Copyright is owned by the Author of the thesis. Permission is given for
a copy to be downloaded by an individual for the purpose of research and
private study only. The thesis may not be reproduced elsewhere without
the permission of the Author.



ACCURATE THERMAL SENSING WITH MODERN
CMOS INTEGRATED CIRCUITS

A THESIS PRESENTED IN PARTIAL FULFILLMENT
OF THE REQUIREMENTS FOR THE DEGREE

OF
DOCTOR OF PHILOSOPHY
IN

ENGINEERING

AT
MASSEY UNIVERSITY

AUCKLAND

NEW ZEALAND

ROBERT PATRICK FISK
B. ENG.

2010



ABSTRACT

Digital control systems can be found performing a wide range of duties throughout
modern society. These systems demand accurate, low cost interfaces to physical
parameters of interest, one of the most common being temperature. A ‘smart’ sensor
takes advantage of modern integrated circuit technology to create a sensor and analog-
to-digital converter on the same silicon chip. Smart temperature sensors are widely
available offering simple digital interfaces, high reliability, low power consumption and
low cost. The primary weakness of these devices is the low inherent accuracy of on-chip

thermal sensors.

This thesis presents a smart thermal sensor design that improves upon current
technology by employing a modern 0.13um CMOS process and circuit-level techniques
to reduce sensor size and power consumption while increasing digital converter
resolution. Data is presented that shows uncalibrated sensor accuracy can be increased
by using correlated device characteristics to compensate for random inter-device
variation. The research findings guide the construction of future smart thermal sensors

with uncalibrated accuracy levels exceeding that of any currently available design.
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Comma-Separated Values

Constant To Absolute Temperature

Digital-to-Analog

D-A Converter

Direct Current

Dynamic Element Matching
Digital Multimeter

Design Rule Check

Digital Storage Oscilloscope
Device Under Test
Effective Number Of Bits
Electrostatic Discharge
Finite Impulse Response
Integrated Circuit

Infinite Impulse Response
Input / Output
Metal-Insulator-Metal
Metal Oxide Semiconductor

No Connection
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NTF

OSR
PDK

PID
PTAT
Recursion
RTD

SC

STF

ZIF

Noise Transfer Function
Oversampling Ratio

Process Development Kit
Proportional, Integral, Differential
Proportional To Absolute Temperature
See ‘Recursion’

Resistance Temperature Detector
Switched Capacitor

Signal Transfer Function

Zero Insertion Force
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