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ABSTRACT

The objective of this thesis is to develop the Graduation Rehearsal AIDS
Equipment. The system consisted of 4 main parts. 1) The design of the diploma source
which can source the diploma continuously, 2) The design and construction of the spare
diploma stack, 3) The development of a microcontrolier program for calculate the number
of student that take the diploma per minute, and 4) the display system whose can display
the number of student that take the diploma per minute. It also include the sound like
shutter simulation which can turn on and off as order. Then, the Graduation Rehearsal AIDS
Equipment was tested and finally the results were analyzed. The results from these tests
show that the Graduation Rehearsal AIDS Equipment can source 30 diploma per minute

and the spare diploma stack can work propetly.
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Configurable Communications Controllers with EE/Flash Program
Memory, In-System Programming Capability and On-Chip Debug

1.0 PRODUCT OVERVIEW

1.1 Introduction

The Ubicom S$X family of cenfigurable communications
controllers are fabricated in an advanced CMOS process
technology. The advanced process, combined with a
RISC-based architecture, allows high-speed computa-
tion, flexible KO control, and efficient data manipulation.
Throughput is enhanced by operating the device at fre-
quencies up to 75 MHz and by optimizing the instruction
set to include mostly single-cycle instructions. In addition,
the $X architecture is deterministic and totally reprogra-
mable. The unique combination of these characteristics

enables the device to implement hard real-time functions
as software modules (Virtual Peripheral™) to replace tra-
ditional hardware functions.

On-chip functions include a general-purpose 8-bit timer
with prescaler, an analog comparator, a brown-out detec-
tor, a watchdog timer, a power-save mode with multi-
source wakeup capability, an intemal R/C oscillator, user-
selectable clock modes, and high-current outputs.

OSf1 03402 RTfC
08C 8-bit Watchdo 8-bit Timer
Driver _’Iﬁck—l — : 3 [
Timer (WDT RTCC
iz — Select '( ) +
Intermnal - -
RG 08 eV o[ intorrupt Stack
System Clock

MCIR

%a

Foweron Cv Prescaler for RTCC v Araiog
Reset RESET |—' Prasmleorrfor WDT Interrupt MIWU —»| Port B
MIVWU Séstem 8 8 8
b ¥ Clock b
< Internal Data Bus >
Bll B a 8 8 L) 8 8
=
¥ 3 Level = 8 ALU Debugging | [Porta|
Stack Address
|n5.u-uction PC h Pn!ggsrgsr'r:%%g 4 8
Pipeline Decode _ 136 Bytes
- — STATUS SRAM
‘ Address 17 & 2k Words
OPTION | * 7 »| EEPROM
3 » E
MoD g, Write Data
7 g, _Read Data i
4 12, Instruction IREAD

Figure 1-1. Block Diagram

Ubleom™ and the Ubicom lago are tredemarka of Ubicom, Inc.
I2C™ |8 a rademark of Philips Corporatien

—— — . —ar

All other ttedemarks rentioned in this document are property of thelr respec-
ive companles,
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1.2 Key Features

50 MIPS Performance
» SX20ACISX2BAC: DC - 75 MHz

+ SX20AC/ISX2BAC: 13.3 nsinstruction cycle, 39.9 ns in-
ternal interrupt response

= 1 instructicn per clock {branches 3)

EE/FLASH Procgram Memeory and SRAM Data Memory
+ Access time of < 13.3 ns provides single cycle access
« EE/Flash rated for > 10,000 rewrite cycles

« 2048 Words EE/Flash program memory

« 136x8 bits SRAM data memory

CPU Features

« Compact instruction set

» Allinstructions are single cycle except branch

+ Eight-level push/pop hardware stack for subroutine
linkage

+ Fast table lockup capability through run-time readable
code {IREAD instruction)

+ Totally predictable program execution flow for hard
real-fime applications

Fast and Deterministic Interrupt
« Jitter-free 3-cycle internal interrupt response

« Hardware context savefrestore of key resources such
as PC, W, STATUS, and FSR within the 3-cycle inter-
rupt response time

» External wakeup/interrupt capability on Port B (8 pins)

Flexible I/Q

« All pins individually programmable as 1/Q

« Inputs are TTL or CMOS level selectable

+ Al pins have selectable internal pull-ups

+ Selectable Schmitt Trigger inputs on Ports B, and C

+ Al outputs capable of sourcing/sinking 30 mA

+ Pori A cutputs have symmetrical drive

« Analog comparator support on Port B (RBO OUT, RB1
IN-, RB2 IN+}

Selectable /0 operation synchrenous to the oscillator
clock

Hardware Peripheral Features

+ (One 8-bit Real Time Clock/Counter (RTCC) with pro-
gramable 8-bit prescaler

+ Watchdog Timer (shares the RTCC prescaler)
« Analog comparator

« Brown-out detector

«  Multi-tnput Wakeup logic on 8 pins

« Internal RC oscillator with configurable rate from 31.25
kHz to 4 MHz

+ Power-On-Reset

Packages
+ 20-pin SSOP, 28-pin DIP/SSOP

Programming and Debugging Suppeort

+ On- chip in-system programming suppert with serial
and parallel interfaces

« In-system seriat programming via oscillater pins

» On-chip in-System debugging support logic

+ Real-time emulation, full program debug, and integrat-

ed development environment offered by third party tool
vendors
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1.3 Architecture

The SX devices use a modified Harvard architecture.
This architecture uses two separate memories with sepa-
rate address buses, one for the program and one for
data, while aliowing transfer of data from program mem-
ory to SRAM. This ability allows accessing data tables
from program memory. The advantage of this architec-
ture is that instruction fetch and memory 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 using data
from the data memory.

Ubicom has developed a revolutionary RISC-based
architecture and memory design techniques that is 20
times faster than conventional MCUs, deterministic, jitter
free, and totally reprogramable.

The SX family implements a four-stage pipeline (fetch,
decode, execute, and write back), which resulls in execu-
tion of one instruction per clock cycle. For example, at
the maximum operating frequency of 75 MHz, instruc-
tions are executed at the rate of one per 13.3ns clock
cycle,

1.3.1 The Virtual Peripherai Concept

Virtual Peripheral concept enables the “software system
on a chip” approach. Virtual Peripheral, a software mod-
ule that replaces a traditional hardware peripheral, takes
advantage of the Ubicom architecture's high performance
and deterministic nature to produce same resulis as the
hardware peripheral with much greater flexibility.

The speed and flexibility of the Ubicom architecture com-
plemented with the availability of the Virtual Peripheral
library, simultanecusly address a wide range of engineer-
ing and product development concerns. They decrease
the product development cycle dramatically, shortening
time to production to as litlle as a few days,

Ubicom's time-saving Virtual Peripheral jibrary gives the
system designers a choice of ready-made solutions, or a
head start on developing their own peripherals. So, with
Virtual Peripheral modules handling established func-
tions, design engineers can concentrate on adding value
{o other areas of the application,

The concept of Virtual Peripheral combined with in-sys-
tem re-programmability provides a power development
platform ideal for the communications industry because
of the numerous and rapidly evolving standards and pro-
tocols.

Overall, the concept of Virtual Peripheral provides bene-
fits such as using a mora simple device, reduced compo-
nent count, fast time to market, increased flexibility in
design, customization to your application, and ultimately
overall system cost reduction.

Some examples of Virtua! Peripheral modules are:
« Communication interfaces such as 12C ™, Microwire™

(u-Wire), SPI, IrDA Stack, UART, and Modem func-
tions

Frequency generation and measurement
PPM/PWM output

Delta/Sigma ADC

DTMF generation/detection

PSK/FSK generation/detection
FFT/DFT based algorithms

1.3.2 The Communications Controlier

The combination of the Ubicom hardware architecture
and the Virtual Peripheral concept create a powerful, cre-
ative platform for the communications design communi-
ties: SX communications controller. Its high processing
power, recofigurability, cost-effectiveness, and overall
design freedom give the designer the power to build
products for the future with the confidence of knowing
that they can keep up with innovation in standards and
other areas.

.
.

1.4 Programming and Debugging Support

The SX devices are currently supported by third party
tool vendors. On-chip in-system debug capabilities have
been added, allowing tools to provide an integrated
development environment including editor, macro assem-
bler, debugger, and programmer. Un-obtrusive in-system
programming is provided through the OSC pins. There is
no need for a bon-out chip, so the user does not have to
worry about the potential vanations in electrical charac-
teristics of a bond-out chip and the actual chip used in the
target applications, the user can test and revise the fully
debugged code in the actual SX, in the actual application,
and get to production much faster.

1.5 Applications

Emerging applications and advances in existing ones
require higher performance while maintaining low cost
and fast time-to-production.

The device provides solutions for many familiar applica-
tions such as process controllers, electronic appli-
ances/tools, security/monitoring systems, consumer
automotive, sound generation, motor control, and per-
sonal communication devices. [n addition, the device is
suitable for applications that require DSP-like capabili-
ties, such as closed-loop servo control (digital filters), dig-
ital answering machines, voice notation, interactive toys,
and magnetic-stripe readers.

Furthermore, the growing Virtual Peripheral library fea-
tures new components, such as the Internet Protocol
stack, and communication interfaces, that allow design
engineers to embed Intemet connectivity into all of their
products at extremely low cost and very littie effort.




2.0 CONNECTION DIAGRAMS
2.1 Pin Assignments

SX 28-PIN SX 28-PIN
p—
SX 20-PIN RTCC -1 vss—|1 281-MCLR
L4 Vag—2 RTCC |2 271- 0S¢
RA2 {1 20} RA1 nc.—3 Vag—13 26l oscz
rasJ2 18| Rrao vss—_J4 vies  2sfgrer
RTCC {3 18- OSC1 n.c.—5 RAD s 241 RC6
MCLR—4 17} 0SC2 RAQ—6 RA1-{6 231 RCS
Vss —{5 16}= Vyq RA1 7 RA247 221 _RC4
Vss—46 15—V, RAZ —48 RA3--18 21-rC3
RBO—{7 1a]- REY RA3Jo reoJe 20 rca
RB1-{8 13| RBE6 REBO—§10 RB1-J10 19 rCi
RB2—9 12| RBS RB1—{11 RB2-]11 18- RCO
RB3 {10 11} RB4 RB2 {12 RB3{12 17}- rB7
RB3—13 RB4 13 161 RB6
550P RB4 —f14 Vss—J14 15]- rBS
DiP 880P
2.2 PIn Descriptions
Name Pin Type| Input Levels Description
RAQ o TTLCMOS  [Bidirectional /O Pin; symmetrical source / sink capability
RA1 o TTL/CMOS | Bidirectional ##O Pin; symmetrical source / sink capability
RAZ [[{e] TTUCMOS  |Bidirectional I/O Pin; symmetrical source / sink capability
RA3 o TTL/CMOS  |Bidirectional I/O Pin; symmetrical source / sink capability
RBO [I{e] TTL/CMOS/ST |Bidirectional I#0 Pin; comparator output; MIWW/Interrupt input
RB1 lie} TTL/CMOS/ST |Bidirectional O Pin; comparator negative input; MIWUW/interrupt input
RB2 o TTL/CMOSIST |Bidirectional FO Pin; comparator positive input; MIWU/Interrupt input
RB3 [ie] TTL/CMOS/ST |Bidirectional I#O Pin; MIWU/Interrupt input
RB4 1o TTL/CMOS/ST |Bidirectional IFQ Pin; MIWU/Interrupt input
RBS [Le] TTL/CMOS/ST |Bidirectional IfO Pir; MIWU/Interrupt input
RB6 o TTL/CMOS/ST |Bidirectional IfO Pin; MIWU/Interrupt input
RBY Ie] TTL/ICMQS/ST |Bidirectional I/O Pin; MIWU/Interrupt input
RCO HO TTUCMOSIST |Bidirectional i/Q pin
RC1 1o TTUCMOS/ST [Bidirectional 1/O pin
RC2 10 TTL/CMOS/ST |Bidirectional /O pin
RC3 o] TTUCMOS/ST |Bidirectional /O pin
RC4 [I{e] TTUCMOS/ST |Bidirectional 110 pin
RC5 o TTL/CMOS/ST |Bidirectional 10 pin
RC6 1o TTUCMOSIST |Bidirectional I/0 pin
RC7 1o TTU/CMOS/ST |Bidirectional /O pin
RTCC ! ST Input to Real-Time Clock/Counter
MCLR I ST Master Clear reset input — active low
OSC1InVpp | ST Crystal oscillator input — external clock sourge input
05C20ut o CMOS Crystal escillator output ~ in R/C mode, internally pulled to Vyq through weak
puli-up
Vad P - Pasitive supply pin
Vss P - Ground pin

Note: | = input, O = output, /O = Input/Output, P = Power, TTL = TTL input, CMOS = CMOS input,
ST = Schmitt Trigger input, MIWU = Multi-Input Wakeup input
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2.3 Part Numbering
Table 2-1. Ordering Information

