflo” program label.
The “snb” instruction (test bit and skip if clear) causes the “jmp” instruction to be
either executed or skipped, depending on the state of the carry flag.

The PA2:PAO bits of the STATUS register must contain the three high-order bits
(bits 11:9) of the “overflo” routine address prior to the “jump” instrctiThis is
the purpose of the “page” instruction.
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3.6.18 MOV fr,wW Move W to fr

Operation: fr=W

Flags affected: none

Opcode: 0000 001f ffff

Description: This instruction moves the contents of W into the specified file register. W is left
unchanged.

Cycles: 1

Example: bank  $EO ;select bank
mov  $10,W ;move W to reg. 10h in bank

This example moves the contents of W into file register 10h in Bank 7 (for the
SX18/20/28AC) or Bank E (for the SX48/52BD).

SX User’'s Manual Rev. 2.0 79 © 1999 Scenix Semiconductor, Inc. All rights reserved.



e

WWW.Scenix.com Chapter 3 Instruction Set
SCENIX
3.6.19 MOV M #Hlit Move Literal to MODE Register
Operation: MODE = lit

Flags affected: none

Opcode: 0000 0101 kkkk

Description: This instruction writes a 4-bit value to the lower four bits of the MODE register.
These bits select the port control registers accessed by the “MOV Irx,W” instruc-
tions. For information on the specific MODE register values to use for accessing the
port control registers, segection

Cycles: 1

Example: mov W,#$1D ;1Dh to control level sensitivity
mov M,W ;put 1Dh into MODE register
mov W,#$00 ;W = 0000 0000
mov 'RA, W ; select CMOS levels fdtort A
mov M#S$E ;1Eh to control pullups
mov W,#$03 ;W = 0000 1111
mov 'RA, W ; disconnect pullups for RA3:RAO
mov M #3$F ;1Fh to control data direction
mov W, #$0F ;W= 1111 0000
mov RA, W ; makeRA3:RAQ operate as outputs

This example sets the configuration of Port A pins: the level sensitivity, the pullup
connections, and the data direction. The “mov M,W” instruction is used to load the
MODE register the first time because it controls all eight bits of the MODE register.
The two subsequent “mov M, #lit” instructions change the lower four bits of the
MODE register.
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3.6.20 MOV M,W Move W to MODE Register
Operation: MODE =W
Flags affected: none
Opcode: 0000 0100 0011
Description: This instruction moves the contents of W into the MODE register. W is left un-

changed. The MODE register operates as a pointer to the port control registers for
subsequent accesses to those registers using the “MOV Irx,W” instruction.

Cycles: 1
Example: mov  W,$0B ;move value from file reg 0Bh to W
mov M,W :move W into MODE register

This example moves a value from file register OBh to W, and then from W into the
MODE register.
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3.6.21 MOV IOPTION,W Move W to OPTION Register
Operation: OPTION =W

Flags affected: none

Opcode: 0000 0000 0010

Description: This instruction moves W to the OPTION register. W is left unchanged. The OP-
TION register sets the Real-Time Clock/Counter (RTCC) configuration options
such as RTCC interrupt enable, RTCC increment event control, and prescaler as-
signment. For information on the format of the OPTION registeGesdien 2.4.9

Cycles: 1
Example: mov W, #$3F :load W with 3Fh

mov IOPTION,W ;write value to OPTION register

This example moves programs the OPTION register with the value 3Fh.

© 1999 Scenix Semiconductor, Inc. All rights reserved. 82 SX User's Manual Rev. 2.0



Chapter 3 Instruction Set WWW.Scenix.com

SCENIX

3.6.22 MOV Irx,W Move Data Between W and Control Register
Operation: rx =W (move W to ngr

W = rx (move rx to W)or

rx <=>W (exchange W and rx)
Flags affected:  none
Opcode: 0000 0000 ffff
Description: This instruction moves dataween Wand one of the port control registers (rx).

The port control register is specified in the instruction mnemonic as IRA, 'RB, 'RC,
IRD, or 'RE. This corresponds to a 4-bit field in the opcode thatissetto 5, 6, 7, 8
or 9 to access a port control register for Port A, B, C, D, or E, respectively.

To access the port data register rather than a port control register, use the “MOV
fr, W” or similar instruction, addressing the port as “fr” rather than “Irx”.

Each port has a set of control registers: one each for setting the data direction, the
pullup configuration, théschmitt trigger configuration, and so on. The MODE
register setting determines the port control register accessed by the “MOV !rx,W”
instruction, as well as the type of access (read, write, or exchange).

For information on the specific MODE register values to use for accessing the port
control registers, segection 5.3.2

Cycles: 1
Example 1: mov  W#$1F ;1Fh to select data direction
mov M,W :write 1Fh to MODE register
mov  W,#$3F ;pins 0-5 Hi-Z inputs, pins 6-7 outputs
mov  IRB,W ;configure Port B pin data direms
mov W #$FF :all pins Hi-Z inputs
mov IRC,W ;configure Port C pin data direxts

This example configures the data direction for each pin of Port B and Port C. The
first two instructions program the MODE register to allow access to the port data
direction registers. The third instruction loads W with the value 3Fh. The fourth
instruction writes this value to the RB direction register, which configures pins 0
through 5 to operate as high-impedance inputs and pins 6 and 7 to operate as
outputs. The last two instructions configure all Port C pins to operate as inputs.
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Example 2: mov M, #$8 ;load MODE register to select CMP_B
clr w .clear W
mov IRB,W ;00h into CMP_B and old CMP_B into W

;enables comparator and its output pin

This example enables the comparator and its output pin. The “mov 'RB,W”
instruction does an exchange of data between the CMP_B register and W. For
access to the CMP_B register, the four upper bits of the MODE register are all
“don’t care” bits, so the “mov M,#lit” instruction (which only affects the four lower
bits of the MODE register) is sufficient to select access to the CMP_B register.
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3.6.23 MOV W, fr Move frto W
Operation: W = fr
Flags affected: Z
Opcode: 0010 000f ffff
Description: This instruction moves the contents of the specified file register into W. The file reg-

ister is left unchanged.

If the value is 00h, the Z flag is set. Otherwise, the flag is cleared.

Cycles: 1
Example: bank  $EO ;select bank
mov  W,$1F ;:move register to W

This example moves the contents of a specific file register into W. The Z flag is set
if the value is zero or cleared if the value@nzro.
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3.6.24 MOV W,/fr Move Complement of frto W
Operation: W = fr*FFh

Flags affected: Z

Opcode: 0000 000f ffff

Description: This instruction loads the one’s complement of the specified file register into W
The file register is left unchanged.

If the value loaded into W is 00h, the Z flag is set. Otherwise, the flag is cleared.

Cycles: 1

Example: mov  W,/$0F

This example moves the one’scomplement of global file register OFh into W. For
example, if the file register contains 75h, the complement of this value, 8Ah, is
loaded into W, and the Z flag is cleared. The file register is left unchanged.
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3.6.25 MOV W,fr-W Move (fr-W) to W
Operation: W=fr-wW

Flags affected: C,DC, Z

Opcode: 0000 100f ffff

Description: This instruction subtracts the contents of W from the contents of the specified file

Config. Option:

Cycles:

Example:

register and writes the 8-bit result into W. The file register is left unchanged. The
register contents are treated as unsigned values.

If the result of subtraction is negative (W is larger than fr), the C flag is cleared to
0 and the lower eight bits of the result are written to W. Otherwise, the C flag is set
to 1.

If there is a borrow from bit 3 to bit 4, the DC (digit carry) flag is cleared to 0.
Otherwise, the flag is set to 1.

If the result of subtraction is 00h, the Z flag is €#herwise, the flag is ceed.

If the Chbit in the FUSEX configuration register has beesgpanmed to 0, this
instruction also subtracts the complement of the C flag as a borrow-in input:

W=fr-W-/C

mov W,$0D-W

This example subtracts the contents of W from global file register ODh and moves
the result into W. For example, if the file register contains 35h and W contains 06h,
this instruction subtracts 06h from 35h and writes the result, 2Fh, into W. It also sets
the C flag, clears the DC flag, and clears the Z flag. The file register is left
unchanged.
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3.6.26 MOV W,--fr Move (fr-1) to W
Operation: W= fr-1

Flags affected: Z

Opcode: 0000 110f ffff

Description: This instruction decrements the value in the specified register file by one and moves
the 8-bit result into W. The file register is left unchanged.

If the file register contains 01h, the value moved into W is 00h and the Z flag is set.
Otherwise, the flag is cleared.

Cycles: 1

Example: mov  w,--$18

This example decrements the value in file register 18h and moves the result into W.
For example, if the file register contains 75h, the value 74h is loaded into W, and
the Z flag is cleared. The file register still contains 75h after execution of the
instruction.
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3.6.27 MOV W,++fr Move (fr+1) to W
Operation: W=fr+1
Flags affected: Z
Opcode: 0010 100f ffff
Description: This instruction increments the value in the specified register file by one and moves

the 8-bit result into W. The file register is left unchanged.

If the file register contains FFh, the value moved into W is 00h and the Z flag is set.
Otherwise, the flag is cleared.

Cycles: 1

Example: mov  w,++$18

This example increments the value in file register 18h and moves the result into W.
For example, if the file register contains 75h, the value 76h is loaded into W, and
the Z flag is cleared. The file register still contains 75h after execution of the
instruction.
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3.6.28 MOV W,<<fr Rotate fr Left through Carry and Move to W
Operation: W = << fr

Flags affected: C
Opcode: 0011 010f ffff
Description: This instruction rotates the bits of the specified file register left using the C flag bit

and moves the 8-bit result into W. The file register is left unchanged.

The bits obtained from the register are shifted left by one bit position. C is shifted
into the least significant bit position and the most significant bit is shifted out into
C, as shown in the diagram below.

File Register

ey

A

»
|4

Carry Bit

Figure 3 -2 Rotate fr Left Through Carry into W

Cycles: 1

Example 1: mov  W,<<$18

This example rotates the bits of file regisi&h leftthrough the C bit and moves

the result into W. If the file registeontains 14h and the C flag is set to 1, after this
instruction is executed, W will contain 29h and the C flag will be cleared to 0. The
file register will still contain 14h after execution of the instruction.
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3.6.29 MOV W,>>fr Rotate fr Right through Carry and Move to W
Operation: W =>>fr

Flags affected: C

Opcode: 0011 000f ffff

Description: This instruction rotates the bits of the specified file register right using the C flag

bit and moves the 8-bit resultinto W. The file register is left unchanged.

The bits obtained from the register are shifted right by one bit gogstiis skted
into the most significant bit position and the least significant bit is shifted out into
C, as shown in the diagram below.

File Register

VAN

a
J

Carry Bit

Figure 3 -3 Rotate fr Right Through Carry into W

Cycles: 1

Example 1: mov  W,>>$0F

This example rotates the bits of file register OFh righdaugh the it and moves

the result into W. If the file registeontains 12h and the C flag is set to 1, after this
instruction is executed, W will contain 89h and the C flag will be cleared to 0. The
file register will still contain 12h after execution of the instruction.
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3.6.30 MOV W,<>fr Swap High/Low Nibbles of fr and Move to W
Operation: W=<>fr

Flags affected: none

Opcode: 0011 100f ffff

Description: This instruction exchanges the high-order and low-order nibbles (4-bit segments) of
the value in the specified file register and moves the result to W. The file register is
left unchanged.

Cycles: 1

Example: mov  W,<>$0B

This example swaps the high-order and low-order nibbles of the value in file
register OBh and moves the result into W. For example, if the file regmtéains
A5h, after executing this instruoti, W will contiin 5Ah.
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3.6.31 MOV W, #lit Move Literal to W
Operation: W = lit
Flags affected: none
Opcode: 1100 kkkk kkkk
Description: This instruction loads an 8-bit literal value (a value specified within the instruction)
into W.
Cycles: 1
Example: mov W, #$75

This example loads the immediate value 75h into W.
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3.6.32 MOV W,M Move MODE Register to W
Operation: W = MODE

Flags affected: none

Opcode: 0000 0100 0010

Description: This instruction moves the contents of the MODE register into W. The MODE reg-
ister is left unchanged. The MODE register operates as a pointer to the device port
registers for subsequent accesses to those registers using the “MOV !rx,W” instruc-

tion.

Cycles: 1

Example: mov WM ;get MODE register contents
mov  $10,W ;save value to file register 10h

This example moves the contents of the MODE register into W, and then stores that
value into file register 10h.
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3.6.33 MOVSzZW, --fr Move (fr-1) to W and Skip if Zero

Operation:

Flags affected:

Opcode:

Description:

Cycles:

Example:

W = fr - 1; if 0, then skip next instruction

none

0010 110f ffff

This instruction decrements the value in the specified file register and moves there-
sultto W. The file register is left unchanged.

If the result is zero, the next instruction in the program is skipPéderwise,
program execution proceeds normally with the next instruction.

1 if tested condition is false; 2 if tested condition is true

movsz W,--$1F ;move register 1Fh -1 into W
ret ;return from subroutine if O
nop ;execution continues here otherwise

This example takes the contents of file register 1Fh, decrements that value, and
moves the result to W. If the result is zero, the device skips the “ret” instruction and
proceeds with therfop” instriction. If the result is nonzero, the device executes the
“ret” instruction.
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3.6.34 MOVSZW, ++fr Move (fr+1) to W and Skip if Zero
Operation: W = fr + 1; if 0, then skip next instruction

Flags affected:

Opcode:

Description:

Cycles:

Example:

none

0011 110f ffff

This instruction increments the value in the specified file register and moves the re-
sultto W. The file register is left unchanged.

If the result is zero, the next instruction in the program is skipPéderwise,
program execution proceeds normally with the next instruction.

1 if tested condition is false; 2 if tested condition is true

movsz W,++$1F  ;move register 1IFh +1 into W
ret ;return from subroutine if O
nop ;execution continues here otherwise

This example takes the contents of file register 1Fh, increments that value, and
moves the result to W. If the result is zero, the device skips the “ret” instruction and
proceeds with therfop” instriction. If the result is nonzero, the device executes the
“ret” instruction.
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3.6.35 NOP No Operation
Operation: none
Flags affected: none
Opcode: 0000 0000 0000
Description: This instruction does nothing except to cause a one-cycle detagiam execu-
tion.
Cycles: 1
Example: sb $05.4 ;set bit 4 in Port A
nop ;no operation, 1-cycle delay
sb $05.6 ;set bit 5 in Port A

This example shows how a “nop” instruction can be used as a one-cycle delay
between twsuccessive read-modify-write instructions that modify the same 1/0
port. This delay ensures reliable results at high clock rates.
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3.6.36 NOT fr Complement of frinto fr
Operation: fr=1fr ~FFh

Flags affected: Z

Opcode: 0010 021.1f ffff

Description: This instruction complements each bit of the specified file register and writes the
result back into the same register. If the result is 00h, the Z flag is set.

Cycles: 1

Example: not $11 ;complement file register 11h

Suppose that W contains the value 1Ch. This instruction takes the complement of
1Ch and writes the result, E3h, into the same register. The resultis nonzero, so the
Z flag is cleared.
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3.6.37 ORfrW OR of frand W into fr
Operation: fr="fr| W
Flags affected: Z
Opcode: 0001 00A1f ffff
Description: This instruction performs a bitwise logical OR of the contents of the specified file

register and W, and writes the 8-bit resultinto the same file register. W is left un-
changed. If the result is 00h, the Z flag is set.

Cycles: 1

Example: or $10,W ;perfornmogical ORand overwrite fr

This example performs a bitwise logical OR of the working register W with a value
stored in file register 10h. The result is written back to the file register 10h.

For example, suppose that the file register 10h is loaded with the value OFh and W
contains the value 13h. The instruction takes the logical OR of OFh and 13h and
writes the result, 1Fh, into the same file register. The resultis nonzero, so the Z flag
is cleared.
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3.6.38 ORW,fr OR of W and fr into W
Operation: W=W |fr

Flags affected: Z

Opcode: 0001 000f ffff

Description: This instruction performs a bitwise logical OR of the contents of W and the speci-
fied file register, and writes the 8-bit result into W. The file register is left un-
changed. If the result is 00h, the Z flag is set.

Cycles: 1

Example: or W,$0B ;perfornolgical ORand overwrite W

This example performs a bitwise logical OR of the value stored in file register OBh
with W. The result is written back to W.

For example, suppose that the file register OBh is loaded with the value OFh and W
contains the value 13h. The instruction takes the logical OR of OFh and 13h and
writes the result, 1Fh, into W. The resulb@nzro, so the Z flag is cleared.
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3.6.39 ORW #lit OR of W and Literal into W
Operation: W=W | it
Flags affected: Z
Opcode: 1101 kkkk kkkk
Description: This instruction performs a bitwise logical OR of the contents of W and an 8-bit lit-

eral value, and writes the 8-bit result into W. If the res@0is, the Z flag iset.

Cycles: 1

Example: or W, #$0F ;set four low-order bits of W

This example performs a bitwise logical OR of W with the literal value #0Fh. The
result is written back to W.

For example, suppose that \Wntains the value 50h. The instruction takes the
logical OR of this value with OFh and writes the result, 5Fh, into W. The result is
nonzero, so the Zflag is cleared.
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3.6.40 PAGE addr12 Load Page Number into STATUS(7:5)
Operation: STATUS(7:5) = addr12(11:9)

Flags affected: none

Opcode: 0000 0001 Onnn

Description: This instruction writes a three-bit value into the PA2:PAO bits of the STATUS reg-
ister (bits 7:5). These bits select thegmammemory page for subsequent “jump”
and “call” instructions.

