From Algorithms to
Systems-on-a-Chip in a Semester

E225C - 2000
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« Course topics:
— Communication systems oriented

— Building blocks
« Datapaths, arithmetic (adders, multipliers, MACs,
dividers, CORDICs)
« Parallelization, pipelining, unrolling, etc.
« Transformations: FIR filters, Viterbi decoders
— Systems
« Finite wordlengths, ADCs, AGC, adaptive equalizers,
sequence detection

« Applied to xDSL, Gigabit ethernet, wireless, disk drives

4 Projects )

» 18 students

» Two phases:
—Block design
—Putting a system

together
 Simulink + Module
Compiler + functional
equivalence (VSS)

4 Design Projects

—Timing recovery for CODMA

—OFDM receiver with multi-antenna support
—3G Turbo decoder

—LDPC iterative decoder

—Polyphase filter bank

—RAKE receiver

—Adaptive image-reject mixer

—Decoder for maskless lithography
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o Similar to 802.11a system specification

* Blocks

— Synchronization

- FFT

— Viterbi decoder

- SVD

System Integration and Simulation
Students: Hayun Tang, Ning Zhang, Dejan
Markovic, Yun Chiu
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[ SVD for multi-antenna \ [ CDMA Baseband \

Students: Josie Ammer, Mike Sheets
Design a 1.6 Mbps DSSS timing recovery unit
Modulation
—Length 31 PN code
—QPSK symbol constellation
System specifications
—Maximum frequency offset of +/- 200 KHz
—Minimum input SNR of +1 dB

—Inputis inphase & quadrature samples at 200 MHz
with 7 bits each
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Students: Havun Tang Ning Zhang, Deian Markovic, Yun Chiy

[ CDMA Baseband \ [ RAKE Receiver \

Student. Tufan Karalar
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Third multipath
| ~Tomponent can
¥ be observed in
here

Frequency Offset
Estimation and Fine
Timing Acquisition

Coarse Timing
Acauisition

Rotate and
Correlate
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Digital FIR
Filter Design
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BFFT
Buffered FFT
Frame Soope
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BFFT
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Frame Soopet

Digital FIR
Filtar Design1
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Unit Detayt Image -Rejection Ratio is 70 it
| educed by circuit mismatches . H 1+ DA = 3001
BFFT X . 2% . A
|euiersa FFT —Phase mismatch in 2 Db
A ame Seoped quadrature oscillators § 60 N~
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Downsample3 Frame Scoped 1% DA=1.01
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Students: Kevin Camera, Changchun Shi
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@aptation via Spectral Estimation\

* Two Components
— Discrete Fourier Transform, Finite State Machine

¢ FSM uses DFT output to make gain and
phase tuning decisions
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4 Adaptation via LMS )

LMSUpdate Equation
GAn+1 = GAn - rTXnen
Sl Gain Tune e
5 Mixer & ADC
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f 3G Turbo Decoder \

»| Encode 1 LN
T Hencose 2 |

Encoder,
parallel
concatenation

Decoder
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/SISO Block: SOVA Implementation \

Standard Viterbi algorithm plus soft output
Reliability Measure Unit computes soft outputs
Less complex than MAP

Expected higher BER than MAP
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SISO Block: MAP Implpmpnmfinn

* Double Viterbi algorithm: forward and backward
* Soft output is a Log-Likelihood Ratio (LLR)
* More complex than SOVA

* Expected BER improvement over SOVA
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Outer
Encoder

Nojse
l Inner
Decoder

Inner
> Encoder

Outer: Turbo (convolutional) or
Low-density parity-check code
Inner: Channel with MAP (BCJR) or SOVA decoder
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f MAP Decoder \

Bi-directional trellis decoding
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BCJR- (Bahl, Cocke, Jelinek , Raviv)

max{A0,AL} + Log(1+e!"*Aly
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4 Maskless Lithography )
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f LDPC Decoder \

Bit-to-Check Check-to-Block

(Each Bit node connected to 4 Check nodes) (Each Check node connected to 36 Bit nodes)

= Fine grained pipelining

. Carrysave Operations '

\ = Shift Registers for Memory and automatic i "'r"‘
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fDecoding for Maskless Lithography\

o Huffman decoding
e 1D match decoding
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! pixel / cycle
L bit / cycle— 0 TBit/s
400 GBit/s
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SCF1
0.25nm CMOS
Fully functional first time

SCF 2
Bob Brodersen, Mats Torkelsen, Nathan Chan
Using the new design flow
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Flow works surprisingly well

» Easy tolearn

Stll fregile

Need to add support for SRAM
Need block-level timing andysis
For faster designs will need regular
placement
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\What didwe learn?