; Operating EE/Flash RAM Operating
Device Pins | 1O Frequency (MHz) {(Words) (Bytes) Temp. (°C)
SX20AC/SS 20 12 50 2K 136 40°C to +85°C
SX20AC/SS 20 12 75 2K 136 0°C to +70°C
SX28AC/DP 28 20 50 2K 136 -40°C to +85°C
SX2BAC/DP 28 20 75 2K 136 0°C to +70°C
SX2BAC/SS 28 20 50 2K 136 -40°C to +85°C
SX28AC/SS 28 20 75 2K 136 0°C to +70°C
iy winy Y e N
—— Package Type —l
—— Memory Size
DP = DIP
L Feature Set §8=  SSOP
—— Pin Count
C= 2k word

Product Family

Figure 2-1. Part Number Reference Guide
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3.0 PORT DESCRIPTIONS

The device contains a 4-bit YO port (Port A) and two 8-bit
IO ports {Port B, Port C). Port A provides symmetrical

The associated registers allow for each port bit fo be indi-
vidually configured under software control as shown

drive capability. Each port has three associated 8-bit reg-  below:
isters (Direction, Data, TTL/CMOS Select, and Pull-Up .
Enable) to configure each port pin as Hi-Z input or output, Table 3-1. Port Configuration
to select TTL or CMOS voltage levels, and to enable/dis- Data Direction TTL/CMOS Pullup Enable
able the weak pull-up resistor. The upper four bits of the Registers: Select Registers: |Registers:
registers associated with Port A are not used. The least RA, RB, RC LVL_A,LVL_B, |PLP_A,PLP_B,
significant bit of the registers corresponds to the least LVL_C PLP_C
significant port pin. To access these registers, an appro- 0 1 0 1 0 1
priate value must be written into the MODE register. e
Upon power-up, all bits in these registers are initialized to Output ll'IIF;Ul CMOS [ TTL | Enable | Disable
T,
AN
4 [ MODE
[TRTT]
CHO
NWpH|N
o) ©
88| 8
==
WR ! v
— RA g
Direction
0 = Qutput Pullup
1 = Hi-Z Input
—
§ WR o
Ty e s
3 0 = Pullup Epable
E 1 = Pullup Disable
o S LN oy > )
Port A PiN
B
TTL Buffer
RD M
< —} U | CMOS Buffer
N\ U L
Port A INPUT

Figure 3-1. Port A Configuration

3.1 Reading and Writing the Ports

The three ports are memory-mapped into the data mem-
ory address space. Tothe CPU, the three ports are avail-
able as the RA, RB, and RC file registers at data memory
addresses 05h, 06h, and 07h, respectively.

Writing to a port data register sets the vollage levels of
the cormresponding port pins that have been configured to
operate as outputs. Reading from a register reads the
voltage levels of the corresponding port pins thai have
been configured as inputs.
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F 8

MODE _

0E
Mode = 0D

M

Mode

-3
k)

\l v
Mode = OF

RB or RC

Vaa

Direction
0 = Output
1 = Hi-Z Input

WR

0 = Puiflup Enabte

WR 1 = Pullup Disable

RB or RC

v
—-—-- -»[PLP_BorPLP_C}- — — — +

Pullup Resistor
{~20k02)

Port B or

Data

Port C PIN

WR

Internal Data Bus

LVL_ BorlVL_C

0 =CMOS
1=T7TL

WR

v

0 = Schmitt Trigger Enable
1 = Schmitt Trigger Disable

RD A
<

TTL Buffer

CMOS Buffer

!

Port C: Input Only

Port B: Input, MIWL, Comparator

u <
1]

Schmitt Trigger Buffer

Figure 3-2. Port B, Port C Configuration

For example, suppose all four Port A pins are configured
as outputs and with RAQ and RA1 to be high, and RA2
and RA3 to be low:

mov W, #503 1load W with the value 03h
;(bits 0 and 1 high)
mav 505, W ;write 03h to Port A data

;register

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, RAD through RA3. Because Port
A has only four /O pins, only the four least significant bits
of this register are used. The four high-order register bits
are "don’t care” bits. Port B and Port C are both eight bits
wide, so the full widths of the RB and RC registers are
used.

e

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 that pin is configured to operate as an
output, it wili reflect the value that has been written to the
data register.

When a read is performed from a bit position for a port,
the operation is actuaily reading the voltage level on the
pin itself, not necessarily the bit value stored in the port
data register, This is true whether the pin is configured to
operale as an input or an output. Therefore, with the pin
configured to operate as an input, the data register con-
tents have no effect on the value that you read. With the
pin configured to operate as an output, what is read gen-
erally matches what has been written to the register.




3.1.1 Read-Modify-Write Considerations

Caution must be exercised when performing two succes-
sive read-modify-write instructions (SETB or CLRE oper-
ations) on |/Q port pin. Input data used for an instruction
must be valid during the time the instruction is executed,
and the output result from an instruction is valid only after
that instruction completes its operation. Unexpected
results from successive read-modify-write operations on
O pins ¢an occur when the device is running at high
speeds. Although the device has an internal write-back
section to prevent such conditions, it is stili recom-
mended that the user program include a NOP instruction
as a buffer between successive read-modify-write
instructions performed on /O pins of the same port.

Also note that reading an IO porl is actually reading the
pins, not the output data latches. That is, if the pin output
driver is enabled and driven high while the pin is held low
externally, the port pin will read low.

3.2 Port Configuration

Each port pin offers the following configuration eptions:

« data direction

+ input voltage levels (TTL or CMOS)

» pullup type (pullup resistor enable or disable)

« Schmitt trigger input (for Port B and Port C only)

Port B offers the additional option to use the port pins for
the Multi-Input Wakeup/interrupt function and/or the ana-
log comparator function.

Port configuration is performed by writing to a set of con-
{rol registers associated with the port. A special-purpose
instruction is used to write these control registers:

« mov IRA,W (move W to Port A control register)

« mov IRB,W (move W to Port B control register)

« mov IRC W (move W to Port C control register)

Each one of these instructions writes a pert control regis-
ter for Port A, Port B, or Port C. There are multiple control
registers for each port. To specity which one you want to
access, you use another register called the MODE regis-
ter.

3.2.1 MODE Register

The MODE register controls access to the port configura-
fion registers. Because the MODE register is not mem-
ory-mapped, it is accessed by the following special-
purpose instructions:

« mov M, #lit (move literal to MODE register}

+ mov MW {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 I, W"
instruction as indicated in Table 3-3. MODE register val-
ues not listed in the table are reserved for future expan-
sion and should not be used. Therefore, the MODE
register should always contain a value from 08h to OFh.
Upon resel, the MODE register is initialized to 0Fh, which
enables access to the port direction registers.

After a value is written {o the MODE register, that sefting
remains in effect until it is changed by writing to the
MODE register again. For example, you can write the
value OEh to the MODE register just once, and then write
to each of the three pullup configuration registers using
the three “mov Irx,W" instructions.

Table 3-3. MODE Register and Port
Control Register Access

MODE Reg. [ mov IRAW | mov IRB,W | mov IRC.W
08h not used CMP_B not used |
09h not used WKPND_B not used
0Ah not used WKED_B not used B
0Bh net used WKEN_B not used |
och not used ST B sTC |
ODh LVL_A LVL_B v C
OEh PLP_A PLF B FLP C
OFh RA Direclion | RB Direction | RC Direction

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

mov M,#SO0E ;MODE=0OEh to access port pullup

;reglstexrs

mov W, #503
mov IRAW

;W = 0000 0011
:disable pullups for A0 and Al

mov W, #SFF
mov !RE,W

;W = 1111 1111
;disable all pullups for BO-B7

mov W, #$00
mov !RC,W

;W = 0000 DQOD
;enable all pullups for CC-C7

First the MODE register is loaded with OEh to select
access to the pullup control registers (PLP_A, PLP_B,
and PLP_C). Then the MOV !rx,W instructions are used
o 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 0 con-
nects the corresponding pullup resistor,

3.2.2 Port Configuration Registers

The port configuration registers that you control with the
MOV Irx W instruction operate as described below.

RA, RB, and RC Data Direction Registers (MODE=0fh)

Each register bit sets the data direction for one port pin.
Set the bit to 1 to make the pin operate as a high-imped-
ance input. Clear the bit to 0 to make the pin operate as
an output.
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PLP_A, PLP_B, and PLP_C: Pullup Enable Registers
{(MODE=0Eh}

Each register bit determines whether an intermal pullup
resistor is connected to the pin. Set the bit to 1 to discon-
nect the pullup resistor or clear the bit to 0 to connect the
pultup resistor.

LVL_A, LVL_B, and LVL_C: Input Level Registers
{MODE=0Dh)

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 pert input pin. Set the
bit to 1 for TTL or clear the bit to O for CMOS.

ST_B and ST_C: Schmitt Trigger Enable Registers
(MODE=0Ch)

Each raegister bil 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 ciear the bit {o O to enable Schmitt trig-
ger operation.

WKEN_B: Wakeup Enable Register (MODE=0Bh)

Each register bit enables or disables the Multi-Input
Wakeup/interrupt {MIWU) function for the corresponding
Port B input pin. Clear the bit to 0 to enable MIWLU) opera-
tion or set the bit to 1 to disable MIWU operation. For
more information on using the Multi-Input Wakeup/inter-
rupt function, see Section 7.0.

WHKED_B: Wakeup Edge Register {MODE=0AR)
Each register bit selects the edge sensitivity of the Port B
jinput pin for MIWU operation. Clear the bit to 0 o sense

rising {low-to-high) edges. Set the bit to 1 to sense falling
{high-to-low) edges.

WKPND_B: Wakeup Pending Bit Register
{MODE=09h)

When you access the WKPND_B register using MOV
'RB,W, the CPU does an exchange between the contents
of W and WKPND_B. This feature lets you read the
WHKPND_B register contents. Each bit indicates the sta-
tus of the comresponding MIWU pin. A bit set to 1 indi-
cates that a valid edge has occurred on the
corresponding MIWL pin, triggering a wakeup of inter-
rupt. A bit set to O indicates that no valid edge has
occurred on the MIWU pin.

CMP_B: Comparator Register (MODE=08h)

When you access the CMP_B register using MOV
IRB,W, 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 enabie operation of the
comparator. Clear bit 6 to place the comparator result on
the RBO pin. Bit 0 is a result bit that is set to 1 when the
voltage on RB2 is greater than RB1, or cleared to 0 oth-
erwise, {For more information using the comparator, see
Section 11.0.)

3.2.3 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 resistor connected. The MODE register is
initialized to OFh, which allows immediate access to the
data direction registers using the “MOV Irx, W" instruction.




4.0 SPECIAL-FUNCTION REGISTERS

The CPU uses a set of special-function registers to con-
trol the operation of the device.

The CPU registers include an 8-bit working register (W),
which serves as a pseudo accumulator. It holds the sec-
ond operand of an instruction, receives the literal in
immediate type instructions, and also can be program-
selected as the destination register.

A set of 31 file registers serves as the primary accumula-
tor. One of these registers holds the first operand of an
instruction and another can be program-selected as the
destination register. The first eight file registers include
the Real-Time Clock/Counter register (RTCC}, the lower
eight bits of the 11-bit Program Counter (PC), the B-bit
STATUS register, three port control registers for Port A,
Port B, Port C, the 8-bit File Select Register (FSR), and
INDF used for indirect addressing.

The five low-order bits of the FSR register select one of
the 31 file registers in the indirect addressing mode. Call-
ing for the file register located at address 00h {INDF} in
any of the file-onented instructions selects indirect
addressing, which uses the FSR register. 1t should be
noted that the file register at address 00h is not a physi-
cally implemented register. The CPU also contains an 8-
level, 11-bit hardware push/pop stack for subroutine link-
age.

Table 4-1. Special-Function Registers

Addr Name Function
Q0h INDF Used for indirect addressing
01h RTCC Real Time Ctock/Counter
02h PC Program Counter (low byte}
03h STATUS  |Holds Status bits of ALU
04h FSR File Select Register
05h RA Port RA Control register
0sh RB Port RB Control register
07h RC* Port RC Control register

*In the SX18 package, Port C is not used, and address
07h is available as a general-purpose RAM location.

4.1 PC Register {02h)

The PC register holds the lower eight bits of the program
counter. It is accessible at run time to perform branch
operations.

4.2 STATUS Register (03h)

The STATUS register halds the arithmetic status of the
ALU, the page select bits, and the reset state. The
STATUS register Is accessible during run time, except
that bits PD and TO are read-only. it is recommended
that only SETB and CLRB instructions be used on this
register. Care should be exercised when writing to the
STATUS register as the ALU status bits are updated
upon completion of the write operation, possibly leaving

the STATUS register with a result that is different than
intended.

