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The main part of this research was dedicated Lo propose a new area-efficient and low power bandgap reference
(BGR) circuit. Two new BGR circuit architectures utilizing current switched and current memory techniques are
presented. Both circuits are designed using manufacturer-provided device models and operations are verified by
using SPICE (Simulation Program with Integrated Circuit Emphasis) simulations. Moreover, to study the design
area occupation, layout designing is also carried out.

The final part of the research was carried out to propose a novel ultra-low-power temperature independent
current reference, which is designed by using subthreshold CMOS devices. In this work also, SPICE simulations
were performed to verify the circuit operations, and the results are presented. Therefore, this dissertation
consists of six chapters.

In Chapter 1, a brief introduction of this research is given, including research background, objectives and

dissertation structure.

In Chapter 2, the conventional BGRs are reviewed and the major problems of available CMOS BGRs are
discussed.

In Chapter 3, an area efficient CMOS bandgap reference with switched-current and current-memory technique
is presented. The proposed circuit uses only one parasitic bipolar transistor to generate reference voltage so that
significant area reduction is achieved. The circuit produces an output of about 650mV, and simulated results
show that the temperature coefficient of output is less than 10.7ppm/°C in the temperature range from 0°C to
100°C. The average current consumption is about 49.5pA in the above temperature range. Furthermore, output
can be set to almost any value. The circuit was designed and simulated in 0.25pm CMOS technology. The layout
occupies less than 0.0011mm2 (100pm x 110pm).

In Chapter 4, an area efficient, low power, fractional CMOS bandgap reference utilizing switched-current and
current-memory techniques is presented. The proposed circuit uses only one parasitic bipolar transistor and
built-in current source to generate reference voltage. Therefore significant area and power reduction is achieved,
and bipolar transistor device mismatch is eliminated. In addition, output reference voltage can be set to almost
any value. The proposed circuit is designed and simulated in 0.18pm CMOS process, and simulation results are
presented. With a 1.6 V supply, the reference produces an output of about 628.5 mV, and simulated results show
that the temperature coefficient of output is less than 13.5 ppm/°C in the temperature range from 0 °C to 100 °C.
The average current consumption is about 8.5pA in the above temperature range. The core circuit, including
current source, operational amplifier, current mirrors and switched capacitor filters, occupies less than 0.0064
mm? (80pm *80um).

In Chapter 5, a novel temperature-compensated, ultra-low-power current reference based on two B-multipliers
whose resistors are replaced by nMOS devices operated in the deep triode region is presented. The circuit,
designed by a 0.25um CMOS process, produces an output reference current of 13.7nA at room temperature.
Simulated results show that the temperature coefficient of the output is less than 100 ppm/°C in the range from
—20 °C to 80 °C and the average power dissipation is 0.9pW.

In Chapter 6, conclusions of this study and recommendations for further research are given.
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