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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 constructicn 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 systern. 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 tesults were analyzed. The results from these tests
show that the Graduation ‘Rehearsal AIDS Equipment can'scurce 30 diploma per minute

and the spare diploma stack can work properly:
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é UBICOM

SX20AC/SX28AC

March, 2002

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 SX family of configurable communications
controllers are fabricated in an advanced CMOS process
technology. The advanced process, combined with a
RISC-hased architecture, allows high-speed. computa-
tion, flexible 11O 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 5X architecture is deterministic and totally reprogra-
mable. The unique combination of these characleristics

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
0sc B-kit Watchdo 8-bit Timer
Driver _’Iﬁck—l ow 1 3 -
Timer {(WDT RTCC
iz —| Select '( ) .
Internal N
RC G5 +{imemopt Stack
System Clock

MCIR

%a

C
Fower-on s Prescalarorfor RTCC v Analog
Reset RESET |—' 174\ (v 70N Ia) Interrupt MIWU Port B Comp
MIVVU Séstem 8 8 8
3 ¥ Clock 3
Ll Internal Data Bus >
I
Blk B " 8 B 8 8
o5
b 4 3 Level FeR 8 ALY Debugging
Stack Address
lns}ruction PC h p.!ggsrgsmtﬁ-.%g 4 8
Pipeline Decode _ 136 Bytes
™ — STATUS SRAM
‘ Address 17 & 2k Words
OPTION | 7 »|  EEPROM
. -
Mops g, Write Data
7 g, Read Data -
4 12, Instruction IREAD

Figure 1-1. Block Diagram

Ublcom™ and the Ubicom lago are trademarks of Ubicom, Inc.
PC™ |8 a rademark of Philips Corporation

—— — . —ar

All other trademarks mentioned in this document ese groperty of ther respec-
ive companles,
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1.2 Key Features

50 MIPS Performance
+ SX20ACISX28AC: DC - 75 MHz

+ SX20AC/SX28AC: 13.3 nsinstruction cycle, 38.9 ns in-
ternal interrupt response

= 1 instruction per clock {branches 3)

EE/FLASH Program Memory 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 lookup 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)

Ftexible /O

All pins individually programmable as /O

« 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 seurcing/sinking 30 mA

+ Port A cutputs have symmetrical drive

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

« Selectable /O operation synchroneus to the oscillator
clock

Hardware Peripheral Features

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

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

« Brown-out detector

«  Multi-lnput 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 Support

* On- chip in-system programming support with serial
and parallelinterfaces

»_In-system serial programming via oscillator pins

s On-chip in-System debugqging 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 pregram 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 thatis 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-resuits 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 Peripheral Concept

Virtual Peripheral concept enables the “sofiware system
on a chip” appreach, 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, simultanesusly address a wide range of engineer-
ing and product development concerns. They decrease
the product development cycle dramatically, shoriening
time to production.to as litile as a few days,

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

The concept of Virtual Peripheral combinad with-in-sys-
tem re-programmability. provides a power. develapment
platiorm 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 Virtual 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

Deita/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 pawer 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 cwrently supported by third party
tool vendors. On-chip in-sSystem debug capabilities have
been-added, allowing tools to provide an integrated
develgpment environment including editor, macro assem-
bler, debugger,-and programmer. Un-obtrusive in-system
programming.is provided through the OSC pins. There is
na-need for a bon-cut chip, s the user does not have to
worry about the potential variations in electrical charac-
teristics of a bond-out chipand the actual chip used in the
target applications. the user can test and revise the fuily
debugged code in the actual SX, in the actual application,
and get to production much faster.

1.6 Applicaticns

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

The device provides solutions for many familiar applica-
tions such as process- controllers, ' efectronic appli-
ances/tools,  security/monitoring-. systems, consumer
automaotive, sound generation, motor control, and per-
sonal communication devices, 'fn addition, the device is
suitable for applications that require DSP-like capabili-
tias, such as closed-loop serva 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 Internet 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
~7 Vaa—2 RTCC {2 271- 0SCY
RAzj 1 20}~ rA1 nc.—3 Vgq—43 26l oscz
RA3 2 19} RAD Vss —4 Vg —]4 25 RC7
RTCC {3 18- 0sC1 n.c. —{5 RAS5 24l RCe
MCLR—{4 17 0SC2 RAQ—]6 RA1—8 231~ RC5
Vss—5 16— dd RA1 7 RA2 T 221 _RC4
Vsg —6 151-V RA2—8 RA3-18 211-RC3
RBO {7 14 rE? RA3—{9 RBO—9 20 rC2
RB1-{8 13| RB& REO—$10 RB1{10 191 RC1
RB2—9 12— RBS RB1—411 RB2~411 18}~ RCO
RB3—10 11— RB4 RB2 412 RB3I 12 17}- RB7
RB3—{13 RB4 13 16 Rrps
SS0P RB4 —14 Vss—114 151 rBS
(n]13 S§oP
2.2 PIn Descriptions
Name Pin Type! Input Levels Description
RAQ o TTUCMOS— [Bidirectional VO Pin; symmetrical source / sink capability
RA1 o TTL/CMOS | Bidirectional 110 Pin; symmetrical source /sink capability
RAZ o TTUCMOS . |Bidirectional IfO Pin; symmetrical source / sink capability
RA3 1o TTLCMOS  (Bidirectional IfQ Pin; symmetrical source / sink capability
RBO llo] TTL/CMOS/ST |Bidirectional I#Q Pin; comparator autput; MIWL/interrupt input
RB1 o TTL/CMOS/ST |Bidirectional IO Pin; comparator negative input; MIWUW/interrupt input
RB2 o TTL/CMOSIST |Bidirectional /O Pin; comparator positive input; MIWU/interrupt input
RB3 WO TTL/CMOS/ST | Bidirectional IfO Pin; MIWU/Interrupt input
RB4 fle] TTLCMOSIST |Bidirectional IfO Pin; MIWU/Interruptinput
RBS o TTLUCMOS/ST |Bidirectional IfO Pin; MiWU/Interruptinput
RB6 o TTL/CMOS/ST |Bidirectional IfO Pin; MWL/ Interrupt input
RBY 1O TTLICMQS/ST |Bidirectional I/O Pin; MIWL/Interruptinput
RCO ile] TTUCMOS/ST | Bidirectional 1/O-pin
RC1 [i[e] TTUCMOS/ST | Bidirectional 1#O pin
RC2 o TTL/CMOS/ST |Bidirectional /O pin
RC3 /0 TTUCMOS/ST |Bidirectional /O pin
RC4 1 TTIL/CMOSIST |Bidirectional IO pin
RCS [Ile] TTL/CMOS/ST |Bidirectional /O pin
RC& o TTWCMOSIST |Bidirectional /O pin
RCY 1o TTWCMOS/ST {Bidirectional /O pin
RTCC ! ST Input to Real-Time Clock/Counter
MCLR I ST Master Clear resetinput — active low
OSC1nVpp 1 ST Crystal oscillatorinput — external clock source input
0SC20ut o CMOS Crystal escillator output ~ in R/C mode, internally pulled to Vg through weak
puli-up
Ved 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
SX20ACISS 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
SX2BAC/SS 28 20 75 2K 136 0°C to +70°C
e wliny Y R .
~— " Package Type
——  Memary Size
DP = DiP
— 'Feature Set A\
—— (Pin-Count
GC= 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 f¢ 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-£ input or output, Table 3-1. Part 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- o 1 0 1 0 1
priate value must be written into the MODE register. o
Upon power-up, all bits in these registers are initialized to Output | oo | CMOS | TTL | Enabie | Disable
‘T,
AN
4 » MODE
[TRTI]
CHO
WiH|N
&) ©
88| s
2=
WR v vj
——— RA g
Direction
0= Qutput Fullup
1 =Hi-Z Input
FaaGiE . AW
§ WR W \ A AN i
y i g o A G T U -
S 0 = Pullup Epable
E 1 = Pullup Disable
] . L oy > )
Port APIN
 E—
TTL Buffer
RD. 1 ¥
4 U | CMOS Buffer
* ~J
\K/V v I_X_
Part A INPUT