E PAZ | PAt | PAD ] TO PD 4 DC C

Bit7

Bit 7-5: Page select bits PA2:PAQ
000 = Page 0 (000h — O1FFh)
001 = Page 1 (200h - 03FFh)
010 = Page 2 (400h — 05FFh}
011 = Page 3 (600h — O7FFh}

Time Out bit, TO

1 = Set to 1 after power up and upon exe-
cution of CLRWDT or SLEEP instructions

0 = A watchdog time-out occurred
Power Down bit, PD

1= Set to a 1 after power up and upon ex-
ecution of the CLRWDT instruction

0 = Cleared to a "0’ upon execution of
SLEEP instruction

Zero bit, Z

1 = Result of math operation is zero

0 = Result of math operation is non-zero
Bit 1;  Digit Carry bit, DC

After Addition:

1= A carry from bit 3 occurred

0 = No carry from bit 3 occurred

After Subtraction:

1 = No borrow from bit 3 occurred

0 = A borrow from bit 3 occurred
Carry bit, C

After Addition:

1 = A carry from bit 7 of the result occurred

0 = No carry from bit 7 of the result oc-
curred

After Subtraction:

1 = No borrow from bit 7 of the result oc-
curred

0 = A borrow from bit 7 of the result oc-
curred

Rotate (RR or RL) Instructions:

The carry bit is loaded with the low or high
order bit, respectively. When CF bitis
cleared, Carry bit works as input for ADD
and SUB instructions.

Bit0

Bit 4:

Bit 3:

Bit 2:

Bit 0:
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4.3 OPTION Register

Table 4-2. Prescaler Divider Ratios

|RTW| RTE | RTS | RIE | PSA I PS2 | PS1 | PS0 I
i Bito
When the OPTIONX bit in the FUSE word is cleared, bils

7 and 6 of the OPTION register function as described
below.

When the OPTIONX bit is set, bits 7 and 6 of the
OPTION register read as ‘1’s.
RTW RTCC/W register selection:
0 = Register 01h addresses W
1 = Register 01h addresses RTCC
RTE_IE  RTCC edge interrupt enable:
0 = RTCC roll-aver interrupt is enabled
1 = RTCC roll-over interrupt is disabled
RTS RTCC increment select:

0 = RTCC increments on internal instruction
cycle

1 = RTCC increments upon transition on
RTCC pin
RTE_ES RTCC edge select:

0 = RTCC increments on low-to-high transi-
tions

1 = RTCC increments on high-to-low transi-
tions

PSA Prescaler Assignment:

0 = Prescaler is assigned to RTCC, with di-
vide rate determined by PS0-PS2 bits

1 = Prescaler is assigned to WDT, and divide
rate on RTCC is 1:1

PS2-PS0 Prescaler divider (see Table 4-2)

PS2, PS1,PSO Div};;l’: gate Wa[t)f‘:ligggREl;ner

Qoo 1:2 1:1

Qa1 1:4 1:2

Q10 1:8 1:4

a11 1:16 1:8

100 1:32 1:18

101 1:64 1:32

110 1:128 1:64

111 1,256 1:128

Upon reset, all bits in the OPTION register are set to 1.
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5.0 DEVICE CONFIGURATION REGISTERS

The SX device

has three registers (FUSE, FUSEX, during normal device operation, Instead, the FUSE and

DEVICE) that contro! functions such as operating the ~ FUSEX registers can only be accessed when the SX

device in Turbo

mode, extended (8-level deep) stack  device is being programmed. The DEVICE register is a

operation, and speed selection for the internal RC oscilla-  read-only, hard-wired register, programmed during the
tor. These registers are not programmable “on the fly"  manufacturing process.

5.1 FUSE Word (Read/Program at FFFh in main memory map)

TURBO | SVNC | Reserved | Reserves | TRC | PRI/ Foads | e, | TP | woTE | Fosct | Fosco

sarved

Bit11

TURBO

SYNC

DIV1: DIVD

IFED

WOTE

FOSC2: FOSCo

Bit 0

Turbo mode enable;
0= turbo (instruction clock = osc/1)
1= instr clock = osc/4

Synchronous input enable (for turbo mode): This bit synchronizes the signal presented at the input pin
to the internal clock through two internal fip-fiops.

0= enabled

1= disabled

Internal RC oscillator enable;

0= enabled - OSC1 pulled low by weak pullup, OSC2 pulled high by weak pullup
1= disabled - OSC1 and OSC2 behave according to FOSC2: FOSCO

Internal RC oscillator divider:

00b = 4 MHz

01b = t MHz

10 = 128 KHz

11b = 32 KHz

Internal crystaliresonator oscillator feedback resistor (1 MQ):

0= disabled Intemal feedback resistor disable (external feedback required)
1= enabled Internal feedback resistor enabled (valid when IRC = 1}

Code protect enable:

0= enabled (FUSE, code, and ID memories read back as garbled data)

1= disabled {(FUSE, code, and ID memgries can be read normally)

Watchdog timer enable:

0= disabled

1= enabled

External oscillator configuration (valid when IRC = 1)

000b = LP1 - low power crystal (32KHz)

001b = LP2 - low power crystalfresonator (32 KHz to 1 MHz)

010b = XT1 - normal crystalfresonator (32 KHz to 10 MHz)

011b = XT2 - normal crystaliresonator (1MHz to 24 MHz)

100b= HS1t — high speed crystalirescnator/external crystal oscillator {1MHz2 to 50 MHz2)
101b = HS2 - high speed crystal/resonator/external crystal oscillator {1 MHz to 50 MHz)
110b = HS3 - high speed crystal/resonator/fexternal crystal oscillator (1 MHz to 75 MHz)
111b = RC network - OSC2 is pulled high with a weak puliup {no CLKOUT output)

Note:  The frequencies are target values.
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6.2 FUSEX Word (Read/Program via Programming Command)

IRCTRIM2 | PINS | IRCTRIM1 | IRCTRIMo | QEHONE! { EF | BOR1 | BORO | BORTRIMI | BORTRIMO | BP1 | BPO

Bit 11 Bit 0

IRCTRIM2:  Internal RC oscitlator trim bits. This 3-bit field adjusts the operation of the internal RC oscillator to make
IRCTRIMg it operate within the target frequency range 4 MHz plus or minus 8%. Parts are shipped from the factory
untrimmed. The device relies on the programming toll to provide the trimming function.

000b = minimum frequency

111b = maximum frequency

each step about 3%
PINS Selects the number of pins.

0 = 18/20 pins

1 =28 pins
OPTIONX/  OPTION Register Extenslon and Stack Extension. Set 1o 1 to disable the programmability of bit 6 and
STACKX bit 7 in the OPTION register, the RTW and RTE_IE bits (in other words, to force these two bits 10 1) and

to fimit the program stack size to two locations. Clear to 0 to enable programming of the RTW and
RTE_IE bits in the OPTION register, and to extend the stack size to eight locations.

CF active low - makes ¢arry bit input to ADD and SUB instructions.

BOR1: BORO Brown-Qut Reset; These bits enable or disable the brown-out reset function and set the brown-out
threshold voltage as follows:

00b = 4.2V
01b = 2.6V
10b =22V
11b = Brown-Qut disabled
BORTRIM1: Brown-Qut trim bits (parts are shipped out of factory untrimmed).

BORTRIMO
BP1:BPO Configure Memory Size:
00b= 1 page, 1 bank
01b= 2pages, 1 bank
10b = 4 pages, 4 banks
11 = 4 pages, 8 banks (default configuration)

5.3 DEVICE Word (Hard-Wired Read-Only)
[ T« T 1+ [ [+ [+ o J o [ 1+ T 1+ ] 1+ ] o

Bit 11 Bit0
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6.0 MEMORY ORGANIZATION
6.1 Program Memory

The program memory Is organized as 2K, 12-bit wide
words. The program memory words are addressed
sequentially by a binary program counter. The program
counter starts at zero. If there is no branch operation, it
will increment to the maximum value possible for the
device and roll over and begin again.

Internally, the program memory has a semi-transparent
page structure. A page is composed of 512 conliguous
program memory words. The lower nine bits of the pro-
gram counter are zeros at the first address of a page and
ones at the last address of a page. This page structure
has no effect on the program counter. The program
counter will freely increment through the page bound-
aries.

6,1.1 Program Counter

The program counter contains the 11-bit address of the
instruction to be executed. The lower eight bits of the pro-
gram counter are contained in the PC register (02h) while
the upper bits come from the upper three bits of the STA-
TUS register (PAO, PA1, PA2). This is necessary {0 cause
jumps and subroutine calls across program memory
page boundaries. Prior to the execution of a branch oper-
ation, the user program must initialize the upper bits of
the STATUS register to cause a branch to the desired
page. An alternative method is to use the PAGE instruc-
tion, which automatically causes branch to the desired
page, based an the value specified in the operand fietd.
Upon reset, the program counter is initialized with 07FFh,

6.1.2 Subroutine Stack

The subrouting stack consists of eight 11-bit save regis-
ters. A physical transfer of register contents from the pro-
gram counter to the stack or vice versa, and within the
stack, oceurs on all operations affecting the stack, prima-
rily calls and returns, The stack is physically and logicatly
separate from data RAM. The program cannot read or
write the stack.

6.2 Data Memory

The data memory consists of 136 bytes of RAM, orga-
nized as eight banks of 16 registers plus eight registers
which are not banked., Both banked and non-banked
memory locations can be addressed directly or indirectly
using the FSR (File Select Register). The special-func-
tion registers are mapped into the data memory.

6.2.1 File Select Register (04h)

Instructions that specify a register as the operand can
only express five bits of register address. This means
that only registers 00h to 1Fh can be accessed. The File
Select Register (FSR) provides the ability to access reg-
isters beyond 1Fh.

Figure 8-1 shows how FSR can be used to address RAM
locations. The three high-order bits of FSR select one of
eight SRAM banks to be accessed. The live low-order
bits select one of 32 SRAM locations within the selected
bank. For the lower 16 addresses, Bank O is always
accessed, irrespective of the three high-order bits. Thus,
RAM register addresses 00h through OFh are “global” in
that they can always be accessed, regardless of the con-
tents of the FSR.

The entire data memory {including the dedicated-function
registers) consists of the lower 16 bytes of Bank 0 and
the upper 16 bytes of Bank 0 through Bank 7, for a total
of (1+8)*16 = 144 byles. Eight of these bytes are for the
function registers, leaving 136 general-purpose memory
locations. In the 18-pin SX packages, register RC is not
used, which makes address 07h available as an addi-
tional general-purpose memory location.

Below is an example of how to write to register 10h in
Bank 4:

mov FSR, H590 ;8elect Bank 4 by
;8etking FSR<7:5>
:load register 10h wich

;the literal 64h

mov $10, #5864
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Function Registers

Bank 0
00 Bank 0 is atways accessed for
INDF Registers _lhe lowe( 16 addresses, ]
(8 bytes) irraspective of the three high-
RTCC order bits of FSR.
PC 07
STATUS SRAM
FSR {8 bytas)
OF
RA
F 3
RB —N—
RC [7]6]sfa]3]2]1]o0]Fsr
I
v
10
SRAM
{16 bytes 7F
each bank SF
126 bytes
total) 3F
1F
Q= |Oo] O 5 ‘0_ :
gl2|5|s|2 g 7"

Figure 6-1. Data Memory Qrganization
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7.0 POWER DOWN MODE

The power down mode is entered by executing the
SLEEP instruction.

tn power down mode, only the Watchdog Timer (WDT) is
active, If the Watchdog Timer is enabled, upon execution
of the SLEEP instruction, the Watchdog Timer is cleared,
the TO (time out) bit is set in the STATUS register, and
the PD (power down) bit is cleared in the STATUS regis-
ter.

There are three different ways to exit from the power
down mode: a timer overflow signal from the Watchdog
Timer (WDT), a valid transition on any of the Multi-Input
Wakeup ping_(Port B pins), or through an external reset
input on the MCLR pin.

To achieve the lowest passibie power consumption, the
Watchdog Timer should be disabled and the device
should exit the power down mode through the Multi-Input
Wakeup (MIWU) pins or an extemnal reset.

7.1 Multi-Input Wakeup

Multi-Input Wakeup is one way of causing the device to
exit the power down mode. Port B is used to support this

feature. The WKEN_B register (Wakeup Enable Regis-
ter} allows any Port B pin or combination of pins to cause
the wakeup, Clearing a bit in the WKEN_B register
enables the wakeup on the comesponding Porl B pin. If
multi-input wakeup is selected to cause a wakeup, the
trigger condition on the selected pin can be either rising
edge (low to high) or falling edge (high to low). The
WKED_B register (Wakeup Edge Select) selects the
desired transiticn edge. Setting a bit in the WKED_B reg-
ister selects the falling edge on the corresponding Port B,
Ctearing the bit selects the rising edge. The WKEN_B
and WKED_B registers are set to FFh upon reset.

Once a valid transition occurs on the selected pin, the
WKPND_B register (Wakeup Pending Register) latches
the transition in the corresponding bit position. A logic *1*
indicates the occurrence of the selected trigger edge on
the corresponding Port B pin,

Upon exiting the power down mode, the Multi-input
Wakeup logic causes program counter to branch to the
maximum program memory address (same as reset).

