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Limitations

Limited Warranty and Disclaimer. These designs are provided to you “as is”. Xilinx and its licensors make and you receive no
warranties or conditions, express, implied, statutory or otherwise, and Xilinx specifically disclaims any implied warranties of
merchantability, non-infringement, or fitness for a particular purpose. Xilinx does not warrant that the functions contained in these
designs will meet your requirements, or that the operation of these designs will be uninterrupted or error free, or that defects in
the Designs will be corrected. Furthermore, Xilinx does not warrant or make any representations regarding use or the results of
the use of the designs in terms of correctness, accuracy, reliability, or otherwise.

Limitation of Liability. In no event will Xilinx or its licensors be liable for any loss of data, lost profits, cost or procurement of
substitute goods or services, or for any special, incidental, consequential, or indirect damages arising from the use or operation
of the designs or accompanying documentation, however caused and on any theory of liability. This limitation will apply even if
Xilinx has been advised of the possibility of such damage. This limitation shall apply not-withstanding the failure of the essential
purpose of any limited remedies herein.

This design module is not supported by general Xilinx Technical support as an official Xilinx Product.
Please refer any issues initially to the provider of the module.

Any problems or items felt of value in the continued improvement of KCPSM3 or this reference design would be gratefully
received by the author.

Ken Chapman
Senior Staff Engineer — Spartan Applications Specialist
email: chapman@xilinx.com

The author would also be pleased to hear from anyone using KCPSMS3 or the UART macros with information about your
application and how these macros have been useful.
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Design Overview

This design converts the Spartan-3E Starter Kit into a reasonably accurate frequency counter measuring frequencies up to 200MHz (and possibly more) as
well as providing two different types of on-chip oscillator for test and evaluation. The design can be used ‘as is’ as a piece of test equipment but it is hoped
that the design may form the basis for future PicoBlaze designs as well as provide a general introduction to the board. Some exercises are suggested to
encourage further self study.

As well as providing the basic instructions to use the frequency counter, this document provides details of the design which is a good illustration of how a
PicoBlaze processor can be used in conjunction with hardware to provide a solution. Hardware is used to provide the high speed support for the actual
frequency measurement whilst PicoBlaze performs the overall control of the system, numerical conversions and direct drive of the LCD display which are all
relatively slow, if complex, tasks.

50MHz Crystal
Oscillator used
for time base

Load it now — it only takes 30 seconds!

It is recommended that you try this to become familiar with

i L o SMA socket for
what the design does (operating instructions on the next page). : e T N {g% y L

input of signal
Lo “‘dﬁiﬁiﬁ to be measured

As well as the source design files, a compiled configuration bit el F s e

file is provided which you can immediately download into the | | o e e _
Spartan XC3S500E device on your board. To make this task . i i L)
really easy the first time, unzip all the files provided into a e T Yhemec
directory and then.... : [
double click on ‘install_frequency_counter.bat’.
Assuming you have the Xilinx software installed, your board

connected with the USB cable and the board powered (don’t

LEDs indicate
measurements

in progress
forget the switch), then this should open a DOS window and
run iIMPACT in batch mode to configure the Spartan-3E with
the design.
Display indicates the selected source 4 slide switches select between
and the frequency measurement SMA input, two on-chip oscillators

and the 50MHz reference crystal
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http://www.xilinx.com/products/boards/s3estarter/files/s3esk_frequency_counter.zip

Operatl g Instructions

SISl | E | e e —

k| .
1 [ L] f i 3

Apply external signal to be measured to the SMA
connector (J17).

"
i
m

This is a direct input to the Spartan-3E device and is
7 e— currently defined as having the LVTTL standard.

- This could be modified in the User Constraints File
(UCF) if an alternative standard is required.

| 5000/ e < asi I I I I D D D D LEDs toggle at 1 second
. ¥ y 'l o
E. = 94'9;_(} aes !1:: b ,’:.!.:‘: ': |:| |:| |:| |:| I I I I intervals to indicate

measurement intervals
Rt et BRERO000

Raise one of the four slide switches to select the
signal for measurement. If no switches are raised or
more than one switch is raised at the same time a
simple menu is provided.

