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Welcome to KCPSM6

Welcome to the KCPSMS6; the PicoBlaze optimised for use in Spartan-6, Virtex-6 and 7-Series devices. PicoBlaze has been very popular for more than 10
years and it continues to be used and adopted by thousands of engineers around the world. So either you are new to PicoBlaze or one of its existing users....

I’m new to PicoBlaze....

Why use KCPSM67?

KCPSMS6 is a soft macro which defines an 8-bit micro controller which can be
included one or more times in any Spartan-6, Virtex-6, 7-Series, Zynq or
UltraScale design. Probably its greatest strengths are that it is 100%
embedded and requires only 26 logic Slices and a Block Memory which
equates to 4.3% of the smallest XC6SLX4 and just 0.11% of the
XC6SLX150T. This combination means that you can decide when and where
to insert KCPSM6 in your design as it develops rather than requiring any pre-
planning. Insertion only requires the most fundamental HDL coding and
design techniques making it a simple task for any competent hardware
engineer and nothing too challenging for a novice. PicoBlaze has been used
in many student projects so just follow the steps and examples and you will
have it working before lunch time.

But why embed a small processor in an FPGA design?

In simple terms, hardware is parallel and processors are sequential. So
converting a small amount of hardware into a processor is often a more
efficient way to implement sequential functions such as state machines
(especially complex ones) or to time-share hardware resources when there
are several slower tasks to be performed. It is also more natural to describe
sequential tasks in software whereas HDL is best at describing parallel
hardware. Don’t worry about this theory; it will just make sense when you
start using KCPSM6 and see for yourself what it can do well (and can’t do).

Please carefully follow pages 6 to 30. It sounds a lot but it is a step by step
guide and it shouldn’t take long to get your first KCPSM®6 running. The rest
of this document is for reference including examples, suggestions and more
advanced techniques which you can look at more later. Most of all, have fun!
Page 5
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I’ve used PicoBlaze before....

What is KCPSM67?

The most important thing is that KCPSM6 will look very familiar to you.
There are some minor changes to the hardware ports associated with
enhancements but it is a drop in replacement for KCPSM3 in most
respects. Likewise, the instruction set has expanded but you should be
able to assemble KCPSM3 code to begin with and have it running in your
first KCPSM6 design before looking at what you can now do better.

KCPSM6 is bigger smaller and better!

The architectural differences between Generation-3 and Generation-6 and
later devices does not make comparison of size obvious, but at only 26
Slices, KCPSM6 really is 25% smaller in real terms. This equates to 4.3%
of the smallest XC6SLX4 and just 0.11% of the XC6SLX150T so how
many will you be putting in your next design? By the way, the current
record stands at 3,602 in an XC7V2000T and it wasn't full ©.

KCPSM6 has quite a few additional features for you to discover but the
principle enhancements are support for programs up to 4K instructions,
an additional bank of 16 registers, dynamic JUMP and CALL, user
defined interrupt vector and constant-optimised output ports.

A special section called ‘Notes for KCPSM3 Users’ is provided starting on
page 102 and you are advised to start with pages 102 and 103 which will
refer you to the relevant sections in the main document. Alternatively,
have a quick look through the following pages (6 to 29) where you should
quickly notice the differences amongst all that seems to be familiar! Of

course you could just dive in and start playing ©
& XILINX.



KCPSM6 Architecture and Features

Please refer to descriptions on
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KCPSM6 Architecture and Features

KCPSMS6 is an 8-bit data processor that can execute a program of up to 4K instructions. All instructions are defined by a single 18-bit instruction and all
instructions execute in 2 clock cycles. The maximum clock frequency is device and design dependant but up to 105MHz can be achieved in a Spartan-6 (-2
speed grade) and up to 238MHz can be achieved in a Kintex-7 (-3 speed grade) device. This means that the execution performance of KCPSM6 can be in the
range 52 to 119 million instructions per second (52 to 119 MIPS) which is many times faster than achieved by small commercial 8-bit processors. Page 72
shows the circuit that was used to evaluate performance and provides figures for more devices and speed grades. Whilst performance is not the most
important reason for using KCPSM6 in a design, it is the ability to operate at the same clock frequency as the hardware it interacts which makes it so
straightforward to embed in your design. The combination of total predictability and relatively high performance also makes KCPSM6 capable of implementing
many functions traditionally considered to be the domain of pure hardware.

KCPSM6 provides 2 banks of 16 general purpose registers which are central to the flow and manipulation of all 8-bit data. In a typical application information
is read from input ports into registers, the contents of the registers are manipulated and interrogated using the Arithmetic Logical Unit (ALU), and the resulting
values contained in the registers are written to the output ports. All operations can be performed using any register (i.e. there are no special purpose
registers) so you have complete freedom to allocate and use registers when writing your programs.

The 16 registers provided in bank ‘A’ (the default bank) are adequate to implement most individual tasks. However, when moving from one task to another
(e.g. when calling a subroutine) or handling larger data sets the scratch pad memory provides 64-bytes (default), 128-byte or 256-bytes of random access
storage. Once again there is complete freedom to transfer information between any register in the active bank and any location of scratch pad memory. A
second completely independent set of 16 registers are provided in bank ‘B’ and are of most value when it is desirable to switch rapidly between tasks that are
generally unrelated. The most compelling example is when servicing an interrupt which is a rather more advanced technique to be covered later!

The ALU implements a comprehensive set of instructions including bitwise logical AND, OR and XOR, arithmetic ADD and SUBtract, a set of shift and rotate
left/right, TEST including parity calculation and COMPARE. All operations are performed using contents of registers and/or constant values contained in the
instruction word. As well as results being returned to registers there are two flags; zero (Z) and carry (C) whose states reflect the outcome of the operation.
These flags can be used to influence the flow of the program execution or to cascade 8-bit operations to implement operations on data of 16, 24, 32-bits or
more.

The program counter is used to fetch each instruction from the program memory. A program always starts at address zero and under normal conditions
executes sequentially with the program counter incrementing every 2 clock cycles. ‘JUMP’ instructions can be used to deviate from this natural flow to
implement loops and branches within the program. These jumps can also be made conditionally based on the states of the flags (e.g. jump if the result was
zero ‘JUMP Z, aaa’) allowing different program execution depending on the circumstances. A fully automatic program counter stack enables the nesting of up
to 30 subroutines (including an interrupt service routine) to be performed in response to conditional and unconditional CALL and RETURN instructions.

KCPSM6 can be reset, supports one mask-able interrupt with acknowledge, and a ‘sleep’ control can be used to suspend program execution for any period of
time to save power, wait under hardware control (e.g. Handshaking) or to enforce slower execution rate relative to the clock frequency.
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KCPSM6 Components and Connections

To insert KCPSMB6 into a design there are only two files defining two components. Not surprisingly ‘kcpsm6’ defines the actual processor and its ports. It also
has three generic values but they have been assigned default values which can be used until you have any reason to change them. The second component
defines the memory that will contain your program once it has been written and assembled. It also has three generic values which do need to be set
appropriately. Please take a moment to familiarise yourself with the components and the general arrangement for the connection of the program memory to
the processor. The following pages will show you the details of how to insert this in your HDL design.

KCPSM6 supports programs up to 4K
instructions the address is 12-bits. To
keep your design as simple as possible
kcpsmé your_program and to maintain flexibility the full 12-bit
70l | . ctruction bram enable cnable instruction address is always connected even
- . when the program size is smaller.
address 1o address rdl
__________________________________ The ‘bram_enable’ signal is used to
[7:0] 0] - —1> clk achieve the lowest power consumption.
= in port Oout port | C_FAMILY => "S6"
C RAM SIZE KWORDS => 1 The program memory has the option to
write strobe [—— C_JTAG_LOADER ENABLE => 1 include the JTAG Loader utility which
facilitates rapid development of your
read_strobe ——  r Copnections to input KCPSM6 program. ‘rdl’ is a ‘reset
k write strobe |L—— and output ports during load’ signal associated with the
- - 7:0] loader and needs to be connected to
pOTt id i the reset on the processor.
—— tnterrupt interrupt_ack |— Hint — If you want to include your own reset
_ |sieep control in your design then OR it with the ‘rdl’
L Connection of signal. However it is recommended that you only
reset control signals do this once you are familiar with KCPSM6 and
have your first design working.
—> clk
- kcpsm6_reset <= cpu_rst or rdl;
hwbuild => X"00"
interrupt_vector => X"3FF"
scratch pad memory size => 64
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Inserting KCPSMG6 into Your Design

Please note that the Verilog equivalent of each file is also provided.

KCPSME6 is included in your design in exactly the same way as any hardware component. This document is not intended to teach you HDL coding or how to
use the Xilinx ISE tools to implement a complete Spartan-6, Virtex-6 or 7-Series design but it will remind you of the steps that need to be taken and provide
you with everything you need that is specific to KCPSM6.

Inserting the actual KCPSM6 component into your design is easy especially if you adopt the recommended signal names as shown below.

Hint — This is not supposed to be an exercise in typing so the file called ‘kcpsm6_design_template.vhd’ is provided and contains all these pieces of code
for you to simply copy and paste into the appropriate places in your own design.

component kcpsmé
generic (

port ( address

instruction :
bram enable :
in port :

out port :

port id :
write strobe :
k write strobe :
read_strobe :
interrupt :
interrupt_ack :
sleep :

reset :

clk :

end component;

hwbuild :

interrupt vector :
scratch pad memory size :
: out std logic vector (1l downto 0);

= X"00";
:= X"3FF";

std logic vector (7 downto 0)
std logic vector (11l downto 0)
integer := 64);

in std logic vector (17 downto 0);
out std logic;

in std _logic_vector (7 downto 0);
out std logic vector (7 downto 0);
out std logic vector (7 downto 0)
out std logic;

out std logic;

out std logic;

in std_logic;

out std logic;

in std_logic;

in std_logic;

in std _logic);

’

In order that you can instantiate KCPSM®6 in the design section of your design file
(shown on the next page) it is necessary to define the signals to connect to each of the
ports. The recommended signal names are shown here and can also be pasted into
your design file (after ‘architecture’ and before ‘begin’ in VHDL). Of course you can
modify the signal names if you wish and you would need to if you had more than one
KCPSM6 instance in the same design file but neither is recommended until you have

more experience.

Page 9
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Paste the KCPSM6 component declaration into the
appropriate section of your design file (i.e. after ‘architecture’
and before ‘begin’ in VHDL).

The generics can be left with the default values as shown as
it is the component instantiation that will actually define them.

signal address std logic vector (1l downto 0);
signal instruction : std logic vector (17 downto 0);
signal bram enable : std logic;
signal in port : std logic vector (7 downto 0);
signal out port : std logic vector (7 downto 0);
Signal port id : std logic vector (7 downto 0);
Signal write strobe : std logic;
Signal k write strobe : std logic;
Signal read strobe : std logic;
Signal interrupt : std logic;
Signal interrupt ack : std logic;
Signal kcpsm6_sleep : std logic;
Signal kcpsm6 reset : std logic;

& XILINX.



Inserting KCPSMG6 into Your Design

Please note that the Verilog equivalent of each file is also provided.

Paste the instantiation of KCPSM6 into your design. If this is your first design then there is very little to do except copy and paste from the reference file and
specify your clock. Even advanced users will only have minor adjustments to make but they are covered later in this document (page 101).

processor: kcpsmé6 . . .
generic map ( hwbuild => x"00", 7 The values assigned to the three generics can remain set to the default values as shown.

interrupt vector => X"3FE", - Their purpose is described in detail later in this document and they only need to be

scratch_pad memory_size => 64) changed if and when you want to use the features they are associated with.
port map ( address => address,

instruction => instruction,
bram enable => bram_enable,
port id => port id,
write strobe => write strobe,
k write strobe => k write strobe, i X .
- out port => out port, | If you used the default signal names then nothing needs to be modified.
read_strobe => read strobe, Otherwise connect the signals you have defined to these ports.
in _port => in port,
interrupt => interrupt,
interrupt ack => interrupt_ ack,
sleep => kcpsm6_sleep,
reset =>_kcpsmé6 reset, -

ells = )i <+—— You will need to specify the clock signal that is available in your design. As a guide anything
up to 105MHz in a Spartan-6 (-2) and up to 240MHz in Virtex-6 or 7-Series (-3) is suitable
and as with all general clocks it should be distributed via a clock buffer (typically inserted
automatically by the synthesis tools).

kcpsm6 _sleep <= '0'; If this is your first KCPSM6 design or you have no intention of using
interrupt <= '0'; interrupts or the sleep function then these signals should be tied to ‘0’.

Alternatively these KCPSM6 inputs can be tied directly to ‘0’ in the port map. This
avoids the requirement for these signals to be defined but if you decide to make
interrupt => ‘07, use of either of these features as your design develops it will just result in more
modifications so it is not the recommended technique.

sleep => ‘0',
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Program Memory

KCPSM6 Programs are stored in Block Memory (BRAM). The number of BRAMSs required depends on the target device as well as the size of the program.
Due to the flexibility of BRAM and FPGA devices it would be possible to implement a memory of any size up to the maximum of 4K instructions supported by
KCPSM6. However the most natural and commonly used program sizes are shown in the table below showing how many BRAMs are required.

Programs Size
(instructions)

Spartan-6

Vitex-6, Artix-7,
Kintex-7, Virtex-7

0.125K / 0.25K

O 9/ 18 Slices

O 9/ 18 Slices

O 1 BRAM

1K @ 1BRAM
oK O 28raws @ 1BRAM
4K O 4BrRAMs O 28ram

O Whilst a 4K memory is supported in a Spartan-6 is not such a
natural fit and will result in a lower maximum clock frequency
(i.e. Be aware of this when operating closer to device limits).

Due to the errata described in EN148 there are no plans to support a 0.5K
memory using a 9K BRAM in Spartan-6.

ROM_form.vhd
ROM_form.v
(Template)

Page 11

your_program.psm

KCPSM6
Assembler

your_program.vhd
your_program.v
(Used in design)

—

‘ The 36k-bit BRAMSs found in Virtex-6 and 7-Series devices are naturally
suited to programs of up to 2K instructions whereas the 18k-bit BRAMs of
Spartan-6 are best suited to programs of 1K instructions. These are
therefore the recommended sizes when initially setting up KCPSM6.

O These sizes are also supported by the files provided and fit well in the
devices when required.

Hint — A program of up to 128 or 256 instructions can be implemented in just
9 or 18 Slices and this can be a useful technique when there is a high
demand for block memory within a design (see page 47 for details). Even
with such small programs, KCPSM6 can implement a complex state machine
in ~40 Slices. However, it is strongly recommended that a program is always
developed using block memory first using JTAG Loader to help you.

Program Memory Definition

To be completely compatible with the normal hardware design flow the program
memory is defined by a standard HDL file which you include in your design in the same
way as any other component (see next page). This file is generated by the KCPSM6
assembler and you will see how to do that later but the basic principle is as follows....

The KCPSM6 assembler reads and assembles your program (PSM file) into the
instruction codes. It then reads an HDL template file called ‘ROM_form.vhd’ (or
ROM_form.v) into which it inserts your assembled program and writes out the HDL file
defining the program memory containing your program for use in your design.

& XILINX.
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Inserting a Program Memory into Your Design

Please note that the Verilog equivalent of each file is also provided.

During the development phase of your hardware design and KCPSM6 program it is highly recommended that you use the default ‘ROM_form’ template with
the assembler such that the KCPSM6 assembler will generate a program definition file exactly as shown below. In this way you don’t need to worry that you
haven’t written a program or run the assembler yet because we know the format of the program definition file that will be generated in advance and we can
control everything by setting the generic values as shown below.

Hint — This is not supposed to be an exercise in typing so the file called ‘kcpsm6_design_template.vhd’ is provided and contains all these pieces of code
for you to simply copy and paste into the appropriate places in your own design.

q _ Paste the program memory component declaration into the appropriate section of
componentl your program . . . ‘ . , ‘ P
generic_c_FAMILY . string := "S6"; your design file (i.e. after ‘architecture’ and before ‘begin’ in VHDL).
C RAM SIZE KWORDS : integer := 1;
C JTAG LOADER ENABLE : integer := 0); You must modify the name of the component so that you assign a unique name that
Port ( address : in std logic vector (11 downto 0); will correspond with your KCPSM6 program.
instruction : out std logic vector (17 downto 0);
enable : in std logic; i i i

rdl : out std logic; The generics can be left with the default values as shown but you could modify them

clk : in std logic); if you would prefer (e.g. if you are using a Virtex-6 it probably makes sense and looks
end component; better in your design if you change the default ‘C_FAMILY’ value to “V6”).

Paste the instantiation of the program memory into your design. It normally makes sense to instantiate the program memory immediately after the
instantiation of the KCPSM6 processor that it is attached to. Once again you must modify the name of the instantiated component to correspond with the
name of your KCPSM6 program. Unless you wish to change the instance name (‘program_rom’ is used below) it can remain the same unless you are
instantiating another program memory in the same design file.

. At this point the appropriate values must be assigned to each of the three generics. For a
program rom:j§ your program . . , “ ” . K
gomeELe ne C_FAMILY => "S6", }/ Spartan-6 design set ‘C_FAMILY’ to “S6” and it is recommended that you start with a program

C RAM SIZE KWORDS => 1,
C JTAG LOADER ENABLE => 1)

size of 1K by setting ‘C_RAM_SIZE KWORDS’ to ‘1’ as shown in this example.

port map ( address => address, For a Virtex-6 or 7-Series designs set generic map( C FAMILY => "75",
instruction => instruction, “V6” or “7S” and it is recommended that If}) C_RAM SIZE_KWORDS => 2,
enable => bram_enable, you start with a program size of 2K. C_JTAG_LORDER ENABLE => 1)
rdl => kcpsmé6_reset,
cli = ety Start by setting the ‘C_JTAG_LOADER_ENABLE’ generic to ‘1’ as this will automatically
/ include the JTAG Loader circuitry that will help you to rapidly develop your program.
Connect the appropriate signals to the ports. If you Note that if you do have multiple KCPSM6 program memories in your design only one should
used the default signal names then nothing needs to have this generic set at a time.

be modified.
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Starting ‘your_program.psm’

Any KCPSM6 based design faces a ‘chicken and egg’ situation because you are defining both the hardware in your HDL design and writing a the software
program for the processor to execute. Once you are familiar with using KCPSM6 you will resolve this naturally but if this is your first time using any PicoBlaze
then please just follow the flow being described in these pages and it will all fit together.

So far you have inserted the program memory and connected it in your HDL design. You have assigned that component a name to correspond with your
program (this document has shown that name to be ‘your_program’) but as yet you do not have a program. More significantly you do not have the
corresponding HDL file that the assembler generates. To resolve this situation the next step is to start your KCPSM6 program and run the assembler for the
first time. At this stage the program only needs to act as a place keeper so you don't need to actually write a real program yet ; it only has to be a file to
present to the KCPSM6 assembler.

Making a PSM file

Document - WordPad - 10| x|
File_ Edit Wiew Insert Format Help A program for KCPSM6 is written as a

standard text file and then saved with the
.psm’ file extension. As such you are free to

: - =0 =] == == use whatever text editor you prefer and
IEDUHHNEW J |1I:| J IM B |f| u |“@| I_ I | = WordPad supplied as an Accessory in
g-|-1-|-2-|-3-|-4-|-5-|-5-.-;1'-.-5-.-9 T 120 130 T4 1Bk 16 Windows is more that adequate as shown in
: : : : : : : : this example.
H grcuur_prcugra.m.psm
: File -> Save As._. If this is your first experience of using
; This is the start of 'your program' for KCP3NG PicoBlaze then start your first program by
H : L copying this example (that does nothing!) as
start: JUMF start File name: I_I,u:-ur_prl:ngram.psm j S I it will be adequate at this stage.
Save az lupe: ITE:-:t Documet — j Cancel | Then save your program in your working
directory as plain text with the ‘.psm’
[ Save in this format by default /| extension. Check that it really in in your
working directory with the correct name (e.g.
IMPORTANT - Your chosen filename should not contain spaces ‘your_program.psm’ and not something like
‘your_program.psm.txt’) and to be sure
Far Help, press F1 [ M 2| reopen the file in your text editor and check

that it still looks Ok.
Hint — A semicolon (;) is used to start a comment so feel free to write whatever you like in your PSM program.
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Running the Assembler for the First Time

If using ISE v13.x or later then continue reading and having fun but if you are still using ISEv12.x please check READ_ME_FIRST.txt to prepare.

The easiest way to use the KCPSM6 assembler is in interactive mode within your working Mame = | Size | Type | Date Modified

directory. In order to be able to do this, copy ‘kcpsm6.exe’ and the default ‘ROM_form.vhd’ my.;.._,rjmgram,psm 1KE PSMFile 23/00/2010 12:24

(or .v) file from the ZIP file into the working directory containing ‘your_program.psm’. Skepsme, exe 133 KB Application 17/09/2010 13:41
|ﬂ ROM_Farm.vhd 95 KE  VWHD File 17)09/2010 11:51

4# kcpsmb.exe

KCP3M6 Assembler w2 .46
Ken Chapman - Xilinx Ltd - 18th February 2813

Enter name of PSHM file: your_program.psm

Reading top level PSH file...
C:\DatavchapmanyPicoBlaze Designsiyour_program.psm

A total of 28 lines of PSH code have been read

Checking line labels
Checking COHSTANT directives
Checking STRING directives
Checking TABLE directives
Checking instructions

Writing formatted PSH file...
C:\DatavchapmaniPicoBlaze_ Designsiyour_program.fmt

Expanding text strings
Expanding tables
Resolving addresses and Assembling Instructions
Last occupied address: 884 hex
Mominal program memory size: 1K (1824) address{92:-8)
Occupied memory locations: &
Assembly completed successfully

Writing LOG file...

C:\DatavchapmaniPicoBlaze_ Designsiyour_program.log
Writing HEX file...

C:\Data\chapman\PicoBlaze Designsiyour_program.hex
Writing UHDL file...

C:\DatavchapmanyPicoBlaze_ Designsiyour_program.vhd

KCPSH6 Options.....
R - Repeat assembly with ‘your_program.psm’
H - Assemble new file.
0 - Quit

Page 14

Hint — Copy ‘kcpsm6.vhd’ into your working directory at the same time.

Double click on ‘kcpsm6.exe’ to launch the assembler which will open the KCPSM6 window.

You will be prompted to ‘Enter name of PSM file:’ so type in the name you have
given for your program. You can include the ‘.psm’ file extension if you like typing!

The assembly of any simple program is very fast and unless you made a mistake
L (which it would tell you about) the assembly will be successful.

Mame = | Sizel Type | Drake Modified

m wOUF_progrart, psm 1KE P3MFile 23/09/2010 12:24

< kopsmi, exe 138 KB  Application 17092010 13:41

4] ROM_Farm.vhd 95 KE  WHD File 17/0912010 11:51
J m wour_pragram. ik 1KE FMT File 2aM09f2010 13:34

|:_‘f] wour_pragram, hesx Z8KE HEX File 23M09f2010 13:34
) E] walr_pragram. lag 1KE TexkDocumenk 2370902010 13:34

m wour_pragram, vhd 127 KB WHD File 23/09/2010 13:34

Then most important of all, the assembler generates the ‘your_program.vhd’ (or .v)
definition of the program memory ready for you to include in your ISE project. The
assembler has also generated ‘.fmt’, ‘hex’ and ‘.log’ files which we can look at more later.

You are presented with some simple options but in a while you will modify ‘your_program.psm’
and it will be easier to leave the assembler window open and then choose ‘R’...
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Adding the Source Files to Your ISE Project

KCPSM6 can also be used in a Vivado project but the images below are for ISE Project Navigator.

As previously stated this document is not intended to teach you how to use ISE but simply to remind you of the steps required. At this point you can add the
‘kcpsm6.vhd’ and ‘your_program.vhd’ files (or their verilog equivalents) to your ISE project.

view: & {0} Implementation ¢ [ Simulation Assuming your design file is already in your ISE project and you have saved that
Hierarchey | files since including the KCPSM6 and program memory components then the

1] kepsmé_drigmorna ’Hierarch_y’ view shoulq show_the processor and program ROM but with ‘?’ indicating
B £ wchshel6-2esg324 that no files are associated with them.

=8 ﬂﬁﬂ ikepsmie_drigriornd - Behavioral (kepsmé_drigrornd . whd)
processor - kepsié () Hint — In these screen shots of ISE the KCPSM6
program_rom - drigmorn3_conkrol (3

rogram was called ‘drigmorn3_control’
E kcpamé_drigrarn3. uck prog g _

SO SISO RENCEICIIINEIRERALE.  Make sure you have the ‘kcpsm6.vhd’ and ‘your_program.vhd'’ files to your working directory, then use
i File Edit Wiew | Project Source Process Tools Window Layout  Help ‘ . y . .
102 8 & |G vewsowes 17~ 8§ the ‘Project -> Add Source...’ option to locate and add them to your project.
(' e & & " o
Design Add Source...
E Yiew: (% @ Ine % Add Copy of Source...
&l “_'e“"'“’ New YHDL Library. . This should complete the hierarchy (no “?” symbols) of your
Ell L a ressit Manual Compie Order ISE project. The program memory includes the definition of
o I t Cuskam < il File List... : e i vyt
dh| ©ldgy TR CEOREIRIETE e gnoma.ihd) the JTAG Loader utility (even if it is not actually enabled the
=l b Ry Rapils definition will be present) .
— Force Hierarchy Reparse
B Adding Source Files... x|
i efobomma o o the o of e s s by skt e pro, nd View: & {8 Implementation ¢~ ff] Smulation
Look i [ ket _stigmern X ~Emeim the praect. — — — Hlerarchy
amsgs test_benchu [y = [evor - =] kcpsmé_drigmorn3
gor\f\?gure,kctpsnﬁ,dr\gmoma,xdb e ; gzcr:;m;n:imtmwhd ::: - wor: B E} 5 xchstlEu Fraqizd
EZE:::S@WF \ - ikepsmé_drigmorn3 - Behavioral (kepsmé_drigmorn3, «hd)
ot 0 3

: processor - kepsmé - love_level_definition (kepsmé, vhd)
Association: ALL = m program_tom - drigmorn3_control - low_lesel _definition {drigrmorn3_...
=S . ]tag loader_6_inst - jtag_loader_6 - Behavioral (drigmorn3_con..
E Inst_bscan_logic - bscan_logic - low_level_definition (drlgm
m Inst_jtag_shifter - jtag_shifter - Behavioral (drigrorn3_caon..
m Inst_control_reqgisters - control_reqgisters - Behaviaral (drlg

My Documents

| = kepsmé_drigmarna.nge
| #) kepsmé_drigmornia.uc
| #)kepsmé_drigmarni3. vhd

] kepsmé_drigmarn3_pad.kxt

Fie pame: [ccpsmtshd “digmorm_eomrlvbd” 7] Do | addna s toprosect |NNANNNANENENENENNERERENEN 2o 2 s 0 v B kl:psm6 _drigmorn3, uck
Files of type: 5 "t *.vhd " vhd) "+ "h ".vh "s00 50 ¥ Ceresl
iles of tupe: [ Sources( "t = vhd * vhdl v " "vh "m0 "5 7| ancel ) 'TI caneal | = |

4
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Programmable? Design — Adding I/O Ports

Your design now includes KCPSM6 and its associated program memory but as yet it is not connected to anything else. This is the point at which every design
is going to be different depending on the application. However, in all cases the primary interface between KCPSM6 and the rest of your design is made using
input and output ports. Whether you need a few or many, the method is the same.

Programmable? Design

The key advantage of a Field Programmable Gate Array (FPGA) is that you can define, program, modify and re-program your hardware. As such it makes a
lot of sense to develop a design in stages. Start with something simple, perform experiments and tests to get it working and then expanding the design as you
gain confidence. This is of particular value when bringing unproven hardware to life for the first time where simple designs whose only purpose is to prove that
the board and pin connections are correct often prove to be invaluable. In contrast, the person or team that develop their entire complex design using
simulation tools then often spend months trying to debug simple hardware issues.

Including KCPSM6 in your design means that you now have the benefit of software programmability embedded within your hardware. However, that degree of
flexibility is only truly beneficial if the interface between software in the KCPSM6 processor and the hardware is correct to begin with. So once again the key
to success is to start simple and build up. As you will see, it takes less than 10 seconds to modify a KCPSM program and have it executing within your design
so simple experiments to prove functionality become so natural that you soon forget that you are exploiting programmable? every day.

Whatever Your Design — Start Simple!

Unless you are an experienced PicoBlaze designer or starting with a known good platform and reference it is always best to start with something simple and
then to expand. The following pages will take you through one simple case study that connects KCPSM6 to the switches, press buttons and LEDs on the
Virtex-6 FPGA Evaluation Kit. Whatever the hardware you have access to, try to start with something at least as simple as this.

The ML605 board has a row
of 8 DIP switches and a row of
8 general purpose LEDs.
Although adjacent on the
board there is no direct
connection between them but
they all connect to pins on the
Virtex-6 device.

L

In a similar way there
are 5 ‘direction’ push

buttons with adjacent
LEDs.

XC6VLX240T

& XILINX.
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Output Ports

KCPSM6 can output 8-bit values to up to 256 general purpose output ports using its ‘OUTPUT sX, pp’ and ‘OUTPUT sX, (sY)' instructions. A complete
description is provided in the reference section later in this document but here we can see this put into practice so that KCPSM6 can control the 8 general
purpose LEDs and 5 ‘direction’ LEDs on the ML605 board.

When KCPSM6 executes an ‘OUTPUT instruction it sets ‘port_id’ to specify which of 256 ports it wants to
Please see next page for the write the 8-bit data value present on ‘out_port’. A single clock cycle enable pulse is generated on
corresponding VHDL and PSM ‘write_strobe’ and your hardware must use ‘write_strobe’ to qualify the decodes of ‘port_id’ to ensure
that only the correct register (or peripheral) captures the ‘out_port’ value.

kcpsmé6 (port connections only)

[7 0] __________________________________ [4] Ied_c
: out_port[7:0
= in port out port _portr:0l JEI led_w
n 2
. write_strobe T L__ 121 | led_s
write strobe PORT 02 1] led o
read strobe |—— CE U led_n
- [7:0]
k_write_strobe — p— D —
port_id[7:0] —
port id
__________________________________ —[7] led<7>
61 led<6>
P ctE BB led<5>
G led<4>
181 | led<3>
2 led<2>
PORT 01 [1] led<1>
[0]
The output ports should be - CE —— > led<0>
connected to the same LD [7:0]
clock as KCPSM6
i @
(synchronous design).
clk
@
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Output Ports.... VHDL and PSM

VHDL corresponding with circuit diagram of output ports shown on the previous page.

output ports: process(clk)

begin Output ports should be synchronous with the same clock used by KCPSM6.
if clk'event and clk = '1' then Writes to general purpose output ports must be qualified with ‘write_strobe’.

if write strobe = 'l' then

-—- 8 General purpose LEDs at port address 01 hex

if port id(0) = '1' then Decode the ‘port_id’ to enable only the appropriate port to be written.

led <= out port;
end if;

-- Direction LEDs at port ad ss 02 hex
if port id(1l) = '1' then
led n <= out port
led e <= out port

The majority of PicoBlaze designs use far less than the 256 output ports
available so it is best practice to allocate ports such that the decoding logic
can be minimised (smaller and faster) as shown here. For full -8-bit

decoding the equivalent code would be.... i pert 56 = IO ihen

(0
led s <= out port g; ! !(C'P.SMG a!ways pres.ents an 8-bit value on ‘out_port’ bgt you can assign
= = ’ individual bits as required and use only the number of bits you need.
led w <= out port(3);
led ¢ <= out port (4);
end if;
PSM corresponding with circuit diagram and VHDL
end if;
end if; ; 8 General Purpose LEDs

end process output ports;

As you assign your output ports in your hardware design take the opportunity to define
constants in ‘your_program.psm’. The assembler has a CONSTANT directive which
enables you to define a unique name (case sensitive no spaces) and assign it a value.
You can study more details about assembler syntax later but hopefully just seeing this
example makes it fairly obvious.

Hint — Although CONSTANT directives are optional they make programs much
easier to write, modify, understand, maintain and re-use in comparison to always
specifying absolute port addresses in ‘OUTPUT’ instructions.

Page 18 © Copyright 2010-2014 Xilinx

CONSTANT LED port, 01

; 5 Direction LEDs

CONSTANT Direction LED port,
; Bit assignements for each
CONSTANT North, 00000001'b
CONSTANT East, 00000010'b
CONSTANT South, 00000100'b
CONSTANT West, 00001000'b
CONSTANT Centre, 00010000'b

02
LED/button

; North - bitO
g East - bitl
;  South - bit2
8 West - bit3
; Centre - bit4

& XILINX.



Input Ports

KCPSM6 can read 8-bit values from up to 256 general purpose input ports using its ‘INPUT sX, pp’ and INPUT sX, (sY) instructions. A complete description
is provided in the reference section later in this document but here we can see this put into practice so that KCPSM6 can read the 8 DIP switches and 5
‘direction’ push buttons on the ML605 board.

When KCPSM6 executes an ‘INPUT instruction it sets ‘port_id’ to specify which of 256 ports it wants
to read from and it is the task of the hardware circuit to present that 8-bit data to the ‘in_port’. A
simple multiplexer can be used to achieve this. It is best practice to pipeline the output of the
multiplexer and to only use the appropriate number of bits of ‘port_id’ to facilitate the number of input

Please see next page for the
corresponding VHDL and PSM

” ports actually required.

bUtton—C . . . . . . . . .

button w Hint — Failure to pipeline the input multiplexer and fully decoding ‘port_id’ when only a few input ports

button_s are actually used are the most common reasons for a PicoBlaze design not meeting performance.

button_e kcpsmé6 (port connections only)

button_n

PORT 01 . TTTTTTTTITITTTTTmTTTTmTmTmTTTTT
in_port[7:0]
D in port out port  |jem
PORT 00 1 :
dip_switch<7> 0] write strobe |—
read_strobe — L
dip_switch<6> read strobe —
dip_switch<5>
di itch<d> k write strobe
ip_switc - - .
- port_id[7:0]

dip_switch<3> port id
dip_switch<2> | >»—~=4¢ ¢ | e
dip_switch<1> clk ® ik
dip_switch<0>

Hint - The ‘read_strobe’ is also pulsed High when KCPSM6 executes an ‘INPUT’ instruction but this does not need to be used to qualify the multiplexer
selection. This strobe would be used in situations where the circuit being read needs to know when data has been captured. The most obvious example
is reading data from a FIFO so that it can discard the oldest information and present the information to be read on its output.
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Input Ports.... VHDL and PSM

VHDL corresponding with circuit diagram of input ports shown on the previous page.

input ports: process(clk) . . . L
et X The input port selection multiplexer should be pipelined and synchronous

if clk'event and clk = '1' then ) with KCPSM6 (i.e. use the same clock as connected to KCPSM®).

case port id(0) is =

Limit the number of bits of ‘port_id’ used to those necessary to

. select the number of inputs that you have. For example if you had
5 to 8 input ports then your code would take the general form
shown below....

