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Abstract

This session will follow the development of a microwave Transmit/Receive system, from concept to 
production. We will show how the system-level performance and environmental requirements drive the 
electrical and mechanical design specifications, packaging approach and materials selection. We will 
demonstrate modeling/simulation approaches from the device to the system level for both electrical 
and mechanical aspects and we will describe bread-boarding strategies to affirm simulation models 
and to minimize risk. Lastly, we will demonstrate production test strategies and methodologies to 
guarantee performance compliance of the deliverable product. 
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Start With Product Requirements!
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► Temperature
► Shock & Vibration
► Moisture
► Pressure

► Customer defined 
control protocol

► i.e. I2C, SPI, ENET

► Mechanical outline: LxWxH
► Mounting provisions
► RF & DC/control connectors 

► RF requirements often 
drive…

► Digital, Power, and Software 



The Development Journey from Idea to Product
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Market Study System Design & 
Key Component Selection

Hardware, Software,
Mechanical Design PrototypingProgram Definition

Application & Part Spec Mass production

• Part evaluation to meet spec & cost
• Finalizing specifications (HW/SW)
• Make critical system component choices

• System/board/firmware/software
• Problem and issue mitigation

• Engineering samples
• Software deliverables
• Debugging
• Field trials
• Market feedback

• Qualification and production start
• After action review including suppliers

Prioritizing Needs Concept Phase Proposal Solution Development Validation Implementation

• Collecting market input
• Reviewing competition
• High-level system specs

• Defining architecture and partitioning
• Sub-system specifications

• HW/SW &data/control paths
• List of critical system components
• Market survey of possible solution



How ADI can Assist with your Product Development Journey
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• Development tools / drivers
• Problem and issue mitigation
• Provide data, access to ADI team
• Create new SW features

• Pre-release samples
• Test development
• Evaluation data
• Qualification data

• Lifetime product support with clear contacts
• Cost improvement roadmap
• Prompt FA and transparent communication
• Inventory management

• Understand your needs
• Educate (talks, webinars)
• Collateral (datasheets)

• Understand requirements
• Recommend (or initiate new) solution
• Provide Reference Designs

• Early samples and Evaluation Tools
• Simulation models

Market Study System Design & 
Key Component Selection

Hardware, Software,
Mechanical Design PrototypingProgram Definition

Application & Part Spec Mass production

Prioritizing Needs Concept Phase Proposal Solution Development Validation Implementation



An Important Decision – Design vs. Buy

► Off the shelf Module

► Qualified Design & Performance Ready to Go
► Take it Leave Functionality

► Form Factor Restrictions
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► Ground Up Design

► Complete Design Freedom

► Simulation, Circuit Design, Fabrication, Assembly, 
Debug, Mechanical Design, Qualification



Electrical Design - From Architecture to Block Diagram to Schematic to Layout
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Embedded MPSOC

ARM CORTEX A53 Processing System

Windows / Linux / Mac HostAnalog Devices 
Transceiver or

ADC/DAC

libIIO
remote

MATLAB/Simulink Model

IIO
System Object

Linux

libIIO
local

iiod
TCP/IP
ServerKernel Drivers

Programmable Logic

Transciever
HDL Interface

TCP/IPSYSFS

Analog Devices
Microwave

Data

SPI/GPIO

Analog IF
Digitizer

RF / 
Microwave

SPI/GPIO CONTROL

High Speed
ADC/DAC

Microwave

Analog Devices
Precision 

Converters

Analog Devices
RF / Microwave 

Front Ends

Embedded
Code

Developing a Software Strategy

HDL
Code Generation
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Host Based 
Development

MATLAB Embedded Coder

GCC

Xilinx Vivado

Xilinx HLS

MATLAB HDL Coder



Simulation
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Four Equations to Rule Them All!
(a universal set of equations that applies to every component in the signal chain)



Linear vs. Non-Linear Simulation

► S-Parameters 
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!TEST CONDITIONS: Vd = 5.0V; Id = 104mA; Temperature = 25degC
Freq Gain Noise Figu OP1dB RISO OIP3 S11m S11a S22m S22a
(MHz) (dB) (dB) (dBm) (dB) (dBm) (dB20) (deg) (dB20) (deg)

400 17.6 4.4 25.4 -32.5 42 -1.4 179.5 -3.5 176.1
450 18.4 4.4 25.4 -32.2 42 -1.4 176.9 -3.6 175.7
500 18.5 4.4 25.4 -32 42 -1.4 174.6 -3.7 175.3
550 17.8 4.4 25.4 -31.8 42 -1.4 172.7 -3.9 175
600 17.5 4.4 25.4 -31.7 42 -1.5 170.9 -4 174.9
650 17.5 4.4 25.4 -31.5 42 -1.6 169.3 -4.1 174.7
700 17.2 4.4 25.4 -31.4 42 -1.6 167.9 -4.2 174.7
750 17.2 4.4 25.4 -31.3 42 -1.7 166.4 -4.3 174.8
800 16.9 4.4 25.4 -31.1 42 -1.8 165 -4.4 174.9
820 16.9 4.4 25.4 -31.1 43 -1.9 164.5 -4.5 175

► Sys-Parameters 



Cadence VSS
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ADIsimPLL

PLL Phase Noise and Lock Time

Device Models for all ADI PLLs & VCOs

ADIsimRF

Linear and Non-Linear Cascade Analysis

Large Library of Device Models

Keysight ADS, Genesys and SystemVue

Circuit and System Simulation

Large ADI Library of Non-Linear Models

System Simulator 

Large ADI Library of Non-Linear Models

Anysys HFSS

3D High Frequency Simulation Software

RF Simulation Tools and Device Libraries

ADI Frequency Folding Tool

Nyquist Zone Frequency Planning



104 ports!  Using new Mesh Domain Optimization and 2nd generation meshing 
technology design simulates in about 7 hours rather than days.  

