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Application note

Design a Fixed Threshold Discriminator with
SciCompiler

Abstract

This application note will show how to support a scientific application with an FPGA firmware, consisting of
a signal discriminator with an arbitrary but fixed hardcoded threshold, designed and compiled with
SciCompiler programming language and run on the SciDK development board.

In order to build and demonstrate the project the CAEN DT4800 signal generator will also be used and
connected to both the board and an oscilloscope via a split T.

The LEMO Digital I/0 port available on the SciDK will send the discriminated signal to the oscilloscope for
further analysis.
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1 Preliminary setup

First make sure to have all the relevant connections in place and the latest available software upgrades
installed. This is a reference of how your work area may look like:

SciCompiler project setup

Now open SciCompiler, select New Project, insert the name of the design we’re going to create (for reference:
ANSKOO01_Discriminator ), select the relevant board ( SciDK ) and verify that under the Project tag the field
Precompiled Cores is enabled; this may later speed up the compilation of the FPGA firmware by a significant

margin:

Name ANSK001_Discriminator

Help

" Author

Company

Project

&le 2 m Nuclear
5 sci-compILER @ CAEN ‘ Do (£ e

Creation Date 12/27/2020 2:46:04 PM

Last Edit 12/27/2020 3:08:04 PM

Target Device SCIDK

Description

Precompiled Cores | Enabled v
i Optimization Speed ~
" Board Configuration
= Project File
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2 Block Diagram implementation

As the project revolves around a discriminator function we first need to pickup and place an Analog Input
box selecting it from the Board Pin section of the Tools Box bar and a Comparator by alternatively opening
the Toolbar via a right-click on the project area. For this presentation the Comparator of choice is Greater.

SciCompiler analog internal bus is always 16 bit whichever board it is attached to; for this design we leave
the prompted Propriety Editor settings as default.

To connect the blocks just drag a virtual wire as if they were physical instruments, for any more information
it is possible to refer to the Context Help :

e O £
& top
& Property Editor
Input bits 16 &
Input sign UNSIGNED v
O Mode GREATER v
RegisterOutput Disable N
& Greater S G A
+  Components » Comparator » H
&
The block implements a digital comparator that
determines if the first input is greater than the
second input. The comparison between the
two inputs, which are two vectors of the same
size representing numbers expressed in binary
notation, is done bit by bit starting from the
MSB and proceeding towards the LSB. When
an inequality between two bits is found, if the c
considered bit of the first input vector is 1 and o =

the correspondent bit of the second input
wector is ()it means that the first numher is.

Project File Welcome | Diagram -top | Memory Mapping | Compier Output

Comparator finalization

Proceeding further we need to create a Constant-Bit Vector box selecting it from the Misc section of the
Tools Box and set it according to the Propriety(s) of the other boxes so that it’s possible to finally assign the
~Fixed Threshold~ of the Comparator, in our design with a Value of 3000 :

s W propery edr

Constant Hexadecimal & @ Ib A
Companents » Toos

ez I ‘

==

Rrepresents a constant that can be used a3
Input for blocks requiring a constant vector
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3 QOutput section

To implement an effective output section we can use the LEMO connector on the SciDK board and to do so
we just position the relevant LEMO block from Toolbar and then Board Pin. Please note that LEMO is a dual
channel bidirectional port and can also be setup as a digital input as specified in the Context Help.

Is also possible to assign an output to one the two onboard LED which in this case will blink when the signal
is over the threshold, they’re labeled Digital Pin in the Board Pin section:

ADC A _IN )
(6] INT out — 1] INA OUTA
[16] IN2 @® fl’,')R =G
£ é ‘ 1
L 3000
LED_0

The output section is done and so, with no register or memory mapped pheriferals, is the whole design.
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4 Compilator

Once the design is done you can leave the Tools Box for the Home menu bar, where you will click Compile.

SciCompiler will prompt a confirmation box and then starts to sort out your design into an Hardware
Description Language and further proceed to invoke Vivado generating the full bitstream needed to run your
design on the FPGA:

Nudkar Instruments ScFirmware Compier - ANSK001_Dscriminator - = El
Home: Tools Box View ~ @
Ty = e =a
L] ) ; & g
el ey e &S > . 8 &g i s §F @
New Open Save Saveds Copy Cut  Paste Undo Redo LinkStyle Magnifir Comple Comple Cloud Program Seftings Resource  Generate Flash Software
SDK  Comple FPGA Explorer Flash Fie  Program Tool Guide
Fie ] Tools 5 Compier [ FashTod & Heb &
B 2 Start compiling project: 1_Discriminator

Creating regiater map...
& two Processing page: top (2
Generate adaress map
Generate components
Creating signal map...
Creating signal map. ..
Creating signal map...
Creattng signal map...
Creating signal map...
Creating HODL project.
Creating HDL oucput £ Users\Andre\AppData\Local\Tenp) Temp]_Code. 1ip\Code\ASKOOL Discrimin

74-4408-2232-5ee7cTHTLLY)

1_D: \ANSK0OL_D: .acE
Current project compilation stopped.
Generating HDL of: U2 (misc/conat)

Generating HOL 3 {Lopad/lemo)
Generating HDL

£ Digital Output € @I I | Assembling HOL of top page...

