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1 Background

This document describes the design requirementfgaion of an Automatic gain control
circuit that utilizes a broadband variable gain hfiep and a Log Amplifier. Automatic gain
control (AGC) circuitry is an important buildingdak in modern wireless communication
systems. In a receiver (RX), it is desirable to ntain the same input level for the A/D
converter at the receiver backend despite largatiRr signal variations. AGC helps the
receiver to adjust the gain to get the desiredaditpvel at the intermediate frequency (IF) or
baseband. In a transmitter (TX), the final trangmoiver level needs to be regulated due to the
temperature and process variations. Wireless sgsgeich as CDMA dynamically adjust the
transmitter's power level to improve efficiency.f@e AGC takes effect in either a TX or a
RX, a way of monitoring the power level is need&€tere are many ways to implement a
power detector (PD). In this project, we will utdia Log Amplifier with high dynamic range
as a power detector along with a broadband VGAngement the AGC function.

1.1 Project goal

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

semiconductor (CMOS) technology. Students, paditig in this project as project members
and project leaders, should learn the differentsstaf the IC design flow. That includes the
given system architecture analysis, simulationplayimplementation and verification. The
project students have an optional choice to matwfache 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 3

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

Ot

3: High-level modeling design and simulation regrdport) February 1%

4. Gate/transistor level design and simulationaltészport) March 5

5: Layout, DRC, parasitic extraction, LVS, postday May 9
simulations, modification, chip evaluations, antiviy of the
completed chip

6: DEADLINE, Final report, and oral presentation May 23

1.3 Parties

Thefollowing parties areinvolved in this proj ect:

1- Customer: Naveed Ahsan
2- Project supervisor: Naveed Ahsan

Tasks:

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

» Responsible for organization of the team and thgpt planning.

 Divides the design and documentation work in aitieffit way

» Organizes the team meetings as well as the mediatggeen the team and supervisor

» Keeps the supervisor informed about the progre$iseoprojeciat least one e-mail 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

In modern wireless communication systems there isgairement to monitor and control
signal power in théransmitandreceivesections of the circuit, Transmitted power must be
controlled to protect the power amplifier (PA) frooverheating if it transmits too much
power or consumes an excessive amount of curradti@satisfy Federal Communications
Commission (FCC) standards for maximum emissioeseRe power must also be measured
and controlled due to the wide dynamic range ofdigmals appearing at the antenna. This
wide range is typically caused by movement of tigead source towards or away from the
receiver, and by changes in weather conditionthdrend, the goal is to present the analog-to-
digital converter (ADC) with a signal that has thghest possible signal-to-noise ratio (SNR).
This is generally done using variable gain amplfi¢/GA) in an automatic gain control
(AGC) loop.

This project will focus on an automatic gain cohtiscuit based on broadband VGA and a
Log amplifier. The system block level diagram i®wh in Figure 1. For receiver AGC the
proposed IF frequency band is from 1MHz to 10MHpr Eransmitter case, the max TX
frequency is set to be 500MHz. Therefore, the psepocircuit should perform well from

1MHz to 500MHz in order to meet both TX and RX A@Ggjuirements.
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Figure 1. Block diagram of AGC using VGA and log amplifier detector.
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Figure 2 shows the block diagram of a Log Amplifietector. The Log Amplifier is made
from a cascaded chain of amplifiers. These ampdiffeave linear gain, usually around 10dB.
For simplicity, Figure 2 shows a chain of five aifiets, each with a gain of 10dB. With a
small signal at the input, the first amplifier wifovide a gain of 10dB. As the signal passes
through each subsequent stage, it is amplifiedrbgdditional 10dB. At some point the log
amp will no longer be able to apply additional girthe input signal, and will begin to clip
or limit at a precise level set by the designerc®the signal has gone into limiting in one of
the stages, the limited signal continues down igeat chain, maintaining its same peak
amplitude. The output of each amplifier stage sdaonnected to a rectifier (marked Det in
Figure 2). All of the rectifier outputs are addedyether, and the resultant sum is low-pass
filtered to remove the ripple of the rectified saynThis produces the logarithmic output
(often referred to as thedeooutput), which will be a steady state dc outputd@teady-state
ac input signal. The number of cascaded amplifiages will be decided after initial
simulation results and as a rough estimate, it bel between 5 and 10 in order to get 60dB
dynamic range.
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Figure 2: Block diagram of Log Amplifier detector.

2.2 Important design metrics

The proposed idea is to implement the AGC functiad also to characterize the broad band
Amplifier and Log Amplifier separately. The impontadesign parameters for a power
detector include: dynamic range, linearity, op@&@gfrequency, power consumption, and ease
of integration. Following are some of the desigacdfications:

vdd =3.0V

Amplifier BW = 1MHz-500MHz
Input Impedance = 3D

Output Impedance =5D

Dynamic range = 60dB
Detector response time =<20ns
Power consumption =< 500 mwW

This project covers many important design challertpat are present in analog circuit design.
Design of a low power and a linear AGC circuit wibbk a nice challenge for the students.
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3 Area, performance requirements

The table below summarizes the adder performangpaireanents. Each requirement has its

LiTH
2008

number, formulated text, and the given degree ifripy. Three degrees of priority are used:
high, medium, and low. High is a firm requiremerithano possibility of relaxation, while
medium requirements can be relaxed somewhat ajtet motivation.

Requirement | Requirement text Priority
1 Design for full functionality Medium
2 Linearity test Medium
3 Integrate as many system components as possilidhipn- High

4 Schematic and layout must be verified by simulation High

5 Separate testing of VGA and Log Amplifier High
6 Chip core area < 0.150nfifbased on 5-6 projects per chip) High
7 Total project pin count < 10-12 (prepare to shapiis) High

8 Design technology is AMS 4-Metal 0.3% CMOS High

9 The most important system nodes should have off-abtess ping Medium
10 On-chip current densities < 1nmh High

11 All requirements fulfilled in‘typical” , “slow” , and“fast” processMedium

corners and for temperatures betweetC2and 116C
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Figure 2: Schematic picture of a 3mm? chip with 40 generic pads four Vpp and four Vss pads
(total 48 pads), which will be shared between a number of projects.

3.1 Available resources

« Scientific publication database (available fror}i

¢ |EL — IEEE/IEE Electronic Library, http://www.bililu.se/english/databas/
3.2 Tools

+ Circuit simulation and layout tools from Cadefichkttp://www.cadence.com/
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