Special Thanks to Dan Schwarz of Keysight for running extraction

RFIO TX RX Ant

0.04dB/2° 0.02dB/1.5° 0.015dB/<1° 0.06dB/8°

Table of max gain and phase imbalance of critical Stingray traces at 10GHz
After extracting parasitics of the PCB, we 
can recombine with circuit models to predict 
the frequency response
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Keysight RFPro Simulation of Stingray Radar Front-End



Mechanical Design
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Thermal Analysis - BGA

Thermal Analysis – Board Level

Structural Analysis - Housing

Thermal and Structural Analysis
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Power Management Design & Simulation Tools

LTSpice

Power Management Simulation
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LT Power Planner 

Power Management Planning



Prototyping
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Evaluation Boards vs. Development Kits 

► aaa
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ADI Development Kits

•L-/S-/C-Band Digital Beamforming
•Direct Sampling to 5.8 GHz

•Applications
•Radar
•Electronic Warfare

•16R16T FDD

•Focus ICs: AD9081, ADF4371, 
HMC7043

•Key System Level Demonstration:
•Channel Sync + Calibration
•RF + ADC/DAC + Power + 
Clocking Ref Design

•FPGA HDL, Matlab GUI

Quad MXFE

•X-band Hybrid Beamforming
•8-12 GHz
•Up-/Down-Conversion X-to-C 
Band

•Digitizing IC Provides Rx to Bits & 
Tx Synthesis

•Applications
•Phased Array Radar

•32 Element TDD

•Focus ICs: ADAR1000, ADTR1107, 
AD9081, HMC773, ADF4371

•Key System Level Demonstration:
•Lattice Spacing Layout
•Full Chain Performance/Control
•Analog : Digital Ratio Tradeoffs
•Array Calibration

X-Band Radar

•Portable self-contained RF learning 
module
•Uses Analog Devices AD9363--
Highly Integrated RF Agile 
Transceiver and Xilinx® Zynq Z-7010 
FPGA
•RF coverage from 325 MHz to 3.8 
GHz
•Up to 20 MHz of instantaneous 
bandwidth
•Flexible rate, 12-bit ADC and DAC
•One transmitter and one receiver, 
half or full duplex
•MATLAB®, Simulink® support
•GNU Radio sink and source blocks
•libiio, a C, C++, C#, and Python API
•USB 2.0 Powered Interface with 
Micro-USB 2.0 connector

Adalm Pluto
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Available In Development

https://www.analog.com/en/technical-articles/integrated-hardened-dsp-on-dac-adc-ics-improves-wideband-multichannel-systems.html
https://www.analog.com/en/technical-articles/power-up-phase-determinism-using-multichip-synchronization.html
https://www.analog.com/en/products/AD9363.html


Implementing your software Strategy

Embedded MPSOC

ARM CORTEX A53 Processing System

Windows / Linux / Mac HostAnalog Devices 
Transceiver or

ADC/DAC

libIIO
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MATLAB/Simulink Model
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System Object

Linux
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iiod
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ServerKernel Drivers

Programmable Logic

Transciever
HDL Interface

TCP/IPSYSFS

Analog Devices
Microwave

Data

SPI/GPIO
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Digitizer

RF / 
Microwave

SPI/GPIO CONTROL

Embedded MPSOC

ARM CORTEX A53 Processing System

Windows / Linux / Mac HostAnalog Devices 
Transceiver or

ADC/DAC

libIIO
remote

Python Script
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Python or MATLAB – you pick (ADI supports both!)



Environmental and Shock
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Temperature and Humidity Shock and Vibration



Summary

► RF circuit design is a multi-disciplinary effort
 Systems Engineering
 Electrical, Mechanical and Thermal Simulation
 Electrical and Mechanical Design
 Debug

► Evaluation boards, development kits and simulation tools make the journey easier
► While ADI is traditionally an IC company, we have the expertise to help you in every step of your 

product development journey
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Test Questions
► Sys-Parameter Models can be used to 

 Perform Electromagnetic (EM) Simulation
 Perform Linear and Non Linear Simulation (e.g. gain, return loss, noise, distortion)
 Perform Linear Simulation (gain, return loss, reverse isolation

► When calculating cascaded noise figure, the calculation tends to be dominated by
 The noise figure of first element in the signal chain
 The noise figure of last element in the signal chain
 No specific element, each element’s noise figure contributes equally
 None of the above 
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