Figure 3-1. Port A Configuration

3.1 Reading and Writing.the Ports

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

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

MODE _

0E
Mode = 0D

M

Mode

2
)

\l v
Mode = OF

RBor RC

Vg

Direction
0 = Output
1 = Hi-Z Input

WR

¥
—-— - »[PLP.BorPLP.CI — — —

0 =Puilup Enabte

WR 1 = Pullup Disable

RBor RC

Pullup Resistor
{~20k02})

Port B or

Data

Port C PIN

WR

Internal Data Bus

VL_BorivL_C

0 = CMOS
1=TTL

WR

v

0 = Schmitt Trigger Enable
1 = Schmitt Trigger Disabile

TTL Buffer

CMOS Buffer

RD .~
<

!

Port C: Inpul 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 ;j10ad W with the value 03h
Jibits © and 1 high}
mov 505, W jWwrite 03h to Port A data

;register

The secand *mov” instruction. in this example writes the
Port A data register (RA), which controls the outputlevels
of the four Port A pins, RAO through RA3. Because Port
A has only four YO 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, 50 the full widths of the RB and RC registers are
used.

e L

When a write is performed to a bit position for a port that
has been configured as an input, a write 1o 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
autput, it wil 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 actually 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
operate 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 perfoerming two succes-
sive read-modify-write instructions (SETB or CLRB oper-
ations) on /O 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
IO pins can occur when the device is running at high
speeds. Although the device has an intemal write-back
section to prevent such conditions, it is stili recom-
mended that the user pregram include a NOP instruction
as a buffer between successive read-modify-write
instructions performed on I/O pins of the same port.

Also note that reading an 1O port 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 options:

« data direction

+ input voltage levels (TTL or CMOS)

+ pullup type (pullup resistor enable or disable)

« Schmitt irigger input (for Port B-and RPort C only)

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

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

« mov IRAW (move W to Port A control register)

« mov IRB,W (move W ta 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 contral
registers for each'port. To specify which one you want o
access, you use another register called the MODE regis-
ter.

3.2.1 MODE Register

The MODE register controls access tothe port configura-
tion registers. Because the MODE register is not mem-
ory-mapped, it is accessed bycthe 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 Ing,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. Therefare, the MODE
register should always contain a value from 08h to OFh.
Upon resel, the MODE register is initiatized to 0Fh, which
enables access to the port direction registers.

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

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

MODE Req. [ mov IRA,W | mov IRB,W | mov IRC,W
08h not used CMP_B riot used |
0gh not used WKPND_B not used
0AR not used WKED_B not used B
0Bh not used WKEN_B not used |
oCh not used ST B sTC |
0Dh LVL_A LVL_B LvL C
OEh PLP_A PLP_B PLP_C
OFh RA Direction | RB Direction | RC Direction

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

mov M, #S0E  ;MODE=OEh to access port pullup
;registers

mov W, #5503 W = 0000 0O0LL

mov -~ IRA, W :disable pullups for A0 and Al

nov (W, #SFF
wmov (!RE, W

iWe=_ 11111111
;disable all pullups for BD-B7

mov W, #8500
mov !RC.W

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 ne,W instructions are used
{0 specify which port pins are to be connected to the
internal pullup resistars. 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-Irt, 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.

(W = 000C 0000
;enable all pullups for C0-C7
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PLP_A, PLP_B, and PLP_C: Pullup Enable Registers
{(MODE=0Eh}

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

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

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

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

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

WEKEN_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 MIWL opera-
tion or set the bit to 1 to disable MiWLl operation. For
more information on using the Multi-Input Wakeup/Inter-
rupt function, see Section 7.0.

WKED_B: Wakeup Edge Register {MODE=0AN)

Each register bit selects the edge sensitivity of the PortB
input pin for MIWU operation. Clear the bitto 0 to 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
IRB,W, the CPU does an exchange between the conterts
of W and WKPND_B. This feature lets you read the
WKPND_B register contents. Each bit indicates the sta-
tus of the corresponding 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 enable operation of the
comparator. Clear.bit 8.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{Far-more information using the comparator, see
Section 11.0.)

3.2.3 Port Configuration Upon Reset

Upan reset, all the post 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 puilup 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 8-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 addressingmode. Call-
ing for the file register located at address 00h (INDF} in
any of the file-oriented instructions. selects indirect
addressing, which uses the FESR. register. it should be
noted that the file register at address 00his-not a physi-
cally implemented register-The CPU also contains an 8-
level, 11-hit hardware push/pop stack for subroutine link-
age.

Table 4-1. Special-Function Registers

Addr Name Function
00h INDF Used for indirect addressing
01h RTCC Real Time Clock/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
08h RB Port. RB Control register
07h RC* Port RC Control register

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

4.1 PC Register {02h)

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

4.2 STATUS Register (Q3h)

The STATUS register holds 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.

PA2 | PAY | PAD | TO PD 4 Do [+

Bit7

Bit 7-5: Page select bits PA2:PAQ
000 = Page 0 (000h — D1FFh}
001 = Page 1 (200h — 03FFh)
010 = Page 2 (400h — O5FFh)
011 = Page 3 (600h — 07FFh)

Time Qut 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= Sel to a 1 after power up and upon ex-
ecutian of the CLRWDT instruction

0.=Cleared to a '0’' upon execution of
SLEEP instruction

Zero bit, Z

1 = Resultof math operation is zera

0 = Result of math operation is non-zero
Bit1:  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, G

After Addition:

1 = A camry from bit 7 of the result accurred

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 barrow from bit 7 of the result oc-
curred

Rotate {RR or RL) Instructions:

The carry kit 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 I RIE | PSA I PS2 | PS1 | PSO I
i Bit 0
When the OPTIONX bit in the FUSE word is cleared, bits

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

When the OPTIONX bit is set, bits 7 and 6 of the
QOPTION 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-over interrupt is enabled
1 = RTCC roll-over interrupt is disabled
RTS RTCC increment select:

0 = RTCC increments on internalinstruction
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 = Prescaleris assigned to WDT, and divide
rate on RTCG-is 111

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

PS2, P81, PSO Di\.rilzc.lrec l‘!:ate Waéf‘:}gg%z;?er

000 1:2 1:1

0a1 1:4 1:2

010 1.8 1:4

11 1:16 1:8

100 1:32 1:16

101 1:64 1:32

110 1:128 1:64

111 1,256 1:128

Upon reset, all bits'in the OPTION register are setto 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)

TURBD | SYNC | Reserved | Reserves | iRC | QU | DINOL | Re | =51 wote | Fosct | Fosco

FOSC2 | served

Bit11

TURBO

SYNC

DIV1: DIVO

IFBD

WOTE

FO5C2: FOSCO

Bit0

Turbo mode enable;
0= turbe (instruction clock =.0s8¢/1)
1= instr clock = osc/4

Synchronous inpul enable (for turbo mode): This bit synchrenizes the signal presented at the input pin
to the internal clock through two internal flip-flops.

