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ERRATA
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sending an email to editor@parallax.com. We continually strive to improve all of our educational materials and documentation,
and frequently revise our texts. Occasionally, an errata sheet with a list of known errors and corrections for a given text will be
posted to our web site, www.parallax.com. Please check the individual product page’s free downloads for an errata file.
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Preface

Preface

Thank you for purchasing a Propeller chip. You will be spinning your own programs in no
time!

Propeller chips are incredibly capable multiprocessor microcontrollers; the much-anticipated
result of over eight years of the intense efforts of Chip Gracey and the entire Parallax
Engineering Team.

This book is intended to be a complete reference guide to Propeller chips and their
programming languages, Spin and Propeller Assembly. Have fun!

Despite our best efforts, there are bound to be questions unanswered by this manual alone.
Check out our Propeller chip discussion forum — (accessible from www.parallax.com via the
Support — Discussion Forums menu) — this is a group especially for Propeller users where
you can post your questions or review discussions that may have already answered yours.
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Chapter 1: Introducing the Propeller Chip

This chapter describes the Propeller chip hardware. To fully understand and use the Propeller
effectively, it’s important to first understand its hardware architecture. This chapter presents
the details of the hardware such as package types, package sizes, pin descriptions, and
functions.

Concept

The Propeller chip is designed to provide high-speed processing for embedded systems while
maintaining low current consumption and a small physical footprint. In addition to being
fast, the Propeller provides flexibility and power through its eight processors, called cogs,
that can perform simultaneous independent or cooperative tasks, all while maintaining a
relatively simple architecture that is easy to learn and utilize.

The resulting design of the Propeller frees application developers from common complexities
of embedded systems programming. For example:

e The memory map is flat. There is no need for paging schemes with blocks of code,
data or variables. This is a big time-saver during application development.

e Asynchronous events are easier to handle than they are with devices that use
interrupts. The Propeller has no need for interrupts; just assign some cogs to
individual, high-bandwidth tasks and keep other cogs free and unencumbered. The
result is a more responsive application that is easier to maintain.

e The Propeller Assembly language features conditional execution and optional result
writing for each individual instruction. This makes critical, multi-decision blocks of
code more consistently timed; event handlers are less prone to jitter and developers
spend less time padding, or squeezing, cycles here and there.

Propeller Manual v1.0 - Page 13



Introducing the Propeller Chip

Package Types

The Propeller chip is available in the package types shown here.
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1: Introducing the Propeller Chip

Pin Descriptions

Table 1-1: Pin Descriptions

Pin Name

Direction

Description

PO - P31

110

General purpose I/0 Port A. Can source/sink 30 mA each at 3.3 VDC. Do
not exceed 100 mA source/sink total across any group of I/O pins at once.
Logic threshold is = %2 VDD; 1.65 VDC @ 3.3 VDC.

The pins shown below have a special purpose upon power-up/reset but are
general purpose |/O afterwards.

P28 -12C SCL connection to optional, external EEPROM.

P29 -12C SDA connection to optional, external EEPROM.

P30 - Serial Tx to host.

P31 - Serial Rx from host.

VDD

3.3 volt power (2.7 — 3.3 VDC).

VSS

Ground.

BOEnN

Brown Out Enable (active low). Must be connected to either VDD or VSS.
If low, RESn becomes a weak output (delivering VDD through 5 KQ) for
monitoring purposes but can still be driven low to cause reset. If high,
RESnh is CMOS input with Schmitt Trigger.

RESN

110

Reset (active low). When low, resets the Propeller chip: all cogs disabled
and /O pins floating. Propeller restarts 50 ms after RESn transitions from
low to high.

Xl

Crystal Input. Can be connected to output of crystal/oscillator pack (with
XO left disconnected), or to one leg of crystal (with XO connected to other
leg of crystal or resonator) depending on CLK Register settings. No
external resistors or capacitors are required.

X0

Crystal Output. Provides feedback for an external crystal, or may be left
disconnected depending on CLK Register settings. No external resistors
or capacitors are required.

