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Voltage reference circuit produces reference voltage that is independent of fabrication
process, temperature and supply voltage (PVT) variation. Differential successive
approximation register (SAR) analog to digital converter (ADC) that converts an
analog signal to digital signal is very much dependent on accurate reference voltage
which defines the resolution of the converter. It requires two reference voltages
namely Vrer and Veowm. Vrer is used to set the full-scale voltage range while the
common-mode voltage, Vem defines an initial value of most significant bit (MSB)
digital output. Vem is designed as such that it is half of Vrer and independent of
process, voltage and temperature (PVT) variations. The deviation of the Vcwm develops
an offset that shifts the transfer function of the ADC. Consequently, it reduces the
dynamic range of the analog input to be digitised. The evolution of technology has
favoured in a system on chip integration of the voltage reference and SAR ADC
because it reduces design circuit area and consumes less power. However, based on
the previous literatures, the impact of voltage reference circuits integrated with SAR
ADC on a single die has not been discussed in depth. Hence, this thesis features the
design and implementation of a high accuracy dynamic dual output voltage reference
circuit for a 200kS/s differential 10-bit SAR ADC using a Silterra 0.18um process
with a supply voltage of 1.8V on a common die. The measurement of the fabricated
chips is able to generate constant reference voltages for the Vrer is that 1.2V+0.03V.
Meanwhile, the Vcum deviates as much as +4mV between temperatures ranging from
0°C and 80°C across £10% voltage supply variation. The measurement result shows
that the circuit have sufficient drive capability to provide dual reference voltages to
the SAR ADC. The voltage reference circuit achieves a good performance on the SAR
ADC with 0.4LSB differential nonlinearity (DNL), 57.39dB Signal-to-noise and
distortion ratio (SINAD) and an effective number of bits (ENOB) of 9.5 bits. The



voltage reference circuit functions accurately in temperature sensor application
between 0°C and 80°C temperature input range.
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Litar rujukan voltan menghasilkan voltan rujukan yang bebas daripada perubahan
proses fabrikasi, suhu dan voltan. Penukar isyarat analog kepada digital jenis SAR
sangat bergantung kepada voltan rujukan untuk menentukan resolusi penukar.
Penukar SAR memerlukan dua voltan rujukan iaitu Vrer dan Vem. Vrer digunakan
untuk menetapkan julat voltan berskala penuh manakala Vcm menetapkan nilai
permulaan bit. Nilai Vem direka untuk menjadi separuh daripada Verer dan bebas
daripada perubahan proses, voltan dan suhu. Penyimpangan Vcm akan mengakibatkan
satu offset yang menyebabkan pemindahan fungsi ADC teranjak. Oleh sebab itu, ia
mengurangkan isyarat analog untuk didigitalkan. Evolusi teknologi litar rujukan
voltan dan penukar analog kepada digital menjurus kepada pembangunan sistem pada
satu cip kerana ianya dapat mengurangkan keluasan pembangunan litar dan
menjimatkan tenaga. Walau bagaimanapun, berdasarkan kepada karya terdahulu,
kesan rujukan voltan yang disepadukan dengan Penukar SAR pada satu cip tidak
dibincangkan secara mendalam. Oleh itu, tujuan tesis ini adalah untuk mereka bentuk
litar rujukan voltan yang menghasilkan dua output berketepatan tinggi yang akan
digabungkan dengan Penukar 10-bit perbezaan SAR berkelajuan 200kS/s
menggunakan teknologi Silterra 0.18um CMOS dengan voltan bekalan 1.8V.
Pengukuran terhadap cip yang difabrikasi mampu menghasilkan voltan rujukan tetap
untuk Vger ialah 1.2V+0.03V. Manakala Vcv menyimpang sebanyak Vrer/2 £#4mV
pada julat suhu antara 0°C dan 80°C dan +10% perubahan voltan bekalan . Litar ini
mempunyai keupayaan memandu yang mencukupi untuk menyediakan voltan rujukan
kepada Penukar SAR. Hasil pengukuran mencapai prestasi yang baik terhadap
Penukar SAR dengan 0.4LSB perbezaan linear, kadar terhadap hingar dan gangguan
telah berlaku sebanyak 57.39dB dan bilangan bit yang berkesan adalah sebanyak 9.5
bit. Litar rujukan voltan ini juga berfungsi dengan baik dalam aplikasi pengesan suhu
antara julat suhu 0°C hingga 80°C.
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CHAPTER 1

INTRODUCTION

This chapter introduces to the readers to the framework of this research. An operation
of voltage reference for differential Successive Approximation Register Analog
Digital Converter (SAR ADC) architecture is presented. The literature of existing
design of voltage reference is also reviewed, which explains the research motivation
from which the drawback was identified. Subsequently, the objectives are defined as
a guide to achieve the research goal within the scope of the study, and the chapter
concludes with the thesis’s organization.

1.1 Research Background

The latest technology advancement has provided an opportunity for people to use the
Internet of Thing (IoT). This new IoT invention is mostly implemented in a single
system-on-chip (SoC) to provide the highest level of integration and conservation of
the design area. The voltage reference is a necessary part of the power management
system to provide a constant voltage that is insensitive to the fabrication process,
supply voltage and temperature (PVT). It is commonly used as a reference for various
amplifiers, comparators, data converters and many other analogs and mixed-signal
functions.

The reference voltage sets the limit of the ADC input range. It is basically the
benchmark against which every proportion of analog input correspondes to the digital
code. Also, the reference voltage defines the resolution of the ADC by dividing the
reference voltage value by the total of conversion code. In establishing the requirement
of ADC system performance, each component in the system probably will have an
associated error. One of the main potential sources of errors in an ADC is the reference
voltage (Siva & Chakravarty, 2015). Thus, the goal of voltage reference circuit is
designed to keep the error under an acceptable limit. Any disturbance at the reference
voltage contributes to the output code that causes the limitation of the ADC
performance (Walsh, 2013).

Analog-to-Digital Converter (ADC) is a device to represent the quantity of analog
signals being measured and subsequently translates it into digital form. Currently,
ADC offers high-performance signal conversion for a wide range of application
requirements. Four main types of ADCs are usually used which are subjected to their
desired applications, namely flash, pipelined, delta-sigma (XA) and successive
approximation register (SAR).

