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1.6 Programming and Debugging Support

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

1.7 Applications

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

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

Here are some examples of Virtual PeripheralTM applications:
» Serial interfaces such as 12C™, Microwire™ | SP], IR transceivers
* Frequency generation and measurement
* Spectrum analysis
* Mulu-tasking, interrupts, and networking
* Resonance loops
* DRAM drivers
*  Music and voice synthesis
*  PPM/PWM output
¢ Delta/Sigma ADC
» DTMF generation/detection
* FESK generation/detection
* (Quadrature encoder/decoder
* Proportional Integral Derivative (PID) and servo control

¢ Video controller



Table 1-1 is a list of the available SX device packages and the corresponding number of pins, number
of /O pins, program (flash) memory size, and general-purpose RAM size. Use this table as a guide for
ordering the parts that fit your requirements.

Table 1-1 Device Package Names

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

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

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

1.8 Part Numbers and Pinout Diagrams
This user’s guide describes the following Scenix SX microcontrollers:
= SXI18AC, SX20AC, and SX28AC microcontrollers (with 2K program memories)
*  SX48BD and SX52BD microcontrollers (with 4K program memories and multi-function timers)

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

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

The SX device has multi-pin I/O ports, an internal oscillator, a Watchdog timer, a Real-Time Clock/
Counter, an analog comparator, power-on and brownout reset control, and Multi-Input Wakeup
capability. Figure 2-1 is a block diagram showing the core features of the basic device. Additional
features are available with some SX family members. For example, some devices offer more RAM, a
larger EEPROM program memory, or additional peripheral modules such as multi-function timers.
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Figure 2-1 SX28AC Block Diagram



Table 1-2 Pin Descriptions

Pin Input ..
Name Type Levels Description
RAO-RA7 /O TTL/CMOS | Port A bidirectional /O pin; symmetrical source / sink
capability
RBO /0 | TTL/CMOS/ST | Port B bidirectional I/O pin; MIWU input; comparator
output
RB1 /O | TTL/CMOS/ST | Port B bidirectional /O Pin; MIWU input; comparator
negative input
RB2 /O | TTL/CMOS/ST | Port B bidirectional I/O pin; MIWU input; comparator
positive input
RB3-RB7 /O | TTL/CMOS/ST | Port B bidirectional /O pins; MIWU inputs
RCO-RC7 /O | TTL/CMOS/ST | Port C bidirectional /O pins
RDO-RD7 /O | TTL/CMOS/ST | Port D bidirectional I/O pins
REQ-RE7 /O | TTL/CMOS/ST | Port E bidirectional /O pins
RTCC [ ST Input to Real Time Clock/Counter
MCLR [ ST Master Clear reset input — active low
OSCI1/In/Vpp I ST Crystal oscillator input - external clock source input
OSC2/0ut 0 CMOS Crystal oscillator output — in R/C mode, internally
pulled to Vdd through weak pullup
Vdd P NA Positive supply pins
Vss P NA Ground pins
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2.3.2 SX18/20/28AC Bank Organization

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

Each SX instruction that accesses a data memory register contains a 5-bit field in the instruction
opcode that specifies the register to be accessed. The abbreviation “fr” represents the 5-bit register
address designator. For example, the instruction description “mov fr,W” means that a 5-bit value or
label must be substituted for “fr’” in the instruction, such as “mov $0F,W” (to move the contents of the
working register W into file register OFh).

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

Within each bank, there are 32 available addresses, ranging from 00h to 1Fh. Table 2-1 shows the
organization of file registers in the memory-mapped address space. The numbers along the left side the
table (ranging from $00 to $1F) show the 32 possible register addresses that can be specified in the
instruction. The bank numbers listed across the top (ranging from O to 7) are the numbers that can be
programmed into the three high-order bits of the FSR register. The entries inside the table show the
registers accessed by each combination of register address and bank selection.

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



$00
$01
$02
$03
$04
$05
$06
$07
$08
$09
$0A
$0B
$0C
$0D
$0E
$OF
- $10
$11
$12
$13
$14
$15
$16
$17
$18
$19
$1A
$1B
$1C
$1D
$1E
$1F

Table 2-1 RAM Register Map

Bank0 Bank1l Bank2 Bank3 Bank4 Bank5 Bank6é Bank?7
INDF INDF INDF | INDF INDF INDF INDF INDF
RTCC RTCC RTCC RTCC RTCC RTCC RTCC RTCC
PC PC PC PC PC PC PC PC
Status Status Status Status Status Status Status Status
FSR FSR FSR FSR FSR FSR FSR FSR
RA RA RA RA RA RA RA RA
RB RB RB RB RB RB RB RB
RC RC RC RC RC RC RC RC
08h 08h 08h 08h 08h 08h 08h 08h
0%h 0%h 0%h 0%h 0%h 0%h 0%h 0%h
0Ah 0Ah 0Ah 0Ah 0Ah 0Ah 0Ah OAh
0OBh OBh 0Bh OBh OBh 0Bh OBh OBh
0Ch 0Ch 0Ch 0Ch 0Ch 0Ch 0Ch 0Ch
0Dh ODh O0Dh ODh 0Dh ODh 0ODh ODh
OEh OEh OEh OEh OEh 0OEh OEh OEh
OFh OFh OFh OFh OFh OFh OFh OFh
10h 30h 50h 70h 90h BOh DOh FCh
11h 31h 51h 71h 91h B1lh Di1h Flh
12h 32h 52h 72h 92h B2h D2h F2h
13h 33h 53h 73h 93h B3h D3h F3h
14h 34h 54h 74h 94h B4h D4h F4h
15h 35h 55h 75h 95h B5h D5h F5h
16h 36h 56h 76h 96h B6h D6h Féh
17h 37h 57h 77h 97h B7h D7h F7h
18h 38h 58h 78h 98h B&h D8h F8h
19h 3%h 5%h 79h 99h BSh DSh F9h
1Ah 3Ah 5Ah 7TAh 9Ah . BAh DAh FAh
IBh 3Bh 5Bh 7Bh 9Bh BBh DBh FBh
1Ch 3Ch 5Ch 7Ch 9Ch BCh DCh FCh
1Dh 3Dh 5Dh 7Dh 9Dh BDh DDh FDh
1Eh 3Eh SEh 7Eh 9Eh BEh DEh FEh
1Fh 3Fh 5Fh 7Fh 9Fh BFh DFh FFh




For the first 16 addresses that can be specified in an instruction (00h through OFh), the same 16
registers are accessed, irrespective of the bank setting. Therefore, these 16 “global” registers are
always accessible. The first eight are dedicated-purpose registers (INDF, RTCC, PC, and so on), and
the next eight are general-purpose registers. In Table 2-1, these registers are shown shaded in Bank 1
through Bank 7 to indicate that they are the same registers as in Bank 0.

For the upper 16 addresses that can be specified in an instruction (10h through 1Fh), a different set of
registers is accessed in each bank. This allows as many as 128 different registers to be accessed in this
memory range, although only 16 are accessible at any given time.

The total number of general-purpose registers is 24 in Bank 0 (from 08h to 1Fh) and 16 in each of the
remaining seven banks (from 10h to 1Fh in each bank), for a total of 136 registers. In the SX18AC and
SX20AC, an additional general-purpose register is available at address 08h because there is no Port C
register occupying that address.

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

* indirect mode: fr = O0Oh
» direct mode: fr = O1h through 1Fh

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

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

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