The Propeller (P8X32A) has 32 1I/O pins (Port A, pins PO through P31). Four of these 1/O
pins, P28-P31 have a special purpose upon power-up/reset. At power-up/reset, pins P30 and
P31 communicate with a host for programming and P28 and P29 interface to an external 32
KB EEPROM (24L.C256).
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Specifications

Table 1-2: Specifications

Model

P8X32A

Power Requirements

3.3 volts DC

External Clock Speed

DC to 80 MHz (4 MHz to 8 MHz with Clock PLL running)

System Clock Speed

DC to 80 MHz

Internal RC Oscillator

12 MHz or 20 kHz (approximate; may range from 8 MHz — 20 MHz,
or 13 kHz — 33 kHz, respectively)

Main RAM/ROM

64 K bytes; 32 KB RAM + 32 KB ROM

Cog RAM

512 x 32 bits each

RAM/ROM Organization

Long (32-bit), Word (16-bit), or Byte (8-bit) addressable

I/O pins 32 CMOS signals with VDD/2 input threshold.
Current Source/Sink per /O 30 mA
Current Source/Sink per 8 pins | 100 mA

Current Draw @ 3.3 vdc, 70 °F

500 pA per MIPS (MIPS = Freq in MHz / 4 * Number of Active Cogs)

Page 16
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Hardware Connections

Figure 1-1 shows an example wiring diagram that provides host and EEPROM access to the
Propeller chip. In this example the host access is achieved through the Propeller Clip device
(a USB to TTL serial converter).

Propeller Plug

i

00| 6D ¥
RST 0T 3| RsT % (E-‘ -
! o58/ix & “)g| <> ToPC
—Rx 0§ &rrx X
A\ Rx ¢
Po 1 40 0 P31 ——— 3.3V
Pid2 30 fpgo—X> | 10 kQ
P2 3 38 ) pog—SDA W—
P3[] 4 37 pg—SCL
pafls 36 [J P27 241.C256
P5[] 6 35 [ P26 o vec—-
Pe[]7 34 1 P25 M WPJ—_L
P78 33 [J P24 Crystal A2 seLff—— ==
vss [ 9 32 [0 vDD m vss  sDA| V-SS
3.3V BOEn[ 10 =@ JJ 31 QX0 - — DIP
: =® 9. =
—RESNQ 1 X 30 [ Xi Vss
vop [ 12 N8 29:|vss|—_|
Pg [ 13 ?H:‘: 28 [1 P23
P9 [ 14 oS/ 27[Q0pP22
2 A
—_— P10 [ 15 © N 26 [1 P21
- P11 16 25 [1 P20
Vss P12 17 24 [1 P19
P13 ] 18 23 1 P18
P14 [] 19 22 [ P17
P15 [ 20 21 1 P16
DIP-40

Figure 1-1: Example wiring diagram that allows for programming the Propeller chip and
an external 32 Kbyte EEPROM, and running the Propeller with an external crystal.
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Boot Up Procedure
Upon power-up (+ 100 ms), RESn low-to-high, or software reset:

1. The Propeller chip starts its internal clock in slow mode (= 20 KHz), delays for 50 ms
(reset delay), switches the internal clock to fast mode (= 12 MHz), and then loads and
runs the built-in Boot Loader program in the first processor (Cog 0).

2. The Boot Loader performs one or more of the following tasks, in order:

a. Detects communication from a host, such as a PC, on pins P30 and P31. If
communication from a host is detected, the Boot Loader converses with the
host to identify the Propeller chip and possibly download a program into
Main RAM and optionally into an external 32 KB EEPROM.

b. If no host communication was detected, the Boot Loader looks for an
external 32 KB EEPROM (24LC256) on pins P28 and P29. If an EEPROM
is detected, the entire 32 KB data image is loaded into the Propeller chip’s
Main RAM.

c. Ifno EEPROM was detected, the boot loader stops, Cog 0 is terminated, the
Propeller chip goes into shutdown mode, and all I/O pins set to inputs.

3. If either step 2a or 2b was successful in loading a program into the Main RAM, and a
suspend command was not given by the host, then Cog 0 is reloaded with the built-in
Spin Interpreter and the user code is run from Main RAM.

Run-Time Procedure

A Propeller Application is a user program compiled into its binary form and downloaded to
the Propeller chip’s RAM and, possibly, external EEPROM. The application consists of code
written in the Propeller chip’s Spin language (high-level code) with optional Propeller
Assembly language components (low-level code). Code written in the Spin language is
interpreted during run time by a cog running the Spin Interpreter while code written in
Propeller Assembly is run in its pure form directly by a cog. Every Propeller Application
consists of at least a little Spin code and may actually be written entirely in Spin or with
various amounts of Spin and assembly. The Propeller chip’s Spin Interpreter is started in
Step 3 of the Boot Up Procedure, above, to get the application running.

Once the boot-up procedure is complete and an application is running in Cog 0, all further
activity is defined by the application itself. The application has complete control over things
like the internal clock speed, I/O pin usage, configuration registers, and when, what and how
many cogs are running at any given time. All of this is variable at run time, as controlled by
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the application, including the internal clock speed. See Chapter 3: Propeller Programming
Tutorial.