0= enabled

1= disabled

Internal RC oscillator enable;

0= enabled - O5C1 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 = 1 MHz

10 = 126 KMz

11b = 32 KHz

Internal crystaliresonator oscillator feedback resistor (1 M£2):

0= disabled Internal feedback resister 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, ¢ode, and D memaories can be read normally)

Watchdog timer enable:

0= disabled

1= enabled

External oscillator configuration (vatid 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 crystal/rescnator (1MHz to 24 MHz)

100b = HS1t — high speed crystal/resonatorfexternal crystal oscillator (1MHz to 50 MHz)
101b = HS2 - high speed crystal/resonator/axternal crystal oscillator {1 MHz to 50 MHz)
110b = HS3 - high speed crystaliresonatorfexternal 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 | QELONX! 4 TF | 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
IRCTRIMo 't 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
OPTIONXs  QOPTION Register Extenslon and Stack Extenslon. Setto 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 1o 1) and

to limit the program-stack size to two locations. Clearto 0 to enable programming of the RTW and
RTE_IE bits in the QPTION register, and to extend the stack size to eight loations.

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

BOR1: BOQRO Brown-Out 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
11h = Brown-0ut disabled
BORTRIM1: Brown-Qut trim bits (parts are shipped out of factery untrimmed).

BORTRIMG
BP1:BP0 Configure Memory Size:
00b = 1page, iV bank
Dib= 2pages, 1 bank
10b = 4 pages, 4 banks
11b= 4 pages, B banks - {defauit-configuration)

5.3 DEVICE Word {Hard-Wired Read-Only)
[T 17 NN P CARANESE Y  emy JdVV A TN ] 1+ | o

Bit 11 Bit 0
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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 al 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 (PAQ, PA1, PA2). This is necessary o 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 o use the PAGE instruc-
tion, which automatically causes branch to the desired
page, based on the value specified in the operand field.
Upon reset, the program counter is initialized with 07FFh,

6.1.2 Subroutine Stack

The subroutine stack consists of eight 11-hit save regis-
ters. A physical transfer of register contents from the pro-
gram counter to the stack or vice versa, and within the
stack, occurs on all operations affecting the stack, prima-
rily calls and returns, The stack is physically and logicafly
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 five low-order
bits select one of 32 SRAM locations within the selected
bank.-For the lower 16 addresses, Bank 0 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-
tenis 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 bytes, 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 C7h available as an addi-
tional general-purpose memory location.

Below is-an example of how 1o wrile to register 10h in
Bank 4:

M FSR, 590 ;8elect Bank 4 by
;serting FSR<7:5»
nov $10, #5864 ;load register 10h with

;the literal 64h
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Function Registers

Bank 0 is always accessed for
the lower 16 addresses,
irraspactive of the three high-
order bits of FSR.

Bank 0
0o
INDF Registers
RTCC (8 bytes)
PC o7
STATUS SRAM
FSR {8 bytes)
OF
RA
&
RB
RC

Bank7 FO
Bank D0

pr——
[2]6]sia|3]2]1]o0]Fsr
g

|FE)
4 Bank 1,30 OF
10 Bank O BF
Eld
SRAM
{16 bytes i
each bank SF
128 bytes
total) 3F
iF
QO] D] = O™
SO | = =D @D ™~ —
QI OO Q| «~| = |

Banks B0

Figure 6-1. Data Memory Organization
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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 reqis-
ter.

There are three different ways to exit from the power
down mode: a timer overflow signal frem 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 athieve the lowest possibie 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 external reset.

7.1 Multi-lnput Wakeup

Multi-Input Wakeup is one way of-causing the device to
exit the power down mode. Port B is usedto 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 Port 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 transition 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 correspanding bit position. A logic *1*
indicates the oceurrence of the selected trigger edge on
the corresponding Port B pin.

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

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

RB1.__REBO

//\\ RB7 - RB& Port B
Configured
as Input

Z. 8 L
- 4ty | oo os 44141 | wkeos
- -
o—— W 13
s (NP 3 [ ]
[MODE] 5 o e /s WKPND_B
=
3 RN
3 1]
fDU (11}
= S| MODE =08
£ , 8=
i 7
£
Wake-up - Exit Power Down
8 > o ss e WKEN_B
N 7 > 0 = Enable
A 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 value
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

moy !RB,W W contains WKPND_B
;contents of W exchanged
;with gontents 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 ocours only with
Port B accesses. Otherwise, the “mov” instruction does
nat 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,#$07 ;load W with the value 07h
mov (RB,W ;jconfigure RBO-RB2 to ke inputs
mov M, #3508 ;prepare to write WKED H
i (edge) register
;W contains the value 07h
mov |RB.W ;configure RB0-RB2 to sense
;falling edges
nov M, #$09 prepare Lo access WKPND_B
; (pending) register
mov W, #5500 ;clear W
wmav 'RB, W ;Clear all wakeup pending bics
mov_M, #50B ;prepare to write WKEN B (enable}

;register
@OV W, #5F8h ;load W with the value Feh
mov !RB,W ;enable RBO-RBZ to operate as
iwakeup inputs

To prevent false interrupts, the enabling step {clearing
bitsin 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 thase same pins.
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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 associated 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 bit in the
WKEN_B register enables the interrupt on the corre-
sponding Port B pin. The WKED_B selects the transition

edge o be either positive or negative. The WKEN_B and
WKED_B registers are set {o 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 corresponog-
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 he interrupt logic.

N XI Port B PIN
’ v
WKED_B
‘ - WKEDIB
t ¥ Overflow
From MODE
{MODE = 04A)

«»| WKPND_B

Sl » WKPND_B

o

; 7

3 From MODE

DE =09 int t
g STATUS {MODE ) nterrup
= sggf?:er 1 = Ext. Interrupt through Port B PC — Interrupt Stack
! 0 = Power Down Made, no Ext. Intermipt 000 —* pPC
RTE_IE
* OPTION
N
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 stack, 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 internai and
external interrupts are enabled, the user program may
atso need to read the contents of RTCC (o 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 interrupt 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 multiple 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 inorder for the next interrupt to trigger.