-- Read 8 DIP switches at port address 00 hex
when '0' => 1in port <= dip switch;

-- Read 5 Push Buttons at port address 01 hex

case port id(2 downto 0) 1is
when 'l' => 1in port(0) <= push n;

when "000" => 1in port <= dip switch;

)
in port(l) <= push e; when "001" => in port <=
in port(2) <= push_s; -
in port(3) <= push w; . . . , .
= = Assign the 8-bit data to ‘in_port’ as required.
in port (4) <= push c; _

when others => in port <= "XXXXXXXX"; -— For smallest and fastest hardware always use ‘don't care’ to cover the
unused cases and bit assignments. Your KCPSM6 program should not
end case; read unused ports and can mask/ignore bits that have no meaning.
end if;
end process input ports;

PSM corresponding with circuit diagram and VHDL

As with the output ports, take the opportunity to define constants in ‘your_program.psm’ ; 8 DIP Switches
corresponding to your allocations of input ports in your hardware design. Hopefully this is all CONSTANT Switch port, 00
beginning to make sense and already beginning to look familiar! ;

; 5 Direction Push Buttons

) ) ] CONSTANT Direction Button port, 01
Hint — The previously defined constants North, South, East, West and Centre can apply to

both the direction LEDs and direction buttons because of the consistent allocation of the
bits within those ports.
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Some First Instructions for ‘your_program.psm’

(o x| As you have been defining the hardware input and output ports connected to
= KCPSM6 you should have been adding the corresponding CONSTANT

Eie Edt Vew Insert Format Help directives to your PSM file. So hopefully it looks something like the file shown
0 |Iﬁ-’-| El ghad ﬁl ¥ ||E\| .;—;.| El here. However, the program still doesn’t actually do anything until we include
some somewhat meaningful instructions.

: ¥Our_ program.psSm

; This is the start of 'your program' for KCPSME Hint — Anything written on a line following a semicolon (;) is a

comment and so you can add any notes that you like.

-

; O General Purpose LEDs h
CONSTANT LED port, 02
. - CONSTANT directives to help identify port assignments and also the
: 5 Direction LED= allocation of bits within a port.
CONSTANT Direction LED port, 04
CONITANT Morth, 00000001'k ; Horth - MitO A Simple Test Program
CONSTANT East, 00000010'b : hitl
CONSTAWNT South, 00000100'k : bitz The key is to start with something simple that will help you to verify your
CONSTANT West, 00001000'kL H West - hit3 hardware, your hardware design and the corresponding port assignments in
CONSTANT Centre, 00010000'b : Cpntre - hitd the PSM file. In this case the program is just going to read the switches and
; output their values to the LEDs. Likewise it will read the direction press buttons
; 8 DIF dwitches and output their values to the corresponding direction LEDs.
CONSTANT 3witch port, 00
: | Each INPUT instruction reads the value from a specified port into one of the
: 5 Direction Push Buttons general purpose registers (registers are named ‘s0’, ‘s1, through to ‘sF’).
CONSTANT Direction Button port, 01 Likewise the OUTPUT instructions write the contents of registers to the
: - specified ports.

start: INPUT =0, Switch port 7 i ) o
OUTPUT =0, LED port So that the program continuously repealts a qUMP mstructlor? is used to ‘loop’
INPUT s1, Direction Button port ~ back to the start of the program. ‘start:’ is a ‘line label’ and this lets the
OUTPUT =1, Direction LED port ] assembler work out the actual program address for you.

JUMF =tart

Hint — If something did not work properly in this example it would be good to try
[ 2 driving the LEDs with a known pattern
(A5 =“10100101") to determine if it was
the input or output path that was incorrect.

For Help, press Fl LOAD s0, A5

OUTPUT s0, LED port
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Assemble ‘your_program.psm’ (again)

## kcpsmG.exe

KCP3M6 Assembler u2 .46
Ken Chapman - ¥ilinx Ltd - 18th February 2813

Enter name of PSHM file: your program.psm

Reading top level PSM file...
C:wDataschapmaniPicoBlaze Designsh\your program.psm

A total of 28 lines of PSM code have been read

Checking line labels
Checking COMSTANT directives
Checking STRING directives
Checking TABLE directives
Checking instructions

File: your_ program.psm
Path: C:\Dataschapman\PicoBlaze_Designs
Line: 24

start: INFUT s8, switch port

ERROR - Invalid second operand: switch port
The second operand of INPUT should define the
target location with one of the following...
The contents of a register e.g. {s4)
Hexadecimal value in the range 88" to FF'
Decimal value in the range 8°d to 255°d

The {case sensitive} name defined in a COMSTAHMT directive

KCPSH6 Options.....
R - Repeat assembly with °your_program.psm®
H - Assemble new file.
0 - Quit
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Each time you modify your PSM file you need to run
the assembler again so that the changes are also
included in the HDL program memory definition file.

Hint — Even though the assembly process is fast it can
become tiresome to keep entering the name of your
program. There are several solutions to this including
the use of batch files but probably the most elegant
technique during code development is to keep the
assembler open (i.e. Do not ‘Q’uit or manually close the
window) and then use the ‘R’ option each time you need
to repeat the assembly process with the same file.

If you should make any mistakes in your PSM

program then the assembler will identify the PSM file
and the line in that file that it can not resolve and make
suggestions for you to be able to rectify the issue.

In this example my mistake was using a lower case ‘s’

in ‘switch_port’ when the constant directive had
specified it to be ‘Switch_port’.

Use ‘R’ once you have made any changes

or corrections to your PSM file.
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The Formatted PSM File (.fmt)

Use of the FMT file is completely optional but even this small example illustrates that the KCPSM6 assembler can help your code look tidy and professional.
Over time you will discover that the assembler is very tolerant of the way that you space items on a line and the use of upper and lower case characters when
entering instructions and directives. This enables you to write code quickly but this will also tend to make your code look untidy and difficult to maintain. So
from time to time it is recommended that you discard your original PSM file and simply rename the *.fmt’ file to make it your new tidy ‘.psm’ file.

your_program.psm your_program.fmt
; your program.psm ; your program.psm
; This is the start of 'your program' for KCPSM6 ; This is the start of 'your program' for KCPSM6
; 8 General Purpose LEDs ; 8 General Purpose LEDs
CONSTANT LED port, 01 CONSTANT LED port, 01
; 5 Direction LEDs ; 5 Direction LEDs
CONSTANT Direction LED port, 02 CONSTANT Direction LED port, 02
CONSTANT North, 00000001’b; North - bitO CONSTANT North, 00000001’b ; North - bit0
CONSTANT East, 00000010'b; East - bitl CONSTANT East, 00000010’'b 8 East - bitl
CONSTANT South, 00000100’b; South - bit2 CONSTANT South, 00000100’b ;  South - bit2
CONSTANT West, 00001000’b; West - bit3 KCPSM6 CONSTANT West, 00001000’b ;  West - bit3
CONSTANT Centre, 00010000’b; Centre - bit4d CONSTANT Centre, 00010000'b ; Centre - bit4
; 8 DIP Switches ; 8 DIP Switches
CONSTANT Switch port, 00 CONSTANT Switch port, 00
; 5 Direction Push Buttons ; 5 Direction Push Buttons
CONSTANT Direction Button port, 01 CONSTANT Direction Button port, 01
start: INPUT s0, Switch port start: INPUT sO, Switch port
OUTPUT s0, LED port OUTPUT s0, LED port
input sl,Direction Button port INPUT sl, Direction Button port
OUTPUT sl, Direction LED port OUTPUT sl1, Direction LED port
Jump start JUMP start

. . . Ccopy your program.psm previous_ your program.psm
Hint — A typical batch file that makes a back up of the del your program.psm

PSM file before replacing it with the FMT file. copy your program.fmt your program.psm

& XILINX.
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Ready to Download

You have done everything there is to do!...
You have put KCPSM6 into your HDL design and included the ‘kcpsm®6.vhd’ file in your ISE project.
You have connected a program memory to KCPSM6 setting the generics to define the target device, memory size and enable JTAG Loader utility.
You have started a simple PSM program, assembled it and included the program memory definition file ‘your_program.vhd’ file in your ISE project.
You defined some output ports connected to the ‘port_id’, ‘out_port’ and ‘write_strobe’ signals.
You defined some input ports connected to the ‘port_id’ and ‘in_port’ signals.
You have added CONSTANT directives to your PSM to give the ports meaningful names and define their addresses.
You have written the most simple test program and run the assembler again to make sure that file ‘your_program.vhd’ contains that program.

So as long as you have everything else ready in your design (e.g. UCF file defining pins and timing
specifications etc) you should be able to synthesize, Map, Place & Route your design and generate
the configuration programming file (.bit).

Processes: kepsme_mlG0S - Behavioral

. Deslgn summaryReports

-- Design Utilities
[+ User Conskraints Note - When using XST in ISE v12.x or v13.x the warning shown below will be generated
- B2 1\ Synthesize - ¥ST associated with ‘kcpsm6.vhd’. Unfortunately this is an erroneous message and should not occur
- 82 1 Implement Design when using v14.x or later. This warning can be safely ignored but any others associated with

- 82 1Y Translate KCPSMS6 in your design should be given further consideration.

BP0 Map ) . ) . .

- () Place & Raute WARNING:Xst:647 - Input <instruction<0:11>> is never used. This port will be
E]é Generate Programming File preserved and left unconnected if it belongs to a top-level block or it belongs

: - to a sub-block and the hierarchy of this sub-block is preserved.
= '@ Configure Target Device

b Generakte Targek PROM{ACE File
Manage Configuration Project (MPACT)
{3 Analyze Design Using ChipScope

Hint — The warning message shown below is quite common especially in simple KCPSM6
designs. It is a genuine warning message but can be safely ignored because it relates to the fact
that ‘read_strobe’ does not need to be used when implementing INPUT ports (see ‘INPUT ports’

- : in this example). . -
e ple) WARNING:NgdBuild:443 - SFF primitive 'processor/read_strobe_flop'
] i Tareed has unconnected output pin
TDI— 3 S i
.|
Prograr Then connect your download cable, open iIMPACT and program the device.
“CCacE weE A0 Access eFUSE Registers 3 Does your simple test design work? My switches and LEDs do ©
b i i . . . .
DO ypess hepstaf_tlS05 bit et bevice 1D Note — Next we are going to exploit the JTAG chain in order to modify the

Gzt Levies Siomeliue Lesyzac e KCPSM6 program so make a quick note of which devices are in your chain

1 1 and which device ‘your_program’ is located in. In this example it is device ‘1°.
Device 0 Device 1 Hint — The first device in any chain is device ‘0’ (not ‘1°).
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JTAG Loader

Requires ISE v12.x or later

Running your design through the ISE tools and configuring the device didn’t take long compared with procuring an ASIC (and it certainly didn’t cost as much),
but even so, it would become a huge waste of time if you had to do that every time you modified your KCPSM6 program and wanted to try it out. For this
reason the JTAG Loader utility exists to enable you to download a new program directly into the program memory inside the Spartan-6, Virtex-6 or 7-Series
device whilst it remains configured and active with your design.

You will see that with JTAG Loader it is possible to modify your program and then have it running in KCPSM6 in under 10 seconds. With this rapid facility it is
possible to develop your programs iteratively taking many small steps and trying out each as you go. Including temporary code to perform and experiment or
help debug your program or test something else in your system becomes quick and easy.

Preparing to use JTAG Loader )| PrEegEEnL_mens Bfour_Program S ce The program memory should be generated by the
generic map - => "S6", . ‘ ’
it you are following this worked example then C_RAM_STZE KWORDS —> 1, asser_nbler u‘smg the default ‘ROM_form’ template (also’
) €Xa : C JTAG LOADER ENABLE —> 1) 4=  Supplied as ‘ROM_form_JTAGLoader_14March13.vhd’)

you have already done the main things but if port map ( address => address, and the ‘C_JTAG_LOADER_ENABLE’ generic value
you are only looking at this section for the first instruction => instruction, must be set to “1”. If you have multiple KCPSMS6 in your
time then you do need to prepare the program enable => bram enable, i

Y dos. p rﬁ) o prog rdl => kepsmé_reset, design then make sure that you only e_nable JTAG
memory in your design as shown here. clk => clk); Loader on one program memory at a time.

2 Generate the configuration BIT file for your design and configure the target device using iIMPACT and JTAG.

Hint — Boards like the SP605 and ML605 have the circuits of the ‘Platform Cable USB’ built on to them and boards like ATLYS, KC705 and VC707 have
the equivalent Digilent circuit on them. It is best if you only have the equivalent of one download cable connected to your PC at a time.

L= JrEuuy WinPcap ko

3  Copy the 'JTAG Loader executable corresponding with your e RPN ) (gl iin< 15E Design Suite 12.2 s
operating system from the ZIP file into your working directory. e 2] Microsoft Office Commuricator 2007 R2 ChipScope Pra— + |G
. ) . . @ et ";-3 Windows Search Documentation  * z IManage ¥ilinx Licenses
4 Open a Command Prompt (I'e' DOS WIndOW) and naVIgate to oLens POFCreator r ISE Design Tools  » @ Software Download Center
your Worklng d|reCt0ry. 2, @ Windows Media Playver Planhead 3 8 Urinstall
ﬂ Solar Py _ "
BEC BASIC for Windows ¥, #Info System Checker
IMPORTANT -The Command Prompt must know the location of your Sipix
Xilinx ISE installation so both ‘Path’ and ‘XILINX' environment variable HP

Sunny Data
All Pragrams Juriper Networks

- v vy v -

must be defined. There are three ways in which you can achieve this:-
- Permanently define ‘Path’ and ‘XILINX’ in your your system
environment; please see the ‘Requirements’ section of Log Off @]Shut Down

‘READ_ME_FlRSTtXt’ for details. |ﬂ;’5tart J @ é I @ o & (| [ J (> Direct_... | @OFFice | |33 kepsmé I i@ Microso...l (@kcpsmﬁ...l
- Use the ISE Design Suite Command Prompt (see right).

- Run the ‘settings32.bat’ or ‘settings64.bat’ provided in C:\Xilinx\14.3\ISE_DS (or equivalent for your version of ISE and its location on your PC).
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JTAG Loader

o WID

C:wDataschapmansFPicoBlaze_Designs>jtagloader Forshnp"cny,thE

documentation
assumes that the
executable required
for your operating
system has been
renamed ‘jtagloader’.

H /
JTAG Loader by Kris Chaplin, Hilinx UK
Build : Date: Apr 24 2012, Time: 14:31:88
Target: Microsoft Windows HP Service Pack 3. 32-bit.
Uze the —-h option if you need help

Info:Digilent Plugin: no JTAG device was found.

Info:AutoDetecting cahle. Please wait.

Info:Connecting to cahle <(Ush Port — USBZ21i>.

Info:Checking cable driver.

Info: Driver file xushdfwu.sys found.

Info: Driver version: src=1027, dest=1@27.

Info: Driver windrvrb.sys version = 18.2_1.8_Info: WinDriver viB._.21 Jungo <c) 19

97 — 2818 Build Date: Aug 31 2618 X86 32bit SYS 14:35:41, version = 1821.

Info: Cable PID = BBBS.

Info: Max current requested during enumeration is Y4 mA.

Info:Type = BxB8H04.

Info: Cable Type = 3. Revision = @.

Info: Setting cahle speed to 6 MH=.

Info:Cahle connection establizhed.

Info:Firmuare version = 13683.

Info:File version of C:/Hilinxs13.4/18E_DErISErdata-xush_xlp.hex

Info:Firmuware hex file version = 1383.

Info:PLD file version = BA12h.
PLD version = B@12h.

Info:Type = BxB884.

Info:ESN option: BAAA13ICZABGEA]L .

Info:0pen cahle successfully

Info:0btained cable lock

Info:Found 2 dewvices

Device B: System_ACE_CF

Device 1: XCHULXZ4BT

Scan completed

AutoDetected FPGA target as Device 1

Detected that target device 1 iz configured

= 1383.

[Bypass]
[FPGA with user registersl]

KCPSM6 has 18-bit instructions

1 11-bit address = 2K program
18

Mumber of Picobhlazes in system
Maximum BElockRAM Data Width

Should reflect the value you set
for ‘C_RAM_SIZE_KWORDS'

JIAG Loader has completed successfully

C-wDataschapman~PicoBlaze_Designs>»

© Copyright 2010-2014 Xilinx

Requires ISE v12.x or later

Confirming Setup - Assuming you have performed the
simple preparatory steps described on the previous page
then enter ‘jtagloader’ to run the JTAG Loader utility (please
see the note about name in the yellow box). The result
should be similar to the screen shown here.

If for any reason the utility fails then read any messages
displayed as they should indicate the reason. Check again
the preparatory steps shown on the previous page and also
look in the ‘READ_ME_FIRST.txt’ file for further guidance.

Given that you have previously configured the target FPGA
using IMPACT there is normally no difficulty for JTAG Loader
to automatically detect your download cable and the
PicoBlaze memory in your design.

Hint — ‘jtagloader -h’ will provide a brief description of all the
options including ‘-u’ and ‘-p’ which can be used to force the
selection of the Platform Cable USB or Digilent equivalent
respectively.

JTAG Loader determines which devices are in the JTAG
chain and this should match with what you saw in IMPACT
(see 2 pages previous).

JTAG Loader tries to make an intelligent choice for the target
FPGA and will report the size of the program memory that it
finds in that device.

Hint — To override the automatic device selection use
‘itagloader -t# and set # to the chain position of the FPGA
you do want to target (e.g. —t3). Note that first device in the

chain is *-t0’. & XILINX.




JTAG Loader With 3" Party JTAG Devices

e+ |SE Design Suite Command Prompt

~

[
AL

H
~
s _ _
- IT__.

~ _
L i_
~ PN
[
JITAG Loader by Kris Chaplin,. Xilinx UK
Use the —-h option if you need help

Info:Connecting to cabhle <lUsh Port — USB21>.
Info:Checking cable driver.

Info: Driver file xushdfwu.sys found.

Info: Driver version: src=1827, dest=1827.

Info: Driver windrvr6.sys version = 18.1.1.8.Info: WinDriver viB.11 Jungo <c> 179

97 — 2018 Build Date: Jan 17 2018 X86 32hit SYS8 18:38:22, version = 1B11.
Info: Cable PID = B008.

Info: Max current requested during enumeration is 74 mA.

Info:Type = Bx0004.

Info: Cahle Type = 3, Revision = B@.

Info: Setting cabhle speed to 3 MH=.

Info:Cable connection estahlizhed.

Info:Firmware verzion = 1383.

Info:File version of C:r¥ilinws12.2-/18E DS~-ISErdata~xush_xlp.hex = 1383,
Info:Firmware hex file version = 1383.

Info:PLD file version = BE12h.

Info: PLD version = BBA1Zh.

Info:Type = Bx0004.

Info:ESN option: BAAA13C2146EAL.

Info:0pen cahle successfully

Info:0btained cable lock

Info:Found 3 devices

Unknown device in chain IDcode 4f1f@f@f

Checking idcodes.lst in the working directory for an entry for device 4F1fBFAF

ERROR: An unknown JIAG device ID 4f1f@Af8Bf was found in the jtag chain
At JTAG position B. Please read the vendor documentation for this
JTAG device, and populate the IDCODE (4f1fBfBf> and IRlength

fields into a new file "idcodes.lst'" in this working directory.

=% Pleaze zee the KCPEM6 documentation for more information

-
EaZad
-
EaZad

Device 1: System_ACE_CF
Device 2: KCAELX45T

[Bypass 1
[FPGA with user registers]

Error in shiftDevicelR routine
xx% A Failure was detected — Exiting e

Unknown device in chain IDcode 4f1fBf8f
Checking idcodes.lst in the working directory for an entry for device 4f1f0f@f
Match found. setting IR Length to 4

© Copyright 2010-2014 Xilinx

Failures due to “Unknown JTAG device(s)” in the chain

JTAG Loader will automatically detect if there are JTAG devices
in the chain that are not known to the Xilinx tools. This is most
likely to occur on custom hardware that has third-party hardware
in the chain.

If this event occurs, JTAG Loader will look for a “idcodes.Ist” file
in the directory from which it was called. The purpose of this file is
simply to be a lookup table defining the Instruction Register (IR)
length of any unknown devices. This is the only extra information
that is needed.

Your third party device vendor should be able to provide you with
a “BSDL” file describing the device; it is a text file describing the
JTAG abilities and registers that it has. Open this file, and look
for the line specifying “INSTRUCTION_LENGTH?”. In this example
the device the length is “4”.

= TextPad - C:\Program Files\Texas Instruments Fusion Digital Power Designerimisciucd30x. bsdl E@@
Ele  Edit 5 fig ow  Help
DEH B8 T QY LR &
ucd30xx.bsdl

Modify, or create the file “idcodes.|st”

to include the device ID (reported by
JTAG loader) and the IR Register ~—
Length (from the BSDL file).

The next (hopefully successful!)

<—— run of JTAG loader will report that

this information has been used.

XILINX




JTAG Loader

Modifying ‘your_program.psm’

Requires ISE v12.x or later

The whole point of JTAG Loader is to enable you to download a new program into KCPSM6’s program memory so really you need to modify your program in
a way that you will be able to notice the difference. Obviously you will soon be working on a real application but initially look to make a simple change to your
first test program.

start:
flash:

delay 1s:

delay loop:

Page 28

LOAD s4, 00

XOR s4, FF

OUTPUT s4, LED port

OUTPUT s4, Direction LED port
CALL delay_ls

JUMP flash

; Software delay of 1 second

; ML605 is fitted with a 66MHz clock.
; 1 second is 66,000,000 clock cycles.
; KCPSM6 will execute 33,000,000 instructions.

; The delay loop below decrements the 24-bit value held
; 1n registers [s2,s1,s0] until it reaches zero and this
; loop consists of 4 instructions.

; Therefore the loop needs to count 8,250,000 times so
; the start value is 7DE290 hex.

LOAD s2, 7D

LOAD sl, E2

LOAD s0, 90

SUB s0, 1'd

SUBCY s1, 0'd

SUBCY s2, 0'd

JUMP NZ, delay loop
RETURN

© Copyright 2010-2014 Xilinx

Continuing with the same example on the ML605 evaluation board
this simple program has ignored the input ports and simply turns
all the LEDs on both output ports on and off at 1 second intervals.

The program illustrates the use of a few more KCPSM6
instructions including a subroutine. All instructions are described in
detail later in this guide but at this point it just describes something
else that should be an obvious difference when executing on the
ML605 board used in this case.

Generating the HEX file

Simply assemble the modified program and, as we have seen
before, it will generate a “.hex’ file which contains your modified
program ready for JTAG Loader. There will also be a new ‘.vhd’ file
but that will only be used next time you invoke the ISE.

your_program.psm

l your_program.hex

KCPSM6 :>
Assembler

kcpsme

& XILINX.



JTAG Loader

Gz \Data\chapman\Planlaze_Des1gns)3taglnader —1 wvart_control.hex

I

SN
H s

JTAG Loader by Hris Chaplin, Rilinx UK

Build : Date: Apr 24 2812, Time: 14:31:88

Target: Microsoft Windows HP Service Pack 3, 32-hit.
Use the —h option if you need help

Load filename: uwart_control.hex

Info: D1g1lent Plugin: no JIAG device was found.
Info:AutoDetecting cahle. Please wait
Info:Connecting to cable <Ush Port - USBZi)
Info:Checking cable driver.
Info: Driver file xushdfuwu.sys found.
Info: Driver wversion: sprc=1827, dest=1827.
Info: Driver windrurb.sys version = 18.2.1 B.Info: WinDriver viB.21 Jungo <cd 1%
97 — 2018 Build Date: Aug 31 20168 H86 32hit SYS 14:35:41. version = 1821.
Info: Cahle PID = B@B8.
Info: Max current requested during enumeration iz 74 mfA.
Info:Type = BxPAA@4.
Info: Cabhle Type = 3, Revision = B.
Inf Setting cabhle speed to 6 MH=z=.
Info:Cable connection established.
Info:Firmware version = 138
Info:File version of G: /Hlllnx/13 4/ISE_DS/ISE/datasxush_xlp.hex = 1303.
Info:Firmware hex file version = 1383.

fo:PLD file UBPSan = @012h

PLD version = B@12h.

Info:Type = Bx0884.
Info:EEN option: BBBB13C2Z006801.
Info:0Open cable successfully

[Bypas=z1
[FPGA with user registers]

AutoDetected FPGA target as Device 1
D d th device 1 is configured

Mumbher of Picobhlazes in system
Maximum BlockRAM Data Width

18

JTAG Loader haz completed successfully

G:“Dataschapman“PicoBlaze_Designs>

v
© Copyright 2010-2014 Xilinx i‘ X”—INX

Requires ISE v12.x or later

Downloading Your New Program

Simply run JTAG Loader again but this time specifying the name of the
HEX file to be loaded into the KCPSM6 program memaory.

jtagloader -1 your program.hex
That's a lower case ‘L’ ©

Hint — If you needed to use an option to direct the loader to use a
particular type of cable or to specify the target device in the chain then
include those options again when loading.

E.g. jtagloader -t1 -d -l your_program.hex

Hint — The HEX file specification may include a PATH. If the path

contains spaces then enclose within quotation marks.
E.g. ‘jtagloader -l “learning picoblaze\your_program.hex”

Unless you have changed something then JTAG Loader should detect the
cable, target device and program memory as before.

The loader will then force KCPSM6 into reset (using the ‘rdl’ signal you
connected in your design) whilst the new program is written into the
program memory. Finally, it releases the reset and KCPSM6 starts
executing your new program from address zero. All in under 10 seconds.

A program can be up to 4K instructions but your physical program memory
will often be only 1K or 2K. JTAG Loader checks that all the locations
described in the HEX file that are beyond the end of the physical memory
are unused (zero) or warns you if they are not (i.e. your program has
become too big). '/

®




That’s It!

You really have seen how to include KCPSM6 in a design, write and assemble programs and rapidly make changes to your code. What applications you go
on to implement using KCPSM6 is really down to you.

Of course there is more to learn about the instruction set but you can grow your understanding by reading the descriptions that follow and actually trying them.
Some instructions are more advanced than others but try to build on success rather than struggle with a concept that you find difficult to begin with. In most
cases it is possible to produce a solution in multiple ways so just do what you find most natural. As you gain experience you will probably recognise why
certain other instructions and features are included and start to incorporate them in your programs and designs. Remember that with Programmabe?
(programmable hardware a very rapid loading of KCPSM6 programs) you can experiment and try different techniques as much as you like.

Recommended for New PicoBlaze Users

So if KCPSM6 is your first experience of PicoBlaze design then hopefully you have already worked through all the pages of this guide prior to this one. If not,
then please do! Having mastered the fundamentals, and ideally you will now have a working hardware platform containing a working KCPSM6 in front of you,
it would be best if you focus on the following instructions as you write your first programs.

INPUT sX, pp This may seem like quite a list to begin with. However, you have seen some of these used already
OUTPUT sX, pp and it really will not take long to understand what each of them does if you try them one out in
JUMP your program. The description of each instruction contained later in this document includes

LOAD example code. It may also feel a little daunting when you see that KCPSM6 has more instructions
ADD / SUB but do not feel under pressure to learn them all as you can achieve most things with this subset
AND / OR / XOR and they will help prepare you for the others.

CALL / RETURN

JUMP Z / JUMP NZ / JUMP C / JUMP NC Although you will learn most about the assembler language syntax from the examples given, it
COMPARE / TEST would be good to look at the more formal descriptions to understand the rules for line labels,
STORE sX, ss register and constant names and the multiple ways in which you can specify constants. Take look
FETCH sX, ss at page 52 and in the file called ‘all_kcpsm6_syntax.psm’.

SLO / SRO /RL / RR
— The assembiler is very tolerant about format and will advise you what to rectify so just try!

Hint
Hint — The ZIP file contains several simple but complete reference designs using the UART macros
which are also provided with PicoBlaze (see UART directory for code and documents).

From a hardware perspective you have seen that KCPSM6 is small and connecting input and output ports is a straightforward piece of design. For
completeness you should look at the fundamental waveforms associated with INPUT and OUTPUT operations (included in the description of those
instructions) and also the waveforms and actions that occur at power up and during a RESET.
v
& XILINX.
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Hardware

Hardware Reference

The following information provides more detailed descriptions of the hardware aspects of KCPSM6 and the associated program memory.
All information is in addition to that contained in pages 6 to 29.

Please note that the waveforms and circuits associated with I/O ports are located with the descriptions of the ‘INPUT’, ‘OUTPUT’ and
‘OUTPUTK’ instructions.
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Pin Descriptions

clk

Input

All operations are synchronous to this clock input. The clock should be provided using a clock buffer typically inserted
automatically by the ISE tools. In the majority of applications the same clock will be used as the circuits KCPSM6 is
expected to interact with as this ensures that all data transfers are synchronous and reliable. All timing internal to
KCPSM6 would be covered by the time specification associated with the clock frequency or period. The maximum
clock frequency will depend on the device type and speed grade as well as your design as a whole. However, it would
be rare for KCPSM6 to be the single reason for a design failing to meet timing specifications as it is typically of higher
performance than the peripheral logic you connect to it. All instructions execute in two clock cycles so KCPSM6
executes clk/2 instructions per second.

reset

Input

Active High reset control. When driven High for at least one rising edge of ‘clk’ KCPSM6 enters a reset state in which
all activity ceases with the ‘address’ forced to zero, all strobes inactive and the ‘bram_enable’ Low to disable the
program ROM. On release of reset (‘0’), KCPSM®6 starts up in a predictable sequence executing program code from
address zero using register bank ‘A’ with interrupts disabled. Note that ‘reset’ should be connected to ‘rdl’ associated
with the JTAG Loader utility during the development phase. If reset is not required during operation then tie the reset
input permanently Low and the reset sequence will still be performed automatically following device configuration.

address[11:0]

Output

12-hit program address to access programs up to 4K instructions. This should be connected to the address inputs of
the program ROM which is typically implemented using one or more BRAMs. The majority of programs are of 1K or
2K instructions and in these cases only the lower 10 or 11 bits of the address are actually used. Note that the memory
templates provided always expect all 12-bits to be connected.

instruction[17:0]

Input

18-bit instructions. This port should be connected to the instruction (data) output of the program memory which is
typically implemented using one or more BRAMs. Since BRAM are synchronous there is a one clock cycle latency
from the address changing and the instruction being presented to KCPSM6.

bram_enable

Output

Read enable for the program memory. This signal should be connected to the enable input of the program memory
and is used to reduce the power consumption associated with the BRAM(s) during normal operation as well as in
sleep mode. This connection can be left open if program memory is permanently enabled (e.g. Distributed ROM).

sleep

Input

Active High sleep control. When driven High KCPSM6 will complete the current instruction and then enter a sleep
mode in which all activity stops. Whilst in the sleep mode all strobes are inactive and the ‘bram_enable’ is Low to
disable the program memory resulting in minimum power consumption. All inputs except ‘reset’ are ignored. When
‘sleep’ is returned Low, KCPSM6 resumes execution from the point that it stopped.

Page 32
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Pin Descriptions

interrupt

Input

Active High interrupt control. Providing interrupts have been enabled within the program then when this input is driven
High KCPSM6 will perform an interrupt in which the address is forced to an interrupt vector (default 3FF but can be
defined by the user) and the current states of the flags and register bank selection are preserved. Please see section
on interrupts for more details.

interrupt_ack

Output

This output will pulse High for one clock cycle as KCPSM6 starts to service an interrupt by calling the interrupt vector.
‘interrupt_ack’ is generally used by the peripheral logic to cancel the interrupt signal to guarantee that no interrupts
are missed and to ensure that each interrupt is only serviced once.

out_port[7:0]

Output

The port through which KCPSM6 presents 8-bit data to peripheral logic during ‘OUTPUT’ and ‘OUTPUTK’
instructions. This data is valid when ‘write_strobe’ or ‘k_write_strobe’ are active and ‘port_id’ will define the intended
destination.

in_port[7:0]

Input

The port to which the peripheral logic must present 8-bit data for KCPSM6 to read during an ‘INPUT instruction. The
peripheral logic should select and present the information based on the value of ‘port_id’. When performing an INPUT
operation the ‘port_id’ is valid for 2 clock cycles so it is highly recommended that the input data multiplexer be
pipelined. Note that ‘read_strobe’ is not required to qualify the read process but may be required by the peripheral(s).

write_strobe

Output

This output will pulse High for one clock cycle when KCPSM6 executes an ‘OUTPUT’ instruction and the peripheral
logic should capture the data provided on ‘out_port’ (on the next rising edge of the clock) into the intended destination
defined by the value of ‘port_id'.

k_write_strobe

Output

This output will pulse High for one clock cycle when KCPSM®6 executes an ‘OUTPUTK’ instruction and the peripheral
logic should capture the data provided on ‘out_port’ (on the next rising edge of the clock) into the intended destination
defined by the value of ‘port_id[3:0]. Note that only the lower 4-bits of ‘port_id" are used during ‘OUTPUTK’.

read_strobe

Output

This output will pulse High for one clock cycle when KCPSM6 executes an INPUT’ instruction and indicates that
KCPSM6 will capture the data being presented on the ‘in_port’ on the next rising edge of the clock. ‘read_strobe’ is
only used by peripheral logic when it needs to know that data has been read e.g. when reading a FIFO.

port_id[7:0]

Output

This value defines which output port KCPSM6 intends to write data to during ‘OUTPUT’ and ‘OUTPUTK’ instructions
or which input port in wants to read from during an ‘INPUT’ instruction. During an ‘OUTPUTK’ instruction only the
lower 4-bits (port_id[3:0]) are valid and allow the definition of 16 constant-optimised ports qualified by
‘k_write_strobe’. During ‘INPUT’ and ‘OUTPUT’ instructions all 8-bits are valid supporting up to 256 output ports
qualified by ‘write_strobe’ and up to 256 input ports with ‘read_strobe’ available when required.
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KCPSM6 Generics

Please note that the Verilog equivalent of each file is also provided.

KCPSM6 has three generics that can be adjusted if required.

processor: kcpsmé
generic map (

hwbuild => X"41", Component Instantiation showing changes to the default settings

interrupt vector => X"F80",
scratch pad memory size => 256)

port map ( address

instruction =
bram enable =

port id

write strobe =
k write strobe =

out port

read strobe =
in port =

interrupt

interrupt ack =
sleep =

reset

clk =

hwbuild => X"41",

interrupt vector => X"F80",

=>

address,
instruction,
bram enable,
port id,

write strobe,
k write strobe,
out port,

read strobe,
in port,
interrupt,
interrupt ack,
kcpsm6_sleep,
kcpsm6_reset,
clk );

‘hwbuild’ can be used to define any 8-bit value in the range ‘00’ to ‘FF’. It is then possible to load any KCPSM6 register
with this value using the ‘HWBUILD sX’ instruction (see page 101 for more details).

When an interrupt occurs (and interrupts are enabled) then KCPSM6 inserts and executes a special form of
CALL instruction to a fixed address known as the interrupt vector (see page 42 for more details). The default
this is address for the interrupt vector is ‘3FF’ (the last location of a 1K program memory). Use this generic to
adjust the address of the interrupt vector when larger program memories are used as well as to arrange that
the vector correspond with the start of the actual interrupt service routine (ISR) eliminating a JUMP instruction.

scratch pad memory size => 256) The default size of the scratch pad memory is 64 bytes (‘00’ to ‘3F’) but this generic can be used to
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increase it to 128 bytes (‘00’ to ‘7F’) or 256 bytes (‘00’ to ‘FF’). These will also increase the size of the
KCPSM6 macro by 2 and 6 slices respectively (i.e. Maximum size of KCPSM6 will be 32 Slices).
See pages 81 and 82 for more details about the STORE and FETCH instructions.
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RESET

Following device configuration KCPSM®6 generates an internal reset to ensure predictable a reliable operation. The ‘reset’ input can then be driven High at
any time during operation to force a restart (e.g. When the ‘rdl’ signal from JTAG Loader is asserted).

C
Program counter (PC) is forced to address ‘000’ ready to fetch and execute the

P
“000” E>| | | | | | | | | | | | | instruction located in the first location of the program memory.

v [
v [

‘0’ IZ> Interrupts are disabled.

} The zero and carry flags are reset.

‘A I:> REGBANK| Register bank ‘A’ is selected and therefore ‘A’ is the default bank of registers.