Shutdown Procedure

When the Propeller goes into shutdown mode, the internal clock is stopped causing all cogs
to halt and all I/O pins are set to input direction (high impedance). Shutdown mode is
triggered by one of the three following events:

1) VDD falling below the brown-out threshold (=2.7 vdc), when the brown-out circuit is
enabled,

2) the RESn pin going low, or
3) the application requesting a reboot (see the REBOOT command, page 292).

Shutdown mode is discontinued when the voltage level rises above the brown-out threshold
and the RESn pin is high.
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Block Diagram

Figure 1-2: Propeller Chip Block Diagram
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Cog and Hub interaction is critical to the Propeller chip. The Hub controls which cog can
access mutually-exclusive resources, such as Main RAM/ROM, configuration registers, etc.
The Hub gives exclusive access to every cog one at a time in a “round robin” fashion,
regardless of how many cogs are running, in order to keep timing deterministic.

Cog 5 Cog 6 Cog7

|ﬂ> |ﬂ> |ﬂ> Pin Directions
Pin Outputs
32432
\A 4
(R3D+> (P15
B3+ >(P1d)
r - L - _ (P29)e», &> P13)
=28l s 3 =28l sl 3 =2 sl sl 2 @0 4.»(32)
= o) = ol| & =l e D
allz||®|| ]|z allz||®[| ]|z allz ol
+||+]| 2| |Z]| < +|[+[2||Z]| e ++gi‘f: P2+ >(P1D
<[=(|&|3l|2 <l=(|&||3|2 <l=(| 5|32 (P26 )«»] >(P10)
sl s||o]|S =l s ol sl s|oll=
(= =
3113|[2ells 3|(3l12ll2]ls 3|1 3l|2llello P2+ 110 |e(P8D)
ClOlIEEl= had 0 ) | = | o e | = (P23« Pins [P
51511\/132 51§1M32 51I§AXM32 (P22)+» > P6)
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Processor Processor Processor % {@
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System Counter
\ 4 A 4 A 4 Data Bus
A\ 4 \ 4 V¥ Address Bus

System
Counter

Hub and Cog Interaction
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Shared Resources

There are two types of shared resources in the Propeller: 1) common, and 2) mutually-
exclusive. Common resources can be accessed at any time by any number of cogs.
Mutually-exclusive resources can also be accessed by any number of cogs, but only by one
cog at a time. The common resources are the I/O pins and the System Counter. All other
shared resources are mutually-exclusive by nature and access to them is controlled by the
Hub. See the Hub section on page 24.

System Clock

The System Clock (shown as “CLOCK” in Figure 1-2) is the central clock source for nearly
every component of the Propeller chip. The System Clock’s signal comes from one of three
possible sources: 1) the Internal RC Oscillator, 2) the Clock Phase-Locked Loop (PLL), or
3)the Crystal Oscillator (an internal circuit that is fed by an external crystal or
crystal/oscillator pack). The source is determined by the CLK register’s settings, which is
selectable at compile time or at run time. The only components that don’t use the System
Clock directly are the Hub and Bus; they divide the System Clock by two (2).

Cogs (processors)

The Propeller contains eight (8) processors, called cogs, numbered 0 to 7. Each cog contains
the same components (see Figure 1-2): a Processor block, local 2 KB RAM configured as 512
longs (512 x 32 bits), two 1/O Assistants with PLLs, a Video Generator, [/O Output Register,
I/O Direction Register, and other registers not shown in the diagram. See Table 1-3 for a
complete list of cog registers. Each cog is designed exactly the same and can run tasks
independently from the others.

All eight cogs are driven from the same clock source, the System Clock, so they each
maintain the same time reference and all active cogs execute instructions simultaneously.
See System Clock, above. They also all have access to the same shared resources, like 1/0
pins, Main RAM, and the System Counter. See Shared Resources, above.

Cogs can be started and stopped at run time and can be programmed to perform tasks
simultaneously, either independently or with coordination from other cogs through Main
RAM. Regardless of the nature of their use, the Propeller application designer has full
control over how and when each cog is employed; there is no compiler-driven or operating
system-driven splitting of tasks between multiple cogs. This method empowers the developer
to deliver absolutely deterministic timing, power consumption, and response to the embedded
application.
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Each cog has its own RAM, called Cog RAM, which contains 512 registers of 32 bits each.
The Cog RAM is all general purpose RAM except for the last 16 registers, which are special
purpose registers, as described in Table 1-3. The Cog RAM is used for executable code, data,
variables, and the last 16 locations serve as interfaces to the System Counter, I/O pins, and
local cog peripherals.