Upen 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
service routine should end with instructions such as RETI
and RETIW. RETI pops the.interrupt stack and the spe-
cial shadow registers used for sioring W, STATUS, and
FSR {(preserved 'during interrupt handling). RETIW
behaves like RETI but also adds W to RTCC. The inter-
rupt return instruction enables the global interrupts.

Program
Memory Interrupt
Service
Address 000h *1 Routine
L
»
L]
.

RET!
I Interrupt
Stack

Interrupt
Stack
w W
Register [¥] Shadow Register
STATUS STATUS
Register Shadow Register,
FSR FSR
Register Shadow Register

w
Register

w
Shadow Register

STATUS STATUS l

Register Shadow Register
FSR FSR

Register Shadow Register

Note: The interrupt logic has its own single-level
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 are the different oscillator modes offered:

LP: Low Power Crystal

XT. Crystal/Resonator

HS: High Speed Crystal/Resonator

RC: External Resistor/Capacitor
Internal Resistor/Capacitor

9.1 XT,LP or HS modes

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

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 aseries resonant crystal. may
result in a frequency that is outside the crystal manufac-
turer specifications, Table 9-1 shows.the recommended
external componente associaled with a crystal-based
oscillator. Table 9-2 shows the recommended external
component values for a resonator-based oscillator.

Bits 0, 1 and 5 of the FUSE register (FOSC1.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. If 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 shotld be left open.

S5¥ Device
internal
Circuitry
SLEEP
0sCi Q8C2
RF RS
XTAL
+i0
Cy = C,

'L_];_T

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

SX Device

osC1 QsC2

Open

Externally
Generated Ciock

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

Table 9-1. External‘Component Selection for Crystal Oscillator (Vdd=5.0V), Rs =0

FOSC2:FOSCO = r‘;gf;ﬁ::y c1 c2 Rr
010 4 MHz 15 pF 22 pF 1 M2
01 8 MHz 56 pF 33pF 1 MO
011 20 MHz 33 pF 22 pF 1 M$)
o1 32 MHz 15 pF 22 pF 1 MQ
100 50° MHz 5 0F 15 pF TG

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

Resonator

FOSC2:FOSCO Frequency Resonator Part Number c1 c2 Re Rg
011 4 MHz CSA4.00MG 30 pF 30 pF MO 0Q
o011 4 MHz CST4.00MGW gt G 1M 00
011 4 MHz CSTCCA.00GOHE GreE | Termal 1M 0Q
o1 B MHz CSAB.0UMTZ 30 pF 30 pF 1M0 0q
011 8 MHz CST8.00MTW Geme | g | 1Mo 0Q
011 8 MHz CSTCCB.00MGOHS s S o I VT 00
011 20 Mz C5A20.00MXZ040 5 pF 5.pF 1M0 00
011 20 MHz CST2D.00MXWOH1 TS | el | 1me 0Q
011 20 MHz CSACV20.00MXJ040 5.pF 5 pF 22k 0Q
ot1 20 MHz CSTCV20.00MXJOH bogenal |~ pgerat | 22 ke 05
100 33 MHz CSA33.00MXJ040 5 pF 5pF 1Me 00
100 33 MHz CST33,00MXW040 Wiamsl 1 tetarmal 11 M 0@
100 33 MHz CSACV33.00MXJ040 5 pF 5 pF 1 MQ 00
100 33 MHz CSTCV33.00MXJ040 o R S 1M 00
101 50 MHz CSAS0.00MXZ040 15 pF 15 pk 10k 0q
101 50 MHz CST50.00MXWOH3 TR Geps | ok on
101 50 MHz CSACVS0.00MXJ040 15 pE 16 pF 10 kQ2 00
101 50/MHz CSTCV50,00MXJOH3 (e it |0k 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 pracise
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 coniribute to oscillator fre-
quency variation as well.

Figure 8-3 shows the external RC connection diagram.
The recommended R value is from 3k to 100k For R
values below 2.2k{2, the oscillator may become unstable,
or may stop completely. For very high R values (such as
1 ML), the oscillator hecames sensitive to'noise, humid-
ity, and leakage.

Although the oscillator will operate with. no. external
capacitor {(C = OpF), 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
QOSC1 08sC2
Ve R

U=}
a

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 externat components. At &
MHz, the internal 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 internal 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)YWATCHDOG TIMER

The device contains. an 8-bit Real Time Clack/Counter
(RTCC) and an 8-bit Watchdog Timer (WDT). An 8-bit
programmable prescaler extends the RTCC to 16 hits. If
the prescaleris 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 ts 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 ¢ounter 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 clogk source, bit 5 of the OPTION
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 hit 4 of the OPTION register, the transition
can be programmed to be either a-falling edge or rising
edge. Sefting the control bit selects the falling edge to
increment the counter. Clearing the bit selects the rising
edge.

The RTCC generates aninierrupt as a result of an RTCC
roflover frem 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 8-bit prescaler may be assigned to either the RTCC
or the WOT through the PSA, bit (bit 3 of the OPTION reg-
ister). Setting the PSA bit assigns the prescaler to the
WODT. If assigned to the WDT, the WDT ¢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 prescalerclocks the
RTCC and the divide rate is selected by the PS0, PS1,
and PS2 bits in the OPTION register. The prescaler is not
mappéed into the data memory, so run-time access Is not
possible,

The prescaler cannot be assigned to boih-the RTCC and
WODT simultaneously.

RTCC
WDTE (from FUSE Word) interrupt
Enable
RTW
WDT RTE_IE
RTCC pin }—=RSL
TR0 rRTE ES
PSA
PS2
P51
| PS0
OPTION
X (8101 Register
MUX {8 to 1) &
M
u ———1 RTCC Rofiover
2 Interrupt
RTCC
MUX !
l ‘ 8-Bits
WDT Tima-cut "'

Data Bus

Figure 10-1. RTCC and WDT Block Diagram



11.0 COMPARATOR

The device contains an on-chip differential comparator.
Ports RB0O-RB2 support the comparator. Ports RE1 and
RB2 are the comparator negative and positive inputs,
respectively, while Port RBO serves as the comparator
oulput pin. To use these pins in conjunction with the com-
parator, 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 aveid 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,H$08 ;set MODE register to access
iCMP_B

mov W, #500 ;clear W

mov LRB,W ;enable comparateor and-its
;output
;delay after enabling
jcomparator for response

mov M #5908 0 ;set MODE register-to access
;CMP_B

mov W, #§00 clear W

mov !RB,W jenable comparator and its
ioutput and also read CMP_B
i {exchange W and CMB_B)

and W,#501 ;aet/clear Z bit based con
;jcomparator result

snb $03.2 ;test’ Z bpit in STATUS reg
;{0 => RE2<RB1}

jmp rb2_hi +jump cnly if RBZ>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 |
Bit7 Bit6 Bits 5-1 Bit 0

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

CMP_OE bit is cleared.

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

When cleared to 0, enables the compar-
ator:

CMP_OE

CMP_EN
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< Internal Data Bus >
b 4 r

v CMP_B <

TMPEN |7 I W |

CMP_OE |g 1

w0 [
R - y
E <
3 MODE I
E
R MODE = 08h
v
E
]
GMP_RES |0

Point to CMP_B

Figure 11-1. Comparater 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 memoary. For example, on the
device with 2048K words of pragram memory, the pro-
gram counter is initialized to O7FF.