Figure 7-1 shows the Multi-Input Wakeup block diagram.

RB1 RBO

//\\ RB7 RB6& Port B
Configured
as Input

. 8 e
R Jtd |t s e e ti)ty ] wkeps
< >
— W 13
n (ﬂ 1 —[ | I
v Luy >
[WODE] 8 L4 WKPND_B
=
& g [ [ =]
8 n
fDU w
= 8| MoDE =0e
£ .8 =
@ 7
£
Wake-up : Exit Power Down
8 > e e WKEN_B
N 7 > 0 = Enable
A4 1 = Disable

Figure 7-1. Multi-input Wakeup Block Diagram
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7.2 Port B MiwU/interrupt Configuration

The WKPND_B register comes up with a random vatue
upon reset. The user program must clear the register
prior to enabling the wake-up condition or interrupts. The
proper initialization sequence is:

1. Select the desired edge (through WKED_B register).
2. Clear the WKPND_B register,

3. Enable the Wakeup condition (through WKEN_B regis-

ter).
Below is an example of how to read the WKPND_B regis-

ter to determine which Port B pin caused the wakeup or
interrupt, and to clear the WKPND_B register:

mov M, #509
clr W

mov IRB,W ;W contains WKPND_B
;contents of W exchanged
;with contents of WKFND_B

The final “mov” instruction in this example performs an
exchange of data between the working register (W) and
the WKPND_B register. This exchange ocGurs only with
Port B accesses. Otherwise, the “mov” instruclion does
not perform an exchange, but only moves data from the
source to the destination.

Here is an example of a program segment that config-
ures the RBO, RB1, and RB2 pins to operate as Multi-
input Wakeup/Interrupt pins, sensitive to falling edges:

mov M,#$0F ;prepare to write port data
;jdirection registers
mov W,#507 ;load W with the value 07h
mov (RE,W ;jconfigure RBO-RB2 to be inputs
mov M, #50R ;prepare to write WKED H
i (edge) register
;W contains the value 07h
mov |RB.W ;configure RBCO-RB2 to sense
;falling edges
mov M, K§09 prepare to access WKPND B
: (pending) register
mov W, 4500 ;clear W
mav !RB,W ;clear all wakeup pending bits
mov M,#S0B ;prepare to write WKEN B (enable}

;register
mov W,#5F8h ;load W with the value F8h

mov !RB,W ;enable RBO-RB2 to operate as
;wakeup inputs

To prevent false interrupts, the enabling step {clearing
bits in WKEN_B) should be done as the last step in a
sequence of Port B configuration steps. After this pro-
gram segment is executed, the device can receive inter-
rupts on the RBO, RB1, and RB2 pins. If the device Is put
into the power down mode (by executing the SLEEP
instruction), the device can then receive wakeup signals
on those same pins.




78

8.0 INTERRUPT SUPPORT

The device supports both internal and external maskable
interrupts. The internal interrupt is generated as a result
of the RTCC rolling over from OFFh to 00h. This interrupt
source has an associated enable bit located in the
OPTION register. There is no pending bit assoclated with
this interrupt.

Port B provides the source for eight external software
selectable, edge sensitive interrupts. These interrupt
sources share logic with the Multi-Input Wakeup circultry.
The WKEN_B register allows interrupt from Port B to be
individually enabled or disabled. Clearing a hit in the
WKEN_B register enables the interrupt on the corre-
sponding Port B pin. The WKED_B selects the transition

edge lo be either positive or negative. The WKEN_B and
WKED_B registers are set 1o FFh upon reset. Setting a
bit in the WKED_B register selects the falling edge while
clearing the bit selects the rising edge on the correspond-
ing Port B pin.

The WKPND_B register serves as the extemal interrupt
pending register.

The WKPND_B register comes up a with random value
upon reset, The user program must clear the WKPND_B
register prior to enabling the interrupt. The proper
sequence is described in Section 7.2

Figure 8-1 shows the structure of the internupt logic.

A XI Port B PIN
’ !
WKED_B
‘ ~ . WKEDIB
t ¥ Overflow
From MODE
(MODE = 04)

»| WKPND_B

=1 » WKPND B

m —

3 7

9«; From MODE

MODE = 09 interrupt
£l sTaTUS (MODE = 19) p
£ sggf?:er 1 = Ext. Interrupt through Port B PC —» Interrupt Stack
! 0 = Power Down Mode, no Ext. Interpupt 000 —» PC
RTE_IE
R OPTION
N
\/

Figure 8-1, Interrupt Structure
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All interrupts are global in nature; that is, no interrupt has
priority over another, Interrupts are handted sequentially.
Figure 8-2 shows the interrupt processing sequence.
Once an interrupt is acknowledged, all subsequent globat
interrupts are disabled until return from servicing the cur-
rent interrupt. The PC is pushed onto the single level
interrupt slack, and the contents of the FSR, STATUS,
and W registers are saved in their corresponding shadow
registers, The status bits PAD, PA1, and PA2 bits are
cleared after the STATUS register has been saved in its
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 routine is address 0.

Once in the interrupt service routine, the user program
must check all external interrupt pending bits (contained
in the WKPND_B register} to determine the source of the
interrupt. The interrupt service routine should clear the
corresponding interrupt pending bit. If both internal and
external interrupts are enabled, the user program may
atso need to read the contents of RTCC to determine any
recent RTCC rollover. This is needed since there is no
interrupt pending bit associated with the RTCC roliover,

Normally it is a requirement for the user program to pro-
cess every intermupt without missing any. To ensure this,
the longest path through the interrupt routine must take
less time than the shortest possible delay between inter-
rupts,

If an external interrupt occurs during the interrupt routine,
the pending register will be updated but the trigger will be
ignored unless interrupts are disabled at the beginning of
the interrupt routine and enabled again at the end. This
also requires that the new interrupt does not occur before
interrupts are disabled in the interrupt routine. If there is a
possibility of additional interrupts occurring before they
can be disabled, the device will miss those interrupt trig-
gers. In other words, using more than one interrupt, such
as muttiple external interrupts or both RTCC and externat
interrupts, can result in missed or, at best, jittery interrupt
handling should one occur during the processing of
another. When handling extemal interrupts, the interrupt
routine should clear at [east one pending register bit. The
bit that is cleared should represent the interrupt being
handled in order for the next interrupt to trigger.

Upon return from the interrupt service routine, the con-
tents of PC, FSR, STATUS, and W registers are restored
from their corresponding shadow registers. The interrupt
sefvice routine should end with instructions such as RETI
and RETIW. RETI pops the interrupt stack and the spe-
cial shadow registers used for storing W, STATUS, and
FSR (preserved during interrupt handling). RETIW
behaves like RETI but also adds W to RTCC, The inter-
rup! return instruction enables the global interrupts.

Program
Memory Interrupt
Service
Address 000h N Routine
-
»
L
L]

I RETI Interrupt
Stack

Interrupt
Stack
w w
Register [ Shadow Register
STATUS STATUS
Register Shadow Register,
FSR FSR
Register Shadow Register

| 000n_|

W w ,
Register Shadow Register
STATUS STATUS l
Register Shadow Register

FSR FSR
Register Shadow Register

Note: The interrupt logic has its own single-lavel
stack and is not part of the CALL subroutine stack.

Figure 8-2. Interrupt Processing
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9.0 OSCILLATOR CIRCUITS

The device supports several user-selectable oscillator
modes. The oscillator modes are selected by program-
ming the appropriate values into the FUSE Word register.
These ara the different oscillator modes offered:

LP: Low Power Crystal

XT. Crystal/Resonator

HS: High Speed Crystal/Resonator

RC: External Resistor/Capacitor
Internal Resistor/Capacitor

91 XT,LP or HS modes

In XT, LP or HS, modes, you can use either an external
resonator network or an external clock signal as the
device clock,

To use an external resonator network, you connect a
crystal or ceramic resonator to the OSC1/CLKIN and
QS8C2/CLKOUT pins according to the circuit configura-
tion shown in Figure 9-1. A parallel resonant crystal type
is recommended. Use of a series resonant crystal may
result in a frequency that is outside the crystal manufac-
turer specifications. Table 9-1 shows the recommended
external components associaled with a crystal-based
oscillator. Tabte 9-2 shows the recommended external
component vatues for a resonator-based oscillator.

Bits 0, 1 and 5 of the FUSE register (FQSC1:FOSC2) are
used to configure the different external resonator/crystal
oscillator modes, These bits allow the selection of the
appropriate gain setting for the internal driver to match
the desired operating frequency. Iif the XT, LP, or HS
mode is selected, the OSC1/CLKIN pin can be driven by
an external clock source rather than a resonator network,
as long as the clock signal meets the specified duty
cycle, rise and fall times, and input levels (Figure 9-2). In
this case, the OSC2/CLKOUT pin should be left open.

SX. Device
internal
Circuitry
SLEEP
[s18 ] 0SsC2
RF RS
XTAL
+—i0
Ci C;

'L_];_T

Figure 9-1. Crysta) Operation {or Ceramic Resonator)
{HS, XT or LP OSC Configuration}

SX Device

0361 0sC2

Open

Externally
Generated Clock

Figure 9-2, External Clock Input Operation
{HS, XT or LP OSC Configuration)

Table 9-1. External Component Selection for Crystal Oscillator (Vdd=50V), Rs =0 Q

FOSC2:FOSCO Fr‘;gf;ﬁ::y c1 c2 Re
010 4 MHz 15 pF 22 pF 1 M2
01 8 MHz 56 pF 33pF 1 MY
011 20 MHz 33 pF 22 pF 1 M)
o 32 MHz 15 pF 22 pF 1 MO
100 50* MHz 15 pF 15 pF 1 MQ

* 50 MHz fundamental crystal
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Table 9-2. External Component Selection for Murata Ceramic Resonators (Vdd=5.0v)

N Resonator
FOSC2:FOSGO Frequ Em‘:’y Resonator Part Number c1 c2 Re Rs
o1 4 MHz CSA4.00MG 30 pF 30pF 1M oQ
Internal Internal
011 4 MHz CST4.00MGW (30 pF) (30 pF) 1M oQ
Iinternal Internal
oM 4 MHz CSTCC4.00G0HE 47 pF) {47 pF) 1MQ 1X7]
o1 8 MHz CSAB.DOMTZ 30 pF 30 pF 1M1 0
Intarnal Internal
011 8 MHz CST8.00MTW {30 pF) 30 pF) 1MQ 00
Internal Internal -
o1 8 MHz CSTCCB.00MGOHB (47 pF) priLy 1 MO oQ
011 20 MHz CSA20.00MXZ040 5 pF 5 pF 1MQ 04
intarnat Internal -
011 20 MHZ CST20.00MXWOH1 {5 pF} (5 pF} 1 M2 oQ
o011 20 MHz CSACV20.00MXJ040 5 pF 5 pF 22 k§} 13.9]
Internal Intemat
011 20 MHz CSTCV20.00MXJOH1 {5 pF) {5 pF) 22 k0 on
100 33 MHz CSA33.00MXJ040 5pF 5 pF 1MQ o
Intamnal Intarmal
100 33 MHz CST33.00MXW040 (5 pF) (5 pF) 1 M0 0oQ
100 33 MHz CSACV33.00MXJ040 5pF 5pF MG (15 ¢
Internal Internal
100 33 MHz CSTCV33.00MXJ040 (5 pF) (5 pF) 1 MO 00
101 50 MHz CSAS0.00MXZ040 15 pF 15 pF 10 k2 o0
Internal Internal -
101 50 MHz CST50.00MXWOH3 (15 pF) {15 pF) 10 ki on
101 50 MHz CSACV50.00MXJ040 15 pF 15 pF 10 kX 00
101 50 MHz CSTCV50.00MXJOH3 emEl 1 emE | toke 00
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9.2 External RC Mode

The external RC oscillator mode provides a cost-effective
approach for applications that do not require a precise
operating frequency. In this mode, the RC oscillator fre-
quency is a function of the supply voltage, the resistor (R}
and capacitor {C) values, and the operating temperature.
In addition, the oscillator frequency will vary from unit to
unit due to normal manufacturing process variations, Fur-
thermore, the difference in lead frame capacitance
between package types also affects the oscillation fre-
quency, especially for low C values. The external R and
C component tolerances contribute to oscillator fre-
quency variation as well,

Figure 9-3 shows the external RC connection diagram.
The recommended R value is from 3k to 100k For R
values below 2.2k, the oscillator may become unstable,
or may stop completely. For very high R values (such as
1 M), the oscillator becames sensitive to noise, humid-
ity, and leakage.

Although the oscillator will operate with no external
capacitor (C = 0pF), it is recommended that you use val-
ues above 20 pF for noise immunity and stabitity, With no
or smail external capacitance, the oscillation frequency
can vary significantly due to variation in PCB trace or
package lead frame capacitances.