When a cog is booted up, locations 0 ($000) through 495 ($1EF) are loaded sequentially from
Main RAM / ROM and its special purpose locations, 496 ($1F0) through 511 ($1FF) are
cleared to zero. After loading, the cog begins executing instructions, starting at location 0 of
Cog RAM. It will continue to execute code until it is stopped or rebooted by either itself or
another cog, or a reset occurs.

Table 1-3: Cog RAM Special Purpose Registers
Cog RAM Map Address | Name Type Description
/ $1F0 PAR Read-Only' |Boot Parameter
$1F1 CNT Read-Only’ |System Counter
$000 $1F2 INA Read-OnIy1 Input States for P31 - PO
! $1F3 INB Read-Only’ |Input States for P63- P32°
: $1F4 OUTA Read/Write | Output States for P31 - PO
: $1F5 ouTB Read/Write | Output States for P63 — p32?
: General_ Purpose $1F6 DIRA Read/Write | Direction States for P31 - PO
i (Egg'it?zs) $1F7 DIRB Read/Write | Direction States for P63 - P32
: $1F8 CTRA Read/Write | Counter A Control
| $1F9 CTRB | Read/Write |Counter B Control
: $1FA FRQA Read/Write | Counter A Frequency
?IIEE Spocial Purpose $1FB FRQB Read/Write | Counter B Frequency
$|I|:F 'aeg')ftg? $1FC PHSA |Read/Write |Counter A Phase:
$1FD PHSB Read/Write |Counter B Phase
$1FE VCFG Read/Write |Video Configuration
$1FF VSCL Read/Write |Video Scale

Note 1: Only accessible as a Source Register (i.e. MOV DEST, SOURCE).
Note 2: Reserved for future use.
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Each Special Purpose Register may be accessed via:

1) its physical register address,

2) its predefined name, or

3) aregister array variable with an index of 0 to 15.
The following are examples in Propeller Assembly:

MOV $1F4, #SFF "Set OUTA 7:0 high
MOV  OUTA, #sFF "Same as above

The following are examples in Spin:

SPR[$4] := SFF "Set OUTA 7:0 high
OUTA := sFF "Same as above
Hub

To maintain system integrity, mutually-exclusive resources must not be accessed by more
than one cog at a time. The Hub maintains this integrity by controlling access to mutually-
exclusive resources, giving each cog a turn to access them in a “round robin” fashion from
Cog 0 through Cog 7 and back to Cog 0 again. The Hub, and the bus it controls, runs at half
the System Clock rate. This means that the Hub gives a cog access to mutually-exclusive
resources once every 16 System Clock cycles. Hub instructions, the Propeller Assembly
instructions that access mutually-exclusive resources, require 7 cycles to execute but they
first need to be synchronized to the start of the Hub Access Window. It takes up to 15 cycles
(16 minus 1, if we just missed it) to synchronize to the Hub Access Window plus 7 cycles to
execute the hub instruction, so hub instructions take from 7 to 22 cycles to complete.

Figure 1-3 and Figure 1-4 show examples where Cog 0 has a hub instruction to execute.
Figure 1-3 shows the best-case scenario; the hub instruction was ready right at the start of that
cog’s access window. The hub instruction executes immediately (7 cycles) leaving an
additional 9 cycles for other instructions before the next Hub Access Window arrives.

System Clock
FallingEdge# — 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
'

Cog Clock —» Yo R I T N N O T T T T O T L L B I B
Hub Clock —
4 4 4 4 4 ) 4 4 4 4 4 4 4
Cog w/Hub Access — 0 1 2 3 4 5 6 7 0 1 2 3 4
Cog 0 Hub I
Instruction (HI) HI HI
(7 clocks) |<— (7 clocks) —>|<— (9 clocks) —>|
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System Clock
FallingEdge#—0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
CogC|OCk_>+++++++++++i#iiiiiiiiiiii
Hub Clock —

t t t t t t t
Cog w/Hub Access — 0 1 0 1 2 3 4

t t t

2 3 4

Cog 0 Hub

Instruction (HI) T— HI —T T_ HI _T
|<— (7 clocks) —>|<— (9 clocks) —>|

(7 clocks)
Figure 1-3: Cog-Hub Interaction — Best Case Scenario

o -
o -
~—

Figure 1-4 shows the worst-case scenario; the hub instruction was ready on the cycle right
after the start of Cog 0’s access window; it just barely missed it. The cog waits until the next
Hub Access Window (15 cycles later) then the hub instruction executes (7 cycles) for a total
of 22 cycles for that hub instruction. Again, there are 9 additional cycles after the hub
instruction for other instructions to execute before the next Hub Access Window arrives. To
get the most efficiency out of Propeller Assembly routines that have to frequently access
mutually-exclusive resources, it can be beneficial to interleave non-hub instructions with hub
instructions to lessen the number of cycles waiting for the next Hub Access Window. Since
most Propeller Assembly instructions take 4 clock cycles, two such instructions can be
executed in between otherwise contiguous hub instructions.