T Components » O inferface : Design fully generated
|starting HDL Compiler...

z vzass 440031 Vivado v2017.4 (64-bit)

447+ 57 Baild 2086221 on Fri Dec 15 20:55:3% MST 2017
13 IP Build 2085800 on Fri Dec 15 22:25:07 MST 2017
1 Copyright 1986-2017 Xilinx, Inc. All Rights Reserved.

source C:/Users/Andre/AppData/Local/Texp/Templ_Code.zip/Code/ANSKDOL I /ENSK001, ] el
# 56T outpuEDir C:/Users/Andre/AppData/Local/Temp/Templ Code.I1p/Ci ¥ /ANSKDOL_D13criminator
4 file mkdir soutputDir

4+ create_project ANSKOOL Discriminator C:/Users/Andre/AppData/Local/Temp/Templ _Code.zip/Code/ANSKDOL D put/ANSKOO1_| -part 1 -force
This block - hanne! INFO: [ProjectBase 1-433] The host 05 only allows 260 characters in a normal path. The project is srored in a path with more than 80 characters. If you experience issues with
is block represents a digital output channel 1P, Block Designs, or files not being found, please censider moving the Project to a location with a shorter path. Alteznately consider using the 0S subst command to map pazt
that can be read by the user. The DT5550 has

of the path to a drive letter.

Current project path is 'C:/Users/Andre/AppData/Local,/Temp/Templ_Code.zip/Code/ANSKDOL_DisCriminator/output/ANSKO01 Discriminator’
4 set_property source_mgmt_mode None [current_project]

# set_property target_language VHDL [current_project]

4 set_property XPM_LIBRARIES {XPM_CDC XFM MEMORY XPM_FIFO] [current_project]

4 add_files —force C:/Users/Andre/AppData/Local/Texp/Templ_Code.zip/Code/ANSKOO0L Discriminator/HDL/peores/clk _12SMHZ.xe1

48 LVDS digital /O (96 in total) that can be
configured through the Bank Connector tool to
be input or output. The V2485 has 32 digital
inputs, that can be expanded to 130 by using
three expansion slats, each configured with 32

digital outputs. In addition there are also 8 LED THFO: | Flow 18-234] Refreshing IP repositories
that can be used as digital outputs. INFO: [IP_Flow 15-1704] No user IP repositories specified
v |
< >
Project Fie Welcome | Diagram - top | Memory Mapping | Compler Output

As soon as the message Successful compilation! appears atthe end of the bitstream generation
the design has been fully finalized.
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5 Board configuration

Before safely programming the board a few actions are needed:

Micro USB Connector Bootloader Switch

First unplug the Micro USB Connector and then cycle the Bootloader Switch to the right. Reconnect the USB
cable and check that the Status Led located next to the Bootloader Switch is no more blinking as when the
SciDK is in normal operation but has now become solid blue, indicating the bootloader mode.

Go back to SciCompiler and click Generate Flash File , this will generate a FPGA code ready to be installed:

- sEl
~®
ULE‘LWWL’%‘QbiﬁW‘L < B @
G on pae e e ke ot ol Gl P S e G e o
=g
e Running DRC as & precondition To comand write bitstream
ate IINFO: (DRC 23-27] Running DRC with 2 threads
50 :_;znpem CIGeVE valoal fouzrenc. dasigol
e c_;zcun CONFIG_VOLTAGE value2 (curren _aealrl
SCICompiler X
= Digital Qutput L@ A E o folder outpat
[Ba]
(@) oo

This block represents a digital output channel r setting is ON. Install Setting is ON.).

that can be read by the user. The DT5550 has

48 LVDS digital /0 (96 in total) that can be ) ags ered.

configured through the Bank Connector tool to

be input or output. The V2495 has 32 digital 109 . Memory (MB): peak = 1552.105 ; gain = 397.965

inputs, that can be expanded to 130 by using 2:54 2020...

three expansion slots, each configured with 32

digital outputs. In addition there are also 8 LED smory (MB): peak = 1175.930 ; gaia = 0.000

that can be used as digital outputs.

OUT PIN 0 Size: 1| v

i€ > v

prosect Fle viscome | Diagram -top | Memory Mepping | Compikr Output
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Installing the code

Then select Flash Program Tool, just next to Generate Flash File. In the next dialog window select SciDK and
in the subsequent one check that the serial number matches the intended SciDK device; this is especially
useful in complex projects. Then the relevant Firmware File is already selected, press Start to transfer it to

the board:
& CAEN - Nuclear . Col o
W5 CAEN - Nuclear Instruments - Select SCIDK Board = o X w5 CAEN - Nuclear ~ e o X
-1 E Select frmware file
\ Selectthe OpenHardware system " Selectthe SCiDK device :
e P — v T ——
- - = —
SCIDK
e Device: scIoK
. " ( Firmware Name: ANSKO0OL_Discriminator
¥ \ —\ Bootload Mode: press idently 4
U y Bootload Version: . press dentfy .. y
5 Boolload Release date: . press dertdy g
et Frmwre ko Boat ppication
QCAEN [, tet> | QCAEN M. =] Ee=d DeEd goaen M. = L]

When done you can go back disconnecting the USB cable, cycle again the Bootloader Switch and reconnect
the cable or just press Boot Application. Make sure the blue Status Led is blinking, signaling that the
procedure has been successfully completed.

6 Real world example

The next image gives you an example of the design working as intended:

The yellow line comes directly from the CAEN DT4800 signal generator while the blue one is drawn by the
LEMO Output of the SciDK Development Board programmed with SciCompiler and represents the interval
in witch the first signal has a value greater than the programmed Fixed Threshold of 3000.

This Application note ends here
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