PC Stack
30
i i The pointer in the program counter stack is reset to ensure that the program is able to execute programs
| | in which up to 30 nested subroutine calls can be made.
Note — If you should inadvertently write a program whose execution results in stack overflow or stack underflow
‘ then KCPSM6 will automatically generate an internal reset.
Stac q

Pointer

Hint— Following device power up and configuration the contents of all registers and scratch pad memory locations will be zero. Any subsequent reset will
perform all the items shown above but registers and scratch pad memory will retain the values. This can be useful in certain application but your code
should not rely of values being zero if manual reset is to be used during operation.

& XILINX.
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RESET

Power up reset and fundamental operation

clk

internal reset

bram enable

address

instruction

Operational Reset

clk

reset

internal reset

bram enable ______/F_____\

address

instruction

Page 36

000 / X 001 X 002 X

00000 / X dinst 0 X inst1 X dinst 2 X

/

Program memory is only enabled to
read each instruction saving power.

L )
T

All instructions execute
in 2 clock cycles.

Your reset pulse must be observed by at least one rising edge of the clock.

N N s B ) B
____________________________________________

/ A\

BRAM power saving during reset

A A WA
X aaa X 000 X oo1 X 002 X

X inst_aaa X inst 0 X inst 1 X

© Copyright 2010-2014 Xilinx
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SLEEP

When the ‘sleep’ input is driven High, KCPSM6 will complete execution of the last instruction that has been read from the program memory and then freeze
all operations. This ensures that the outputs from KCPSM6 are static with all the strobe signals inactive (Low). When the ‘sleep’ input is returned Low,
KCPSM6 will wake up and resume from the point at which it stopped.

There are three fundamental use models for the ‘sleep’ control and your own circuit will control the ‘sleep’ input accordingly. Of course there is nothing to
prevent combinations of these through appropriate control.

Maximum Power Reduction - Total power consumption is a combination of static power and dynamic power. When the ‘sleep’ control is active there is no
dynamic switching occurring within KCPSM6 and hence the dynamic power consumption of KCPSM6 becomes zero. In addition, the ‘bram_enable’ is
permanently driven Low by KCPSM6 whilst in the sleep state. This reduces the static power consumption of the BRAM(s) used to implement the program
ROM virtually to zero.

It should be noted that although KCPSM6 will respond to a reset when in the sleep mode it will not react to an interrupt. If you would like KCPSM6 to wake
up when an interrupt occurs then your control circuit should drive ‘sleep’ Low when it drives ‘interrupt’ High. In this situation KCPSM6 will wake up and
immediately respond to the interrupt (assuming interrupts have been enabled by the previously executed PSM code) .

Performance Matching - KCPSM®6 is typically supplied with a ‘system clock’ which leads to simple and reliable synchronous interfacing of the input and
output ports to the other circuits being monitored and controlled within the system. However, it is also typical for KCPSM6 to be used to implement relatively
slow functions for which the MIPS associated with the system clock frequency dived by 2 are excessive. Driving the ‘sleep’ input with a simple repeating
waveform can force KCPSM6 to continuously alternate between sleep and awake modes. The duty factor of the waveform defining the relative reduction in
the MIPS available with a corresponding reduction in average power consumption. In some applications it may be suitable to ‘single step’ the program
execution whilst in others it may be more appropriate to wake KCPSM6 up occasionally for bursts of intense activity.

System Handshake - In this case ‘sleep’ can be considered to be a special case of a very simple non-maskable interrupt. It may also have the potential to
reduce power consumption but this would not be the primary motivation. It provides the system with a way to make KCPSM6 wait for some reason. One
example would be where KCPSM6 is writing information to a FIFO. Whenever the FIFO is at risk of overflowing the ‘sleep’ control could then be a asserted
to allow the FIFO some time to empty. In another example KCPSM6 may read and process information contained in a memory and the system could make
KCPSM6 wait whilst that information was in the process of being changed.

System Debugging — By generally holding the ‘sleep’ input High it can then be can be pulsed Low for one clock cycle at a time to force KCPMS3 to single

step through the program one instruction at a time. This can be a useful mechanism for system debugging. Note that one instruction ‘step’ will always be
over a period of 2 clock cycles and this ensures that strobes will always be single clock cycle pulses.
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SLEEP

When the ‘sleep’ input is driven High, KCPSM6 executes the instruction that has just been fetched from the program ROM and then enters sleep mode.
Everything stops with all strobes Low and BRAM disabled for minimum power consumption. All inputs except for ‘reset’ are ignored whilst in sleep mode.
When ‘sleep’ is returned Low there is a 2 clock cycle latency whilst KCPSM6 wakes up and reads the next instruction to resume execution from the point
that it stopped.

The ‘sleep’ input is only sampled on the rising clock edges that the instruction changes

Enter Sleep | | {

ik | L] | L [ e s
sleep /////// : ' S >
bram enable —\—/—\—/—\

address 123 X 124 X 125 X

126

instruction X inst 123 X inst 124 X inst 125

T
Last instruction executes

waevp o L L L L L L) L L L

I | |

sleep Exit ‘sleep’ on any rising clock edge \\\ ! : :

| Sleep Mode ; |

bram enable 7 ' '
address 126 | D( 127 X 128
instruction inst 125 ! inst::_126 X inst 127 X

1 1
\ )
T

First instruction executes v
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SLEEP

Once in sleep mode it is possible to execute the program one instruction at a time simply by pulsing the ‘sleep’ input Low for one clock cycle. This could be
used as a system debugging mechanism or just as a way of slowing KCPSM6 down to better match the required performance of an application and save
power.

Single Stepping

SN N U v s A B O
sleep \5_._1/:

| Sleep Mode ; Sleep Mode
bram enable 7 '

]
1 ]
1 1
address 126 | X 127
i i
1
1
‘l

instruction inst_ 125 D( inst_126

1
\

T
instruction executes

Slow Down Waveforms

Driving ‘sleep’ with a ‘110’ waveform (shown below) will make KCPSM®6 sleep for one clock cycle after the execution of each instruction that takes 2 clock
cycles. Obviously this is the smallest amount KCPSM6 can be slowed down. The important observation is that all KCPSM6 operations remain fully
synchronous with the clock, e.g. a ‘write_strobe’ will still only be a single cycle pulse ensuring that an OUTPUT instruction only writes once to logic.

S50 S (B
sleep \___ / ___ / \—/ \—/—

Hint - See page 122 for a special case in which this slowdown waveform can been used.

Likewise, driving ‘sleep’ with a “1110” waveform will make KCPSM6 sleep for two clock cycles after executing each instruction resulting in KCPSM6 running at
half its normal speed. Hence KCPSM6 can be slowed down to any speed required using the appropriate ‘sleep’ waveform.
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Interrupts

Interrupts can be extremely useful so KCPSM®6 provides an ‘interrupt’ input pin, an ‘interrupt_ack’ output pin, an optional ‘interrrupt_vector’ generic and three
interrupt related instructions. However, it would be fair to say that interrupts are quite an advanced technigue and require understanding, thought and
preparation to be used wisely and successfully. This subject is made more interesting because each KCPSM6 is fully embedded into your FPGA design
meaning that you have the option to define hardware dedicated to servicing tasks in a way that simply isn’t available when using a standard microcontroller
device. In fact, many PicoBlaze users have discovered that because each PicoBlaze is so small and efficient, it is often beneficial to use multiple instances
within the same design in order that each is dedicated to a particular task and therefore avoiding the requirements for interrupts altogether. So it is well worth
considering what an interrupt actually does and when it provides greatest benefit in a KCPSM6 design.

What does an interrupt do?

To state the obvious, an interrupt is used to interrupt the normal program execution Main
sequence of KCPSMB6. This means that when the ‘interrupt’ input is driven High Program
(‘1°), it will force KCPSM6 to abandon the code that it is executing, save its current 1 kcpsmé
operational state and divert its attention to executing a special section of program o

code known as an Interrupt Service Routine (ISR). Once the interrupt has been , ik 4
serviced, KCPSMB6 returns to the program at the point from which it was interrupted =~~~ | tREETEURPE et b
and restores the operational states so that it can resume execution of the program RS ™
as if nothing had happened.

Hence the interrupt mechanism provides a way for KCPSM6 to react to an event at any time and quite independently to

the main tasks being performed. In other words an interrupt is given the highest priority which can be very useful S /Imerrupt
particularly when re_acting to a critical situatiop. Howeyer, it must also be repognised that in giving priority to one task all ISR yd Service
other tasks can be interrupted and hence their execution rates can be erratic or delayed. L Routine

When do interrupts make sense?

The key observation is that an interrupt has the highest priority. So clearly the most obvious application for an interrupt is to react quickly to system critical or
emergency situations. These may be such rare events that they may never happen in normal operation such as the detection of a fire and the need to activate
the water sprinklers. More common situations are less of an emergency but important to system integrity with a good example being the requirement to react
to a FIFO buffer becoming full so that data is read from it before it actually overflows and data is lost.

Another application involves a regular or semi-regular steam of interrupts to KCPSM6 which become a fundamental part of the way in which the program
normally operates. For example a hardware counter could easily generate an interrupt every milli-second which KCPSM6 uses as the reference for an
accurate real time clock. The main program possibly enabling that clock to be set, displayed and for controlling the times at which appliances must be turned
on and off. Alternatively KCPSM6 may use each interrupt as the trigger to perform a sequence of tasks but do virtually nothing else whilst waiting.

Page 40 © Copyright 2010-2014 Xilinx & XILINX.



Interrupts

When are interrupts NOT suitable?

To answer this question their are two important observations. First is that whilst KCPSM6 is servicing an interrupt, it is not making any progress executing the
main program (i.e. the main program has been interrupted!). Secondly, KCPSM6 can only service one interrupt at a time which means that if another interrupt
occurs whilst KCPSM6 is busy executing the ISR then that new interrupt will either be missed or will have to wait neither of which is ideal. In general terms, an
interrupt scheme in not suitable if the rate at which interrupts occur is too fast for them to be serviced and for the main program to make adequate progress.
Clearly the definition of ‘too fast’ depends on how demanding both the main program and the ISR are but the one absolute constant is that every KCPSM6
instruction always takes 2 clock cycles to execute. So at least you can easily determine the code execution rate for a given clock frequency and compare that
with the demands of your program and your expected interrupt rate.

For example, consider the use of interrupts generated at 1ms intervals for use as a time reference for a real time clock. With a KCPSM6 operating at a clock
frequency of 66MHz it will execute 33,000,000 instructions per second and therefore it will be able to execute 33,000 instructions between each interrupt. This
is clearly a large number and most unlikely to impede the ability to make good progress through any program whilst always being ready to service the next
interrupt. But suppose the interrupts are generated at 1us intervals with the aim of achieving finer timing resolution. Now KCPSM6 would only be able to
execute 33 instructions between each interrupt (i.e. Less instructions that you can print out on one side of a piece of paper!). Unless the ISR is very brief it will
not complete in time. Even if the ISR was only 12 instructions it would mean that over a third of the computing power was consumed servicing the simple ISR
and that means that the main program would execute proportionally slower with an associated ‘hesitancy’ caused by the continuous interruptions. This may
still be acceptable for the application but it is certainly on the verge of being unsuitable and will make it very difficult to expand the features implemented by
the program code.

What are the alternatives?

When interrupts make sense then it a very useful feature of KCPSM®6 to exploit. However, when they are not suitable the benefit of using a Xilinx FPGA is
that there are very good alternatives. The biggest mistake people often make it to battle with interrupt based solutions when they are not suitable. It is much
better to exploit alternative solutions to make the overall design much easier to implement.

Increased use of hardware — Quite simply circuits are implement which perform what would have been achieved by the software based ISR such that
interrupts are avoided or their rate greatly reduced. For example a hardware based counter/timer block can be very simple to implement in hardware and then
KCPSM6 can read time values from it when it needs to. The complexity of a real time clock could still be implemented in software but the timing resolution is
best handled by the naturally fast hardware. Interrupts could then be used occasionally when a hardware comparator matches a time value set by KCPSM6.

Divide and conquer! — If a KCPSM6 processor is 100% dedicated to a task then really it is always performing an ISR. This makes sense if the ISR is relatively
complex to consider implementing in hardware. With KCPSM6 being so small (26 Slices) dedicating a different processor to each demanding task can often
be the easiest and best solution. Indeed, PicoBlaze is often used to service interrupts for a larger processor such as MicroBlaze.
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‘interrupt_vector’ and ‘ADDRESS’ Directive

See pages 83-85 for interrupt related instructions

When KCPSM6 responds to an interrupt it executes the equivalent of a CALL instruction as well as the interrupt specific tasks such as preserving the states
of the flags. The interrupt vector is the address that KCPSM6 effectively calls and it has the default value of 3FF hex. However, this can be set to any value
within the range of the program memory available in your design using the ‘interrupt_vector’ generic in your HDL design description.

processor: kcpsmé6
generic map ( hwbuild => X"00",
interrupt vector => X"3FF",
scratch pad memory size => 64)

Component declaration (part of) showing the default
values of the three generics.

port map ( address => address,
tnstruction => instruction, Component Instantiation (part of) showing that the
Bte... interrupt vector has been set to ‘F80’ hex.
processor: kcpsmé6 e e .
generic map ( hwbuild => x"41", ,~ " T B§M:ma"
interrupt vector => X"F80", « ADDRESS Directive — ADDRESS F80
scratch pad memory size => 256) ;
port map ( address => address, Use the ADDRESS directive in your PSM ISR : ADD sF, 1'd
instruction => 1instruction, code to force the ISR to be assembled starting BLAMLISIE L)
Etc... at the same address as the interrupt vector.

What is a good address for ‘interrupt_vector’?

3FF is the last location in a 1K program memory and is consistent with KCPSM, KCPSM-1I and KCPSM3. So for direct compatibility with legacy PicoBlaze
programs this is the best address to start with and hence the reason why it is the default. Of course you could modify the program and vector.

Generally the most convenient address is somewhere close to the end of the program memory available but leaving enough space for the ISR. This means
that the ISR can begin servicing the interrupt immediately. It is also convenient from a programming perspective because the ADDRESS directive must be

used to align the start of the ISR code with interrupt vector and having this as the last section of your PSM program allows your main program the flexibility
to expand up to it. As your code becomes stable you can always fine tune your matching ‘interrupt_vector’ and ADDRESS directive for best memory fit.

What are bad values? If you try to put your ISR somewhere in the middle of your program then you will probably find that you are always having to adjust
the ADDRESS directive and ‘interrupt_vector’ which is just an inconvenient waste of time as well as error prone. The absolute worst address would be zero!
Under no circumstances would you want your ISR to execute on power up or following a reset (RETURNI should only be used following an interrupt).

& XILINX.
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Hardware arrangements for KCPSMG6 Interrupt

See pages 83-85 for interrupt related instructions

The KCPSM6 processor has two pins dedicated to interrupts; an ‘interrupt’ input and an ‘interrupt_ack’ output. To initiate an interrupt the ‘interrupt’ input must
be driven High and the fundamental interrupt response time is just 3 or 4 clock cycles. As shown on the next page (Interrupt Waveforms) the interrupt input is
sampled once every two clock cycles consistent with the instruction execution rate. For this reason it is vital that the interrupt input is High at the right time to
be observed by KCPSM6 and the easiest way to achieve that us to drive the interrupt input High for longer than one clock cycle. There are two fundamental
schemes that can be used which can really be describes as being ‘open-loop’ and ‘closed loop’.

‘Open-Loop’ interrupt pulse

kcpsmé6
The simplest way of initiating an interrupt is to generate an active High pulse that has a duration of 2 clock — .
cycles. The pulse can be longer but should have returned Low before the ISR completes otherwise ! : —»| interrupt
KCPSM6 will immediate think there is another interrupt to service (remember that each instruction HeligligingiginC — o cix
executes in 2 clock cycles so some ISR’s may not take very many clock cycles). Once KCPSM6 observes

the High level on its interrupt input it will abandon the next instruction and immediately move to the ISR.

The simplicity of the ‘open-loop’ method is obvious but it must also be recognised that any open loop system has its limitations. In this case there is the
potential for KCPSM6 to miss an interrupt request and therefore fail to service it. This could happen if the KCPSM6 program has deliberately disabled
interrupts or is already servicing a previous ISR. KCPSM6 will also ignore the interrupt input whilst held in sleep mode. Therefore this technique should only
be used if you can predict that KCPSM6 will always be ready to respond to an interrupt request or if it is acceptable for interrupts to be missed.

‘Closed-Loop’ interrupt (recommended)

In this scheme your design drives the interrupt signal High to request kcpsmé
an interrupt and then keeps driving it High until KCPSM6 generates an Nt ¢ int . .
‘interrupt_ack’ pulse confirming that it has seen it. This ensures that 1 b o thterrupt interrupt_ac

the interrupt will always be observed by KCPSM6 when it is able to. If clk
interrupts have been temporarily disabled deliberately, or whilst R

servicing a previous interrupt, then the response will be delayed but Heizizinl f r

the event can not be missed. Likewise, if KCPSM6 is held in sleep

mode when the interrupt is requested it will remain active until
KCPSM®6 is allowed to wake up and observe it.

Hint — Some systems can require a more comprehensive closed-loop arrangement in which KCPSM6 would be expected to indicate when the ISR has
completed rather than just started (which is what ‘interrupt_ack’ signifies). This can be achieved using an output port with associated ‘OUTPUT’ or
‘OUTPUTK instructions at the end of your ISR. Alternatively you could detect when instruction[17:12] = “101001” corresponding with the ‘RETURNI’
instruction being fetched from the program memory.
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Interrupt Waveforms

See pages 83-85 for interrupt related instructions

An interrupt is performed when the ‘interrupt’ input is driven High, interrupts have been enabled by the program Lot el centiols precsss (el
and KCPSM6 is not in sleep mode or otherwise busy servicing a previous interrupt. When KCPSM6 detects an be‘ﬁnclk,event nd el = "1 then
interrupt it forces the next instruction to be abandoned, preserves the current states of the ‘Z’ and ‘C’ flags, CF GrerEmpt aec = V0 Enes
notes the current bank selection (‘A’ or 'B’) and then forces the program counter to the interrupt vector (default interrupt <= '0';
value is 3FF hex which is the last location of a 1K program memory but can be set to any value using the else .
‘interrupt_vector’ generic). f kepsmé_interrupt = 'l then
interrupt <= '1';
else

The waveforms shown below illustrate a normal response to an interrupt when interrupts have been enabled en;”;ifrupt <= interrupt;
within the program and KCPSM6 is ready to respond. In the hardware design the interrupt vector was set to emdl 475
FFO hex and a ‘closed-loop’ interrupt scheme used (implemented by the VHDL shown on the right) to ensure end if;
that the interrupt pulse can not be missed. end process interrupt control;

The ‘interrupt’ input is sampled on the rising clock edges that the address interrupt vector => X“FFO“,

y \ 4 \ 4

o1k L | L | L] L]
interrupt /////// : E \

interrupt ack

bram enable

address 580 X 51 X 5A2 X 533 >( rr0 & X FF1 X FF2

instruction X inst_5A0 X inst 05A1 X inst 5a2 X inst 5a3 X inst FFO X  inst FFL X

'y J

Z and C flags preserved. Bank selection preserved. —» \

All will be restored by the RETURNI instruction. * The last instruction read from program memory before the interrupt takes

place is abandoned. This will be the first instruction executed following a
RETURNI after the interrupt has been serviced.
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HDL Simulation Featu

Hint — In most of the cases in which a user reports that KCPSM6 does
not simulate at all (e.g. the ‘address’ does not advance as expected),
the cause has been the failure on the part of the user to define valid

res

logic levels for the ‘interrupt’, ‘sleep’ and ‘reset’ controls. So please

make sure that all signals are defined at the start of your simulation
either in your design or in your simulation test bench.

Since KCPSME6 is a fully embedded part of your hardware design it will simulate along with the rest of your design in an HDL simulator such as iSim or XSim.
This means that you can see how KCPSM6 interacts with your design in the same fundamental way in which you might check the operation of a dedicated

state machine.

Instance and Process Name

As well as being able to observe any of the input and output
signals connecting KCPSMB6 to the rest of your design
KCPSM6 contains some additional signals specifically for
simulation purposes only.

Within the simulator locate the instance of KCPSM6 to be
observed. In this case the instance name is ‘processor’ and
the simulator is iSIM (part of ISE).

Then all the internal signals of KCPSM6 can be seen and
selected for waveform display as desired. Look down the list
and the simulation specific signals can be found.

kcpsm6_opcode — This is a text string displaying the
instruction being executed. As well as
being easier to understand than the raw
codes being read from the program
memory they can also be compared with
the LOG file from the assembler to directly
trace code execution

A

1 testbench
ﬂ uuk
processor
program_ram
sinkerrupk_contr
(7 ‘input_parts
(0 toukput_ports
7 tbest_clock
[ std_lagic_1164
[ numeric_skd
[ textio
[ vital_timing
[ wital_primitives
[ std_logic_arith
Sslstd_logic_unsigned
(@ voo

@ vpkg

kcpsm6_status — This is a text string displaying the status...
Active register bank ‘A’ or ‘B’
Zero flag Z or NZ
Carry flag C or NC
Interrupts enabled (IE) or disabled (ID)
Reset or Sleep modes.

e.g. A, Z, NC, IE, Sleep

Bank A, Z=1, C=0, interrupts enabled, in sleep mode
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| Hal | Hall| mal| @ S e e
Object Name | Walue ;I ~
'_'1g special_bit 1 T

&y half_painter_value[4... noool

% feed_pointer_walue[... oooon

% stack_pointer_carry[... 00000

% stack_pointer_walue... 00001

T3 stack_pointer[4:0]
;l::.I:FI::rl'IEI_I:I pcode[1:19] |

% krpsmé_status[1:16]
% sim_s0[7:0]

g sim_s1[7:0]

% sin_s2[7:0]

% sim_s3[7:0]

% sim_s4[7:0]

g sim_s5[7:0]

% sinn_sa[7:0]

% sim_s7[7:0]

% sim_sB[7:0]

| 5 sim_ss[7:0]

% sin_sa[7:0]

% sim_sb[7:0]

% sim_sc[7:0]

By sim_sd[7:0]

% sin_se[7:0]

% sim_sf[7:0]

% sim_spm00[7:0]
% sim_sprm01[7:0]
% sin_spr02[7:0]

% sim_spm03[7:0]

ooooo
COMPARE =1,
A NZ HC,ID
o0&

s

Sc

41

ula]

oo

oo

ao

aad

oo

oo

ao

aad

oo

oo

og

L&

3]

La

5a

oD

|2 =B RrOO

IS

LA

YYYYY¥YYYY

FYYV¥YY

B input_part_a[7:0

B input_p
B input_p
B input_p

';' |:|ut|:|ut

‘sim_s0’ to ‘sim_sf’' — The contents of each of the 16 registers in the active register
bank (i.e. Contents will reflect bank selection).

‘sim_spm00’ to ‘sim_spmff’ — The contents of each of the 256 scratch pad
memory locations. Remember that default memory
size is 64 bytes (only up to sim_spm3f).
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HDL Simulation Features

In this iSim or Xsim waveform view the following can be seen...

Each instruction taking 2 clock cycles to execute Instruction op-codes decoded and displayed as text strings.

1,150 nls

SIS T T T T T T S AN N I

W cycle_count 115 / lle 117 1ls 113 1z0 1zl lzz 1z3

X,

1,1c0 nls 1,170 nls 1,120 nlsl lI,JI.SlIDInISI e .1.I,2IDIDIn|sI e .1.I,2IlIDIn|sI ) 1,220 nls

1,220 nls

Iy reset

W kopsmé_inkerrupt

W kcpsmé_sleep
M address[11:0] 005
B instruction[17:0] 10320

M kepsmé_opcode[1:19]] "A0D 53, 52
B kcpsme_status[1:16] | "a,MZ,MC,ID

B sim_s0[7:0] i
B sim_s1[7:0] 01
B sim_sz[7:0] 0z
B sim_s3[7:0] 01

2~

The contents of registers. In this example we can see ‘s3’ being loaded with the contents of ‘s1’ Register bank ‘A’, States of flags and interrupt.
followed by the addition of the contents of ‘s2’.

Hint — KCPMS6 programs often contain code that is used to deliberately slow down the progress through the program to service the application correctly
either using software delay loops or polling of status signals. For example, when communicating with a UART that has a BAUD rate of 115200 then each
character will take 86.8ums to be received and that would equate to 8,680 clock cycles of a 100MHz system clock. Due to this, it is not uncommon for users to
become confused by what they perceive as a “lack of activity” in their simulated design simply because KCPSMB6 is taking so many clock cycles. So if this is
the situation, it may be necessary to alter the PSM code to make the HDL simulation practical but obviously you will need to remember to restore the correct
code for the real application. In practice, most PSM code is developed interactively in real-time on the target hardware using JTAG_Loader to facilitate rapid
iterations. As such, HDL simulation is best used to confirm your port interfacing logic and generation of particular strobes and waveforms etc.

& XILINX.
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Production Program Memory (ROM _form)

Please note that the Verilog equivalent of each file is also provided.

During the design and code development phase the default ‘ROM_form’ template is used with the assembler. This generates the hardware definition of the
program memory and the three generics make it easy to specify the target family (Spartan-6, Virtex-6 or 7-Series), adjust the size of the memory and include
the JTAG Loader which you almost certainly found to be an invaluable tool. Whilst such flexibility and the JTAG Loader are extremely useful tools during
development it does mean that the program memory definition file generated by the assembler is somewhat large and over complicated for a production
release. The JTAG Loader may well have been an invaluable tool during development but leaving your KCPSM6 program open to adjustment in a production
product could present a threat to design security. Of course you may decide to exploit the JTAG Loader utility as part of your production product too in which
case just leave everything as it is!

In order that you can go into production with the most simplified hardware definition of your program memory and ensure that JTAG Loader is not accidently
enabled a set of ‘production’ templates are provided. The name of each production template describes the target family ('S6' for Spartan-6, 'V6' for Virtex-6
and ‘7S’ for 7-Series) and the size of the program memory implemented (1K, 2K or 4K instructions). There is also one special case that replaces the BRAM
completely with 18-Slices of distributed ROM and provides a very efficient implementation for programs up to 256 instructions. Make a copy the appropriate
file and rename it ‘ROM_form.vhd’. Then use this file with the assembler and your PSM file to generate the simplified memory definition.

kcpsmé6 your_ program
[17:0] | . , . .
instruction bram enable enable instruction
11:0 int - i i
sddress [11:0] address Hint - No generics required
for fixed memory.
__________________________________ — ci1x
r ROM_form_S6_1K_date.vhd
ROM_form_S6_2K_date.vhd
. | t _torm_S6_2K_
Hint . rese ROM_form_S6_4K_date.vhd
Connect your ‘rdl’ signal | o1k your_program.psm ROM_form.vhd ROM_form_V6_1K_date.vhd
to ‘0. This retains the \ ROM_form_V6_2K_date.vhd
S|gr_1gllln your design hwbuild —> X"00" ROM_form_V6_4K_date.vhd
definition in case you interrupt vector => X"3FF" kepsmé ROM_form_7S_1K_date.vhd
need to go back to the scratch pad memory size => 64 ROM_form_7S_2K_date.vhd
development memory ROM_form_7S_4K_date.vhd
again later. ROM_form_128 date.vhd

- ROM_form_256_date.vhd

Hint - A ‘ROM_form’ template is a standard HDL file except that it contains special {tags}
that the assembler intercepts. You can modify any of the templates provided to define
your own special format of program memory (e.g. a dual port memory in which the
program can be changed by a different mechanism to JTAG Loader). (' XILINX

Hint — The default ‘ROM_form.vhd’ is a renamed copy of
the file called ‘ROM_form_JTAGLoader_14March13.vhd’
which is also provided in the KCPSM6 package.
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Assembler and PSM Software

PSM Software Reference

The following information provides more detailed descriptions of the KCPSM6 assembler and PSM syntax. Where necessary additional descriptions
are provided to give the context in which groups of instructions are used.

Hint - The descriptions for each of the instructions contain examples of PSM code. So please do not dwell too long on the formal but brief descriptions
of assembler syntax because most of this should be made clear through the examples and become natural to you once you start writing your own code.

The KCPSM6 assembler will quickly provide you with feedback when processing your code so just have a go and allow it to help you to learn the
precise syntax interactively; you'll soon be an expert!

To complement this documentation the following additional reference material is provided in the KCPSM6 package (ZIP file)...

all_kcpsm6_syntax.psm — This Provides a PSM file (albeit not a real program) in which there are examples of all the PSM syntax supported
by the KCPSM6 assembler including all valid forms of instructions, operands and directives.

Hint — ‘all_kcpsm6_syntax.psm’ contains the most comprehensive descriptions of PSM syntax and the assembler
directives. In contrast, this document is focusses its descriptions on the actual KCPSM6 instruction set.

kcpsm6_assembler_readme.txt — This document will have more appeal to the advanced user, particularly those that would prefer to invoke the
assembler as part of a batch flow. As such, this document is rather clinical and factual!

Hint — This file documents any known issues and limitations but hopefully you won’t encounter them.

Directories
UART_and_PicoTerm

These directories include simple but fully documented designs in which KCPSM6 is presented on various evaluation
Reference Designs

boards. Across the designs there is a common theme in which UART macros (provided in the KCPSM6 package) are
used to implement simple communication with the user . The designs include examples of data manipulation (e.g. ASCII
hexadecimal to decimal conversion routines) and interaction with a variety of peripheral components including XADC
and the implementation of SPI and 12C signalling and transactions to read and write external flash memory.
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The KCPSM6 Assembler

The KCPSM6 Assembler is provided as a single executable file ‘kcpsm6.exe’. This can be placed anywhere in your system but in most cases it is just
easier and more convenient if you place a copy in the working directory of your ISE project (it is only 109k-bytes) .

+* kcpsmb.exe

KCPSHE6 Assembler w2 .46
Ken Chapman - Xilinx Ltd - 18th February 2813

Enter name of PSH file: uvart_control.psm

Reading top level PSH file...
C:\Dataschapmani\PicoBlaze_ Designsiuart_control._psm

Including PSH files. ..
C:\Dataschapman\PicoBlaze_Designsiuart_interface_routines.psm

A total of 776 lines of PSH code have been read

Checking 1ine labels
Checking CONSTANT directives
Checking STRIMG directives
Checking TABLE directives
Checking instructions

File: uart_control_psm

Path: C:iDataichapmaniPicoBlaze_Designs
Line: 338

JUMP send_mesage

ERROR - Invalid address: send mesage

The target address should be specified by one of the following....

A hexadecimal address in the range "888' to 'FFF’
A decimal address in the range 8'd to 4895'd

In most cases, or at least to begin with, the interactive method is adequate.
Simply double click on the executable and a window like this will open.

Type in the name of your top level PSM file (you don’t have to put ‘.psm’ on
the end of the name but the file must have the ‘.psm’ extension).

Hint — A text file called ‘kcpsm6_assembler_readme.txt’ contains
additional information for those interested in invoking the assembler from
batch files or using a ‘drag and drop’ method.

Hint — Should you encounter any unexpected issues using the assembler
then please check the “Known Issues and Workarounds” section contained
in the file called ‘kcpsm6_assembler_readme.txt’.

The assembler will read your top level PSM file and include any PSM
defined by INCLUDE directives. It will then check all your definitions and
code for correct syntax.

If the assembler detects an error in your PSM code then the
assembler it will identify the PSM file and the line in that file
that it can not resolve and make suggestions for you to be
able to rectify the issue.

A binary address in the range B080AGAGOGGH'D to 111111111111'b

A (case sensitive) line label

KCPSHM6 Options.....
R - Repeat assembly with "wart_control_psm®
H - fissemble new file.
0 - Quit
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The KCPSM6 Assembler

## kcpsmb.exe

KCPSHG6 Assembler w2 .46 L . . . .
Ken Chapman - Xilinx Ltd - 18th February 2613 Providing your PSM file contains valid syntax then the assembler will

generate a perfectly formatted version of your original program that you can
adopt to make it look like you have been working hard all day making

Reading top level PSH file... something look that nice ©. See example on page 23. As shown in this

C:\Data\chapman\PicoBlaze_Designshuart_control.psm example, when INCLUDE directives are used then a formatted file will be

. . generated corresponding with each source PSM file.

Including PSH files...

C:\Data\chapman\PicoBlaze_Designsiuart_interface_routines.psm Then as long as your program can fit into the available address range

) (default is 4K but you may like to use the ‘-¢’ option when invoking the
A total of 776 lines of P5H code have been read .
assembler to specify a smaller memory ), the assembler will tell you the last

Checking line labels occupied address and indicate the nominal size of program memory

Enter name of PSH file: uvart_control.psm

Checking CONSTANT directives required. This is where you may need to review your code and adjust any

Checking STRING directives ; ; Fit withi
Checking TABLE directives ADDRESS directives so that your program will fit within a smaller program
Checking instructions memory.
Writing formatted PSH files... Following a successful assembly, a LOG file and a HEX file will always be
Ef\gata\czapma""-::}0031329_395%9"5\“3":_?":“‘21 -Fmt g A generated. The log file provides you with a detailed report showing how your
“\DataichapmaniPicoBlaze Designsiuart_interface routines.fm PSM file has been interpreted and the addresses and op-codes assigned to
Expanding text strings . each instruction (see next page). The HEX file is a simple hexadecimal list of
Expanding tables the 4096 op-codes defined by your program (all undefined locations are zero)
Resolving addresses and Assembling Instructions o ; ; ; it ;
Last occupied address: 294 hex and this is primarily for use with the JTAG Loader utility during development.
Hominal program memory size: 1K {1824) address{9:8) . o .
Occupied memory locations: 661 Flnglly the assembler has the ability to generate a_VHDL or Verilog file that
fAssenbly completed successfully defines the program memory you need to synthesise your hardware design.
- The VHDL or Verilog file describes the BRAMSs pre-initialised with your
Writing LOG file... _ program.
C:\Datarchapman\PicoBlaze Designsiuart control.log
Writing HEX file... i

C:\Data\chapman\PicoBlaze_ Designsiuart_control.hex IMPORTAN_T —The assem_bler will only generate a VHDL or Verilog file
Writing UHDL file... when there is a corresponding ‘ROM_form.vhd’ or ‘ROM_form.v’ template
C:\Data\chapman\PicoBlaze_Designsiuart_control.vhd provided in the same directory as your top level PSM file. If both templates

KCPSHG Options..... are provided then both VHDL and Verilog files will be generated.

R - Repeat assembly with ‘uart_control.psm’ : ‘ ) .
N - Acsemble new File. Hint — The default ‘ROM_form.vhd’ is a renamed copy of the file called

0 - Quit ‘ROM_form_JTAGLoader_14March13.vhd’ also provided in ZIP file.
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The Assembler Log File (‘.log’)

This 'LOG’ file should not be something you need to look at very often but it can be useful reference when you are debugging a system or your code
especially when you are analyzing the interaction with the hardware design in an HDL simulator or in real hardware with ChipScope etc.

Assembly datestamp: 19 Apr 2012 This file begins with a header includes a time and date stamp to help you keep track of your code
Assembly timestamp: 16:02:20 iterations and know what program you are using

The main part of the log file shows your program and the
addresses and op-codes for each instruction.

Addr Code Instruction This PSM code is suitable for the
hardware shown on page 72.

Each time the assembler has resolved the value of an operand the
way in which you originally defined that operand is displayed in square
brackets for reference. For example...