In the syntax of the assembly language, you specify the page using a full 12-bit
program memory address. The assembler encodes the three high-order bits of this
address into the instruction opcode and ignores the nine low-order bits. The three
high-order bits are written into the PA2:PAO field of the STATUS register.

Cycles: 1
Example: page  $400 ;set page bitsPA2:PAO to 010 binary
jump  homel ;jump to address in page 2

This example sets the PA2:PAOQ bits in the STATUS register to 010. This means that
the subsequent “call” instruction calls a subroutine that starts in page 2 of program
memory (somewhere in the address range of 400h to 5FFh).
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3.6.41 RET Return from Subroutine
Operation: program counter = top-of-stack
Flags affected: none
Opcode: 0000 0000 1100
Description: This instruction causes a return from a subroutipep$the 12-bit value previous-

ly stored on the stack and restores that value to the prognamec. This causes the
program to jump to the instruction immediately following the “call” instruction that
called the subroutine.

Itis not necessary to set the PA2:PAO bits inthe STATUS register in order to return
to the correct place in the program. This is because the full 12-bit program address
is restored from the stack. The “ret” instruction does not use (and does not affect)
the PA2:PAO bits. It also does not affect the W register.

If you want toautomatically configure the PA2:PAO bits to select the current page
(the page of the instruon following the call instructin),use RETP instead of

RET.
Cycles: 2 in “compatible” mode, or 3 in “turbo” mode
Example: page $000 ;set page of subroutine in STATUS reg.
call addxy ;call subroutine addxy
mov  $0C,W ;use addxy subroutine results
;more of program (not shown)
addxy ;subroutine address label
mov  W,$0E ;subroutine instructions start here
add W,$0F
ret ;return from subroutine

The “call” instruction in this example calls a subroutine called “addxy.” When the
“call” instruction is executed, the address of the following instruction (the “mov
$0C,W" instruction) is pushed onto the stack and the program jumps to the “addxy”
routine. When the “ret” instruction is executed, the saved program address is
popped from the stack and restored to the prog@mter, which causes the
program to continue with the instruction immediately following the *“call”
instruction.
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3.6.42 RETI

Operation:

Flags affected:

Opcode:

Description:

Cycles:

Example:

Return from Interrupt

restore W, STATUS, FSR, and program counter from shadow registers

STATUS register restored, which affects all flags

0000 0000 1110

This instruction causes a return from an interrupt service routine. It restores the 12-
bit program counter value that was saved when the interrupt occurred. This causes
the program to return to the point in the program where the interrupt occurred. The
instruction also restores the contents of W, STATUS, and FSR registers that were
saved when the interrupt occurred.

2 in “compatible” mode, or 3 in “turbo” mode

org 0 ;interrupt routine at address 000h
mov M,#3$09 ;set up MODE register to access WKPND_B
clr W .clear W

mov IRB,W .exchange W and WKPND_B contents
and W,#$0F :mask out unused bits of WKPND_B
mov  $1AW ;move pending bits to register 1Ah
;test pending bits perform service

reti ;return from interrupt

This is an example of an interrupt service routine that services interrupts triggered
on the RBO, RB1, RB2, and RB3 pins. When an interrupt occurs, the device saves
the 12-bit contents of the program counter and the contents of the W, STATUS, and
FSR registers into a set of shadow registers. The program then jumps to the interrupt
service routine, which starts at address 000h. The interrupt service routine
determines the cause of the interrupt, clears pipdicable interrupt pending bit,
performs the required task, and ends with the “reti” instruction.

The “reti” instruction restores the contents of the program counter and the W
STATUS, and FSR registers. This causes the device to continue program execution
at the point where the program was interrupted.
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3.6.43 RETIW Return from Interrupt and Adjust RTCC with W

Operation: RTCC=RTCC +W

restore W, STATUS, FSR, and program counter from shadow registers

Flags affected:  STATUS register restored, which affects all flags

Opcode: 0000 0000 1111

Description: Like the RETI instruction, the RETIW instruction causes a return from an interrupt
service routine. It restores the 12-bit program counter value that was saved when
the interrupt occurred. This causes the program to return to the point in the program
where the interrupt occurred.

Before it returns from the interrupt service routine, the RETIW instruction first adds
W to the Real-Time Clock @inter(RTCC). Then it restores the contents of the W,
STATUS, and FSR registers and the program counter that were saved when the
interrupt occurred.

Adding W to RTCC allows the interrupt service routine to restore the RTCC to the
value itcontained atthe time the main program was interrupted. To use this feature,
the interrupt service routine should check the RTCC at the beginning of the routine
and again at the end of the routine, and then put the adjustment value into W before
returning from the interrupt.

Cycles: 2 in “compatible” mode, or 3 in “turbo” mode
Example: ;interrupt service routine at address 000h
;checkRTCC

;check interrupt pending bits
;perform interrupt service

;checkRTCC
;put adjustment value into W
retiw ;return from interrupt and adjust RTCC
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3.6.44 RETP Return from Subroutine Across Page Boundary
Operation: STATUS(PA2:PAO) = top-of-stack (11:9)

program counter = top-of-stack

Flags affected:  none

Opcode: 0000 0000 1101

Description: Like the RET instruction, the RETP instruction causes a return from a subroutine.
It pops the 12-bit value previously stored on the stack and restores that value to the
program counter. This causes the program to jump to the instruction immediately
following the “call” instruction that called the subroutine.

Unlike the RET instruction, the RETP instruction also writes bit 11:9 of the return
address (the address of the instruction immediately following the “call” instruction)
into the PA2:PAO bits of theTATUS register. This automatically configures the
PA2:PAO bits to select the current page,wihy a suBequent same-page jump or
call to be executed without using another “page” instruction.

Cycles: 2 in “compatible” mode, or 3 in “turbo” mode
Example: org $050 ;start of program in page 0O
|5;age $200 ;set PA2:PAO bits to 001 (different page)
call subxy ;call subroutine in different page
;:.z.;lll addxy ;call subroutine in same page
a.l.o.ldxy ;subroutine in same page as call
ret
org $200 ;new memory segment at 200h
subxy ;subroutine address label at 200h
.r.étp ;return from subroutine (different page)

The first call crosses a 512-word page boundary (PA2:PAO = 001). Upon return
from that subroutine, the PA2:PAO bits are automatically returned to their original
values (PA2:PAO = 00), alleing a subseant same-page call to be done without
using the “page” instruction again.
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3.6.45 RETW it Return from Subroutine with Literal in W
Operation: W = lit
program counter = top-of-stack
Flags affected: none
Opcode: 1000 kkkk kkkk
Description: This instruction causes a return from a subroutine and also puts an 8-bit literal value

into W. It pops the 12-bit value previously stored on the stack and loads that value
into the program counter. This causes the program to jump to the instruction imme-
diately followingthe “call” instruction that called the subroutine.

You can use multiple “RETW lit” instructions to implement a data lociainte.

Cycles: 2 in “compatible” mode, or 3 in “turbo” mode

Example: mov W,$0A ;load W with value to be squared (0-7)
call square ;call lookup-table subroutine
mov $0B,W ;use subroutine results (in W)
;more of program (not shown)
square ;Subroutine entry point
and W,#$07 ;ensure that W is less than 8
add $02,W ;add W to PC to jump to applicable retw
retw O ;0 squared = 0, beginning of data table
retwl ;lsquared=1
retw 4 ;2 squared = 4
retw9 ;3 squared =9
retw 16 ;4 squared = 16
retw 25 ;5 squared =25
retw 36 ;6 squared = 36
retw 49 ;7 squared = 49, end of data table

The “square” subroutine calculates the square of W and returns the result in W. To
use the subroutine, the program first loads W with the value to be squared, which
must be a value from O to 7. The subroutine adds the contents of W to the program
counter (the PC register at address 02h), which advances the program to the
applicable “RETW lit” instruction. The “RETW Iit” instruction returns from the
subroutine with the appropriate result in W.
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3.6.46 RLfr Rotate fr Left through Carry
Operation: fr=<<fr
Flags affected: C
Opcode: 0011 O11f ffff
Description: This instruction rotates the bits of the specified file register left using the C flag bit.
The bits inside the register are shifted left by one bit position. C is shifted into the
least significant bit position and the most significant bit is shifted out into C, as
shown in the diagram below.
File Register
4 4 G G 4 ¢ ¢ <
Carry Bit
Figure 3-4 Rotate fr Left Through Carry
Cycles: 1
Example 1: rl $18
This example rotates the bits of file regisit8h. If theregister initially contains 14h
and the C flag is set to 1, after executing this instoa¢the register will contain
29h and the C flag will be cleared to O.
Example 2: clrb $03.0 ;clear carry flag
rl $18 ;rotate left, reg=reg*2
rl $18 ;rotate left, reg=reg*2

This example multiplies file register 18h by 4. Thiah“clrb” instructionclears
the C flag, which ensures that O will be shifted into the least significant bit position.
The two “rl” instructons performwo successive multiply-by-2 operations.
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SCEMIX

3.6.47 RRfr

Operation:

Flags affected:

Opcode:

Description:

Cycles:

Example 1:

Example 2:

Rotate fr Right through Carry

fr=>>fr

C

0011 OOX1f ffff

This instruction rotates the bits of the specified file register right using the C flag
bit. The bits inside the register are shifted right by one bit position. C is shifted into
the most significant bit position and the least significant bit is shifted out into C, as
shown in the diagram below.

File Register

v

> > D

P
<

Carry Bit

Figure 3-5 Rotate fr Right Through Carry

rr $OF

This example rotates the bits of file register OFh. If the register initially contains 12h
and the C flag is set to 1, after executing this instoa¢the register will contain
89h and the C flag will be cleared to O.

clrb $03.0 ;clear carry flag
rr $OF ;rotate right, reg=reg/2
clrb $03.0 ;clear carry flag
rr $OF ;rotate right, reg=reg/2

This example divides file register OFh by 4. The “clrb” instructions ensure that 0
will be shifted into the most significant bit positions. The two “rr” instructions
perform two divide-by-2 operations.
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3.6.48 SBfr.bit Test Bit in fr and Skip if Set
Operation: Test a specified bit in fr; if 1, skip next instruction

Flags affected: none

Opcode: 0111 bbbf ffff

Description: This instruction tests a bit in the specified file register. The file register address (00h
through 1Fh) and the bit number (Odabgh 7) are the instruon operands. If the
bit is 1, the next instruction in the program is skipped. Otherwise, program execu-
tion proceeds normally with the next instruction.

Cycles: 1 if tested condition is false, 2 if tested condition is true
Example: sb $1F.7 ;test bit 7 of file register

inc $1F ;increment if bit=0

mov W, $1F ;move file register to W

This example tests the most significant bit of file register 1Fh. If that bit is 1, the
“inc” instruction is skippedOtherwise, program execution proceeds normally with
the “inc” instruction.
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SeENlx
3.6.49 SETB fr.hit Set Bit in fr
Operation: Set a specified bit in fr
Flags affected: none
Opcode: 0101 bbbf ffff
Description: This instruction sets a bitin the specified file register tohbwithanging the oth-

er bits in the register. The file register address (00h through 1Fh) and the bit number
(O through 7) are the instruction operands.

Cycles: 1

Example: setb $1F,7

This example sets the most significant bit of file register 1Fh.
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3.6.50 SLEEP Power Down Mode
Operation: WDT = 00h

STATUS(TO) = 1, STATUS(PD)=0

stop oscillator

Flags affected:  none

Opcode: 0000 0000 0011

Description: This instruction places the device in the power down mode. If theddgtemer
is enabled, the WDT register is cleared, the TO (timeout) bitin the STATUS register
is setto 1, and the PD (power down) bit in the STATUS register is cleared to 0.

There are three types of events that can cause an exit from the power down mode:
aWatchdog timer overflow, a transition on a Multi-Input Wakeup pin, or an external
reset on the MCLRpin. For more information on the power down mode, see

Section 4.3
Cycles: 1
Example: sleep

This example puts the device into the power down mode until a wakeup event
ocCcCurs.
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SeENlx
3.6.51 SNB fr.bit Test Bit in fr and Skip if Clear
Operation: Test a specified bit in fr; if 0, skip next instruction
Flags affected: none
Opcode: 0110 bbbf ffff
Description: This instruction tests a bit in the specified file register. The file register address (00h

through 1Fh) and the bit number (Odabgh 7) are the instruon operands. If the
bit is 0, the next instruction in the program is skipped. Otherwise, program execu-
tion proceeds normally with the next instruction.

Cycles: 1 if tested condition is false, 2 if tested condition is true
Example: snb $1F,5 ;test bit 5 of file register

dec $1F ;decrement if bit=1

mov W, $1F ;move file register to W

This example tests bit number 5 of file register 1Fh. If that bit is 0, the “dec”
instruction is skipped. Otherwise, program execution proceeds normally with the
“dec” instruction.
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3.6.52 SUB fr,W Subtract W from fr
Operation: fr=fr-wW
Flags affected: C,DC, Z
Opcode: 0000 101f ffff
Description: This instruction subtracts the contents of W from the contents of the specified file

Config. Option:

Cycles:

Example 1:

Example 2:

register and writes the 8-bit result into the same file register. W is left unchanged.
The register contents are treated as unsigned values.

If the result of subtraction is negative (W is larger than fr), the C flag is cleared to
0 and the lower eight bits of the result are written to the file register. Otherwise, the
C flag is set to 1.

If there is a borrow from bit 3 to bit 4, the DC (digit carry) flag is cleared to 0.
Otherwise, the flag is set to 1.

If the result of subtraction is 00h, the Z flag is €#herwise, the flag is ceed.

If the Chbit in the FUSEX configuration register has beesgpanmed to 0, this
instruction also subtracts the complement of the C flag as a borrow-in input:

fr=fr-W-/C

See Example 2 below for a program example of muHyyte subtraction with
borrow.

sub $0D,W

This example subtracts the contents of W from file register ODh. For example, if the
file register contains 35h and Wrtains 06h, this instruction subtracts 06h from

35h and writes the result, 2Fh, into the file register. It also sets the C flag, clears the
DC flag, and clears the Z flag.

set $03.0 ;set carry flag for no borrow in
mov W,$0A ;load W from OAh (low-order byte)
sub $0C,W ;low-order subtraction, C=0 for borrow out
mov W,$0B ;load W from 0Bh (high-order byte)
sub $0D,W ;high-order subtraction, borrow in & out
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This example performs 16-bit subtraction of file registers 0Ah-OBh from file
registers OCh-ODh. For this example, the BF in the FUSEX configuration
register is programmed to O in order to implement subtraction with borrow.

The first “sub” instruction subtracts the contents of 0Ah from OCh and clears the C
flag if a borrow occurs out of bit 7, or sets the C flag otherwise. The second “sub”
instruction subtracts the contents of OBh from ODh with borrow-in using the C flag.

This algorithm can also be implemented with the device in the default configuration
(with the CFbit set to 1 in the FUSEX register), although not as efficiently. For
example, you can do the low-order subtiactitest the carry bit, decremdihe
register ODh if the carry flag is 0, and then do the high-order subtraction.
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3.6.53 SWAP Swap High/Low Nibbles of fr
Operation: fr=<>fr

Flags affected: none

Opcode: 0011 101f ffff

Description: This instruction exchanges the high-order and low-order nibbles (4-bit segments) of
the specified file register.

Cycles: 1

Example: swap $0B

This example swaps the high-order and low-order nibbles of file register 0Bh. For
example, if the register contains A5h, after executing this instruction, the register
will contain 5Ah.
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SeENlx
3.6.54 TEST fr Test fr for Zero
Operation: fr="fr
Flags affected: Z
Opcode: 0010 00A1f ffff
Description: This instruction moves the contents of the specified file register into the same reg-

ister. There is no net effect except to set or clear the Z flag. If the register contains
00h, the flag is seDtherwise, the flag is cleared.

Cycles: 1

Example: test $1B ;test file register 1Bh
sb STATUS.2 ;test Z bit and skip if set
inc $1B ;increment file reg 1Bh ifonzero
mov  W,$1B :move file reg 1Bh to W

This example tests the contents of file register 1Bh. The “test” instruction sets or
clears the Z flag based on the contents of the file register. The “sb” instruction tests
the Z flag. The “inc” instruction is executed if the file register contains zero or is
skipped if the file register containgxanzero alue.

SX User's Manual Rev. 2.0 117 © 1999 Scenix Semiconductor, Inc. All rights reserved.



e

WWW.Scenix.com Chapter 3 Instruction Set
SCENIX
3.6.55 XOR fr,W XOR of frand W into fr
Operation: fr=fr"wW

Flags affected: Z

Opcode: 0001 1041f ffff

Description: This instruction performs a bitwise exclusive OR of the contents of the specified file
register and W, and writes the 8-bit resultinto the same file register. W is left un-
changed. If the result is 00h, the Z flag is set.

Cycles: 1

Example: xor $10,W ;perfornoical XORand overwrite fr

This example performs a bitwise logical XOR of the working register W with a
value stored in file register 10h. The resultis written back to the file register 10h.

For example, suppose that the file register 10h is loaded with the value OFh and W
contains the value 13h. The instruction takes the logical XOR of OFh and 13h and
writes the result, 1Ch, into the same file register. The result is nonzero, so the Z flag
is cleared.
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3.6.56 XOR W, fr XOR of W and fr into W

Operation: W=W " fr

Flags affected: Z

Opcode: 0001 100f ffff

Description: This instruction performs a bitwise exclusive OR of the contents of W and the spec-
ified file register, and writes the 8-bit result into W. The file register is left un-
changed. If the result is 00h, the Z flag is set.

