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� Mobile Chip Design: Trends & Challenges

� Overview of High-Level Synthesis

� 64 QAM Decoder Example

� Case Study: Telegent Systems
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� The promise of broadband wireless : delivering 
multi-Mbit/sec to end users

— Laptops, handhelds, HD video equipment
— WAN, Metro-area and Home networks

� Significant capital and engineering investments 
are being made

— Time-to-market will (again) decide winners

� Very tight technical constraints create formidable 
design challenges

— Stringent service requirements
— Wireless environment constraints

— No sacrifice on quality, reliability or security

Broadband Wireless: the new gold rush
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WWAN
Wide Area Connectivity
(broad geographic coverage)

WPAN
Personal Area Connectivity
~10 meters

WLAN
Local Area Connectivity
~100 meters

WMAN
Metro Area Connectivity
(city or suburb)

HSDPA (3G)

UMTS (3G)

GPRS (2G)

Bluetooth

ZigBee

Wireless USB

WiFi 802.11n

WiFi 802.11g

WiFI 802.11a

WiMAX 802.16

WiMAX 802.16e

Beyond 100 meters

New

Existing

802.22 (WRAN)

Research

LTE (4G)

Early 
production

WiFi 802.11ac

Research

WirelessHD

Early 
production

Emerging Wireless Technologies
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� Effective solutions to a problem may aggravate 
another

— Design trade-offs have to be made
— Right balance among competing 

requirements must be found

� Technological advances enable increasingly 
favorable trade-offs

— Faster, smaller process nodes
— Better signal-processing algorithms

� But consumers demand for always greater 
performance

— Continued pressure on design teams

Source: Rapid Prototyping and VLSI Exploration for 3G/4G MIMO Wireless Systems Using Integrated Catapult-C Methodology

Yuanbin Guo, Dennis McCain, Nokia Research Center

The Key to Success: Optimal Trade-offs
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� Modulation
— DS-CDMA (Direct sequence Code-Division Multiple 

Access)
� Spreading code sequence multiplied into the digital 

baseband transmitted symbol
� RAKE receivers exploit frequency diversity

— OFDM (Orthogonal Frequency-Division Multiplexing)
� FFT/IFFT reduces equalization to simple scalar 

multiplications
� Coding and interleaving across tones for frequency diversity

� Channel Coding
— Adds data redundancy to correct transmission errors

� Viterbi, Reed-Solomon, LDPC, Turbo Codes…

� Multiple Antennas / MIMO
— Diversity gain

� Space-time codes (STC) combat fading
� Significantly improve link reliability through spatial diversity

— Multiplexing gain
� Parallel spatial data pipes within the same bandwidth
� Linearly increase the data rate

Wireless: Algorithms Galore
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Bottlenecks in a Typical Design Flow

� Fixed point effects
— Noise floor, convergence
— Insufficient bits

� Algorithmic changes    
— Insufficient performance
— Algorithmic failures

� Architecture changes
— Performance problems
— Infeasible architecture

— Interfaces bottlenecks

� Functional failures
— Mismatches

— Insufficient coverage

Architecture Definition

Fixed Point

Floating Point

Algorithm Development

Testbench RTL Design

Functional Verification

Production ASIC

Prototype FPGA

Automated

Process



Initials, Presentation Subject, Month 2006

8

� Automatic generation of 
production quality RTL from 
ANSI C/C++

� Dramatically shortens the 
design cycle

— Designs are correct-by-
construction

— Time-consuming iterations 
are eliminated

� Verified algorithms in silicon, 
up to 20x faster!

Introducing High-Level Synthesis

Architecture Definition

Fixed Point C/C++

Floating Point C/C++

Algorithm Development

Testbench RTL Design

Functional Verification

Production ASIC

Prototype FPGA

Automated

Process
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� Abstract Modeling in pure, untimed ANSI C/C++
— Bit-accurate datatypes
— No low-level hardware details, focus on the functional intent

� Interactive Micro-architectural Exploration
— Via synthesis directives

— Constrain interfaces, loops, memories…

� Scheduling and Allocation
— Adds time to the design based on clock and technology settings

— Resource sharing, bit-width reduction, memory access sharing

� Netlisting and integration with other EDA flows
— Outputs production quality VHDL and Verilog RTL code

— Links to RTL Synthesis, Verification, Linting…

Key Features of High-Level Synthesis
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� 64 QAM: 8x8 constellation, 64 codes, 6 bits of information per symbol
— Adaptive filtering equalizes channel properties and corrects for inter symbol 

interference (ISI)

� The feed-forward equalizer (FFE) performs channel equalization
— The FFE is T/2 spaced (taking two new inputs every symbol period) and has 8 taps

� The decision feedback equalizer (DFE) corrects for the ISI from the N previously 
received symbols. 

