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AGENDA

▪ Sioux Technologies Introduction

▪ RF Downconversion Fundamentals

▪ Multi-Channel Scaling Challenge

▪ Architecture Trade-offs

▪ Two-Stage DDC Implementation

▪ FPGA Design & Optimization

▪ Results & Resource Efficiency

▪ Future Work
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ACTIONABLE
DATA IN THE FIELD

Data 
Fusion

DATA PROCESSING

Data 
Interface

Hardware platforms:
• RFSoc
• GPU
• Versal
• MPSoc
• FPGA

Image Processing

RF Signal Processing

RADAR Signal Processing
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WHY DOWNCONVERSION MATTERS IN RF SYSTEMS
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▪ Frequency translation to baseband and 
filtering out the noise

▪ General architecture of a downconverter
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▪ Multi-Channel RF Processing in a SWaP-Constrained Platform (Size, Weight, and Power)

5/28/2026

✓ Each channel requires a full RF chain (front-end, synthesizer/LO, filters, ADC)

✓ Hardware grows linearly with channel count → increased SWaP

✓ Multiple synthesizers introduce synchronization and phase alignment complexity

✓ Analog design and calibration effort scales with number of channels

✓ Limited flexibility for dynamic frequency allocation and mission updates

▪ What happens when ‘multi-channel’ scales from 8 to 40?
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DISCRETE VS. INTEGRATED RF ARCHITECTURES
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Discrete

Integrated

▪ High RF performance

▪ Component-level flexibility

▪ Uses off-the-shelf components

▪ Poor scalability

▪ Complex integration

▪ High calibration effort

▪ Very high RF performance

▪ Compact / low SWaP solution

▪ Well-established design methodology

▪ Hard to scale channels

▪ High design & validation effort

▪ Limited architectural flexibility
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A HYBRID ARCHITECTURE APPROACH
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Discrete Integrated

▪ Scalable in digital domain

▪ Reduced RF and analog complexity

▪ Fast development & iteration

▪ Higher system architecture complexity

▪ Resource & timing constraints

▪ Higher unit cost

▪ Combining RF integration with digital flexibility
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IMPLEMENTED HIGH-LEVEL ARCHITECTURE
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▪ Two-stage downconversion

▪ Key aspects:

▪ Parameter configuration

▪ Channel synchronization
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▪ FPGA resource utilization

▪ LO SFDR

▪ Filter response

▪ Bitwidth of samples

RF Data Converter

1st stage DDC
I+Q

RFin Channel 0

1st stage DDC
I+Q

RFin Channel 7

1-6

FPGA (PL)

2nd stage DDC

2nd stage DDC

Processor (PS)

Dedicated 
resources

Flexible 
resources
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TWO-STAGE DOWNCONVERSION AND DECIMATION
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▪ 2nd stage DDC
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▪ 1st stage DDC

LO Gen

X(t)
π/2

  LPF

  LPF

Yi(t)

Yq(t)

ADC
Mixer/

NCO
Decimation

I

Q
X(t)

Available DDC blocks in RFSoC Implemented in the FPGA fabric

Proper configuration of these blocks is critical

2nd LO Gen (e-jwt)

Yi(t)+Yq(t)   LPF Zi(t)+Zq(t)
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QNBDC

Frequency 
Converter

2 interleaved 
channels FIR 

Decimator

Frequency 
Converter

2 interleaved 
channels FIR 

DecimatorWide Band (WB) 
stream

Processor (PS) interface

Narrow Band (NB) 
streams

FPGA IMPLEMENTATION OF 2ND STAGE DDC
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▪ 2nd stage DDC (QNBDC)
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▪ Key aspects:

▪ FPGA resource usage

▪ Parameter configuration

▪ Channel synchronization

Why interleave the 
streams?