Flash converter offers the fastest rate of conversion that could reach a maximum speed
of 5 GS/s but has low resolution which is lesser than 8-bit among others (Inamdar,
Sahu, Ren, & Setoodeh, 2015)(Jeon, Yoo, Kim, & Yoo, 2017). It is designed for a
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wide bandwidth of applications such as satellite communication. The pipelined
converter is designed for high resolution up to 16-bit and retains the sampling rate
greater than 50 MSPS (C. Wu & Yuan, 2019)(Moon, Jo, Kim, Choi, & Ko, 2019), and
it is suitable for digital video and medical imaging. Meanwhile, A converter employs
a very high resolution of 12-24 bits but with lower sampling speed of 15 KS/s
(Mehrjoo, Taherzadeh-sani, & Nabki, 2016)(Pini, 2018). It is mostly used in high
precision converter applications such as automation test equipment.

Challenges still persist for designers to balance the requirements for performance,
device complexity and size. SAR ADC architecture is extensively used in low power
and medium speed from 10KS/S to 10MS/s. It provides an excellent combination
between resolution to 18 bits, die area, and circuit complexity compared to other ADC
(Zahrai & Onabajo, 2018)(H. Wei et al., 2012)(Ku, Xu, Kuan, Wang, & Frank, 2012).
The SAR ADC uses a binary search algorithm to convert an analog signal to a digital
form. The fundamental architecture of SAR ADC is shown in Figure 1.1.

Comparator
VIN I
P SAR
Digital to Analog i Logic
(DAC)
A
selection

uI
L
o

o>

VREF/2 &

Figure 1.1 : Basic architecture of SAR ADC
(Xingyuan, Jianming, Zhangming, & Yintang, 2010)

A full-scale range voltage (Vrer) of the analog input signal is determined by the
reference voltage of the ADC. The binary search algorithm is implemented by setting
the midscale value of the most significant bit (MSB) that is equal to one. It needs to
be set to the digital-to-analog converter (DAC) capacitance switch at Vrer/2. The
output of the ADC is determined by the approximate value that is performed by the
comparator.

The counting sequence of the binary search algorithm for 3-bit conversion is expressed
in Figure 1.2. Initially, the midscale value sets a high MSB value (100). This digital
output is converted to an analog value by DAC that produces Vpac. The next bit is
determined by a Vpac of either % Vrer or ¥4 Vrer. Then, the Vpac is compared with
the voltage sample input Vin. If the Vv 1s greater than Vpac, it gives a positive
difference of comparator output; the next bit of MSB value becomes high (110).



Conversely, if Vin is less than Vpac, the comparator output delivers a logic low value.
This condition resets the MSB value to logic 0 (000). The SAR control logic then sets
the next bit to be high (110) and second comparison is made. Since Vi is less than
Vpac, bit 1 is set to 0. The DAC is then set to 101, and the final comparison is
performed. Subsequently, Vin greater than Vpac bit 0 remains at 1.

VDAC
VREF - i Vpac : |
3/4VREE|_ 5 L 5 VIN
; —

MSB set i i i
1/2VREF 01 — A ; ;
1/4VREF|

é | __Time
| TR

Figure 1.2 : Binary search algorithm of a 3-bit SAR ADC

Since the SAR ADC is highly dependent to the reference voltage, a voltage reference
circuit must designed to generate highly accurate reference voltage that is able to fulfill
the SAR ADC requirement.

1.2 Research Problem

Accurate conversion of SAR ADC relies on the accuracy of the voltage references
because the comparison between an analog input voltage and a reference voltage
creates the conversion code values (Siva & Chakravarty, 2015). Differential SAR
ADC architecture requires dual reference voltages to digitise the analog input voltage.
The Vrer sets the full-scale range analog input while the Vcwm sets the initial MSB
value of the conversion. Since the Vcwm sets the initial MSB value of digital output, it
must be continuously designed to remain at half of Vrer over the fabrication process
and every change of temperature and supply voltage during the circuit operation.
Otherwise, it develops an ADC offset and reduces the dynamic range of the analog
input voltage of the converter as shown in Figure 1.3. Consequently, it causes the
digital output value to saturate before the analog input voltage reaches maximum
value.
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Figure 1.3 : Fully differential 10-bit SAR ADC system architecture

Since the voltage reference accuracy influences the SAR ADC performance, the SAR
ADC integrates with an external monolithic voltage reference device due to the output
that can be adjusted to the desired voltage (C. C. Liu, Chang, Huang, & Lin,
2010)(Song, Xue, Xie, Fan, & Geng, 2016)(Song, Y., Xue, Z., Xie, Y., Fan, S. and
Geng, 2016)(Shim et al., 2017). However, the technology has evolved towards the
integration of system on chip (SoC) because it consumes less power and reduces
circuit area than multi-chip circuit with similar functionality. Thus, the integrated chip
is on high demand for currently available applications.

Drive capability is another concern in integrating a voltage reference with SAR ADC.
The primary source of error that degrades the performance of SAR ADC comes from
the unstable reference voltage. The undershooting and overshooting of reference
voltages that deviate more than 1LSB produce an error of digital outputs. The
inadequate drive strength of current voltage reference circuit causes switching
transients of the DAC’s ADC during the conversion process which is observed as
errors in conversion .The measurement results in (Huang, Ting, & Chang, 2016)
explain the effect of the undershoot voltage reference that contributes to the “missing
code” of the digital output. Hence, the voltage reference circuit must be able to drive
sufficient current to maintain the reference voltage from drooping significantly
throughout the conversion (Walsh, 2013).

Based on previous literature, most of the designers optimise the performance of
voltage reference and differential SAR ADC independently (Dancy, Amirtharajah, &
Chandrakasan, 2000)(Shrivastava, Craig, Roberts, Wentzloff, & Calhoun, 2015)(Song
et al., 2016)(I. Lee, Sylvester, & Blaauw, 2017)(Berens, Mai, Feddeler, & Pietri,
2019). It is observed that the impact of the voltage reference accuracy to ADC
performance is not investigated in depth. Although there are on-chips that are designed
with the voltage reference integrated into the SAR ADC, these designs require high
supply voltage to activate the chip (Instruments, 2017)(Maxim, 2018).

The ADC requires high accuracy reference to digitise temperature input in temperature
sensor application. The sensing element produces an analog voltage with every

4



temperature change and this voltage takes a ratio of reference voltage before
converting into digital output. Consequently, unstable reference circuit causes an error
code of digital output. Thus, the performance of voltage reference is investigated in
depth in temperature sensor application.

In order to produce a robust voltage reference design, it has to pass through 45 corners
simulation process, voltage and temperature (PVT) variation and Monte Carlo
analysis. It aims to hinge on a high yield production by taking into consideration the
corners that are appropriate and the ones that are not.

Therefore, with all above mentioned issues, an integration of the voltage reference
circuit with SAR ADC on a single chip is proposed to provide advantages of increasing
the accuracy and drive capability reference voltage for the differential SAR ADC.