......

The 50MHz signal is the on board 50MHz crystal oscillator (IC17). Since this is used to form the 1 second time
base for all frequency measurements, selecting this as the input means that the system is measuring itself and
therefore must produce the perfect result (even if the 50MHz is not 100% accurate).

This oscillator is implemented inside the Spartan-3E using a mode of the DCM normally reserved for test
purposes. May be you will find such a ‘free’ oscillator useful in one of your designs.

A ring oscillator is one implemented using a combinatorial loop in the design. Normally something to be avoided
and why processing this design will yield some warning messages. This design is an ideal way to experiment with
these interesting beasts!
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PicoBlaze Design Size

The images and statistics on this page show that the design occupies just 190 slices and 1 BRAM. This is only 4.1% of the slices and 5% of the BRAMs
available in an XC3S500E device and would still be less than 20% of the slices in the smallest XC3S100E device.

MAP report
Number of occupied Slices: 190 out of 4,656 s PicoBlaze makgs extenglve use of the dlstr[buted_memory fea}tures .of the
e of ook R 1 out of 20 5e Spartan-3E device leading to very high design efficiency. If this design
was replicated to fill the XC3S500E device, it would represent the

. . equivalent of over 1.5 million gates. Not bad for a device even marketing

Total lent t t £ d : 85,032 .
PRES SREVESCEE SRS BRI R claims to be 500 thousand gates ©
FPGA Editor view Floorplanner view

[ e imt Ao

PicoBlaze Spartan-3E Starter Kit Initial Design 5



Design Files

The source files provided for the reference design are.....

Top level file and main description of hardware.
frequency_counter.vhd  Contains I/O required to disable StrataFLASH memory device on the board which may
otherwise interfere with the LCD display.

....... frequency_counter.ucf  1/O constraints file for Spartan-3E Starter Kit
and timing specifications for 50MHz and up to 200MHz clocks.

— kecpsm3.vhd PicoBlaze processor for Spartan-3E devices.
— fc_ctrl.vhd Assembled program for PicoBlaze (stored in a Block memory)
hmmimmem fc_ctrl.psm PicoBlaze program source assembler code This design contains an evaluation
test feature of the DCM. Before this
L ring_osc.vhd Ring oscillator design ST 1T |02 [ S 21 ]

environment variable needs to be
set or the 'dem_fixed_osc’' module

. . . . removed. Please read the notes
L dem_fixed_osc.vhd Oscillator implemented using a DCM provided in 'dem_fixed_osc.vhd' for
details of this special requirement.

Note: The file shown in green is not included with the reference design as it is provided with PicoBlaze download. Please visit the PicoBlaze Web site
for your free copy of PicoBlaze, assembler, JTAG_loader and documentation.

www.Xxilinx.com/picoblaze

Hint - If you only want to write new programs for PicoBlaze using the existing hardware design, then simply use the JTAG_Loader utility supplied with
PicoBlaze. The design supplied is already equipped with the JTAG loading circuit (see schematic on page 8).

PicoBlaze Spartan-3E Starter Kit Initial Design 6



one_second_count 49999999

Decode

Q
26-Bit
Counter

RST

one_second_logic

source_control (6)

Delay ensures counters are stable
before controller reads them

one_second_pulse

ab_switch

logic_oscillator
ring_osc

interrupt_delay (99)

100 stage delay
(SRL16E based)

counter_switch_control

Frequency Counter Logic

Each counter actively counts the
cycles of ‘test_clk’ for one
second whilst the other is being
read and reset by the controller

a_count_ce

test_counter_a

LJ

b_couynt_ce

CE
32-Bit
Counter

CLR

a_count_rst

test_counter_b

a_count

b_count

source_control (7)

reset

osc_out

ring_oscillator

dem_fixed_oscillator
dcm_fixed_osc

50MHz

kick_start

clk_out

dcm_oscillator

*—
@
Synchroniser circuit ensures a clean
switch over between counters.
\
freg _for_measurement NN test_clk ®

sma_clk [>—

clk_50mhz

source_control (1)

source_control (0)
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BUFG

o

CE
32-Bit
Counter

CLR

b_count_rst

All items on this page are clocked by ‘clk_50mhz’. Unless
otherwise shown specifically to be clocked by the ‘test_clk’

which is being measured.