OUTPUT sF[counter], 02[X port]

888 P . . The register ‘sF’ was defined by the name ‘counter’ and the port_id
000 7 Simple example address ‘02’ was defined by the CONSTANT directive ‘X_port’.
000 CONSTANT A port, 00 ; Input ports CONSTANT name Value
000 CONSTANT B _port, 01
000 CONSTANT C_port, 02 After the program assembly et hemes G0
000 CONSTANT D_port, 03 listing is followed by lists of all the Elicsiteny mluntes 167
888 ggﬂzgigg ‘;{I—port' 8; FOLIED0E POEES constants, tables, strings and line timestamp seconds 54'd
_port, X . - 5
000 CONSTANT Y port, 04 labels defined in your program or iiﬁiiﬁiﬁﬁ—iiiih All%dd
000 CONSTANT Z port, 08 by the assembiler. it o 190g
888 &AMEREG F t ; - A_port 00
Sk, counter These lists can be particularly B port 01
000 09000 start: INPUT s0O, OO[A port] ; read port A ful wh fi . C_ ort 02
001 0D001 TEST s0, 01 jtest value of LSB useful when confirming your D_Port o
002 32005 JUMP 7, 005[count up] allocation of ports with your W—port o
003 19Fr01 SUB sF[counter], 01[1'd] ;count down hardware design_ X_port 02
004 22006 JUMP 006 [update X] Y—port 0s
005 11F01 count up: ADD sF[counter], 01[1'd] ;count up Alth h h in thi Z_port 08
006 2DF02 wupdate X: OUTPUT sF[counter], 02[X port] t oug nOtS_ own mF IS . P
007 09201 INPUT s2, 01[B_port] ; Z =B AND C example, the lists also identify No TABLES defined
008 09302 INPUT s3, 02[C_port] the PSM file in which item was
oS 0E20 ERD g2, 83 defined. This helps when ; ;
00A 2D208 OUTPUT s2, 08[Z port] IN(:LLHﬁE di fp q List of text strings
00B 22000 JUMP 000 [start] Irectives are used. STRING name St
. . , et , . . . . KCPSM6_version$ "v2.00"
Hint — The ‘datestamp’ and ‘timestamp’ constants and strings, along with HWBUILD, provide everything you need to datestamps "19 Apr 2012"
implement a version reporting scheme for production units as well as keeping track throughout development. ¢ e "16:16:54"
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PSM Syntax

Each line of your PSM file should adhere to the following basic syntax. Don’t worry too much about getting everything perfect or tidy because the assembler
will look after things like additional spaces and is very tolerant of upper or lower case characters except where it really matters. If you get something wrong
the assembler will show you what it doesn’t like and provide advice to help you correct it. KCPSM6 writes out a nicely formatted FMT file for you to adopt.

label: instruction operandl, operand2 ; comment

\ ) L

/S / | . —

Any line can be given a label  Any of the KCPSM6 Al instructions and directives Instructions and directives that Anything following a

that will eventually be a instructions or an except RETURN have at least require a second operand should ~ semicolon ;" will be treated
associated with an address. assembler directive.  one operand and this should be  be separated from the first as a comment and otherwise
When a label is defined it Upper or lower case  separated from the instruction operand by a comma ‘,’ ignored by the assembler.
must be followed by a colon accepted. by at least one space. (spaces are formatting only).

.’ . Alabel is case sensitive Hint - The assembler

and can be any number of Default register names are represented by ‘sX’ or ‘sY’ and can be any of the following... ignores empty lines so use
the standard characters ‘@’ ‘s0’, ‘s1’, ‘'s2’, ‘s3’, ‘s4’, ‘s, ‘'s6’, ‘s7’, ‘s8', ‘9, ‘sA’, ‘sB’, ‘sC, ‘sD’, ‘sE’, ‘sF". an empty comment (just a
to'z,’A'to'Z',’0'to ‘9" and  The assembler will accept upper and lower case, e.g. ‘sb’, ‘SB’ and ‘Sb’ are also ‘sB’. semicolon) to preserve a

‘ ’ (underscore) but it should blank line in the FMT and

not be a name that could be LOG files.

. Constant values are represented by ‘aaa’, ‘kk’, ‘ss’, ‘p’ and ‘pp.
confused with a hex value.

Each character represents the requirement for a hexadecimal digit to define an address,
constant or port. So for example ‘kk’ is any value in the range ‘00’ to ‘FF’ hex.

anywhere in the program to Hex_values are the default and can be_ specifi_e-d i‘n upper‘ or Iower case, e.g, ‘6d’ or ‘6D’.
define the target address for Decimal and binary values can be defined using ‘d and ‘b attributes

a JUMP or CALL instruction e.g. 109'd and 01101101°b are both equiavent to ‘6D’ hex.
Also for ‘kk’ constants only...

Lines only containing
comments will be formatted
in-line with the instructions.
Comments on lines
containing an instruction will

A label can then be used

as(\jN‘eII as Wlfr.gh? IO)[Ner The ASCII equivalent of a character can be assigned, e.g. “n” is the same as ‘6D’ be fqrmatted in a column to
and upper attributes to The lower 8-bits of an address can be identified using label’lower. the right of the longest
define constants for use in The upper 4-bits of an address can be identified using label’'upper (msb 4-bits will be zero). instruction. Looks nice ©

other instructions.

Assembler directives follow the same basic syntax but are only used to direct the assembler and make code easier to write and understand.
INCLUDE “file.psm”/ CONSTANT name, kk / ADDRESS aaa / NAMEREG oldname, newname / STRING name$, “text” / TABLE name#, [kk,kk,kk,..] / INST hhhhh

DIERAULI_JIL GEEL NOTE — ‘all_kcpsm6_syntax.psm’ provides a PSM file (albeit not a real program) that further describes all directives and has

examples of all the supported syntax. Since it is a valid PSM file you can assemble it and then look at the FMT and LOG files
that KCPSM6 generates as well. v
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Registers and the NAMEREG Directive

KCPSM6 can generally access 16 general purpose registers assigned the default names ‘s0’ through to ‘sF’. There 16 Registers

are absolutely no restrictions on which register or combination of registers can be specified as ‘sX’ or ‘sY’ operands in All general purpose
any of the instructions that work with registers. This provides you with complete freedom to allocate registers as you All 8-bits

wish. If you are careful with your allocation of registers to different tasks it will often avoid the requirement to ‘shuffle’

data around too much (as is often the case when using a processor has an accumulator based architecture). SE

The KCPSM6 assembler is able to identify the default name of a resister regardless of the mixture of upper and lower sE
case characters that you use to describe it but it will always convert it to the lower case ‘s’ followed by an upper case
hexadecimal digit when writing the FMT and LOG files. For example ‘S4’ will be interpreted as the default register sD
name ‘s4’. Likewise, ‘sd’, ‘Sd’ and ‘SD’ will all be interpreted as default register name ‘sD’. In other words, the

LIl
LIl
LIl
assembler allows you to concentrate on writing your code without having to be so precise about syntax and format. sC | | | | | | | | |
NAMEREG Directive ss [ [ [ [ [ [ [1]]
The NAMEREG directive is an optional facility that can help you keep track of what data you expect a particular SA | | | | | | | | |
register to contain. Prior to the NAMEREG directive, a resister will have its default name such as ‘sB’. Once renamed, s9 | | | | | | | | |
only the new name will identify the register and that name is case sensitive exactly as you defined it. Changing the
name has no effect on the contents of the register or how it can be used. s8 | | | | | | | | |
ADD sB, 42 } Default register name applies before the NAMEREG directive. s7 | | | | | | | | |
I:.IAMEREG sB, Status :l" The new name can only contain ‘a’ to 'z, "A’ to °Z’ and *_’" underscore (no s6 | | | | | | | | |
; spaces). It can be any length but it must not be a name that could be s5 | | | | | | | | |
; confused for anything else like a line label or a hexadecimal value.
INPUT Status, flags_port | Following the NAMEREG directive, only the new name is valid and that s4 | | | | | | | | |
COMPARE Status, 12 J name is case sensitive. In this case ‘sB’ will no longer be recognised. <3 | | | | | | | | |
NAMEREG Status, speed | The NAMEREG directive can be used to change the name of a register s2 [T T TTTTT]
; [ again. Only the new name is valid in the code that follows. Depending on
SUB speed, 01 1 your way of thinking this is either useful or something to be avoided! © st [ [ [ 111
I‘.IAMEREG speed, sB | NAMEREG can also be used to restore the appropriate default register s0 | | | | | | | | |
£.OAD sB. 19 ™ name and then the normal case insensitivity rules also apply.
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12-bit address 000 to FFF
8-bit constant 00 to FF

KCPSMG6 Instruction Set R p

8-bit scratch pad location 00 to FF
: Register within bank s0 to sF
: Register within bank s0 to sF

Page Opcode Instruction Page Opcode Instruction Page Opcode Instruction
Register loading Shift and Rotate Interrupt Handling

55 00xyO0 LOAD sX, sY 67 14x06 SLO sX 83 28000 DISABLE INTERRUPT

55 Olxkk  LOAD sX, kk 67 14x07 SL1 sX 83 28001 ENABLE INTERRUPT

71  1l6xy0 STAR sX, sY 67 14x04 SLX sX 84 29000 RETURNI DISABLE

71 17xkk STAR sX, kk 67 14x00 SLA sX 84 29001 RETURNI ENABLE

56 gixyo AND sX, sY 68  14x0OF  SR1 sX 5 .

56 ; xk]g AND sX, kk 68 14%0A SRX sX o 32aaa phsto ;aa

57 O4xy OR sX, sY 68 14%08 SRA sX o 36aaa ool Né aaa

57 5xkk OR sX, kk 68 14x%0C RR sX aaa , aaa

58 06xy0 XOR sX, sY 88 3Aaaa JUMP C, aaa

. . 89 26xy0 JUMP@ (sX, sY)
Arithmetic 70 37000 REGBANK A

70 37001 REGBANK B

59 10xy0 ADD sX, sY Subroutines

59 1lxkk ADD sX, kk

60 12xy0 ADDCY sX, sY Input and Output 92 20aaa CALL aaa

60 13xkk  ADDCY sX, kk 73 08xy0  INPUT sX, (sY) 93 ~ 30aaa  CALL Z, aaa
61 18xy0 SUB sX, sY 73 09xpp INPUT sX, pp 93 34aaa CALL Nz, aaa
61 19xkk SUB sX, kk 74 2Cxy0 OUTPUT sX, (sY) 93 J8aaa CALL C, aaa

62 1Axy0  SUBCY sX, sY 74  2Dxpp  OUTPUT sX, pp 93 3Caaa  CALL NC, aaa
62 1Bxkk SUBCY sX, kk 78  2Bkkp  OUTPUTK kk, p 94 ~ 24xy0  CALLE (sX, sY)

9¢ 25000  RETURN

Test and Compare Scratch Pad Memory 97 32888 §E$8§E Iiz
63 0Cxy0 TEST sX, sY 97
63 O0Dxkk TEST sX, kk (64, 128 or 256 bytes) gz 33888 igggiﬂ ;c
ot UERvO TRSTOV SX, s 81 2Exy0  STORE sX, (sY) 9g  21xkk  LOAD&RETURN sX, kk
64 OFxkk TESTCY sX, kk 81 2Fxss STORE sX. ss
©° 1cxii COMPARE  sX, ii 82 0Axy0  FETCH sX, (sY) Version Control
65 1bx COMPARE sX, 82 0Bxss FETCH sX, ss
66 1Exy0  COMPARECY sX, sY ’ 101  14x80  HWBUILD sX

66 1Fxkk COMPARECY sX, kk v
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LOAD sX, kk

LOAD sX, sY

The ‘LOAD’ instructions provides a simple way to define the contents of any register (sX). The value loaded into a register can a fixed value (kk) or the value
contained in any register (sY) can be copied. The states of the zero flag (Z) and the carry flag (C) will be unaffected.

LOAD sX,kk  sX = kk (TIIITT1T1] <<= [JIIIIIT1]
No Change
No Change

LOAD sX,sY  sX=KY (TTTTTT1T] << [TIIIITI1]
NoChange

Examples No Change
LOAD sA, 8E The KCPSM6 assembler enables constant values in all instructions that require them to be defined in hexadecimal
LOAD s4, 42'd (default), decimal, binary or using a single character which is converted to its ASCII equivalent value.

TOn) 59y MEUEELDNE After this example has executed....

LOAD sg’ "k ‘s7’, 's9’ and ‘sA’ will all contain 8E hex.
igﬁ 85’ (s:i ‘sA’ will contain 2A hex
S/ ‘s6’ will contain 77 hex (the ASCII code for ‘k’) and ‘s5’ will contain OD hex (the ASCII code for Carriage Return) .

Hint - Loading a register with itself has no effect other than taking 2 clock cycles but this can be useful way to create a known delay.

Notes

‘sX’ and ‘sY’ define any of the 16 registers in the range ‘s0’ through to ‘sF’ in the active register bank. Please see the ‘Using Register Banks’ section to see
how to switch between the ‘A’ and ‘B’ register banks and techniques for copying values from registers in one bank to registers in the other.

The instruction op-code 00000 hex was specifically assigned to be the instruction ‘LOAD s0, sQ’. In this way the default value (zero) of any unused program
memory contents will have the minimum effect should an improper program result in these undefined locations being executed.
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AND sX, kk

AND sX, sY

The ‘AND’ instructions perform the bit-wise logical AND operation.

The first operand must specify a register ‘sX’ whose value provides one input to the AND operation and in to which the result is returned.
The second operand defines the second input to the AND operation and can either be an 8-bit constant ‘kk’ or a register ‘sY’.
The zero flag (Z) will be set if all 8-bits of the result returned to ‘sX’ are zero.

The carry flag (C) will be cleared (C=0) in all cases.
sokk [ [ [ [ [ [ O [

AND sX, kk  sX = sX AND kk L (e [ Ve v v v e 3v 33w

ot emmin v vivwlwiwiw
‘ :

>

> |

2] | [

\

Examples
=’00"?
LOAD sA, CA o CA=11001010 Reference
AND sA, 53 SA =42, 7=0, C=0. 53-=01010011
CA AND 53 =01 00001 0 = 42 AlB | AaDB

LOAD sA, CA _ o CA=11001010 oo 0
LOAD sB, 14 sA =00, Z=1, C=0. 14=00010100 ol1 0
AND sA, sB CAAND 14 =00 000000 =00 110 0

111 1
AND s5. 00001111'b Hint — This will clear the upper nibble of ‘s5’ and could be used to convert the ASCII characters

"t0 ‘9’ (30 to 39 hex) into their equivalent numerical values (00 to 09 hex).

CONSTANT bit2, 00000100'b Hint — ‘AND’ provides a way to clear bits to ‘0’. In this example bit2 of register s0O is cleared. Note how all bits of a
AND sO, ~bit2 CONSTANT can be locally inverted using ~ before the name. Hence the constant actually applied in this
caseis 11111011’b. (see ‘OR’ for setting bits).

AND s5, FF  Coding Tip — Clears the Carry Flag with no change to register contents (see also HWBUILD).
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OR sX, kk

OR sX, sY

The ‘OR’ instructions perform the bit-wise logical OR operation.

The first operand must specify a register ‘sX’ whose value provides one input to the OR operation and in to which the result is returned.
The second operand defines the second input to the OR operation and can either be an 8-bit constant ‘kk’ or a register ‘sY’.

The zero flag (Z) will be set if all 8-bits of the result returned to ‘sX’ are zero.

The carry flag (C) will be cleared (C=0) in all cases.
sY or kk

RRRERRR
: =

\

Examples
=00 ?
. Reference

LOAD sA, CA CA=11001010 [Z}c——
OR sA, 53 sA = DB, Z=0, C=0. 53=010100011

CAOR53=11011011=DB AlB|AorRB
LOAD sA, CA B o CA=11001010 82 cl)
LOAD sB, 14 sA =DE, Z=0, C=0. 14=00010100 e .
OR sA, sB CAOR14=1101 1110 = DE R .

Hint — This sets 2 bits in the upper nibble of ‘s5’ and could be used to convert the numerical

OR s5, 00110000'b . . .
values 00 to 09 hex into their ASCII equivalent characters ‘0’ to ‘9’ (30 to 39 hex).

CONSTANT bit2, 00000100'b Hint — ‘OR’ provides a way to set bits to ‘1". The CONSTANT directive provides a convenient way to name bits
OR s0, bit2 that you may wish to control in this way (see ‘AND’ for clearing bits).
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XOR sX, kk

XOR sX, sY

The ‘XOR’ instructions perform the bit-wise logical exclusive-OR operation.

The first operand must specify a register ‘sX’ whose value provides one input to the XOR operation and in to which the result is returned.
The second operand defines the second input to the XOR operation and can either be an 8-bit constant ‘kk’ or a register ‘sY’.
The zero flag (Z) will be set if all 8-bits of the result returned to ‘sX’ are zero.

The carry flag (C) will be cleared (C=0) in all cases.

XOR sX, kk sX = sX XOR kk

XOR sX, sY sSX = sX XOR sY

Examples

LOAD sA, CA

XOR sA, 53 sA =99, Z=0, C=0.

LOAD sA, CA
LOAD sB, 14 sA =DE, Z=0, C=0.
XOR sA, sB

CONSTANT strobe, 00000001'b Hint —

XOR s0, strobe

OUTPUT s0, ctrl port
XOR s0, strobe

OUTPUT s0, 0 ctrl port
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sY or kk El

e

='00"?

Reference
CA=11001010
53=01010011
CA XOR 53 =1 001 1001= 99 A | B | AXorRB
CA=11001010 82 g_)
14 =00010100 110 1
CAXOR 14 =11011110 = DE 11 0

The XOR instruction can be used to toggle the state of bits within a register. In this example the least

significant bit of ‘sO’ is twice toggled and output to a port. Assuming the LSB was ‘0’ to begin with
then this will have generated a positive (‘1’) pulse on the LSB of the output port whilst all other bits
remained unaffected. The CONSTANT directive provides a convenient way to name bits that you
may wish to control in this way.
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ADD sX, kk

ADD sX, sY

The ‘ADD’ instructions perform the arithmetic addition of two 8-bit values and set the carry and zero flags according to the result.

The first operand must specify a register ‘sX’ whose value provides one input to the addition function and in to which the result is returned.
The second operand defines the second input to the addition and can either be an 8-bit constant ‘kk’ or a register ‘sY’.

The zero flag (Z) will be set if the 8-bit result returned to ‘sX’ is zero.

The carry flag (C) will be set if the addition results in an overflow.

sX
ADD sX, kk  sX = sX + kk HEEEEEEN
sY or kk
ADD sX, sY sX =sX +sY +| | | | | | | | |
Set if result > ‘FF’ sX

[Ccke— T TTTTTT]

='00"?
[z}e—
Examples
LOAD sA, 8E
ADD sA, 43 8E +43=D1 sA = D1 which is not zero (Z=0) and with no overflow (C=0).
LOAD sA, 142'd _
ADD sA, sA 142 + 142 = 284 284 = 256 + 28 hence sA =28 (1C hex) which is not zero (Z=0) and there has been an overflow (C=1).
LOAD sA, 8E
ADD sA, 72 8E+72=100 sA =00 whichis zero (Z=1) but there was also an overflow that made this happen (C=1).
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ADDCY sX, kk

ADDCY sX, sY

The ‘ADDCY’ instructions are primarily intended as an extension to the basic ‘ADD’ instructions in order to support arithmetic addition of values more than 8-
bits. The key difference from the ADD instructions is that the zero and carry flags are also used as inputs to the addition function and these can influence both
the 8-bit result and the new states of the flags. Although each register only contains an 8-bit value, any combination of registers can be used to hold larger
values segmented into bytes. For example a 32-bit value can be held in a 4 registers. Although there is no restriction on which registers, and no formal way of
describing the assignment, it is common practice to assign adjacent registers and refer to them as a ‘register set’ such as [sD, sC, sB, sA].

The first operand must specify a register ‘sX’ whose value provides one input to the addition function and in to which the result is returned.
The second operand defines the second input to the addition and can either be an 8-bit constant ‘kk’ or a register ‘sY’.
The zero flag (Z) will be set if the 8-bit result returned to ‘sX’ is zero and the zero flag was set prior to the ADDCY instruction.

The carry flag (C) will be set if the addition results in an overflow.

ADDCY sX, kk sX=sX+kk+C

ADDCY sX, sY sX=sX+sY+C

Examples

The key observation to make as illustrated by these
examples is that carry and zero flags reflect the entire result
of a multi-byte addition. In particular, the zero flag is only set
if the complete multi-byte result is zero and is not just based
on the 8-bit result of the final ADDCY operation.

[sB, sA] = A2 7B

LOAD sA, 7B + 5E 1A = 10095

LOAD sB, A2
ADD sA, 85

ADDCY sB, 5D 7B+1A =95 sA =95, Z=0, C=0.

A2 +5E +0=100 sB=00, Z=0, C=1.
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HEE
sY or kk

+ (kK kTR KRk ]K]
+ ||

Set if result > ‘FF’ sX

Carry from
previous operation

AND

Zero from
IZ' previous operation

[sB, sA] = A2 7B

LOAD sA, 7B + 5D 85 = 10000

LOAD sB, A2
ADD sA, 85

ADDCY sB, 5D 7B+85 =100 sA=00, z=1, C=1.

A2+5D +1=100 sB=00, Z=1, C=1.
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SUB sX, kk

SUB sX, sY

The ‘SUB’ instructions perform the arithmetic subtraction of two 8-bit values and set the carry and zero flags according to the result.

The first operand must specify a register ‘sX’ from which the second operand will be subtracted and to which the result is returned.

The second operand defines the value to be subtracted from the first operand and can either be an 8-bit constant ‘kk’ or a register ‘sY’.

The zero flag (Z) will be set if the 8-bit result returned to ‘sX’ is zero.

The carry flag (C) will be set if the result of the subtraction is negative. Hence the carry flag represents an underflow or a ‘borrow’ to complete the operation.

sX
SUB sX,kk  sX = sX - kk HEEEEEEN
sY or kk
SUB sX,sY  sX=sX-sY = HEEEEEEE
Set if result < ‘00’ sX

[Ccke— T TTTTTT]

='00"?

Examples . <

LOAD sA, 8E

SUB sA, 43 8E -43=4B SA = 4B which is not zero (Z=0) and with no underflow (C=0).

LOAD sA, 8E

ADD sA, sA 8E-8E=00 sA =00 which is zero (Z=1) but there was still no underflow (C=0).

LOAD sA, SE 8BE-B5=1D9 sA=D9 which is notzero (Z=0) but there was an underflow (C=1).

SUB sA, B5 This is equivalent to 142 — 181 = -39 where D9 hex is the twos complement representation of -39.

However, it is the users responsibility to implement and interpret signed arithmetic values and operations.

& XILINX.
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SUBCY sX, kk

SUBCY sX, sY

The ‘SUBCY’ instructions are primarily intended as an extension to the basic ‘SUB’ instructions in order to support arithmetic subtraction of values more than
8-bits. The key difference from the SUB instructions is that the zero and carry flags are also used as inputs to the subtraction function and these can influence
both the 8-bit result and the new states of the flags. Although each register only contains an 8-bit value, any combination of registers can be used to hold
larger values segmented into bytes. For example a 32-bit value can be held in a 4 registers. Although there is no restriction on which registers, and no formal
way of describing the assignment, it is common practice to assign adjacent registers and refer to them as a ‘register set’ such as [sD, sC, sB, sA].

The first operand must specify a register ‘sX’ from which the second operand and carry flag will be subtracted and to which the result is returned.

The second operand defines the value to be subtracted from the first operand and can either be an 8-bit constant ‘kk’ or a register ‘sY’.

The zero flag (Z) will be set if the 8-bit result returned to ‘sX’ is zero and the zero flag was set prior to the SUBCY instruction.

The carry flag (C) will be set if the result of the subtraction is negative. Hence the carry flag represents an underflow or a ‘borrow’ to complete the operation.

sX
SUBCY sX, kk sX=sX-kk-C SY or kk
ne e — [k kTR TT&]&]
UBCY sX, sY sX =sX-sY - . . Carry from
previous operation
Set if result < ‘00’ sX
Examples .< | | | | | | | |
The key observation to make as illustrated by these =00’ ?
examples is that carry and zero flags reflect the entire result
of a multi-byte subtraction. In particular, the zero flag is only AND Z=17 Zero from
set if the complete multi-byte result is zero and is not just IZ' previous operation
based on the 8-bit result of the final SUBCY operation.
[sB, sA]= A2 7B [sB, sA]=A2 7B
LOAD sa, 7B - AL B9 = 00C2 LOAD sa, 7B - A2 7B = 0000

LOAD sB, A2 LOAD sB, A2

SUB sA, B9 7B — B9 :(-)CZ sA=C2, 7=0, C=1. SUB sA, sA
C=

=0, C=1 7B-7B =00 sA=00, Z=1, C=0.
SUBCY sB, Al A2—AL -1200 SB=00, 70 =0, SUBCY sB, sB

A2-A2 -0=00 sB=00, Z=1, C=0.
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TEST sX, kk

TEST sX, sY

The ‘TEST instructions are similar to the ‘AND’ instructions in that a bit-wise logical AND operation is performed. However, the actual result is discarded and
only the flags are updates to reflect the temporary 8-bit. The ‘TEST instruction also reports then exclusive-OR of the temporary result which can be used to
compute the ‘odd parity’ of a value.

The first operand must specify a register ‘sX’ whose value provides one input to the AND operation (sX will not be effected by the operation).
The second operand defines the second input to the AND operation and can either be an 8-bit constant ‘kk’ or a register ‘sY’.

The zero flag (Z) will be set if all 8-bits of the temporary result are zero.

The carry flag (C) will be set if the temporary result contains an odd number of bits set to ‘1’ (the exclusive-OR of the 8-bit temporary result).

TEST sX, kk temp = sX AND kk sX E‘ I_G__| S 4 E‘ |_7_| l_l__| I_O__|

TEST sX, sY temp = SX AND sY
sY or kk
Hints
It is typical to think of ‘sX’ containing the information to be tested
and for ‘'sY’ or ‘kk’ to be acting as a bit-mask to select only those
bits to be tested. Fmm e
, temp

To test a single bit the value of ‘kk’ is best described using a e et bbb e bbbt b bl
binary format such as 00100000’b that will text bit 5 (equivalent [ ]

to 20 hex). The ‘C’ flag will be set if the corresponding bit in ‘sX’

is ‘1’ and the ‘Z’ flag will be set if the tested bit is ‘0’. ='00"?

Use a mask value of kk = FF to compute the odd parity of the
whole byte contained in ‘sX’. Odd ?

C
Examples CA=11001010

LOAD sA, CA 40 =
TEST sA, 01000000'b Z=0,C=1(odd). ca AND 40 = 0 1 0 0 0 0 0 0 = 40

o
=
o
o
o
o
o
o

CERG Gn. Gl 51 =01010001 Hint — The ‘SLA’ and ‘SRA’ shift instructions and the
TEST sA’ e Z=0, C=1. FF=11111111 ADDCY and SUBCY instructions can all be used to
! Parity is odd. 51 AND FF =01 010001-=51 move the value of the carry flag into a register.
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TESTCY sX, kk

TESTCY sX, sY

The ‘TESTCY  instructions are primarily intended as an extension to the basic ‘TEST instructions in order to support testing and odd parity calculation of
values more than 8-bits. The key difference from the TEST instructions is that the zero and carry flags are also used as inputs that can influence the new
states of the flags. Although each register only contains an 8-bit value, any combination of registers can be used to hold larger values segmented into bytes.
For example a 32-bit value can be held in a 4 registers. Although there is no restriction on which registers, and no formal way of describing the assignment, it
is common practice to assign adjacent registers and refer to them as a ‘register set’ such as [sD, sC, sB, sA].

The first operand must specify a register ‘sX’ whose value provides one input to the AND operation (sX will not be effected by the operation).
The second operand defines the second input to the AND operation and can either be an 8-bit constant ‘kk’ or a register ‘sY’.

The zero flag (Z) will be set if all 8-bits of the temporary result are zero and the zero flag was set prior to the TESTCY instruction.

The carry flag (C) will be set if the temporary result together with the previous state of the carry flag contains an odd number of bits set to ‘1’.

TESTsX, kk  temp = sX AND kk sX |_7__| I_G—_I 5 4 l_g,__| |_7_| |_T_| |_o__|

TEST sX, sY temp = sSX AND sY

sY or kk

The meaning of the ‘C’ and ‘Z’ flags are the same following a
TEST and TESTCY combination of instructions used to test

and compute the odd parity of a multi-byte value as they are
after a single 8-bit TEST operation. e i, Aty

___________________________________________________________________________

Examples . ‘

LOAD sA, CA =00’ ?
PS5 [sB, SA] = 11001010 0101001

Z AND|  Z=17 Zero from
TEST sA, FF L o ] 7 : _
TESTCY sB, FF 7 bits in total are ‘1’ so parity is odd. Z=0, C=1. D previous operation

LOAD sA, CA odd 2
LOAD sB, 52 [sB, sA] = 11001010 0101001 E

| Carry from
TEST sA, 00000100'b . previous operation

TESTCY sB, 00100000'b Both bit13 and bit3 of the 16-bit word are ‘0’.
Z=1, C=0 (even).
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COMPARE sX, kk

COMPARE sX, sY

The ‘COMPARE’ instructions perform the arithmetic subtraction of two 8-bit values but the actual result is discarded and only the carry and zero flags are

updated according to the temporary result.

The first operand must specify a register ‘sX’ from which the second operand will be subtracted (the value of sX will not be effected by the operation).
The second operand defines the value to be subtracted from the first operand and can either be an 8-bit constant ‘kk’ or a register ‘sY’.

The zero flag (Z) will be set if the temporary 8-bit result is zero corresponding with both operand being equal or ‘matching’.

The carry flag (C) will be set if the temporary result of the subtraction is negative and hence indicating when ‘sX’ is less than the second operand.

Flag States
Comparison
Z C
0 0 sX>kk or sX>sY
X 1 sX <kk or sX<sY
1 X sX=kk or sX=sY
Examples

LOAD sA, 8E
COMPARE sA, 8E
JUMP Z, equal

LOAD sA, 8E
COMPARE sA, 98
JUMP C, less_than

SA <98, Z=0, C=1.
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Values are equal, Z=1, C=0.

X
COMPARE sX, kk temp = sX - kk |s| | | | | | | |
COMPARE sX,sY  temp=sX-sY sY or kk
s BEEEEEEE
Set if temp < ‘00’ temp

I—T=1=--T=" 111" 17-"17 71
{ I N I N Ty TN N R
L J

='00' ?

Hints
Use Z’ to determine when the values are equal or ‘match’.

The ‘C’ flag can be used to determine when sX is less than the second operand.
Hence, it can also be used to determine when sX is greater than or equal to the
second operand’. So when comparing the contents of two registers assign them to ‘sX’
and ‘sY’ such that you can use ‘C’ to identify which is less. This will avoid the
requirement to test both ‘C’ and ‘Z’ flags.

The KSPSM6 Assembler enables you to specify constants in hex, decimal and ASCII
characters, e.g. COMPARE s0, “Q”

& XILINX.
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COMPARECY sX, kk

COMPARECY sX, sY

The ‘COMPARECY’ instructions are primarily intended as an extension to the basic ‘COMPARE’ instructions in order to support comparison of values more
than 8-bits. The key difference from the COMPARE instructions is that the zero and carry flags are also used as inputs to the subtraction used to perform the
comparison and these can influence both the 8-bit result before it is discarded and the new states of the flags. Although each register only contains an 8-bit
value, any combination of registers can be used to hold larger values segmented into bytes. For example a 32-bit value can be held in a 4 registers. Although
there is no restriction on which registers, and no formal way of describing the assignment, it is common practice to assign adjacent registers and refer to them
as a ‘register set’ such as [sD, sC, sB, sAl.

The first operand must specify a register ‘sX’ from which the second operand and carry flag will be subtracted (sX will not be effected by the operation).
The second operand defines the value to be subtracted from the first operand and can either be an 8-bit constant ‘kk’ or a register ‘sY’.
The zero flag (Z) will be set if the temporary 8-bit result is zero is zero and the zero flag was set prior to the COMPARECY instruction.
The carry flag (C) will be set if the temporary result of the subtraction is negative.
LI TP PT]

sY or kk
— k[ K[k K[k [Kk[K]K]

_ . Carry from
previous operation
Set if temp < ‘00’

Examples t_e_TP_,__,__,__,__,__,__,

[Cle—— i

COMPARECY sX, kk temp=sX-kk-C

COMPARECY sX, sY temp=sX-sY-C

The meaning of the ‘C’ and ‘Z’ flags are the same following a

COMPARE and COMPARECY combination of instructions =00’ ?
used to compare multi-byte values as they are after a single
8-bit COMPARE operation. AND 7Z=17?

Zero from
IZ' previous operation

LOAD sA, 7B

LOAD sB, A2 [sC,sB, sA] = 14 A2 7B

LOAD sC, 14 LOAD sA, 7B [sB, sA] = A2 7B

COMPARE sA, 7B 14A27B — 14A27B = 000000 LOAD sB, A2

COMPARECY sB, A2 COMPARE sA, 7B A27B — B97B = (-) E900
COMPARECY sC, 14 Values are equal Z=1, C=0. COMPARECY sB, B9

JUMP Z, equal JUMP C, less_than [sB, sA]<B97B Z=0, C=1.
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SLO sX SL1sX

SLX sX SLA sX

These instructions all shift the contents of the specified register (sX) one bit to the left. The most significant bit (MSB) is shifted out of the register into the
carry flag (C). The bit that is shifted into the least significant bit (LSB) is defined by the shift left instruction that is used. The zero flag (Z) will be set only if all
8-bits of the resulting value contained in the register are zero.

sX
SLO sX [ DdAAAAAA 4 0 [z]=2

sX
SL1sX (e DAAAAAAA 4 [z] =0

sX
stxsx  [C] A Al A A [2] =

sX
stasx [ TAAAAAAAL N [Z)=

Examples

Previous

SLO sX shifts a ‘0’ into the LSB. The Z flag will only be set if bits(7:1)
are also all ‘0’ after the shift.

SL1 sX shifts a “1” into the LSB. This means that the Z flag will be
always be cleared (Z=0) by this instruction.

SLX sX replicates the existing state of the LSB. The Z flag will only be
set if all 8-bits of the register are zero.

SLA sX shifts the previous state of the carry flag into the LSB at the
same time that the carry flag is loaded with the MSB. The Z flag will
only be set if all 8-bits of the register are zero.

A shift left injecting a ‘0’ has the effect of multiplying a value by 2. The ‘SLA’ instruction enables multi-byte values contained in multiple registers to be shifted.

LOAD sB, 14

LOAD sA, B5  [sB,sA]=14B5= 5301,,= 0001 0100 1011 0101

SLA sB SLO sA

sB SA
SLO sA ‘n’
oIa on [c]« tAadAddd 4> [c]< TdAAAAAA 4 0
[sB,sA] = 296A = 10602,, = 0010 1001 0110 1010

00000001

LOAD sF, 00000001'b _ _ _ oo

loop: OUTPUT sF, port Outputs a simple pattern shown on the right hand side to the to ‘port’. 00001111

SLX sF ’ The process terminates when all 8-bits have been set and the final 00011111

JUMP NC, loo shift sets the carry flag. 00111111

! P 01111111

Page 67

11111111 v
© Copyright 2010-2014 Xilinx iA XILINX@



SRO sX SR1 sX SRX sX SRA sX

These instructions all shift the contents of the specified register (sX) one bit to the right. The least significant bit (LSB) is shifted out of the register into the
carry flag (C). The bit that is shifted into the most significant bit (MSB) is defined by the shift right instruction that is used. The zero flag (Z) will be set only if all
8-bits of the resulting value contained in the register are zero.

sX
SRO sX ‘0’ /_\1\/134 /|34 /134 /i\ /134 /134 /|54 ,I/\ =? SRO sX shifts a ‘0" into the MSB. The Z flag will only be set if

bits(6:0) are all also ‘0’ after the shift.

sX
SR1 sX “1’° /\1\ /f\ /fN /fN /f\ /fx /h /fN ,I/\ =0 SR1 sX shifts a ‘1’ into the MSB. This means that the Z flag will be

always be cleared (Z=0) by this instruction.

sX
SRX sX @/i\ /i\ /t\ /i\ /154 /f\ /154 ,I/\ =7 SRX sX replicates the existing state of the MSB. The Z flag will only be

set if all 8-bits of the register are zero.

sX
SRA sX /\1\/154 /l\ /i\ /134 /i\ /i\ /154 ,l/\ =? SRA sX shifts the previous state of the carry flag into the MSB at the

Previous same time that the carry flag is loaded with the LSB. The Z flag will
only be set if all 8-bits of the register are zero.