System Clock
FallingEdge#—0 1 2 3 4 5 6 7 8 9 10 11 1213 14 1516 17 18 19 20 21 22 23 24
(PR IR BN 2 S N S S S N 2N S N N AL R N BN A N B

Cog Clock — (g |
Hub Clock —
i 4 4 4 4 4 4 4 t t 4 4 t
Cog w/Hub Access — 0 1 2 3 4 5 6 7 0 1 2 3 4
Cog 0 Hub t T T
Instruction (HI) - - - - Hl missed... waitingtosync - - - - HI
(22 clocks) fe————— (15 clocks) | (7 clocks) —|

Figure 1-4: Cog-Hub Interaction — Worst Case Scenario

Keep in mind that a particular cog’s hub instructions do not, in any way, interfere with other
cogs’ instructions because of the Hub mechanism. Cog 1, for example, may start a hub
instruction during System Clock cycle 2, in both of these examples, possibly overlapping its
execution with that of Cog 0 without any ill effects. Meanwhile, all other cogs can continue
executing non-hub instructions, or awaiting their individual hub access windows regardless of
what the others are doing.
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/O Pins

The Propeller has 32 1/O pins, 28 of which are entirely general purpose. Four I/O pins (28 -
31) have a special purpose at Boot Up and are available for general purpose use afterwards;
see the Boot Up Procedure section on page 18. After boot up, any I/O pins can be used by
any cogs at any time since I/O pins are one of the common resources. It is up to the
application developer to ensure that no two cogs try to use the same I/O pin for different
purposes during run-time.

Each cog has its own 32-bit I/O Direction Register and 32-bit I/O Output Register. The state
of each cog’s Direction Register is OR’d with that of the previous cogs’ Direction Registers.
Similarly, each cog’s output states is OR’d with that of the previous cogs’ output states. Note
that each cog’s output states are made up of the OR’d states of its internal I/O hardware and
that is all AND’d with its Direction Register’s states. The result is that each /O pin’s
direction and output state is the “wired-OR” of the entire cog collective. No electrical
contention between cogs is possible, yet they can all still access the I/O pins simultaneously!

The result of this I/O pin wiring configuration can easily be described in the following simple
rules:

A. A pin is an input only if no active cog sets it to an output.
B. A pin outputs low only if all active cogs that set it to output also set it to low.
C. A pin outputs high if any active cog sets it to an output and also sets it high.

Table 1-4 demonstrates a few possible combinations of the collective cogs’ influence on a
particular I/O pin, P12 in this example. For simplification, these examples assume that bit 12
of each cog’s I/O hardware, other than its I/O Output Register, is cleared to zero (0).
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Table 1-4: /O Sharing Examples

Bit 12 of Cogs’ I/0 Bit 12 of Cogs’ I/O | State of /O Pin Rule

Direction Register Output Register P12 Followed
Cog ID 01234567 01234567
Example 1 00000O0O0O 000000O00O Input A
Example 2 10000000 000000O0O Output Low B
Example 3 10000000 10000000 Output High C
Example 4 10000000 01000000 Output Low B
Example 5 11000000 01000000 Output High C
Example 6 11111111 01010000 Output High C
Example 7 11111111 00010000 Output High C
Example 8 11101111 00010000 Output Low B

Note: For the I/O Direction Register, a 1 in a bit location sets the corresponding 1/0 pin to the
output direction while a 0 sets it to an input direction.

Any cog that is shut down has its Direction Register and output states cleared to zero,
effectively removing it from influencing the final state of the I/O pins that the remaining
active cogs are controlling.

Each cog also has its own 32-bit Input Register. This input register is really a pseudo-
register; every time it is read, the actual states of the I/O pins are read, regardless of their
input or output direction.

