


Who is this for?
-This is not simple. "\_(*V)_/"
- LabVIEW programmers who want to learn more about LV FPGA

* HDL programmers who want to learn more about LV FPGA

Part 1 of 2
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Luke Graham

* | live In New Mexico

» Test & Measurement since 2006
- LabVIEW Architect since 2012

* Field AE for NI
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My Objective

‘Really Good Building Blocks
‘Inform your questions
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LabVIEW FPGA Development
wa I kt h rou g h [ Untitled Project 2 * - Project Explorer _ 5

File Edit Wiew Project Operate Tecls Window Help

S| « B || @B ol % &

ltems  Files

= [kl Project: Untitled Project 2
= B My Computer
E+ 5 FPGA Target (PXle-5774 (KU040))
- BB 80 MHz Clock
- (&) DIO Voltage Selection (3.3V)
-~ 48 FlexRIO MGTDIO w1
[ w10 Socket (M1 3774 : NI 3774 CLIP)
- ¥ PXle_CIk100
[} ﬁ Reuting (Host Control w1)
- &= Dependencies
i: Build Specifications
- "5 Dependencies
i: Build Specifications
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Why use LabVIEW FPGA?
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Why use LabVIEW FPGA?

1. The platform
2. The performance
3. The customization
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Platforms
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CompactRIO

Analog 1/0
Digital 1/0O

Specialized 1/0

Bus Protocols $
| susrowocos [ S

High-Speed Bus

Processor FPGA
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CompactRIO

* Wave energy research one mile off the coast of Bolivia
* Molten lead circuit for heat transfer research

« Emissions reductions for large diesel power generators
* Thermal chamber control for simulating earth orbit

* Geologic imaging ¥4 mile underground

- Energy monitoring for cold fusion research <
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CompactRIO

Generate an interrupt to let the Host know that
new data is available. Then wait until the interrupt
is acknowledged before starting the loop. This lets
the host control acquisition

oo Error >}
Update Conversion Time 2 FPGA Error Out
: Conversion Time  |p == Mod1 " T . 3
¢ P+ Conversion Time Mod1/TCO
Mod1/TC1 §
: Mod1/TC2 §
Modl/TC3 § TC Qutput
If "Update Conversion” is true, then configure the Conversion Time and Open Ban Mod1/Autozero
Thermocouple Detection and wait the required settling time (85). Otherwise, do Ban,  Modl1,/CIC '3;
nothing.

Read the Cold Junction, auto zero, and

Thermocoulpe data. [}
[
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FlexRIO or Reconfigurable Scopes
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FlexRIO or Reconfigurable Scopes

Analog 1/0O

High-Speed Bus Mgl

FPGA

Processor

Specialized 1/0
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LabVIEW FPGA Concepts

» Single-Cycle Timed Loops
* Pipelining
* Fixed-Point
* High Throughput Math
— Handshaking
* Fixed Arrays
* Memory
* Clock Domains
* Xilinx IP
- Data Transfer to/from Host: Fast & Slow
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Glossary

*FPGA
* FlexRIO or Reconfigurable Scopes
* Target
* Host
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FPGAs: Flexible & Inflexible

* Flexible: I can define how | want my digitizer to work.
* Inflexible: At run time, everything must be defined. Can’t “allocate” anything.
— Includes Data type, array sizes

* We need to return data on every clock cycle, even if it's not valid.
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FPGAs: Flexible & Inflexible

Everything must be defined

* Exceptions:

—Trigger scenarios
—Enable/disable

—Compare to elapsed count | True vp
—Etc. Boolean
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FPGA: Keep in Mind

- Compile Time
* Availlable Resources
* Abllity to “meet timing”
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Single-Cycle Timed Loops

[i] @

ticks

[ 200 MHz Clock [v}~p  &n I -
[i] C
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Pipelining
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Pipelining

(+7=7

Ans+ /="
Ans+/7/=7
Ans+/7/=?
Ans+/7="7
Ans+/7/=?
Ans+/7/=?
Ans+/7="7
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Pipelining

* Feedback Nodes!

=l
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Vocabulary Word

- Latency: The number of cycles before a valid answer is returned

- What is the latency of the previous example?
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Fixed-Point Data

'.-’EE-E'F_'E-

n Mumeric Constant Properties: Value

Appearance Data Type  Display Format  Documentation

Representation

FXP

L] Adapt to entered data

Fixed-Point Configuration

Encoding Range
@Signed Minimurm
() Unsigned -128
Word length Maximum
12 bits = 127.9375
Integer word length Delta

8 bits = 0.0625

|:| Include overflow status

oK

Cancel

Help

4
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Fixed-Point Data

* Fixed-Point Data Type errors are my most common bug in
FPGA.

—Saturated Data
—LSB underflow
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Fixed-Point Data

* Fixed-Point Data Type errors are my most common bug in
FPGA.