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 tha reset time-
out delay. The reset lalch controls the internal reset sig-
nal. Upon power-up, the reset latch is set (device held in
reset), and the DRT stars counting ance it detects a valid
legic 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 fromreset state.

MCLR/Vpp pin

10-8it Asynch sta' O
CRippIe
aunter
DRT Start-U RESET
rc_clk ¢ Timer}) £ R ONp—»

drt,_time
“out

Note:Rippie counter is 10 bits for Poweron 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 V44 signal is allowed to rise
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 (Vyg) dips below its minimum allowed value, but
not to zero, and then recovers to the normal value.

Vag —/:'
[ )',__m_.__._
POR = :

dit_time,_out

MCLR

P
Tdrtle—m
1
Figure 12-2. JTime-Out Sequence on Power-Up
{MCLR not tied to V44)

RESET
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Figure 12-3 shows the _on-chip Power-On Reset
sequence where the MCLR and V,, 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
where Vi, rises 100 slowly. In this scenario, the DRT will
time-out prior to Vyy 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 Vg4 to reach
a valid operating voltage

Vid e

1
MCLR )
]
POR — 7 X
Tdrte—,
drt_time_out
RESET

Figure 12-3. Time-out Sequence on Power-up
(MCLR tied to V4q): Fast V4 Rise Time

Vg VL
I
MCLR 2 e al’
POR —1 .,
Tdrt —#1
dri_time_out !
RESET f

Figure 124, Time-out Sequence on Power-up
(MCLR tied to Vg4): Slow Rise Time

3

° G

R1

MCLR

O

T
-l!—-)HNW\J
py

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

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

Note 2: R < 40 k& is'recommended to make sure that
voltage drop-across R does not violate the device electri-
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 Eleclrostatic Discharge
(ESD) or Electrical-Qverstress (EOS).

13.0 -BROWN-OUT DETECTOR

The on-chip  brown-out detection circuitry resels the
device when Vy, dips below the specified brown-out volt-
age. The device is held in reset as-long as Vyg stays
below the brown-out voltage. The device will come out of
reset when V4 rises above the brown-out voitage. The
brown-out level is preset 1o approximately 4.2V at the
factory. The brown-out circuit can be disabled through
BOR0 and BOR1bits contained in'the FUSEX Word reg-
ister.




88

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 starting 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

Reglster Power-On Wakeup Brown-out Vg_?:':: ::&9 MCLR

W Undefined Unchanged Undefined Unchanged Unchanged
OPTION FFh FFh FFR FFh FFh
MODE OFh OFh OFh OFh OFh
RTCC (01h) Undefined Unchanged Undefined Unchanged Unchanged
PC (02h) FFh FFh FFh FEh 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) | Bils 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-~ 1 Bits 0-6: Un- Bits 0-6: Un-

changed fined changed changed
Bit 7; 1 Bit 7:1 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, 8-7:.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- | Bils 1-5: Unde- - | Bits 1-5: Unde-._ | Bits 1-5: Unde-

fined fined fined fined fined
WKPND_B Undefined Unechanged Undefined Unchanged LUnchanged
WKED_B FFh FFh FFh FFh FFh
WKEN_B FFh FFh FFh FFh FFh
ST_B/IST_C FFh FFh FFh FFh FFh
LvL_A/LVL_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: 014TO; PD)
NOTE: 2. External reset during power down mode: 10 (TO, PD)
External reset during Active mode: Unchanged (TO, PD)
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15.0 INSTRUCTION SET

As mentioned earlier, 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 byte-oriented file register, bit-
oriented file register, and literal/conirol 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 pregram-selected as the destination register.
The bank of 31 file registers can also serve as the pri-
mary accumulaters, 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 jumptype 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 orindi-
reclly, and serve as accumulators to provide first oper-
and; W register provides the secaond operand,

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

. Bit manipulationinstructions (Set, Clear, Test and Skip
if Set, Test and Skip if Clear).

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

. Program Counter(PCymemory-mapped as register file
allows W to be used as offset reglister for indirect ad-
dressing of program memaory.

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

. 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.

11.5ix 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
to 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 one clock cycle,

The instruction execution time Is derived by dividing the
oscillator 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 Cloek Clock Clock
Cycle Cycle Cycle Cycle

1 2 3 4

Figure 15-1. Pipeline and Clock Scheme
15,3 Addressing Modes

The device support Ihe 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. Aninstruction 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 operand addresses into the FSR
pointer-as the multiple byte data fields are processed.

Examples:
Direct addressing:

mov  RA;#01 ;move *17 to RA
indirect Addrassing:

mov  FSR,#RA ;FSR = address of RA

mov  INDF, #$01 ;move “1% to RA
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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] 0DGh
7 OFOh
mov  F8R, #5070 ;Select RAM Bank 3
clr 5010 iQ@lear register 10h on
;Bank 3
mov  FSR, #5D0 ;jSelect RAM Bank &
clr 5010 iClear register 1Ch on
;Bank &
Indirect Addressing

To access any register via indirect addressing, simply
move the eight-bit address of the desired registerInto the
FSR and use INDF as the operand. The example below
shows how to clear all RAM locations from 40h to 1Fh in
all eight banks:

clr |FSR ;jclear PSR to 00h (at address

;04h)
loop setb SFR.40 ;set bit 4: address 10h-1Fh,

$30-3Fh, etc

clr  INDE ;elear register pointed to by
;FER

incsz FSR ;increment FSR and test, skip
;jmp 4f 0Oh

jmp  :loop” ;jump back and clear next
jregigter

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 SFO0 ;Select Bank 7 in FSR
inec $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/ICMOS Register), selects 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 MODE
register to configure the /O ports.

When two successive read-modify-write instructions are
used on the.same I/O port with 2 very high clock rate, the
“write” part of one instruction might not occur scon
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-madify-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_insfructions 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 Loop Call Instructions

The device conlains 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 tower nine bits
of the program counter is‘loaded with the address of the
specified label. The upper two 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 occurs.

{ sTaTUS<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, 2,0r.3.

15.10.3 Call Operation

The fellowing happens when-a CALL-instruction is exe-

cuted:

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

+ The lower eight bils of the tabel address are copiedinto
the lower eight bits of the program counter.

« The ninth bit of the Program Counter is cleared to zerqg.

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

This means thal.the call destinalion must sfard in the

lower half of any page. Forexample, 00h-0FFh, 20Ch-

2FFh, 400h-4FFh, etc.

| status<e:s> | o ] CALL LABEL ]
[ peet0> | pesar | 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 ]

]
[Lsratusess> | 0 | CALL LABEL ]
| Poctomg> | Pess> | PC<7:0> ]

Note;“N".must be 0, 1, 2, or.3.