Cycles: 1

Example: xor W,$0B ;performobical XORand overwrite W

This example performs a bitwise logical XOR of the value stored in file register 0Bh
with W. The result is written back to W.

For example, suppose that the file register OBh is loaded with the value OFh and W
contains the value 13h. The instruction takes the logical XOR of OFh and 13h and
writes the result, 1Ch, into W. The result is nonzero, so the Z flag is cleared.
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3.6.57 XOR W #lit XOR of W and Literal into W
Operation: W=W ~lit

Flags affected: Z

Opcode: 1111 kkkk kkkk

Description: This instruction performs a bitwise exclusive OR of the contents of W and an 8-bit
literal value, and writes the 8-bit result into W. If the resultdhi, the Z flag iset.

Cycles: 1

Example: Xor W,$#0F ;complement four low-order bits of W

This example performs a bitwise logical XOR of W with the literal value #0Fh. The
result is written back to W.

For example, suppose that Wntains the value 51h. The instruction takes the
logical XOR of this value with OFh and writes the result, 5Eh, into W. The result is
nonzero, so the Zflag is cleared.
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A\ Chapter 4

SCENIX Clocking, Power Down, and Reset

4.1 Introduction

The SX device can be configuredojerate in any one of several clocking modes. You can use the
built-in oscillator, an external oscillator circuit, or an external clock signal to drive the device. Each
type of clock has its advantages and disadvantages with respect to clock rate choices, rate accuracy,
and cost.

The SX devicegppats a “power down” mode, which reduces power consumption to a very low level
during periods of inactivity. This mode is invoked by executing the “sleep” instruction. During power
down, the device is completely inactive (except for the Wdaig timer, if enbled). Uoon“wakeup”

from the power down mode, the device is reset.

A reset occurs for any of the following conditions: initial power-up, wakeup from the power down
mode, brown-out, Watchdog timeout, or assertion of the M@igRt signal (Master Clear Reset).

When a reset occurs, the program counter is initialized to the highest program address (7FFh or FFFh)
where the application program should have a “jump” instruction to its initialization routine.

4.2 Clocking Options

You can configure the SX device to use an on-chip RC oscillator, an external RC oscillator, an external
crystal/resonator, or an externally generated clock signal. hisedepends on the required speed
and precision of the clock, as well as cost considerations.

There are two device pins used for clocking, called OSC1 ar€2 e functions of these pins
depend on the device configuration and the chosen clocking mode.

You select the desired clocking mode by programming the FUSE word register, a 12-bit register
mapped into the program memory. This register is accessible only when you are programming the
instruction memory of the device, not a run time. For information on the specific bit fields in the
register and the corresponding clocking modesSseton 2.8

4.2.1  Clock/Instruction Rate Option (Compatible or Turbo Mode)

Whenyou select thelock type, you need to consider the clock/instarctateoption. This optiorets
you select one of two instruction clocking modes, called the “compatible” mode and the “turbo” mode.

In the “compatible” mode, the instruction rate is one-fourth of the clock rate. In this configuration, you
need to select aclock rate four times higher than the intended instruction rate. For example, if you wan
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to execute instructions at a rate of 1 MHz (one instruction per microsecond), you need to select a clock
rate of 4 MHz. This mode is designed for compatibility with the PIC16C5x series of microcontroller
devices.

In the “turbo” mode, the instruction rate is equal to the clock rate. For example, if you want to execute
instructions at a rate of 50 MHz (one instruction per 20 nanosecgnds)se a 50Hz clock. This

is the preferred operating mode for new designs begausean use a sloweltock to achieve a given
instruction rate, thus reducing electromagnetic interference (EMI) in the system and the cost of the
oscillator.

422 Internal RC Oscillator

Using the on-chip, built-in RC (resistor-capacitor) oscillator for the device clock is the lowest-cost
option because no external components are required. Dadis s suitabléor lower-speed
applications (4 MHz or less) where high accuracy is not needed. For thisyoodegve theOSC1

and OSC2 pins unconnected.

The internal RC oscillator operates at a nominal rate of 4 MHz and has an accuracy of plus or minus
8% over the allowed temperature range. The device can be configured to divide this clock down to
produce alower-rate clock for device operation, with the divide-by factor set to of any power-of-2 from
2 to 128. This selection is made by programming the DIV2:DIVO bits in the FUSE word as follows:

000 for 4 MHz operation
001 for 2 MHz operation
010 for 1 MHz operation
011 for 500 kHz operation
100 for 250 kHz operation
101 for 125 kHz operation
110 for 62.5 kHz operation
111 for31.25 kHz operigon

4.2.3 External RC Oscillator

Using an external RC oscillatortmeork is a low-cosbption suitable for applications that do not
require high precision. The only external components required are a resistor and a capacitor. Unlike
the internal RC oscillatogou can choose any operating frequency for which the device is rated, not
just certain frequencies betwegh 25 kHz and MHz.

The RC oscillator operating rate is a function of the resistor and capacitor valuegppligessitage,

and the operating temperature. The operating rate will vary from unit to unit due to normal variations
in component values, and from time to time due to fluctuations in temperature and voltage. Therefore,
an application that requires high precision (for example, a system with a real-time clock) should use
an external resonator or crystal rather than an RC oscillator.

Figure 4-1shows how the resistor and capacitor are connected to the device. The operating frequency
can be adjusted by choosing the values for R and C.
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Figure 4-1 External RC Oscillator Connections

In this operating mode, OSC1 is the clock input and OSC2 operates as a clock output. The input signe
is amplified and fed back to the pin through a transistor to stabilize the clock signal. The output clock
signal is created by dividing the internal clock by 4. For example, if the RC clock operates at 8 MHz,
the OSC2 output clock will operate at 2 MHz.

A resistor value between Ikand 100 K is recommended. For resistor values below this range, the
oscillator might become unstable or stop completely. For resistor values higher than this range, the
oscillator becomes sensitive to noise, humidity, and capacitor leakage.

Although the device will operate ibut a capacitor (C = 0 pF), a capaciof at least 20 pF is
recommended for noise immunity and stability. For capacitance values lower than this, the oscillator
frequency can vary significantly due to reliance on the small parasitic capacitance associated with the
PCB traces and device package.

4.2.4  External Crystal/Resonator (XT, LP, or HSMode)

Using an external crystal or ceramic resonator to generate the clock is suitable for a system that
requires precise and accurate timing (for example, for areal-time clock). These types of oscillators cost
more than RC oscillators.

The SX device can be configured to operate in any one of the following external crystal/resonator
modes:

e LP (Low Power Crystal)
* XT (Crystal/Resonator)
* HS (High-Speed Crystal/Resonator)

With the SX device configured in one of these modes, the crystal or ceramic resonator is connected to
the OSC1 and OSC2 pins as showhRigure 4-2
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*Resistor RF is only necessary for SX18/20/
28AC devices older than revision 2.1. For all
other devices, omit this resistor. RS=0 in
some cases; see tables for details.

Figure 4-2 Crystal or Ceramic Resonator Connections

For clock frequencies aboe 1 MHz, the series resistor R g is not neded use a dect conredion

instead.

If you use acrystal a pardlel resonanttype crystal is recommended. Using a seriesresonahtype
crystal may resutin afrequency that is outside of he aystal manufecturer’ srecommended range.

Tale 4-1 shavsthe recommendedoperating modes and componehvalues to beused with ceramic
resoretors at variousclock frequenries. Talde 4-2 shows the same information for crystal osall ators.
Note that the LP (low-power) mode is nat shown inthe tables because it is used ony at lower
frequencies in the range of 32 KHz to 100 KHz. Fa opeation at these lower frequancies contact
Scenix Semicondictor for moreinformation.
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Table 4-1 Clock Modes and Component Values (Murata Ceramic Resonators)
Clock Mode Erejgl?;:g; C1 Cc2 Rg* Rs
XT 455 KHz 220 pF 220 pF 1MQ 6.8 kQ
XT 1 MHz 100 pF 100 pF 1MQ 6.8 kQ
XT 2MHz 100 pF 100 pF 100 kQ 680Q
HS 4 MHz 100 pF 100 pF 100 kQ 0
HS 4 MHz Internd (47 pF) Internal (47 @F) 100 kQ 470Q
HS 8 MHz 30 pF 30 pF 1MQ 0
HS 8 MHz Internd (47 pF) Internal (47 @F) 1MQ 470Q
HS 12 MHz 30 pF 30 pF 1MQ 0
HS 12MHz Internd (22 pF) Internal (22 @F) 1MQ 0
HS 16 MHz 15 pF 15 pF 1MQ 0
HS 16 MHz Internd (15 pF) Internal (15 @F) 1MQ 0
HS 20MHz 10 pF 10 pF 1MQ 0
HS 33MHz 10 pF 10 pF 22 kQ 0
HS 40 MHz 7 pF 7 pF 22 kQ 0

*Note: Resistor Rg is not neessaryfor revision 2.1 SX18/288AC ckvices .

Table 4-2 Clock Modes and Component Values (Crystal Oscillators)

Clock Mode Resonator Frequency C1 C2
XT 4 MHz 20pF | 47pF | 1MQ
HS 8 MHz 20pF | 47pF | 1MQ
HS 12MHz 20 pF | 47 pF 1MQ
HS 16 MHz 15pF | 30pF | 1MQ
HS 20MHz 15pF | 30pF | 1MQ
HS 25MHz 5 pF 20 pF 10 kQ
HS 30 MHz 5pF | 20pF | 4.7kQ
HS 36 MHz 5pF | 15pF | 3.3k
HS 40 MHz 5 pF 15 pF 3.3kQ
HS 50 MHz 5pF | 10pF | 3.3kQ

*Note: Resistor Rg is not neessaryfor revision 2.1 SX18/2@8AC cavices .
Rg = 0 forall cases ascribed in this table.
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4.2.5 External Clock Signal

You can use an externally generated clock signal to drive the SX device. This mode is suitable for
systems in which there is already a cloaknsil availablefsed to drive other chips in the system) that

can also be used to drive the SX device. The clock signal must meet the clock specifications of the SX
device, including the duty cycle, rise time, fall time, and voltage levels.

To use this mode, configure the device to operate in the XT, LP, or HS mode. It does not matter which
one of these modes you select. Thenrect the clock gnal to the OSC1 input and leave the OSC2
pin unconnected, as shownHRigure 4-3

SX Device

OSC1 0SC2

Open

Externally
Generated Clock

Figure 4-3 External Clock Signal Connection

4.3 Power Down Mode

In the SX power down mode, the device is shut down and the clock is stopped to all parts of the device
The Watchdog timer, if enabled, continues to operate because it uses its own independent on-chip
oscillator. Uponwakeup from the power down mode, the device is reset and the program jumps to the
highest program address (7FFh or FFFh, depending on the SX device type).

4.3.1 Entering the Power Down Mode

For the lowest possible power consumption in the power down state, disable thedydtcer. This
eliminates the power consumption of the Wialtmy oscilator and ouner. In that case, however, you
will not be able to use a Watchdog timeout to wake up the device.

The device enters the power down mode upon execution of the “sleep” instruction. Program execution
stops and the device is powered down until a wakeup event occurs.

If theWatchdog timer is ebéed, the “sleep” instruction sets the TO (Wwatog Timeut) bit to 1 and
clears the PD (Power Down) bit to 0 in the STATUS register. TheRtfattimer continues to operate
while the device is powered down. AWhatlog timeout will therwake up the device from the power
down state.
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4.3.2 Waking Up from the Power Down Mode
Any one of the follaving events will cause a wakeup from the power down state:
* atimeout signal from the Watchdamer, generated when the Watlog timer oveflows
e avalid transition on any Port B pin configured to operate as a Nbplit\Vakeup pin
« alow voltage on the MCLRput pin (Master Clear Reset)
* abrown-out reset resulting from a low voltage on the power supply

When awakeup event occurs, the TO and PD bits are both setto 1 inthe STATUS register, and progran
execution resumes at the highest program memory address, just like an ordinary reset operation. The
highest program memory address should contain an instruction to jump to the device initialization
routine.

4.4  Multi-Input Wakeup/Interrupt

The Multi-Input Wakeup circuit allows the Port B pins to be used as device inputs to wake up the
device from the power down state, or to trigger an interrupt from an external source.

The same Multi-Input\@keup circuit is used for both wakeups and interrupts. In the power down state,
a wakeup signal on a Port B pin wakes up and resets the device, causing the program to jump to the
highest program memory address (7FFh or FFFh, depending on the SX device type). The same signa
received on a Port B pin during normal operation triggers an interrupt, which causes the device to save
the program context (program counter, WABJS, and FSR) and then jump to the lowest memory
address (000h). For more information on interrupts(3esoter 6

4.4.1 Port B Configuration for Multi-Input Wakeup/Interrupt

Figure 4-4is a block diagram of the Multaput Wakeup circuit. The circuit uses the 1/O pins of Port

B for the wakeup inputs. Port B must be properly configured for Multi-Input Wakeup operation. The
eight Port B pins can be individually configured for this purpose. You control the port configuration
by writing to its configuration registers using the “mov |RB,W” instroicibelection of those registers

is controlled by the MODE register.

These are the configuration registers that you must program in order to prepare Port B pins for Multi-
Input Wakeup/Interrupt operation:

* RB Data Direction register

* WKEN_B (Port B Wakeup Enable register)

« WKED_B (Port B Wakeup Edge Select register)

« WKPND_B (Port B Wakeup Pending Flag register)

To make a Port B pin operate as a high-impedamué {hot as an ogiut), set the corresponding bit
to 1 in the RB data direction register.
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Figure 4-4 Multi-Input Wakeup/Interrupt Block Diagram

To enable a Port B pin to operate as a Multat Wakeup input, clear the corresponding bit to O in the
WKEN_B register

To specify the edge sensitivity of the pin, set or clear the corresponding bitin the WKED_B register.
Set the bit to 1 to sense falling edges (high-to-low transitions) or clear the bit to O to sense rising edges

(low-to-high transitions). An edge of the specified type on the wakeup-enabled pin will trigger a
wakeup or interrupt.

The WKPND_B register contains flag bits that indicate occurrences of wakeup/interrupt events on the
Port B pins. When a valid edge is received on a wakeup-enabled pin, it sets th@oodimgfiag bit

is set to 1 in the WKPND_B register and triggers the wakeup or interrupt. The program can read the
WKPND_B register to determine which Port B pin received the wakeup/interrupt signal.

Upon reset, the WKPND_B register contains unknown data. Therefore, the program should clear this
register to zero before it enables the Multi-input Wakeup function in the WKEN_B register. Otherwise,
the program will not be able to determine which pin received the wakeup signal.

Upon reset, the WKEN_B register is set to FFh. This disables the wakeup interrupts by default. You
must explicitly enable any pins that you want to use as wakeup/interrupt pins.

SX User's Manual Rev. 2.0 128 © 1999 Scenix Semiconductor, Inc. All rights reserved.



e

=i WWW.Scenix.com Chapter 4 Clocking, Power Down, and Reset
SCEMIX

Here is an example of a program segment that configures the RB0O, RB1, and RB2 pins to operate as
Multi-InputWakeup/Interrupt pins, sensitive to falling edges:

mov M, #$0F ;prepare to write port data direction registers
mov W, #3$07 ;load W with the value 07h
mov 'RB,W ;configure RBO-RB2 to be inputs

mov M, #$0A ;prepare to write WKED_B (edge) register
W contains the value 07h

mov 'RB,W ;configure RB0O-RB2 to sense falling edges

mov  W,#3$09 ;value of 09h to be written to MODE register

mov  M,W ;prepare to access WKPND_B (pending) register
mov  W,#3$00 ;Clear W

mov 'RB,W ;clear all wakeup pending flags

mov  M,#$0B ;prepare to write WKEN_B (enable) register
mov W, #$F8h  ;load W with the value F8h
mov RB,W ;enable RBO-RB2 to operate as wakeup inputs

To preventfalse interrupts, the enabling step (clearing bits in WKEN_B) shodt@thbes the lastep
in a sequence of Port B configuration steps.

After this program segment is executed, the device can receive interrupts on the RBO, RB1, and RB2
pins. If the device is put into the power down mode (by executing a “sleep” instruction), the device can
then receive wakeup signals on those same pins.

4.4.2 Reading and Writing the Wakeup Pending Bits

The interrupt service routine or initialization code can determine which pin received the wakeup signal
by reading the WKPND_B register, as in the failog example:

mov  M,#$09 ;set MODE register to access WKPND_B
mov  W,#$00 ;clear W
mov 'RB,W ;exchange contents of W and WKPND_B

When the MODE register is set to provide access to WKPND_B or CMP_B, the instruction “mov
IRB,W” performs an exchangestweenthe contents of W and the port control register, rather than a
simple move. In the example above, the “mov 'RB,W” instruction simultaneously loads W with the
current WKPND_B pending flags and clears the WKPND _B register. fidgggm candst the bits in

W to determine which Port B pin caused the wakeup or interrupt event. Clearing the WKPND_B
register is necessary to enable detection of any subsequent wakeup or interrupt events on the Port B
pins.
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45 Reset

A reset operation puts the SX device into a known initial state. A reset occurs upon any one of the
following conditions:

e initial power-up

» wakeup from the power down mode

» recovery from brown-out, as determined by the brown-out detection circuit
e Watchdog timeout

« assertion of the MCLRput signal (Master Clear Reset)

When a reset occurs, the program counter is initialized to the highest program address (7FFh or FFFh
depending on the SX device type), where the application program should have a “jump” instruction to
its initialization routine.

