VLSI Chip Design Project
TSEKO1

Project description and
requirement specification

Version 1.0

Project: A First-Order Sigma-Delta Modulator
with 3-bit Quantizer

Project number: 5

Project Group:

Project members Telephone E-mail
Project leader and designer 1(5)

Designer 2(5)
Designer 3(5)
Designer 4(5)
Designer 5(5)

Customer and supervisor Timmy Sundstrom
Office: B-house 3A:518, Phone.: 013-282379, Fag-039282
Email: timmy@isy.liu.se



LiTH
A First-Order Sigma-Delta Modulator with 3-bit Quantizer 2007

1 Background

This document describes the design requirementfga@ion of a First-Order Sigma-Delta
modulator with a 3-bit quantizer (3-bit ADC). Onktbe bottlenecks in systems today is the
data converters (A/D and D/A) required to move lestwanalog and digital domain. Instead
of using an ADC with a large number of bits, whishtough to design because of matching
requirements, an oversampled low resolution ADCetiogr with noise-shaping can be used.
Sigma-Delta converters are commonly used today wherbandwidth of the input signal is
less than 1MHz. The main issue with Sigma-Delta AD&Cthe need of oversampling. As one
can understand there is of cause a limit what wedcain terms of oversampling frequency.

1.1 Project goal

The project goal is to design an integrated cirql@) in complementary metal-oxide

semiconductor (CMOS) technology. Students, pasdioig in this project as project members
and project leaders, should learn the differempsst& the IC design flow. That includes the
given system architecture analysis, simulationplsyimplementation and verification. The
project students have an optional choice to mamufat¢he designed IC circuit on a chip. To
test the manufactured chips, another course (TSEKIHVailable after the project.

1.2 Milestones and deadline

1: Project selection Week 3

2: Pre-study, project planning, and discussion sitpervisor Week 4

3: High-level modeling design and simulation regréport) February 16

4: Gate/transistor level design and simulationsltéseport) March 7

5: Layout, DRC, parasitic extraction, LVS, postday May 11
simulations, modification, chip evaluations, anthaey of the
completed chip

6: DEADLINE , Final report, and oral presentation May 25

1.3 Parties

The following parties are involved in this project:

1- Customer: Timmy Sundstréom
2- Project supervisor: Timmy Sundstrom

Tasks:

» Formulates the project requirements
* Provides technical support
* Reviews the project documents.
3- Project leader: One of the members in the desigm te

Tasks:

* Responsible for organization of the team and tlogept planning.
» Divides the design and documentation work in aitiefiit way
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« Organizes the team meetings as well as the medigtgseen the team and supervisor
« Keeps the supervisor informed about the progresisegproject (at least one email or
meeting per week)
4- Project design members (including the project leade
« Are equally responsible for project planning andige.
» Participate actively in all the meetings
» Support the team and the project leader
» Keep the team and project leader informed abouptbgress of their tasks.

2 Project description
2.1 System description

The complete system to be built should be a worknstrorder Sigma-Delta modulator. The
total system is shown in Figure 1. The main compt® be designed are an integrator, a 3-
bit flash-ADC, and a 3-bit DAC. The switched-capegrators require an Operational
amplifier (OP). A schematic of a suitable OP wi §iven to you in order to save some time.
The digital filter that is needed after the SigmekB modulator can be done in Matlab when
doing chip measurements.

X(0) (|- z 3-bit | YInI
o 1-z* ADC g
3-bit |
DAC [

Figure 1: First-order Sigma-Delta modulator architecture.

The target for this design will be to achieve ab85t60dB dynamic range over a 500kHz
bandwidth. The dynamic range (SNR=Signal-to-noa#) that can achieved with a first-
order Sigma-Delta modulator can be calculated as

SNR =6.02[N +1.76 —5.17 + 30log(OSR)
Where N is the number of bits from the quantizad @SR is the oversampling ratio (X times

the nyquist frequency). Using a sampling frequeotc@2MHz (OSR = 32 MHz / (2 * 500
kHz) = 32) gives an SNR of about 60dB. This is ggl@nt with a 9.6-bit ADC!
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2.2 Important design metrics

LiTH
2007

The circuit must be designed for a sampling fregyeaf at least 32MHz. This will be
translated to requirements on the integrators,t 3santizer, and the 3-bit DAC. Important
things to consider are:

* Timing, settling, and internal noise in the inteégra

* Precision in the ADC

» The structure is also sensitive to settling- antcimag-errors in the DAC
* Furthermore, the power-consumption is of largeredgeand should be minimized.

3 Area, performance requirements

The table below summarizes the circuit performamcgiirements. Each requirement has its
number, formulated text, and the given degree ioiripy. Three degrees of priority are used:
high, medium, and low. High is a firm requirementhwno possibility of relaxation, while

medium requirements can be relaxed somewhat ajtat gotivation.

Requirement | Requirement text Priority
1 Sampling frequency at least 32MHz High
2 Integrate as many system components as possifiRip High

3 Schematic and layout must be verified by simafati High

4 Layout matching High

5 Simulated chip power consumption < 100mW at nrax. Medium
6 Cooperation with the group designing the digi@atimation filter | Low

7 Chip design area ~ 0.75 rfigsee Figure 2) Medium
8 Chip core area < 5@0n x 55(um = 0.275mrh (see Figure 2) High

9 Total project pin count < 12-13 (max 10-11 act®eower supply)High

10 Design technology is AMS 4-Metal 0.3Hn CMOS High

11 The most important system nodes should havehffaccess ping Low
12 On-chip current densities < 1 nmh High

* All requirements in the table should be fulfilled ftypical’, “slow”, and “fast”
process corners and temperature between 25 antC110
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Figure 2: A 3mn?¥ chip will be shared by 4 independent projects (4eams). Each project will utilize a
500x550pn area for core layout and 12-13 pads.

3.1 Available resources

« Scientific publication database (available fronv)i
¢ |EL — IEEE/IEE Electronic Library, http://www.billiu.se/english/databas/

3.2 Tools

¢ Circuit simulation and layout tools from CadeRgchttp://www.cadence.com/
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For more literature references consult with yoyresuisor.
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