15811 —Return Instructions

The device has several instructions for returning from
subroutines and interrupt 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 literal serves as an immediate data value from mem-
ory. This instruction can be used for table lookup opera-
tions, Todo table lookup, the table must contain a string
of RETW #iteral 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.
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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 t0 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

* STAGK 7 *
STACK &

-

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 4
STACK 3
STACK 4
+ STACK 5 *
STACK &

* STACKT +
STACK B




SX20AC/ISX28AC

93

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 8
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,

15.14 Logical Instruction

The instruction set contain a full complement-of the logi-
cal instructions (AND, OR, Exclusive QR), 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 of 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 0Ch to FFh)
PC gvazn;q 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)
z Zerobit in STATUS register (bit 2
PD Power Down bit in STATUS register (bit 3)
10 Z\)ratchdog Timeout bit in STATUS register (bit
PA2:PAD(Page select bits in STATUS register (bits 7:5)
OPTION- | OPTION register (not memory-mapped)
WOT Watchdog Timer register (not meamory-
mapped}
MODBE - [ MODE register (not memory-mapped)
[ Part.cantrol register pointer (RA, RB, or RC}
! Non-memery-mapped register designator
f File register address bit in.opcode
k Constant value bit in opcode
n Numerical value bii in opcode
b Bit position selector bit in opcode
File register / bit selector separator in assem-
bly language instruction
u Immediate Iiiefal designator in assembly lan-
guage instruction
it Literal value in assembly language instruction
addr8 | B-bit address in assembly language instruction
addrd |9-bitaddress in assembly language instruction
addri2 t1i§r-1b“ 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, arganized by cate-
gory. For each Instruction, the table shows the instruction
mnemonic (as written in assembly fanguage), a brief
descriptien 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 & value of 1, which
means that the overall throughput for the instruction is
one per ¢lock 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

%%ZT;:;:' Description (Co(r::;mﬂe) (%cr:!:) Opcode | e,
Logical Operations
AND fr, W AND of fr and W into fr_(fr=fr & W) 1 1 0001 011lf fE£ff z
IAND W, fr AND of W and frinto W (W = W & fr) 1 1 0001 010f £fff z
IAND W #lit AND of W and Literal into W-(W.= W & lit) 1 1 1110 kkkk kkkk z
NOT fr Complement of fr.into fr (fr=Ffr ~ FFh) 1 1 0020 011f ffff z
OR fr, W OR of ir and W into-fr(ir =-fr | W) 1 1 0001 CO1f EfEf z
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/| hit) 1 1 1101 kkkk kkkk Zz
XOR fr,W XORof fr and Winto fr (fr = fr 4 W) 1 1 0001 101f Efff z
XOR W.fr XOR of Wand frinto W (W =W~ 1) 1 1 0001 100f £££f Z
[XOR W #lit XOR of W and Literal into' W (W = WA (it) 1 1 1111 kkkk kkkk Z
Arithmetic and Shift Operations
IADD fr,W f-\dito fr (fr = f_r +W); carry bit is added ifCF 1 1 Q001 111f fEff C.DC.Z
bit in FUSEX registeris cleared to 0 T
IADD W Ir Add frtoW(W=W+fr);carrybitisadded ifCF 1 1 6001 110f ffff c.o0c.z
bit in FLISEX register is cleared to Q T
CLR fr Clearfr (fr = 0) 1 1 oocol 011f fEfE z
CLR W Clear W (W= 0) 1 1 00000100 0000 Z
CLR IWDT Clear Watchdog Timer, clear prescalerif as- 1 4 [0000 0008 0100f 1 pp
signed 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 10 tor (00207111f £EEEl 0
next instruction if resuit is zero) 2 {skip) 2 {(skip)
INC fr Increment fr (fr =fr+1} 1 1 0010 1012f ffff z
INCSZ fr Increment frand Skip if Zero {fr=1r + 1 and skip Tor for 0011 111f EfFE] oo
next instructionif result is zero} 2 (skip) 2 (skip)
RL fr Rotate fr Left through Carry (fr = <<fr) 1 1 0011 011f ffEf c
RR fr Rotate fr Right through Carry {fr = >> fr} 1 1 0011 0olf Efff c
SUB fr, W Subtract W from fr (fr = fr - W), complement of 0000 101f Efff
the carry bit is subtracted if CF bitin FUSEX i 1 C.DC.Z2
register is cleared to 0
SWAP fr Swap High/Low Nlbbles of fr {fr = <> fr) 1 1 0011 101f £fff[ none

— —— e ————
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SX20ACISX28AC
Table 16-1. The SX Instruction Set (Continued)
Mnemonic Cycl i
) D ycles Cycles Bits
Operands escription {Compatible)|(Turba) Opcode Affected
Bitwise Operations
CLRB fr.bit Clear Bit in fr {fr.bit = 0) 1 1 0100 bbbf f£ff | 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)| G131 bbbf ffff | none
[SETB fr.hit Set Bit in fr (fr.bit = 1) 1 1 0101 bbbf ff£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 (skip} |2 {skip)| 0110 bbbt fE££ | none
Data Movement Instructions
MOV fr, W Move W to fr {fr = W) 1 1 0000 0O01f f£fE[ none
MOV W ir Move fr to W (W = fr) 1 1 0C10 000f Lfff 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,oc 2z
is cleared to 0
MOV W, #it Move Literal to. W.(W.= Iif) 1 1 1100 kkkk kkkk| none
MOV W Jir Move Complementof fr to W.(W = fr » FFh) 1 1 0610 010f ff£f Z
MOV W --fr Move (fr-1) to W (W= {r-1) 1 1 0000 110f £fEf Z
MOV W, ++fr Move (fr+1) to W (W = fr + 1) 1 1 0010.100f E£fff z
MOV W, <<fr Rotate fr Left through Carry.and Move to W 4 1 10011 0108 £EfE c
(W = <<ir)
MOV W, >>fr Rotate fr Right through Carry and Move to W 1 1 0011 ©OOE £fff c
(W = >5fr)
MOV W, <>fr Swap High/l.ow Nibbles of fi and move to W 1 4 0011.100f ffff none
(W = <> fr)
MOV WM Move MODE Register to W (W = MODE), high 1 1 0000 0100 0G0l .
nibbie is cleared
MOVSZ W,—fr Move {fr-1).to W and Skip if Zero (W = fr -1 and Tor 10010 110€ EE£E| .
skip next instruetion if resultis zero) 2 (skip) 2 (skip}
MOVSZ W,++fr  |Move (fr+1) to Wand Skipif Zero (W =fr + 1 and 1 or 1 |oolrialof £EfE
skip next instruction if resultis zero} 2{skip} | .2(skip)
MOV MW Move W to MODE Register (MODE = W) 1 1 0000 01C0 CO011} none
MOV M #lit Move Literal to MODE Register (MODE = lit) 1 1 0000 0101 kkkk| none
MOV i, W Move W to Port Rx Control Registerirx <=>W 0000 0000 Offf
(exchange W and WKPND_B or CMP_B) or rx 1 1 none
= W (move W to rx for all-ofher port controt reg-
isters)
MOV IOPTION, WiMove W to OPTION Register (OFTION = W) 1 1 0000 0000 0010| none
ITEST fr Test fr for Zero (fr = fr to setor.clear Z bit) 1 1 0010 001f ffff z




g6

Table 16-1. The SX Instruction Set (Continued)