All items on this page
are clocked by
‘clk_50mhz’.

PicoBlaze Controller

‘JTAG_loader’ allows rapid

1

output_ports

led (7)
led (6)
led (5)
led (4)
led (3)
led (2)
led (1)
led (0)

D

b_count_rst

a_count_rst

source_control (7)

w

lcd(7) /] :
1ed(6) ) PicoBlaze code development.
(Egéj lcd(5) /
program_rom
lcd(4) /]
™ fc_ctrl
proc_reset
ab_switch A instruction
o)
switch (3) 1)
. . § - clk address
Pull-down resistors added switch(2) | o
to switch button inputs in switch (1) &l w 2
. (%] i)
o,
UCF file. cwiten(0) e 5
g kepsm3 processor -
o %)
o
-
input_ports instruction address
b_count
out_port
in_port out_port
.
in_port
t write_strobe
read_strobe
read_strobe [
port_id
reset port_id
a_count
interrupt
interrupt interrupt_ack [
D(ﬂk

interrupt_delay (99)

strataflash_oe

strataflash_ce

strataflash_we

StrataFLASH memory must be
disabled to prevent interference
with the LCD display.

interrupt_control

interrupt_ack
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write_strobe

=

source_control (6)

source_control (0)

source_control (0)

bidirectional
LCD data

, Blcd(ﬂ <I>
, Blcd(@ <I>
, Blcd(S) <I>
, Blcd%) <I>

lcd_rs

d |’I:D lcd_rw
lcd_e

4




Oscillators

DCM Oscillator

dem_fixed_oscillator

This reference design introduces a test and evaluation mode of the DCM for you to :

. . R uun dcm_fixed osc ~
investigate. To achieve this, a special test primitive called ‘DCM_SPAR3.TEST' is 145MHz
used. For further details of connectivity and other special ISE set up requirements kick_start clk_out

please read the notes provided in the design file 'dem_fixed_osc.vhd' .

Using the DCM oscillator is simple. All you need to start it are a few transitions on the input to give it a ‘kick start’. In this design PicoBlaze generates a short
burst of pulses, but really any signal with a few transitions would be enough. The output frequency is independent of the stimulus used, and once started, no
further stimulation is required. Since there is no definitive timing reference within the Spartan-3E device, the frequency of oscillation will depend on the
fabrication process of the device itself as well as temperature, voltage and aging effects during operation.

Applications which are not absolutely time critical or for which another timing reference is available (e.g. data strobes on a communication channel) may find
this mode of the DCM useful and help save the cost of fitting an external crystal oscillator. Please use this frequency counter design to evaluate this feature.

Ring Oscillator

A ring oscillator is implemented using the look up tables of the CLBs and the general purpose interconnect. As with all oscillators, the rate of oscillation is
determined by the length of a delay implemented in a loop. A single inverter in the loop implements a high gain inverting amplifier leading to the unstable
condition required for oscillation. This is one of those interesting cases where digital logic is really being used in an analogue way.

Hint — A combinatorial loop is quite correctly

considered bad design practice in most cases. LUT LUT LUT LUT LUT :@ osc_out

It should not therefore be surprising to see
warnings generated by the ISE tools and for
‘keep’ attributes to be required in the design to D——l_@—l_@——l_@——l_:@—
top logic optimisation by th thesis tool.
stop logic optimisation by the synthesis too Divide by 2 used to
reset ® clean the clock signal.