Figure 4-5shows the internal logic of the SX reset circuit. This circuit senses the voltage supply on the
Vpp pin, the state of the MCLRMaster Clear Reset) input pin, the output of the on-chip RC oscillator,
and signals from the MultiRputWakeup circuit and Waktlog tmer. Based on these inputs, the circuit
generates a chip-internal RESEifnal. This signal goes low to put the device into the reset state and
then goes high to allow the device to begin operating from a known state.

MCLR/Vpp pin wdt_time_out

10-Bit Asynch
Ripple S Q
Counter _—
Ik (Start-Up R ON RESET
rec Timer) drt_time

_out

Figure 4-5 On-Chip Reset Circuit Block Diagram

45.1 Register States Upon Reset

The effect of a reset operation on a register depends on the register and the type of reset operation.
Some registers are initialized to specific values, some are left unchanged (for wakeup and brown-out
resets), and some are initialized to an unknown value. A register that starts with an unknown value
should be initialized by the software t&m@own value; you cannotrsply test the initial state and rely

on it starting in that state consistently.
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Table 4-3lists the SX registers and shows the state of each register upon reset. The column on the left
lists the register names, and the first row shows the various types of reset operations. Each entry in the
table shows the state of the register just after the applicable reset operation.

Table 4-3 Register States Upon Different Resets

. Watchdo —
Register Power-On Wakeup Brown-out ) 9 MCLR
Timeout
W Undefined Unchanged Undefined Unchanged Unchanged
OPTION FFh FFh FFh FFh FFh
MODE (SX18/20/28AC) OFh OFh OFh OFh OFh
MODE (SX48/52BD) 1Fh 1Fh 1Fh 1Fh 1Fh
RTCC (01h) Undefined Unchanged Undefined Unchanged Unchanged
PC (02h) FFh FFh FFh FFh FFh
STATUS (03h) Bits 0-2: Bits 0-2: Bits 0-4: Bits 0-2: Bits 0-2:
Undefined Undefined Undefined Undefined Undefined
Bits 3-4: 11 Bits 3-4: Bits 5-7: 000 | Bits 3-4: Bits 3-4:
Bits 5-7: 000 | Unch. (Note 1) (Note 2)
Bits 5-7: 000 Bits 5-7: 000 | Bits 5-7: 000
FSR (04h) Undefined Bits 0-6: Bits 0-6: Bits 0-6: Bits 0-6:
Undefined Undefined Undefined Undefined
Bit7:1 Bit7:1 Bit7:1 Bit7:1
RA through RE FFh FFh FFh FFh FFh
Direction
RA through RE Data Undefined Unchanged Undefined Unchangegd Unchangged
Other File Registers Undefined Unchanged Undefined Unchanged Unchanged
CMP_B Bits 0, 6-7:1 | Bits0,6-7:1 | Bits0,6-7:1 | Bits0,6-7:1 | Bits0, 6-7:1
Bits 1-5: Bits 1-5: Bits 1-5: Bits 1-5: Bits 1-5:
Undefined Undefined Undefined Undefined Undefined
WKPND_B FFh Unchanged Undefined Unchanged Unchanged
WKED_B FFh FFh FFh FFh FFh
WKEN_B FFh FFh FFh FFh FFh
ST _Bthrough ST _E FFh FFh FFh FFh FFh
LVL_A through LVL_E FFh FFh FFh FFh FFh
PLP_Athrough PLP_E FFh FFh FFh FFh FFh
Watchdog Counter Undefined Unchanged Undefined Unchanged Unchanged
NOTE: 1. Watchdog reset during power down mode: 00; Watchdog reset during Active mode: 01
NOTE: 2. External reset during power down mode: 10; External reset during Active mode: Unchanged
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45.2 Power-On Reset

In a typical power-on situation, the supply voltage takes a known (approximate) amount of time to rise

from zero volts to the final operating voltage. The SX device has an on-chip power-on reset circuit that

holds the device in the reset state until the supply voltage rises to a stable operating level, thus ensuring
reliable operation upon p@sup.

The power-on reset circuit uses an asyoobus ripple aunter tohold the device in the reset state for
a period of time as the supply voltage rises. €oimter, alled the Delay Reset Timer (DRT), provides
the device start-up delay. It is used only for a power-on reset, not for a nesed ¢y aother event
such as a wakeup from the power down mode or a brown-out.

Upon power-up, the internal reset latch is set, which asserts the internal Rig8&&Tand holds the

device in the reset state. The DRT counts clock pulses generated by the on-chip RC oscillator. It starts
counting when the RC oscillator starts working and a valid logic high signal is detected on the MCLR
input pin. When the DRT reaches the end of its timeout period (typically 72 msec), it clears the internal
reset latch, which releases the device from the reset state.

The MCLR (Master Clear Reset) input pin must be held low upon power-up of the device. If you do
not need to use the MCLBIn as a hardware reset input, you can simply tie it together with gye V
power supply pin. This will work reliably only if the power supply rise time is significantly less than
the DRT delay of 72 msec.

Figure 4-6 shows the power-on reset timing in this situation. Tingply voltage and MCLRpin
voltages rise together, and the DRT counter allows the device to begin operating after a delay of abou
72 msec.

Vbp _/Ir
MCLR : J
I
|
POR — . ;
Tdrt 'e—p
drt_time_out
|
RESET

Figure 4 -6 Power-On Reset Timing, Fast Vpp Rise Time

Figure 4-7shows the unacceptable situation where the supply voltage rises too slowly, and the device
is allowed to begin operating when the supply voltage has not yet reached a reliable level.

One solution to the situation shownFhigure 4-7is to use an external RC delay circuit like the one
shown inFigure 4-8 This circuit holds the MCLRput low while the gpply voltageises. The values

of R and C should be chosen to cause a delay that exceeds the supply voltage rise time. R should be
less than 40Ckto ensure a sufficiently high voltage. The diode helps to discharge the capacitor quickly
when the power is turned off.

The power-on timing with the external RC network is showrfigure 4-9 In this case, the device
comes out of reset about 72 msec after the M@igRt goes high.
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V1
Vbp .

|

MCLR L —
|
POR !

|

Tdrt . —p

drt_time_out ' |
-

RESET '

Figure 4 -7 Power-On Reset Timing, Vpp Rise Time Too Slow

D @ R R1

MCLR

Figure 4 -8 External Power-On MCLR Signal

Vbp _/I'ﬁ
MCLR : /
|
|
POR — I |
Tdrt '«
drt_time_out
|
RESET

Figure 4 -9 Power-On Reset Timing, Separate MCLR Signal

4.5.3 Wakeup from the Power Down Mode

A wakeup from the power down mode (describe@éaction 4.3 causes a device reset. The device is
designed to not have start-up delay as thevétls apower-on reset. This is because the operating
supply voltage is already stable when a wakeup occurs.

The device initialization routine can determine the Port B pin that caused the wakeup to occur by
reading the WKPND _B register, as describe8éattion
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45.4 Brown-Out Reset

When the supply voltage to the SX device drops below a specified value but rebmiezerovolts,

it is called a “browrout” condition. The SX device haskaown-out detection circuit that puts the
device into the reset state when a brown-out occurs, and allows the device to re-start when the brown-
out condition ends. This feature prevents the device from prodabmgrmal redts when the supply

voltage falls to unreliable levels.

The brown-out threshold voltage is factory-set to approximately 4.2 volts. Ifipipé/s/oltage drops

below this level but remains above zero, the brown-out circuit holds the SX device in the reset state.
When the voltage rises above this threshold, the device starts operating again, starting at the reset
address (the highest memory address).

You can optionally disable the brown-out detection circuit by setting the BORO and BOR1 bits to 1 in
the FUSEX word register (a register programmed along with the instruction memory). In that case, the
device will still operate below the brown-out threshold voltage, but will produce unreliable results if
the supply voltage falls too low.

455 Watchdog Timeout

A Watchdog timeout occurs if the Wattog drcuit is enabled and the Waidog timeroverflows. This
feature provides an escape mechanism from an infinite loop or other abnormal program condition.
When a Watchdog timeout occurs, it resets the device just like assertion of the iIMDLR

45.6 MCLR Input Signal (Master Clear Reset)

A reset occurs whenever the MCI(Raster Clear Reset) input pin goes low. The device is held in the
reset state as long as the MCpR is held low. When the input goes high, the program jumps to the
reset address (the highest memory address). If you do not intend to use thepM@isRa hardware
reset input, you should connect it together with the power supply pin (Vdd) or to a power-on RC
network, as described Bection 4.5.2
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SCENIX Input/Output Ports

5.1 Introduction

The SX device has a set oiplut/Output (1/0) ports. Each port consists of a set of pins on which the
device can read logic signals from other devices, or send logic signals to other devices. Each port pin
can be indivdually software-configured to operate as an input or as an output, to accept TTL or CMOS
voltage levels, and to use or not use an internal pullup resistor. Some ports allow the selection of
Schmitt-trigger input characteristics.

All SX devices have at least a Port A and a Port B, with at least four pins in Port A and eight pins in
Port B. Some devices also have a Port C, Port D, and/or Port E, with eight pins per port. The ports sha
many of the same features, but have some characteristics that vary from port to port:

« Port A offers symmetrical drive capability, which means that the same voltage drop occurs across
the external load whether the output pin is sourcing or sinking current. There are either four or
eight pins in this port, depending on the SX device type.

» The Port B pins can be software-configured to operate as g@uoepase I/O pins, interrupt/
wakeup inputs, or comparator 1/O signals. There are eight pins in this port.

 The Port C, Port D, and Port E pins are genguapose /O pins available in certain devices.
When available, there are eight pins per port. Some of these pins can be software-configured to
operate as special-purpose /O pins.

5.2 Reading and Writing the Ports

The 1/0O ports are memory-mapped into the daganeryaddress space. To the CPU, the ports are
available as the RA through RE file registers at data memory addoésgesough 09h, respectively.
Writing to a port data register sets the voltage levels of the pamdag port pins that have been
configured to operate as outputs. Reading from a register readdtdnge levels of the corresponding
port pins that have been configured as inputs.

For example, in a device that has four Port A pins, supposgdhatant to use afbur pins as outputs,
andyou wantRAO and RAL to be high, and RA2 and RA3 to be low. You would first configure all four
pins to operate as outputs, and then you would execute code such as the following:

mov  W,#3$03 ;load W with the value 03h (bits 0 and 1 high)
mov  $05,W :write 03h to Port A data register
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The second “mov” instruction in this example writes the Port A data register (RA), which controls the
output levels of the four Port A pins, RAO through RA3. Because Port A has only four I/O pins in this
example, only the four least significant bits of this register are used. The four high-order register bits
are “don’t care” bits.

To use all four Port A pins as inputs, you would first configure them to operate as inputs and then reac
them using code such as the following:

mov  W,$05 :move data from Port A into W

Note that pins can be individually configured within a port. For example, you could use some pins of
Port A as inputs and others as outputs. For information on configuring the port piscter 5.3

When a write is performed to a bit position for a port that has been configured as an input, a write to
the port data register is still performed, but it has no immediate effect on the pin. If later the pin is
configured to operate as an output, it will reflect the value that has been written to the data register.

For the SX48/52BD, a control bit called PORTRD in the T2CNT2 register determines how the device
reads data from its I/O ports. Set this bit to 1 to have the device read data directly from the port I1/O
pins (the default operating mode). Clear this bit to O to have the device read data from the port data
registers. Under normal conditions, it should not matter whichadgbu use to read the port data.
However, if a port pin is configured as an output and an external circuit forces the pin to the wrong
value, the value read from the port will depend on the reading mode used.

The SX18/20/28AC always reads data directly from the port 1/0O pin, like the default operating mode
of the SX48/52BD.

When you read from a bit position for a port in the default operating modegre actuly reading

the voltage level on the pin itself, not necessarily the bit value stored in the port data register. This is
true whether the pinis configured to operate as an input or an output. Therefore, with the pin
configured to operate as an input, the data register contents have no effect on the value that you read.
With the pin configured to operate as an output, what you read generally matches what has been writte
to the register.

When you uséwo successive read-modify-write instrigt onthe same I/O port with a very high
clock rate, the “write” part of one instruction might not occur soon enough before the “read” part of
the very next instruction, resulting in getting “old” data for the second instruction. To ensure
predictable results, avoid usimgyo successive read-modify-write instructions that access the same
port data register if the clock rate is high. For more information on this topi§esdéien 2.5.3

5.3 Port Configuration

Each port pin offers the following configuration options:
» data direction
* input voltage levels (TTL or CMOS)

* pullup type (pullup resistor or open collector)
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e Schmitt trigger input (for ports other than Port A)
» Port read mode (for SX48/52BD only)

Port B offers the additional option to use the port pins for the Multi-input Wakeup/Interrupt function
and/or the analog comparatainttion. In some devices, other port pins can be similarly configured
for special-purpose functions.

5.3.1 Accessing the Port Control Registers

You set the configuration of a port by writing to a set of control registers associated with the port. A
special-purpose instruction is used to write or read these control registers:

* mov 'RAW (move data between W and Port A control register)
« mov !RB,W (move datadiween W andPort B control register)

¢ mov !RC,W (move datadiween W andPort C control register)

* mov 'RD,W (move data between W and Port D control register)
*  mov 'RE,W (move data between W and Poddatrol register)

Each one of these instriarts writes a port control register for Port A, Port B, Port C, Port D, or Port
E. There are multiple control registers for each port. To specify whicliconeant to acess, you use
another register called the MODE register.

5.3.2 MODE Register

The MODE register controls access to the port configuration registers. Because the MODE register is
not memory-mapped, itis accessed by the following special-purpose instructions:

* mov M, #lit (move 4-bit literal to MODE register)
*  mov M,W (move W to MODE register)
*  mov W,M (move MODE register to W)

The value contained in the MODE register determines which port control register is accessed by the
“mov Irx,W” instruction, asndicated inTable 5-1for the SX18/20/28AC and imable 5-2for the
SX48/52BD. MODE register values not listed in the table are reserved for future expansion and should
not be used. Upon reset, the MODE register is initialized to OFh for the SX18/20/28AC or to 1F for the
SX48/52BD, which enables write access to the port direction registers.

After you write a value to the MODE register, that setting remains in effect until you change it by
writing to the MODE register again. For example, you can write the value 1Eh to the MODE register
just once, and then write to each of the pullup configuration registers using the ims$ tictov

IRA,W,” “mov 'RB,W,” and so on.
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Table 5-1 MODE Register Settings for SX18/20/28AC

X8h Exchange CMP_B

X9h Exchange WKPND_B

XAh WKED_B

XBh WKEN_B

XCh ST B ST C

XDh LVL_A LVL_B LvL_C

XEh PLP_A PLP_B PLP_C

XFh RA Direction RB Direction RC Direction

Table 5-2 MODE Register Settings for SX48/52BD
MODE Reg. mov 'RA,W mov |RB,W mov |RC,W mov |RD,W mov RE,W
00h Read T1CPL Read T2CPL
01lh Read T1CPH Read T2CPH
02h Read T1IR2CML Read T2R2CML
03h Read TIR2CMH Read T2R2CMH
04h Read TIR1CML Read T2R1CML
05h Read TIR1CMH Read T2R1CMH
06h Read TICNTB Read T2CNTB
07h Read TICNTA Read T2CNTA
08h Exchange CMP_B
09h Exchange WKPND_B
OAh Write WKED_B
0Bh Write WKEN_B
0Ch Read ST_B Read ST_C Read ST_D Read ST_E
0Dh Read LVL_A Read LVL_B Read LVL_C Read LVL_D| ReadLVL_E
OEh Read PLP_A Read PLP_B Read PLP_C Read PLP |D Read PLR_
OFh Read RA Read RB Read RC Read RD Read RE
Direction Direction Direction Direction Direction

10h Clear Timer T1 Clear Timer T2
11h
12h Write TLIR2CML Write T2R2CML
13h Write TLIR2CMH Write T2R2CMH
14h Write TIR1CML Write T2R1CML
15h Write TIR1CMH Write T2R1CMH
16h Write TLICNTB Write T2CNTB
17h Write TICNTA Write T2CNTA
18h Exchange CMP_B
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Table 5-2 MODE Register Settings for SX48/52BD

MODE Reg. mov 'RA,W mov |RB,W mov |RC,W mov |RD,W mov RE,W
19h Exchange WKPND_B
1Ah Write WKED_B
1Bh Write WKEN_B
1Ch Write ST_B Write ST _C Write ST_D Write ST_E
1Dh Write LVL_A Write LVL_B Write LVL_C Write LVL_D | Write LVL_E
1Eh Write PLP_A Write PLP_B Write PLP_C Write PLP_D|  Write PLP_E
1Fh Write RA Write RB Write RC Write RD Write RE

Direction Direction Direction Direction Direction

To modify the contents of the MODE register, you can move the desired value into W and then from
W to the MODE register. However, if you only want to modify the lower four bits of the MODE
register, you can use the “mov M #lit” instruction, which takes just one clock cycle and preserves the
contents of W.

5.3.3  Port Configuration Example

The following code example shows how to program the pullup control registers.

mov W, #$1E ;MODE=1Eh to access port pullup registers
mov  M,W ;write 1Eh to MODE register

mov W, #$03 ;W = 0000 0011

mov 'RAW ;disable pullups for AO and Al

mov W, #3$FF W =1111 1111

mov RB,W ;disable all pullups for BO-B7

mov W, #3$00 ;W = 0000 0000

mov RC,W ;enable all pullups for CO-C7

First you load the MODE register with 1Eh to select access to the pullup control registers (PLP_A,
PLP_B, and PLP_C). Then you use the “mov !rx,W” instructions to specify which port pins are to be
connected to the internal pullup resistors. Setting a bit to 1 disconnects the corresponding pullup
resistor, and clearing a bit to 6rmects the corresponding pullup resistor.

