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Figure 1. Block Diagram of the AD6676 IF Rx Subsystem 

The AD6676 is the industry’s first wideband IF receiver 
subsystem (Figure 1) based on a band-pass Σ-Δ ADC 
supporting IF signal bandwidths up to 160 MHz while 
operating with an internal clock rate of up to 3.2 GHz. It is 
the high oversampling capability of the Σ-Δ ADC that 
greatly simplifies the IF analog filtering requirements 
required in lower sampling ADCs to suppress adjacent 
channels (and interference/blockers) that would otherwise 
alias back onto the IF signal, thus reducing the receivers 
sensitivity performance. Also, it is the ADC’s high dynamic 
range with an NSD floor of –160 dBFS/Hz (for narrow-band 
QAM channels) that reduces the diplexer transmitter-to-
receiver isolation requirement or analog AGC range that 
compensates for fading. The AD6676 includes an on-chip  
27 dB digital attenuator with 1 dB resolution that can be 
used to calibrate the static gain error due to initial 
component tolerances and the variation in coaxial cable loss. 

Let’s first examine how the AD6676 IF receiver subsystem 
along with a high speed DAC like the AD9136 can be used 
to greatly simplify a traditional IDU transceiver while 
enhancing its performance. Referring to Figure 2, the top 
transceiver lineup shows a direct conversion implementation 
used to support typically low receiver and transmitter IFs of 
140 MHz and 400 MHz respectively. The challenges of direct 
conversion transceiver architectures are well documented, 
but could be overcome with I/Q balance calibration, dc 
offset correction, tunable baseband I/Q filtering, and careful 
design of the diplexer to suppress the transmitter leakage. 
While legacy IDU transceivers supporting maximum 
channel bandwidths of 56 MHz and 256 QAM are in 
production today, increasing the channel bandwidth by  
2× and the QAM level by up to 8× for higher capacity poses 
significant challenges to the direct conversion architecture. 
Recent advances in high speed ADC/DAC technology are 
poised to displace classic approaches with a digital IDU as 

illustrated in Figure 2. The bottom transceiver 
implementation requires only four ICs to deliver near 
perfect performance with significantly relaxed filtering 
requirements. 

 
Figure 2. Comparison Between Legacy “Direct Conversion” IDU Transceiver 

Architecture vs. IDU Transceiver Architecture Using High Speed DAC/ADC for 
Direct Digital Synthesis and Digitization of the Tx and Rx QAM Signals 

On the transmitter side, a high speed DAC like the AD9136 
operating at a clock rate of 1.6 GSPS can synthesize a  
112 MHz, 1024 QAM signal centered at an IF with 
exceptional EVM performance so that the majority of the 
transmitter link error budget can be reserved for the ODU 
(where the additive effects of phase noise and linearity will 
result in most of the EVM degradation). While a low-pass 
filter is required to suppress the first DAC image falling at 
1.2 GHz, it now can be relaxed by up to 12 dB relative to the 
LO harmonic reject filter needed to filter out the I/Q 
modulator’s third-order LO image that also falls at 1.2 GHz. 
Transmit power control to overcome cable losses can be 
performed within AD9136 with negligible degradation of 
the QAM signal’s EVM performance over a 15 dB range. 

On the receiver side, the AD6676 digitizes the 112 MHz,  
1024 QAM channel with exceptional dynamic range and 
accuracy even in the presence of a large amount of 
transmitter leakage from diplexer filter relaxation, as 
demonstrated in Figure 3. In this example, the AD6676 was 
configured to support 112 MHz of channel bandwidth with 
its attenuator set to 3 dB, such that the effective RTI NF into 
the HMC740 preamplifier remained around 10 dB. The left 
plot in Figure 3 shows the FFT response of the AD6676’s  
Σ-Δ ADC data output (used for demonstration purposes 
only) where transmitter leakage of –26 dBm centered at  
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