Examples

A shift right has the effect of dividing a value by 2. The ‘SRA’ instruction enables multi-byte values contained in multiple registers to be shifted.
When 2’s complement is used to represent signed values then ‘SRX’ implements sign extension.

LOAD sB, ED SRX sB SRA sA
LOAD sA, 2A  [sB,sA] = ED2A = -4822,; = 1110 1101 0010 1010

sB SA
SLO sA (EAANANNA [ E NANNANNT[C]

Aoy G [sB,sA] = F695 = -2411,, = 1111 0110 1001 0101

10000000

01000000

LOAD sF, 10000000'b 00100000

: . . : . . 00010000
loop: OUTPUT sF, port Outputs to ‘port’ a simple ‘walking 1’ pattern as illustrated on the right hand side. 00001000
SRO sF The process terminates when the ‘1’ is shifted into the carry flag. 00000100

JUMP NC, loop 00000010
00000001
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RL sX

RR sX

The ‘RL’ and ‘RR’ instructions rotate the contents of the specified register (sX) one bit to the left or right. The bit that is shifted out of on end of the register and
back into the other end is also copied into the into the carry flag (C). The zero flag (Z) will be set only if all 8-bits of the register contents are zero.

RL sX shifts all bits one place to the left and the MSB that is shifted

sX
RL sX ‘/M ‘4\ >‘1\ V}\ V|\ @ =? out is shifted into the LSB as well as copied into the carry flag. The Z

flag will only be set if all bits of the register are zero.

sX . . . . .
RR sX shifts all bits one place to the right and the LSB that is shifted
RR sX @ AN ANAN AN w\ =? out is shifted into the MSB as well as copied into the carry flag. The Z

flag will only be set if all bits of the register are zero.

Note that because the rotate instructions only reorganize the existing contents of ‘sX’ the zero flag will only be set if ‘sX’ contained zero on entry to the

rotate operation.

Example

Rotate operations are typically used in the generations of bit patterns or sequences such as in the control of stepper motors.

LOAD s6, 03

loop: OUTPUT s6, motor_ ctrl
CALL step_delay
INPUT s0, direction
TEST s0, 01
JUMP NZ, move_right

In this example we can imagine a stepper motor that has 8 coils arranged
in a circle such that the coil mapped to bit0 is adjacent to the coil mapped
to bit7. The position of the motor is defined by the coils being energised
and in this case it is beneficial to energise two adjacent coils of a motor at
the same time (hence the initial value of 03 loaded into ‘s6’).

RL s6

JUMP loop An input is sampled to determine in which direction the motor should
move right: RR s6 rotate anfj this is translated.into the direction in which the “11” pattern is

JUMP loop rotated either to the left or right.
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00000011
00000110
00001100
00011000
00110000
01100000
11000000
10000001
00000011
00000110
00000011
10000001
11000000
01100000

Left

Right
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REGBANK A

REGBANK B

KCPSM6 actually has 32 registers that are arranged into 2 banks of 16
registers called bank ‘A’ and bank ‘B’. Only one bank can be active at a given
time and all instructions (except ‘STAR’) can only perform operations involving
the registers in the active bank. To put it another way the registers in the
inactive bank are almost completely isolated and their contents are unaffected
by instructions modifying values within the registers of the active bank.

Following device configuration, or an active High reset pulse on the ‘reset’
input of the KCPSM6 macro, bank ‘A’ will be the active bank. Hence KCPSM6
can initially be considered to have 16 registers and this will be adequate for
many applications.

The REGBANK instruction can be used to select which bank is to be active and
therefore assign the other bank to being inactive. There is only one carry flag
and one zero flag neither of which is effected by the bank selection.

REGBANK A - Select bank A active (or restore default bank).

REGBANK B - Select bank B active.

Hint — When selecting a different bank there is no effect on the contents of
any registers in either bank. However, it will almost certainly appear as if the
contents of all registers change as the swap is made. Note that there is only
one set of flags and their values will not change.

Hint - If you use the NAMEREG directive in your code then you will probably
want to assign different names to the registers following the REGBANK
instruction to reflect that you are no longer accessing the same information.

Default Bank
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STAR sX, kk

STAR sX, sY

Apart from bank ‘A’ being the default on power up or following a reset you are completely free to select bank ‘A’ or bank ‘B’ as and when you wish using a
REGBANK instruction. All instructions only operate on the registers in the actively selected bank which preserves the values in the inactive bank. This can be
particularly useful when creating a subroutine that implements an intense task; having many registers available to manipulate data can make the task much
easier to implement. It is also very appealing when servicing an interrupt as the bank swap can help to ensure that the contents of registers being used
anywhere else in the program at the time of the interrupt are not disturbed. This is covered in more detail in the interrupt section of this guide (see page 86 ).

KCPSM3 only had one bank of registers, so a common technique was to preserve the contents of registers in scratch pad memory before those registers
were used again in a subroutine. The values were then fetched from memory to restore their values before returning to the main program. This is still a
perfectly valid technique in KCPSM6 programs but it can result in a significant number of STORE and FETCH instructions consuming code space and
slowing program execution. By switching to the ‘B’ bank of registers at the start of an intense subroutine, or when servicing and interrupt, you can effectively
provide yourself with 16 temporary registers in one instruction cycle (2 system clock cycles) automatically preserving the contents of registers in bank ‘A’.

Although it is useful to have two banks of registers that are isolated and Active Bank Inactive Bank
independent this also presents a challenge when it comes to data being passed e T it bttt |
between a main program and a subroutine. Once again a potential solution is to 1 i
assign particular scratch pad memory locations which are then accessed by both 1 sF | | | | | | | | | | | | | | | !
sections of code when using different register banks but this requires a memory : SE | | | | | | SE _ i
location and a pair of STORE and FETCH instructions for each byte of data. For I !
this reason the ‘Send To Alternate Reregister’ ('STAR’) instruction provides you s | ||| ]| L] ]
with a way to pass information from a register in the active bank (sY) to a register | :
in the inactive bank (sX) or to pre-set a constant in a register of the inactive bank. 1 -=i:mime 11 /S —im e i
Hint — Like the ‘LOAD’ instructions, the ‘STAR’ instructions have no effect on the : s2 | | | | | | | | | | | | | | | i
states of the flags. However, it should be recognised that ‘STAR s0, sO’ is not 1 i
equivalent to a ‘no-operation’ instruction because each reference to ‘s’ is in a 1 sl _ [ofofa]a]o]a]a]1] i
different bank (i.e. ‘sO’ in the inactive bank will probably be changed). : 0 !
Example (Effectillustrated in the diagram) L _S_ _| _|_ |_ _| _|_ |_ __________ |___|__|___|___|__|___|___|__!_i
STAR sk, sl ‘sE’ in the inactive bank is loaded with a copy of ‘s1’ in the active bank. No Change
STAR sl1, 37 ‘s1’ in the inactive bank is loaded with constant value 37 hex (note ‘s1’ in active bank is unchanged). No Change

The alternate register ‘sX’ must be specified using a default name ‘s0’ to ‘sF’. Any NAMEREG directives do not
apply to the specification of ‘sX’. The current active register ‘sY’ must be specified using an active name for a
register (i.e. NAMEREG does apply as normal). These are deliberate coding rules intended to minimise the
probability of coding mistakes (i.e. They force you to think carefully about which bank is active).

ASSEMBLER CODING REQUIREMENT
when using the STAR instruction
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This design has been used to evaluate the maximum clock rates that
can be achieved for a variety of device types and speed grades...

General Purpose /O Ports [l R > g

I
Kintex-7: (-1) ~185MHz | (-3) ~238MHz
Virtex-7: [ | (-3) ~232MHz
Input Ports
A = PORT 00
B = PORT 01 kcpsmé6 your_program
C = PORT 02 [17:0] | . , . .
D = PORT 03 instruction bram enable enable instruction
11:0
[7:0] address A address rdl
— — clk
v | _
C  — [7:0] . t [7:0]
70 in_por out port Output Ports
B — .
write strobe
[7:0] -
A read strobe |— 3 CE
- Bl [7:0]
— D ————— 7
k write strobe |—
(7:0] ] = PORT 08
port id
2 o CE
---------------------------------- 2 _
. —/ — D & Y
interrupt interrupt ack |—
?? . = PORT 04
g sleep
reset . ﬂ CE
[1] ) (7:0]
e D —
—1> clk
. = PORT 02
o CE
0 :
This diagram represents one possible arrangement in which KCPSM6 can be used to service 4 input ports el D & W
and 4 general purpose output ports. Each port is up to 8-bits and could be connected directly to pins on the a
device package or may connect to some of your other logic within the device. All KCPSM6 designs build on = PORT 01

variations of this fundamental arrangement. Suitable PSM code for this circuit is shown on page 51.
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INPUT sX, pp

INPUT sX, (sY)

An ‘INPUT instruction enables KCPSM6 to read information from the from your hardware design into a register ‘sX’ using a general purpose input port
specified by an 8-bit constant value ‘pp’ or the contents of another register ‘(sY)'. KCPSM®6 presents the port address defined by ‘pp’ or ‘(sY)’ on ‘port_id’ and
your hardware interface is then responsible for selecting and presenting the appropriate information to the ‘in_port’ so that it can be captured into the ‘sX’
register. An active High (‘1’) synchronous pulse is also generated on the ‘read_strobe’ pin and may be used by the hardware interface to confirm when a
particular port has been read.

INPUT sX, pp olk ' I

INPUT sX, (sY)

-

i

kcpsmé address X X :

[7:0] sX |
ey 111_pOT T E> | | | | | | | | | instruction X INPUT sX, pp D(
NoChange :

[2] No change read strobe [ read strobe / :l\

sY or pp .
—Dex [LITTTTT]ey eortid Mo pore i X =

in port XXXXXXXXXXXX

R

|

Hint 1 — Assign your input port addresses such that the data selection multiplexer feeding ‘in_port’
uses the minimum number of ‘port_id’” signals to make the selection, e.g. port addresses ‘00’ to ‘OF’
provide 16 input ports and only require ‘port_id(3:0)’ to be selection inputs to the multiplexer
resulting in smaller faster designs.

There are 2 clock cycles available
to decode the port address ‘pp’ or
‘(sY) and present the requested
information to the ‘in_port’.

Hint 2 — Unless there is a specific reason not to, the input data selection multiplexer should include a
pipeline register (i.e. your case statement should be within a clocked process). In this way the data is
selected during the first clock cycle of ‘port_id’ and presented to ‘in_port’ during the second clock cycle.
Failure to define a pipeline register anywhere in the ‘port_id’ to ‘in_port’ path is the most common reason
for PicoBlaze designs failing to meet the required performance (a ‘false path’ for one clock cycle) .

Data captured into ‘sX’ on
this rising clock edge.

Hint 3 — ‘read_strobe’ can be ignored in most cases and never needs to be part of the multiplexer feeding ‘in_port’. However, some functions such as a FIFO
buffer do need to know when they have been read and it is in those situations that ‘read_strobe’ together with a decode of the appropriate value of ‘port_id’
would be used to generate a “port has been read” pulse to confirm when a read has taken place.
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OUTPUT sX, pp

OUTPUT sX, (sY)

An ‘OUTPUT instruction is used to transfer information from a register ‘sX’ to a general purpose output port specified by an 8-bit constant value ‘pp’ or the
contents of another register ‘(sY)'. KCPSM6 presents the contents of the register ‘sX’ on ‘out_port’ and the port address defined by ‘pp’ or (sY)' is presented
on ‘port_id’. Both pieces of information are qualified by an active High (‘1°)

synchronous pulse on the ‘write_strobe’ pin. Your hardware interface is clk ' I

responsible for capturing the information presented.
OUTPUT sX, pp sddress X X
OUTPUT sX, (sY)

kcpsmé instruction X  OUTPUT sX, pp

sX [7:0]

| | | | | | | | ||:>out_port p— out_port X sX
No Change No Change

T EE

9

write strobe —» yrite strobe

sY or pp ]
—Dene (LTI Ty sortid oy o g X PP

-l

T

o . . . . There are 2 clock cycle available to
Note that ‘out_port’ and ‘port_id’ will vary during the execution of other instructions but 4 T

. : - . ) . decode th rt add ‘pp’ or ‘(sY)
‘write_strobe’ will only be active during an OUTPUT instruction. ecode the port address ‘pp’ or ()

The value presented on ‘out_port’
should be captured on the rising edge
of the clock when ‘write_strobe’ is High.

Hint — In most cases a fixed port address ‘pp’ is used so CONSTANT directives provide an ideal
why track your port assignments and make your code easier to write, understand and maintain.

Examples VHDL T
CONSTANT LED port, 05 If you want to keep you_r_de3|gns small a_nd fast_then assign if clk'event and clk — '1' then
= port addresses that facilitate smaller logic functions. , ,
i g if write strobe = 'l' then
LOAD s3, 3A o if port id(2 downto 0) = "101" then
OUTPUT s3, LED port In this example a set of 8 LEDs are mapped to port 05 hex and led <= out port;
only 3-bits of ‘port_id’ together with ‘write_strobe’ are decoded. end if;
OUTPUT s6, (s2) end if;
OUTPUT s4, 40 Decimal values can be used to specify port addresses but hex or binary end if;

OUTPUT sB, 64'd  values are normally easier to work with when defining the hardware.
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Constant-Optimised Output Ports

In order to understand the motive for the constant-optimised ports and to know when it is better to use them, it is necessary to appreciate the situations in
which the general output ports can adversely effect the size of your program code and/or result in lower performance. The ‘OUTPUT sX, pp’ and ‘OUTPUT
sX, (sY) instructions associated with the general purpose output ports both require that the value to be written to the port to be held in a register ‘sX’. This is
ideal when the value is a variable in your system but when you want to send a constant value, or more likely, a series of constant values to a port the act of
loading ‘sX’ each time increases code size and reduces performance. In many applications this overhead can be tolerated and you should feel no pressure to
adapt your design and code to use the constant-optimised ports unless you really want to. However, using constant-optimised ports appropriately can make
code easier to write and avoid the code size and performance overhead associated with general purpose output ports when necessary.

In this example KCPSM6 is required to write 8-bit data to an external device. The data is naturally variable

Using General Purpose Output ports......

and is presented to the device interface by outputting to port 20 hex. Then KCPSM6 is required to

generate the correct sequence of control signals; ‘Dev_write’ is set High before a pulse is generated on

the ‘Dev_clk’ followed by ‘Dev_write’ being returned Low. These signals are controlled by outputting the

kcpsmé appropriate sequence of constant values to port 08 hex that define the states of bit0 and bit1.
[7:0] (This technique of driving control signals is often called ‘bit banging’).
Out_port PORT 20
write strobe CE
151 [7:0]
e D > Dpev_datal7:0] X Valid Data

(1]

PORT 08 Dev _write /

CE [0] Dev_clk

o

I P o Lo
—IN cl1k port id & o

For each OUTPUT instruction of
the control sequence waveform
CONSTANT Dev_data_port, 20 there is a corresponding LOAD
CONSTANT Dev_control port, 08 instruction that prepares ‘s0’ with
the required constant value.
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OUTPUT sl, Dev_data_port
LOAD s0, 00000010'b

OUTPUT s0, Dev_control port
LOAD s0, 00000011'b

OUTPUT s0, Dev_control port
LOAD s0, 00000010'b

OUTPUT s0, Dev_control port
LOAD s0O, 00

OUTPUT s0, Dev_control port
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Constant-Optimised Output Ports

The timing diagram for the code using the general purpose output ports shows that it takes 16 system clock cycles to generate the control sequence because
every instruction takes 2 clock cycles and every OUTPUT instruction requires a corresponding LOAD instruction to initialise ‘sX’ (‘sO’ was used in the
example). It can also be seen that this results in 4 clock cycles between each transition of the control sequence.

clk l I l

instruction _ X OUTPUT D( LoAD X OUTPUT D( oap X OUTPUTEX LoaD X OUTPUT D( oap X OUTPUTEX
out_port :>< data §>< X 02 é>< X i>< X 02 §>< X 00 §><
write strobe 4/_5\ / i\ /_i\_
i AN

A\

o
w

Dev data[7:0] X Valid Data

Dev_write

-c-1--}

]

16 clock cycles

<
<« >

1
1
1
i
Dev_clk |
1
1
1
1

There are a number of applications where it is beneficial that KPCSM6 slows down the generation of waveforms. For example, the communication rate with
an SPI Flash memory device may be 33MHz maximum. So if your system clock was 200MHz you would be looking to divide that by at least a factor or 6 and
KCPSM6 could help to achieve that naturally. However, if you require higher ‘bit banging’ performance without just increasing the system clock frequency
then clearly there is a limit when using the general purpose output ports.

One potential workaround that has been used in KCPSM3 based designs in the past, and is still applicable
to KCPSM6 designs, is to reorder your code. As shown on the left, the constant values have been pre-
loaded into a set of registers so that the waveform can be generated with a burst of sequential OUTPUT
instructions. Whilst this does result in the highest possible ‘bit banging’ transition rate of the signals during
the actual generation of the sequence it also requires more registers to be used and the same amount of
time is required to execute the code overall.

OUTPUT sl, Dev_data port
LOAD s2, 00000010'b

LOAD s3, 00000011'b

LOAD s0, 00000000'b

OUTPUT s2, Dev_control port
OUTPUT s3, Dev_control port
OUTPUT s2, Dev_control port

OUTPUT s0, Dev_control port Hint — To generate single clock cycle pulses you can use the single clock cycle ‘write_strobe’ qualified by

the ‘port_id’ rather than set and reset a data bit of a full output port.
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Constant-Optimised Output Ports

KCPSM6 provides up to 16 constant-optimised output ports. From a hardware perspective these are used in an identical way to the general purpose output
ports except that ‘k_write_strobe’ is used to qualify the port address which is presented on port_id[3:0]. Hence only port addresses ‘0’ to ‘F’ (0’d to 15°d) can
be used and port_id[7:4] should be ignored. Good optimum designs will allocate output port addresses to minimise the decoding of ‘port_id’" so this should not
pose any challenges.

Returning to the same example of writing data to an external device we can see that port 08 hex has now been allocated to a constant-optimised output port
by using the ‘k_write_strobe’ whilst port 20 hex is still associated with ‘write_strobe’ because the data is naturally variable. So there is very little difference in
the hardware as long as you remember that only port_id[3:0] are defined during an OUTPUTK instruction. Note also that you could now have two different
output ports with the same address; on for variable data and the other for constant values (see page 79).

kcpsmé Using a Constant-Optimised Output Port and a General Purpose Output Port......

[7:0]
Out_port PORT 20

write strobe W CE
Bl W [7:0] .
— D _I> Dev_datal[7:0] X Valid Data

(1]

PORT 08 Dev_write / \
k write strobe W CE [0] Dev clk / \

Bl [7:0)

—D c1k port id ﬂ

m Smaller and Faster Code
It can be seen immediately that

all the LOAD instructions have OUTPUT sl, Dev_data port
CONSTANT Dev_data port, 20 been eliminated §aving code _ OUTPUTK 00000010'b, Dev_control port
CONSTANT Dev control _port, 08 space and reducing the execution ~ OUTPUTK 00000011'b, Dev_control_port
- time. This also means that OUTPUTK 00000010'b, Dev_control port
register 's0’ used previously to OUTPUTK 00000000'b, Dev_control port

define the sequence of values is
now free for another purpose.

& XILINX.
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Constant-Optimised Output Ports

OUTPUTK KK, p
e LML L L Smaller and Faster Code

OUTPUT sl1, Dev_data_port

. . OUTPUTK 00000010'b, Dev_control port
out port :X data X 02 X 03 X 02 X o0 X OUTPUTK 00000011'b, Dev_control port
- X h h X OUTPUTK 00000010'b, Dev_control port
| : : | OUTPUTK 00000000'b, Dev_control port
' i i |

instruction X OUTPUT X OUTPUTK )X OUTPUTK OUTPUTK ) OUTPUTK

write strobe

Dev data([7:0] Valid Data Hint — Using a TABLE directive would also

/_;\ /_\ /_\_/_\_ make this code easier to write.
1 1 1
I 1 1

I
1
\ This timing diagram clearly shows the performance
i\ advantage when using a constant-optimised output

k write strobe

Dev_write

port for a ‘bit banging’ application. The example

AT Xg

1
1
Dev_clk Y \ ! control sequence is now completed in 8 rather than
1 1 . .
8 clock cycles : 16 cI(_)f:k cycIe;. More s_lgnlflca_ntly, the standard
> transition rate is every instruction or 2 system clock

cycles. All without the need to use any registers.
OUTPUTK kk, p

The OUTPUTK instruction has two operands. The first operand is the 8-bit constant value ‘kk’ that will be presented on ‘out-port’ and therefore must be in
the range ‘00’ to ‘FF’ hex. The second operand must specify the port address that will be presented on port_id[3:0] and therefore must be in the range ‘0’ to
‘F’ hex. This instruction has no effect on the contents of any registers used or the state of the flags.

Examples
These examples show how the KCPSM6 assembler enables the constant and port to be defined and

CONSTANT token. 61 specified in multiple ways. All four ‘OUTPUTK’ instructions shown are actually the same!
4

CONSTANT control port, OA e e . . .
The constant value ‘kk’ can be specified immediately using hex, decimal or an ASCII character.

OUTPUTK 61, A Alternatively the name allocated to a constant by a CONSTANT directive can be used.
OUTPUTK 97'd, 10'd " I . . : .
OUTPUTK "a", A The port address ‘p’ can also be specified immediately using hex or decimal but remember that this can

only be in the range ‘0’ to ‘F’ (0’d to 15'd). Likewise, the name of constant defined by a CONSTANT

OUTPUTK token, control port . . . ) . o .
directive can be used providing that the value assigned to it also falls within the required range.
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Implementing Hybrid Output Ports

Whenever variable data needs to be sent to an output port then a general purpose output port must be used. However, mainly to improve code density the
‘OUTPUTK kk, p’ instruction is more suitable in some situations so it then becomes desirable to deliver constants to the same port. This can be achieved
simply by allocating the same port address (in the range ‘00’ to ‘OF’ hex) to be used by both ‘OUTPUT sX, pp’ and ‘OUTPUTK kk, p’ instructions and
implementing a hybrid port in hardware.

An example of a hybrid port is shown below. In this case KCPSM6 is required to send information to a UART transmitter to be observed on a PC terminal. Not
surprisingly, the information will be a series of ASCII characters but many of these will be pre-defined strings or constants whilst others will represent the
variable data to be displayed. This example also illustrates a possible use of the ‘sleep’ control and the ‘STRING’ directive in the KCPSM6 assembiler.

kcpsmé uart_tx (includes 16-byte FIFO buffer)
[7:0]
out port data in serial out —| >
hwbuild => X“41Y, - - -
write_strobe write to uart .
k write strobe 3] write buffer
- [7:0]
port_id buffer half full
sleep — _
PORT 08 —) clk
—) clk
Hybrid port decode in VHDL write to_uart <= (k_write_strobe or write_strobe) and port id(3);

In order to create a hybrid port the port address must be in the range ‘00’ to ‘OF’ hex and in this example 08 hex has been used in a optimised decode of
‘port_id’ (i.e. only port_id[3] is actually being observed to minimise the logic function performing the decode). Then both ‘write_strobe’ and ‘k_write_strobe’ are
used to qualify the port address so that either an ‘OUTPUT sX, 08 or an ‘OUTPUT Kk, 8’ instruction will result in data being written to the FIFO buffer within
the UART transmitter macro.

The circuit diagram also shows how the ‘half full’ status output from the FIFO buffer could be used to make KCPSM6 wait (sleep) each time the buffer starts to
fill up and this hardware form of handshaking is important if code density is to be achieved as we will see on the next page....

& XILINX.
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Implementing Hybrid Output Ports & Text Strings

PSM file
CONSTANT UART Tx port, 08

This code uses the hybrid port to display the hardware build state on the PC terminal display.

Hardware Build: A

STRING hw_intro$§,
OUTPUTK hw_intro$,
HWBUILD sO

OUTPUT s0, UART Tx port
OUTPUTK 0D, UART Tx port

AN

"Hardware Build:
UART Tx port The code exploits the STRING directive to describe the sequence of 16 constant values required to
send ‘Hardware Build: ’ to the UART using ‘OUTPUTK’ instructions. It then loads ‘sO’ with the
‘hwbuild’ value defined as 41 hex (character “A”) using the KCPSM®6 generic (see pages 34 and
100) which it sends to the UART using an ‘OUTPUT’ instruction. The communication is completed

by sending a carriage return (OD hex) using an ‘OUTPUTK’ instruction.

The LOG file shows how the text string has been used to expand the

KCPSM6
~ - code into multiple ‘OUTPUTK’ instructions. Under normal operating
LOG file conditions the complete 19 instruction sequence will execute in just 38
, S system clock cycles. It is therefore vital that whatever you are sending
88(1) ;Eéi: 88$§8$§ {Ex—iizgz i% ! : {Eiii—gi—ggig data to has the capability of receiving information at that speed. In this
= ’ ! =" example the UART transmitter only has a 16 character FIFO buffer so
002 2B728 OUTPUTK [hw—lntros :"r"l, S[UART Tx portl hardware handshaking exploiting the ‘sleep’ control is the solution. An
003 28648 OUTBUTK 64[hw_intro$:"d"], 8[UART Tx port] . g explotting P n.
= =" alternative would be to have a larger FIFO buffer and to be sure it had
004 2B OUTPUTK [hw—lntros St g @ IORE 152 jpereic] d te free space before starting to send the characters (i.e. test for
005 2B618 OUTPUTK 61 [hw intro$:"a"], 8[UART Tx port] i”fcq)ua ¢ tp ior t di ?h burst of inf fi o
006 2B728 OUTPUTK [hw_intro$: r"], 8[UART Tx port] empty state prior to sending the burst of information).
007 2B658 OUTPUTK 65[hw _intro$:"e"], 8[UART Tx port] Note that if you were to implement a CALL test FIFO full
008 2B208 OUTPUTK 20[hw_intro$:" "], 8[UART Tx port] software based check of the FIFO status OUTPUTK "H", 8
009 2B428 OUTPUTK 42 [hw_intro$:"B"], 8[UART Tx port] by reading an input port then you would CALL test FIFO full
00A 2B758 OUTPUTK 75[hw_intro$:"u"], 8[UART Tx port] increase the code to the same size as it OUTPUTK "a", 8
00B 2B698 OUTPUTK [hw_intro$ :"i"], 8[UART Tx port] would be if you on|y used a genera]
00C 2B6CS8 OUTPUTK [hw_intro$ :"1"], 8[UART Tx port] purpose output port . Therefore
00D 2B648 OUTPUTK [hw_intro$ :"d"], 8[UART Tx port] hardware handshaking schemes using LOAD sl1, "H"
O0OE 2B3A8 OUTPUTK [hw_introS :":"], 8[UART Tx port] ‘sleep’ or interrupts are the key to CALL send to UART
00F 2B208 OUTPUTK 20 [hw_intro$:" "], 8[UART Tx port] slowing down ‘OUTPUTK’ sequences if LOAD sl, "a"
010 14080 HWBUILD sO code density is the key objective. CALL send to UART
011 2D008 OUTPUT s0, 08[UART Tx port]
012 2BODS OUTPUTK 0D, 8 [UART_TX_port] Hint — Look also at string support using ‘LOAD&RETURN’ (page 99)
o and TABLE directive (page 100).
Hint — Also look at ‘all_kcpsm6_syntax.psm’. v
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STORE sX, ss

STORE sX, (sY)

The store instructions write the contents of a register ‘sX’ into the scratch pad memory (SPM). The location (or address) within the SPM into which the register
contents are written can be defined by a specific address ‘ss’ or by the contents of a second register ‘(sY)'. The contents of the register and the states of the
zero and carry flags are not effected by the operation.

The default setting of KCPSM6 provides 64-bytes of scratch pad memory with locations 00 to 3F hex (0’d to 63’d). If more memory is required then the
‘scratch_pad_memory_size’ generic can be set to ‘128’ or ‘256’ to increase the size to 128-bytes (locations 00 to 7F) or 256 bytes (locations 00 to FF). It is
your responsibility to ensure that you only write to locations that physically exist.

Scratch Pad Scratch Pad
Memory STORE sX, (sY) Memory

sX El3F/7F/FF sX El 3F/7F/ FF
EEEEEEEE EEEEEEEE -

L» | | L | |
No Change No Change E E
1 1
1 1

STORE sX, ss

| | sY

ss £ | —— EEEEEEEE

address 00 address 00
No Change No Change

Examples

CONSTANT status, 12'd
CONSTANT buffer start, 30

Hint — The CONSTANT directive can be used to assign meaningful names to specific locations. The constants
defined in this example are then used in the code examples below

LOAD sl, buffer start With ‘s1” acting as a memory

INPUT 50, system state The status of a system is read from a read8: INPUT s0, data in pointer and counter, this code

ort and after the 5 least significant
HND sy Lz Eits have been isolated thegvalue is STORE 90, (s1) reads 8 byt(_=_'§ of data froma port
STORE s0, status ) : , ADD sl1, 01 and stored it in a buffer formed of
stored in a SPM location 0C (12'd). COMPARE s1, 38 SPM locations 30 to 37 hex.

JUMP NZ, read8

Fact — If you do write to a location larger than the size of the scratch pad memory available then the location specified in the STORE instruction will alias
down into the active range and write the information at that location. For example, if ‘STORE s3, 5A ‘ is executed when the size of memory is 64 bytes then
the contents of ‘s3’ will be written to location 2A hex (5A = 0101 1010 but only the lower 6-bits are used to address up to 64 locations and 10 1010 = 2A).
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FETCH sX, ss

FETCH sX, (sY)

The fetch instructions read the contents of a location of scratch pad memory (SPM) into a register ‘sX’ into The SPM location (or address) to be read can be
defined by a specific address ‘ss’ or by the contents of a second register ‘(sY)'. The contents of the SPM and the states of the zero and carry flags are not
effected by the operation.

The default setting of KCPSM6 provides 64-bytes of scratch pad memory with locations 00 to 3F hex (0’d to 63’d). If more memory is required then the
‘scratch_pad_memory_size’ generic can be set to ‘128’ or ‘256’ to increase the size to 128-bytes (locations 00 to 7F) or 256 bytes (locations 00 to FF). It is
your responsibility to ensure that you only read locations that physically exist.

Scratch Pad Scratch Pad
Memory Memory

FETCH sX, ss E' SFITFIFF oy FETCH sX, (sY) El 3F/7F/FF

E No Change

C No Change

| | sY
ss |:> ! ! No Change [TTTTTT] ||:> No Change
address 00 address 00
Examples

Hint — The CONSTANT directive can be used to assign meaningful names to specific locations. The constants

CONSTANT status, 12’d _ Lo .
CONSTANT buffer start, 30 defined in this example are then used in the code examples below

_ . LOAD s2, 00 With ‘s1’ acting as a memory
Bitl of the status stored in SPM LOAD sl, buffer start pointer and counter, this code
FETCH s0, status . NN — !
S 0. 0 location 0C (12'd) is isolated and used ~ chksum8: FETCH s0, (sl) reads the 8 bytes of data stored
. SO’ to set bit0 of output ‘ok_port’. Note ADD s2, s0 in SPM locations 30 to 37 hex
OUTBUT s0, ok port how the full _status information remains ADD sl, 01 and adds them together (ignoring
= unchanged in the SPM. COMPARE sl1, 38 any overflow) to form a
JUMP NZ, chksum8 checksum value in ‘s2’.

Fact — If you do read from a location larger than the size of the scratch pad memory available then the location specified in the FETCH instruction will alias
down into the active range and read information from that location. For example, if ‘FETCH s3, 5A ‘ is executed when the size of memory is 64 bytes then ‘s3’
will be loaded with the contents of SPM location 2A hex (5A = 0101 1010 but only the lower 6-bits are used to address up to 64 locations and 10 1010 = 2A).
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ENABLE INTERRUPT

DISABLE INTERRUPT

See also pages 40-44

These instructions are used to control when interrupts are allowed to happen. Following device configuration or the application of a reset to the KCPSM6
macro the program starts executing from address zero and interrupts are disabled. Quite simply, this means that a High level on the ‘interrupt’ input will be
ignored. The ‘ENABLE INTERRUPT instruction is used to enable interrupts by setting the interrupt enable flag (IE = 1). Hence this instruction needs to be
included at a suitable point in your code to activate the ‘interrupt’ input such that KCPSM®6 will react to an interrupt request. ‘ENABLE INTERRUPT’ has no
other effects.

INTERRUPT ENABLE 4’ No Change No Change

Important — You should never execute an ‘ENABLE INTERRUPT’ within your ISR (i.e. anywhere between the interrupt vector and the RETURNI instruction).
Only one interrupt can be serviced at a time and if you re-enable interrupts before the end of the ISR then there is every risk that another interrupt may occur.

The ‘DISABLE INTERRUPT instruction is used to disable interrupts interrupts by clearing the interrupt enable flag (IE = 0). This would typically be used to
temporarily prevent an interrupt from interfering with the execution of a critical section of code. ‘DISABLE INTERRUPT’ has no other effects.

DISABLE INTERRUPT ‘o No Change No Change

Hint — It is considered good coding practice if these instructions are only executed when they actually modify the state of the interrupt enable flag. Whilst it
does not cause a problem to execute the instruction in a way that confirms the state (e.g. using ‘ENABLE INTERRUPT’ when IE is already ‘1’) such a coding
style makes it less clear at what points you in your code interrupts are enabled and disabled and this can lead to confusion when debugging in the long term.

Exampl . . . . .
=Xxampes This section of code is taken from a program at a point when interrupts are enabled and therefore
TEST s6. 02 subject to interruption at any time that the interrupt input is driven High.
JUMP NZ, 1 . . . e
DISABLE I:I;EPR;U::' The state of Bit1 of register ‘s6’ is tested, and if it is High, a pulse
. is generated on Bit0 of ‘trigger_port’. A pair of ‘LOAD s0, sO’ — ——
OUTPUTK 01, trigger port . . 1 6clockcycles
LOAD sO. s0 instructions are used to stretch the pulse to be exactly 6 clock ¢ p
LOAD s0: s0 cycles in duration (3 instructions).
OUTPUTK 00, trigger port If an interrupt were to occur whilst generating the pulse then its duration could be considerably
ENABLE INTERRUPT increased would have been unacceptable in this example. So to ensure that the pulse would always be
no _pulse: LOAD s3, JUMP Z, 6 clock cycles long, interrupts are temporarily disabled only when the time critical code is executed.