—Saturated Data
—LSB underflow

(I drop indicators at every step of my algorithm for debugging)
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High Throughput Math

X
| DEL |

X+y
, |+
[ W32 |

VS

=

b ox <+/-16,1=

by <+/- 161>

X+y <+/- 172>

<21 High Throughput Math

B

Add

B

Divide

% P
L

Y To Polar

—

Basic Elements

B

Subtract

[

Reciprocal

I X
a Y

Polar To X

T

T

Atan2

i
Ln

>

Multiphy

[

Square Root

Sinh & Cosh

[

ré,im|

Complex
Multiphy

To Fixed-Point
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Handshaking

- We MUST return a value on every cycle, even if we have no data.
* (No such thing when using a processor)
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Handshaking

Result
b — 1 Iy g Iy g " — T — T — + — + — L + 52
x % % £ £ x x *
Valid?
— — — — — — — —
m A E A E A E A E A E A E A E A
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Fixed Arrays

BAN

X+

n Array Properties: x+y

Appearance 3z Documentation  Data Binding

[] Adapt te source

Dimension(s)

Array Size
(O Variable

® Fixed

&
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Memory

Use Cases:
- Buffer data that is acquired point-by-point
« Share data between loops or clock domains

» Use data sets without multiple copies

—
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Memory

Address
Memory Method Node Memory Method Node
!;:!' il Mernory ltem w'ﬁ' ﬁ = Memory ltem HE
Read Write
¥ Address Increment Ly Address
Data h—lﬂ\,f b Data
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Memory

Distinct types of Memory

* VI-Defined
» Target-Scoped

Physical Implementation
* Look-Up Table

* Block Memory
- DRAM
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Memory

Data Storage & Transfer

4 O.,Search o, Customizew

a

VI-Defined Register Method Register
Register ... MNeode Constant

He B G

VI-Defined Memory Memory
Memory Method Constant

|==k]
1l HIET]

VI-Defined FIFO FIFQ Methed FIFQ Constant

oo o

VI-Defined Handshake Handshake
Handshake ... Method Mode Constant
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Memory

2§ PXle-5171R (8CH)
= [ Resources

H

- [ Clocks
@) FPGAI/O

FIFCs

=
g+ PXI
= @
@

Trigger and Digital

H

Remowve from Project

Rename... E?

B .
- 8 DRAN Vi
- 8 DRAN Virtual Folder
1 [ SubVis Add b
Type Definiti
- [l Stream To b Convert to Auto-populating Folder... ]-.rpe tnien
7 ' Dependenc Library
- - Build Specii  Find ltems with No Callers Class i
3 I?‘l:lgl Dependencies [terns incorrectly claimed by a library Interface
- ‘= Build Specifica
Unit Tests > Unit Test
Analyze Vis... Test Vectors
FPGA /O
Find Project [tems... FPGA Base Clock
Arrange By » Register
Expand All Handshake
Collapse All
FIFO

4
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Memory

* Look-Up Table

— Logic Gates that are hard-wired on the FPGA.
— Consumes FPGA resources (can be used as FPGA resources OR memory)
— Use when:

* Needed in a SCTLwith no latency.

* Limited remaining Block Memory

* Block Memory
— Can cross clock domains

— Does not consume FPGA resources (use this first when possible)

- DRAM
— External to the FPGA
— HUGE data sets are possible.
— Requires multiple clock cycles.

— Sequential access (only one command per cycle)

i3 Mernory Properties

Catei ory

Data Type
Interfaces
Initial YValues

ah

Mame

Memory

Requested number of elements
1024

Implementation
Block Memory |T|
Look-Up Table
J Block Memory
DRAM
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Clock Domains

% 200 MHz Clock |k
40 MHz Onboard Clock
200 MHz Clock

|0 Module\[Data Clock

|0 Module\[Data Clock D 2
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Clock Domains

FPGA Derived Clock Properties

Catei ory | General

Mame Parent Clock Marme

|35MHz | 200 MHz Clock |

Desired Derived Frequency

35 MHz [+ |

Actual Derived Configuration

Multiplier
Parent Frequency Derived Frequency
200MHz | >< ———  _ |35MHz
Divisor
Parent Pericd Derived Period
5ns 28.57142857142857ns
Message
The desired derived frequency is available, A

OK | Cancel | Help

4
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Clock Domains

*Slower clock rates can meet timing more easily.

*Use after decimating data to run more efficiently.
(Rather than “invalid” 9,999 times out 10,000.)