5.3.4 Port Configuration Registers

The port configuration registers controlled by the “mov !'rx,W” instruction operate as described below.

RA through RE Data Direction Registers (MODE=1Fh)

Each register bit sets the data direction for one port pin. Set the bit to 1 to make the pin operate as a
high-impedance input. Clear the bit to 0 to make the pin operate as an output.
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PLP_A through PLP_E: Pullup Enable Registers (MODE=1Eh)

Each register bit determines whether an internal pullup resistonmgted to the pin. Set the bitto 1
to disconnect the pullup resistor or clear the bit to @tmect the pullup resistor.

LVL_A through LVL_E: Input Level Registers (MODE=1Dh)

Each register bit determines the voltage levels sensed on the input port, either TTL or CMOS, when
the Schmitt trigger option is disabled. Program each bit according to the type of device that is driving
the port input pin. Set the bitto 1 for TTL or clear the bit to 0 for CMOS.

ST_Bthrough ST_E: Schmitt Trigger Enable Registers (MODE=1Ch)

Each register bit determines whether the port input pin operates with a Schmitt trigger. Set the bit to 1
to disable Schmitt trigger operation and sense either TTL or CMOS voltage levels; or clear the bit to
0 to enable Schmitt trigger operation.

WKEN_B: Wakeup Enable Register (MODE=1Bh)

Each register bit enables or disables the Multi-Input Wakeup/Interrupt (MIWU) function for the
corresponding Port B input pin. Clear the bitto 0 to enable MIWU operation or set the bit to 1 to disable
MIWU operation. For more information on using the Multi-Input Wakeup/Interrupt function, see
Section 4.4

WKED_B: Wakeup Edge Register (MODE=1Ah)

Each register bit selects the edge sensitivity of the quondag Port B input pin for MIWU operation.
Clear the bit to 0 to sense rising (low-to-high) edges. Set the bit to 1 to sense falling (high-to-low)
edges.

WKPND_B: Wakeup Pending Flag Register (MODE=19h)

When you access the WKPND_B register using the “mov !RB,W” instmucthe CPU does an
exchange b&eenthe contents of W and WKPND_B. This feature ks readhe WKPND_B

register contents. Each bit indicates the status of the porrdag MIWU pin. A bit set to 1 indicates
that a valid edge has occurred on the cpoadng MIWU pin, triggering a wakeup or interrupt. A bit
set to O indicates that no valid edge has occurred on the MIWU pin. The WKPND_B register comes
up with undefine value upon reset.

CMP_B: Compara tor Register (MODE=18h)

When you access the CMP_B register using the “mov 'RB,W” instruction, the CPU does an exchange
between the contents of W and CMP_B. This feature lets you read the CMP_B register contents. Clear
bit 7 to enable operation of the comparator. Clear bit 6 to place the comparator result on the RBO pin.
Bit O is a result flag that is set to 1 when the voltage on RB2 is greater than RB1, or cleared to 0
otherwise. (For more information using the comparatorCéegter 9)
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T2CNTB: Timer T2 Control B Register (MODE=16h)

This register is present only in the SX48/52BD. You access it with the “mov IRC,W” instruction. The
seven low-order bits control the Timer T2 configuration as describ®ddtion 8.4.4The high-order

bit, called the PORTRD bit, selects the “port read” mode for all the 1/O ports. Set this bit to 1 to have
the device read data from the port 1/O pins directly. Clear this bit to O to have the device read data frorn
the port data registers.

5.3.5 Port Configuration Upon Reset

Upon reset, all the port control registers are initialized to FFh. Thus, each pin is configured to operate
as a high-impedance input that senses TTL voltage levels, with no internal pullup resistoted.

The MODE register is initialized to OFh for the SX18/20/28AC or to 1Fh for the SX48/52BD, which
allows immediate write access to the data direction registers with the “mov !'rx,W” instruction.

5.3.6  Port Block Diagram

Figure 5-1is a block diagram showing the internal device hardware for one pin of Port B. This diagram
will help you understand how the port operated how to use it. Notdat pin features related to the
Multi-Input Wakeup/Interrupt function and the analog comparator function are not shown in this
diagram.

The boxes labeled RB Direcoti, LP_B,LV_B, and ST_B represent indiial cortrol bits within the
respective port control registers. The data registers and control registers are all mapped into the data
memory space at address 06h. The control registers are accessed with the “mov |RB,W” instruction,
with access controlled by the value in the MODE register; while the RB Data register bit is accessed
by ordinary file register instructions such as “mov $06,W".

The port pin is configured to operate as either a high-impedance input or an output, as determined by
the RB data register bit. When the pin is configureoigerate as aimput, the ST_B and LV_B bits
determine the type of input buffer used. The ST_B bit either enables or disables the Schmitt trigger
input buffer. If the Schmitt trigger is disabled, the LV_B bit selects either the TTL or CMOS buffer for
sensing the input voltage levels on the pin.

When the device is configured to operate as an output, the bitin the RB data register is buffered and
placed on the output pin. Reading from the port data address returns the actual logic level on the pin
(in the default operating mode), even when the pin is configured to operate as an output.

The PLP_B bit either connects or dismects the internglullup resistor. If the pullup resistor is
disconnected, an external pullup will be required.

The block diagram irFigure 5-1is for a Port B data pin, but the same diagram also applies to pins of
the other ports, with one exception. Port A does not offer a Schmitt trigger inpout,gatiitacks the
control register bit and logic associated with the Schmitt trigger buffer.
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A\ Chapter 6

SCENIX Timers and Interrupts

6.1 Introduction

The SX core hastwo diff erent timers: the Real-Time Clock/Counter (RTCC) and tle Watchdogtimer.
The RTCC timer can beused b keeptrack d elapsedtime or tocountexternal events. The Watchdog
timer provdes an autmaticescaperoutefrom infinite loopsand otherprogram erors. An RTCC timer
overflow triggers an irterrupt, whereas aWatchdogtimer oveiflow triggers a avicereset.

Same SX devices sudh as the SX48/52BC offer addtiond timers. The® non-core feaures are
described inseparate chaterslater in hismanual.

The SX device suppds interrupts fromthe RTCC drcuit and fom up to eight Multi-Input Wakeup
pins in Pott B. An interrupt causes a jump to the bottam of the program memory (addess 0000h),
wheretheinterrupt service routine is located.The savice rodine isterminated byan RETI or RETIW
instruction, which causesthe device to jump kack to the point in the progran where the interrupt
occurred andestare the progam context atthat point.

6.2 Real-Time Clock/Counter

The Red-Time Clock/Courter is a gerral-purpasetimer that can beused b keep track of elapsed time
or tokeep a count gbulsesreceivedon the RTCC input pn.The RTCC register is a menory-mapped,
8-hit regster that can keep a count up to 256. An 8-bprescaler register @n be usedo extend the
maximum coumto 65,536.

Figure 6-1 is a block dagram showing the RTCC circuit, induding the RTCC regster, the 8-bit
prescaler register, the Watchdog timer (WDT) register, and the suppding nultiplexers and
configuration bits that cortrol the RTCC timer.

The RTCC register is clockad (incremented) either by the intemal instruction clodk or by pulses
received on heRTCC input pin. Tlechaceis cortrolled bythe RTS bitinthe OPTION register. Set
this bt to 1 to counpulses on heRTCC input pn, or clearthis bit to 0 to couhingructon cycles.

If you select the RTCC inputpin asthe clok soure, the RTE_ES biinthe OPTION register specifies
thetype d trarsition sensed on tkpin. dear thebitto 0 toserse rising edges (low-to-hightransitions)
or setthe bt to 1 tosense falling edges (high-to-bw transitions) on he RTCC pin.
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6.2.1 Prescaler Register

The 8-bit prescaler register is sharestvieerthe Watchdog timer and RTCC circuit. It can be
configured to operate as a prescaler for the RTCC circuit or as a postscaler for the Watchdog timer, bu
it cannot be used for both purposes at the same time. The selection betweernpthssible functions

is controlled by the PSA (Prescaler Assignment) bit in the OPTION register.

If the prescaler register is used with the RTCC clock, it reduces the rate at which the RTCC register is
incremented. The instruction cycles or external events being counted are used to increment the
prescaler register, and transitions of a specified bit in the prescaler register are used to increment the
RTCC register.

The rate at which the RTCC register is incremented is reduced by a factor determined by the PS2:PSC
bits in the OPTION register:

6.2.2 Maximum Count

The RTCC counter register ésght bits wide, so it can count up to 256 instruction cycles or external
events. Ifyou usehe prescaler register and select a divide-by factor ofy2k6;an count up to 65,536
instruction cycles or events because the RTCC register is incremented only once per 256 instruction
cycles or events.

The RTCC countecan be configured to trigger an interrupt each tinowérflows from FFh to 00h.

To enable this interrupt, clear the RTE_IE bit in the OPTION register. You can have the interrupt
service routine increment a file register (or a set of cascaded file registers), and thereby keep track of
any number of instruction cycles or events.
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6.2.3 RTCC Operation as a Real-Time Clock or Timer

To use the RTCC circuit as a real-time clock, configure it to be incremented by the instruction clock.
In that case, the RTCC counter is incrementedfixed rate of once per instruction clock cycle. For
example, if the instruction rate is 4 MHz, The RTCGiiater is incremented at 4Hi&, or once per 250
nsec. The accuracy of the timer depends only on the accuracy of the clock that drives the SX device.

To increment the RTCC counter at slowater enable the prescaler register and specify the divide-by
factor using the PS2:PSO0 bits in the OPTION register.

To operate the RTCC as a count-down timer, initialize the RTCC registerapphspriate value and

let the courter run. For example, to count 100 instruction cycles, load RTCC with the value 156
(decimal) using an instruction such as “mov $01,#156". The RTdGter willthen increment the
register 100 times before it reaches the maximum value and rolls over back to zero, triggering an
interrupt (if enabled by the RTE_IE bit in the OPTION register).

If you power down the device using the “sleep” instruction, the device clock is stopped, the RTCC
counter stops operating, and the RTCC register contents arepostwakeup from the power down
mode, the RTCC register contains unknown data.

Writing to the RTCC clears the prescaler if it is assigned to the RTCC (bit PSAof the OPTION register
is 0).

On the SX18/20/28 devices, there is no interrupt pending bit to indicate the overflow occurence.The
RTCC register must be sampled by the program to determine any overflow occurence.

6.2.4 RTCC Operation as an Event Counter

To use the RTCC circuit as an external eveninger, configure it to be incremented by pulses on the
RTCC input pin. Design the system to generate a pulse for each occurrence of the event, and feed tha
signal into the RTCC pin. Then the RTCGuater is incremented once for eadturrence of the

external event. Use the RTE_ES bit in the OPTION register to specify the type of transition to be
sensed on the RTCC pin (rising or falling edges).

To increment the RTCC counter at slowater enable the prescaler register and specify the divide-by
factor using the PS2:PSO0 bits in the OPTION register.

The RTCC circuit can count no more than one event per instruction cycle. Multiple edges received
within a single instruction cycle are counted as a single event.

6.2.5 RTCC Overflow Inter rupts

The device can be configured to generate an interrupt each time the RTCC register rolls over from FFt
to 00h. To do this requires the folling actons:

* Clear the OPTION_X bit in the FUSE word register when you program the device. This enables
operation of the RTW and RTE_IE bits in the OPTION register.

» Have the software clear the RTE_IE bit in the OPTION register.
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The SX48/52BC has an interrupt pending flag associated with RTCC rollover interrupts, called
RTCCOV (RTCC Overflow), which is bit 7 in the TLCNTB register. The interrupt service routine can
check this bit to determine whether an RTCC overflow caused the interrupt. The SX18/20/28 has no
such flag. In that case, the interrupt service routine should read the RTCC register to determine whethel
an RTCC rollover caused the interrupt. A register value of 00h (or a very low value) is an indicator that
arollover has just occurred.

6.3 Watchdog Timer

The Watchdog timer is a circuit that provides an automatic escape route from infinite loops and other
abnormal program conditions. It can be enabled or disabled by the WD TéhigiTmer Enable)
bit in the FUSE word register. In the default configuration, the Wdaig timer is eraed.

The timer has an 8-bit register that is incremented by an independent on-chip oscillator, completely
separate from the on-chip RC oscillator that can be used to drive the rest of the device. The counter
counts up from 00h to FFh. When the counter rolls over from FFh to 00h (or rolls over the number of
times programmed into the prescaler register), it generates a device reset and clears the TO (Timeout
flag in the STATUS egister to indicate that a Watchdog timeout has occurred.

To prevent this automatic reset, the application program must periodically set the timer back to zero.
This is accomplished by executing the “CLR 'WDT” (clear WMdtmg Timer) instruction, which clears

the Watchdog timer register and prescaler register to zero. Executing this instruction is called
“servicing” the Watchdog. The Watchdog timer register is not memory-mapped and is not accessible
by any other means.

If the program gets stuck in an infinitaop, it is unikely to servicethe Watchdog in thablp. Inthat

case, when the Watchdog counts up to FFh and rolls over to 00h (or rolls over a specified number of
times), the device is reset automatically, thus providing an escape from the infinite loop. A rollover
also clears the TO (Timeout) flag.

The “CLR 'WDT” instruction, in addition to clearing the Whtlobg tmer register, also sets the TO and

PD flags to 1 in the STATUS register. The TO flag is cleared to O to indicate the occurrence of a
Watchdog timeout. The PD flag is cleared to O by the “sleep” instruction to indicate that the device has
been put into the power down mode.

6.3.1 Watchdog Timeout Period

The Watchdog oscillator has a nominal operating frequency of 14 kHz, or a period of 714
microseconds. At this rate, the 8-bit counter counts from 00h to FFh in 18 milliseconds. This amount
of time is the default Watchdog timeout period. The application program needs to execute a “CLR
IWDT” instruction at least once every 18 milliseconds to prevent ahladreset.

The Watchdog timeout period can be increased by using the 8-bit prescaler register. This register can
be configured to operate with either the Watchdog timer or RTCC circuit, but not both at the same time.
This selection is controlled by the PSA (Prescaler Assignment) bit in the OPTION register.
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If the prescaler register is used with the Widteg timer, it actually operates as a poalr that causes

a device reset to occur after the 8-bit Wdtag registeroverflows a certain number of times. This
increases the Watchdog timeout period by a factor determined by the PS2:PSO0 bits in the OPTION
register.Table 6-1lists the PS2:PS0 settings and the corresponding divide-by factors and timeout
periods.

Table 6-1 Watchdog Timeout Settings

PS2:PSO Watchdog Timer Output Watchdog Timeout
(with PSA=1) Divide-By Factor Period
000 1 0.018 sec
001 2 0.037 sec
010 4 0.073 sec
011 8 0.15 sec
100 16 0.29 sec
101 32 0.59 sec
110 64 1.17 sec
111 128 2.34 sec

6.3.2 Watchdog Operation in the Power Down Mode

The Watchdog timer operates even during the power down mode. This feature causes an automatic
wakeup from the power down mode after the Wdtg tmeout period has elapsed. The Watchdog
circuit can continue to operate in power down mode because it is driven by its own on-chip oscillator.

If you do not need to usethe Watchdog timer, you can disable it by clearing the WDTE bit in the FUSE
word register. Doing so reduces power consumption in the power down mode because the Watchdog
oscillator and ounter no longer opeta

6.4 Interrupts

An interrupt is a condition that causes a CPU to stop its normal program execution and perform a
separate “service” routine that handles the cause of the interrupt condition. An interrupt can occur at
any point in the program and is typically triggered by an event that can happen at any time.

An interrupt causes the CPU to save the program context (prograrerg W, STATUS, and FSR)

and then jump to address 000h, where the interrupt service routine should be located. The service
routine is terminated by a return-from-interrupt instruction, which restores the program context and
causes the program to resume execution at the point where it was interrupted.

In the SX18/20/28Ac devices, there an® possible causes of arterrupt:
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» arollover of the Real-Time Clodgbunter(RTCC)

* aninterrupt signal received on a Port B input pin that has been configured for Multi-input Wake-
up/Interrupt operation

RTCC interrupts can be used to keep track of elapsed time (for example, to maintain a real-time clock
that changes the displayed time once per second). Port B interrupts can be used to handle any type of
external device that needs service, such as a hardware peripheral or a serial interface. The SX48/52B
devices have additional interrupt sources associated with the multi-function timers T1 and T2.

6.4.1  Single-Level Interrupt Operation

All interrupts are global in nature; that is, no interrupt has priority over another. Interrupts are handled
sequentially. Once an interrupt is acknedged, all subsequentogial interupts are disabled until

return from servicing the current interrupt. The PC is pushed ontanthle &vel interrupstack, and

the contents of the FSR, STATUS, and W registers are saved in their corresponding shadow registers.
Bits PAO, PAl, and PA2, of the STATUS register are cleared after the STATUS register has been
saved in its corresponding shadow register. The interrupt logic has its own single-level stack and is
not part of the CALL subroutine stack. The vector for the interrupt service routines is address 0.

Once in the interrupt service routine, the user program must check all interrupt pending bits to deter-
mine the source of the interrupt. The interrupt service routine should clear th@aadreginterrupt
pending flag.

Normally it is a requirement for the user program to process every interrlyputviissing any. To
ensure this, the longest path through the interrupt routine must take less time thamtdst possi-

ble delay between interrupts.