Another example would be to temporarily disable interrupts whist the main program reads information from scratch pad memory that was put there by a
previous ISR. This would ensure that the information read is a complete set and not a mixture of the information resulting from 2 separate interrupts.
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RETURNI ENABLE

RETURNI DISABLE

See also pages 40-44

When an interrupt occurs the program counter is loaded with the interrupt vector and the current address (corresponding with the location of the instruction
that is abandoned) is pushed onto the stack. In addition, the states of the carry flag (C), the zero flag (Z) and the register bank selection are also pushed onto

the stack and further interrupts automatically disabled (IE = 0).
PC Stack

PC 30

_,— 1 kcpsmé Interrupt_vector
: — nnnnnnnnoon

Current
Address

p| interrupt
o

Effects of hardware interrupt when

interrupts are enabled (IE = 1)
REGBANK

Nested
Subroutines

Current
States

The ‘RETURNI instruction is similar to the unconditional ‘RETURN’ instruction but it must only be used to terminate an interrupt service routine (ISR). When
the ‘RETURNI is executed, the last address held on the PC Stack is popped off and loaded directly into the program counter so that the program resumes
execution starting with the instruction that was abandoned when the interrupt occurred. In addition, the RETURNI restores the values of the carry flag (C), the
zero flag (Z) and the register bank selection so that they are exactly the same as when the interrupt occurred. Either the ‘ENABLE’ or ‘DISABLED operand
must be used to specify if interrupts are to be enabled or disabled on return from the ISR.

PC Stack

RETURNI ENABLE

il

RETURNI DISABLE E

o

} Nested

Subroutines

Continued on next page....
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RETURNI ENABLE

RETURNI DISABLE

See also pages 40-44

Important 1 — Always terminate an ISR with a ‘RETURNI’ and always terminate a normal subroutine with ‘RETURN’. The execution of the inappropriate
instruction will result in incorrect operation. Obviously that would be bad enough, but combined with the whole concept of interrupts occurring at any point in
the execution of the main code the symptoms of the incorrect operation failure can be subtle and make it extremely difficult to identify the cause.

Important 2 — Just as each ‘RETURN’ must be executed to correspond with the ‘CALL’ that invoked a normal subroutine, a ‘RETURNI’ must only be executed
to correspond with the interrupt that invoked the ISR. Your ISR can exploit KCPSMG6'’s ability to implement nested subroutines just as they can be used in any
part of your program but it is vital that each level is invoked and completed in order. The maximum number of levels is 30 and it should be remembered that
an interrupt requires one of these levels. If an interrupt does result in a stack overflow then KCPSM6 will automatically generate an internal reset. Likewise if
RETURNI is used in a way that results in a stack underflow then KCPSM6 will also reset itself automatically.

Examples
ISR: ADD sE. 1’d This simple ISR increments the 16-bit value contained in the register pair [SF, SE]. This may relate to a scheme in
’ ADDCY 'sF 07 d which interrupts occur at regular intervals to provide the basis for a real time clock or timer (i.e. the value held in
RETURNT éNABLE [SF,sE] is then used by the main program when required). The ‘RETURNI ENABLE’ instruction terminates the ISR and

enables interrupts ready for the next time.

This ISR reads two bytes of information from input ports and stores them in scratch pad memory. It is reasonable to
assume that this information relates in some way to the reason for the interrupt and therefore probably represents
some important information that had to be captured at that particular time. It can also be imagined that the main
program needs to process this special information in some way with the value ‘2A’ loaded into register ‘sE’ signifying
that information has been captured and stored starting at location 2A hex. It can be imagined that the main program
must be given time to process the captured information so the ‘RETURNI DISABLE’ instruction terminates the ISR
but prevents a further interrupts overwriting the important information before it has been used. The main program
would use an ‘ENABLE INTERRUPT’ once it had.

ISR: INPUT sF, int datal
STORE sF, 2A
INPUT sF, int datal
STORE sF, 2B
LOAD sE, 2A
RETURNI DISABLE

ISR: LOAD sA 00
CALL motor drive

Providing all the normal rules of nested subroutines are followed then an ISR can also make use of subroutines.
RETURNI ENABLE

motor drive: OUTPUT sA, PWM value Hint — Be very careful to make sure that no code
OUTPUTK 01, update strobe executed as part of your ISR procedure contains an
OUTPUTK 00, update strobe ‘ENABLE INTERRUPT instruction.
RETURN
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Interrupts and Register Banks

Although both banks of registers can be exploited at any time, the option to reserve at least some of the resisters in the second bank of registers for use in the
ISR is very compelling as this guarantees that no undesirable changes are made to the contents of registers used by the main program that has been
interrupted. This example illustrates two situations in which an interrupt could occur and how ‘RETURNI’ always restores the correct register bank.

ENABLE INTERRUPT

loop: LOAD sA, 00 If an interrupt occurs in this loop which is decrementing ‘sE’ until it reaches zero then it is important that
the interrupt service routine (ISR) does not corrupt the value held in ‘sE’. So in this case the ISR has
@ switched to register bank ‘B’ where it implements a 16-bit interrupt counter using registers [sF, sE]. safe
LOAD SE. FF in the knowledge that ‘sE’ in bank ‘A’ is preserved.
) ! ADDRESS 3DO
wait: SUBPSIEqé Ovlwait ] > ISR: REGBANK B
’ RETURNI automatically restores the states of the ‘C’ and ﬂ
ﬂ ‘Z flags to the values they had when the interrupt
occurs. RETURNI also select the register ADD sE, 1'd
COMPARE sA, 01 bank thqt was active prior to the ADDCY sF, 00
. . interrupt which in this case
JUMP Z, post int action
- = restores the default
ﬂ Hint - STAR can be used to bank “A’ STAR sh, 01
LOAD s4, 19 pass some information from ~~
LOAD s5, 1C the ISR to the main program.
CALL mult RETURNI ENABLE
ﬂ The main program calls a ‘mult’
JUMP loop subroutine which also temporarily

uses register bank ‘B’.
If an interrupt occurs whilst in this ‘mult’ subroutine then bank ‘B’ is

mult: REGBANK B already active so the ‘REGBANK B’ at the start of the ISR doesn’t
LOAD s3, 8'd change anything and the ISR must be written carefully not to
SRO s4 disturb the registers used by the ‘mult’ subroutine.
ﬂ RETURNI automatically ensures that the states of flags and the register bank are restored to their values prior to the
interrupt. In this case bank ‘B’ is retained at the end of the ISR as that was the active bank when the interrupt occurred.
REGBANK A
RETURN
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JUMP aaa

‘JUMP aaa’ is an unconditional JUMP which forces the program counter (PC) to the absolute address defined by the value ‘aaa’. Following power up or a
reset KCPSM6 executes code starting at address zero and in general the address increments as each instruction is executed. The unconditional JUMP
instruction forces the address to a new value and hence directs KCPSM6 to deviate from the normal incrementing sequence. A JUMP instruction has no
effect on any other features within KCPSM6 including the states of the flags.

PC
JUMP aaa I:> |alalalalalalalalalala]a]

No change to states of flags.

‘aaa’ represents a 12-bit address with the range 000 to FFF hex (0’'d to 4095’'d). However, in nearly all cases it is the assembler which resolves the actual
value of the address based on the line labels you include in your program code so you don’t have to think about this yourself. Therefore it could be said that
the format of the instruction is normally ‘JUMP <line_label>’.

Whilst the address range supports programs up to 4K instructions the physical size of the program memory is defined by your hardware. Obviously the larger
the program memory, the more block memories (BRAMSs) are consumed within the device so the typical methodology is to start with the smallest memory of
1K (address range 000 to 3FF) requiring only a single in a Spartan-6 device and then only to increase the size of the memory if the program outgrows it. It is
your responsibility to ensure that the program can fit within the physical address range available but since the assembler resolves most addresses from line
labels for you and reports the highest occupied address for your program this is rarely an issue.

Example

cold start: LOAD sO, 27
STORE s0, status

Nearly all programs include code that is repeatedly executed . These excerpts of a typical program
illustrate how a program generally begins with some initialisation tasks that are only performed on
power up or following a hardware reset and then the main program code that repeats. The unconditional
JUMP forced the execution to loop back to the start of the main program .

The assembler resolves the line label ‘warm_start’ LOG file shows resolved address. .

into an actual address value which you can see in
the LOG file if you are interested.

warm_start: FETCH sO, status
OUTPUT s0, LED port
CALL update status

32C 2202B JUMP 02B[warm start]

Hint — The example on the right forces KCPSM6 to stop at the current address.
JUMP warm start This may seem pointless but a reset or an interrupt can override this and Halt: JUMP Halt
B makes KCPSM6 resume a normal execution flow. This technique can be a
useful during development and testing of both hardware and software.

& XILINX.
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JUMP Z, aaa JUMP NZ, aaa

JUMP C, aaa JUMP NC, aaa

These four conditional JUMP instructions force the program counter (PC) to the absolute address defined by the value ‘aaa’ providing that either the carry flag
(C) or the zero flag (Z) is the state specified. If the condition is false the program counter will increment the address and advance to the next instruction. A
conditional JUMP instruction has no effect on any other features within KCPSM6 including the states of the flags. See also description of ‘JUMP aaa’.

PC

Conditio :
|||||||||||||ﬂl&> oc
JUMP condition, aaa / LI TP rT
|a|a|a|a|a|a|a|a|a|a|a|a| dition"s“ue No change to states of flags.

con

JUMP Z, aaa JUMP to address ‘aaa’ if the zero flag is set otherwise advance to next instruction.
JUMP NZ, aaa JUMP to address ‘aaa’ if the zero flag is not set otherwise advance to next instruction.
JUMP C,aaa  JUMP to address ‘aaa’ if the carry flag is set otherwise advance to next instruction.
JUMP NC, aaa JUMP to address ‘aaa’ if the carry flag is not set otherwise advance to next instruction.

Examples INPUT s0, uart rx data An ASCII character is read from a UART and this is first compared with the letter ‘R’. If the ASCII value
COMPARE s0, "R" X ) .
O 7. esdl o is the same then the zero flag is set and hence the flow of the program will transfer to the address
s LEAG_Process associated with the label ‘read_process’. If the character does not match then the program continues

COMPARE s0O, "W" -y : ; I o ,
S and performs a similar comparison with the letter ‘W’ to decide if ‘write_process’ should be executed.
JUMP Z, write process

The value contained in ‘sO’ is repeatedly decremented until it reaches zero forming a delay of 100
clock cycles (25 x 2 instructions x 2 clock_cycles). The state of the zero flag is determined by the
result of the ‘SUB’ instruction so until the value in ‘sO’ reaches zero the state of the zero flag is not-
zero (NZ) so the loop is repeated.

LOAD s0, 25'd
delayl00: SUB s0O, 1'd
JUMP NZ, delayl00

TEST sB, FF
JUMP C, odd parity
AND sB, 7F

The parity of the 8-bit value contained in ‘sB’ is tested and if it is odd a jump is made to the code
located at ‘odd_parity’. When even parity the ‘AND sB, 7F’ instruction is executed.

shift: SR1 s3 Shifts ‘s3’ to the right until a ‘1’ in the least significant bit is shifted into the carry flag.

JUMP NC hift
page 8 o & XILINX.
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JUMP@ (sX, sY)

The 'JUMP@ (sX, sY)' is an unconditional JUMP which forces the program counter (PC) to the address defined by the contents of the ‘sX’ and ‘sY’ registers.

PC
JUMP@ (sX,sY) [ B (T T T1TT1TT17

| | | | | | | | | No change to states of flags.

The 12-bit address is formed of the lower 4-bits of the ‘sX’ register and all 8-bits of the ‘sY’ register. The upper 4-bits of ‘sX’ are ignored and the contents of
both registers are unaffected by the operation. There is no restriction on which registers can be used but it would be common coding practice to assign an
adjacent pair such as ‘sB’ and ‘sA’.

Since the destination address is defined by the contents of the registers this is powerful instruction but also has the potential to be dangerous! You are
entirely responsible for writing a program in which the computed address presented by the pair of registers corresponds with a valid location within your
physical program space. The KCPSM6 assembler can do nothing to prevent you computing an inappropriate address but it does provide a mechanism to
enable you to determine the addresses associated with line labels as shown in the following example.

Example This example assumes that a user selects an option from a menu by providing a numerical ASCII character in the INPUT 50, selection port

range “1” to “4” (this range could easily be extended). The program reads this character, converts it to a value in COMPARE s0, "1"
the range 0 to 3 and then jumps to the appropriate routine of ‘choice’. JUMP %, choicel
COMPARE s0, "2"
Without the ‘JUMP@’ instruction the menu would be implemented by a JUMP Z, choice2
LOAD sB, menu'upper sequential series of compare and jumps (as shown on the right) which does COMPARE s0, "3"
LORD o2, e lones not scale very well but is suitable when there is a small number of choices. e ZgOlf‘Zf
INPUT s0, selection port Using the ‘JUMP@’ can help when there are lots of choices and also means JUMP 2, choiced
SUB s0, "1" N that the execution time is the same regardless of the selection being made.
ADD sA, s0 The KCPSM6 assembler provides ‘upper and ‘lower attributes that can be used with labels to define the 8-
ADDCY sB, 00 bit constants to be loaded into the registers. These abstracts of the LOG file show how the upper and lower
JUMPQ@ (sB, sA) parts of the address are resolved into ‘kk’ values.
menu: JUMP choicel 7B4 01BO7 LOAD sB, 07[menu'upper]
JUMP choice?2 Hint - The ‘upper and ‘lower attributes can also be 7B5 O01ABB LOAD sA, BB[menu'lower]
JUMP choice3 Used to derive ‘kk’ values for use in other instructions
JUMP choice4 Such as ‘ADD sX, kk’ or ‘COMPARE sX, kk'.

7BB 22862 menu: JUMP 862 [choicel]
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Subroutines

Subroutines are sections of code that are written to perform certain tasks which are then called (invoked) from another
section of code. The key point about a subroutine is that it can be called from anywhere within a program and the processor
will return to that point in the code when the subroutine’s task is complete. This means that it is possible to call the same
subroutine from different places within a program because the processor knows which place to return to on each occasion.

Main

An analogy is like you watching a film on DVD and pressing the pause playback button whilst you make a telephone call.
Once you have completed your phone call you return to the DVD and press play button to resume the film from the point that
you left it. A little tater you need to make another phone call so pause the film again whilst you make that call. Once complete
you return to the film to continue the film from the point you left it the second time. In this case the DVD player had
remembered where you had paused the film so that each time you returned from making a phone call it resumed playback
from the point that you had left it. Making a phone call was effectively a ‘subroutine’ that you invoked whilst pausing the main
task of watching the film.

Sub

Reasons for using subroutines.

Common tasks — When the same task needs to be performed at several different places within a program then it is more code efficient to describe it once in a
subroutine than replicate in each place that it is required.

Tidy code — By placing the details of particular tasks into subroutines your main code becomes more compact and easier to write/understand.

Code development and Maintenance — A subroutine can be developed and tested in relative isolation until it provides the desired functionality. With good
definition of registers, memory locations and ports used by a subroutine the main program will know the ‘interface’ when calling it and can have a high degree
of certainty that it will perform the task expected without unexpected disturbance to register contents etc. As always, the inclusion of accurate and meaningful
comments in your code will always be rewarded in the long term.

Library of common tasks — Depending on the application and product there will often be functions that are replicated within a system or carried forward from
one generation to the next. These functions will often be specific to your products but they will still be ‘common’ tasks to you. Well defined and described
subroutines make it very easy to copy these functions form a known working design and paste them into your other designs saving time and effort.

Interrupt handling — A hardware driven interrupt is a special case but uses the same mechanism which effectively calls a special subroutine commonly known

as an interrupt service routine (ISR) which then returns to the main program at the point at which it was interrupted. This is described in more detail in the
interrupt section.
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KCPSM6 support for Subroutines

KCPSM6 provides ‘CALL" and ‘RETURN’ instructions which work with a fully automatic program counter stack which it used to remember the location
(address) associated with each ‘CALL’ used to invoke a subroutine in order that it can return to that location when a ‘RETURN’ instruction is executed to
terminate the subroutine. There is no requirement for you to reserve any memory, set up any stack pointers or implement any special code, KCPSM6 will do
everything for you.

) Main
Nested subroutine support

ALL B
Nested subroutine refers to the ability to call a subroutine whilst already executing another subroutine. The &

program counter stack within KCPSM6 actually has the ability to support nested subroutine calls to a maximum
of 30 levels. Given that it is unusual for a program to exceed 8 levels of nested subroutine calls at one time the
30 levels supported by KCPSM6 provides you with significant freedom when writing your code without the worry
of reaching the limit.

It should be remembered that an interrupt is a special case which also uses a level as the ISR is invoked but
with 30 levels available even the ISR could include nested subroutine calls of its own.

Level 1
Your code must be right!
Whist the PC Stack is completely dedicated and automatic you are entirely responsible for making sure that for
each CALL made to a subroutine you have a corresponding RETURN which completes it. You need to ensure that Sub Level 2

each CALL and RETURN is a related pair. As the term ‘nesting’ implies, each CALL starts a new level and each
RETURN terminates a level in the reverse order. In practice this is all very logical and intuitive providing you truly
understand the concept and the diagram on the right.

Hint — Although this diagram shows each subroutine located below the other your subroutines can be arranged in any order within the program space and
there are absolutely no restrictions on which order in which they can be called. The only thing you need to ensure that a subroutine is only executed by
being called otherwise it will encounter a RETURN that did not have a corresponding CALL.

Built-in Protection

In the unlikely event that execution of a CALL instruction or an interrupt does result in a stack overflow then KCPSM6 will automatically reset. Whilst this is
rather dramatic it is predictable when compared with the alternative of incorrect code execution. In practice, the main reason for this ever happening is
incorrect PSM code where the CALL and RETURN instructions do not correspond. A typical coding error is the use of a JUMP back to a main program
instead of a RETURN which can appear to work correctly until the CALL without a corresponding RETURN has executed nearly 30 times leaving inadequate
levels for even the correct subroutines. Likewise, if incorrect coding leads to the execution of a RETURN or RETURNI instruction that results in a stack
underflow then KCPSM6 will also automatically generate an internal reset.
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CALL aaa

‘CALL aaa’ is an unconditional CALL to a subroutine which pushes the current contents of the program counter (PC) onto the stack and loads the PC with the
address defined by the value ‘aaa’. A subroutine should end with a ‘RETURN’ instruction which will pop the last pushed address off of the stack, increment it
and load it back into the program counter such that the program then executes the instruction following the initial CALL. Please also see the description of
‘JUMP aaa’ regarding the valid range of ‘aaa’ values and how the assembiler is typically used to resolve their values for you.

PC Stack
PC 30

E Nested
Subroutines

Whist the PC Stack is completely dedicated and automatic you are entirely responsible for making sure that for each CALL made to a subroutine you have a
corresponding RETURN. You must also ensure that execution of your program does not exceed 30 ‘nested’ subroutines but this limit is rarely challenged by
typical programs. Remember that an interrupt is a special case equivalent to a call and will use one level. If the stack does overflow then KCPSM6 will
automatically reset.

New Address
CALL aaa I:> |a|a|a|a|a|a|a|a|a|a|a|a|

Current
Address

No change to states of flags.

Example Within some code a CALL is made to a subroutine called ‘inc_count’ which contains a 12-instruction
procedure that increments a 32-bit number stored in 4 bytes of scratch pad memory. The inc count32: FETCH s0, countO
corresponding RETURN at the end of the subroutine allows the program to continue. B FETCH sl, countl
FETCH s2, count2
FETCH s3, count3
OUTPUT s0, status ADD s0, 1'd
CALL inc_count32 ADDCY sl1, 00
LOAD s0O, 38 €— ADDCY s2, 00
JUMP main_ loop ADDCY s3, 00
STORE s0, countO
STORE sl1, countl

AND s0, 01

Hint — A subroutine can be located anywhere in a program relative to the CALL instructions that invoke it STORE s2, count2
but it is vital that the subroutine is only executed as the result of a CALL otherwise their will be no address STORE s3, count3
in the PC stack to correspond with the subsequent RETURN instruction. RETURN
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CALL Z, aaa CALL NZ, aaa

CALL C, aaa CALL NC, aaa

These four conditional CALL instructions invoke a subroutine located at ‘aaa’ providing that either the carry flag (C) or the zero flag (Z) is the state specified. If
the condition is false the program counter will increment the address and advance directly to the next instruction . A conditional CALL instruction has no effect
on any other features within KCPSM6 including the states of the flags. See also description of ‘CALL aaa’.

CALL Z, aaa Call address ‘aaa’ if the zero flag is set otherwise advance to next instruction. PC Stack
CALL NZ,aaa Call address ‘aaa’ if the zero flag is not set otherwise advance to next instruction. 30

CALL C, aaa Call address ‘aaa’ if the carry flag is set otherwise advance to next instruction.

CALL NC, aaa Call address ‘aaa’ if the carry flag is not set otherwise advance to next instruction.

Increment current
address and no
PC cong change to stack.
litiop ; Nested
| | | | | | | | | | | | | +1 n’sfa'SG } Subroutines
PC
CALL condition, aaa condition is false y HEEEEEEEREEN
. No change to states of flags.
[a[alalalalala]alalalala]  ition 8 11%° g g
PC Stack
Push the current address 30
onto the stack and load PC
with the new address I I
specified. | |
1 1
Examples ' '
INPUT sF, sensor The LSB of a port is tested to see if a sensor has detected a } Nested
TEST sF, 01 condition under which the drive to a motor should be turned off. Subroutines
CALL Nz, stop_motor The ‘stop_motor’ subroutine is only invoked when the sensor is active.
TEST s0, FF An 8-bit value in register ‘sO’ together with a corresponding parity bit located in the LSB of register ‘s1’ are tested. When
TESTCY s1, 01 there are an odd number bits with the value ‘1’ the carry flag is set this is used to detect when there is an even parity

CALL C, parity_error error. If that does occur then a special ‘parity_error’ subroutine is invoked.

& XILINX.
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CALL@ (sX, sY)

The ‘CALL@ (sX, sY) is an unconditional CALL to a subroutine which pushes the current contents of the program counter (PC) onto the stack and loads the
PC with the address defined by the contents of the ‘sX’ and ‘sY’ registers.

PC Stack
sX New Address PC 30
[(TT T N cesxsy —— N T T I ITT] o
sy Current i i

EEEEEEEE No change to states of flags.

Nested
Subroutines

The 12-bit address is formed of the lower 4-bits of the ‘sX’ register and all 8-bits of the ‘sY’ register. The upper 4-bits of ‘sX’ are ignored and the contents of
both registers are unaffected by the operation. There is no restriction on which registers can be used but it would be common coding practice to assign an
adjacent pair such as ‘sB’ and ‘sA’. As the program counter is loaded, the existing address (the address at which the CALL@ instruction is located) is
preserved on the PC Stack to be recovered and used by a RETURN instruction completing the subroutine that has been called.

Whist the PC Stack is completely dedicated and automatic you are entirely responsible for making sure that for each call made to a subroutine you have a
corresponding return. You must also ensure that execution of your program does not exceed 30 ‘nested’ subroutines but this limit is rarely challenged by
typical programs. Remember that an interrupt is a special case equivalent to a call and will use one level. If the stack does overflow then KCPSM6 will
automatically reset. The real challenge when using the CALL@ instruction is to ensure that the address defined by the pair of registers does correspond with
the start of a valid subroutine. Whilst the instruction facilitates a scheme in which the address to call can be computed this also has the potential to be
dangerous! The KCPSM6 assembler can do nothing to prevent you computing an inappropriate address but it does provide ‘upper and ‘lower attributes which
are helpful.

Example

Probably the most common use of the CALL@ instruction will be in combination with the LOAD&RETURN instruction to generate text strings or other
sequences of constant values and this is explained in more detail in the LOAD&RETURN section.

However, the example shown on the next page illustrates how a system variable is used to decide at which point to enter the same subroutine to achieve a
desired set up.
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CALL@ (sX, sY)

LOAD sB, setupO'upper ——» 39C 01BOA LOAD sB, 0A[setupO'upper]7 A49 01047 setup0: LOAD s0, 47["G"]
LOAD sA, setupO "lower ______—» 39D 01A49 LOAD sA, 49[setup0'lower] A4A 01142 LOAD sl1, 42["B"]
A4B 01250 LOAD s2, 50["P"]
INPUT s0, currency 02  The KCPSM6 assembler provides ‘upper and ‘lower A4C  016AC LOAD s6, AC[172'd] _ ,
SLO sO 04 attributes that can be used with labels to define the 8- A4D 0170E LOAD s7, OE[14'd] " 8 instructions
SO sO 08 bit constants to be loaded into the registers. A4E  0184E LOAD s8, 4E[78'd]
SO0 s0 10 A4F  O019BF LOAD s9, BF[191'd]
A50 22A68 JUMP A68 t
ADD sA, sO 49 +10 = 59 T ; o e
ADDCY sB, 00 OA +00+0=0A A51 01055 setupl: LOAD s0, 55["U"]
CALLQ (sB, sA) A52 01053 LOAD s0, 53["S"]
CALL A59 A53 01244 LOAD s2, 44["D"]
A54  016C3 LOAD s6, C3[195'd] . .
A55  0172A LOAD s7, 2A[42'd] 8 instructions
In this example we can imagine that KCPSM6 is part of an application involved A56 01801 LORD s8, 01[1'd]
. f B f : A57 0194A LOAD s9, 4A[74'd]
with fore|_gn currencies and for each different currency it must set up Y Y M-
communication using a particular IP Address. 259 : -
A59 01045 setup2: LOAD s0, 45["E"]
In the main program shown above KCPSM6 reads an input port ‘currency’ from A5A 01055 LOAD s0, 55["U"]
which it obtains a value in the range 0 to 3 relating to four different currencies e oo o zz E11:9]d] _ _
but thi; could be easily expanded to many more. The program then calls the A5D  017C9 LOAD s7, [201 d] 8 instructions
subroutine shown on the right (the LOG file is shown so that the addresses can ASE 01805 LOAD s8, 05[5'd]
be seen) which defines the 3-character name of the currency and the IP BSir Q19 LORD s9, 11 [(17'd]
Address for internet communication in particular scratch pad memory locations. igg 2268 JLHEE 2B S mem]
. . . . A6l 0104A setup3: LOAD s0, 4A["J"]
The CALL@ instruction is used to enter the subroutine at the appropriate 262 01050 LOAD s0, 50["P"]
address to set up the information that corresponds with the value read into ‘s0’ A63 01259 LOAD s2, 59["Y"]
from the ‘currency’ port. When the currency is 0 then the address is ‘A49’ and e o zs Ezg 31
this was known through use of thg ‘upper and"!owgr attributes which were used A66 01831 LOAD s8, 31[49'd]
to load registers [sB, sA] and required no modification. 267 01920 LOAD s9, 20[32'd]
n68 ;
For currency values 1, 2 and 3 the target addresses are ‘A51’, ‘A59’ and ‘A61’ . igg 2E0D metmem: ome zg 12
Each target address is 8 instructions apart so the value held in [SB, sA] is 2GR  2F212 STORE s2, 12
modified by the addition of the currency values multiplied by 8 (shift left 3 times). A6B 2F63C STORE s6, 3C
The worked example shown in blue shows how currency value ‘2’ is translated Agc EF;3D STORE s7, 3D
H ‘ ) . ‘ ) A6D F83E STORE S8, 3E
into address ‘A59’ to enter the subroutine at the European ‘setup2’. [ R a0, A
AGF 25000 RETURN
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RETURN

The ‘RETURN’ instruction is used to unconditionally complete a subroutine. The last address pushed on to the PC Stack by the previous call to the subroutine
is popped off the stack, incremented and loaded into the program counter. This automatic process ensures that the return is made to the address following
the CALL instruction that initiated the subroutine.

PC Stack

30

Y
O

RETURN

No change to states of flags.

} Nested
Subroutines

Whist the PC Stack is completely dedicated and automatic you are entirely responsible for making sure that each RETURN is only executed to complete a
subroutine that was invoked by the corresponding call instruction. If your code should incorrectly execute a RETURN that results in stack underflow then
KCPSM6 will automatically reset. Remember that an interrupt is a special case equivalent to a call and requires a corresponding RETURNI instruction.

Example LOAD s9, 00

LOAD s8, 00

LOAD sl1, 30'd
CALL test stack
OUTPUT s9, 02
OUTPUT s8, 01

This example illustrates the general arrangement in which one part of the program calls a subroutine. In
most cases line labels are used to make the code easier to write and maintain and the assembler
resolves the actual addresses.

The subroutine labelled ‘test_stack’ is called from the main program. When this subroutine completes
the RETURN forces the program counter to the address corresponding with the instruction immediately
following the CALL which in this case is an OUTPUT instruction.

Whilst this example does show the general arrangement it actually describes a rather special case
when we look at the code in detail. In the main program [s9,s8] has been cleared and then ‘s1’ has been
loaded with 30 decimal. The ‘test_stack’ subrouine adds the value of ‘s1’ to [s9,s8] and then decrements
the value in ‘'s1’. But each time ‘s1’ is not zero it actually calls ‘test_stack’ again. Hence this subroutine is
called 30 times and eventually [s9,s8] will be the sum of all values from 1 to 30 which is 465 (01D1 hex).
N When ‘s1’ does reach zero, KCPSM®6 will execute the RETURN instruction 30 times until it eventually
““““““““ returns to the main program. Hence there is no restriction on how subroutines are arranged providing
you do not exceed 30 levels and every CALL has a corresponding RETURN. v

& XILINX.
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test_stack; ADD s8, sl
.-~ ADDCY s9, 00
‘. SUB sl, 01
°. CALL NZ, test stack

Iz’* RETURN «



RETURN Z RETURN NZ

RETURN C RETURN NC

These four conditional RETURN instructions will complete a subroutine providing that either the carry flag (C) or the zero flag (2) is the state specified. If the
condition is false the program counter will increment the address and advance to the next instruction. See also description of ‘RETURN’.

|||||||||||||+1:%‘>
PC
RETURN condition PC Stack New Address | | | | | | | | | | | | |
30
% No change to states of flags.

1 conditio

]

Hint — You are still entirely responsible for making sure that each RETURN is executed to complete a subroutine that was invoked by the corresponding call
instruction. Because these instructions are conditional you do need to be certain that a corresponding RETURN will be executed at some point so care is
required when exploiting these conditional instructions. Many would recommend a coding style in which a subroutine always ends with a single unconditional
RETURN instruction and this is certainly a good practice to follow until you have some experience.

], Nested
Subroutines

Example
=xampe This subroutine converts lower case characters to upper case characters. The subroutine examines an ASCII
R character code provided in register ‘s1’ to determine if it is a lower case letter in the range ‘a’ (61 hex) to 'z’ (7A
upper_case: S —— cs ! hex). If the character falls below or above that range then the conditional ‘RETURN C’ and ‘RETURN NC’

instructions are used to terminate the subroutine without any modification to the value in ‘s1’. When the character

COMPARE s1, 7B falls within the lower case range bit5 of the ASCII code is cleared by the ‘AND s1, DF’ instruction to convert the

iig“fﬁ NEF code into the range ‘A’ (41 hex) to ‘Z’ (5A hex) before the unconditional 'RETURN’.
RETURN

Note that although this subroutine contains three RETURN instructions one is guaranteed to execute especially as
the final one is unconditional.

& XILINX.
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LOAD&RETURN sX, kk

The ‘LOAD&RETURN sX, kk’ is the combination of a ‘LOAD sX, kk’ and an unconditional RETURN into a single instruction (i.e. one 18-bit instruction that
executes in 2 clock cycles). At the same time that the ‘sX’ register is being loaded with any 8-bit constant value, the last address pushed on to the PC Stack is
by the previous call to the subroutine is popped back off, incremented and loaded into the program counter.

LOAD&RETURN sX, kk

PC Stack No change to states of flags.
30
o PC
Ef—ﬂ@IIIIIIIIIIIII
} Nested
Subroutines

Example

Probably the most common use of the LOAD&RETURN instruction will be in combination with the CALL@ instruction to generate text strings or other
sequences of constant values and this is explained in more detail on the next page. However, the LOAD&RETURN instruction can be used to complete any
subroutine with the advantage that an 8-bit value can be loaded into any register at no additional cost.

This subroutine is used to convert a value in the range ‘0’ to ‘9’ into the equivalent ASCII character

print decimal: COMPARE s5, 10’d before calling a further subroutine that will print it. In addition to the simple conversion the routine
B JUMP C, convert checks that the value provided in ‘s5’ is within the range in order that only the expected ASCII
LOAD&RETURN sF, 39 characters are printed (and not nasty control characters etc!). This checking means that the outcome
convert: ADD s5, "O" of the ‘print_decimal’ subroutine could be successful or unsuccessful so the LOAD&RETURN
CALL print character instruction is used to load ‘sF’ with a ‘token’ or ‘error code’. If each subroutine set a different error
RETURN B code into ‘sF’ then it would be easy for you or the program to locate where things were going wrong

in a program especially during code development.
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CALL@ (sX, sY)
LOAD&RETURN sX, kk

Using ‘CALL@ (sX, sY) and ‘LOAD&RETURN sX, kk’ instructions together enables a text strings or sequences of constant values to be generated with
maximum code efficiency. The KCPSM6 assembler has a STRING directive that simplifies this common application as shown below.

“Text Strings”

Hint — Also see TABLE Directive on next page

In this example we will assume that text ASCII characters are output from KCPSM6 to a UART send_to UART: INPUT sO, UART status_port
transmitter. The UART macro also contains a 16 character FIFO buffer but given that the serial TEST s0, tx full
communication is slow compared with KCPSM6 it is necessary for the program to check that JUMP NZ, send to UART
the FIFO is not full before sending another character. The ‘send_to_UART" routine on the right OUTPUT s1, UART data port
will wait until the FIFO is not full before outputting the ASCII character provided in ‘s1’. RETURN
Seng fialpe HORD g, HE To send a string of characters to the UART you can then repeatedly load ‘s1’ with the next character in the sequence
e ind;ZS UART and call the ‘send_to_UART’ subroutine. This was the fundamental technique used in KCPSM3 programs and it still a
AT I — valid technique to use with KCPSM6. However as users of KCPSM3 have often reported, this tends to consume a
LOAD s1, "1" significant amount of code space when there are longer and/or many text strings to be generated. It can be seen in
CALL Send:tf AR this small example that there are 2 instructions associated with each ASCII character and that is quite an overhead.
gg?ﬁRgl’ L Although the code can be partly optimised for frequently used characters this does not make code easier to write.
3A7 STRING Hello$, "Hello World"
The solution with KCPSMG is to describe each text string using sequential ‘LOAD&RETURN’ 3A7 21148 Hello: LOADSRETURN sl, 48[Hello$:"H"]
instructions. In this case ‘s1’ loaded with a different character and this is made much easier to 3a8 21165 LOADSRETURN sl, 65 [Hellog :"et]
: : : P : 3A9 2116C LOAD&RETURN sl1, 6C[Hello$:"1"]
write because of_the STRI!\IG dlrect|ve_. The 0r|g|nal PSM code is shown below and the I 21160 HORDEREHIR ol G6 Helate VL]
expanded code is shown in the LOG file on the right. 3AB  2116F LOADSRETURN s1, 6F[HelloS:"o"]
3AC 21120 LOAD&RETURN sl1, 20[Hello$:" "]
STRING Hello$, "Hello World" 3AD 21157 LOADSRETURN sl, 57[Hello$:"W"]
Hello: LOAD&RETURN sl, Hello$ KCPSM6 3AE  2116F LOAD&RETURN sl, 6F[Hello$:"o"]
LOAD&RETURN Sl OD 3AF 21172 LOAD&RETURN Sl, 72[Hello$:"r"]
! 3BO0 2116C LOAD&RETURN sl1, 6C[Hello$:"1"]
‘ , . . . . . 3B1 21164 LOAD&RETURN sl1, 64[Hello$:"d"]
Each ‘LOAD&RETURN’ can now be considered to be a single instruction subroutine. hE D HoNDLRETnENReD Wob

The address of the first ‘LOAD&RETURN'’ instruction is LOAD sB, Hello'upper )
send string: CALLG@ (sB, sA)

loaded into a pair of registers [sB, sA] and then aroutine  LOAD sA, Hello' lower/v R e e TR The routine

is called that sends the whole text string to the UART. CALL send string _to_ requires a suitable
COMPARE sl1, 0D scheme in order

The ‘CALL@’ instruction is used to call each ‘LOAD&RETURN?’ subroutine in turn by RETURN 7 to terminate. In this

incrementing the address held in [sB, sA]. Each call returns a character in ‘s1’ which is then ADD sA, 01 f;ifnaigzg'tzgfe d

sent to the UART. Although this ‘send_string’ routine is 7 instructions, text strings are now ADDCY sB, 00 '

defined by only one instruction per character improving code efficiency by a factor of two. JUMP send_string
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TABLE Directive for Data and Sequences

Hint — Also see STRING Directive described on previous page.