System Counter

The System Counter is a global, read-only, 32-bit counter that increments once every System
Clock cycle. Cogs can read the System Counter (via their CNT register, page 184) to perform
timing calculations and can use the WNARITCNT command (page 322) to create effective delays
within their processes. The System Counter is a common resource. Every cog can read it
simultaneously. The System Counter is not cleared upon startup since its practical use is for
differential timing. If a cog needs to keep track of time from a specific, fixed moment in
time, it simply needs to read and save the initial counter value at that moment in time, and
compare all of the later counter values against that initial value.
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CLK Register

The CLK register is the System Clock configuration control; it determines the source of and
the characteristics for the System Clock. More precisely, the CLK register configures the RC
Oscillator, Clock PLL, Crystal Oscillator, and Clock Selector circuits. (See Figure 1-2:
Propeller Chip Block Diagram on page 20.) It is configured at compile time by the _CLKMODE
declaration and is writable at run time through the CLKSET command. Whenever the CLK
register is written, a global delay of =75 us occurs as the clock source transitions.

Whenever this register is changed, a copy of the value written should be placed in the Clock
Mode value location (which is BYTE[4] in Main RAM) and the resulting master clock
frequency should be written to the Clock Frequency value location (which is LONGJ[0] in
Main RAM) so that objects which reference this data will have current information for their
timing calculations. (See CLKMODE, page 179, and CLKFREQ, page 175.) When possible, it is
recommended to use the CLKSET command (page 183), since it automatically updates all the
above-mentioned locations with the proper information.

Table 1-5: CLK Register Structure
Bit 7 6 5 4 3 2 1 0
Name | RESET | PLLENA | OSCENA | OSCM1 | OSCMO0 | CLKSEL2 | CLKSEL1 | CLKSELO

Table 1-6: RESET (Bit 7)

Bit Effect

0 Always write ‘0’ here unless you intend to reset the chip.

Same as a hardware reset — reboots the chip. The Spin command REBOOT writes a
‘1’ to the RESET bit.
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Table 1-7: PLLENA (Bit 6)

Bit

Effect

Disables the PLL circuit. The RCFAST and RCSLOW settings of the _CLKMODE
declaration configure PLLENA this way.

Enables the PLL circuit. Each of the PLLxx settings of the _CLKMODE declaration
configures PLLENA this way at compile time. The Clock PLL internally multiplies the
XIN pin frequency by 16. OSCENA must also be ‘1’ to propagate the XIN signal to the
Clock PLL. The Clock PLL's internal frequency must be kept within 64 MHz to 128 MHz
— this translates to an XIN frequency range of 4 MHz to 8 MHz. Allow 100 ps for the
Clock PLL to stabilize before switching to one of its outputs via the CLKSELX bits.
Once the Crystal Oscillator and Clock PLL circuits are enabled and stabilized, you can
switch freely among all clock sources by changing the CLKSELX bits.

Table 1-8: OSCENA (Bit 5)

Bit

Effect

Disables the Crystal Oscillator circuit. The RCFAST and RCSLOW settings of the
_CLKMODE declaration configure OSCENA this way.

Enables the Crystal Oscillator circuit so that a clock signal can be input to XIN, or so
that XIN and XOUT can function together as a feedback oscillator. The XINPUT and
XTALXx settings of the _CLKMODE declaration configure OSCENA this way. The
OSCMXx bits select the operating mode of the Crystal Oscillator circuit. Note that no
external resistors or capacitors are required for crystals and resonators. Allow a crystal
or resonator 10 ms to stabilize before switching to a Crystal Oscillator or Clock PLL
output via the CLKSELX bits. When enabling the Crystal Oscillator circuit, the Clock
PLL may be enabled at the same time so that they can share the stabilization period.

Table 1-9: OSCMx (Bits 4:3)

_CLKMODE XOouT XIN/XOUT

Setting Resistance | Capacitance FTE TR (R

XINPUT Infinite 6 pF (pad only) | DC to 128 MHz Input

XTALA1 2000 Q 36 pF 4 to 16 MHz Crystal/Resonator

XTAL2 1000 Q 26 pF 8 to 32 MHz Crystal/Resonator

XTAL3 500 Q 16 pF 20 to 60 MHz Crystal/Resonator
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Table 1-10: CLKSELXx (Bits 2:0)

CLKSELXx _CLKMODE Master

. Source Notes
20110 Setting Clock
- No external parts.
01040 RCFAST 12 MHz Internal May range from 8 MHz to 20 MHz.
- Very low power.
0101 RCSLOW 20 kHz Internal May range from 13 kHz to 33 kHz.
0|11]0 XINPUT XIN 0osC OSCENA must be '1".

0|11 XTALx and PLL1x XIN x 1 OSC+PLL |OSCENA and PLLENA must be '1'.

