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Agenda

® ntro to Intelligent DAQ
o [ abVIEW FPGA for Test

¢ |[mplementing Custom Timing and Triggering

e High-Speed DMA Streaming with LabVIEW
FPGA

® Building a Custom DAQ Personality
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What Is Intelligent DAQ?

® FPGA-based 1/0 timing
e User-defined onboard processing

e Hardware-timed speed and reliability
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LabVIEW FPGA Module
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Typical MI0O DAQ Intelligent DAQ

110 Control Fixed ASIF for_timing | | Open FPG_I-\ for_timing
and triggering and triggering

Analog 1/0 Multiplexed, shared ) Simultaneous or
sample clock independent operation

Digital 1/0 Up to 32 lines, g > Up to 160 lines,
correlated DIO hardware timed

Onboard 2 general-purpose g » Custom counters on
Counters counters any digital line
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Layers of Abstraction

Software NI-DAQmx Driver Software ‘
Operating System %
>
PCI Bus
Hardware _ £ LabVIEW FPGA I}
110 .
__ | ADCs DACs DIO
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Intelligent DAQ Programming

FPGA I/O Mode

Analog DEL
1Chan 15amp

Sample Clock
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Agenda

¢ Implementing Custom Timing and Triggering
e High-Speed DMA Streaming with LabVIEW FPGA
® Building a Custom DAQ Personality
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Triggered Analog Input
with NI-DAQmx
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Triggered Analog Input
with Intelligent DAQ
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Custom Triggered Analog Input
with Intelligent DAQ
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Triggered Multirate Analog Input
with Intelligent DAQ
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Triggered Multirate Analog Input
with Intelligent DAQ
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Agenda

® High-Speed DMA Streaming with LabVIEW
FPGA

® Building a Custom DAQ Personality
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DMA Theory of Operation

e A distributed FIFO between the FPGA and host

— FIFO is lossless
— FIFO can be full or empty

® FIFO composed of two pieces of memory

— Block memory on the FPGA
— RAM on the host

e Memories are connected by an engine
— Engine can be started and stopped
— Data 1s immediately moved when space is available
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DMA API on the FPGA

¢ Timeout input —
— -1: Wait forever
— 0: Succeed or fall immediately
— Positive value: Time to wait in ticks
— Typically use 0 or -1
0 must be used inside of a single cycle loop i

® Timeout output o
— Must be handled unless timeout is -1
— For timeouts other than -1, some options would

be to retry or cause a fatal error
Ignoring 1t I1s usually never the right option
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Components of Streamin
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Components of Streaming =g = ¢
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Components of Streaming
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DMA Read and Write on the Host

e Number of elements input (Read) o Tt
. v Timeout (ms)
— Host can access multiple elements ST —
In the FIFO in a single operation
’ TimBOUt inpUt E DM.ﬁ.Frl:un::l:ust.'-.-'-.-'rite E
— Legal values are -1, 0, positive integer gty Do »

— Positive integer is time to wait in milliseconds
— Timeout is always a fatal error on the host

¢ Elements remaining/empty elements remaining output
— A way for the application to monitor progress
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Agenda

® Building a Custom DAQ Personality
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Building a DAQ Personality

e Step 1: Define personality requirements

e Step 2: Design your state machine
— The state machine pattern models hardware very
well

e Step 3: Develop your state machine on the host
— Goal is to debug on the host and minimize compiles
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Building a DAQ Personality: Step 1

e Example personality requirements:
— Two simultaneous analog input channels
— Custom trigger — trigger on either of two analog
values
— Configurable sample rate
— Continuous acquisition
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Building a DAQ Personality: Step 2

e Design your state machine
— The host will write commands to the device and
read the state of the device

Running

Overflow
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Building a DAQ Personality: Step 3

e Develop your state machine rules on the host

e Use simulation to verify logic and state
transitions

¢ Implement each state in your state machine
e Complile
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Screenshot of FPGA Block Diagram
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Creating the Host Application

® Design your API
— We've chosen to use a subset of the NI-DAQmx API

LYFP3A Create Task.wi LWFPGA Timing (Sample Clock), vi LWFPEA Skark,vi
FRGA FRGA FRGA
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Host Application
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Summary

e |ntelligent DAQ operates at register level with
|0 nodes

e [ abVIEW FPGA allows customized timing and
triggering as well as DMA operations

e Three steps in building the DAQ personality:
Define , Design, Develop
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Beginning of Slide Appendix
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The Benefits of FPGAs for Test
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Typical Test System Crecutve

FIEu:It'u'wF‘]I:_pI:TIWdW|

- PELNDE =

uuT

Cabling

Cabling

Test Fixture [«

‘ ¢ NATIONAL
’ INSTRUMENTS



Benefits — Flexibility Tt Executie
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Benefits — Simplified leturmg
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Benefits - Performance Test B
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Benefits — Parallelization . oy
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Design Considerations For Test

e Functionality e Complexity

e Performance e [evelopment Cost
e Flexibility e Maintenance Cost
e Scalability e System Cost

e Reusability e Robustness
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