1.3 Research Objectives

This research aims to achieve a high accuracy dual output voltage reference of Vrer
1s 1.2V+0.03V and Vcwm is Vrer/2 £15mV across PVT variation. In order to achieve
the aim of the research, three research objectives have been set as follows:

1.  To design and characterise a new voltage reference circuit that produces an
accurate dual reference voltage for differential SAR ADC.

2. To evaluate voltage reference functionality and drive capability by
integrating it with differential SAR ADC.

3. To validate the performance of voltage reference in the real utilisation of
temperature sensor application.

14 Research Scope and Limitation

This research focuses on the design of a voltage reference circuit and test the fabricated
chips to obtain high accuracy of circuit performance. The circuit is to be designed
using the BSIM model transistor 0.18um CMOS technology provided by Silterra
technology. The schematic is designed, and the parameters is simulated using Cadence
tools software. The parameters consist of initial error, line regulation temperature drift,
stability and drive capability. The post layout is simulated across 45 corners PVT
variation between temperature range -40°C and 125°C. However, the temperature test
is measured ranging from 0°C to 80°C only. The test cannot be conducted at the
highest temperature up to 125°C because some of the devices on the test board are
working at a maximum temperature of £90°C. In addition, for low-temperature tests
down to -40°C, the limitation of liquid nitrogen supply is a caused factor.

Moreover, the PSRR performance is tested on post layout simulation only because the
measurement equipment with a careful setup should be prepared to obtain a significant



and accurate PSRR result (Rice & Sandler, 2013). The equipment is the tool that is
able to correctly mix DC and AC input signals to avoid the output signal from being
attenuated. Picotest J2120A Line Injector is a recommended tool for signal mixing to
produce an accurate PSRR measurement.

The circuit generated dual reference voltage outputs, Vrer is 1.2V £0.03V and Vewm is
Vrer/2£15mV, to fulfil the requirement of the 10-bit differential SAR ADC’s
reference voltage that was designed by the IC design department team, MIMOS
Berhad. The functionality and drive capability of the voltage reference circuit is
measured by integrating it with SAR ADC. The circuit is also tested in a temperature
sensor application to verify the functionality. The parameters of the fabricated chips
are tested using the custom test board and other test bench equipment provided by
MIMOS Berhad.

This work is part of a collaboration between Universiti Putra Malaysia and IC design
department team, MIMOS Berhad. The SAR ADC circuit design and the source code
for testing the ADC performance remain confidential.

1.5 Organization of the Thesis

This thesis is arranged into seven chapters. Following this introductory chapter is
Chapter 2, which defines crucial parameters that should be taken into consideration
when designing a voltage reference in a fully differential SAR ADC application. A
topology of voltage reference circuit is reviewed. The chapter ends with highlighting
the significance of the research work in relation to the findings of previous research.

Chapter 3 explains the full description of the voltage reference circuit design. The
schematic, simulated parameter and layout formation of the proposed circuit is
presented. The measurement setup for the fabricated chip is also presented.

Chapter 4 presents a comparison of the post-layout simulation and measurement
results. The results analyses the voltage reference accuracy including the parameters
of the initial error, line regulation, temperature drift, stability, and power consumption.

Chapter 5 evaluates the functionality and drive capability of the voltage reference
circuit by integrating with the SAR ADC. The SAR ADC performance of the static
and dynamic parameters is analysed. The result is then compared with monolithic
voltage reference chip.

Chapter 6 describes the performance of the voltage reference circuit in a temperature
sensor application. The measurement result of temperature to digital value is obtained.
The thesis is concluded in Chapter 7. It summarises and concludes the research work.
Several suggestions related to future works are also proposed.



REFERENCES

Aita, A. L., Pertijs, M. A., Makinwa, K. A. A., Huijsing, J. H., & Meijer, G. C. M.
(2013). Low-Power CMOS Smart Temperature Sensor With a Batch-Calibrated
Inaccuracy. IEEE Sensors Journal, 13(5), 1840—1848.

Baker RJ. (2008). Differential Amplifier. In CMOS: Circuit Design, Layout, and
Simulation (pp. 579—600). John Wiley & Sons.

Bakker, A., & Huijsing, J. H. (1995). Micropower CMOS Smart Temperature Sensor.
In Solid-State Circuits Conference, 1995. ESSCIRC’95. Twenty-first
European.IEEE (pp. 238-241).

Bakker, A., & Huijsing, J. H. (1996). Sensor with Digital Output. /EEE Journal of
Solid-State Circuits, 31(7), 933-937.

Bako, N., Broz, 1., Butkovi¢, Z., Magerl, M., & Bari¢, A. (2016). Design of low-power
voltage/current references and supply voltage for 9-bit fully differential ADC.
Automatika — Journal for Control, Measurement, Electronics, Computing and
Communications, 57(1), 239-251.
https://doi.org/10.7305/automatika.2016.03.1616

Berens, M., Mai, K., Feddeler, J., & Pietri, S. (2019). A General Purpose 1.8 V 12b
4MS/s Fully Differential SAR ADC with 7.2 Vpp Input Range in 28nm FDSOL
IEEE Transactions on Circuits and Systems Il: Express Briefs, 66(1), 1785—
1789.

Borghetti, F., Nielsen, J. H., Ferragina, V., Malcovati, P., Andreani, P., & Baschirotto,
A. (2006). A Programmable 10b up-to-6MS / s SAR-ADC Featuring Constant-
FoM with On-Chip Reference Voltage Buffers. In 2006 Proceedings of the 32nd
European Solid-State Circuits Conference (pp. 500-503).

Bryant, J. (2015). Voltage References Can Bite You, Too. Analog Dialogue, 49(8), 1—
2.

C. Wu, Chan, W., & Lin, T. (2011). A 80kS/s 36uW Resistor-Based Temperature
sensor using BGR-free SAR ADC with a Unevenly-weighted Resistor String in
0.18um CMOS. In 011 Symposium on VLSI Circuits - Digest of Technical
Papers, Honolulu (pp. 222-223).

Cao, Z., Yan, S., & Li, Y. (2009). A 32 mW 1.25 GS/s 6b 2b/Step SAR ADC in
0.13um in m CMOS. IEEE Journal of Solid-State Circuits, 44(3), 862—873.

Caylor, S. D. (2007). A Standard CMOS Compatible Bandgap Voltage Reference with
Post-Process Digitally Tunable Temperature Coefficient. University of
Tennessee - Knoxville. Retrieved from
http://trace.tennessee.edu/utk gradthes/344 30 April 2017

123



Chang, M., Huang, Y., Huang, H., & Lu, S. (2011). Chip Implementation with a
Combined Wireless Temperature Sensor and Reference Devices Based on the
DZTC Principle. Sensors, 11(11), 10308—10325.
https://doi.org/10.3390/s111110308

Chawla, T. (2010). Study of the Impact of Variations of Fabrication Process on Digital
Circuits [Electronic version]. Phd Thesis Telecom ParisTech.