1] 0| 0| XTALxand PLL2x XIN x 2 OSC+PLL |OSCENA and PLLENA must be '1'.

11011 XTALx and PLL4x XIN x 4 OSC+PLL |OSCENA and PLLENA must be '1".

111 | 0| XTALxand PLL8x XIN x 8 OSC+PLL |OSCENA and PLLENA must be '1".

111 | 1| XTALxand PLL16x | XINx16 | OSC+PLL |OSCENA and PLLENA must be '1".

Locks

There are eight lock bits (also known as semaphores) available to facilitate exclusive access
to user-defined resources among multiple cogs. If a block of memory is to be used by two or
more cogs at once and that block consists of more than one long (four bytes), the cogs will
each have to perform multiple reads and writes to retrieve or update that memory block. This
leads to the likely possibility of read/write contention on that memory block where one cog
may be writing while another is reading, resulting in misreads and/or miswrites.

The locks are global bits accessed through the Hub via the Hub Instructions: LOCKNEW,
LOCKRET, LOCKSET, and LOCKCLR. Because locks are accessed only through the Hub, only one
cog at a time can affect them, making this an effective control mechanism. The Hub
maintains an inventory of which locks are in use and their current states, and cogs can check
out, return, set, and clear locks as needed during run time. See LOCKNEW, 230; LOCKRET, 233;
LOCKSET, 234; and LOCKCLR, 228 for more information.

Main Memory

The Main Memory is a block of 64 K bytes (16 K longs) that is accessible by all cogs as a
mutually-exclusive resource through the Hub. It consists of 32 KB of RAM and 32 KB of
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ROM. The 32 KB of Main RAM is general purpose and is the destination of a Propeller
Application either downloaded from a host or uploaded from the external 32 KB EEPROM.
The 32 KB of Main ROM contains all the code and data resources vital to the Propeller chip’s
function: character definitions, log, anti-log and sine tables, and the Boot Loader and Spin
Interpreter. The Main Memory organization is shown in Figure 1-5.

$0000 )

Propeller Application
Code and Data
(8192 Longs)

g RAM
(8192 Longs)

$7FFF Figure 1-5: Main
$80|00 Character Set Memory Map
. (4096 Longs,
1 256 Characters of
$BFFF 16 x 32 pixels) | ROM
$C000 — $CFFF | Log Table (2048 words) (8192 Longs)
$D000 — $DFFF | Anti-log Table (2048 words)
$E000 — $F001 | Sine Table (2049 words)
$F002 — $FFFF | Boot Loader & Interpreter

e

Main RAM

The first half of Main Memory is all RAM. This space is used for your program, data,
variables and stack(s); otherwise known as your Propeller Application.

When a program is loaded into the chip, either from a host or from an external EEPROM, this
entire memory space is written. The first 16 locations, $0000 — $000F, hold initialization data
used by the Boot Loader and Interpreter. Your program’s executable code and data will
begin at $0010 and extend for some number of longs. The area after your executable code,
extending to $7FFF, is used as variable and stack space.

There are two values stored in the initialization area that might be of interest to your program:
a long at $0000 contains the initial master clock frequency, in Hertz, and a byte following it
at $0004 contains the initial value written into the CLK register. These two values can be
read/written using their physical addresses (LONG[$0] and BYTE[$4]) and can be read by using
their predefined names (CLKFREQ and CLKMODE). If you change the CLK register without using
the CLOCKSET command, you will also need to update these two locations so that objects which
reference them will have current information.
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Main ROM

The second half of Main Memory is all ROM. This space is used for character definitions,
math functions, and the Boot Loader and Spin Interpreter.

Character Definitions

The first half of ROM is dedicated to a set of 256 character definitions. Each character
definition is 16 pixels wide by 32 pixels tall. These character definitions can be used for
video displays, graphical LCD's, printing, etc. The character set is based on a North
American / Western European layout (Basic Latin and Latin-1 Supplement), with many
specialized characters inserted. The special characters are connecting waveform and
schematic building-blocks, Greek symbols commonly used in electronics, and several arrows

and bullets.
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Figure 1-6: Propeller Font Characters