SX Device
Internal
Circuitry
9
N j
Qs Qsc2
Vaa g

i3t
o

Figure 9-3, RC Oscillator Mode

9.3 Internal RC Mode

The internal RC mode uses an intemal oscillator, so the
device does not need any external components. At 4
MHz, the intemal oscillator provides typically +/-8%
accuracy over the allowed temperature range. The inter-
nal clock frequency can be divided down to provide one
of eight lower-frequency choices by selecting the desired
value in the FUSE Word register. The frequency range is
from 31,25 KHz to 4 MHz. The default operating fre-
quency of the intemal RC oscillator may not be 4 MHz.
This is due to the fact that the SX device requires trim-
ming to obtain 4 MHz operation. The parts shipped out of
the factory are not trimmed. The device relies on the pro-
gramming tool previded by the third party vendors to sup-
port trimming.

10.0 REAL TIME CLOCK
{(RTCC)/WATCHDOG TIMER

The device contains an 8-bit Real Time Clock/Counter
(RTCC) and an 8-bit Watchdog Timer (WDT). An 8-bit
programmable prescaler extends the RTCC to 16 bits, If
the prescaler is not used for the RTCC, it can serve as a
postscaler for the Watchdog Timer. Figure 10-1 shows
the RTCC and WDT block diagram.

10.1 RTCC

RTCC is an 8-bit real-time timer that is incremented once
each instruction cycle or from a transition on the RTCC
pin. The on-board prescaler can be used to extend the
RTCC counter to 16 bits,

The RTCC counter can be clocked by the internal instruc-
tion cycle clock or by an external clock source presented
at the RTCC pin.

To select the internal clock saurce, bit 5 of the QPTION
register should be cleared. In this mode, RTCC is incre-
mented at each instruction cycle unless the prescaler is
selected to increment the counter.

Ta select the external clock source, bit 5 of the OPTION
register must be set. In this mode, the RTCC counter is
incremented with each valid signal transition at the RTTC
pin. By using bit 4 of the OPTION register, the transition
can be programmed to be either a falling edge or rising
edge. Setting the control bit selects the falling edge to
increment the counter. Clearing the bit selects the rising
edge.

The RTCC generates an inferrupt as a result of an RTCC
roflaver fram OFF to 000. There is no interrupt pending bit
to indicate the overflow occurrence. The RTCC register
must be sampled by the program to determine any over-
flow occurrence.
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10.2 Watchdog Timer

The watchdog logic consists of a Watchdog Timer which
shares the same 8-bit programmable prescaler with the
RTCC. The prescaler actually serves as a postscaler if
used in conjunction with the WDT, in contrast to its use as
a prescaler with the RTCC.

10.3 The Prescaler

The B-bit prescaler may be assigned to either the RTCC
or the WODT through the PSA bit (bit 3 of the OPTION reg-
ister). Setting the PSA bit assigns the prescaler to the
WDT. If assigned to the WDT, the WDT c¢locks the pres-
caler and the prescaler divide rate is selected by the
P30, P51, and PS2 bits located in the OPTION register.
Clearing the PSA bit assigns the prescaler to the RTCC.
Once assigned to the RTCC, the prescaler clocks the
RTCC and the divide rate is selected by the PS0, PS1,
and P82 bits in the OPTION register. The prescaler is not
mapped into the data memory, so run-time access is not
possible,

The prescaler cannot be assigned to both the RTCC and
WDT simultaneousty.

RTCC

WDTE (from FUSE Word) interrupt

Enable

RIW
RTE_IE
RST

(—RTCC pin RTE ES
PSA

PS2
P31
PS0

OPTION
Register

MUX {8 to 1} |«

X CZ

'

WDT Tima-out

RTCC Rofiover

—”1 c Interrupt
MUX I‘_

‘ 8-Bits
{

Data Bus

Figure 10-1. RTCC and WDT Block Diagram



11.0 COMPARATOR

The device contains an on-chip differential comparator.
Forts RBO-RB2 support the comparator. Ports RB1 and
RB2 are the comparator negative and positive inputs,
respectively, while Port RBO serves as the comparator
oulptt pin. To use these pins in conjunction with the com-
paratar, the user program must configure Ports RB1 and
RB2 as inputs and Port RBO as an output. The CMP_B
register is used to enable the comparator, to read the out-
put of the comparator internally, and to enable the output
of the comparator to the comparator output pin.

The comparator enable bits are set to “1” upon reset,
thus disabfing the comparator. To avoid drawing addi-
tional current during the power down mode, the compara-
tor should be disabled before entering the power down
mode, Here is an example of how to setup the compara-
tor and read the CMP_B register.

mov M, HS508 ;9et MODE register to access
;CMP_B
mov W,H#500 ;clear W

mov IRB,W .enable comparator and its
;output
;delay after enabling
;comparator for response

mov M,R508 ;set MODE register to access
;CMP_B

mov W, #500 iclear W

mov !RB,W renable comparator and its
joutput and also read CMP_B
; {exchange W and CMB_B)

and W,H501 ;set/clear Z bir based on
jcomparator result

snb $03.2 ;test 2 bit in STATUS reg
;{0 => RB2<RB1l}

jmp rb2_hi ;jump only if RB2-RBL

The final “mov” instruction in this example performs an
exchange of data between the working register (W) and
the CMP_B register. This exchange occurs only with Port
B accesses. Otherwise, the “mov" instruction does not
perform an exchange, but only moves data from the
source to the destination.

Figure 11-1 shows the comparator block diagram.,

CMP_B - Comparator Enable/Status Register

| CMPEN | CMP_OE | Reserved | CMP_RES ]
Bit 7 Bit & Bits 5-1 Bito

CMP_RES Comparator result; 1 for RB2>RB1 or 0
for RB2<RB1. Comparator must be en-
abled (CMP_EN = 0) to read the result.
The result can be read whether ¢r not the
CMP_QE bit is cleared.

CMP_OE When cleared to 0, enables the compar-
ator output to the RBO pin.

CMP_EN When cleared to 0, enables the compar-

ator.
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SX20AC/SX28AC

< Internal Data Bus >
h 4 r Y

v CMP_B v

CMPEN |7 I W |

CMP_OE |¢ 1

w0 [
R - b
E +
5 MODE I
E
R MODE = 08h
v
E
s}
CMP_RES |0

Paint to CMP_B

Figure 11-1. Comparator Block Dlagram
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120 RESET

Power-On-Reset, Brown-Out reset, watchdog reset, or
external reset initializes the device. Each one of these
reset conditions causes the program counter to branch to
the top of the program memory. For example, on the
device with 2048K words of program memory, the pro-
gram counter is initialized to 07FF.

The device incorporates an on-chip Power-On Reset
(POR) circuit that generates an intemal reset as Vyq rises
during power-up. Figure 12-1 is a block diagram of the
circuit, The circuit contains an 10-bit Delay Reset Timer
(DRT} and a reset latch. The DRT controls the reset time-
out delay. The reset latch controls the internal reset sig-
nal. Upon power-up, the reset latch is set (device held in
reset), and the DRT staris counting once it detects a valid
fegic high signal at the MCLR pin. Once DRT reaches the
end of the timeout period (typically 72 msec), the reset
latch is cleared, releasing the device from reset state.

MCLR/Vpp pin

10-Bit Asynch s Q
CRippIe
aunter
DRT Start-U RESET
re_clk ( Timer}) P R QONp—p

drt_time
_out

Note:Ripple counter is 10 bits for Power on Reset (POR)
only.
Figure 12-1. Block Diagram of On-Chip Reset Circuit

Figure 12-2 shows a power-up sequence where MCLR is
not tied to the Vyy pin_and V,4 signal is allowed to rse
and stabilize before MCLR pin is brought high. The
device will actually come out of reset Ty, msec after
MCLR goes high.

The brown-out circuitry resets the chip when device
power (Vyq) dips below its minimum allowed value, but
not to zero, and then recovers to the nomal value.

drt_time_out

RESET

Figure 12-2. Time-Out Sequence on Power-Up
{MCLR not tied to V44)
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Figure 12-3 shows the _on-chip Power-On Reset
sequence where the MCLR and Vgy pins are tied
together. The V4 signal is stable before the DRT time-
out period expires. In this case, the device will receive a
proper reset. However, Figure 12-4 depicts a situation
whare V4 rises 100 slowly. In this scenario, the DRT will
time-out prior to Viyq reaching a valid operating voltage
level (Vgq min). This means the device will come out of
reset and stan operating with the supply voltage not at a
valid level. In this situation, it is recommended that you
use the external RC circuit shown in Figure 12-5. The RC
delay should exceed the time period it fakes V4 to reach
a valid operating valtage

Vidd e

MCIR 7
]
POR ——

Tdrte—»,
drt_time_owut
RESET

Figure 12-3. Time-out Sequence on Power-up
(MCLR tied to V44): Fast Vuy Rise Time

Vad AT
[}
MCLR

POR —™
Tdrt b

drt_time_out
RESET |

Figurg 124, Time-out Sequence on Power-up
(MCLR tied to Vyg): Slow Rise Time

3

R1

O

o
on
]
4
[

Figure 12-5, External Power-On Reset Gircuit
(For Slow V44 Power-up)

Note 1: The external Power-On Reset dircuit is required
only if Vqq power-up is too stow. The diode D helps dis-
charge the capacitor quickly when V44 powers down.

Note 2: R < 40 k2 is recommended to make sure that
voltage drop across R does not violate the device eiectri-
cal specifications,

Note 3: R1 = 1000 to 1k will limit any current flowing
into MCLR from external capacitor C. This helps prevent
MCLR pin breakdown due to Eleclroslatic Discharge
(ESD) or Electrical Overstress (EQS).

13.0 BROWN-OUT DETECTOR

The on-chip brown-out detection circuitry resets the
device when Vy4 dips below the specified brown-out vokt-
age. The device is held in reset as long as Vg, Stays
below the brown-out voltage. The device will come out of
resel when Vg4 rises above the brown-out voltage. The
brown-out level is preset to approximately 4.2V at the
factory. The brown-out circuit can be disabled through
BORO0 and BOR1 bits contained in the FUSEX Word reg-
ister.




14.0 REGISTER STATES UPON
DIFFERENT RESET OPERATIONS

The effect of different 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, some are undefined, and some are

A register that starts with an unknown value should be
initialized by the software to a known value; you cannot
simply test the initial state and rely on it starling in that
state consistently.

Table 14-1 lists the SX registers and shows the state of
each register upon different reset.

initialized to an unknown value.

Table 14-1. Register States Upon Different Resets

Register Power-On Wakeup Brown-out ﬁ?:g:&g MCLR
W Undefined Unchanged Undefined Unchanged Unchanged
OPTION FFh FFh FFh FFh FFh
MODE OFh OFh OFh OFh OFh
RTCC (01h) Undefined Unchanged Undefined Unchanged Unchanged
PC (02h) FFh FFh FFh FFh FFh
STATUS (03h) Bits 0-2: Unde- Bits 0-2: Un- Bits 0-4: Unde- |Bits 0-2: Un- Bits 0-2: Un-
fined changed. fined changed changed
Bits 3-4: 11 Bits 3-4: Unch. |Bits 5-7: 000 Bits 3-4: (Note 1) | Bits 3-4: {Note 2)
Bits 5-7: 000 Bits 5-7: 000 Bits 5-7; 000 Bits 5-7: 000
FSR {04h) Undefined Bits 0-6: Un- Bits 0-6: Unde- {Bits 0-6: Un- Bits 0-6: Un-
changed fined changed changed
Bit7: 1 Bit7:1 Bit7: 1 Bit7: 1
RA/RB/RC FFh FFh FFh FFh FFh
Direction
RA/RB/RC Data Undefined Unchanged Undefined Unchanged Unchanged
Other File Registers - {Undefined Unchanged Undefined Unchanged Unchanged
SRAM
CMP_B Bits 0, 6-7: 1 Bits 0, 6-7: 1 Bits 0, 6-7: 1 Bits 0. 6-7: 1 Bits 0, 6-7: 1
Bits 1-5: Unde- |Bits 1-5: Unde- |Bits 1-5: Unde- |Bits 1-5: Unde- |Bits 1-5: Unde-
fined fined fined fined fined
WKPND_B Undefined Unchanged Undefined Unchanged Unchanged
WKED_B FFh FFh FFh FFh FFh
WKEN_B FFh FFh FFh FFh FFh
ST_B/IST_C FFh FFh FFh FFh FFh
LVL_ALVL_BAVL_C |FFh FFh FFh FFh FFh
PLP_A/PLP_B/PLP_C |FFh FFh FFh FFh FFh
Watchdog Counter Undefined Unchanged Utndefined Unchanged Unchanged
NOTE: 1. Watchdog reset during power down mode: 00 (TO, PD)
Watchdog reset during Active mode: 01 (TO, PD)
NOTE: 2, External reset during power down mede: 10 (TO, PD)
External reset during Active mode: Unchanged (TO, PD)
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15.0 INSTRUCTION SET

As mentioned eartier, the SX family of devices uses a
modified Harvard architecture with memory-mapped
input/output. The device also has a RISC type architec-
ture in that there are 43 single-word basic instructions.
The instruction set contains byta-oriented file register, bit-
oriented file register, and literal/control instructions,

Working register W is one of the CPU registers, which
serves as a pseudo accumulator, It is a pseudo accumu-
lator in a sense that it holds the second operand,
receives the literal in the immediate type instrugtions, and
also can be program-selected as the destination register.
The bank of 31 file registers can also serve as the pri-
mary accumulators, but they represent the first operand
and may be program-selected as the destination regis-
ters.