Cheong, J. H., Chan, K. L., & Khannur, P. B. (2011). A 6-to-10-Bit 0.5 V-t0-0.9 V
Reconfigurable 2 MSs Power Scalable SAR ADC in 0.18umCMOS. IEEE
Transactions on Circuits and Systems I: Express Briefs, 58(7), 407—411.

Cherubal, S., & Chatterjee, A. (2000). Optimal INL/DNL testing of A/D converters
using a linear model. In /7C International Test Conference (pp. 358—366).

Crovetti, P. S. (2015). A Digital-based Virtual Voltage Reference. IEEE Transactions
on Circuits and Systems 1. Regular Papers, 62(5), 1315-1324.

Dancy, A. P., Amirtharajah, R., & Chandrakasan, A. P. (2000). High-efficiency
Multiple-output DC-DC Conversion for Low-voltage Systems. [EEE
Transactions on Very Large Scale Integration (VLSI) Systems, 8(3), 252-263.

De Vita, G., lannaccone, G., & Andreani, P. (2006). A 300 nW, 12 ppm//spl deg/C
Voltage Reference in a Digital 0.35/sp] mu/m CMOS Process. In 2006
Symposium on VLSI Circuits, 2006. Digest of Technical Papers.IEEE (pp. 81—
82).

Deng, C., Sheng, Y., Wang, S., Hu, W., Diao, S., & Qian, D. (2016). A CMOS Smart
Temperature Sensor With Single-Point Calibration Method for Clinical Use.
IEEFE Transactions on Circuits and Systems II: Express Briefs, 63(2), 136—140.

Device, A. (2016). AD8139 Low Noise, Rail-to-Rail, Differential ADC Driver. Data
Sheet. Retrieved from  https://www.analog.com/media/en/technical-
documentation/data-sheets/AD8139.pdf

Duan, Y., & Alon, E. (2013). A 12.8 GS/s time-interleaved SAR ADC with 25GHz
3dB ERBW and 4.6 b ENOB. In Proceedings of the IEEE 2013 Custom
Integrated Circuits Conference (pp. 1-4).

Dubey, R., Kumar, A., & Pattanaik, M. (2014). Design of Low Noise Low Power Two
Stage CMOS Operational Amplifier Using Equivalent Transistor Replacement
Technique for Health Monitoring Applications. Fifth International Conference

on Computing, Communications and Networking Technologies (ICCCNT), 1-6.
https://doi.org/10.1109/ICCCNT.2014.6963068

Ewer, M. (2011). Selecting Amplifiers, ADCs, and Clocks for High-Performance
Signal Paths. Signal Path, Designer. Texas Instruments Incorporated. Retrieved
from
https://pdfs.semanticscholar.org/68ef/acac602fcf50897f7d5a0a3db85a4449c9e
8.pdf 25 Jun 2016

124



Fan, H., & Maloberti, F. (2017). High-resolution SAR ADC with Enhanced Linearity.
IEEE Transactions on Circuits and Systems II: Express Briefs, 64(10), 1142—
1146.

Frear, D. (2017). Packaging Materials [Electronic version]. In Springer Handbooks
(p. 1). Springer, Cham.

Fry, D. (2012). Understanding Voltage-Reference Temperature Drift. Retrieved 15
February 2016, from http://www.maximintegrated.com/an4419

Fry, D., & Laumeister, B. (2013). Understanding Voltage-Reference Topologies and
Specifications. Retrieved 15 February 2016, from
http://www.maximintegrated.com/an719

Furuta, M., Nozawa, M., & Itakura, T. (2011). A 10-bit, 40-MS/s, 1.21 mW Pipelined
SAR ADC using Single-ended 1.5-bit/cycle Conversion Technique. /EEE
Journal of Solid-State Circuits, 46(6), 1360—1370.

Gao, J., Li, G., & Li, Q. (2015). Central Span Switching Structure for SAR ADC with
Improved Linearity and Reduced DAC Power. IEICE Electronic Express, 12(5),
1-10. https://doi.org/10.1049/e1.2010.0706

Gupta, M., Srivastava, R., & Singh, U. (2014). Low Voltage Floating Gate MOS
Transistor Based. International Scholarly Research Notices, 2014(February), 1—
6. https://doi.org/10.1155/2014/357184

Harikumar, P., & Wikner, J. J. (2015). Design of a Reference Voltage Buffer for a 10-
bit 50 MS / s SAR ADC in 65 nm CMOS. In 2015 IEEE International
Symposium on Circuits and Systems (ISCAS) (pp. 249-252). IEEE.
https://doi.org/10.1109/ISCAS.2015.7168617

Hedayati, R. (2011). A Study of Successive Approximation Registers and
Implementation of an UltraLow Power 10-Bit SAR ADC in 65nm CMOS
Technology [Electronic version]. Master Thesis Linkoping University.

Huang, C., Ting, H., & Chang, S. (2016). Analysis of Nonideal Behaviors Based on
INL / DNL Plots for SAR ADCs. IEEE Trans. Instrum. Meas, 65(8), 1804—1817.

Hung, C., & Chu, H. (2016). A Current-Mode Dual-Slope CMOS. [EEE Sensors
Journal, 16(7), 1898—1907.

IEEE. (1994). IEEE Standard for Digitizing Waveform Recorders. In in I[EEE Std
1057-1994 (pp. 1-10). https://doi.org/10.1109/IEEESTD.1994.122649

IEEE. (2011). IEEE Standard for Terminology and Test Methods for Analog-to-
Digital Converter. In IEEE Std 1241-2010 (Revision of IEEE Std 1241-2000)
(pp. 1-139). https://doi.org/10.1109/IEEESTD.2011.5692956

Inamdar, A., Sahu, A., Ren, J., & Setoodeh, S. (2015). Design and Evaluation of Flash
ADC. [EEE Transactions on Applied Superconductivity, 25(1), 1-5.