Mnemonic, A 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 neng
program counter (8) =0
program counter (10:8) = PA1:PAC

JMP addrd Jump to Address: 101k kkkk kkkk
PC(7:0) = addr8(7:0) 2 3 none
program counter (8) = addr9(8)
program counter {10:9) = PA1.PAD

NP No Qperation 1 1 0000 0000 0Q00| none

RET Return from Subroutine 2 5 [0000 0000 1100 .
(program counter = top-af-stack)

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

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

RETIW Return from-Interrupt and add W to RTCC (re- 0000 0000 1111 _?&SSTA-
store'W, STATUS, FSR, and program counter 2 3 cept"l%(-
from shadow registers; and add W to RTCC) PD

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

System Control Instructions

BANK addr8 L oad Bank Number info FSR(7:5) 1 4[0000. 0001 Lnnn| oo
FSR(7:5) = addrB(7:5)

IREAD Read Word from Instruction Mamory 5 4 |0000 0100 0001f oo
MODE:W = data at (MODE:W)

PAGE addr12 Load Page Number into STATUS(7:5) 1 1 “[op0o0 €001 ounn| oy pag
STATUS(7:5) = addr12(11:®) '

SLEEP Power Down Mode 00000000 0011
WOT = 00h, TO = 1, stop oscillator 1 1 TO, PD
(PD =0, clears prescater if assigned)
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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
“cirb $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 Equlvalent Cycles
CLC Cigar Carry bit CLRB $03.0 1
CLZ Clear Zero bit CLRB $03.2 1
JMP W Jump Indirect W MOV 502 W 4 or 3{nocte 1)
JMP PC+W Jump Indirect W Relative ADD 802,W 4 or 3(note 1)
MOODE imm4 Move Immediate to MODE | MOV M. #lit 1
Register
NOT W Complement W XORW #EFF 1
5C Skip tHCarry bit Set SB$03.0 1or 2 (nate 2)
SKIP Skip Next instruction SNB $02.0 or SB $02.0 4 or 2 (noje 3)

“urbo” clocking mode.

Note 1: The JMP W or JMP-PCHW 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 ¢ycles if the tested cendition is true.

Note 3: The assembler converts the SKIP instruction into 8 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 frue. 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
7.1 Absolute Maximum Ratings

Ambient temperature under bias

-40°C to +85°C

Storage temperature -65°C to +150°C
Voltage on V4 with respect to V,, 0Vio+7.0V
Valtage on OSC1 with respect to Vg, 0V 1o +13.5v
Voltage on MCLR with respect to Vg 0Vio+13.5V

Voltage on all other pins with respect to Vg

-0.6 Vio (Vyq + 0.6VIV

Total power dissipation 700 mw
Max. current out of Vg pin 130 mA
Max. current into Vg pin 130 mA
Max. DC current into aninput pin (with.internal protection diode forward +500 pA
biased)

Max. allowable sink current per KO pin 45 mA
Max. allowable source current.per /O pin 45 mA
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17.2 DC Characteristics
SX20/28AC at 75MHz{Temp Range: 0°C <= Ta <= +70°C)
5X20/28AC at 50MHz (Temp Range: -40°C <= Ta <= +85°C)

Symbol Parameter Conditlons Min Typ | Max {Units
Supply Voltage (Note 1) Fose™ 32 MHz 2.7 - 5.5 v
Vag Fosc= 50 MHz 3.0 -85V
Fosc= 75 MHz 4.5 - 55 | Vv
Svaa  |Vygg rise rate (Note 1) 0.05 - Vims
Supply Gurrent, active Vag = 5.0V, Fage = 75 MHz (External OSC) - 100 | 105 | mA
" Vg2 8.0V, Foge = 50 MHZ (Crystal) - 77 82 mA
“ Vgq = 5.0V, Foe, = 4 MHz (Crystal) - | 75| 8 | ma
Vigg = 2.7V, Foes = 20/MHZ (Crystal) § 17| 18 | mA
Supply Current, powerdown [Vyq=3.0V, WDT enabled (before timeout) - 10 20 HA
| Vgg = 3.0V, WDT disabled 1.0 | 9.0 |-pA
P Vgg = 4.5V, WDT enabled 110 | pA
Vg = 4.5V, WDT disabled 100 | pA
Inpul Levels
MCLR, OSC1, RTCC
Logic High 0.8Vgq4 Vg v
Logic Low Ves 0.2Vgq| V
All Other Inputs
Vin, Vi |[CMOS
Logic High 0.7V4q Vg v
Logic Low v
V, 0.3Vyg
TTL 55
Log!c High 20 Vg
Logic Low \
Vss 0.8 Vv
Iy Input Leakage Current Vin = Vygd 0r Voo 1.0 +1.0 | pA
| Weak Pullup Current Vgq = 5.5V, Vi =0V 100 190 | pA
® Vad= 3.0V, Vi = OV 25 50 | pA
Qutput High Voltage
Ports B, C loh.= 20mA, Vdd = 4.5V Vdd-0.7 vV
Von foh = 12mA, Vdd = 3.0V Vdd-0.7 v
Port A loh = 30mA, Vdd = 4.5 Vdd-0.7 v
toh = 20mA, Vdd = 3.0V Vd-0.7 v
v Cutput Low Voltage lol = 30mA, Vdd = 4.5V 06 v
° Al Ports lol = 20mA, Vdd = 3.0V 0.6 \

Note 1: Vidd 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)
S§X20/28AC at 50MHz (Temp Range: -40°C <= Ta <= +85°C)

Symbol Parameter Min Typ Max Urits 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
Oscillator Frequency DC - 32 KHz LP1
0.032 1.0 MHz LP2
BC 4.0 MHz RC
0.032 100 MHz XT1
1.0 240 MHz XT2
1.0 50 MHz HS81/HS2/HS3
1.0 75 MHz HS3
External CLKIN-Period 31.25 - - Hs LP1
1.0 us LP2
250 ns RC
Tosc 100 ns XT1
4.7 ns XT2
20 ns HS1/HS2/HS3
13.3
Oscillator Period 31.25 S - Hs LP1
1.0 31.25 us LP2
250 - ps RC
01 31.25 s XT14
41.7 1000.0 ns XT2
20 1000.0 ns HS1/HS2/HS3
133 - ns HS3
Clock in (OSC1) Low or High Time 2.0 - - ps LP1/LP2
T T 50 ns XT1/XT2
oslr TosH 8.0 ns HS1/HS2/HS3
5.3 ns HS3
Note: Data in the Typical (“TYP") column is at 25°C unless otherwise stated.
17.4 ComparatorDC 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 mv
Input Common Mode Voltage Range 0.4 Vee-13 Vv
Voltage Gain 300k VN
DC Supply Current (enabled) vdd = 5.5V 120 pA
Response Time Voverdrive = 25mV 250 ns
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17.5 Typical Performanca Characteristics (25°C)

Active Supply Current Vs Operating Frequency
{External Clock}

Active Supply Current Vs Operating Frequency
{Crystal Clock)
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Operating Frequency {MHz)
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17.7 Typical Performance Characteristics (Continued)