Each downconversion 
stage enables a lower 

clock rate
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FIR-Decimator

Switch
1

Level
1

0 Narrow Band (NB) 
streams

Level
2

Level
3

Frequncy converted 

stream

Processor (PS) interface

Frequency Converter

Complex 
Multiplier

DDSProcessor (PS) interface

Frequncy converted 

streamRi

Rq

Ni0 Nq0

Ni1 Nq1

Mi0

Mq0

Mi1

Mq1

Wide Band (WB) 
stream

FPGA IMPLEMENTATION –
QNBDC BLOCK
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▪ Frequency Converter
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▪ FIR Decimator

One hardware path, multiple channels

3↓ 3↓ 3↓
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FPGA IMPLEMENTATION –
QNBDC BLOCK – FILTER 

13

| CONFIDENTIAL

5/28/2026

▪ Conventional Tapped Delay Line FIR Filter Structure

▪ Example without optimization:

▪ Number of WB streams: 8

▪ Number of NB streams per WB input: 4

▪ Number of filters per NB stream: 3

▪ Number of taps per filter: 48 

▪ Number of filters per NB stream: 2 (I/Q)

The total number of multipliers: 
9216 

Critical Resource: 

DSP Block
(Multiplier)
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FPGA IMPLEMENTATION – OPTIMIZATIONS 
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1. Exploiting symmetry in FIR filters

2. Polyphase architecture (M = 3)

hi(r) = a(i + Mr) i = 0 1  M–1 

r = 0, 1, ..., N/M
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FPGA IMPLEMENTATION – OPTIMIZATIONS 
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3. Further resource sharing in later filter stages

▪ Optimization factor for the same example:

▪ Number of WB streams: 8

▪ Number of NB streams per WB input: 4

▪ Multipliers per filter: 16+6+2

▪ Number of interleaved channels: 2

▪ Number of filters per NB stream: 1 (I/Q) 

Total multipliers 
required: 384 

Improvement 
applies to other 
FPGA resources 

as well
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ACHIEVED RESULTS: MULTICHANNEL DDC
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RF Data Converter

1st stage DDC
I+Q

RFin Channel 0

1st stage DDC
I+Q

RFin Channel 7

1-6

FPGA (PL)

2nd stage DDC

Processor (PS)

2nd stage DDC

WB streams

NB streams

▪ Supports 8 RF input channels (up to 6 GHz)

▪ Configurable decimation rates

▪ Programmable filter responses

▪ Independent LO tuning per output channel

▪ Up to 40 output channels, including:

▪ 8 fully synchronized channels with 7–110 MHz bandwidth

▪ 4 groups of 8 fully synchronized channels with 260 kHz–4 MHz 
bandwidth

▪ All channels are complex baseband (I/Q) signals

~30% FPGA resource utilization (RFSoC XCZU42DR)



SIOUX TECHNOLOGIES

FUTURE EXTENSIONS
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▪ Introduce an additional downconversion stage to 
enable hundreds of micro-channels (bandwidth < 
100 kHz)

▪ Enable automated tuning of narrowband channels 
based on signal detection in wideband streams 
using a single RFSoC



SIOUX TECHNOLOGIES 18| CONFIDENTIAL

5/28/2026



WE BRING 
HIGH-TECH 
TO LIFE


	Default Section
	Dia 1
	Dia 2: Agenda
	Dia 3
	Dia 4: Unified architecture for high-speed Actionable data
	Dia 5: Why Downconversion Matters in RF Systems
	Dia 6: The challenge  
	Dia 7: Discrete vs. Integrated RF Architectures  
	Dia 8: A Hybrid Architecture Approach  
	Dia 9: Implemented High-level architecture
	Dia 10: Two-Stage Downconversion and Decimation
	Dia 11: FPGA Implementation of 2nd Stage DDC
	Dia 12: FPGA implementation – QNBDC Block
	Dia 13: FPGA implementation – QNBDC Block – filter 
	Dia 14: FPGA implementation – optimizations 
	Dia 15: FPGA implementation – optimizations 
	Dia 16: Achieved Results: Multichannel DDC
	Dia 17: Future Extensions
	Dia 18
	Dia 19