125



https://doi.org/10.1109/TASC.2014.2365717

Infineon. (2010). ADC Measurement and Specification. Retrieved 5 March 2017,
from https://www.infineon.com/dgdl/ap3212111-ADC-Measurement-
v11.pdf?fileld=db3a304318f3fe2901191955cd3c2de3

Instruments, T. (2017). ADS892xB16-Bit,High-Speed SAR ADCs with Integrated
Reference Buffer, and Enhanced Performance Features. Data sheet. Retrieved
from http://www.ti.com/lit/ds/symlink/ads8924b.pdf

Instruments, T. (2018). REF20xxLow-Drift,Low-Power,Dual-Output, VREF and
VREF/2 VoltageReferences. Data sheet. Retrieved from
https://www.ti.com/lit/ds/symlink/ref2033.pdf?ts=1592646643658 &ref url=htt
ps%253A%252F%252Fwww.google.com%252F

Jeon, M., Yoo, W., Kim, C., & Yoo, C. (2017). A Stochastic Flash Analog-to-Digital
Converter Linearized by Reference Swapping. IEEE Access, 5, 23046-23051.

Jitendra. (2016). The Mystery of Monte Carlo Simulation. Retrieved from
https://www.vlsifacts.com/mystery-monte-carlo-simulation/

Jung, W. (1994). Getting the Most from IC Voltage References. Analog Dialog, 28—
1, 13-21.

Kamath, B. Y. T., Meyer, R. G., & Gray, P. R. (1966). Relationship Between
Frequency Response and Settling Time of Opertion Amplifiers. [EEE Journal of
Solid-State Circuits, 9(6), 347-352.

Kester, W., Sheingold, D., & Byrant, J. (2005). Fundamental of Sampled Data System
[Electronic version]. In Analog-Digital Conversion (pp. 57-77). Analog Device
Inc.

Kinget, P. (2006). Monte Carlo Simulation of Device Variations and Mismatch in
Analog Integrated Circuits. In Proceedings of The National Conference On
Undergraduate Research (NCUR) 2006 The University of North Carolina at
Asheville Asheville, North Carolina (pp. 2-9).

Konczakowska, A., & Wilamowski, B. M. (2010). Noise in Semiconductor Devices.
In Fundamentals of Industrial Electronics (pp. 11(1)-11(12)). Retrieved from
http://www.eng.auburn.edu/~wilambm/pap/2011/K10147 _CO11.pdf 21
November 2016

Koren, I., & Koren, Z. (1998). Defect Tolerance in VLSI Circuits: Techniques and
Yield Analysis. In Proceedings of the IEEE (Vol. 86, pp. 1819-1838).

Korhonen, E. (2010). On-chip Testing of A/D and D/A Converters Static Linearity
Testing without Statistically Known Stimulus. Phd Thesis University of Oulu.

Ku, I. N., Xu, Z., Kuan, Y. C., Wang, Y. H., & Frank, M. C. (2012). A 40-mW 7-bit
2.2-GS/s Time-Interleaved Subranging CMOS ADC for Low-Power Gigabit

126



Wireless Communications. /[EEE Journal of Solid-State Circuits, 47(8), 1854—
1865.

Kuijik, K. E. (1973). A Precision Reference Voltage Source. IEEE J. Solid-State
Circuits, 8, 222-226.

Law, M. K., Member, S., Bermak, A., Member, S., Luong, H. C., Member, S., & An,
A. (2010). A Sub- uW Embedded CMOS Temperature Sensor for RFID Food
Monitoring Application. IEEE Journal of Solid-State Circuits, 45(6), 1246—
1255.

Lawhale, P. R., & G, S. (2014). CMOS Based Low Pass Filter for Biomedical
Applications. International Journal of Engineering Research and Applications,
25-30.

Le Dortz, N., Blanc, J. P., Simon, T., Verhaeren, S., Rouat, E., & Urard, P. (2014).
22.5 A 1.62 GS/s Time-interleaved SAR ADC with Digital Background
Mismatch Calibration Achieving Interleaving Spurs Below 70dBFS. In Solid-
State Circuits Conference Digest of Technical Papers (ISSCC), 2014 IEEE
International (pp. 386—388). https://doi.org/10.1109/ISSCC.2014.6757481

Lechner, A., & Richardson, A. (2008). Chapter 7: Test of A/D Converters from
Converter Characteristics to Built-in Self-test Proposals. In Test and Diagnosis
of Analogue, Mixed-Signal and RF Integrated Circuits: The System on-Chip
Approach (pp. 1-2). University of Lancaster, UK.

Lee, C., Kim, W., Kang, H., & Ryu, S. (2013). A Replica-Driving Technique for High
Performance SC Circuits and Pipelined ADC Design. IEEE Transactions on
Circuits and Systems I1:Express Brief, 60(9), 557-561.

Lee, L., Sylvester, D., & Blaauw, D. (2017). A Subthreshold Voltage Reference with
Scalable Output Voltage for Low-power loT Systems. IEEE Journal of Solid-
State Circuits, 52(5), 1443—-1449.

Leung, K., & Mok, P. (2003). A CMOS Voltage Reference Based on Weighted/SPL
Delta/V/Sub GS/for CMOS Low-dropout Linear Regulators. /EEE Journal of
Solid-State Circuits, 38(1), 146—150.

Liang, Y., Ding, R., & Zhu, Z. (2018). A 9.1 ENOB 200MS/s Asynchronous SAR
ADC With Hybrid Single-Ended/Differential DAC in 55-nm CMOS for Image
Sensing  Signals. [EEE  Semnsors  Journal, 18(17), 7130-7140.
https://doi.org/10.1109/JSEN.2018.2856103

Liangbo, X., Jiaxin, L., Yao, W., & Guangjun, W. (2014). A low-power CMOS Smart
Temperature Sensor for RFID Application. Journal of Semiconductors, 35(11),
5-12. https://doi.org/10.1088/1674-4926/35/11/115002

Liu, C. C., Chang, S. J., Huang, G. Y., & Lin, Y. Z. (2010). A 10-bit 50-MS/s SAR
ADC with a Monotonic Capacitor Switching Procedure. /IEEE Journal of Solid-
State Circuits, 45(4), 731-740.

127



Liu, Y., Zhan, C., Wang, L., Tang, J., & Wang, G. (2018). A 0.4-V Wide Temperature
Range All-MOSFET Subthreshold Voltage Reference with 0.027% Line

Sensitivity. IEEE Transactions on Circuits and Systems II: Express Briefs.,
65(8), 969-973.

Lundberg, K. H. (2002). Analog-to-Digital Converter Testing. Retrieved from
https://pdfs.semanticscholar.org/7ft6/ 3 March 2017

Luo, J., Li,J.,Ning, N, Liu, Y., & Yu, Q. (2018). The Effects of Comparator Dynamic
Capacitor Mismatch in SAR ADC and Correction. I[EEE Access, 8, 7037-7043.