The Multi-InputWakeup/Interupt circuit continues to operate during an interrupt service routine. It
senses valid edges on the enabled wakeup/interrupt input pins and sets the WKPND_B pending flags
accordingly. However, these interrupt events are not serviced until the current service routine is
completed.

If more than one interrupadition occurs during an interrupt service routine, thedpey interrupts
can be serviced in any order upon completion of the current interrupt service routine. There is no
“priority” associated with different interrupt sources.

6.4.2 Interrupt Sequence
The following segance takes place in processing an interrupt:

1. The interrupt ondition occurs (either an RTCC rollover or a Multi-Input Wakeup/Interrupt signal
on Port B). An interrupt is generated only if the applicable condition is enabled to operate as an
interrupt.

2. The CPU automatically saves the curritents of the pogram counter (all 1Bits) and the W,
STATUS, and FSR registers. It saves these register contents in a set of independent shadow reg
isters, not in the program stack. All further interrupts are disabled.

3. The program jumps to address 000h, where the interrupt service routine should be located.
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4. If the device is configured to accept different interrupts, the interrupt service routine should read
the applicable registers (such as WKPND_B and TICNTB) to determine the cause of the inter-
rupt.

5. The interrupt service routine should perform the required task.

6. The interrupt service routine should end with a return-from-interrupt instruction, either RETI or
RETIW.

7. The CPU automatically restores the contents of the program counter, W, STATUS, and FSR reg-
isters; and then resumes normal program execution at the point of interruption. If another inter-
rupt condition occurred during the service routine, it immediately triggers a new interrupt at this
time.

The interrupt response time is always three instruction cycles for an RTCC interrupt or five instruction
cycles for a Multi-hput Wakeup interrupt. This is the amount of time it takes from detection of the
interrupt condion to execution of the first instruction in the interrupt service routine.

Figure 6-2is a block diagram skang the internallogic of the interrupt generation circuit. An interrupt
can be generated by either an RTCC rollover or a wakeup/interrupt signal on a Port B pin, if enabled
by the appropriate bit in the OPTION registeror STATUS register. A signal on aip/akerrupt pin

of Port B generates an interrupt only durmaymal operation of the device, not in the power down
mode.

6.4.3 RTCC Interrupts

The Real-Time Clock/Counter is a general-purpose timer that can be used to keep track of elapsed tim
or to keep a count of pulses received on the RTCC input pin. To enable RTCC interrupts, clear the
RTE_EI bit in the OPTION register. In that case, the RT@@ter generates an interrupt each time it

rolls over from FFh to O0h.

The SX48/52BC has an interrupt pending flag associated with RTCC rollover interrupts, called
RTCCOV (RTCC Overflow), which is bit 7 in the TLCNTB register. The SX18/20/28 has no such flag.

In that case, the interrupt service routine should read the RTCC register to determine whether an RTCH
rollover caused the interrupt. A register value of 00h (or a very low value) is an indicator that a rollover
has just occurred.

You can configure the RTCC circuit to count instruction cycles or external events, and you can specify
the number of cycles or events that cause the RTCC counter to be incremented. For details, see
Section 6.2

6.4.4 Port B Interrupts

The Multi-InputWakeup/Interrupt circuit allows the Port B pins to be used as device inputs to trigger
an interrupt from an external source. The same circuit is used for both wakeups and interrupts. In the
power down state, a wakeup signal on a Port B pin wakes up the device and causes a device reset. Tt
same signal received during normal device operation triggers an interrupt.
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Figure 6-2 Interrupt Logic Block Diagram

You can configure any of the eight Port B pins to operate as wakeup/intapuppins and
individually enable or disable the corresponding interrupt. On each enabled pin, you can choose to
sense either rising or falling edges from the external interrupt source.

Each wakeup/interrupt pin has as associated pending flag to indicate whether a wakeup/interrupt signa
has been detected. When Port B has been configured to use multiple Port B interrupt pins, the interrup
service routine should read the wakeup pending register to determine which Port B pin caused the
interrupt.

For more information on using the Multijput Wakeup/Interrupt pins and the associated Port B
registers, se8ection 4.4

6.4.5 Device-Specific Interrupts

Some SX devices have on-chip peripheraldoies that can generate interrupts. For example, the
SX48/52BD device has to additional timers, T1 and T2, that can generate interrupts. These interrupt
sources operate just like RTCC and Multput Wakeup interrupts. They have their own interrupt
configuration and enable bits.

For more information on using the interrupts associated with Timer T1 and Timer T2hapeer 8
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6.4.6  Return-from-Interrupt Instructions
There are twaeturn-from-interrupt instructions available:
* RETI (Return from Interrupt)
« RETIW (Return from Interrupt and Adjust RTCC with W)

Both of these instructions cause a return from the current interrupt service routine by restoring W,
STATUS, FSR, and the program counter. The RETI instruction is a “plain” return from interrupt,
whereas the RETIW also makes an adjustment to the RTCC register prior to the return.

The RETIW instruction adds W to RTCC before it restores W, STATUS, FSR, and the program
counter. This allows RTCC to be restored to the value it contained at the time the main program was
interrupted. To use this feature, the interrupt service routine should check the RTCC register at the
beginning of the routine and again at the end of the routine, and then put the adjustment value into W
before executing the RETIW instruction.

6.4.7 Interrupt Example

The following code example shows the part of an interrupt service routine that determines the cause c
an interrupt and jumps to a processing routine based on the cause. In this example, the RBO and RB1
pins are configured to operate as interrugiuts and the RTCC counter is enabled to generate
interrupts.

org O ;interrupt routine starts at address 000h
mov  M,#$9 ;set up MODE register to read WKPND_B
clr W ;clear W to zero

mov 'RB,W ;exchange contents of W and WKPND_B
and W,#3$03 ;mask out unused bits from WKPND_B

‘W now indicates cause of interrupt:
;00h = RTCC, 01h =RBO0, or 02h = RB1

add $02,wW ;add W to program counter for indirect jump
jmp  rtcc_i ‘W=00h, jump to RTCC interrupt service routine
jmp  rbO_i ;W=01h, jump to RBO interrupt service routine
jmp  rbl1_i ;W=02h, jump to RB1 interrupt service routine
rtcc_i
;RTCC interrupt service routine here
reti ;return from interrupt
rbO i
;RBO interrupt service routine here
reti ;return from interrupt
rbl i
;RB1 interrupt service routine here
reti ;return from interrupt
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SCENIX Analog Comparator

7.1 Introduction

The SX has an analog voltage comparator. The comparator circuit, when properly enabled and
configured, compares the analog voltaggsoéed to two Port B input pins. The comparator
determines which voltage is higher and reports the logical result in an internal register and also on a
Port B output pin (if enabled for that purpose). The application program can read the result from the
internal register, and an external device can read the result from the Port B output pin.

The comparator uses Port B pins RB2, RB1, and RBO. RB2 and RB1 are the comparator inputs, with
RB2 operating as the positiveputand RB1 operating as the negative input. If the voltage on RB2 is
greater than the voltage on RB1, the result of a comparison operation is logic 1. Otherwise, the result
is logic 0.

This result is reported on the RBO pin, which is configured to operate as an output. If the result is only
need by the SX software and not by an external device, then RBO does not need to be used for the
comparator function. Instead, it can be used as a general-purpose I/O pin or a Multi-Input Wakeup
input pin.

7.2 Comparator Enable/Status Register (CMP_B)

The Comparator Enable/Status Register (CMP_B) is a Port B control register used to enable operation
of the comparator, to enable the comparator output pin, and to read the comparison results. The regist
format is shown below.

| CMP_EN | CMP_OE | Reserved | CMP_RES |
7 6 5 4 3 2 1 0

There are three non-reserved bits in this register:

e CMP_EN(Comparator Enable). To enable operation of the comparator, clear this bit to 0. You
must also configure RB2 and RB1 to operate as inputs by setting bit 2 and bit 1 in the RB Data
Direction register.

« CMP_OE(Comparator Output Enable). Using the RBO pin as a comparator output is optional.
To do this, clear this bit to 0. You must also configure that pin to operate agpahklpclearing
bit 0 in the RB Data Direction register.
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« CMP_RES (Comparator Result). To determine the comparator resditat this bit the WIP_B
register. A “1” indicates that the voltage on RB2 is greater than the voltage on RB1, and a “0”
indicates the opposite. The comparator must be already enabled ( CNbR digdred to 0) in
order to read a valid result.

Upon power-up or reset, the CMP_Exd CMP_OEbits are both set to 1. This means that the
comparator starts in the disabled state.

7.2.1  Accessing the CMP_B Register

Like all port configuration registers, the CMP_B register is accessed by the “mov !rx,W” instruction
in conjunction with an appropriate MODE register setting. For example, you can access the CMP_B
register using the follwing commands:

mov  M,#$8 ;set MODE register to access CMP_B
mov  W,#$00 ;clear W
mov RB,W ;enable comparator and its output

;delay after enabling comparator for response
mov  M,#$8 ;set MODE register to access CMP_B
mov  W,#$00 ;clear W
mov RB,W ;enable comparator and its output and

;also read CMP_B (exchange W and CMB_B)

and W, #$01 ;set/clear Z flag based on comparator result
snb  $03.2 itest Z flag in STATUS reg (0 => RB2<RB1)

jmp  rb2_hi ;Jjump only if RB2>RB1

To access the CMP_B register, you should load the MODE register with either 08h or 18h. The four
high-order bits of the MODE register are “don’t care” bits. The “mg#3$84” instru¢ion moves the
value 8h into the four low-order bit positions of the MODE register.

When you use the “MOV !'RB,W” instruction to access the CMP_B register, it performs an exchange
of data between W and port control register. (An exchange of this type is performed only when you
access the CMP_B or WKPND_B register.) In the programming exampleahe'MOV 'RB,W”
instruction writes 00h into the CMP_B register, and simultaneously reads the contents of CMP_B into
W.

7.3 Comparator Operation

Figure 7-1is a block diagram slang the internal hardware of the comparator circuit. e analog

inputs to the comparator are the RB2 and RB1 pins. Operation of the comparator is enabled by the
CMP_RES bit and operation of the RBO pin as the comparator output is enabled by the CitP?_OE

The comparator result appears in the CMP_RES bit position, whether or not the RBO output pin is usec
with the comparator. Read/write access to the CMP_B register is enabled when the MODE register
contains 08h or 18h.
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< Internal Data Bus
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CMP_B
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CMP_EN |7 W
CMP_OE |6
RBO
R
] E <
RB1 v S MODE
+ R E MODE =
RB2 v 08h/18h
' E
D
CMP_RES |0

Point to CMP_B

Figure 7 -1 Comparator Block Diagram

As long as the comparator is enabled, it operates continuously and reports its result in the CMP_RES
bit of the CMP_B register and on the RBO pin (if enabled for that purpose). To reduce unnecessary

power consumption during the power down state, you should disable the comparator before using the
“sleep” instruction.

The comparator takese time to rgsond after it is enabled and after a change in the analog input
voltages. For details, see the comparator DC and AC specifications in the device data sheet.
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SCEMK Multi-Function Timers

8.1 Introduction

Some SX devices such as the SX48/52BD have a set of on-chip multi-function timers in addition to
the standard RTCC and Whtiog timergound in all SX devices. The SX48/52BD has two such multi-
function timers, designated T1 and T2. These versatile, programmable timers reduce the software
burden on the CPU in real-time control applications such as PWM generation, motor control, triac
control, variable-brightness display control, sine wave generation, and data acquisition.

Each timer consists of a 16-bit counter register supported by a 16-bit capture register and a 16-bit
comparison register. Each timer uses up to four 1/O pins: one clockingtwputagure nputs, and

one timer output. The timer I/O pins are alternate functions of Port B pins for timer T1 and Port C pins
for Timer T2.

Figure 8-1is a block diagram skang the registers and I/O pins of one timer. The 16-bit fueating
timer/counter register is indliized to0000h uponeset and @untsupward continuously. It is clocked
either by an external signal provided on an I/O pin or by the on-chip system clock divided by a
programmable 8-bit prescaler register.

— Compare Interrupt
Capture 2 Output
—v4 N
match
P 16-Bit Comparison Register R2 16-Bit Comparison Register R1—
System
Clock —p{ 8-Bit Prescaler 16-Bit Comparator

Ext. Clock

16-Bit Free-Running
| + * P MUX Timer/Counter

—» Capture Interrupt

[N

Capture

- * ¢ «|p|  16-Bit Capture Register

Figure 8-1 Multi-Function Timer Block Diagram
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The CPU can access the R1, R2, and Capture registers by using the “mov IRB,W” instruction for T1
or the “mov IRC,W"” instruction for T2. The other timer registers are not directly accessible.

You can configure the timer to generate an interrupt upon overflow from FFFFh to 0000h, upon a
match between the counter value and a programmed comparison value, or upon the occurrence of a
valid capture signal on either of two capture inputs.

8.2 Timer Operating Modes

Each timer can be configuredapeate in one of the following modes:
* Pulse Width Modulation (PWM) mode
» Software Timer mode
» External Event mode

» Capture/Compare mode

8.2.1 PWM Mode

In the Pulse Width Modulation (PWM) mode, the timer generates an output signal having a
programmable frequency and duty cycle. To use this mode, you load the two 16-bit comparison
registers, R1 and R2, with the number of timer clock cycles that you want the output signal to be high
and low.

The timer starts from zero andunts up until it reaches the value in R1. At that point, it generates an
interrupt (if enabled),agglesthe output signal, and startsunting from zero again. The s#x ime,

it counts up until it reaches the value in R2. At that point, it again generates an interrupt (if enabled),
toggles the output signal, and starts counting from zero again. This process is repeatedsip{i
alternating between R1 and R2 to obtain the value at whicytgethe output signal and return the
counter to zero. The values of R1 and R2 establish the duty cycle and frequency of the output signal.
If R1 and R2 contain the same value, the resulting output signal is a square wave.

In the PWM mode, the timer is clocked by the on-chip system clock divided by an 8-bit prescaler value.
The divide-by factor can be set to any power-of-2 from 1 to 256. Thus, the period of the timer clock
can be set from 1 @66 times the systesiock period.

8.2.2 Software Timer Mode

The Software Timer mode is the same as the PWM mode, except that the timer doggladahe

output signal. Instead, thp@ication program takes action in response to the interrupts generated upon
each match between theunterand the contents of the active comparison value in either R1 or R2.
The software can determine the cause of each interrupt by checking the timer interrupt pending flags.
There is a different flag bit associated with each type of event (R1 match, R2 match, or overflow).
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8.2.3 External Event Mode

The External Event ode is the same as the PWMdapexcept that the counter register is clocked by

an external signal provided on an input pin rather than by the system clock. This mode can be used to
count the occurrences of external events. The input pin can be configured to sense either rising or
falling edges.

8.2.4 Capture/Compare Mode

In the Capture/Compare mode, tloeinter counts upard conthuouslywithout interrupton. Avalid

transition received on either of two input pins causes the current value otitiiercto be captured in

an associated capture register. This capture feature can be used to keep track of the elapsed time
between successive external events. In exfgithetimer continuously compares the counter value
against the value programmed into the R1 register. Each time a match ocoggde# the timer output

pin, and also generates an interrupt (if enabled). The timer continues to count upward after a match
occurs (unlike the PWM mode, which resets the counter to zero when a match occurs).

In the Capture/Compare mode, the timer is clocked by the on-chip system clock divided by an 8-bit
prescaler value. The divide-by factor can be set to any power-of-2 from 1 to 256.

The twoinput capture pins are designated Capture 1 and Capture 2. They can be configured to sense
either rising orfalling edges. The Capture 1 pin capturesthe counter value in a dedicated 16-bit capture
register, a read-only register. The Capture 2 pin capturestimer value in the Rgister. The
occurrence of a capture emvtalso generates an interrupt (if enabled) and sets an associated interrupt
pending flag.

Overflow of the ounter fromFFFFh to 0000h also generates an interrupt (if enabled) and sets an
associated interrupt pending flag. Because the counter is free-running, an overflow can occur at any
time. In cases where the time between successive capture events might exceed 65,536 counts of the
timer, the software should keep track of the number of overflows between successive events in order
to determine the true amount of time between such events.

An occurrence of a match between tberger védue and the programmed value in the R1 register
toggles the timer output pin. It also generates an interrupt (if enabled) and sets an associated interrupt
pending flag. The timer continues to run freely without being reset to zero. Therefore, if you want to
have a fixed timeout period for this interrupt, the interrupt service routine must write a new value into
R1 each time a match occurs.

8.3 Timer Pin Assignments

The following table lists the I/O popins associated with the Timer T1 and Timer T2 1/O functions.
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Table 8-1

Timer T1/T2 Pin Assignments

I/O Pin

Timer T1/T2 Function

RB

Timer T1 Capture Input 1

RB

Timer T1 Capture Input 2

RB

Timer T1 PWM/Compare Output

RB

Timer T1 External Event Clock Sourct

A} %4

RC

Timer T2 Capture Input 1

RC

Timer T2 Capture Input 2

RC

Timer T2 PWM/Compare Output

RC

Timer T2 External Event Clock Sourcg

1%

8.4 Timer Control Registers

There are tw@-bit control registers associated with each timer, called the Control A and Control B
registers. The Control A register contains the interrupt enable bits and interrupt flag bits associated
with the timer. (Interrupts are caused by compari€apture, and overflow events.) The Control B
register contains bits for setting the timer operating mode, the clock prescaler divide-by factor, and the
input signal edge sensitivity. Each Control B register also contains one device configuration bit not
related to operation of the multi-function timers.