— The DFE is T spaced and has 16-taps

� The error signal is used to update the coefficients of the adaptive filters
— Least Mean Square (LMS) algorithm 

64-QAM
Slicer

Feed Forward 

Equalizer

Decision Feedback
Equalizer

+

+

-
+

+ -
e(n)

y(n)x(n)

e(n)

e(n)

Example Design – 64 QAM Decoder
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Numerical Refinement

� Algorithmic C Datatypes
— Arbitrary length integer and fixed-point
— Complex data type class

— Optimized for simulation speed
— Automatically handles overflow / 

quantization

� Model bit-accurate hardware and validate 
key algorithm features

— Bit Error Rate, Mean Square Error…

� Produces optimal hardware
— Meets functional specification

— Saves power/area

C++ Algorithm using bit

accurate integer/fixed-point

C++ Algorithm using bitC++ Algorithm using bit

accurate integer/fixedaccurate integer/fixed--pointpoint

Measure/Verify
Measure/VerifyMeasure/VerifyRefine/Explore

Precision

Refine/ExploreRefine/Explore

PrecisionPrecision

Matlab/C++ Algorithm 

using floating-point

MatlabMatlab/C++ Algorithm /C++ Algorithm 

using floatingusing floating--pointpoint

Equivalent bit

accurate RTL

Equivalent bitEquivalent bit

accurate RTLaccurate RTL

High-Level
Synthesis

HighHigh--LevelLevel

SynthesisSynthesis Verification
VerificationVerification

Algorithmic C Bit Accurate Data TypesAlgorithmic C Bit Accurate Data Types

http://www.mentor.com/products/esl/high_level_synthesis/ac_datatypes
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Function arguments define what data 

goes in and out the design

Bit-accurate data type allows accurate 

numerical refinement

Overloaded complex multiplication

64-QAM
Slicer

Feed Forward 

Equalizer

Decision Feedback
Equalizer

+

+

-
+

+ -
e(n)

y(n)x(n)

e(n)

e(n)
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Pure C++ Input Source

� Pure ANSI C/C++ : very natural coding style for Wireless designs

� Very broad language support
— Including classes, templates,…
— Full power of object-oriented programming

� Extremely fast and exhaustive verification of Algorithms
— No simulation kernel needed

Overloaded complex

multiplication
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� C code specifies the quantity of data to transit 
through the interface

� Interface Synthesis adds necessary hardware 
details

— Timing, Protocol and Bandwidth

� Any interface can be built from implementation 
neutral source code

64 QAM
x0_im

x1_im

x0_re

x1_re
data

64 QAMx1 x0

Stream/Fifo data

valid

adrs

data

data
x0_im

memory

x0_re

x1_re 64 QAM

x1_im
ack

valid

Adapting the Design Interfaces
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Area/Performance Trade-Offs
Loop Merging

� Sequential loops can be automatically “merged” to 

generate parallel hardware

� User can choose to run the feed-forward and 
decision-feedback equalizers to run concurrently or sequentially

� Trade performance for area
— Parallel loops     : 16 latency cycles / 2 complex multiply-accumulators
— Sequential loops: 24 latency cycles / 1 complex multiply-accumulator

Merging 

On/Off

control

time-shared equalizers

parallel ffe and dfe equalizers

smallest area

maximum performance

control
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Area/Performance Trade-Offs
Loop Unrolling

� Loops can be “unrolled” for higher 
performance designs

— Leverages instruction level parallelism

� User constrains the design to reach desired goals
— Code remains unchanged

� Source code is architecture neutral
— Can be synthesized to a wide variety of implementations

No Unroll

Unroll x4

+

x

x

x

x

+

+
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64-QAM
Slicer

Feed Forward 
Equalizer

Decision Feedback
Equalizer

+

+

-
+

+ -
e(n)

y(n)x(n)

e(n)

e(n)

Function calls  can be inlined or treated 

as hierarchical entities

Loops can be unrolled for more 

parallelism

Sequential loops can be merged for 

optimal performance
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� “Scheduling” adds Time to the design
— Based on target technology and frequency

� Silicon Vendor sign-off libraries provide the necessary details
— Timing and area metrics for all operators and bit widths

� Intimate knowledge of target technology is key to QoR
— High quality, target optimized designs

for (int i=0; i<8; i++)

{

tmp+=a[i];

}

for (int i=0; i<8; i++)

{

tmp+=a[i];