15.1 Instruction Set Features

1. All single-word (12-bit) instructions for compact code
efficiency.

. All instructions are single cycle except the jump type in-
structions (JMP, CALL) and failed test instructions
(DECSZ fr, INCSZ fr, SB bit, SNB bit), which are two-
cycle.

. A set of File registers can be addressed directly or indi-
rectly, and serve as accumulators to provide first oper-
and; W register provides the second operand,

. Many instructions include a destination bit which se-
lects either the register file or the accumuiator as the
destination for the result.

. Bit manipulation instructions (Set, Clear, Testand Skip
if Set, Test and Skip if Clear).

. STATUS Word register memory-mapped as a register
fite, allowing testing of status bits (carry, digit carry, ze-
ro, power down, and timeout).

. Program Counter (PC) memory-mapped as register file
allows W to be used as offset register for indirect ad-
dressing of program memory.

. Indirect addressing data pointer FSR (file select regis-
ter) memory-mapped as a register file,

. IREAD instruction allows reading the instruction from
the program memory addressed by W and upper four
bits of MODE register.

10.Eight-tevel, 11-bit push/pop hardware stack for sub-
routine linkage using the Call and Return instructions.

11.Six addressing modes provide great flexibility.

15.2 Instruction Execution

An instruction goes through a four-stage pipeline to be
executed (Figure 15-1). The first instruction is fetched
from the program memory on the first clock cycle. On the
second clock cycle, the first instruction is decoded and
the second instruction is fetched, On the third clock cycle,
the first instruction is executed, the second instruction is
decoded, and the third instruction is fetched. On the
fourth clock cycle, the first instruction’s results are written
{0 its destination, the second instruction is axecuted, the
third instruction is decoded, and the fourth instruction is

2

fetched. Once the pipeline is full, instructions are exe-
cuted at the rate of one per clock cycie.

Instructions that directly affect the contents of the pro-
gram counter (such as jumps and calls) require that the
pipeline be cleared and subsequently refilled. Therefore,
these instruction take more than cone clock cycle,

The instruction execution time is derived by dividing the
osciltator frequency by either one (turbo mode) or four
(non-turbo mode). The divide-by factor is selected
through the FUSE Word register.

Fetch ¥ Decode # Execute ¥ Write
Clock Clock Clock Clock
Cycle Cycle Cycle Cycle

1 2 3 4

Figure 15-1. Pipeline and Clock Scheme

153 Addressing Modes
The device support the following addressing modes:
Data Direct
Data Indirect
Immediate
Program Direct
Program Indirect
Relative

Both direct and indirect addressing modes are available.
The INDF register, though physically not implemented, is
used in conjunction with the indirect data pointer (FSR} to
perform indirect addressing. An instruction using INDF as
its operand field actuaily performs the operation on the
register pointed by the contents of the FSR. Conse-
quently, processing two multiple-byte operands requires
alternate loading of the cperand addresses into the FSR
pointer as the multiple byte data fields are processed.
Exampies:
Direct addressing:

mov RA,HOL ;move *17 to RA
indirect Addressing:
FSR, #RA

INDF, #501

; PSR address of RA
;move “1% to RA

mov
mov
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15.4 RAM Addressing

Direct Addressing

The FSR register must initialized with an appropriate
value in order to address the desired RAM register. The
following table and code example show how to directly
access the banked registers.

Bank FSR Value
0 010h
1 030h
2 050h
3 070h
4 090h
5 0B0h
4] 0D0h
7 OFOh
mov  FSR, #5070 ;Select RAM Bank 3
clr $010 iClear register 1Ch on
;Bank 3
mov  FSR, #5D0 ;jSelect RAM Bank €
clr 5010 iClear register 1¢h on
;Bank 6
indirect Addressing

To access any register via indirect addressing, simply
move the eight-bit address of the desired register Into the
FSR and use INDF as the operand. The example below
shows how to clear all RAM locations from 10h to 1Fh in
all eight banks:

clr FSR ;clear FSR to 00h (at address

:04h)
loop setb SFR.4 ;set bit 4: address 10h-1Fh,

:30-3Fh, etc

clr INDF ;clear reglster pointed to by
;FESR

incsz FSR sincrement FSR and test, skip
;jmp if ooh

jmp :loop ;jump back and clear next
;register

15.5 The Bank Instruction

Often it is desirable to set the bank select bits of the FSR
register in one instruction cycle. The Bank instruction
provides this capability. This instruction sets the upper
bits of the FSR to point to a specific RAM bank without
affecting the other FSR bits.

Example:
bank S$FO0 ;Select Bank 7 in FSR
inc $1F ;increment file register

;1Fh in Bank 7

15.6 Bit Manipulation

The instruction set contains instructions to set, reset, and
test individual bits in data memory. The device is capable
of bit addressing anywhere in data memory.

15.7 Input/Output Operation

The device contains three registers associated with each
IO port. The first register (Data Direction Register), con-
figures each port pin as a Hi-Z input or output. The sec-
ond register (TTL/CMOS Register), selecis the desired
input level for the input. The third register (Pull-Up Regis-
ter), enables a weak pull-up resistor on the pin configured
as a input, In addition to using the associated port regis-
ters, appropriate values must be written into the MCDE
register to configure the /O ports.

When two successive read-modify-write instructions are
used on the same I/ 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 using two successive
read-modify-write instructions that access the same port
data register if the clock rate is high.

15.8 Increment/Decrement

The bank of 31 registers serves as a set of accumulators.
The instruction set contains instructions to increment and
decrement the register file, The device also includes both
INCSZ fr (increment file register and skip if zero) and
DECSZ fr (decrement file register and skip if zero)
instructions.

15.9 Loop Counting and Data Pointing
Testing

The device has specific instructions to facilitate loop

counting. The DECSZ fr (decrement file register and skip

it zero) tests any one of the file registers and skips the

next instruction (which can be a branch back to loop) if

the resull is zero.

15.10 Branch and Leoop Call Instructions

The device contains an B-level hardware stack where the
return address is stored with a subroutine call. Multiple
stack levels allow subroutine nesting. The instruction set
supports absolute address branching.

15.10.1 Jump Operation

When a JMP instruction is executed, the lower nine bits
of the program counter is loaded with the address of the
specified label. The upper iwo bits of the program
counter are loaded with the page select bits, PA1:PAO,
contained in the STATUS register. Therefore, care must
be exercised to ensure the page select bits are pointing
to the correct page before the jump cccurs.

{ s1ATUS<6:5> | 4MP LABEL |
I PC<B:0> |
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15.10.2 Page Jump Operation

When a JMP instruction is executed and the intended
destination is on a different page, the page select bits
must be initfalized with appropriate values ta point to the
desired page before the jump occurs. This can be done
easily with SETB and CLRB instructions or by writing a
value to the STATUS register, The device also has the
PAGE instruction, which automatically selects the page in
a single-cycle execution.

| PAGE N ]

[ sTarus<s:s> ] JMP LABEL |

Y Y

[ pe<tmes | PC<B:0> i

Note: *“N"must be 0, 1, 2, or 3.

15.10.3 Call Operation

The following happens when a CALL instruction is exe-

cuted:

+ The current value of the program counter is increment-
ed and pushed onto the top of the stack.

+ The lower eight bits of the tabel address are copied into
the lower eight bits of the program counter.

+ The ninth bit of the Program Counter is cleared to zero.

« The page select bits (in STATUS register} are copied
into the upper two bits of the Program Counter.

This means that the call destination must sfart in the

lower half of any page. For example, 00h-GFFh, 200h-

2FFh, 400h-4FFh, etc.

| sTatus<s:s> | o | CALL LABEL ]

Y

I PC<10:8> | PC<8> | PC<7:0> J

15.10.4 Page Call Operation

When a subroutine that resides on a different page is
called, the page select bits must contain the proper val-
ues to point to the desired page before the call instruction
is executed. This can be done easily using SETB and
CLRB instructions or writing a value to the STATUS reg-
ister. The device also has the PAGE instruction, which
automatically selects the page in a single-cycle execu-
tion.

| PAGE N ]

]
[etatusesis> | 0 | CALL LABEL ]
| Poctmg> | Peess | PC<7:0> ]

Note:“N"mustbe 0, 1,2, or 3.

15.11 Return Instructions

The device has several instructions for returning from
subroutines and Iinterrupt service routines. The return
from subroutine instructions are RET (return without
affecting W), RETP (same as RET but affects PA1:PAQ),
RETI {return from interrupt), RETIW (return and add W to
RTCC), and RETW #literal (return and place literal in W),
The iiteral serves as an immediate data value from mem-
ory. This instruction can be used for table lookup opera-
tions, To do table lookup, the table must contain a string
of RETW #literal instructions. The first instruction just in
frant of the table calculates the offset into the table, The
table can be used as a result of a CALL.



92

15.12 Subroutine Operation
15.12.1 Push Operation

When a subroutine is called, the return address Is
pushed onto the subroutine stack. Specificafly, each
address in the stack is moved to the next lower level in
order to make room for the new address to be stored.
Stack 1 receives the contents of the program counter.
Stack 8 is overwritten with what was in Stack 7. The con-
tents of stack 8 are lost,

{ PC<10:0>

Y

STACK 1
* STACK 2 *
STACK 3
STACK 4
+ STACK 5 +
STACK 6

+ STACK 7 +
STACK 8

-

15.12.2 Pop Operation

When a return instruction Is executed the subroutine
stack is popped. Specifically, the contents of Stack 1 are
copied into the program counter and the contents of each
stack level are moved to the next higher level. For exam-
ple, Stack 1 receives the contents of Stack 2, etc., until
Stack 7 Is overwritten with the contents of Stack 8. Stack
8 is left unchanged, so the contents of Stack 8 are dupli-
cated in Stack 7.

[

PC<10:0> ]

|

STACK 1
* STACK 2 *
STACK 3
STACK 4
+ STACK 5 +

STACK 6

+ STACK 7 +
STACK B
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15.13 Comparison and Conditional Branch
Instructions

The instruction set includes instructions such as DECSZ
fr (decrement file register and skip if zero), INCSZ fr
(increment file register and skip If zero), SNB bit (bit test
file register and skip if bit clear), and SB bit (bit test file
register and skip if bit set). These instructions will cause
the next instruction to be skipped if the tested condition is
true. If a skip instruction is immediately followed by a
PAGE or BANK instruction (and the tested condition 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 pre-
cedes 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,

1514 Logical Instruction

The instruction set contain a full complement of the logi-
cal instructions (AND, OR, Exclusive OR), with the W
register and a selected memory location (using either
direct or indirect addressing} serving as the two oper-
ands,

15.15 Shift and Rotate Instructions

The instruction set includes instructions for left or right
rotate-through-carry.

15.16 Complement and SWAP

The device can perform one's complement operation on
the file register (fr} and W register. The MOV W,<>fr
instruction performs nibble-swap on the fr and puts the
value info the W register.

A MR — - - ml

15.17 Key to Abbreviations and Symbols

Symbol Description
w Working register
ir File register {memory-mapped register in the
range of 00h to FFh)
PC :_eor\;gq e)eight bits of program counter {file regis-
STATUS | STATUS register (file register 03h}
FSR |File Select Register (fite register 04h)
c Carry bit in STATUS register (bit 0)
DC Digit Carry bitin STATUS register (bit 1)
4 Zero bitin STATUS register (bit 2
PO Power Down bit in STATUS register (bit 3)
TO Z\)ratchdog Timeout bit in STATUS register (bit
PA2:PAD (Page select bits in STATUS register (bits 7:5)
OPTION | GPTION register (not memory-mapped)
WOT Watchdog Timer register (not memory-
mapped)
MODE [MODE register (not memory-mapped)
[ Port control register pointer (RA, RB, or RC}
! Nan-memory-mapped register designator
f File register address bit in opcode
k Constant value bit in opcode
n Numerical value bi{ in opcode
b Bit position selector bit in opcode
File register / bit selector separator in assem-
bly language instruction
# Immediate Iiie‘ral designator in assembly lan-
guage instruction
lit Literal value in assembly language instruction
addr8 | B-bit address in assembly language instruction
adard | 9-bit address in assembly language instruction
addri2 t1i§r-1bit address in assembly language instruc-
i Logical 1's compiement
| Logical OR
A Logical exclusive OR
& Logical AND
<> Swap high and low nibbles (4-bit segments)
< Rotate left through carry bit
> Rotate right through carry bit
-- Decrement file register
+4+ Increment file register
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16.0 INSTRUCTION SET SUMMARY TABLE

Table 16-1 lists all of the instructions, organized by cate-
gory. For each instruction, the table shows the instruction
mnemonic (as written in assembly fanguage), a brief
description of what the instruction does, the number of
instruction cycles required for execution, the binary
opcode, and the status bits affected by the instruction.