The register formats are shown in the following diagrams.

8.4.1 Timer T1 Control A Register (TLCNTA)

T1CPF2 | TI1CPF1 TlCPIE|

TICMFR TICMFlL TICMIE TI1OVF

T1O0VIE

7 6 5

4 3 2 1

Table 8-2 T1CNTA Register Bits

0

Bit Name

Description

T1CPF2 Timer T1 Capture Flag 2. In Capture/Compare mode, this flag is automatically set to 1 when g capture
event occurs on the Capture 2 pin of Timer T1 (pin RB5). It stays set until cleared by the software.

T1CPF1 Timer T1 Capture Flag 1. In Capture/Compare mode, this flag is automatically set to 1 when g capture
event occurs on the Capture 1 pin of Timer T1 (pin RB4). It stays set until cleared by the software.
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Table 8-2 T1CNTA Register Bits

Bit Name

Description

T1CPIE

Timer T1 Capture Interrupt Enable. Set this bit to 1 to enable capture interrupts for Timer T1 in Cap-
ture/Compare mode. In that case, an interrupt will occur each time a valid edge is received on the Cap-
ture 1 or Capture 2 pin of Timer T1. Clear this bit to 0 to disable capture interrupts.

T1CMF2

Timer T1 Comparison Flag 2. This flag is automatically set to 1 when the contents of the timer|counter
match the contents of R2, when R2 is the active comparison register. The flag stays set until it|is
cleared by the software.

T1CMF1

Timer T1 Comparison Flag 1. This flag is automatically set to 1 when the contents of the timer|counter
match the contents of R1, when R1 is the active comparison register. The flag stays set until it|is
cleared by the software.

T1CMIE

Timer T1 Comparison Interrupt Enable. Set this bit to 1 to enable comparison interrupts for Timer T1.
In that case, an interrupt will occur each time the contents of the timer counter match the contents of
the active comparison register (R1 or R2) of Timer T1. Clear this bit to O to disable comparison inter-
rupts.

T10VF

Timer T1 Overflow Flag. This flag is automatically set to 1 when the timer counter overflows fram
FFFFh to 0000h. The flag stays set until it is cleared by the software.

T1OVIE

Timer T1 Overflow Interrupt Enable. Set this bit to 1 to enable overflow interrupts for Timer T1.|In that
case, an interrupt will occur each time Timer T1 overflows. Clear this bit to O to disable overflow inter-
rupts.

8.4.2 Timer T1 Control B Register (TLCNTB)

| RTCCOV | TICPEDG | T1EXEDG | T1PS2-T1PSO T1IMC1-T1IMCO
7 6 5 4 3 2 1 0
Table 8-3 T1CNTB Register Bits
Bit Name Description
RTCCOV RTCC Overflow Flag. This flag is automatically set to 1 when the Real-Time Clock/Counter
(RTCC) overflows from FFh to 00h. This flag stays set until it is cleared by the software. Note
that this flag is not related to multi-function timers T1 and T2.
T1CPEDG Timer T1 Capture Edge. This bit sets the edge sensitivity of the Timgouttapture pins, Cap-
ture 1 and Capture 2 (RB4 and RB5). Set this bit to 1 to sense positive-going (low-to-high) edges.
Clear this bit to 0 to sense negative-going (high-to-low) edges.
T1EXEDG Timer T1 External Event Clock Edge. This bit sets the edge sensitivity of the Timer T1 input used

to count external events (RB7). Set this bit to 1 to sense positive-going (low-to-high) edges. Clear
this bit to 0 to sense negative-going (high-to-low) edges.
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Table 8-3 T1CNTB Register Bits

Bit Name Description

T1PS2-T1PSO Timer T1 Prescdiivider field. This 3-bit field specifies the divide-by factor for generating the
timer clock from the on-chip system clock:

000 = divide by 1
001 = divide by 2
010 = divide by 4
011 = divide by 8
100 = divide by 16
101= divide by 32
110 = divide by 64
111 = divide by 128

For example, setting this field to 010 sets the divide-by factor to 4, which means that the T/1
counter register is incremented once every four system clock cycles.

TIMC1-T1IMCO | Timer T1 Mode Control field. This 2-bit field specifies the Timer T1 operating mode as follpws:
00 = Software Timer mode
01 =PWM mode

10 = Capture/Compare mode
11 = External Event mode

8.4.3 Timer T2 Control A Register (T2CNTA)
| T2CPF2 | T2CPF1 | T2CPIE | T2CMF2 | T2CMF1 T2CMIE T20VF T20VIE
7 6 5 4 3 2 1 0

Table 8-4 T2CNTA Register Bits

Bit Name Description

event occurs on the Capture 2 pin of Timer T2 (pin RC1). It stays set until cleared by the software.

event occurs on the Capture 1 pin of Timer T2 (pin RC1). It stays set until cleared by the software.

T2CPF2 Timer T2 Capture Flag 2. In Capture/Compare mode, this flag is automatically set to 1 when g capture

T2CPF1 Timer T2 Capture Flag 1. In Capture/Compare mode, this flag is automatically set to 1 when g capture

T2CPIE

Timer T2 Capture Interrupt Enable. Set this bit to 1 to enable capture interrupts for Timer T2 i
ture/Compare mode. In that case, an interrupt will occur each time a valid edge is received on
ture 1 or Capture 2 pin of Timer T2. Clear this bit to 0 to disable capture interrupts.

n Cap-
the Cap-

T2CMF2

Timer T2 Comparison Flag 2. This flag is automatically set to 1 when the contents of the timer
match the contents of R2, when R2 is the active comparison register. The flag stays set until it
cleared by the software.

counter
is

T2CMF1

Timer T2 Comparison Flag 1. This flag is automatically set to 1 when the contents of the timer
match the contents of R1, when R1 is the active comparison register. The flag stays set until it
cleared by the software.

counter
is
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Table 8-4 T2CNTA Register Bits

Bit Name Description

T2CMIE | Timer T2 Comparison Interrupt Enable. Set this bit to 1 to enable comparison interrupts for Timer T2.
In that case, an interrupt will occur each time the contents of the timer counter match the contents of
the active comparison register (R1 or R2) of Timer T2. Clear this bit to O to disable comparison inter-
rupts.

T20VF Timer T2 Overflow Flag. This flag is automatically set to 1 when the timer counter overflows fram
FFFFh to 0000h. The flag stays set until it is cleared by the software.

T20VIE Timer T2 Overflow Interrupt Enable. Set this bit to 1 to enable overflow interrupts for Timer T2.|In that
case, an interrupt will occur each time Timer T2 overflows. Clear this bit to 0 to disable overflow inter-
rupts.

8.4.4 Timer T2 Control B Register (T2CNTB)
| PORTRD | T2CPEDG | T2EXEDG | T2PS2-T2PS0 T2MC1-T2MCO
7 6 5 4 3 2 1 0

Table 8-5 T2CNTB Register Bits

Bit Name Description

PORTRD Port Read mode. This bit determines how the device reads data from its I1/O ports (Port A through
Port E). Setthis bitto 1 to have the device read data from the port I/O pins directly. Clear|this bit
to 0 to have the device read data from the port data registers. Under namdit#dres, it should
not matter which methogbu use taead the port data. However, if a port pin is configured as an
output and an external circuit forces the pin to the wrong value, the value read from the port will
depend on the reading mode used. Note that this control bit is not related to multi-function timers
T1land T2.

T2CPEDG Timer T2 Capture Edge. This bit sets the edge sensitivity of the Timer T2 input capture pins,
Capture 1 and Capture 2 (RCO and RC1). Setthis bit to 1 to sense positive-going (low-tothigh)
edges. Clear this bit to 0 to sense negative-going (high-to-low) edges.

T2EXEDG Timer T2 External Event Clock Edge. This bit sets the edge sensitivity of the Timer T2 input used
to count external events (RC3). Set this bit to 1 to sense positive-going (low-to-high) edges. Clear
this bit to 0 to sense negative-going (high-to-low) edges.
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Table 8-5 T2CNTB Register Bits

Bit Name

Description

T2PS2-T2PS0

Timer T2 Prescaler Divider field. This 3-bit field specifies the divide-by factor for genera
timer clock from the on-chip system clock:

000 = divide by 1
001 = divide by 2
010 = divide by 4
011 = divide by 8
100 = divide by 16
101 = divide by 32
110 = divide by 64
111 = divide by 128

For example, setting this field to 010 sets the divide-by factor to 4, which means that the T2

counter register is incremented once every four system clock cycles.

ing the

T2MC1-T2MCO

Timer T2 Mode Control field. This 2-bit field specifies the Timer T2 operating mode as fol
00 = Software Timer mode

01 = PWM mode

10 = Capture/Compare mode

11 = External Event mode

OWS:
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SCENIX Device Programming

9.1 Introduction

The SX device has a program memory consisting of 2,048 or 4,096 words of 12 bits per word, plus
some additional 12-bit words that specify the device configuration. This memory is a non-volatile,
electrically erasable (EEPROM) flash memory, rated for 10,000 rewrite cycles.

Before you can use the SX device, you must write pipdication code into therpgrammemory. You

do this by placing the device into a programming mode and following the protocol for accessing the
program memory. You can write to the program memory only in the programming mode, not when the
device is executing thepplication software.

9.1.1 Erasure and Reprogramming

Whenyou erasehe program memory, you automatically erase the entire memory, including the FUSE
word, and FUSEX word registers. An erased memory has all bits set to 1. When you program the
device, you clear some tife bits to 0. Ifyou want tareprogram a memory location and clear some

more bits to 0, you can “overwrite” the memory locatiorhwiit eraing. However, if you want to

program a bit to 1 that has already been cleared to 0, the only way to do so is to erase and reprogram
the whole EEPROM memory.

9.1.2 In-System and Parallel Programming Modes

There are two basiegice programming modes, called the “In-System Programming” (ISP) mode and
the “parallel” mode. The In-System Programming mode uses just two device pins, OSC1, and OSC2,
and writes the data to the device serially, one bit at a timenidule ets you program devices that are
already installed in the targetsystem. The parallel mode uses a larger set of pins and writes data 12 bi
at atime, in parallel. This mode s a little faster but can only be used to program free-standing SX parts.

9.2 In-System Programming (ISP) Mode

The In-System Programming (ISP) mode lets you program oogrgm an SX device that has been
installed and soldered into the target system. Using the ISP mode has many advantages over traditionz
programming methods, in all stages of the product life: development, manufacturing, and customer
service.
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In the product development cycle, a separate “emufatype device is not required. The controller

device used for development is the same as the one used for final production, including the package
type and pinout. The SX device can be soldered into the target system, and then programmed and

reprogrammed any number of times, without removing and reinstalling it. No special socket or support
circuitry is required, so the system can be debugged accurately, even in timing-sensitive and noise-
sensitive applications.

For manufacturg, drcuit boards can be pre-built with the controller installed and soldered on the
board, even before the software has been finalized, to meet short time-to-market requirements.
Additional information such as vendor numbers and serial numbers can be programmed into the device
just prior to shipment. There is no risk of stocking out-dated, pre-programmed units because the
software can be correctedpdated at anyrme.

Even after the productis received by the customer, it can be quickly and easily revised or patched by
field service personnel. Customers can even reprogram tbelugs themselves ilfiey have the
necessary programming equipment. This equipment is relatively inexpensive and easy to use.

9.2.1  Scenix In-System Programming Implementation

The Scenix ISP method is a proprietary system that use/judévice pins for programming I/O: the

clock input pin (OSC1) and the clock output pin (OSC2). The VDD, GND, and M@hd$Ralso need

to be conneed properly. This system eliminates the need for dedicated programming pins, thus
reducing the total device pin count. There is no need for a JTAG tester, an expensive device required
by some other programming systems.

OSCl1 is used to supply the higher voltage necessary for programming the flash memory (12.5 V),
while OSC2 is used to issue commands, to write data to the EEPROM, and to read data back from the
EEPROM. The supply voltage of 12.5V (Vpp) should provide approximately 5 mA current. The
external programming device writes a data stream to OSC2 to specify the ISP programming operation:
and to supply the data written into the program memory. When the specified operation is a request to
read a program memory location, the SX returns the results as a data stream on the same pin, OSC2

The OSC1 and OSC2 pins are usually connected to passiy®noents such as resistors, capacitors,

and crystals. In typical systems, these components do not interfere with the programming signals and
are not harmed by the higher voltages used for programming. In these cases, they canrmedieitl c

to the SX device during programming. It is usually not necessary to install additional hardware to
isolate the ISP circuit from the rest of the system.

There are three stages to the Scenix ISP protocol:
* Entering the ISP Mode
e Programming in ISP Mode

» Exiting the ISP Mode
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9.2.2 Entering the ISP Mode

For normal operation of the SX device, the OSC2 pin is either left unconnected, connected to passive
components, or used as a clock output pin, depending on the chosen clock configuration. To put the
device into the ISP mode, you pull the OSC2 pin low for at least nine consecutive clock cycles on the
OSC1 pin (or nine internal clock cycles in the internal clocking mode). This action is a signal to the
SX to go into the programming mode.

The exact procedure for entering the ISP mode depends on whether you are using external or internal
components for normal clocking of the device. If you are using an external crystal or resonator
(including the XT, LP, or HS mode), an external RC oscillator, or an external clock signal for normal
device operation, then you need to use the control signals and timing shifagur@9-1to enter the
programming mode. If you are using the internal RC oscillator for normal device operation, then you
need to use the control signals and timing showfigare 9-2to enter the programming mode.

drive OAC1 to Vpp level
(12.5V)

toggle OSC1 9 times L
drive OSC1

low N

OSC1/Vpp2 l \_H_H_I\_H_H_H_H_Hi

T release OSC2, OSC2 is open drain
drive OSC2 low

Internal RC clock

ﬂ—/
128 kHz

Figure 9 -1 ISP Mode Entry with External Clocking

External Clocking

When the device is clocked by external components or amektdock signal, the programmer unit
should use the folleing procedure to place the SX device in the ISP programming mode:

1. Drive the OSC1 pin low to stop the clock.

2. Drive the OSC2 pin low andggle the GC1 pin at least nine times. This is the signal to enter
the ISP mode.

3. Release the OSC2 pin.
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Vpp2

OSC1/Vpp2
osc2 _ ——

T release OSC2

drive OSC2 long enough

Internal RC clock WMMM
A\ Y J

4 MHz - 32kHz 128 kHz

Figure 9-2 ISP Mode Entry with the Internal RC Oscillator

4. Apply the VPP programming voltage to the OSC1 pin. The SX internal RC oscillator starts op-
erating at 128 kHz. This clock drives the SX device during ISP mode programming.

Internal RC Oscillator

When the device s clocked by the internal RC oscillator, the programmehoulid isehe following
procedure to place the SX device in the ISP programming mode:

1. Drive the OSC2 pin low for at least nine internal clock cycles. The internal clock frequency can
be any one of eight values ranging fr825 kHz to 4MIHz, depending on the divide-by rate
programmed into the FUSE word.

2. Release the OSC2 pin.

3. Apply the VPP programming voltage to the OSC1 pin. The SX internal RC oscillator starts op-
erating at 128 kHz. This clock drives the SX device during ISP mode programming.

9.2.3 Programmingin ISP Mode

Upon entry into the ISP mode, the SX device could be in the middle of executing a program, possibly
with some 1/O ports configured as outputs and driving other devices in the system. The first action of
the ISP logic is to reset the SX device. This puts the device into a known logic state and configures the
I/O ports to operate as inputs, thus preventing possible damage to other components in the system.

After the device is reset, the ISP logic executes the ISP protocol. This is a “self-aligned” serial
communication protocol that uses the OSC2 pin for both synchronization and for serial 1/0. No
separate clock pin is needed in this protocol. The OSC2 pin is implemented with an open drain and an
internal pullup, allving it to operate as an input or output.
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Frames, Cycles, and Internal Clocks

Communication is carried out in packets called “frames.” Each frame consists of 17 cycles, and each
cycle consists of four internal clocks. The period of the internal clogl8ismicrogconds, so each
cycle is 31.3 microsends and &h frame i$31 micreseconds.

Figure 9-3shows the timing of an ISP frame. The frame consists of 17 cycles. The first cycle is the
“sync” cycle, used to synchronize the programmer unit to the ISP frame. This is followed by four
“‘command” cycles, designated C3 through CO. The programmer unit drives the OSC2 pin during these
cycles to specify a programming operation such as “erase,” “read,” or “write.” Theaimhgitles

are followed by 12 “data” cycles, designated D11 through DO. During these cyclesydhenmmer

unit drives the OSC2 pin for a “write” operation, or the SX device drives the pin for a “read” operation.

In System Programming Protocol

1 frame

~
hA

—>{ 1 cyclek—

i sync | i c2 i cl j co ; DIl DLO; D9 ; D8 | D7 | D6 |

4 clocks per cycle ISP Commands:
0 1 2 3 nop 4'hf
erase 4'h0
—!_\——\——\—!_l—x read_dev 4'h1
read_fusex 4'h2
Y prog_fusex 4'h3
Load 4'hd
. 4'h5

T data is sampled prog ,

at this edge read 4'h6
inc 4'h7

Figure 9 -3 ISP Frame

Each of the 17 cycles consists of four internal clock periods.

In the first clock period, nothing drives the OSC2 pin, so the pinis pulled high by an internal pullup
resistor.

In the second clock period, the SX device drives the OSC2 pin low. This is the synchronization pulse.
The external programming unit uses the leading edge of this pulse to synchronize itself to the SX
device. The pulse is omitted in the sync cycle (the first of 17 cycles in a frame) so that the programming
unit can determine where the frame starts.

