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ABSTRACT

Recently emerged as one of the most significant breakthroughs in contemporary telecom-

munication, multiple-input multiple-output (MIMO) wireless communication is widely

considered as a key to launch next-generation high data rate wireless networks. For the

deployment of MIMO-based wireless networks, efficient VLSI implementation of MIMO

signal detectors is of great importance and poses a challenge as the computation complex-

ity of the optimum MIMO signal detector grows exponentially with both antenna array

size and modulation size.

This thesis intends to tackle this challenge through appropriate algorithm and VLSI

implementation co-design. In particular, the target is to develop a detector design solution

that (1) has near-optimum performance, (2) can provide soft output to ECC decoder, (3)

can achieve high throughput (> 100Mbps), (4) has low silicon area and power consump-

tion for practical implementation, and (5) can support up to 4×4 MIMO with 64-QAM.

For the quest of high spectral efficiency, 64-QAM will almost certainly be used in future

wireless systems, such as 802.11n WLAN (wireless local area network) and 3GPP LTE

(long term evolution).

Non-exhaustive tree search MIMO detection can achieve near-optimum detection

performance with a significant computation complexity saving, hence has received many

attentions. However, state-of-the-art tree search detector design solutions in the open lit-

erature still suffer from high implementation complexity even for 4×4 MIMO with only

16-QAM. To push the envelope of tree search detector design efficiency and better meet

the stringent power and silicon cost constraints in wireless communication systems, we

developed techniques at algorithm, architecture, and circuit levels to further reduce the

computation complexity of tree search detection while maintaining its detection perfor-

mance. To demonstrate the promise of the developed design solution for meeting the

above research target, we further developed an ASIC (application-specific integrated cir-

cuit) soft-output tree search detector for 4×4 MIMO with 64-QAM, which is the first one

ever reported in the open literature that is capable of supporting 4×4 MIMO with 64-

QAM. With 0.24mm2 of silicon area (174K logic gates) at 65nm technology node, the
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detector can achieve a throughput of 115 Mbps and only has 11mW power consumption.