Luu, D., Kull, L., Toifl, T., Menolfi, C., Brandli, M., Francese, P. A., ... Yueksel, H.
(2018). A 12-bit 300-MS / s SAR ADC With Inverter-Based Preamplifier and
Common-Mode-Regulation. /[EEE Journal of Solid-State Circuits, 53(11),
3268-3279. https://doi.org/10.1109/JSSC.2018.2862890

Malcovati, P., Maloberti, F., Pruzzi, M., & Fiocchi, C. (2014). Curvature-compensated
BiCMOS Bandgap with 1-V Supply Voltage. /IEEE J. Solid-State Circuits,
36(7), 1076—1081. https://doi.org/10.1109/4.933463

Mancini, R. (2004). The Ultimate Zener-diode Reference. Retrieved 20 October 2016,
from www.EDN.com

Mansour, I. Ben, Maghrebi, R., Si, N., & Touayar, O. (2017). Design and
Implementation of a Platform for Experimental Testing and Validation of
Analog-to-digital Converters : Static and Dynamic Parameters. International
Journal of  Metrology and Quality Engineering, 13(8).
https://doi.org/10.1051/ijmqe/2017012

Max, S. (1989). Fast Accurate and Complete ADC Testing. In Proceeding of IEEE
International Test Conference (pp. 111-117).

Maxim. (2001). INL / DNL Measurements for High-Speed Analog-to- Digital
Converters ( ADCs ). Retrieved 3 March 2017, from
http://www.maximintegrated.com/an283

Maxim, L. (2018). MAX 11902 18-Bit, 1Msps, Low-Power,Fully Differential SAR
ADC. Retrieved 3 April 2018, from
https://datasheets.maximintegrated.com/en/ds/MAX11902.pdf

McConaghy, T., Breen, K., Dyck, J., & Gupta, A. (2013). Variation-Aware Design of
Custom Integrated Circuits: A Hands-on Field Guide. In Fast PVT Verification
and Design (pp. 13-39). Springer, New York, NY. https://doi.org/10.1007/978-
1-4614-2269-3

Mehrjoo, S., Taherzadeh-sani, M., & Nabki, F. (2016). A 27 mV Output Ripple 92 %
Efficiency Buck Converter Using a Multi-Bit Delta-Sigma Modulator Controller
and Segmented Output Switch in 180 nm CMOS. In 2016 IEEE International
Conference on Electronics, Circuits and Systems (ICECS) (pp. 129-132).
https://doi.org/10.1109/ICECS.2016.7841149

128



Michael, Kamath, A., Su, F., Hu, J., Yu, X., Fong, V., ... Kwan, T. (2014). An 11.5-
ENOB 100-MS/s 8mW Dual-reference SAR ADC in 28nm CMOS. In 2014

Symposium on VLSI Circuits Digest of Technical Papers (pp. 1-2).
https://doi.org/10.1109/VLSIC.2014.6858453

Miguel, P., & Fernandes, A. (2009). High PSRR Low Drop-out Voltage Regulator
(LDO) [Electronic version]. Master Thesis Universidade Tecnica de Lisboa.

Miller, P., & Moore, D. (1999). Precision voltage references. Analog Applications
Journal, (November), 1-5.

Moon, K., Jo, D., Kim, W., Choi, M., & Ko, H. (2019). Pipelined-SAR ADC With
Current-Mode Residue Processing in 28-nm CMOS. IEEE Journal of Solid-State
Circuits, 54(9), 2532-2542. https://doi.org/10.1109/JSSC.2019.2926648

Na, J., Shin, W., Kwak, B., Hong, S., & Kwon, O. (2017). A CMOS-based
Temperature Sensor with Subthreshold Operation for Low-voltage and Low-
power On-chip Thermal Monitoring. Journal of Semiconductor Technology and
Science, 17(1), 29-34.

Oljaca, B. M., & Baker, B. (2009). How the voltage reference affects ADC
performance , Part 2. Analog Applications Journal, (3Q), 13—16.

Park, Y., Kim, H., Ko, Y., Mun, Y., Lee, S., Kim, J., & Ko, H. (2017). Low Noise
CMOS Temperature Sensor with On-Chip Digital Calibration. Sensors and
Material, 29(7), 1025-1030.

Pertijs, M. A. P., Makinwa, K. A. A., Member, S., & Huijsing, J. H. (2005). A CMOS
Smart Temperature Sensor With a 3 Inaccuracy of 0.1C From 55 C to 125 C.
IEEE Journal of Solid-State Circuits, 40(12), 2805-2815.

Petrovi¢, V., EIMezeni, D., Djuric, R., & Popovi¢ Bozovic, J. (2017). Analysis of Area
Efficiency of 12-bit Switched-Capacitor DAC Topologies used in SAR ADC. In
Proceedings of 4th International Conference on Electrical, Electronics and
Computing Engineering, ICETRAN 2017, Kladovo, Serbia (pp. 1-6).

Piessens, T., Steyaert, M., & Bach, E. (2002). A Difference Reference Voltage Buffer
for AY-Converters. Analog Integrated Circuits and Signal Processing, 31-37.

Pini, A. (2018). Match the Right ADC to the Application. Retrieved 2 December 2018,
from  https://www.digikey.kr/en/articles/techzone/2018/apr/match-the-right-
adc-to-the-application

Poonam, Duhan, M., & Saini, H. (2013). Design of Two Stage Op-Amp. International
Journal of Advanced Trends in Computer Science and Engineering, 2, 50-53.

Pugliese, A., Amoroso, F. A., Cappuccino, G., & Cocorullo, G. (2008). Settling-Time-
Oriented Design Procedure for Two- Stage Amplifiers with Current-Buffer
Miller Compensation. In 2008 4th European Conference on Circuits and
Systems for Communications (pp. 114—117).

129



https://doi.org/10.1109/ECCSC.2008.4611658

R. J. Widlar. (1971). New Developments in IC Voltage Regulators. IEEE Journal of
Solid-State Circuits, 6, 2—7.

Rapuano, S., Daponte, P., Balestrieri, E., Vito, L. De, Tilden, S. J., Max, S., & Blair,
J. (2005). Part 6 in a Series of Tutorials in Instrumentation and Measurement.
IEEE Instrumentation & Measurement Magazine, 8(December), 44-54.
https://doi.org/10.1109/MIM.2005.1578617

Razavi, B. (2002). Design of Analog CMOS Integrated Circuits. Tata McGraw-Hill.

Redoute, J. M., & Steyaert, M. (2010). Kuijik Bandgap Reference with High Immunity
to EML. IEEE Transactions on Circuits and Systems 11: Express Brief, 57(2), 75—
79.