The TABLE directive is used in conjunction with ‘OUTPUTK’ and ‘LOAD&RETURN’ instructions in the same way as a STRING directive except for the fact
that it defines a series of constants using numerical values rather than ASCII characters.

STRING Hello$, "Hello" This string is formed of 5 ASCII characters that have the codes 48, 65, 6C, 6C and 6F hex (see previous page).

These TABLE directives show how the same series of 8-bit constants can be defined in
TABLE Hex_data#, [48,65,6C,6C,6F] hexadecimal, decimal or binary and assigned to a table name ending with # rather than a string
name ending with $. Obviously it doesn’t make much sense to replace a string with a table but
hopefully these examples emphasize how both directives are used to define a series of
constants and you can apply the directive (and radix) that is
most suitable for the data you are defining.

Control Sequences using ‘OUTPUTK” .
Dev_write / \

On pages 75 and 76 there is a simple example showing how the ‘OUTPUTK kk,p’ instruction can be efficiently — >
used to generate waveforms for the control of external circuits. The example actually generates a High ‘write’ Dev clk [\
enable (bitl) during which a positive clock pulse is generated (bit0). -

TABLE Dec data#, [72,101,108,108,111]'d

TABLE Bin data#, [01001000,01100101,01101100,01101100,01101111]"'b

After a TABLE directive has been used to define the series of constants required for each control sequence it enables the code be easier to write. It also

makes the code more compact and descriptive which tends to help your code easier to read and maintain.
OUTPUTK 00000010'b, Dev_control port

TABLE write seg#, [00000010,00000011,00000010,00000000] ‘b OUTPUTK 00000011'b, Dev control port

KCPSM6 OUTPUTK 00000010'b, Dev_control port
OUTPUTK 00000000'b, Dev_control port

OUTPUTK write seqg#, Dev control port

Look-Up Tables using ‘CALL@’ and ‘LOAD&RETURN’

On the previous page you can see how this combination of instructions are used to scan sequentially through all the characters forming a text string. Whilst
the same requirement could also apply to a table of constants it is more likely that the objective will be to pick out one item from the ‘list’. In this example we
can see how the value (range 0 to 9) held in the register ‘s1’ can be converted into its equivalent 7-Segment display pattern by selecting the appropriate value

from a table.... loaded with
[sB,sA] loaded wit TABLE 7 segment decode#, [3F,06,5B,/4F| 66,6D,7D,07,7F, 6F]
start of table address . =

LOAD sB, sevenseg'upper }_—______________________> sevenseg: LOAD&RETURN sl, 7 segment decode#
LOAD sA 'l
AgD Z ' ievenseg QRS a If s1=03 then the 4t value in
SA, s (q the table is returned
ADDCY sB, 00 } Add ‘s1’ to address. fl o |b |
| — — ngedcba

CALLQ@ (sB, sA) < _
Call to offset address returns required value from table. el_lix I 01001111 = 4F
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HWBUILD sX

The ‘HWBUILD’ instruction loads the ‘sX’ register with the 8-bit value defined by the ‘hwbuild’ generic set within the hardware design.

[Cl— HNEEEEEE

Coding Tip - HWBUILD is the only processor: kcpsmé

1 = ’00’ ? 3 : " "
guaranteed way of setting the carry generic map ( hwbuild => x"41",
flag using only one instruction. Z interrupt vector => X"F80",

scratch pad memory size => 256)

The zero flag (Z) will be set if the value loaded is zero and this corresponds with the default value of the generic on the KCPSM6 macro.
The carry flag (C) will always be set (C=1). _ . . . _
Hint — HWBUILD is the only instruction that will always set the carry flag.

You are free to test or use the value loaded into a register by the HWBUILD in any way you wish but here are a few general ways in which you may
consider using it in your system.....

Version Control - To enable KCPSM6 to generate a version report (e.g. as part of a message sent to a host or displayed on an LCD). This is the
hardware complement to the ‘datestamp$’ and ‘timestamp$’ for version control of the PSM assembly code.

Hint — The value “41” hex shown above could also be used to represent the ASCII letter for version ‘A’ or the packed BCD value meaning version 4.1.

Mode Control - Although most of the functionality would probably be the same, a single PSM file could be written that was capable of different behaviour
depending on the hardware in which it was being asked to execute within. For example the HWBUILD could be used to:-

Define if the unit was to act as a master or slave.

Adjust the command codes and protocol required to access SPI Flash devices from different manufactures.

Define the feature set supported and/or included in a product.

Priority or Unit Address - When a unit is placed on a bus then it would generally be assigned an address so that it would know when to respond to
commands etc. For example, an audio entertainment system may have multiple speakers that fundamentally operate in the same way but each would be
assigned to a particular position in the room and therefore be expected to only generate sounds intended for a particular channel.

Hint — If a system only needs to indentify if it is one of two things (e.g. Left or Right, Standard or Advanced etc) then the ‘hwbuild’ generic could be zero or
any non-zero value. When using the ‘HWBUILD sX’ the zero flag (Z) will be set accordingly ready for an immediate decision to be made in the program.

Page 101 © Copyright 2010-2014 Xilinx & XILINX.



Notes for KCPSM3 Users

Overall KCPSM6 should look very similar to KCPSM3 because it is ©. As such, it is expected that the vast majority of KCPSM3 based designs and KCPSM3
programs should work in KCPSM6 with no, or only very minor, adjustments. It is then hoped that you will enjoy learning and including some of the additional

instructions and features in your designs at your leisure. The following points should answer your immediate questions and concerns as well as point out the

specific items that may just need a little attention depending on your use of KCPSM3.

Hardware Differences

Size and Performance — Even though KCPSM6 has more features than KCPSM3 it has been optimized for Spartan-6, Virtex-6 and 7-Series devices and will
appear to be quite a bit smaller (26 Slices) and slightly faster. As such, it really should be a better ISE experience as well.

New Pins — KCPSM6 has 1 additional input pin and 4 additional output pins.....
‘sleep’ - If you permanently tie the ‘sleep’ control Low then it will have no effect and KCPSM6 will execute code just like a KCPSM3 (see page 37)

‘k_write_strobe’ - This output can be left open as it is associated with 16 additional ‘constant optimized ports’ that have their own ‘OUTPUTK’ instruction.The
normal input and output ports associated with ‘read-Strobe’ and ‘write_strobe’ will all behave exactly the same as they did previously. Many PicoBlaze users
have expressed their desire for a PicoBlaze that can write constant values directly to a port so KCPSM6 can and you can read more on pages 75 to 80.

‘bram_enable’ — This is purely a power reduction feature and failure to connect it will have no effect on the execution of a program providing the BRAM
containing the program is locally enabled. If you want to continue using your existing ‘ROM_form’ templates you can but it probably is worth making the small
adjustment to include the enable since it is virtually free and will save some power (every little helps!). Given the migration to the ‘6’ and ‘7’ devices it is
generally better for you to adopt the new program memory templates which already have the enable input (and ‘rdl' output for JTAG Loader). See page 8.

Address[11:10] — So this is the one you probably do need to look at because it means that KCPSM6 can support programs up to 4K. The address port is 12-
bits rather than the 10-bit address port of KCPSM3. Of course this means that any KCPSM3 programs will continue to fit in 1K and only the lower 10-bits of
the address will really be used in these situations. Whilst address[11:10] are redundant until you implement larger programs, the new program memory
templates always connect all 12-bits to make design easy and facilitate easy when required. Please see pages 8 to 13 to see how easy and flexible this is!

New Generics — KCPSM6 has 3 generics (KCPSM3 didn’t have any!). The three generics enable you to increase the size of the scratch pad memory, define
an interrupt vector address of your choice and define a hardware build value. However, the default settings result in an identical implementation to KCPSM3
meaning that you will have 64 bytes of scratch pad memory and the interrupt vector will be address ‘3FF’. The hardware build value is associated with a new
instruction so will have no effect on code imported from a KCPSM3 design. Put simply, you can ignore the generics until you read page 34.

JTAG Loader — An all new JTAG Loader utility has been provided. The concept is the same but it is easier to include in your design and much easier to use.
See pages 25 to 29 for detalils.
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Notes for KCPSM3 Users

Software and Assembler Considerations

KCPSM6 Assembler — Just to state the obvious; you must use the KCPSM6 assembler when targeting KCPSM6 (and you should continue to use the
KCPSM3 assembler when targeting KCPSM3 based designs). Whilst the fundamental instruction set is the same the op-codes assigned to the instructions
are completely different . The KCPSM6 assembler looks rather different and leaves behind the limitations of the DOS based KCPSM3 assembler but overall
its functionality should appear familiar to you. Please see pages 13 and 14 and you will see that it is just as easy to run (see also pages 49 and 50).

‘ROM_form’ Templates — As with KCPSMS3 before, the VHDL and Verilog generated by the KCPSM6 assembler are based on the ‘ROM_form.vhd’ and
‘ROM_form.v’ templates which must be placed in the same directory as your PSM file. The key difference is that the KCPSM6 will only generate a VHDL or
Verilog file when it finds a corresponding template file. The KCPSM3 assembler used to fail if it did not find all templates and always generated both VHDL
and Verilog regardless of which you needed. KCPSM6 will only generate the file type that you need corresponding with the ‘ROM_form’ template that you
provide. If it doesn’t generate a VHDL or Verilog file it means that you forgot to provide it with the right template! Please study pages 11 and 12 to learn about
the features of the default template including generics that select target family, program size and insert JTAG Loader.

Code Compatibility — KCPSM6 supports the same 30 fundamental instructions that KCPSM3 has and then has 9 new instructions for you to play with in the
future. The KCPSM6 assembler also supports the same fundamental syntax for the original instructions as well as the ADDRESS, CONSTANT and
NAMEREG directives. As such, all programs written for a KCPSM3 are expected to assemble when porting to KCPSM6. However, you may find that some of
the names you have assigned to line labels, constants and registers are rejected by the KCPSM6 assembler and need a small modification. This will occur if
the name you have chosen could be confused with a hexadecimal value. For example ‘dac’ and ‘DAC’ were acceptable line labels for KCPSM3 but are not
accepted by KCPSM6. One reason for this is that KCPSM6 has an address range of ‘000’ to ‘FFF’ and that means that values such as ‘DAC’ are now valid
hexadecimal addresses. The KCPSM6 assembler has several new features such as the ability to define constants using decimals and ASCII characters (see
page 52) but the default is still hexadecimal so you should not need to change anything to begin with.

CALL/RETURN Stack — KCPSM6 supports nesting of subroutines to a depth of 30 levels compared with KCPSM3 which supported 31. However, KCPSM6
will also detect a stack overflow and stack underflow and automatically assert an internal reset. Although this is an enhanced feature for long term design
reliability, KCPSM3 code in which stack ‘leakage’ has previously passed undetected may now reveal its flaw (e.g. where a corresponding RETURN is not
performed for every CALL).

ADDCY and SUBCY — All the KCPSM3 instructions are supported in KCPSM6 and execute in exactly the same way except for one very subtle difference in
the way ADDCY and SUBCY influence the zero (Z) flag. Both the numerical result loaded into ‘sX’ and the carry (C) flag behavior are identical so unless your
code specifically uses the value of the Z flag following an ADDCY or SUBCY this difference can be ignored . It is actually very rare for the value of the zero
flag to be used following an ADDCY or SUBCY in KCPSM3 because it doesn’t tend to have a very practical meaning. The subtle change seen in KCPSM6
infers much greater meaning to the zero flag and as a KCPSM3 expert you should soon recognize multiple situations in which your coding becomes easier
and smaller. However, because this is the one situation in which code written for KCPSM3 may not execute identically in a KCPSM6 the next page really
details the difference as well as acting as in introduction to the new TESTCY and COMPARECY instructions.
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Notes for KCPSM3 Users

ADDCY and SUBCY continued..... Consider the simple example in which a 16-bit value is held in the pair of registers [sB, sA] and this is decremented
using SUB and SUBCY instructions. This may then be used to define the number of times which a loop is executed. First look at what happens in KCPSM3 in
great detail and see how that tends to influence the code that you need to write when using KCPSM3.

SUB sA, 01 ) 3 SUBCY sB, 00 SUB sA, 01
SUBCY sB, 00 in KCPSMO.... B SA
Obviously when performing subtraction the carry flag indicates | | | | | | | | | | | | | | | | | |
when a ‘borrow’ is required from the more significant byte.
— [o]oJoJoJofo]ofo] < — [o]oJoJofofofo]1]

So first consider when [sB, sA] = 02 00 and the subtraction
takes place. The ‘SUB sA, 01’ results in sA = FF and the carry sB sSA
flag being set. The zero flag is reset because ‘FF’ is definitely

not zero. The ‘SUBCY sB, 00’ results in sB = 01 as the carry | | | | | | | | | | | | | | | |

flag has the effect of decrementing sB. The carry flag is now L J J

reset because there is no borrow and the zero flag remains sB = “00000000"? sA="00000000"?
reset because ‘01’ definitely isn’t zero either. All good so far!

Now imagine that we have decremented 255 more times so that [sB, sA] = 01 00 as we enter the next iteration. Once again ‘SUB sA, 01’ results in

sA = FF and the carry flag being set and the zero flag is reset because ‘FF’ is still not zero. But this time the set carry flag causes the ‘SUBCY sB, 00’ to

result in sB = 00 which does set the zero flag. Although this correctly reflects the value stored in sB it doesn’t reflect the overall result of the 16-bit
operation that was actually performed because [sB, sA] = 00 FF and will require another 255 iterations before it truly reaches zero.

loop: SUB sA, 01 If the decrement loop was performed with an 8-bit value only requiring the ‘SUB sA, 01’ instruction then the zero
JUMP NZ, loop flag has the obvious meaning and can provide the test condition for the JUMP instruction as illustrated.

loop: SUB sA, 01 If the same technique is expanded to 16 bits then the loop will actually terminate when [sB, sA] = 00 FF because
SUBCY sB, 00 the zero flag only represents the result of the local SUBCY instruction. Of course your code could take this into
JUMP NZ, loop account but it really isn’t intuitive or desirable.

loop: SUB sA, 01 Because testing the zero flag terminates the loop 255 iterations too early the typical coding style resorts to testing the
SUBCY sB, 00 condition of the carry flag which is actually set as [sB, sA] rolls over from 00 00 to FF FF (effectively -1). Note how the
JUMP NC, loop carry flag is truly representing the result of the whole 16 bit operation in all circumstances.
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Notes for KCPSM3 Users

ADDCY and SUBCY continued..... Now look at the same example in KCPSM6 and notice how the subtle change in the way the zero flag is defined.
It makes code more logical but may just be a reason to change the

way your old KCPSM3 executes in KCPSMS. SUBCY sB, 00 SUB sA, 01
sB sA
Sumce 45, oo mKCPSMO... (T TT] [(TTTTTTT]
SUBCY sB, 00
The difference is that when the SUBCY executes it observes — [o]oJoJojo]o]o]o] — |oJoojofofofo]1]
the state of the zero flag as well as using the carry flag. The
zero flag is then only set if the 8-bit result of the SUBCY is zero sB sA

and the zero flag was already set. This means that the zero .é | | | | | | | | .E | | | | | | | |

flag now represents the entire 16-bit result and not just the
local 8-bit result.

sB = “00000000"? sA=“00000000"?

With this arrangement the flags will have the same meaning
having performed a 16-bit operation as they would having
performed an 8-bit operation.

AND Z="17

Using the same example where [sB, sA] = 01 00 as we enter the decrement function the ‘SUB sA, 01’ is exactly the same resulting in sA = FF, the carry
flag will be set and the zero flag is reset (0) because ‘FF’ is not zero. The carry flag again causes the ‘SUBCY sB, 00’ to resultin sB = 00 with carry
reset but this time the zero flag remains reset because the zero flag was reset before the ‘SUBCY’ was executed.

loop: SUB sA, 01
SUBCY sB, 00
JUMP NZ, loop

With KCPSM6 the logical code now works because the zero flag is only set when [sB, sA] = 00 00.
This becomes the more obvious coding style for KCPSM6 based programs in the future.

loop: SUB sA, 01 There is a high probability that your KCPSM3 code only uses the carry flag so it will work exactly as it did before. You may
SUBCY sB, 00 also find that for similar reasons your code decomposed the operations into separate 8-bits functions or used COMPARE
JUMP NC, loop instructions to test the values of each byte and again this will all work exactly the same.

The advantage of KCPSM6 is that addition and subtraction can now be expanded to any number of bytes and the flags will have the same meaning after
the last ADDCY or SUBCY as they would for a simple ADD or SUB. But KCPSM6 goes further by providing you with COMPARECY and TESTCY
instructions that have the same ability to expand the COMPARE and TEST instructions. E.g. If you want to compare [sB, sA] with ‘1234’ all you need to do
now is ‘COMPARE sA, 34’ followed by ‘COMPARECY sB, 12’ and then test the zero flag. Is that nice or what? ©
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KCPSM6 Reliability

Is KCPSM6 Reliable? Quick Answer: Yes!

It would be nice to say that KCPSM6 is 100% reliable and will never ever go wrong. Unfortunately it is all too easy to say and claim such things but the reality
is that there is absolutely no product in the world that could truly claim to be 100% reliable; it simply isn’t possible. In practice you have to work on either
instinct, or preferably, real data and numbers. The following pages include discussion, numbers and calculations intended to allow you to make your own
decisions about how reliable KCPSM6 is and if it is adequate and suitable for inclusion in your designs.

If you are looking for a quick answer and simple guidance then it is fair and reasonable to say that all indications are that KCPSM6 is inherently very reliable
and you should have no immediate concerns about using it in your designs. In fact, its level of reliability indicates that virtually all other aspects of using an
FPGA device would be of greater cause for concern, and using a Xilinx FPGA is rarely anything for a good engineer to worry about too much either ©.

Seriously, providing it is used correctly, KCPSM6 is so inherently reliable that unless you are extremely serious about all aspects of designing for reliability
you could stop reading this section now! However, if you are serious (or just interested) then please continue because there is a lot of details and discussions
following for you to digest. Hopefully you will find discussion useful, educational and even enjoyable.

Ancestry

KCPSM6 is the 5" in the line of PicoBlaze processors dating back to 1993. Whilst the macro has evolved even the first PSM appears familiar and not so
different to KCPSM6 today. With relatively small changes taking place over so many years there is a consistency that helps KCPSM6 itself to be a good
implementation and for users to build on past experiences of their own and others.

KCPSM, KCPSM-II, and particularly KCPSM3 have been used by thousands of engineers within the electronics industry. Combined with their widespread use
in educational establishments, the potential number of PicoBlaze designs is enormous. It should be recognised that the number of combinations in which
different instructions could be ordered to form a program (let alone the combinations of data values being processed) is such a large figure that an exhaustive
test of every combination would be impossible. As such, every new design and program to this day also serves as a test and validation of each macro.
KCPSM had been actively in use by customers for nearly a year before an interesting combination of events revealed a small but fundamental flaw in the
architecture. This was rectified in late 2000 and no other issues have been reported in the (13) years since. In a similar way, it took about year for a KCPSM3
design to reveal an undesirable behaviour; albeit that this was the result of an essentially improper program, this was addressed in 2004 and again there have
been no other reported issues in the (9) years following. The implementation of KCPSM6 was able to benefit from these rare events of the past.

KCPSM6 is Growing Up

KCPSM6 started to be used by customers in mid-2010. Just over 6 months later an issue was encountered and a small but fundamental coding error was
discovered in the HDL definition. This was corrected and no other issues relating to KCPSM6 itself have been reported in the 3 years since.
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Your Design and Code

The overall reliability of a KCPSM6 based design greatly depends on the quality of your hardware design and program code. Development, testing and
debugging are all a natural part of the design engineering process, but it is the final state of the design and code (i.e. when it enters production) that defines its
operational reliability. Any subsequent failures may be the consequence of inherently incorrect hardware or software but may also reveal that the original
design specification was flawed. However, the relative simplicity of KCPSM6 and its ease of use help to facilitate reliable design as do the following items...

- Standard VHDL or Verilog design flow.

- Fully synchronous design.

- Simple synchronous interfaces.

- Integral local synchronous reset circuit which is automatically used during every start-up or to synchronise a user reset input.

- Automatic reset on stack overflow or underflow (i.e. a predictable response even when executing incorrect user code).

- The coding style of the KCPSM6 source HDL files (i.e. instantiated primitives) minimises synthesis involvement leading to predictable implementation.

- Predictable code execution and timing (e.g. all instructions execute in 2 clock cycles under all conditions).

- Assembler programming has predictable one-for-one correspondence between instructions and memory op-codes.
Whilst a higher level language can be appealing for some applications it also represents the possibility for errors being introduced by the compiler.
The precise control that assembler code naturally provides is ideally suited to the control and monitoring applications that KCPSM®6 can service.

Coding for the unexpected (or getting your specification right)...

Possibly the most challenging aspect of designing for reliability is to anticipate and prepare for the packet_start: INPUT s0, data_port

unexpected. For example, imagine that a specification states that data packets begin with the byte value COMPARE s0, 0OA

OA hex followed by 0D hex. The example PSM code shown on the right perfectly meets this specification JUMP NZ, packet_start

and therefore work well under normal operating conditions. But now image a situation in which the second wait_0D: INPUT s0O, data port

byte value has been corrupted before it is received by KCPSM6. This possibility should really have been a COMPARE s0, 0D

consideration in the original design specification but is just the sort of thing that is overlooked. With the JUMP Nz, wait OD

code shown on the right hand side, KCPSM®6 will appear to lock-up as it waits for a 0D hex to arrive. CALL receive_packet
LOAD sl, 200'd So if a failure occurs, it is important to identify the root cause and avoid the temptation to attribute the

wait OD: SUB s1, 1’'d failure to the KCPSM6 sub-system (i.e. “don’t shoot the messenger”). In practice, KCPSM6 is well suited

JUMP 7, packet start to helping you to cover for the unexpected situations; unlike a hardware state machine in which each
INPUT sO, data_port check and exception leads to more states, more logic and increased cost, including more instructions in
COMPARE s0, 0D a KCPSM6 program is (within reason) virtually free. As shown by the refined code on the left hand side,
JUMP NZ, wait_ 0D one potential solution to this example is to ‘time-out’ if the second byte (0D hex) isn’t received within a
CALL receive_ packet reasonable period (e.g. 200 x 5 x 2 = 2,000 clock cycles as shown in this example).
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KCPSM6 Lives in an FPGA

KCPSM6 can not exist without an FPGA device to live within and the development tools that enable it to be included within the design. As such, the final and
total reliability of KCPSM6 depends on everything; not just the KCPSM6 macro, your design and your code.

The good news is that the previous page has already covered all the items likely to have the greatest influence on reliable operation of KCPSM6 and we are
about to look into aspects that should only concern extreme applications requiring the very highest levels of reliability. Please be aware that the analysis
becomes ever more involved and detailed and you should ideally be familiar with failure rate analysis, FIT (Failures In Time) Rates and the ‘Device Reliability
Report’ (UG116) that Xilinx publishes each quarter. However, the following discussion may also serve as an introduction to what can be a very interesting
subject. If that is your situation, then do enjoy reading this section but please also be careful because “a little knowledge can be a dangerous thing” ©.

Before proceeding it is important to recognise that the purpose of failure analysis is to estimate the operational reliability of a deployed product. Whilst it is
frustrating to encounter and debug issues during the development of a design, those issues should have no impact the long term operational reliability of a
final product once they have been resolved. Failure analysis in this case will identify and focus on the aspects of the development tool flow and FPGA devices
that can result in a deviation from the behaviour defined by the design code (hardware and software) after the product has been deployed.

It is a rather depressing fact that we learn most when failures do occur! Obviously a high number of failures would be a bad. However, a low number of
failures actually validate testing and verification techniques and bring real meaning to the figures and calculations. For example, In the ‘Ancestry’ section
(p106), it was reassuring to learn that there had been no reported issues with KCPSM3 for the last 9 years. However, that 9 years carries more significance
knowing that one issue was discovered in 2004 and that there have been thousands of people using KCPSM3 since. In contrast, a claim of zero failures when
something has only used by a few people to implement the same function every time carries little weight. FIT rates are the real or estimated number of
failures to occur in 10° hours (~114,155 years). The larger the number of units/designs/users involved over a prolonged period of time then the greater the
accumulation of ‘hours’ and the more accurate and meaningful the FIT figures will carry (i.e. the better the ‘confidence interval’ of the statistical data).

KCPSM6 Assembler — Obviously the KCPSM6 Assembler converts PSM code into the final op-codes KCPSM6 will execute but we must not forget that it
also initialises the program memory to complete this process so all those steps must be performed correctly. Although there have been incremental
enhancements to the assembler these have only been to aid usability; there have been no reported issues relating to incorrect assembly or memory
initialisation when using the memory templates provided. The one-for-one correspondence between instructions and op-codes makes this very achievable.

Design Implementation Tools (ISE) — KCPSM6 is ultimately processed as a standard HDL design to become part of configuration image. As such, any
errors introduced by the processing tools would not be unique to KCPSM6 but KCPSM6 applications have a tendency to make them more apparent and
observable. To date there has only been one issue with the ISE tool flow that has resulted in incorrect operation of KCPSM6 and this only occurred when a
specific ISE option was changed from the default setting (for details see “global_opt' may result in incorrect implementation’ in the ‘READ_ME_FIRST.txt’
file). This defect within the ISE tools has been corrected so this specific failure mechanism has been eliminated. With hundreds of users for over 3 years it
appears that the integrity of the ISE tool flow with regards to KCPSM6 is high and the level of certainty continues to grow daily.
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There are some people for whom single event upsets (SEU) or soft errors are of concern because an FPGA is an SRAM based device and we live with

cosmic radiation every day. In fact, the configuration cells of a Xilinx FPGA are far more robust or tolerant than cells of any typical ‘data memory’ (e.g. DRAM
cells are several hundred times more susceptible). However, the possibility of any upsets occurring can still be a valid consideration so Xilinx takes this subject
very seriously both in the design of its products and in the ongoing monitoring and publication of real time soft error (UG116 updated every quarter). Correct
application of this real failure rate information enables sensible decisions to be made. The following analysis relating to a KCPSM6 sub-system in a 7-Series
device will estimate the FIT rates associated with SEU. In the end what really matters is how those figures compare with the target figures required for your

system (i.e. these real figures must be compared with other real figures and not just with vague claims or human emotions can run wild! ©).

Table 1-17: Real Time Soft Error Rates

1Mb is one million bits of memory

. . . b (8
Neutron Cross-section per Bit({!} FIT/Mb (Alpha Particle)(2} FIT/M
UG116 (v9.6) November 19, 2013 | ruhnology|  Product (Real Time Soft Error Rate) !
. Node Family Confi Confi confi
Always use the latest version M:“mfw Block Error M‘;;(‘ﬁ;} Block RAM| Error¥) Mgr':“'ﬁ? Block RAM | Errori¥)
for the most accurate figures
7 series -50% -14%
28 6.99x 101 | 6.32x10°1° | +18% 34 53 86 78
nm FPGAs X X +100% +17

The ‘Real Time Soft Error Rate’ figures are the result of real upsets observed in real devices and normalised to sea level at New York. These figures are
inclusive of all upsets however caused and therefore include the upsets caused by alpha particles (i.e. take care not to account for alpha particles twice when
interpreting this table). Note that the potential ‘Error’ shown in the table from UG116 is -14% to +17% and reflects the fact that Xilinx has monitored (and
continues to monitor) hundreds of devices for thousands of hours thus continuously improving the confidence interval of these figures over time.

The nominal FIT rates shown in the table can be scaled appropriately for the Configuration BRAM
environment in which a device is to be operated. For example the neutron flux Memory contents
density increases with altitude and fluctuates with geographical location. Whilst it is

rather pessimistic to do so, scaling the ‘Real Time Soft Error Rate’ by a factor of 17 Nominal (sea level New York) 86 FIT/Mb 78 FIT/Mb
would more than adequately cover the use of a device anywhere on the surface of

the Earth. This figure over-estimates the increase in neutron flux density and also Pessimistically scaled to

attributes all of the ‘Real Time Soft Error Rate’ figures to neutron upsets. Even so, cover anywhere on the 1,462 FIT/Mb 1,326 FIT/Mb

this twice over pessimistic scaling will also be used during the following analysis of surface of the Earth (17x)
KCPSM6 to ensure the figures presented cover the majority of situations in which it
could be deployed. The figures presented are truly intended to facilitate you in

1 FIT is equivalent to one failure every 114,155 years.
making a decision that is right for your design specification (not human emotion!). g i 4

& XILINX.
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Estimating FIT Rates of KCPSM6 Program Memory

In most cases a KCPSM6 program is stored in a BRAM which is used as a ROM (initialised by the KCPSM6 Assembler). Although the maximum program
size is 4K instructions, typical programs tend to be in the range 1K to 2K instructions and are a good fit with the native size (36-kbits) of a BRAM in the 7-
Series. It is interesting to note that KCPSM3 had a 1K memory limit so users are tending to implement somewhat more when more when using KCPSM6.

Obviously the larger the memory (more bits), the higher the probability of a single event upset (SEU) occurring. Using the ‘Soft Error Rates’ it is possible to
estimate the FIT rate for a PicoBlaze program memory as a whole. In practice, KCPSM6 must actually fetch and execute an instruction containing an upset in
order for it to have any potential of deviating from its normally expected behaviour. Clearly any memory locations not occupied by instructions should not be
executed, and therefore an upset occurring in unused locations, should not impact the execution. For this reason the estimated FIT rate for operational failure
should at least be scaled to the actual size of a program rather than the total memory capacity (hint; see the assembler LOG file).

Somewhat less obvious, and rather more effort to establish, is how many instructions of a program are actually critical for normal operation. For example, it is
normal for a program to include some code that is only executed during initialisation, so a corruption to any of those instructions have executed would have no
adverse effect during normal operation. For those extremely serious about reliability, a program could be analysed in more detail looking at which sections of
code are really critical to operation. It is even possible to analyse individual instructions for their criticality (e.g. the bits of an op-code defining the instruction
would be considered critical but an 8-bit constant defining an ASCII character in a text message would typically be considered non-critical).

The table below estimates nominal and pessimistically scaled FIT rates for different sizes of program memory and includes the estimate for 0.5K instructions
of critical code (which is quite large even if a program occupied most of a 2K memory). It is important to remember that these FIT rates (and their
corresponding time intervals) represent the potential for a KCPSM6 execution error to occur due to a bit change somewhere in an instruction. For KCPSM6 to
deviate from the expected behaviour is must execute the corrupted instruction and the result of that execution must be different to that normally expected of it.
For example, if a ‘COMPARE s4, 23’ instruction was corrupted to become ‘COMPARE s4, 27’ then its execution would still set the zero or carry flags; a
deviation from intended behaviour then depends on the value held in ‘s4’ when it is executed and which flag is used in a subsequent instruction. Hence the
figures below should be interpreted as being very pessimistic indeed but how do they compare with the FIT rate requirements of your system?

2K Instruction Memory 1K Instruction Memory 0.5K Critical Configuration
(0.036864Mb) (0.018432Mb) Instructions (0.009216Mb)
Nominal 78 FIT/Mb (sea level New York) 2.88 FIT (39,700 years) 1.44 FIT (79,401 years) 0.72 FIT (158,803 years)

Pessimistically scaled to
the worst location on the 48.88 FIT (2,335 years) 24.44 FIT (4,670years) 12.22FIT (9,341 years)
surface of the Earth (17x%)

& XILINX.
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Estimating FIT Rates of KCPSM6 Logic and Interconnect

The KCPSM6 processor occupies 26 to 32 Slices depending on the size of scratch pad memory specified. To be of practical use, KCPSM6 would typically be
associated with logic implementing several input and output ports and maybe some additional logic to service interrupts. It is left to personal debate to decide
what logic in a design constitutes the KCPSM6 sub-system but a figure of 40 Slices appears to be reasonable for the purposes of estimation. This would
include the immediate interfacing logic but peripherals are considered to be modules in their own right with their own reliability figures.

In order to be able to estimate the FIT rates of these 40 Slices it is first necessary to have an estimate for the number of configuration memory cells
associated with each Slice. It is important to remember that it is not just the configuration cells that define the logic within each Slice but also the configuration
cells that define a fair share of the interconnect associated with each Slice. Whilst the contents of the BRAM have been accounted for separately (i.e.
Program Memory) it is also necessary to account for the configuration cells which define the format of the BRAM and its associated interconnect.

This table from PG036 provides the estimates Table 2-7: Configuration Bits Per Device Feature
of configuration bits associated with each feature. Device Feature Approximate Number
Device (Includes Routing) of Configuration Bits
PG036 March 20, 2013 , —
7 Series Logic Slice 1,166
LogiCORE IP Soft FPGAS Block RAM (36Kb) 9,396
Error Mitigation Block RAM (18Kb) 4,698
Controller v4.0
I/O Block 2,850

Hence a KCPSM6 Sub-System consisting of 40 Slices and a 2K program memory = (40 x 1,166) + 9,396 = 56,036bits  (0.056036Mb)

The 7-Series devices have a built-in Readback CRC mechanism that, once enabled, will continuously scan all the static configuration cells in the device. Each
scan takes 8 to 70ms depending on the size of the device and will detect and report any upsets that occur anywhere in the device. In addition, an Error
Correction Code (ECC) is stored as part of every frame (3,232 bits) of the configuration memory and this can be used to correct the majority of errors with
minimum overhead (see the SEM IP and PGO036 for details). This means that the majority of upsets are only temporary soft errors which limits the time (i.e. 8
to 70ms depending on device size) that an upset has to impact a circuit’'s operation should it happen to flip one of the bits used by KCPSM6 in the first place.

Although not immediately obvious, it should be no surprise to realise that real designs (including KCSPM6) do not use all the logic and interconnect provided
in a device. In fact, only 20 to 40% of configuration cells are used to define the circuits and connections of typical designs that otherwise fill devices (hint: EBD
files reveal which and how many configuration bits are used by a particular design). So even when an SEU results in a configuration error that is detected,
reported and corrected, there is only a 20 to 40% probability that it impacted the definition of the design (i.e. 60 to 80% of upsets will ‘miss’ the design).

& XILINX.
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A more challenging concept to understand is that not all upsets that flip configuration cells that are part of the design definition (i.e. the 20 to 40%) will impact
the operation in any meaningful way. This is because the particular logic or interconnect altered by the upset also needs to be actively used by the design for
it to have any effect (i.e. a signal needs to be prevented from changing state for its value to become incorrect). Furthermore, the window of opportunity for this
to happen is limited to the few milliseconds it takes to detect and correct an error. For example, an upset that temporarily disconnects the reset single to
KCPSM6 would have no impact on normal operation unless the reset control was pulsed High during that few milliseconds that the bit error was present.

An exhaustive experiment has been conducted using a design containing 400 KCPSM6 Sub-Systems (i.e. 40 Slices and a 2K program memory). Thousands
of SEU were simulated using the Soft Error Mitigation (SEM) IP core to inject errors (see PG036) at random locations. The program being executed by each
of the KCPSM6 processors used virtually all instructions and features making it very sensitive to any disruption. Just as important, any deviation from
expected behaviour was detected and reported. The results shows that a KCPSM6 Sub-System was sensitive to 1 in every 12 simulated SEU which is a
susceptibility of 8%. It is extremely rare for any design to exceed 10% susceptibility with most HDL designs falling somewhere in the range 1% to 5%.