*Use to facilitate communication with other devices.
*Use to run at desired control loop rates.
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IP Symbol Freq. Response Implementation Details Coefficient Reload

Xilinx IP

— ldeal
— Quantized
Freguency Response (Magnitude)
0.0
H‘“‘-\\
-10.0 —(0.250,-8.12}
-20.0 \
& -300
=2
% -40.0 \
P JE\V/AVA Y4
2
o | A
-70.0 ' \l
-80.0
-90.0
-100.0
01 02 03 04 05 0& 07 08 09 10
MNormalized Freguency (x Pl rad/sample)}
Setto Display 1 [1-1]
Filter Analy sis
Pass Band
Range: 0.0 - 05
Min -78.421369 dB
Max 0.000000 dB
Ripple 78.421369 dB
Stop Band
Range: 0.5 - 1.0
Min
Max -47.003569 dB

Component Name FIR_Compiler_0456C0B5E3864B0480527D6610ADC2C0

Fitter Options  Channel Specification | Implementation | Detailed Implementation | Interface | Summary

Filter Coefficients

Coefficient Vector -0.003673448703933533,-0.0057241593289943589 -0.005069756523949517,0.013048852367465
Coefficient File no_coe_file_loaded
Number of Coefiicient Sets 1 [1-1024]

Mumber of Coefficients (per set). 15

[] Use Reloadable Coefficients

Filter Specification

Filter Type Decimation A

Inferred Coefficient Structure(s) : Non Sy mmetric

Rate Change Type Integer v
Interpolation Rate YValue 1 [1-1]
Decimation Rate Value |10 [2-1024]
ZFero Pack Factor 1 [1-1]
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All Together Now

EnableStep @
................ o

Antiahas
and
Anti-harmonic

P ¥ <+ 162>

:_rL y <+/- 1717

i '.ﬁ.:l _____ J———— —

. | - CECTEELH E;Iat;rt S m A
& | —
Scale_Stepl (=T —

m

............

Xy <+ /=181 »

b inputvalid

brea dy for output

output valid K

ready for input K
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Last Topic! Communicating FPGA/Host

-Slow Data
—Lossy
—Non-Deterministic

-Fast Data
—Lossless
—Deterministic
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Communicating FPGA/Host

Slow Data

*User Configured: Sample Rates, Decimation Settings,
Trigger Configuration

*User Interpreted: Status Indicators, Debug Indicators,
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Communicating FPGA/Host

Slow Data

FPGA Front Panel

Host Block

Diagram

FAvg EnableStep Sends
;}1 @ o
<=
B . 57 p
Enable5tep I- #hAvg
TIPSR (G m— » EnableStep] | Sends
Sencds M F03Z
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Communicating FPGA/Host

Fast Data
*Acq Data: Digitizer Data, Stuff you can’t miss.
Generator Data: Stream to AWG

*Programmatic Transitions: Alarms, Thresholds, Things that
need timestamps
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Communicating

Fast Data

FPGA/Host

FIFQ Properties
Cateior}f |
Data Type
Interfaces
W

s

General

Marme
ScaleMeas_AlD

Type
Target to Host - DMA s [] Disable on Overflow

Requested Mumber of Elements
1023

Implementation

Block Memory e

Actual Mumber of Elements
1023

Control Legic

Slice Fabric g

Ok

Cancel

Help
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Communicating

Fast Data

FPGA/Host

FIFQ Properties
Cateior}f |
Data Type
Interfaces
W

s

General

Marme
ScaleMeas_AlD

Type
Target to Host - DMA s [] Disable on Overflow

Requested Mumber of Elements
1023

Implementation

Block Memory e

Actual Mumber of Elements
1023

Control Legic

Slice Fabric g

Ok

Cancel

Help
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Communicating FPGA/Host
Fast Data

Data Type
FAP e

Fixed-Point Configuration

Enceding Range

(®) Signed Minimurmn
) Unsigned -1

Word length Maximum
16 bits o 0.999960
Integer word length Delta

1 bits o 3.05176E-5
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Communicating FPGA/Host

Arbitration for Read

Fast Data

Arbitrate if Multiple Requestors Only o

Mumber Of Elements Per Read

Arbitration for Write
Mever Arbitrate e

Mumber Of Elements Per Write
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Communicating FPGA/Host

Fast Data

FPGA

Host

B w ScaleMeas_AlD Ik °
Write
 — Element
EJ Timeout
Timed Out? "
2 s ] —

] SYcaleMeas_AlD.Read ]

¥ Mumber of Elements

ﬂ_
{:|_

J Timeout (ms)

Data J

Elernents Rernaining #

o e o

] ScaleMeas_AlD.Read ]

¥ Mumber of Elements

b Tirmeout {ms)

Data b

Elements Remaining »
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Questions?!

* Luke Graham — Field AE — luke.graham@ni.com

» Jacob Sees — Product Manager — jacob.sees@ni.com

* R&D Person?

Thank you!
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Dataflow Diagram

Signal Generation

Model

>| Compare Results

Settings

Status

A

+

Host to Target
DMA-FIFO

\
\

I

|

|

|
MMRA

|

Settings

N
/

v

<

Status

Input Data

)_

FPGA IP

-

Output Data
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DMA-FIFO
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