The “Cycles” column typically 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 num-
bers of cycles are shown in the table,

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

Table 16-1. The SX Instruction Set

%r;:iTac::;:' Description (Co(r:r!\’;::isble) (%cr:!:) Opcode | e |
Logical Operations
AND fr, W AND of fr and W into fr (fr = fr & W) 1 1 0001 011f FEff 2
IAND W, fr AND of W and frinto W (W = W & fr) 1 1 0001 010f ffff z
AND W Rt AND of W and Literal into W (W = W & lif) 1 1 1110 kkkk kkkk z
NOT fr Complement of fr into fr (fr = fr » FFh) 1 1 0020 011f £fEf z
OR fr, W OR of ir and W into fr (ir = fr | W) 1 1 0001 CO1f fEff Zz
OR W.fr OR of W and frinto fr (W =W fr) 1 1 0001 000f Efff z
OR W #lit OR of W and Literal into W (W = W | lit) 1 1 1101 kkkk kkkk z
XOR fr,wW XOR of fr and Winto fr (fr = fr W) 1 1 0001 101f Efff z
XOR W.fr XORof Wandfrinto W (W=W~"1n) 1 1 0001 100f ffff rd
XOR W Blit XOR of W and Literal into W (W = W ~ lit) 1 1 1111 kkkk kkkk F4
Arithmetic and $hift Operations
IADD fr, W f-\dgi‘Wtofr(fr=f_r+V\(); carry bit is added ifCF 1 1 0001 111f f££ff C.DC.2Z
bit in FUSEX register is cleared to 0 U
IADD W fr Add frtoW(W=W+ff);carrybitisadded ifCF 1 1 0001 110fF ffff C.0C.Z
bit in FUSEX register is cleared to 0 T
CLR fr Clear fr (fr = Q) 1 1 Qoco 011f fEfE z
CLR W Clear W (W = 0) 1 1 0000 0100 0000
CLR IWDT Clear Watchdog Timer, clear prescaler if as- 5 4 [0000 0000 0100} 1 pp
sighed to the Watchdog (TO =1, PD =1} '
DEC fr Decrement fr (fr = fr - 1) 1 1 0000 111f ffff Z
DECSZ fr Decrement fr and Skip if Zero (fr = fr- 1 and skip 1or lor (0010 111f FEEE[ o
next instruction if result is zero) 2 {skip) 2 (skip)
INC fr Increment fr (fr=fr + 1} 1 1 0010 101f ffff P4
INCSZ fr Increment fr and Skip if Zero {fr = fr + 1 and skip 10r for 0011 111f EfFEl o
next instruction if result is zero}) 2 (skip) 2 (skip)
RL fr Rotate fr Left through Carry (fr = << fr) 1 1 0011 011f ffff c
RR fr Rotate fr Right through Carry {fr = »>> fr} 1 1 0011 001f Efff [
SUB tr,w Subtract W from fr (fr = fr - W) complement of 0000 101f Efff
the carry bit is subtracted if CF bit in FUSEX 1 1 c.bC.z
register is cleared to Q
SWAP fr Swap High/Low Nibbles of fr (fr = <> fr) 1 1 0011 101f Ef££f[ none

— —— e ————
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SX20AC/ISX2BAC
Table 18-1. The SX Instruction Set (Continued)
Mnemonic, Cycl i
De ycles Cycles Bits
Operands seription {Compatible)|(Turba) Opcode Affected
Bitwise Operations
CLRB fr.bit Clear Bit in fr {fr.bit = 0) 1 1 0100 bbbf ffff | none
SB fr.bit Test Bit in fr and Skip if Set (test fr.bit and skip 1or 1or
next instruction if bit is 1) 2(skip) | 2(skip) [ 9111 bbbL tfff | none
[SETB fr.bit Set Bit in fr (fr.bit = 1) 1 1 0101 bbbf ££f£f | none
SNB fr.bit Test Bitin fr and Skip if Clear (test fr.bit and skip 1or 1or
next instruction if bit is 0) 2 (skipy [ 2(skip)| 0110 bbbt £EE£ [ nane
Data Movement Instructions
MOV fr,W Move W to fr {fr = W) 1 1 0000 001f f£fE[ none
MOV W, ir Move fr to W (W = fr) 1 1 0010 000f Efff z
MOV W fr-W Move (fr-W) to W (W = {1 - W); complement of 0000 100f £fff
carry bitis subtracted if CF bitin FUSEX register 1 1 C,0C z
is cleared to 0
MOV W, #it Move Literal to W (W = Ii) 1 1 1100 kkkk kkkk| none
MOV W /i Move Complement of fr to W (W = fr » FFh) 1 1 0610 010f ff£f Zz
MOV W --fr Move (fr-1) to W (W =1{r- 1) 1 1 0000 110f £fEf Z
MOV W, ++r Move (fr+1) to W (W =fr+ 1) 1 1 0010 100f £fff P4
MOV W, <<fr Rotate fr Left through Carry and Move to W 1 1 o011 or0f f£Eff c
(W= <<{r)
MOV W >>fr Rotate fr Right through Carry and Move to W 0011 Q0CF ffff
< 1 1 c
(W = > fr)
MOV W, <>fr Swap High/Low Nibbles of fr and move to W 1 1 0011 100f fEff
nane
(W= <> fr)
MOV WM Move MODE Register to W (W = MODE), high 1 4 |0c00 0100 o0C10
. N none
nibbie is cleared
MOVSZ W —fr Move {fr-1) to W and Skip if Zero (W = fr -1 and 1or 1 |0010 110€ E£EEE| o
skip next instruction if resuit is zero) 2 (skip) 2 (skip}
MOVSZ W ++fr  |Move (fr+1) to W and Skip if Zero (W =fr + 1 and tor 1 0011 110f £E£E
skip next instruction if result is zero) 2 {skip} | 2 (skip)
MOV MW Move W to MODE Register (MODE = W) 1 1 0000 0100 0011} none
MOV M #lit Move Literal to MODE Register (MODE = lit) ] 1 0000 0101 kkkk| none
MOV irx W Move W to Port Rx Control Register:rx <=> W 0000 0000 Offf
(exchange W and WKPND_B or CMP_B) or rx 1 1 none
= W (move W to rx for all other porl controt reg-
isters)
MOV IOPTION, WinMove W to OPTION Register (OPTION = W) 1 1 |0000 0000 0010| none
ITEST fr Test fr for Zero (fr = fr to set or clear Z bit) 1 1 0010 001f ffff Zz
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Table 16-1. The SX Instruction Set (Continued)

(PD = 0, clears prescater if assigned)

Mnemonic, . Cycles Cycles Bits
Operands Description {Compatible)|{Turbo) Opcode Affected

Program Control instruction

CALL addr8 Call Subroutine: 1001 kkkk kkkk
top-of-stack = program counter + 1
PC(7:0} = addrg 2 3 nens
program counter (8) =0
program counter (10:8) = PA1:PAQ

JMP addr9 Jump to Address: 101k kkkk kkkk
PC(7:0) = addr9(7:0) 2 3
program caunter (8) = addr(8) none
program counter {10:9) = PA1.PAO

NOP No Qperation 1 1 0000 0000 0000| none

RET Return from Subroutine 2 3 0000 0000 1100
(program counter = top-of-stack)

RETP Return from Subroutine Across Page Boundary 0000 0000 1101
(PA1:PAQ = top-of-stack (10:9) and 2 3 PAt, PAD
program counter = top-of-stack)

RETI Return from Interrupt {restore W, STATUS, 0000 0000 1110| all STA-
FSR, and program counter from shadow regis- 2 3 Ig‘i'-%'
ters) PD

RETIW Return from Interrupt and add W to RTCC (re- 0000 0000 1111 all.ll STA-
store W, STATUS, FSR, and program counter 2 3 ceps;'ﬁ;-
from shadow registers; and add W to RTCC) PD

RETW lit Return from Subroutine with Literal in W 2 3 |1000 kkkk kkkkl oo
(W = lit and program counter = fop-of-stack)

System Control Instructions

BANK addr8 Load Bank Number info FSR(7:5) 1 1 0000 0001 lnnn| ..
FSR(7:5) = addrB(7:5)

IREAD Read Word from Instruction Memory " 4 |oooo 0100 0001f oo
MODE:W = data at (MVODE:W)

PAGE addr12 Load Page Number into STATUS(7:5) 1 4 |0P00 0001 Onnn|p,q pag
STATUS(7:5) = addr12(11:9) '

SLEEP Power Down Mode 0000 0000 0011
WOT = Q0h, TO = 1, stop oscillator 1 1 TO,PD
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16.1 Equivalent Assembler Mnemonics

Some assemblers support additional instruction mne-
monics that are special cases 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 instruction
“clrb $03.0" (clear bit 0 in the STATUS register). Some of
the commonly supported equivalent assembler mnemon-

ics are described in Table 16-2.

Table 16-2. Equivalent Assembler Mnemonics

Syntax Description Equivalent Cycles
CLC Ciear Carry bit CLRB $03.0 1
CLZz Clear Zero bit CLRB $03.2 1
JMP W Jump Indirect W MOV 502W 4 or 3 {nocte 1)
JMP PC+W Jump Indirect W Relative ADD s02,W 4 or 3 (note 1)
MODE imm4 Move Immediate to MODE | MOV M #lit 5
Register
NOT W Complement W XOR W #SFF 1
5C Skip if Carry bit Set SB $03.0 1or 2 (note 2)
SKIP Skip Next Instruction SNB $02.0 or SB $02.0 4 or 2 (note 3)

“urbo” clocking mode.

Note 1: The JMP W or JMP PC+W instruction {akes 4 cycles in the “compatible” clocking mode or 3 cycles in the

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

Note 3: The assembler converts the SKIP instruction into 2 SNB or SB instruction that tests the least significant bit
of the program counter, choosing SNB or SB so that the tested condition is always true. The instruction takes 4 cycles
in the “compatible” clocking mode or 2 cycles in the “turbo” clocking mede.
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17.0 ELECTRICAL CHARACTERISTICS
17.1 Absolute Maximum Ratings

Ambient temperature under bias

-40°C to +85°C

Storage temperature -65°C to +150°C
Voltage on V, with respect to Vi, 0Vio+7.0V
Valtage on OSC1 with respect to Vg, 0V 1o +13.5v
Voltage on MCLR with respect to Vg 0V ito+13.5V

Voltage on all other pins with respect to Vg,

0.6 Vio (Vdd + 0.6V

Total power dissipation 700 mw
Max. current out of V¢ pin 130 mA
Max. current into Vg pin 130 mA
Max. DC current into an input pin (with internal protection dioge forward +500 pA
biased)

Max. allowable sink current per O pin 45 mA
Max. allowable source current per I/O pin 45 mA
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17.2 DC Characteristics
SX20/28AC at 75MHz({Temp Range: 0°C <= Ta <= +70°C)
SX20/28AC at 50MHz (Temp Range: -40°C <= Ta <= +85°C)

Symbol Parameter Conditions Min Typ | Max |Units
Supply Voltage (Note 1) Foge= 32 MHZ 2.7 - 5.5 v
Vag Fosc= 50 MHz 30 -85V
Fase™ 75 MHz 4.5 -] 85 [V
Svaa  |Vygg rise rate (Note 1) 0.05 - Vims
Supply Current, active Vag = 5.0V, Foge = 75 MHz (Extemal OSC) - 100 | 105 | mA
' Vag = 5.0V, Fgge = 50 MHz (Crystal) - 77 82 mA
dd
Vgg = 5.0V, Fgee = 4 MHz (Crystal) - 7.5 8 A,
Vgg = 2.7V, Fogp = 20 MHz (Crystal) : 17| 18 | mA
Supply Current, power down (V4 = 3.0V, WDT enabled (before timeout) - 10 20 pA
I Vg = 3.0V, WDT disabled 10 | 90 |-pA
P Vgq = 4.5V, WDT enabled 110 | pA
Vgq = 4.5V, WDT disabled 100 | wA
Inpul Levels
MCLR, OSC1, RTCC
Logic High 0.8Vyg Vda v
Logic Low Ves 0.2Vge| V
All Other Inputs
Vin, Vi |[CMOS
Logic High 0.7Vyy Vg v
Logic Low v
Vv, 0.3V,
L 5% ad
Logic High
og!c ig 20 Vag
Logic Low v
Vss 08 vV
Iy Input Leakage Current Vin= Vg 0r Ve -1.0 +1.0 1 pA
| Weak Pullup Current Vag = 5.5V, Vi =0V 100 180 | WA
® Vg = 3.0V, Vi = OV 25 50 | pA
Qutput High Voltage
Ports B, C loh = 20mA, Vdd = 4.5V Vdd-0.7 v
Von foh = 12mA, Vdd = 3.0V Vdd-0.7 v
Port A loh = 30mA, Vdd = 4.5 Vdd-0.7 v
foh = 20mA, Vdd = 3.0V vdd-0.7 v
Vv Output Low Voltage lol = 30mA, Vdd = 4.5V 0.6 v
°  |laiPons lol = 20mA, Vdd = 3.0V 06 | V

