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1 Background

This document describes the design requirementfg@ion of a 6-bit thermometer coded
current steered digital-to-analog converter (DAThe DAC is intended to operate at a
frequency 700-1000 MHz and is to be implemented ;35 um CMOS process. The 6-bit
DAC should be implemented using a 4x4-switched entrisource matrix and 2 additional
switched current sources, to realize a 6-bit casivar

1.1 Project Goal

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

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

1.2 Milestones and Deadline

1: Project selection Week 4

2: Pre-study, project planning, and discussion withervisor Week 5

3: High-level modeling design and simulation regrdport) February 17

4. Gate/transistor level design and simulationaltészport) March 14

5: Layout, DRC, parasitic extraction, LVS, postday May 12

simulations, modification and chip evaluations.

6: DEADLINE, Delivery of the completed chip. May 19

7: DEADLINE, Final report, and oral presentation May 23
1.3 Parties

The following parties are involved in this project:

1- Customer: Duong Quoc Tai
2- Project supervisor: Duong Quoc Tai

Tasks:

» Formulates the project requirements
» Provides technical support
» Reviews the project documents.
3- Project leader: One of the members in the des@mte

Tasks:

» Responsible for organization of the team and tlagept planning.
 Divides the design and documentation work in aitieffit way
» Organizes the team meetings as well as the medigtgseen the team and supervisor
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» Keeps the supervisor informed about the progre$iseoproject &t 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

A 6-bit DAC implemented with a switched current mats shown in figure 1. It consists of
the current matrix controlled by the four most #igant digital bits, and of a conventional 2-
bit current source DAC. The conventional 2-bit DAGnsists of two current sources, each
with current § and 2xb, controlled by DO and D1, respectively. The twoBLsS directly
controls two current sources, leading to that aerirbetween 0 and 3xlloats to the analog
output.

Making a 6-bit DAC using this conventional approaebuld lead to that the MSB current
source would have to be very large to be able mllesa current of 32%l The current matrix
approach instead makes it possible to use unif@enaurrent sources, and then control how
many current sources that should be active usindd®5The current that each current source
in the matrix needs to handle is ¢xThe 4 MSB then control the current source matand

by coding the four input bits to a thermometer ¢ati@t can control the matrix, a current
between 0 and 60xfloats out to analog output, thus a total curregion is O to 63xl

dwd current
SouUrce matrix
DAC >
Analog output
15,

Figure 1. 6-bit DAC divided in 4x4 matrix DAC and a 2-bit DAC

The DAC should also include a calibration functiom the current sources in the matrix,
which uses an external calibration current to ket ias of the unit current sources. The
calibration should be made on-the-fly, which me#imst the matrix needs one additional
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current source. In Figure 2 a block representatibrthe current source matrix including
calibration is shown. The thermometer coder traaslahe four input bits to a 15-bit
thermometer code. The control block then synchesithe calibration, and determines which

of the current sources that can be used, and wimehis currently being calibrated. The
calibration block then calibrates each current seusynchronously.

2.2 Important design metrics

The complete DAC should be optimized for high-spestiich sets high timing requirements

for the digital parts of the design. The DAC shollave good linearity, which further
increases the demands on both the digital and qupalds.

Calibration block
Control block

Thermometer coder block \

NCEN
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16 bit control signals to
the current matrix

15 bittherm. code

Figure 2. Block description of the current matrix, including control and calibration blocks
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3 Area and Performance Requirements

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

medium requirements can be relaxed somewhat ajtat motivation.

LiTH
2014

Requirement | Requirement Text Priority

1 Operation frequency 700 — 1000 MHz Priority|

2 Calibration of current source matrix High

3 Integrate as many system components as possi-chip Medium

4 Design schematic and layout must be verified byusatior Medium

5 Simulated chip power consumption < 400 mW at meeqdenc | High

6 Chip core area < 0.27 nftrtbased on 4 projects per chip) High

7 Total project pin count <= 13 (prepare to shareiigp High

3 Design technology is AMS 4-metal 0.35 um CMOS High

9 The most important system nodes should have off-abtess pins Medium

10 On-chip current densitie< ImA/urr High

1 All requirements fulfilled ir‘typical” , “slow” , and“fast” process | High
corners and for temperatures betweetC2and 116C
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Other Projects

Figure 3: Schematic picture of a 3mm? chip with 40 generic pads four Vpp and four Vs pads
(total 48 pads), which will be shared between a number of projects.

3.1 Available Resources

» Scientific publication database (available frory}:i
» |EL — IEEE/IEE Electronic Library, http://www.bibiu.se/english/databas/
3.2 Tools

« Circuit simulation and layout tools from Cadeficettp://www.cadence.com/
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