The character definitions are numbered 0 to 255 from left-to-right, top-to-bottom in Figure
1-6, above. In ROM, they are arranged with each pair of adjacent even-odd characters
merged together to form 32 longs. The first character pair is located in bytes $8000-$807F.
The second pair occupies bytes $8080-$80FF, and so on, until the last pair fills $BF80-
$BFFF. The Propeller Tool includes an interactive character chart (Help — View Character
Chart...) that has a ROM Bitmap view which shows where and how each character resides in
ROM.
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The character pairs are merged row-by-row such that each character's 16 horizontal pixels are
spaced apart and interleaved with their neighbors' so that the even character takes bits 0, 2, 4,
...30, and the odd character takes bits 1, 3, 5, ...31. The leftmost pixels are in the lowest bits,
while the rightmost pixels are in the highest bits, as shown in Figure 1-7. This forms a long (4
bytes) for each row of pixels in the character pair. 32 such longs, building from the
character’s top row down to the bottom, make up the complete merged-pair definition. The
definitions are encoded in this manner so that a cog’s video hardware can handle the merged
longs directly, using color selection to display either the even or the odd character. It also has
the advantage of allowing run-time character pairs (see next paragraph) that are four-color
characters used to draw beveled buttons, lines and focus indicators.

T T
INE R T

4

Figure 1-7: Propeller Character Interleaving

Some character codes have inescapable meanings, such as 9 for Tab, 10 for Line Feed, and 13
for Carriage Return. These character codes invoke actions and do not equate to static
character definitions. For this reason, their character definitions have been used for special
four-color characters. These four-color characters are used for drawing 3-D box edges at run
time and are implemented as 16 x 16 pixel cells, as opposed to the normal 16 x 32 pixel cells.
They occupy even-odd character pairs 0-1, 8-9, 10-11, and 12-13. Figure 1-8 shows an
example of a button with 3D beveled edges made from some of these characters.

Figure 1-8: Button

R un with 3-D Beveled

Edges

The Propeller Tool includes, and uses, the Parallax True Type” font which follows the design
of the Propeller Font embedded in the hardware. With this font, and the Propeller Tool, you
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can include schematics, timing diagrams and other diagrams right in the source code for your
application.

Log and Anti-Log Tables

The log and anti-log tables are useful for converting values between their number form and
exponent form.

When numbers are encoded into exponent form, simple math operations take on more
complex effects. For example ‘add’ and ‘subtract’ become ‘multiply’ and ‘divide.” ‘Shift left’
becomes ‘square’ and ‘shift right” becomes 'square-root.” ‘Divide by 3’ will produce ‘cube
root.” Once the exponent is converted back to a number, the result will be apparent.

See Appendix B: Accessing Math Function Tables on page 420 for more information.

Sine Table

The sine table provides 2,049 unsigned 16-bit sine samples spanning from 0° to 90°,
inclusively (0.0439° resolution). Sine values for all other quadrants covering > 90° to < 360°
can be calculated from simple transformations on this single-quadrant sine table. The sine
table can be used for calculations related to angular phenomena.

See Appendix B: Accessing Math Function Tables on page 420 for more information.

Boot Loader and Spin Interpreter

The last section in Main ROM contains the Propeller chip’s Boot Loader and Spin Interpreter
programs.

The Boot Loader is responsible for initializing the Propeller upon power-up/reset. When a
Boot Up procedure is started, the Boot Loader is loaded into Cog 0’s RAM and the cog
executes the code starting at location 0. The Boot Loader program first checks the host and
EEPROM communication pins for code/data to download/upload, processes that information
accordingly and finally it either launches the Spin Interpreter program into Cog 0’s RAM
(overwriting itself) to run the user’s Propeller Application, or it puts the Propeller into
shutdown mode. See the Boot Up Procedure section on page 18.

The Spin Interpreter program fetches and executes the Propeller Application from Main
RAM. This may lead to launching additional cogs to run more Spin code or Propeller
Assembly code, as is requested by the application. See Run-Time Procedure, page 18.
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Chapter 2: Using the Propeller Tool

This chapter describes the features of the Propeller Tool software starting with the concept
and structure, followed by the software’s screen organization and purpose, details of menu
functions, and advanced features, and finishing with shortcut keys.

Concept

The engineering staff at Parallax has used many development environments over a period of
more than 20 years. On many occasions we found ourselves thinking things like:

e It sure would be nice if feature “x” were easier to find/invoke.

e Where are my project files and why are there so many of them?

e Can I legally install/recompile/maintain this on another computer, years from now?
e Isn’t there a less expensive solution?

This experience has driven us to renew our determination to create simple, inexpensive tools
for our products.

The Propeller Tool was designed with those ideas in mind to provide many useful functions
while maintaining a simple, consistent development environment that encourages quick and
easy development of Propeller chip firmware objects.

The Propeller Tool software consists of a single executable file, some on-line help files and
Propeller library files, all stored 