Note 1: Vdd must start rising from Vss to ensure proper Power-On-Reset when relying on the internal Power-On-Reset

circuitry.
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17.3 AC Characteristics
$X20/28AC at 75SMHz{Temp Range: 0°C <=Ta <

=+70°C)

$SX20/28AC at SOMHz (Temp Range: 40°C <= Ta <= +85°C)

Symbol Parameter Min Typ Max Units Conditions
Extermal CLKIN Frequency DC - 32 KHz LP1
1.0 MHz LP2
4.0 MHz RC
Fose 10 MHz XT1
24 MHz XT2
50 MHz HS1/HS2/HS3
75 MHz HS3
Osciltator Frequency DC - 32 KHz LP1
0.032 1.0 MHz LP2
bC 4.0 MHz RC
0.032 10.0 MHz XT1
1.0 24.0 MHz XT2
1.0 50 MHz HS1/HS2/HS3
1.0 75 MHz HS3
External CLKIN Period 31.25 - - ps LP1
1.0 ps LP2
250 ns RC
Tosc 100 ns XT1
41.7 ns XT2
20 ns HS1/HS2/HS3
133
Qscillator Period 31.25 - - ps LP1
1.0 31.25 Hs LP2
250 - Hs RC
0.1 3125 ps XT1
417 1000.0 ns XT2
20 1000.0 ns HS1/HS2/HS3
13.3 - ns HS3
Clock in (OSC1) Low or High Time 20 - - ps LP1/LP2
T T 50 ns XT1/XT2
oal+ TosH 8.0 ns HS1/HS2/HS3
53 ns HS3
Note; Data in the Typical (*TYP") column is at 25°C unless otherwise stated.
17.4 Comparator DC and AC Specifications (50 MHz and 75 MHz Operation)
Parameter Conditions Min Typ Max Units
Input Offset Voltage 0.4V < Vin < Vdd - 1.5V +- 10 +- 25 my
Input Common Mode Voltage Range G4 Vee-13 \Y
Voltage Gain 300% ViV
DC Supply Current (enabled) vdd = 5.5V 120 HA
Response Time Voverdrive = 25MVY 250 ns
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17.5 Typical Performance Characteristics (25°C)

Active Supply Current Ve Operating Frequency
{External Clock}

Active Supply Current Vs Operating Frequency
{Crystal Clock)

N ‘ o . .
COUNRG e
T |.W\D‘q.|||.c;on|... mu~ nnnnnn
e R L
HE N =
L) T T i ) LJ T T T L)
o Q (=] Q [=] (=] (=] [=] Q
[+}] o [ (7=} wn =1 (7] (3] -

(ww) PPy

(ww) PPy

50

20

10

Operating Frequency {MHz)

Operating Fraquency (MHz)
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17.7 Typical Performance Characteristics (Continued)

Actlve Supply Current Vs Vg
(Crystal Ciock)

Active Supply Current Vs Operating Frequency
(External Clock}
SX1BACTS/SX20ACT5/SX28ACTS

4 Whz

1104 -

1004-..-..
904------

(yw) PPy

80 4----

55

45

3.5

25

Vaa (V)

Vad (V)

Active Supply Current Vs Vg,
(32 kHz Crystal Clock)

Actlve Supply Cumrent Vs Vg
{External Clock)

100

Via (V)

Vad (V}

o
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SX20AC/SX28AC

17.7 Typical Performance Characteristics (25°C)

Port A/B/C Weak Pull-Up Source Current

Active Supply Current Vs Vg,
(32 kHz External Clack)

Vaa (V)

Port A/BIC Sink Current

Port A/BI/C Source Current

404-----

1.0

0.5

{wu) %

Var (V)
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18.0 PACKAGE DIMENSIONS (DIMENSIONS ARE IN INCHES/(MILLIMETERS)
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SX28AC/DP

0.009 . 3.014 3
0.23-0.3)

6.020 min.
AJ DAJO mar, 051 min}
(10.92 max.) |
0300 BSC a1 90° i
(752 BSC 8l ]

— e cm e ma — e A

1.360 . L3700
(34.54 - .80)

N = S —

[ [ I [ O[O Oy Iy [y OO

o e

0.100 B¢ 005 - 0.055 0.015 . 0.021
(2.4 BSC) {114 - v4l 0.38-0.53)

T

0.280 - 0.295
{11 749

K3

5.13000m
S 0.180 mas,
(3.3 nom} W57 max)
0.120.0,135
(05347
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lusunsamsiauzaandasdasiunsenamuliygrdas

' {$STAMP BS2sx}

btn VAR Byte
on VAR Byte
op VAR Byte
disop VAR Byte
counter VAR  Word
time VAR Word
Limit VAR IN3
full VAR INO

gle VAR IN2
stm1 VAR IN3

play VAR IN6
sub VAR IN1
m1 CON 14
m2 CON 15
cn CON 7

spk CON 9

ipm CON 10

rescs CON 11
rescnt CON 13
OUT11 = 0
oure = 0

"“Ustmeshutls  bn Wudayaszénug da
Ustmeduds  on  Wiidiayasvéiug
"‘Yeemeghuls  op  Wudiayaseeius i
"Usymednugy disop udayaseaus He-
"semedianLls counter Wndayasediv 16 o
‘tigmednugls time  Wuiayateel 16 e
"Usymedauls Limit HeihrfuSuwewaias:
“Ugzmediuls full Sewifudunemaiag”
"UYsemeidhutls ele  Sisnwhiduwanaiaz:
"Usrmedhauls stm1 Sehwhiuduwemaias”
“Usenmednunls play ﬁﬁhwiwﬁuﬁwg@ma‘%mfr
"Usgmeduls sub  Sewhifufunenatal”
“Yrzmedhugs m1 - SlewhriuweSaia”
Yezmetdhuls m2  fewihiiuwa’als®
"Yszmieidaudls en Sehohitunwaia7:
"Jsemetiauys spk Aenwhiiiwaiang’

" mesuds rpm Sewhfuwasaio®
"Usymesuls rescs Senwihiunaiall®
“Usymeswds rescntilenuinifumaiag 3"
e iawaia1 1 fewiniugud®

'vuaawieweiag  Senmiuegud:

drd ek e ek b e v ok e i o e i g ok ok ok o s ok ok o e el i o e o ol ok e ok e ok e e ok e ok ok o o ok e e ok ok ik ke e e

loop: IF  play = 1 THEN main "Loop ®: play Qnﬂ@iﬂﬂﬁd main"

HIGH rescs
PAUSE 5
LOW Tescs

SRR AR
"VUNET 5ms"

A nwnaTiueing”
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HIGH rescnt “SleIa "

PAUSE b5 "WANM Gms

LOW  rescnt Wmnanieuaie’

LOW  spk “SeIaTunLRE"

BUTTON 12.1,255,255,0n,1 timeloop “Siadihiwete 12 Tl
tirne Loop"

GOTO loop 'naulUgis Loop”

main: [Fele =1THEN rm1 ‘main ﬁ1ﬁﬁym1ﬁwﬂﬂﬂﬁ rml"*

IF cle =0 THEN stp iy ieslalii st
IF play = 0 THEN plus iy PAUSE gnnelillél plus’
IF full = 1 THEN stp “Sfnqnifsdinnaansq i stp”

BUTTON 12,1,255,265,0n,1 timemain " tiwaanfinesa 12 W  time main®

GOTO main ‘néulUds main®

RM1: BUTTON 12.1,255255.0n1 timerm1'm1  tiadithdinesa 12 Twhiel

timerm1®
HIGH  ml "MuNeleas 1"
PAUSE 1000 “Wi9a1 1000ms”
[Fplay =0 THEN plus “fnls PAUSE gnnebiluiy plus®
IFstml =1 THEN STPM1 Haamod 1 vueszslRltR stpmt’
GOTO RM1 néuluss rm1”

|- [ 3

STPM1:BUTTON 12,1,256,255,0n,1,timestpm1 “stpm1 iiwaddhiwesa 12 Taly

[

N timestpm1"’
IF limit = 0 THEN STPM2 ‘Smnasrazioeas 2 VA stpm2 *

IF play = 0 THEN plus 'ﬁwﬂu PAUSE gﬂnﬂcl,mﬂifd plus *
HIGH m2 VU ml*
PAUSE 60 "IN 60ms *

LOW  m2 g m2°
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PAUSE 20
LOW m1l
GOTO STPM1

STPM2:BUTTON 12,1,265,255,0n,1, timestpm2

Tlugs timestpm2"

IF play = 0 THEN plus
IF out = 0 THEN CNT
LOW m2

GOTO speker

speker:-BUTTON 12,1,265,255,0n,1 timespeker* speker

&4 timespeker”

IF play =0 THEN plus
PAUSE 500
HIGH spk
PAUSE 500
LOW spk
GOTO  otp

otp: BUTTON 12,1,255,255,0n,1 timeotp
IF play = 0 THEN plus
I¥ out = 0 THEN CNT
GOTO otp

"I 20ms °
WA m2 "

“ndulyiis rm1 -

" R [3
stpm2 hilwaddfiwasa 12
"t PAUSE gnnaliiudls plus’
"ileBygifesoenlnluf speker”
"Ve@ m2"

‘naulUéls mi1
tiwadinmwase 12 Tnly

‘thijn PAUSE gnnewilils plus®
"MWIAI20ms"
Ufu Besfanes:
"N 20ms”
wyalfom Rendoaos

'néulyisspeker ©

“otp thiswaddhAinasa12lnltistimeotp”
“SinPAUSEQnna sl ffsphus®
il Byginseanniuiicnt”

‘ndulUiy otp*

CNT: BUTTON 121265255001 timecnt  “cnt thiiWaaufinesa 12 i stimecnt”

IF play = 0 THEN plus
LOwW cn

PAUSE 1

HIGH cn

counter = counter + 1

*fNPAUSEgnnalwhlifaplus®
i

“MAIms"

“wga sy’

G §wd "
"counter + 1Lﬂusl’mcounter
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GOTO main

stp: BUTTON 12,1,255,255,0n,1 timestp "stp
PAUSE 100
IF full = 1 THEN main
GOTO stp

outp: op = counter / (time - 1)

FOR disop = 1 TO op

LOW 10
PAUSE 5
HIGH 10
NEXT
PAUSE 8000
GOTO plus

plus: BUTTON 12,1,255,255,0n,1, timeplus
timeplus"

IF play = 1 THEN main

IF sub = 0 THEN outp

LOW m1

LOW m2

GOTO plus

timeloop: time = time + 1
GOTO  locp

timemain: time = time + 1
GOTO main

timerml. time = time + 1

GOTO mm1

‘n&ulUffsmain °

hitwadidfiwesa1 2 Wl lge
"MUINAImMS"
“thiRnendnlnlyf main®

"néuliestp °

"time - 1 MW counter WM op”

Wyl dis 10 1 D op®
Wmnansaiy:
"W ImS”
Amnsamimese”
"uTvinea "
"Y4L818000ms”
ndulues plus”

olus  hilwaddniinesatzlwlui
*fuPAUSEQnnalstlaldfapius®
'ﬁwﬂuuﬁmmm?{ﬂ WA outp®
‘W@ m1

"MyAm2"

nduluis plus’

R G Qud | .
"time + 1 Lnﬂ'm time
*néulyéoop *

" G 1!.«.:-' . .
time + 1 tNULM time
'ndu ey main®

. s v . [

‘time + 1 Lﬂ‘lﬂ'l"fl time

néulattiarm1 -
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timestpm1:time = time + 1 ‘time + 1 Lﬁﬂ%’ﬁ time"
GOTO  stpm1 nduluelstpmi *

timestpm2:time = time + 1 “time + 1 UL time"
GOTO stpm2 'nﬁuiﬂﬁdstpm2 )

timecnt: time = time + 1 “time + 1 Lﬁ‘l_l‘l”.fﬁ time"
GOTO c¢mt ‘nduluefa ent'

\ . . . & ud |
timestp: time = time + 1 "time + 1 Lﬂiﬂ’m time"
GOTO stp “nﬁulﬂﬁ\‘lstp .
timeplus: time = time + 1 "time + 1 UL time"
GOTO plus ‘név Wfsptus *

- - ] "y s l’:‘. ] -

tirnespeker: time = time + 1 time + 1 1AL time
GOTO speker "nﬁuiﬂﬁdspeker .

+ » . [ < ’Jdl : L]

timeotp: time = time + 1 time + 1 Lm_ﬂ.'m time
GOTO otp "néululdiy otp*
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