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Current Research
Wideband Digital Receivers

One of the most predominant trends in modern miak@nsignals is the move toward wider
bandwidths. Analog wideband receiver designs caroramodate the technology-stressing
bandwidths, but come at a cost of reduced flexybilDigital approaches, on the other hand,
provide flexibility in receiver signal processingut they are limited by analog-to-digital

converter resolution and power consumption. Thal gd this research is to design and
implement a 1-GHz signal bandwidth digital receiwdrich uses the Kaiser Window function

and compensation technique. The Kaiser Window resitite spectral leakage by eliminating the
discontinuities at the time window edges and thenmensation uncovers the weak signal for
extension of the two-signal spurious free dynamamge (SFDR) of the receiver. The

combination of both techniques extends the twoai@FDR of the receiver to 24 dB. A novel

hardware implementation using look-up tables foil FRaiser Window and the compensation
method is being developed. We are also exploriggrahms for multiple signal detection and

data modulation using a configurable wideband diggceiver.

Logic Built-In Self-Test

System-on-a-chip (SoC) built with embedded IP cas#fsrs attractive methodology design
reuse, reconfigurability, and customizability. Buitegration of design-for-testability (DfT)



structures of IP cores in these complex SoCs ptes#gsunting challenges to designers and
ultimately affects the time-to-market goals. Insthiesearch, we are exploring a design
methodology to reduce the time-to-market by taldoge test data from the design environment
and automatically generating DfT structures that ba easily integrated into SoC. A novel
automated synthesis methodology to generate SdCimself-test (BIST) in order to test IP and
custom logic cores with high fault coverage is jsgd. The proposed technique, Non
Exclusive-Xor Test of 2-D LFSR (NEXT 2-D LFSR) geates a deterministic sequence of test
vectors for random-vector-resistant faults, andntih@endom test vectors for random-vector-
detectable faults. It is also capable of optimiz2aD LFSRs with consideration of don't-care bits
in incompletely specified test patterns.

FPGA implementation of SigmaRho Kalman filter

There are changes ongoing within the embedded mlespgce where higher degrees of
parallelism are being used to achieve higher thmpugat lower cost. We are investigating a
FPGA implementable Architecture for SigmaRho adamtaof Kalman filter. The field
programmable gate array (FPGA) logic hardware @svizan provide high parallelism and are
now widely considered for implementation of highfpemance algorithms. Some of the
advantages of implementing algorithms on an FPGA: &) integer math is not restricted to the
standard 8-, 16-, 32-bit modes as in C compilexs significant benefits can be derived from
working with smaller bit widths, 2) both parallehsand pipelining are key enablers for speed.
The Kalman filter allows parallelism because thaeatmpns are naturally expressed as loops. The
loops can be unrolled so that the implied compaoitatican be performed on a single instruction
of the FPGA device. Pipelining is also naturalljoeded by the sigmaRho mechanization. For
pipelining, sequential steps of the processingoaréormed simultaneously, yielding results that
correspond to prior sample epochs.

ASIC implementation of Ultrasound Digital Beamformer for Array Transducers

High-frequency (>20 MHz) ultrasound has demonstrategh spatial resolution on the
submillimeter level, and has been successfully iagpio ophthalmology, dermatology, small
animal imaging, and intravascular imaging. The ofbje of the proposed research is to design a
microchip for a 16-channel real-time high frequedayital beamformer for the digitized echoes
from 16 adjacent transducer elements. Beamformsng signal processing technique used in
transducer arrays for directional signal receptidme design will have the hardware architecture
that provides great flexibility for beamforming,ckuas dynamic focusing in transmission and
reception of the ultrasound waves. The ASIC desigit provide great flexibility for
beamforming, such as dynamic receive focusing ao€ive apodization.
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Resear ch and Professional Experience

08/2007 — Present Assistant Professor, Computer Engineering, California State
University, karton

Taught computer engineering courses (Microcontralladvanced
Electronics, Embedded processor interfacing)

Revised existing courses and proposed new VLSIsesur
Prepared proposal for upgrading the VLSI lab

Participated in several academic and administraibremittees
Provided capstone senior design project guidance

06/2003 — 06/2007 Research Assistant, Dept. of Electrical Engineering, Wright State
University, Dayton, Ohio

Designed and implemented 2.5 giga-sample per se(G&dPS)
receiver-on-a-chip (ROC)
Developed automated synthesis flow for the conégle 2D



LFSR with SoC BIST applications

* Designed and evaluated data windowing structurmpsove two-
signal instantaneous dynamic range of widebandveise

* Researched on noise effect on sensitivity and fgoas
instantaneous dynamic range of 1-GHz widebandaliggtceiver

* Designed and implemented a configurable widebangitadi
receiver for simultaneous detection and measuremkentultiple
signals

* Designed and implemented a configurable look-upetaBFT
processor for wideband digital receivers in raaaslications

» Adapted the 2-D LFSR design to take in don’t-cast patterns for
BIST synthesis

06/2003 — 06/2005 Graduate Project Assistant, Receiver-On-a-Chip (ROC) project, funded
by Air Force research lab (AFRL)

 Conducted preliminary investigation into possiblaDC
implementations and fabrication technologies

* Developed and evaluated compensation algorithm digital
receivers

* Developed an efficient hardware for super-resmtutblock
utilizing high-speed arithmetic structures

* Developed a mixed floating and fixed point hardevéor super-
resolution block using novel lookup-table (LUT) ripliers

« Estimated optimum data width in Matlab receivargation

* Implemented the super-resolution block in IBM 3un CMOS
process

03/1999 — 02/2000 Graduate Trainee, Cochin Refineries, India

» Actively participated in Tank farm automation anct&el Hydro-
Desulphurisation (DHDS) Unit projects

* Underwent training in the maintenance department
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