}

ASIC 90nm

Delay of a 16bit add: 0.3 ns

Latency: 1 cycles

Technology Neutral

Description

500MHz / 2ns

Xilinx Virtex-5

Delay of a 16bit add: 2.1 ns

Latency: 3 cycles

250MHz / 4ns

Technology Optimized Implementation
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� The original C++ testbench is reused to 
verify the design

— RTL or Cycle Accurate
— SystemC, VHDL or Verilog

� Transactors convert function calls to pin-
level signal activity

� Push button solution includes Makefiles
and Simulation scripts

� Verification of the synthesized design is 
automated

Simulator

Golden results DUT results

Original C++ 
Testbench

Original C++ 
Design

RTL

Transactor

Transactor

Comparator

Automatic Verification Flow
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Closed-Loop Power Analysis

� Many architecture derivatives can quickly be generated through 
design exploration

� Power consumption data annotated using power analysis tools

� Optimizations used to balance power/area/performance

� Average 30% power savings

Summary of ResultsSolution 1

Low power / Small area

Solution 2

Higher power / Larger area
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64 QAM Results

� 6 different implementation variants
— All functionally equivalent
— Power, Performance, Area trade-

offs points

� No code changes
— Exploration with synthesis 

constraints

� Found optimal solution for 30Mbps 
target

� Time Reduction
— HLS: 1 day for 6 solutions
— Manual: 1 week for 1 solution
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Telegent Case Study

� Telegent Systems
— Single-chip mobile analog and digital TV receivers

� Highly integrated, high-performance, ultra-low power

� Challenges of Mobile TV
— Mobile devices can only accommodate short antennas
— Received signal strength is worse than in traditional TV
— Mobility causes wild signal strength fluctuation 
— Proximity to other functions in the device causes further signal degradation

� Telegent’s solution: Massively parallel proprietary DSP algorithms
— Combat the effects of poor signal quality in mobile devices
— Ensure a pleasant TV viewing experience

� Engineering Bottlenecks
— Algorithms must constantly be improved for performance, area and power 

efficiency
— Handcoding of RTL takes time and introduces errors
— Verification of the algorithm performance and its implementation is a tedious 

task
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Source: Cutting-Edge Application Demands Engineering Agility, www.chipdesignmag.com

Andy Burstein, Telegent Systems

Telegent's TLG1120, a single-

chip mobile TV receiver 

enabling free-to-air mobile TV 

in cellular phones and other 

portable devices.

Dr. Andy Burstein

Vice President of Engineering

Telegent Systems

Telegent Systems - Testimonial

“What surprised the team the most was how easily it was to 

incorporate algorithm refinements. On previous projects, non-

trivial resource and time would be needed to add a new 

algorithm feature, verify it, and then take it to prototyping.”

“In comparison, using algorithmic synthesis, changes were 

completed faster with fewer engineering resources than 

expected.”

“Another added benefit is that the “golden source code” is 

technology neutral ANSI C++, making it easy to retarget their 

future designs.”

“Overall, it was possible to reduce the design cycle for some 

blocks by 70-80%.”
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� Pure ANSI C/C++ input
— Perfect for modeling Wireless designs

� Fastest path to verified RTL
— Rapidly assess design decisions
— Easily incorporate specification changes

— Dramatically reduce verification effort

� Tested, proven and adopted worldwide
— Hundreds of users and tape-outs

Summary
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Questions?
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http://communities.mentor.com/ESL

� Learn, Share and Network
with other design engineers using ESL

� Communicate directly with the
Mentor product development teams

� Coding guidelines and design examples

� Influence new product
features and enhancements

� Open environment

More Information
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� Press Release: Catapult in Certified ESL Design Flow at STMicro
— “Design flow has been adopted following successful tapeouts of more than a dozen ASIC designs with productivity 

gains from four to ten times faster than traditional methods.”

� Whitepaper: Toshiba Information Systems
— “Advanced Algorithmic Evaluation for Imaging, Communication and Audio Applications - Eigenvalue Decomposition 

using the Catapult® C Algorithmic Synthesis Methodology”

— “Manual RTL design time unrealistic vs. days using Catapult”

� Article in Chip Design: Telegent Systems
— “Cutting-Edge Application Demands Engineering Agility - Mobile-TV receiver becomes a reality using an algorithmic 

C++ synthesis environment to enhance design productivity”

— “Reduced design cycle by 70-80%”

� Article in Nikkei Electronics Asia: Konica Minolta
— “Image Processing Algorithms for Multi-Function Printers”

— “Compressed design cycle from days to 4 hours”

HLS in Recent News
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