Reeder, Ro. (2015). An Inside Look at High-Speed ADC Accuracy, Part 2. Retrieved
1 May 2016, from https://www.electronicdesign.com/adc/inside-look-high-
speed-adc-accuracy-part-2

Renesas. (2005). Voltage Reference Application and Design Note. Retrieved 1 May
2016, from https://www.renesas.com/in/en/www/doc/application-
note/an177.pdf

Rice, J., & Sandler, S. (2013). Techniques for Accurate PSRR Measurements. Analog
Applications Journal, 40, 19-21.

Rincon-mora, G. A., & Allen, P. E. (1998). A Low-Voltage , Low Quiescent Current
, Low Drop-Out Regulator. IEEE Journal of Solid-State Circuits, 33(1), 36—44.

Rincon-Mora, G. A., & Allen, P. E. (1998). A Low-voltage, Low- quiescent current,
Low drop-out regulator. IEEE Journal of Solid-State Circuits, 33(1), 36—44.

Sadollahi, M., Hamashita, K., Sobue, K., & Temes, G. (2018). An 11-bit 250-nW 10-
kS/s SAR ADC with Doubled Input Range for Biomedical Applications. /EEE
Transactions on Circuits and Systems I: Regular Papers, 65(1), 61-73.

Semiconductor, N. (2016). AN11657 NHS3xxx Temperature Sensor Calibration
Application Note. Retrieved 20 July 2017, from
https://www.nxp.com/docs/en/application-note/ AN11657.pdf

Serov, A.N., Serov, N.A. and Makarychev, P. K. (2018). Evaluation of the Effect of
Nonlinearity of the Successive Approximation ADC to the Measurement Error
of RMS. In 2018 International Symposium on Industrial Electronics (INDEL),
1-6.

Shan, H., Iii, J. P., Tsai, M., Tang, Y., & Conrad, N. J. (2018). A Low Power CMOS
Temperature Sensor Frontend for RFID Tags. In 2018 IEEE 18th Topical
Meeting on Silicon Monolithic Integrated Circuits in RF Systems (SiRF) (pp. 15—
18).

130



Shen, H., Li, L., & Zhou, Y. (2007). Fully Integrated Passive UHF RFID Tag with
Temperature Sensor for Environment Monitoring. In 2007 7th International
Conference on ASIC (pp. 360-363).

Shim, M., Jeong, S., Myers, P. D., Bang, S., Shen, J., Kim, C., ... Jung, W. (2017).
Edge-pursuit Comparator: An Energy-scalable Oscillator Collapse-based
Comparator with Application in a 74.1 dB SNDR and 20 kS/s 15 b SAR ADC.
IEEE Journal of Solid-State Circuits, 52(4), 1077-1090.

Shrivastava, A., Craig, K., Roberts, N. E., Wentzloff, D. D., & Calhoun, B. H. (2015).
5.4 A 32nW bandgap reference voltage operational from 0.5 V supply for ultra-

low power systems. In 2015 IEEE International Solid-State Circuits
Conference-(ISSCC) Digest of Technical Papers (pp. 1-3).

Siva, M., & Chakravarty, A. (2015). Reference Circuit Design for a SAR ADC in SoC
[Electronic version]. In Freescale Semiconductor Application Note (pp. 1-12).

Song, Y., Xue, Z., Xie, Y., Fan, S. and Geng, L. (2016). A 0.6-V 10-bit 200-kS/s fully
differential SAR ADC with incremental converting algorithm for energy
efficient applications. /EEE Transactions on Circuits and Systems I: Regular
Papers, 63(4), 449—458.

Song, Y., Xue, Z., Xie, Y., Fan, S., & Geng, L. (2016). A 0 . 6-V 10-bit 200-kS / s
Fully Differential SAR ADC With Incremental Converting Algorithm for
Energy Efficient Applications. /EEE Transactions on Circuits and Systems I:
Regular Papers, 63(4), 449—458. https://doi.org/10.1109/TCS1.2016.2528080

Souri, K., Chae, Y., & Makinwa, K. (2013). A CMOS temperature sensor with a
voltage-calibrated inaccuracy of ?70.15??C (3??) from -55 to 125??C. IEEE
Journal of Solid-State Circuits, 48(1), 292-301.
https://doi.org/10.1109/ISSCC.2012.6176978

Steyaert, M., & Craninckx, J. (1994). 1.1 GHz Oscillator using Bondwire Inductance.
Electronics Letters, 30(3), 244-245.

Tang, H., Sun, Z. ., Chew, K., & Siek, L. (2014). A 1.33um,8.02-ENOB 100 kS/s
Successive Approximation ADC With Supply Reduction Technique for

Implantable Retinal Prosthesis. /EEE Transactions on Biomedical Circuits and
Systems, 8(6), 844—856.

Teel, J. C. (2005). Understanding Power Supply Ripple Rejection in Linear
Regulators. Analog Applications Journal, 8—11.

Ting, H. W., Liu, B. D., & Chang, S. J. (2008). A histogram based testing method for
estimating A/D converter performanceNo Title. /EEE Trans. Instrum. Meas,
57(2),420-427.

Torres, J., El-Nozahi, M., Amer, A., Gopalraju, S., Abdullah, R., Entesari, K., &

Sanchez-Sinencio, E. (2014). Low drop-out Voltage Regulators: Capacitor-less
Architecture Comparison. IEEE Circuits and Systems Magazine, 14(2), 6-26.

131



https://doi.org/10.1109/MCAS.2014.2314263

Tuthill, M. (1998). A Switched-Current, Switched-Capacitor Temperature Sensor in
0.6- m CMOS. IEEE Journal of Solid-State Circuits, 33(7), 1117-1122.

Walsh, A. (2013). Voltage Reference Design for Precision Successive-
Approximation ADCs. Analog Dialogue, 47(6), 1-4.

Wei, H., Chan, C. H., Chio, U. F., Sin, S. W., U, S. P., Martins, R. P., & Maloberti, F.
(2012). An 8-b 400-MS/s 2-b-Per-Cycle SAR ADC With Resistive DAC. IEEE
Journal of Solid-State Circuits, 47, 2763-2772.

Wei, R. (2018). A Low Power Energy-Efficient Precision CMOS Temperature Sensor.
Micromachines, 9(6), 257. https://doi.org/10.3390/mi9060257

Whelan, B. (2009, March). How to Choose a Voltage Reference. Linear Technology
Magazine.

Wu, C., & Yuan, J. (2019). A 12-Bit, 300-MS/s Single-Channel Pipelined-SAR ADC
With an Open-Loop MDAC. [EEE Journal of Solid-State Circuits, 54(5), 1446—
1454. https://doi.org/10.1109/JSSC.2018.2886327

Wu, J., Zhang, H., Wang, H., Zheng, L., & Li, B. (n.d.). Conducted Immunity of
Bandgap in SOI Technology After Electrical Stress Aging. In 2018 IEEE
International Symposium on Electromagnetic Compatibility and 2018 IEEE
Asia-Pacific Symposium on Electromagnetic Compatibility (EMC/APEMC) (pp.
692—694).

