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Company Milestones

2004
2004
2005
2005
2006
2006
2006
2007
2007
2008

Founded in Bloomington, Indiana
Applied for First Patent on Critical IP
Website Launched

First Product Sold

Moved into 6,500 sq. ft. Facility

First DoD Contract Award

Hired First Employee

Class 10,000 Cleanroom Completed
E-commerce Website

$1,000,000 in sales
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Types of 1/Q Mixers $ __%Q

Image-Rejection Mixers

— Downconvert the desired RF sideband to an IF output while
rejecting unwanted RF image frequencies

I/Q Demodulators
— Directly convert RF signals to | and Q baseband outputs

I/Q Modulators

— Modulate the RF carrier with | and Q baseband inputs

Single-Sideband Modulators

— Upconvert the IF signal to the desired RF sideband while
suppressing the unwanted RF sideband



1/Q Modulator

Inputs:

— Baseband Inphase and Quadrature (I and Q) Signals

— High Frequency Local Oscillator (LO) Signal

Output:
— Modulated RF
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1/Q Modulator £ _;fg)

Output Spectrum: LO=1800 MHz, 1/Q=50 kHz



Tx Architectures

Superheterodyne

Direct Conversion
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Why Use I/Q Modulators?

Minimize Number of Components per Transmitter
— Lower Cost
— Faster Design

Reconfigurable
— Any Bandpass Modulation (OFDM, QPSK, QAM, FM, AM, PM)
— Software Defined Radio

Enable Predistortion
— Power Amplifier Linearization

Wide Frequency Bandwidth



1/Q Modulators

Key Specifications

Frequency Range (LO, RF, and I/Q bandwidth)
Conversion Loss
Sideband Suppression

— Phase Error
— Amplitude Imbalance

LO Leakage at RF Output
11P3
Output Noise Level



Transmitter Design §

I/Q Modulator Simulation with Behavioral Models



Behavioral Model $ _;fg)
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Parameter Expression Units
+ jd
Amplitude Imbalance 20log,, 6714 dB
a+ by
Quadrature Phase lor arg|c, + jd,] - argla, + jb,] Radian
| Axis Phase Rotation argla, + jb,] Radians
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dBm

Carrier Leakage 10log,,




Radar Tx Example

ASR-23SS Transmitter (Raytheon)

L-Band (1250 to 1350 MHz)
Linear FM Chirp Modulation
1 s to 100 nrs Pulsewidth
PRF and Frequency Diversity
40 kW Peak Power

>40,000 hours MTBF

Fully Redundant Transmitter



ASR-23SS Radar

I/Q Modulator Specifications

Frequency: 1200 to 1400 MHz
Sideband Suppression: -35 dBc Max.
LO-RF Isolation: 56 dB Min.

1/Q Bandwidth: 8 MHz

IIP3: +18 dBm Min.

Conversion Loss: 8 dB Max.

Output Noise: -173 dBm/Hz



Wireless Tx Example §

Digital Video Broadcast (DVB-H, DVB-T)

Frequency: 470 to 860 MHz
COFDM, QPSK, 16-QAM, 64-QAM
Input: MPEG -2 Audio/Video

100W Output Power



DVB-T Transmitter

I/Q Modulator Specifications

Frequency: 510 to 900 MHz
Sideband Suppression: -32 dBc Max.
LO-RF Isolation: 64 dB Min.

1/Q Bandwidth: 8 MHz

1IP3: +20 dBm Min.

Conversion Loss: 10 dB Max.

SMP Connectors (Boardmount)



UENCY

More Information 40
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1/Q Modulator Vendors

Integrated Circuits

Texas Instruments, Analog Devices, Hittite,
Atmel, Linear Technology

Modules

Miteq, Synergy Microwave, Pascall, Marki
Microwave, Polyphase Microwave