In the third and fourth clock periods, the programmer unit writes a data bit to the SX device or reads a
data bit from the SX device, depending on the cycle and the type of command issued. The data bit is
placed on the OSC2 pin during these two clock periods, either by the programmer unit or by the SX
device, and then sampled by on the rising edge of the fourth clock period.
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In the four command cycles (C3-CO0), the programmer writes a four-bit command to the ISP logic,
which tells the ISP logic what to dioiring the data cycles. Inthe 12 data cycles (D11-DO0), for a “write”
operation, the programmer writes the 12 thest are to be vitten to a memory location. For a “read”
operation, the programmer reads 12 bits supplied by the SX device from a memory location.

Internal Hardware

Figure 9-4is a simplified block diagram of the chip-internal ISP hardware.

COMMAND ) EEPROM
DECODE CONTROL

— COMMAND SHIFT REG |
*

Vi

DATA SHIFT REG |

l clk

To EEPROM IN

serial data out
(from EEPROM)

Figure 9 -4 ISP Circuit Block Diagram

Serial data written to the OSC2 pin is shifted into the command shift register or data shift register,
depending on whether command bits or data bits are being processed within a frame. Command bits
are decoded and used to control the flash EEPROM block, while data bits are written to the flash
EEPROM.

When the command is to read data from the program memory, the data bits are read from the EEPROI
block and shifted out on the OSC2 pin during the data cycles. An open-drain transistor and a pullup
resistor pull the OSC2 pin low or high for each bit. Wame traristor is used to pull the OSC2 pin

low during the second clock within each cycle (except in the sync cycle).

ISP Commands

The programmer unit writes a 4-bit command during the four command cycles at the beginning of each
frame, just after the sync cycle. This 4-bit command tells théokg® what to do during the remaining

12 cycles of the framélable 9-1lists and describes the programming commands. Codes not listed in
the table are reserved for future expansion.

The commands that erase or program the EEPROM registers must be repeated consecutively for a
certain frames in order to work reliably. To determine the minimum required number of repetitions of
a command, look in the Electrical Characterization section of the device data sheet and find the
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Table 9-1 ISP Commands

Name Code Description
Erase 0000 | Erasedl EEPROM locations.
Read DEVICE Word 0001 | ReadDEVICE word (memory dze configurtion).
Read FUSEX Word 0010 | ReadFUSEX word (configuation optons)
Program FUSEX Word 0011 | Program FUSEX word (configuration options)
LoadData 0100 | Load cataword to be progagmmed inb memory.
Program Data 0101 | Program previowsly loaded @taword intomemory.
ReadData 0110 | Read dhitaword from memory.
Increment Address 0111 | Increment the progam memory ponter by one.
NOP 1111 | No operation.

minimumtimerequirement for the operation. Divide this value by the fame period, 0.53 miiliseconds,
and round up to theearest whole numbe.

For example, if you find that the minimum time requirement or an “Erase” operation is 100 msec,
divide 100 by 0.53 and round umdathe reault is 189.This meansthatyoumug repeat the “Erase”
command forat least 189 ommands in oder to conplete the “Erase” operation reliably. “NOPs” can
be wsed in-ketweenthese 189 ease commands.

No repetition is necessary toread aregster or o increment the memory addess pointer. You can
compete one of tkse operationsin just asingle frame.
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NOP Command

The NOP (no-operation) command causes the ISP logic to do nothing and wait for the next command
The NOP command has a code of 1111 binary. Whenever the programmer unit is not driving to the
OSC2 pin, the internal pullup resistor pulls the pin high, whicklpces 1111 as the command string

and invokes the NOP command by default.

This is an important feature because the programmer unit needs some time to synchronize itself to the
pulses generated by the ISP logic, and cannot begin driving the OSC2 until synchronization is
achieved. In the meantime, the NOP command is executed by default, causing the ISP logic to wait for
the first active command.

Reading the DEVICE Word

The DEVICE word is a hard-wired, read-only registentainingdevice information such as the
number of register banks and the size of the program memory and SX version number. To read the
DEVICE register, the programmer unitissues the “Read DEVICE Word” command and reads the 12
bits of data in the data cycle portion of the frame.

Reading and Programming the FUSEX Word

The FUSEX word is a read/write register that controls device options such as carry flag operation and
the brown-out reset function. Certain bits in this register are factory-set to certain values that must not
be changed. Therefore, the programmer must always read these bits before erasure and reprogram the
to the same values after erasure. For details, see the FUSEX register format des€aption ih8

To read the FUSEX register, the programmer unit issues the “Read FUSEX Word” command and read:
the 12 bits of data in the data cycle portion of the frame.

To program the FUSEX register, the programmer unit issues the “Load Data” command and writes the
12 bits of data in the data cygbertion of the frame. Then it issues the “Program FUSEX Word”
command. This command must be repeated consecutively for a certain number of frames in order to
program the register reliably, as explained earlier.

Erasing the Memory

The “Erase” command erases all of the EEPROM memory, including the FUSEanifUSEX
word registers. The command must be repeated consecutively for a certain number of frames in order
to complete the operation reliably, as described earlier.

The programmer unit should always read the FUSEX word before erasure and restore the factory-set
bits of that register after erasure.

Reading the Memory

To read the EEPROM program memory, you use two commands: “Read Data” to read the current
memory location and “Increment Address” to change an internal memory address pointer from one
location to the next.
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Upon entry into the ISP mode, the ISik is set to access tk€Fh or 1FFFh, which is the address

of the FUSE word. The FUSE word controls many of the device configuration options such as the
clocking, stack size, and Watchdog options. To read this initial memory locatiompgrenpmer unit

issues the “Read Data” command and reads the 12 bits of data in the data cycle portion of the frame.

To read the word at the next address, the programmer unit issues the “Ingkddress” command.

This increments an internal pointer to the program memory, allowing access to address 000h. It does
not matter whatthe programmer unit does during the 12 data cycles of the “Increment Address” frame.
Following this frame, the programmer issues another “Read Data” command and reads the 12 bits of
data in the data cycle portion of the frame.

This sequence is repeated to read consecutive memory locations. The first memory location is FFFh
(2K device) or 1FFFh (4K device) (the FUSE word register), followed by 000h, 001h, 002h, and so on
up to the top memory address, 7FFh or FFFh. The programmer can skip over any number of memory
locations by repeating the “Increment Address” command consecutively, without using the “Read
Data” command. The “Increment Address” command must be 2)848 or4,096 times to averse

the whole program memory.

Programming the Memory

To program the EEPROM program memamgu use three commands: “Load Data” to load the a word
to be written to a memory locat, “Program Data” to write the word into memory, and “Increment
Address” to change the memory address pointer from one location to the next.

Upon entry into the ISP mode, the ISRk is initially set to access the FU86rd. To program this
memory location, the programmer unit issues the “Load Data” command and writes the 12 bits of data
in the data cycle portion of the frame. Then it issues a “Program Data” command to write the loaded
word. It does not matter what the programmer unit does during the 12 data cycles of the “Program
Data” frame. This command must be repeated a certain number of times in order to program the
register reliably, as explained earlier.

To program the word at the next address, the programmer unit issues the “Increment Address”
command, which increments the internal pointer to access the words at address 000h. Following the
“Increment Address” frame, the programmer issues another “Load Data” command and writes the 12
bits of data in the data cycle portion of the frame. Then it issues the “Program Data” command
consecutively for a certain number of frames.

This sequence is repeated t@gnam consecutive memory locations. The first memory location is
FFFh (2K device) or 1FFFh (4K device) (the FUSE word register), followed by 000h, 001h, 002h, and
SO on up to the top memory address, 7FFh or FFFh. The programmer can skip over any number of
memory locations by repeating the “Increment Address” command consecutively.

9.2.4  Exiting the ISP Mode

Exiting from the ISP mode must ldeneaccording to the following protocol to prevent possible
damage to system components:

1. The programmer drops the voltage on the OSC1 pin from ¢lgggmming voltagévPP = 12.5
V) to logic zero. This is a signal to exit from the ISP mode.
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2. On the next rising clock edge after the sync cycle, the SX device exits from the ISP mode and
generates an internal reset signal that resets the device. The programmer must observe the sam
protocol until the end of this step.

3. The programmer releases the OSC1 pin, allowing the SX device to begin normal operation.

9.3 Parallel Programming Mode

The parallel programming mode is faster than the ISP mode because you read and write data in paralle
12 bits at a time, rather than serially. However, the parallel mode uses a larger number of pins, which
means that you can useoitly to program free-standing devices, or devices whose programming pins
can be isolated from the rest of the system.

The parallel programming modes uses the following device pins:
e Vss (ground)
* Vdd to supply the normal operating voltage
«  MCLR/Vpp tosupply the programming voltage (12.5 V)
* RAO-RA3 (Port A pins) to read and write the four low-order data bits
* RBO0-RB7 (Port B pins) to read and write the eight high-order data bits
* RTCC to control programming operations

* OSC1 to increment the address pointer

9.3.1 Parallel Programming Operations

To use the parallel programming mowgeu first paver up the device in the normal operating mode,
keeping the device in the reset state by holding the M@pRt low. You apply a 12-bit command to
the Port A and Port B pins, and then apply the programming voltage (Vpp = 12.5 \NI@LfRegin.
This puts the device into the parallel programgnmode and latches the command into the
programming logic. The rise time of the signal on the MQliirshould be at lea&tO miciosecond.

After the device has been putin the parallel programming mode, you use the port pins to read and write
data, the RTCC pin to control the timing of programming operations, and the OSC1 pin to increment
the address pointer.

To exit from the parallel programming mode, you can bring@dR back down to zero volts, which
puts the device back into the reset state; or bring the Vdd pin down to zero volts, which shuts off powel
to the device.

It is not necessary to shut off the power between successive programming operations. For example,
you can erase the memory and then proceed directly to programming the memory while leaving the
power supplied to the Vdd pin. You only need to use the M@inRo latch the next command.
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To protect the internal circuitry of the device, use &1@3istor between the MCLBIn and the Vpp

power supply.

9.3.2 Parallel Programming Commands

The programmer unit writes a 12-bit command to tell the SX programming logic whafTahie 9-
2 lists and describes the programming commands. Command codes are shown in hexadecimal format
Codes not listed in the table are reserved for future expansion.

Table 9-2 Parallel Programming Commands

18/

Name Code Description
Erase 010h Erase all EEPROM locations.
Read DEVICE Word 001h | Read DEVICE word (memory size configuration).
Read FUSEX Word 002h| Read FUSEX word (configuration options)
Program FUSEX Word in | 003h Program FUSEX word (configuration options) in the
SX28/48/52 device SX28AC or SX48/52BD
Program FUSEX Word in | 020h Program FUSEX word (configuration options) in the SX
SX18/20 device 20AC
Read Data 004h | Read data words from memory.
Program Data FFEh| Program data words into memory.

The RTCC pinis used to control the timing of programming operations. For each operation, the RTCC
signal must be asserted for at least a specific period of time in order to work reliably.
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9.3.3  Erasing the Memory

The “Erase” command erases all of the EEPROM memory, including the FUSE word, FUSEX word
registers.

Before you perform an erase operation, you should read and save the FUSEX register so that you can
restore the factory-set bits when you reprogram the device.

Figure 9-5shows the signals used and the timing requirements for an “Erase” operation. The “Erase”
signal at the bottom of the diagram is a chip-internal signal that is asserted during the erase operation.
It becomes active as soon as the “Erase” command is decoded and is deactivated by the falling edge ¢
the RTCC signal. The duration of this signal must be at least the value specified for this operation in
the Electrical Characterization section of the device data sheet.

zlus 1257 || i |

—> — ! :

MCLR/V oV | =1ps i | | |
+—r o i |

12 1pus 52 lps! ! ! ! :

RB[7:0], 5 < i = ; ; 5 |
RA[3:0] B Co | mand : | | i i
RTCC | 5 | | |
/! o 100 ns; |

21 us | Ig  =20ms i

0OSC1 Power on Reset 100 ms |
RST (internal) — i ;
Erase(internal) | :

Figure 9 -5 Erase Timing in Parallel Mode

This is the procedure shownhigure 9-5

1. If the power isiot dready on, applynormal power to the Vdd pin while holding the MClpit
low.

2. Apply alogic high signal to the RTCC pin.
3. Apply the “Erase” command to the Port A and Port B pins.
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4. Apply the programming voltage to the MClgih. This latches the “Erase” command and starts
the erase operation.

5. After the erase time has elapsed, apply a logic low signal to the RTCC pin.
6. Bring the MCLRpin back down to zero.

Reading the Memory

To read the EEPROM program memoygu use the “Read Datg@bmmand irconjunction with the
OSC1 pin, which operates as a device input. You use the OSC1 pin to increment the internal pointer
for each successive memory address.

Figure 9-6 shows the signals used and the timing requirements for a “Read Data” operation. The
“RST” and “Address” gynals atthe bottom of the diagram are chip-internal signals. The “RST” signal

is an internal reset signal that is deactivated by thenskepulse on the 8C1 pin. The “Address”
waveform represents the internal address bus used to access the program memory. The address |
incremented by each pulse on the OSCL1 pin, starting with the second pulse.

Vad : )
> 0 ns hold time

zlps 12.5V — —
MCLR/Vpp ov
T i B >100 ns N
> > 54 ng
!

i>1psi = 1ps!

: : . N
RBI[7:0], data data

RA[3:0] Command :
RTCC ' '

‘ 5 100 rjs :

R ;

>1ps | >20 ms i

| =
osc1 Power on Reset 100 ms f| l

A

»

RST (internal)

Address i ~ ;
(internal) FUSE word addres: =h 1
i : E

Figure 9-6 Read Timing in Parallel Mode

This is the procedure shownfingure 9-6

1. If the power is1ot dready on, applynormal power to the Vdd pin while holding the MClpih
low.

2. Apply alogic high signal to the RTCC pin.
3. Apply the “Read Data” command to the Port A and Port B pins.
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4. Apply the programming voltage to the MClgi. This latches the “Read Data” command.

5. After the required time has elaps&@@ msedrom power-up or 20 msec from latching the com-
mand), generate two pulses on the OSC1 pin. Thendgquulse takethe device out of the reset
mode and generates the first device address, FFFh or 1FFFh (the address of the FUSE word). Tt
device reads the data from that addesss pl@es the 12-bit result on the Port A and Port B pins,
allowing the programmer unit to read the data.

6. Generate a single pulse on the OSCL1 pin. This advances the address to the next memory locatiol
(000h comes after the FUSE word address) and reads the data from that memory location.

7. Repeat step 6 to read successive memory locations. Do thisG4&oor4,096 times to read all
memory-mapped program locations from 000h through 7FFh or FFFh.

8. Bring the MCLRpin back down to zero.

Programming the Memory

To write to the EEPROM program memory, you use the “Program Data” commandgunat@n with

the RTCC and OSC1 pins, which operate as device inputs. You use the RTCC pin to tell the device
when to write the data and read back the data, and the OSCL1 pin to increment the internal memory
address pointer.

Figure 9-7shows the signals used and the timing requirements for a “Program Data” operation. The
“RST” and “Address” signals at the bottom of the diagram are chip-internal signals.
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21ps 125V
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Figure 9-7 Program Timing in Parallel Mode
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This is the procedure shownkigure 9-7

1. If the power isiot dready on, applynormal power to the Vdd pin while holding the MClpit
low.

Apply alogic high signal to the RTCC pin.
Apply the “Program Data” command to the Port A and Port B pins.

Apply the programming voltage to the MClgi. This latches the “Program Data” command.

o ~ 0D

After the required time has elapsed, gendvedgulses orthe OSCL1 pin. The sendpulse takes
the device out of the reset mode and generates the first device address (address of the FUSE
word), FFFh (for 2K device) or 1FFFh (for 4K device).

6. Apply the 12-bit data word to the Port A and Port B pins.

7. Pullthe RTCC pin low. This causes the device to read the data on the port pins and write that date
to the program memory. After the required time has elapsed, pull the RTCC pin high.

8. Pullthe RTCC pin low. This puts the deviceotigh a ead cycle (as described in the previous
section), allowing the programmer unit to verify that the data word has been written correctly to
the program memory locati. Afterreading is done, drive the RTCC pin high again.

9. Generate a single pulse on the OSC1 pin. This advances the address to the next memory locatiol
(000h comes after the FUSE word address). Repeat to skip over multiple memory locations.

10. Repeat steps 6 through 9 togram successive memory locations. Do these steps 2,048 or 4,096
times to program all memory-mappeag@ram locations, from 000h to 7FFh or FFFh.

11. Bring the MCLRpin back down to zero.

At each new address, the first active-low pulse on the RTCC pin writes a 12-bit data word, and the

second such pulse on the RTCC pin reads back the written data word. You can simply write and read
the data and then immediately proceed to the next memory location or skip any number of locations

by generating another pulse or multiple pulses on the OSC1 pin.

Reading and Writing the FUSEX and DEVICE Words

The DEVICE word and FUSEX word are not memory-mapped in the program address space. They car
be accessed by using the following special-purpose programming commands:

* Read DEVICE Word, code 001h

* Read FUSEX Word, code 002h

*  Program FUSEX Word in SX28/SX48/SX52 device, code 003h
* Program FUSEX Word in SX18 device, code 020h

The procedures for reading and writing these registers is the same as for reading or writing the main
program memory, except for the command code and OSC1 signal. Bgcausecess only one
register with each command, just leave the OSC1 pin low during the read or write procedure.
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