Actlve Supply Current Vs V4
{Crystal Ciock)

(External Clock)}
SX1BACTS/SX20ACT5/SX2BACTS

Active Supply Current Vs Operating Frequency

4 Mhz

110 -

0 4.-----

() PPy

804 ----

55

45

3.5
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Vaa (V)

Vad (V)

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

Actlve Supply Cumrent Vs Vg
{External Clock}

100

Vad (V)
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17.7 Typical Performance Characteristics (25°C)

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

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

Vaa (V)

Port A/BIC Sink Currant

Port AIBIC Source Current
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18.0 PACKAGE DIMENSIONS (DIMENSIONS ARE IN INCHES/(MILLIMETERS)
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SX28AC/DP
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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
ele VAR IN2
stml/ VAR IN3
play VAR INB
sub’ | VAR _IN1
ml CON 14
m2 CON .15
cn CON 7
spk CON 8
rpm CON .10

rescs CON M
rescnt CON 13
OoUT11 = 0
oure = 0

‘Ussmedhuts  btn Wudeyaszoug T
"remeduls  on  Wwiinyaaveus fa
"Vemedhuls  op  Wudayaavdiug fe
"Ussmedhuls disop dudayaseéiug e
"asmednuga counter wludayaTediy 16 o
“Usemiadiongs time  Duffayasedy 16 Ta
“Ysemeeuds Limit Sewhiuduwemwasing:
“Usemedus full ewhfiudunawadng’
"Usemedids el SehwihfuBunamain:
Uspnesawls sl Seuhiiudunemaiag®
"Ussnedatls play  Aewhmiduwawaies®
ssmeiauy sab, SenhiiuBunenasar!
“sgmesianls m1 « Senvituwadens”
Wrzmieidhialy m2 - Henifunasens:
taemesiauls en Serhifmaie7”
"symaduys spk Revitiumaiag’

" Jssmiesialius tom Seviiiuwa$a10;
"Ussmeenials reses feviriunasal”
ey rescntdlentrinfunasaia’
‘v awase 11 Sewhiugud”

13 £ [ A | e €,
"m“v‘INGILE]'WW!ﬂWﬂiGIQ mnmﬂuquﬂ

Rk k R Ak RR R IR E AR R r kb ke ke h bk ke kr ok khddkkkhhkkrdr ok htdkkhdk

loop: IF  play = 1 THEN main "Loop #u play Qﬂﬂ@ﬂﬁlﬂﬁd main"

HIGH rescs
PAUSE 5
LOW Tescs

SEmRTiuanRe”
MMM Sms”

AFrwaniueiage-
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HIGH rescnt “SEaTiL”

PAUSE 5 "WANNOM Bms

LOW  rescnt Wmnsanidunie’

LOW  spk “SeIaTTuNLa "

BUTTON 12.1,255,255,0n,1 timeloop Siadihiweta 12 Tl
tirne Loop”

GOTO loop 'n&ulus Loop”

main: [Fele =1 THEN tm1 _ *main | i Sygias Wi m?®

IF ele =0 THEN stp sty ias il stp”
IF play /= 0 THEN plus ‘thjss] PAUSE QAne A e, plus”
IF full =1 THEN stp “ﬁwﬂ?mrmﬁmﬁunﬁaaumslﬁlﬂﬁ stp’

BUTTON 12.1,255.255,0n 1. timemain Siawaafine s 12 W  time main®

GOTO main “ndu sl main®

RM1: BUTTON 12:1.255,255.0n,1 imermi'tm1 - thittaaiinfmasa 12 lwhlél

timerm1’
HIGH, > m1 "YuuNpians 1"
PAUSE 1000 e 1000ms”
IF play =0 THEN plus “fln PAUSE ganaallid plus”

IFstml = I"THEN STPMi ‘faaeed 1 vnesecllf - stpmt”
GOTO RM1 “niulylfs rm1®

STPM1-BUTTON 12,1,255.255 on 1,timestpm1 “stpm1  tiwaduhimase 12 wly

o

&N timestpm1"’

IF limit = 0 THEN STPM2 Smnaseeespieas 2 WH stpm2

IFplay =0 THEN plus “da)sl PAUSE gnna Wi plus *
HIGH m2 ViU ml "
PAUSE 60 WA 60ms *

LOW  m2 g m2°
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PAUSE 20 W9 20ms °
LOW  mi "Wy m2 "
GOTO STPM1 ‘n&uluéis rm1 -

STPM2:BUTTON 12,1,265,255,0n,1 timestpm2  ‘stpm2  fhivaddiwesa 12
Trlugs timestpm?2"

IF play =0 THEN plus ‘tfn PAUSE gnneliilds plus®
IF out = 0 THEN_ GNT 'ﬁwﬁmuﬁmmwﬁmaan‘lﬁlﬁﬁ speker"
LOW  m2 My® m2"

GOTO speker raulyifs et

speker:-BUTTON 12,1,265,255 01,1 timespeker speker fwadiiwain 12 il

€49 timespeker®

IF play = 0.THEN plus ‘0l PAUSE gnnabluila, plus’
PAUSE | 500 "MIM20ms"

HIGH ° *_spk g Blefamas:

PAUSE |, 500 "WUNLA120ms”

LOW . spk Vo lFom Fesinimas:
GOTO  cotp v luéfsspeker

otp: BUTTON'12:1,255/265,0n,1 timedtp “otp tnamaaltniina el Uil timeotp”

IFplay = O'THEN plus “SpPAUSEgnaalfliaplus®
IFout =0 THEN CNT itenSaaniiasean v ficnt
GOTO otp ‘n&ulUg otp”

CNT: BUTTON 12,1,255,255.0n,1 timecnt  *cnt Miwaditfinesa1 2 tdstimecnt”

IFplay =0 THEN plus 'ﬁ?ﬂNPAUSEQﬂﬂ@sLﬁlﬂﬁdplus'
LOW cn Tnmeasin”

PAUSE 1 "M ImS”

HIGH o “wga ey’

counter = counter + 1 "counter + 1LﬁUGL’3ﬁcounter"
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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'TOop

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 majn

IF sub. =0 THEN outp

LOW m1

LOW m2

GOTO plus

timeloop: time = time + 1
GOTO loop

timemain: time = time + 1
GOTO main

timerm1: time = time + 1

GOTO mmi1

*n&ulUffsmain °

hitwadidfiwesa12 vl lgs"
WA Ims"
't Byanendin i main®

"nulEstp

e [ [ © e "
time - 1. Y9&8 counter Lm_mﬂ,’m op

g disaing fs op’
Ymnnniuaiagy:
"WisImms”
minmiueman”
"ynuTwiesialy
"49L8B000ms*
‘nau U plus”

"lus - Sniheduininasa1 2l
“SisPAUSEgnnalilidapius’
'ﬁwﬁuuﬁmmmgu W outp*
"Wy mi

WyAm?!

“nauluis plus’

R & fud | .
"time + 1 Lnusl:m time
*n&ulyisloop
" G Gwa .
time + 1 VP time
'ndulUEs main®
g s ”c; . "
time + 1 Lﬂ‘USL’)'VI time
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