— — o

Delay Invert

The output frequency will once again depend on the fabrication process of the device itself as well as temperature, voltage and aging effects during operation.
However, the fact that this is a ‘soft design’ means that the initial amount of delay in the loop can be adjusted by changing the number of LUTs as well as by
their relative placement and the interconnect used.

The frequency counter design provides a platform for experimentation with these low cost oscillators.
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Repeat until one switch only

Main program

| Initialise LCD display 1

[ Turn off LEDs ]

~

[ Welcome messages
on LCD display

v

rGenerate ‘kick start’ )
cycles to DCM
oscillator.
v
| clearaisPm |
v

[ Enable Interrupts ]

\

Complete PicoBlaze Program

This information is intended to give a guide to the way in which the PicoBlaze assembler code is organised. It is not intended to be a lesson in how to write
assembler code or explain how PicoBlaze works. Please refer to the documentation for PicoBlaze (KCPSM3).

There are comments contained in the ‘fc_ctrl.psm’ file which should help explain the finer points.

Interrupt Service Routine

Subroutines are used for delays and \

control of the LCD display. For more v
details please refer to the reference [ Test AB switch ]

design called ‘Spartan-3E Starter Kit

Board Initial Design’

v v

[ Read switches ]

l A 4

Display source of
test signal or the full )
menu on the LCD

J

display
|

A 4
Select test
source by output
to multiplexer

A 4
[ Disable Interrupts ]

Read counter value
from SPM

[ Enable Interrupts ]

—

[ Display result on LCD]:I

[ Convert to BCD

Divide by 10

|set LED Pattern 11110000’|  [set LED Pattern ‘00001111’]

[ Read 4 bytes from ] [

Read 4 bytes from
‘A’ counter

‘B’ counter

[ Reset ‘A’ counter ][ Reset ‘B’ counter ]

[ Store counter value in SPM ]

e

Scratch Pad Memory (SPM)

Interrupts occur at once second intervals. The
interrupt service routine (ISR) determines which
counter is available to be read. It then reads the
value before resetting that counter. The counter
value is then stored in scratch pad memory.

Interrupts are disabled
whilst reading from SPM to
ensure that a clean value is

always obtained.
The main program reads the latest counter value

from scratch pad memory and performs all
necessary processing to form the value seen on the
LCD display. The main program also utilises the
SPM whilst performing numerical conversions.

Divide by 10 is a key part of
eth BCD conversion process.
SPMis also used in the BCD

to conversion process



Exercises and Investigations

Improving accuracy

If you have access to a calibrated frequency counter or frequency source, use this to determine to actual frequency of the 50MHz crystal oscillator installed on
your Starter Kit board. Then adjust the once second counter to improve the accuracy of your system.

How fast is yours?

To help evaluate the implementation of embedded oscillators, please observe the frequency of both your DCM and Ring oscillators on your board and send
them to the author (ken.chapman@xilinx.com) so that the spread of values can be characterised over time. Please use the original configuration BIT file
provided for this experiment and do state any special conditions (i.e. measurement taken outside at the South Pole!).

Ring Oscillator experiments

Evaluate the approximate changes in frequency achieved by increasing and decreasing the number of LUTs forming the loop delay.

Ideally create a design in which the loop delay is selectable using a byte written from PicoBlaze to a control port as this will allow one single placement to be
used.

Modify the PicoBlaze code to record and display the maximum and minimum frequencies generated by the ring oscillator over time. Use this also to evaluate
the effect on frequency due to temperature. Once evaluated, can you use a ring oscillator to determine the temperature of the silicon?

Long Term Stability Tests

The reference design provided includes two counters. This ensures that every cycle of the test source is recorded and this means PicoBlaze can determine
the long term average number of cycles generated as well as short term fluctuations and peaks. Adapt the PicoBlaze code to display statistics for a long term
tests of this kind.

Remote Control and Monitoring

Add an RS232 interface (UART) to the design and adapt the PicoBlaze program to allow remote control and monitoring from a PC. Use an application on the
PC to graphically display the long term stability of the test clock or embedded oscillators.
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