Wu, L., Yu, M., & Li, F. (2012). An on-chip Smart Temperature Sensor Based on
Bandgap and SAR ADC. In 2012 IEEE 1 1th International Conference on Solid-
State and Integrated Circuit Technology (pp. 4-6).

Wu, T., Law, M., Mak, P., & Martins, R. P. (2013). An Ultra - Low Power CMOS
Smart Temperature Sensor for Clinical Temperature Monitoring. 20/3 IEEE
International Conference of Electron Devices and Solid-State Circuits, (3), 5—6.

Xingyuan, T., Jianming, C., Zhangming, Z., & Yintang, Y. (2010). A High
Performance 90 nm CMOS SAR ADC with Hybrid Architecture. Journal of
Semiconductors, 31(1), 015002(1-7).

Xu, Z., & Byun, S. (2020). A Poly Resistor Based Time Domain CMOS Temperature
Sensor with 9b SAR and Fine Delay Line. Sensors, 20(2053), 1-13.

Xue, J., Ghaedrahmati, H., & Jin, J. (2018). A 10-bit 160MS /s SAR ADC with Fast-
Response Reference Voltage Buffer. In 2018 [4th IEEE International
Conference on Solid-State and Integrated Circuit Technology (ICSICT) (pp. 1-
3).

Yang, Y., Zhou, J., Liu, X., & Goh, W. L. (2018). A 10-Bit 300 kS/s Reference-
Voltage Regulator Free SAR ADC for Wireless-Powered Implantable Medical

132



Devices. Sensors, 18(7), 213 1. https://doi.org/10.3390/s18072131

Zadeh, K. (2013). Sensor. An Introductory Course (pp. 11-29). Springer.
https://doi.org/10.1007/978-1-4614-5052-8

Zahrai, S. A., & Onabajo, M. (2018). Review of Analog-To-Digital Conversion
Characteristics and Design Considerations for the Creation of Power-Efficient

Hybrid Data Converters. Journal of Low Power Electronics and Applications,
8(12), 1-29. https://doi.org/10.3390/jlpea8020012

Zhao, C. (2014). CMOS on-Chip Temperature Sensors for Power Management. Phd
Thesis lowa State University.

Zhou, X., & Wang, J. (2017). A High-precision CMOS Temperature Sensor. In 2017
International Conference on Computer Systems, Electronics and Control
(ICCSEC) (pp. 1599-1602).

Zhou, Y. (2017). Voltage References as Flexible Low-Drift DC Voltage or Current
Sources. In Tips and tricks for Designing with Voltage References. Texas
instrument. Retrieved from www.ti.com/vrefebook%0A%0A

Zhu, Y., Chio, U.-F., Wei, H.-G., Sin, S.-W., U, S.-P., & Martins, R. . (2008). A
Power-efficient Capacitor Structure for High-speed Charge Recycling SAR
ADCs. In 2008 15th IEEE International Conference on Electronics, Circuits and
Systems, 642—645.

Zhu, Z, Xiao, Y., & Song, X. (2013). VCM-based Monotonic Capacitor Switching
Scheme for SAR ADC. Electronics Letters, 49(5), 327-329.

Zhu, Zhangming, & Liang, Y. (2015). A 0.6-V 38-nW 9.4-ENOB 20-kS/s SAR ADC
in 0.18um- CMOS for Medical Implant Devices. /IEEE Transaction on Circuit
and System-1:Regular Papers, 62(9), 2167-2176.
https://doi.org/10.1109/TCS1.2015.2451812

133



BIODATA OF STUDENT

Siti Idzura Yusuf received Degree of Bachelor Electrical Engineering (Computer
Engineering) in 2003 and Degree of Master Electrical Engineering in 2007 from
Universiti Tun Hussein Onn Malaysia (UTHM). She is a lecturer in UTHM and
currently pursuing the Ph.D. degree in Department of Electrical and Electronic
Engineering, Universiti Putra Malaysia. Her current research collaborate with MIMOS
Berhad in smart temperature sensor, voltage reference and differential SAR ADC.

136



LIST OF PUBLICATIONS

Journals

Idzura Yusuf, S., Shafie, S., & Majid, H. A. (2018). A 1.2V, 7.5 ppm/° C Bandgap
Reference with Start-up and Power Down Circuit. Jounal of Physics:
Conference Series, 1049(1), 012075. IOP Publishing.

Idzura Yusuf, S., Shafie, S., & Majid, H. A., Halin, I. A. (2020). Differential Input
Range Driver for SAR ADC Measurement Setup. Indonesian Journal of
Electrical Engineering and Computer Science, 17(2), 750-758. Institute of
Advanced Engineering and Science

Conferences and Proceedings

Yusuf, S. L., Majid, H. A., Musa, R., Sidek, R. M., Halin, I. A., & Shafie, S. (2018,
November). Input Range Driver for Measurement of a Differential 10 bit SAR
ADC. In 2018 IEEE 5th International Conference on Smart Instrumentation,
Measurement and Application (ICSIMA) (pp. 1-4). IEEE.

(Best paper Award)

137



UNIVERSITI PUTRA MALAYSIA
STATUS CONFIRMATION FOR THESIS / PROJECT REPORT AND COPYRIGHT

ACADEMIC SESSION :

TITLE OF THESIS / PROJECT REPORT :

NAME OF STUDENT :

| acknowledge that the copyright and other intellectual property in the thesis/project report
belonged to Universiti Putra Malaysia and | agree to allow this thesis/project report to be placed at
the library under the following terms:

1. This thesis/project report is the property of Universiti Putra Malaysia.

2. The library of Universiti Putra Malaysia has the right to make copies for educational purposes
only.

3. The library of Universiti Putra Malaysia is allowed to make copies of this thesis for academic
exchange.

| declare that this thesis is classified as :

*Please tick (V)

CONFIDENTIAL (Contain confidential information under Official Secret
Act 1972).
RESTRICTED (Contains restricted information as specified by the

organization/institution where research was done).

il

OPEN ACCESS | agree that my thesis/project report to be published
as hard copy or online open access.

This thesis is submitted for :

PATENT Embargo from until
(date) (date)

i

Approved by:

(Signature of Student) (Signature of Chairman of Supervisory Committee)
New IC No/ Passport No.: Name:
Date : Date :

[Note : If the thesis is CONFIDENTIAL or RESTRICTED, please attach with the letter from the
organization/institution with period and reasons for confidentially or restricted. ]