The FIT rates below have been calculated by applying the 8% susceptibility factor to the number of configuration cells associated with a KCPSM6 sub-system
(40 Slices and a 2K program memory) and the nominal and pessimistically scaled FIT rates for configuration memory in 7-Series devices.

Operational Failure Rate Nominal (sea level New York): 86FIT/Mb x 0.056036Mb x 8% = 0.39 FIT (296,101 years)
KCPSM6 Sub-System

(40 Slices + 2K memory) Pessimistically scaled to cover anywhere 6.55 FIT (17,417 years)

on the surface of the Earth (17x):

The Complete KCPSM6 Solution (Program Memory, Logic and Interconnect)

Combining the estimated FIT rates for both the program memory and the logic resources of a typical KCPSM6 sub-system reveals the total estimated FIT
rates. It is interesting to note the relative rates associated with the program memory verses the logic and interconnect. In order to avoid ‘number overload’ the
figures presented below have been limited to a program memory of 2K instructions of which 0.5K is considered to be critical to operation. This covers most
typical configurations but obviously you should collate the figures appropriate to your design (not forgetting to use the latest version of UG116).

2K Instruction Memory 0.5K Critical Program + KCPSM6 Sub-System
Nominal (sea level New York): 2.88 FIT (39,700 years) 0.72+0.39= 1.11FIT (102,842 years)
Pessimistically scaled to cover anywhere 4888 FIT (2,335 years) 1222 +6.55=18.77FIT (6,081 years)

on the surface of the Earth (17x):
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Interpreting the KCPSM6 Sub-System FIT Rates

Design for reliability should be driven by the operational FIT rates and so the first and most significant observation is that 1.11 FIT under nominal conditions
and less than 19 FIT when pessimistically scaled are very low indeed. In other words, KCPSM6 really is very reliable ©. To give further perspective to these
figures, the following abstracts from UG116 present the fundamental hardware failure rates of the 7-Series devices.

Table 1-16: Summary of the Failure Rates
UG116 (v9.6) November 19, 2013 Process Technology Device Hours at T) = 125°C FIT(1)
0.028 pm 953,404 12
Total hardware failure rates of a system
. Table 2-1: S f HTOL Test Result
would also need to include the FIT rates e ammary © eet mesurs
aSSPC'f%tEd with the board on which the Device Actual Device | Equivalent |Failure Rate at
device is mounted and various power Device Lot Quantity | Fail Quantity Quantit Hours at Device Hours | 60% CL and
supplies that enable it to operate in the first y T)>125°C | atT,=125°C | T, =55°C (FIT)
place. Do you know what these are for
your products? 7 series FPGAs 11 0 258 359,800 1,656,813 7 ‘

Quite simply, the conclusion to be made is that unless the device containing KCPSM6 is to be operated in a significantly more hostile environment, then the
potential for KCPSMB6 to fail during operation is almost negligible when compared with just about everything else that is likely to surround it. Of course total
system reliability is the sum of many small parts so it would be inappropriate to suggest that the FIT rate of KCPSM6 should be ignored completely. However,
it would be equally inappropriate to be concerned about a KCPSM sub-system with such a low FIT rate until other parts of a system with much higher FIT
rates have been adequately addressed. As it happens, the intrinsically low FIT rate of KCPSM6 sub-system often makes it a suitable candidate for the
monitoring and management of other functions with higher FIT rates so it is not surprising that watchdog supervision and control is one of the application
areas in which KCPSM6 is used in larger FPGA devices.

In reality, the operational reliability of KCPSM6 sub-system almost certainly depends more on the quality of the hardware design and PSM code used with it.
Hence it is far better to invest time and effort ensuring that your fundamental code is correct than wondering how to improve the fundamental 1.11 FIT rate
(but the following pages will ©). Remember too you should compare ‘real numbers’ with other ‘real numbers’. Avoid the temptation to react to ‘human
emotions’ when making designing for reliability. Any fundamental flaws or weaknesses in the definition of a hardware design or the coding of a PSM program
would almost certainly result in a FIT rate many times greater than 1.11 so this is a clear indication that your code should be your primary area of focus. In
fact, it is a challenge to prove that your code has a FIT rate less than 100 let alone a FIT rate approaching 1.

& XILINX.
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The reality is that nothing can be absolutely 100% reliable, so albeit undesirable, it is acceptable for failures to occur in any module up to a sensibly defined
FIT rate. For the majority of electronic products, the point of failure is simply seen as the time to try “turning it off and back on again”, or when that doesn’t
work, a food excuse to go and buy the new model ©. For most commercial products the failure rate just needs to be low enough to prevent your products
gaining a bad reputation or costing too much in returns. However, for some products and applications it is not so much the failure rate that matters, but how
failures will be handled when they do occur because every one of them could be important at that moment.

Consideration must be given to the characteristics of potential failures and the course of action to be taken in response to each type. Such analysis will always
lead to a strong desire to detect when a failure or error has occurred. In fact, when it comes to very high reliability equipment, the requirement for error
detection and reporting will be a key specification from the outset; often demanding a level of confidence for detection that far exceeds the acceptable failure
rate for the main functionality. The general premise being that it whilst it is undesirable for a system to suffer a failure, it is almost totally unacceptable for any
failure to pass unnoticed with the risk that the equipment continues to operate erroneously for an indefinite period. In this domain there is no such thing as a
standard solution; every system will have its own requirements and priorities as the following contrasting examples hopefully illustrate.

1) A data back-up system has “five nines” availability (99.999% availability equates to ~5 minutes of downtime per year) and is required to maintain a good
copy of information. It is vital that any failures or errors are detected in order to prevent the backed-up data from being corrupted. When an error is
reported, the system will keep operating in order to meet the availability target. However, the error report will also trigger additional checks which will
establish the cause of the error, and when possible, make a running repair. The integrity of the data will be achieved though a repeat of any tasks
attempted or performed during the period prior to the error being detected through to the time when the repair had been completed.

2) A high reliability communication link employs a Triple Modular Redundancy (TMR) scheme. Through this arrangement it is possible for the system as a
whole to continue operating normally when one unit fails (i.e. if one unit provides conflicting information, a voting mechanism will ignore that unit in favour
of the other two). In this case the voting mechanism could also be the error detector, but if each unit can detect and report errors independently before the
voting mechanism even observes anything wrong, then the sooner a failed unit can be taken off line, ‘repaired’ and returned to operation. This minimises
the time the system is reliant on two out of three units and also means that voter mechanism is a secondary monitor (i.e. Detection redundancy).

3) The primary feed for a television network is delivered by a unit (A) but there is a back-up unit (B) standing by. As soon as an error is detected with unit ‘A’
the ‘B’ unit is switched in to take over until ‘A’ has fully recovered and there is a suitable moment in the transmission to switch back.

4) A gas valve controller has no electronic redundancy and the acceptable operational failure rate is surprisingly high. However, it is vital that the gas valve
should always shut off should any error occur. The valve is fitted with a mechanical bias to close during a power failure, but if there is any other kind of
error in the controller it must stop driving the valve open. A service engineer will be called to implement any repairs and will be present to manually put the
controller back on line and verify that it is operating correctly.

In each of these applications it is highly desirable for the detection and reporting to occur rapidly; the longer it takes to detect an error the longer things could
be going wrong in the system. But the overwhelming desire is that no failures or errors should be missed completely.
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It must also be accepted that an error detection and reporting mechanism can not be 100% reliable either. In the vast majority of cases, the level of error
detection and reporting provided by Xilinx will be considered to be acceptable. However, if the level of fault detection is inadequate within a given unit then
different parts of a system must be used to ‘cross-check’ each other (i.e. effectively employing redundancy in error detection schemes too).

The ‘price to be paid’ for having a highly sensitive error detection mechanism with extremely high coverage is that it will result in more ‘false alarms’ than
actual events of concern. The fundamental fact is that high sensitivity and coverage leads to the detection of real events and therefore legitimate real alarms;
the issue is that more often than not, no other effects can be observed giving the impression of a false alarm. Although every system will have its own specific
requirements the following FIT rates could be representative of the targets for a high reliability system...

Operational Failure Rate: 11,400 FIT (MTBF = 10 years)
Unreported Operational Failure Rate: 23 FIT (MTBF = 4963 years)
Error Detection and Reporting Rate: 114,000 FIT (MTBF = 1 year)

These example figures indicate that it is extremely unlikely (23 FIT) that a genuine error will occur without it being reported. However, an ‘alarm’ (i.e. an error
detection report) it is expected once per year (114,000 FIT) even though an operational failure is only expected once every 10 years (11,400 FIT). This
implies that 9 out of 10 alarms will appear to be ‘false alarms’. Hence it is necessary to consider the potential causes of alarms and to avoid making the all too
common human mistake of ignoring alarms just because most of them appear to be false!

Genuine alarm - This is the straightforward case in which the alarm is accompanied by obvious erroneous behaviour of the unit. This would be the 1 in 10
case (11,400 FIT) in the above example and is the primary reason for implementing error detection and reporting to ensure the primary (23 FIT) target.

Apparent false alarm - An alarm occurs but no abnormal behaviour in the system is observed. Based on the example figures above this will account for 9 out
of 10 alarms. The ‘alarm’ is the result of the error detection mechanism finding and reporting a genuine error somewhere in the unit; therefore these are
actually genuine alarms. The issue is that unless the failure is widespread or in a critical spot it is very common for nothing abnormal to be observed so we
think it is a false alarm. For example, corruption to a KCPSM®6 instruction in the program memory is a genuine error but only observable if and when KCPSM6
executes that particular instruction and the outcome of that execution is a deviation from the normally intended behaviour. A comprehensive error detection
mechanism would raise an alarm very soon after the corruption occurred even if KCPSM6 never executed the corrupted instruction during operation.

Failure of alarm circuit - The error detection and reporting circuit can not be 100% reliable. That can also include an alarm being raised for no valid reason as
well as the failure to raise the alarm when something does occur. In the above example, 23 FIT is a low figure but it still has meaning. If KCPSM6 was used to
monitor other circuits and systems to detect and report errors then its nominal operational FIT rate of 1.11 (102,842 years) is an indication of how reliable
KCPSM®6 really is and therefore how unlikely it would be to miss something (or to be the cause of a real false alarm). That said, we will now explore how to
detect errors in KCPSM6 sub systems requiring analysis of some very low FIT rates indeed. Do keep in mind that analysing one KCPSM®6 in isolation results
in all figures being less than the fundamental hardware failure rate of a device (see page 113) but a whole design can contain many KCPSM6.
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Detecting Errors in KCPSM6 Logic and Interconnect

As indicated on page 111, Xilinx have a built-in Readback CRC mechanism (see ‘Readback CRC’ chapter in UG470 for more details) that will detect and
report any changes to the otherwise fixed configuration cells anywhere in the device. Using this mechanism will therefore detect and report any upsets (e.qg.
those resulting from an SEU) and this would include any that are associated with the logic and interconnect of a KCPSM6 processor.

It must be appreciated and accepted that Readback CRC detects and reports errors on a device level; not isolated to a specific element in a design like
KCPSMS6. As calculated on page 112, the logic and interconnect of a KCPSM6 sub system has a nominal FIT rate of 0.39 (296,101 years). In contrast, the
nominal rate at which upsets would occur and be detected in an XC7K325T device would be 6,462 FIT (18 years). So if an error was detected and reported
by a XC7K325T device there would only be a 0.006% probability of that upset effecting the operation of a particular KCPSM6 (logic and interconnect).

In 7-Series devices, the majority of errors can also be corrected using the Error Correcting Codes (ECC) stored in each of the configuration frames. However,
consideration should be given to the fact that it typically takes 8 to 71ms (depending on device size) for an error to be detected and corrected. In the unlikely
event that that the error did impact the operation of the KCPSM6, the deviation from the intended behaviour could continue to have effects even after the initial
configuration error has been corrected (e.g. a register could be left holding an incorrect value calculated when the error was present).

The suitable course of action following the detection of an error really depends on the needs of your equipment. In some applications the device will be
reconfigured when an error is detected so KCPSM6. If this scheme was implemented then KCPSM6 would get a clean start along with the rest of the system.
In other applications, the interruption to service caused by reconfiguring the device and a system restart is undesirable (especially when <10% of upsets have
any meaningful effect on operation). So the most common course of action taken following the reported detection and correction of a configuration error
(anywhere in a device) is to issue a fast local reset to any critical circuits. This would probably include resetting KCPSM6 processors to ensure they are all in
a known state. In such cases, the initial portion of the program may be written is a way that gather information from the surrounding system to establish if it is
a ‘cold’ or ‘warm’ start. This can greatly minimise the interruption to service and possibly eliminate any interruption at all.

Although we are unable to determine from the built-in Readback mechanism when an upset in a device ‘hits’ a particular KCPSM6, there are a few
possibilities to locally detect deviation from intended operation as part of the design itself. The first and easiest method is to use the ‘DEFAULT_JUMP’
directive supported by the KCPSM6 Assembler (please see ‘all_kcpsm6_syntax.psm’ for details). Appropriate use of this directive will help KCPSM6 to
recover from a situation where a configuration error has lead to KCPSM6 attempting to fetch an instruction from unused space in your program memory. This
will only cover certain types of defect but improving on a fundamental nominal FIT rate of 0.39 is never going to be easy! Beyond this, you really need to
consider redundancy schemes. Running two KCPSM6 processors in parallel and comparing their ‘address’ and ‘out_port’ busses every clock cycle will reveal
any deviation from normal behaviour. Although you would not know which of the two processors was effected by an error, the more significant benefit is that
you would be identify the most common cases in which they continue to work correctly avoiding the need to reset them following the detection of an error at
the device level. Any deviation from normal behaviour will also be detected in one clock cycle which could be very useful in critical control applications. Of
course Triple Modular Redundancy (TMR) is the golden solution but comes with further complexity and overhead.
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Detecting Errors in KCPSM6 Program Memory

When the device is configured, it will initialise the contents of all Block Memories (BRAM) in the device. Those BRAM'’s used to implement a KCPSM6
program memory will be initialised with the op-codes prepared by the Assembler based on your PSM code. Although a program memory uses BRAM as a
ROM (i.e. fixed contents), a BRAM is primarily a RAM expected to hold variable data. For this reason, BRAM contents are not scanned by the Readback CRC
and therefore an upset to the connects of a normal KCPSM6 program will not be detected or reported at the device level.

As shown on page 110, a program ROM of 2K instructions (one 36kb BRAM) has a nominal FIT rate of 2.88; a small number, but with the potential for
KCPSM6 to execute a corrupted instruction without that error being detected or reported. As previously discussed (page 115), in some systems, an
undetected error would be highly undesirable and even 2.88 FIT starts to become significant. It is also clear from the FIT rates (2.88 FIT versus 0.39 FIT) that
the program memory is potentially the more significant weakness in a typical KCPSM6 sub system.

Fortunately there three schemes that can be considered to detect errors in KCPSM6 program memory and one of those will actually reduce the operational
FIT rate of the memory close to zero. However, there are engineering trade-offs to be considered when reviewing these alternatives so do be certain that the
standard nominal FIT rate really is inadequate before using any of them. Of course, as discussed in the last paragraph of the previous page, a redundancy
scheme could be implemented with standard program memory. In practice, it probably makes more sense to implement redundancy using complete KCPSM6
sub systems (i.e. each module consisting of a KCPSM6 and Program Memory) rather than implement a program memory with redundancy connecting to a
single KCPSM6 (or even a KCPSM6 with redundancy) as this would reduces the common points of failure.

Implementing Program Memory in Slices (Distributed ROM) See page 123 for HDL instantiation of this special memory

Each of the four LUTs contained in a Slice can be used individually or combined to implement a 64 x 4, 128 x 2 or 256 x 1 ROM. Therefore multiple Slices
can be used to implement 18-bit program memories of various sizes for KCPSM6. Two templates to implement 128 and 256 instruction memories in this way
are provided for use with the assembler (please see page 47 for usage of ‘ROM_form_128 date.vhd’ and ‘ROM_form_256 date.vhd’). LUTs and Slices are
not as efficient at implementing pure memory as BRAM but the key advantage of implementing a ROM in this way is that the ROM contents also become part
of the otherwise static configuration of the device. This allows the device level Readback CRC mechanism to detect errors within the program memory and
also means that the majority of them will be corrected; the memory becomes an extension of the logic and interconnect of KCPSM6 itself. The table below
shows the nominal (sea level New York) FIT rates for four sizes of Slice-based ROM.

) ] ) ) " Program Size Slices Total Upset Rate Operational Failure
As previously described, operation will only be sensitive to a percentage of the (instructions) (86FIT/Mb) Rate (10%)
configuration cells associated with each Slice. KCPSM6 would also need to execute 128 9 0.90 FIT 0.09 EIT

a corrupted instruction during the short time (e.g. ~20ms) taken for the error to be 256 18 1.80 EIT 0.18 EIT
detected and corrected. So the operational failure rate is unlikely to exceed 10% of 512 39 391 FIT 0.39 EIT

the total raw configuration rate (an accurate figure for a particular design can be 1024 77 772 EIT 0.77 EIT

determined using the SEM IP to inject random errors to simulate SEU).
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CRC Error Detection for BRAM Program Memory See page 123 for HDL instantiation of this special memory

The inherently larger capacity of a BRAM combined with its relatively low FIT rate for larger programs means that BRAM remains the preferred solution for
most applications. The ‘ROM_form_7S 2K _with_error_detection_14March13.vhd’ template implements a 2K program memory in a single BRAM. As far as
KCSPMS6 is concerned, this just like a standard program memory with identical connections and system performance. However, an additional and completely
independent circuit exploits the second port of the BRAM allowing the memory contents to be continuously scanned and checked against a ‘golden’ CRC
value computed by the assembler. A worst case error detection time of <1lms is easily achieved. Please take a while to read further descriptions and advice
included in the template.

KCPSM6 RAMB36E1 Standard connection of
enable instruction[17:0] the ‘A’ port to KCPSMB.
instruction bram_enable
address[11:0] A-Port
clk address WIDTH = 18
clk The ‘B’ port is used to continuously scan the entire contents
2K (36,864 bits) and compute a CRC-16 value. If the computed

system_clock Instructions CRC-16 value does not match with the ‘golden’ value calculated

________________ by the KCPSM6 assembler the ‘scan_error’ signal will go High.

scan_error — ‘High” when
=5 B-Port scan_data8:0] — error detected
_ scan_complete
The integrity of error scan_address{11.0] HEDER = 0 — P A
- : scan_reset
detection will be - ‘scan_complete’ pulses High at the end of each
enhanced when using scan (every 36,873 ‘scan_clk’ cycles). You and/or
an independent clock scan clk an independent watchdog monitor would use this
and monitor. - > to confirm that detection is active.
Local CRC Scanning Circuit

Note — An error anywhere in the memory will cause ‘scan_error’ to go High so the nominal rate at which this will occur is the same as the nominal upset rate
(i.e. 2.88 FIT). There is a high probability that the error will be reported before KCPSM6 fetches and executes a corrupted instruction. In fact, it is quite
likely that this will appear to be a false alarm because KCPSM6 may never fetch the corrupted instruction during normal operation.

Note — The CRC scanning circuit occupies ~10 Slices so it too will have a nominal operational FIT of ~0.1 (i.e. potential for ‘false alarms’ to be generated).
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Error Detection and Correction for BRAM Program Memory See page 123 for HDL instantiation of this special memory

The Block Memories (BRAM) in 7-Series devices provide an optional Error Correction Code (ECC) feature which is described in chapter 3 of UG473. It should
be understood that the nominal upset rate of the BRAM remains the same (i.e. 2.88 FIT). The difference and advantage when using the ECC feature is that
single bit errors will be detected, reported and corrected. It should be appreciated that the detection, reporting and correction only takes place as a ‘word’ of
memory is being read and presented at the BRAM outputs. Multiple bit upsets within any particular word can not be corrected but the probability of this
happening is virtually zero due to the physical layout of the memory cells forming a BRAM in a 7-Series device.

The ‘ROM_form_7S_1K5_ with_ecc_5Dec13.vhd’ template exploits the ECC feature resulting in a program memory with an operational FIT rate approaching
zero. However, in order to use the ECC feature, this template must configure the BRAM to have a 512x72 aspect ratio. Each 72-bit ‘word’ supports 64-bits of
information protected by an 8-bit ECC. The ECC values consume just over 11% of the memory and 18-bit instructions for KCPSM6 do not fit naturally into the
64-bits of protected information. Combined, these factors reduce the program storage capacity of a RAMB36E1 from 2K instructions to 1.5K instructions and
also impact performance (more about performance on page 122).

The KCPSM6 assembler packs 3 instructions (3 x18 = 54 bits) into each 64-bit protected word and computes

i . ) ; X i The template uses address[11:9]
the corresponding 8-bit ECC value to be stored with them. Maximum of 512 x 3 = 1,536 instructions (000-5FF).

to selects which of the three
instructions contained in the word
fetched from address[8:0] is

KCPSM6 presented to KCPSM6.
bl RAMB36E1 with ECC In addition, any address outside
enable ; : . )
e instruction bram_enable A-Port Lo the working range (i.e. 600-FFF)
address[11:0] 3 WIDTH = 72 LD will result in the instruction being
— > clk address el 5 _ _ forced to zero or assigned the
8] 15K : g instruction[17:0] DEFAULT_JUMP instruction.
Instructions @
clk ' g
® ' o SBITERR The ECC decoder reports any single or
s

DBITERR double bit errors detected in each 72-bit word.

Note — The ECC only detects and corrects errors contained in the word being read and presented to the BRAM outputs; it does not correct the contents held
within the memory. It would be possible to write the corrected word back into the memory but the circuits to perform this operation would probably increase
the total FIT rate! Due to the inherently low FIT rate (i.e. 2.88 nominal), the probability of accumulating multiple errors within the same word of the same
BRAM during an operational period is virtually zero. If an upset does occur then ‘SBITERR’ will pulse High every time the word containing that error is read
from the memory. All single bit errors are corrected so this is purely for information (e.g. used to log the event and/or schedule a reconfiguration).
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When using the memory with ECC protection the operational FIT rate will be so close to zero that it becomes a real challenge to suggest anything that will
result in further improvement. The following points make further observations to substantiate this claim and hopefully provide you with ideas that could be
useful when using a PicoBlaze module in your most critical applications.

Nominal FIT rate of a KCPSM6 Sub-System (40-Slices and a BRAM) using ECC protected BRAM.

When using BRAM with ECC the integrity of the values presented at the memory output has a FIT rate approaching zero; the upset rate of memory contents
remains 2.88 FIT but all single bit errors can be corrected and a double bit error are so unlikely that it is impossible to estimate a FIT rate low enough! Even if
a ‘DBITERR’ was reported for the 72-bit memory word there would only be a 1 in 4 chance that the corruption was present in the 18-bit instruction being read.
The ~5 Slices and associated interconnect used to implement the instruction selection and DEFAULT_JUMP have a nominal FIT rate of 0.05 which must be
added to the 0.39 nominal FIT rate of the KCPSM6 Sub-System (see page 112). Therefore the estimate of nominal FIT rate for a KCPSM6 Sub-System
using ECC protected BRAM is 0.4 FIT. The key observation to make is that part of that 0.4 FIT could result in an incorrect address being presented to the
ECC protected BRAM,; i.e. a higher probability of reading the wrong instruction rather than the memaory itself producing an instruction containing an error.

‘SBITERR'’ and ‘DBITERR’ Signals and Meaning

These status signals will go High (1) if the 72-bit word being read from the memory contains either a single bit error (‘SBITERR’) or a double bit error
(‘DBITERR’). Note that an error is only detected and reported when a word containing an error is read. As such, KCPSM6 needs to read one of the three
instructions packed into a word for an error to be detected and words that are not accessed by KCPSM6 are never checked. The BRAM with CRC Error
Detection (page 118) continuously scans all memory locations and will detect and report any errors at a rate of 2.88 FIT. The BRAM with ECC protection will
only be checking the words being accessed by KCPSM6, so for a typical program, we would expect the ‘SBITERR’ detection rate to be lower that the ‘CRC’
detection rate. Errors that occur in locations not being accessed by KCPSM6 may contain errors but they will have no impact on operation anyway. In other
words, the BRAM with ECC protection generally reduces the ‘apparent false alarm rate’ as well as providing error correction.

All single bit errors will be corrected so the ‘SBITERR’ report is purely the indication that a bit has been corrupted in the memory. Given the low nominal FIT
rate of the memory contents (2.88) there should be no particular reason to react to an ‘SBITERR’ although it is common practice for very high reliability
systems to log any such events (e.g. gathering statistical data for future reference). It would also be good practice to schedule a maintenance cycle (i.e.
device reconfiguration) at a convenient time within the next few years! It is important to recognise that ‘SBITERR’ will go High every time that the 72-bit word
containing an error is read. Hence, if KCPSM6 repeatedly executes a section of code that requires a 72-bit word containing an error to be read then
‘SBITTERR’ will be seen to pulse repeatedly as well. Take care to log only the first ‘SBITERR’ report and not the subsequent repeats.

When a double bit error is detected in a 72-bit word then a ‘DBITERR’ will be reported. This is so unlikely to happen that it is impossible to state a FIT rate
(currently zero but nothing can be perfect!). If ‘DBITERR’ should ever go High then the most important thing is that an error has been detected (i.e. not
missed) and a truly critical system should take notice. The three instructions in each word have been spaced so that an adjacent double bit error cannot
impact more than one instruction. There is only a 25% chance (18/72) that a double bit error will have impacted the 18-bit instruction being read.
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Testing ‘SBITERR’ and ‘DBITERR’ signals

If you decide to monitor or react to these signals then you almost certainly need a way to test them. The low FIT rate of the memory contents means that even
neutron or proton beam facilities makes testing with real upsets impractical (a real ‘DBITERR’ being virtually impossible to achieve). So the practical solution
is to manually inject errors in the memory. This could be achieved by modifying the hardware design to write a suitably corrupted word into the BRAM (see
UGA473 for full details) but implementing such a scheme is not as straightforward as it may first appear, and more significantly, such circuitry would increase
the FIT rate of the memory! i.e. The FIT rate of the error injection circuit would exceed the FIT rate for genuine double bit errors. Fortunately, this memory is
being used as a ROM so we can deliberately embed errors in the memory contents and maintain the same circuit. The assembler generates the program
ROM definition file containing BRAM initialisation values and these can be modified to deliberately create a single or double bit error at any location. The
program can be written in such a way that locations containing the errors are only executed as part of a test routine (hint - use the ADDRESS directive to
locate test code in a known and predictable location).

1.5K ECC Memor Deliberately corrupting the memory contents is best performed in a controlled manner (i.e. at a known address). This requires further
) y knowledge of the way in which instructions are packed into the memory words and how the assembler builds the INIT strings which
TSFF define the memory contents during device configuration.

Each 72-bit word contains three 18-bit instructions taken from addresses of the assembled program that are 512 (200 hex) locations
apart. As well as the three instructions, each word contains 10 unused bits and the 8-bit ECC value. Any of the 72-bits can be

463 ==  cOrrupted to generate an error when the word is read but it is generally a more reassuring test case to corrupt an instruction and then
400 observe that it is corrected (or not in the case of a double bit error).

" 3FF The instructions and unused bits form part of the 64-bit ‘data’ 63 58 39 38 1918 ¥

word defined by the ‘INIT_nn’ strings and the 8-bit ECC 7-°0 57 40 37 20 17 0
values are defined by the ‘INITP_On’ strings.

Error

263 ==l  This example shows a single bit error being created in the instruction stored at KCPSM6-address 063 hex (99,,). Each ‘INIT_nn’
string defines four 64-bit words so 063 hex corresponds with the 4 word of ‘INIT_18’ (i.e. The first string is ‘INIT_00’ so ‘INIT_18'is

200
“3IFF the 24t frame holding words 96 to 99 which in turn holds instructions for KCPSM6 addresses 060-063, 260-263 and 460-463)
Error INIT 18 => X"03620731DCB1CB3E(028882101191E2F302923C3432A35B640108413F96B2D6A3", +— Original
/ INIT 18 => X"03620731DCB1DB3B028882101191E2F302923C3432A35B640108413F96B2D6A3", <+— Modified
—o— T . s . . . e .
063 Error The ‘INIT_nn’ strings contain hexadecimal values so make sure that your modification
_ 999 g _ ﬁgg represents only a single bit (or adjacent double bit) change. For example, changing ‘7’ to

‘8’ is actually a change of all four bits (‘0111’ to “1000’) so be careful!

Remember that ‘SBITERR’ or ‘DBITERR’ will be reported when KCPSM3 reads any of the three instructions contained in the same 72-bit word. So plan
where you insert your errors and locate your PSM code in a corresponding way. (v Xl |_|NX
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Maintaining performance when using ECC protected BRAM

As indicated on page 119, the ECC protected memory will impact performance. The ECC decode and correction circuit at the output of the BRAM and the
instruction selection multiplexer combine to increase the effective clock to output delay of the program memory which will limit the maximum clock frequency
that can be achieved by a KCPSM6 sub-system. For ease of design and reliability, it is highly desirable for KCPSM6 to run from the same clock domain as
the logic that it monitors and controls, so if the use of ECC protection does adversely impact performance in your design, you should consider using the
‘sleep’ control with a ‘slow down’ waveform (see also page 39). This scheme allows the output of the program memory to be pipelined.

Permanently Enabled
— Yy

KCPSM6
enable instruction(17:0)  — pipe_instruction(17:0)

address(11:0) ECC protected SBITERR clk J
PicoBlaze - - \ sleep Note that program
clk | Program memory | pBITERR clk bram_enable ——— memory must be
— Insert Pipeline T - permanently enabled

11011011011

KCPSM6 executes an instruction every Slowdown |2 Y U |
3 clock cycles (rather than every 2). clk | " control Slowdown Waveform applied to ‘sleep’
Slower code execution, but facilitating a
higher clock frequency. When KCPSM6 is awake it only samples the ‘sleep’ control on the
wake up gotosleep  ising clock edge that ‘bram_enable’ is High
" 7
| L
ak 1 0 -0 - - -4 =4 4 4 I I I I ]
sleep \ :/ \ / \ / _/ |
bram_enable (not used) / \ / \ / \ / \ /O
address AAO X AA1 X — AA2 X AA3 X AA4
instruction X LOAD s4, 42 X AND 7, 80 X__FETCH sC, 05 X _ADDsC, 01 X
~a
pipe_instruction X LOAD s4, 42 X ANDs7, 80 X FETCH sC, 05 X ADDsC, 01 X
execute On'e additional c':Iock cycle available to read memory

& XILINX.
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Using High Reliability Memory Templates

As described in the previous pages, there are three types of program memory provided for use in designs requiring the very highest levels of reliability. To use
any of these memories in your design, simply make a copy of the appropriate template, name it ‘ROM_form.vhd’ and place it in the same directory as your top
level PSM file. The KCPSM6 assembler will then automatically read the template that you have provided and generate a VHDL file defining the memory type
that you have chosen initialised with your assembled program (see page 47). It is recommended that you develop your PSM code using a standard program
memory that allows you to use JTAG Loader. Limit your code to the size that you will have available in your choice of high reliability memory (hint: Use the
assembler with the ‘-¢’ option). Once your PSM code is stable you can switch over to your final choice of memory. This will require some small modifications
to the declaration and instantiation of the memory in your design. The various ports and their names for each type of memory are shown below (there are no
generics). Of course you will have to define ways in which to connect the special ports related with the high reliability features of the BRAM-based memories.

Component Declarations Component Instantiations
ROM_form_128_date.vhd component your program program rom: your program
ROM_form_256_date.vhd Port ( address : in std_logic vector (1l downto 0); port map ( address => address,
instruction : out std logic vector (17 downto 0); instruction => instruction,
Slice-based enable : in std logic; enable => bram enable,
128 or 256 instructions clk : in std logic); ellk => elix)s

end component;

ROM_form_7S 2K with_error_detection_date.vhd

component your program program rom: your program
Port ( address : in std logic_vector (11 downto 0); port map ( address => address,
instruction : out std logic_vector (17 downto 0); instruction => instruction,
BRAM-based with enable : in std _logic; enable => bram enable,
CRC error detection clk : in std_logiclz; clk => clk,

. . scan error : out std logic; scan error => scan error,
2K instructions scan_co;plete : out std:logic; scan_co;plete => scan:complete,

scan_reset : in std logic; scan_reset => scan reset,

scan_clk : in std logic); scan_clk => scan_clk);

end component;

ROM_form_7S_1K5 with_ecc_date.vhd

BRAM-based with Cor;ponefzt Yourazmgram . 4 ous ror(11 4 0 program_rom: your_program
. ort address : 1n st oglc vector ownto 8 =>
ECC error detection . oos _togte_ , port map ( ~ address => address,

. instruction : out std logic vector (17 downto 0); instruction => instruction,
a‘nd COI’I‘?C'[IOI’] enable : in std logic; enable => bram enable,
1.5K instructions SBITERR : out std logic; SBITERR => program SBITERR,
DBITERR : out std logic; DBITERR => program DBITERR,

clk : in std logic); clk => clk);

end component;
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Is a Hybrid Technique the Best Solution

for Very High Reliability Designs ?

When using the ECC protected BRAM, all single bit errors are corrected. This also covers cases in which multiple bits are corrupted provided each 72-bit
memory word only contains one error. That leaves only the slightest possibility of a encountering a double bit error (‘'DBITERR’); so slight that such an event
has yet to be observed even during beam testing of 7-Series devices. But if you have a signal to tell you that it has occurred then what do you do if it did pulse
High during operation? The only way to fully recover is to reconfigure the device. However, it will often be helpful if KCPSM6 can continue to help the system
as it prepares to take this recovery action (e.g. to make a report and to gracefully shut down the peripherals that it controls before stopping).

(11)
enable instruction(17:0)
Slice-based ROM address(11:0) Slice-Based KCPSM6
———— PicoBlaze instruction(17:0)
8FF Special | Program memory —
800 } code _ interrupt
=== < Interrupt_vector instruction(17:0) clk
L ECC Memory ECC‘protected SBITERR
SEF _— PicoBlaze
clk Program memory DBITERR
PR ——— The hybrid arrangement shown above uses an ECC protected BRAM (page 119) and a Slice-based ROM (page 117).
400 AN The main program resides in the ECC protected BRAM. The example illustrated on the left shows that an upset has
- \ caused one of the 72-bit memory words to have a double bit error. When KCPSM6 fetches the instruction from address
3FF Double 086 the ‘DBITERR’ status will go High. Although there is only a 1 in 4 chance of the instruction being corrupted,
bit ‘DBITERR’ is used to interrupt KCPSM6 and force it to start executing code from the Slice-based ROM. Although an
error interrupt is used, the special code will never return (RETURNI); it will only perform the operations required to shut the
286 E—— system down gracefully. When KCPSM6 responds to an interrupt it automatically disables any further interrupts (page
200 84) so it will not react to any ‘DBITERR’ pulses that may continue to be generated by the ECC protected memory. The
--Z Slice-based ROM has a total nominal FIT rate of 1.80 (page 117) but this memory is always being kept clean by the
1FF Code most  device level Readback CRC and frame ECC mechanisms so there is an extremely high confidence in its integrity at the
used during  moment that it is required. In contrast, notice that if the special code was also located in the ECC BRAM then KCPSM6
normal could execute a corrupted instruction (e.g. at address 486 in the example).
086 | operation int - The real limiting factor is the 0.40 FIT of the logic and interconnect (i.e. not the ECC protected memory).
000 So the ‘Best Solution’ for high reliability is still debateable ©
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