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ABSTRACT
Image sensors consist of a pixel array where each pixel consists of a
photosensitive diodes and an amplifier. These photodiodes take a portion of an image and
convert it into electrons. Pixels produce an electrical signal representing the image.
Analog-to-digital converters are used to convert the measured analog output signal into
an easily readable digital form. The desired information regarding the signal is easily

acquired from this digital signal.

Project Goals

e To test the performance of the delta sigma modulator used in CMOS imagers. The
chip is fabricated in the MOSIS using 0.5um process.

e To design a delta sigma modulator to reduce the effects of mismatch.

Project Organization
Chapter one: A description of CMOS imagers and pixel implementation. In addition, the
various types of ADCs used in the imaging system are discussed.
Chapter two: A description of different blocks used in a DSM: NMOS source follower,
feedback circuit and comparator. In addition, the operation of the entire DSM circuit is
discussed.
Chapter three: A description of the DSM circuit design used to eliminate mismatch and a

description of the D-flipflop counter.
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Chapter four: The results obtained from testing the DSM chip and also the simulation

results obtained from the circuit designed to eliminate mismatch.

Chapter five: The conclusion and future work of the design
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CHAPTER 1: INTRODUCTION

CMOS Image Sensors

Imaging systems convert an image into a signal that is indicative of the image.
There is a tremendous demand for integration of image sensors with circuits. These
include circuits for driving the image sensor and for performing on-chip signal
processing. This level of electronic integration results in good imaging performance with
low noise. This led to the development of CMOS image sensors as CMOS is readily
accessible and implementation of on-chip signal processing circuit is easy. This is the
reason why CMOS image sensors are considered to be more popular when compared to
charge coupled devices [1]. Image sensors consist of a pixel array where each pixel
consists of a photosensitive diode and an amplifier. These photodiodes take a portion of
an image and convert it into electrons. Pixels produce an electrical signal representing the
image. Analog-to-digital converters are used to convert the measured analog output
signal into an easily readable digital form. Advantages of the CMOS imager when
compared to charge coupled devices are low cost, less power consumption and operation
at low voltages and compatibility between the electronic devices integrated on-chip [2].

CMOS image sensors are classified into two types depending on the pixel

implementation.

Passive Pixel Image Sensor

This topology of sensor consists of only one transistor, which acts as a switch and

a photodiode as shown below in figure 1.1. When the switch is closed the voltage across




the photodiode charges the column bus capacitance. Passive pixel image sensors appear

to be simple, but noise and scaling problems are some of the issues associated with them

[3]).
{51
1|
Column bus capacitance
Figure 1.1 Passive pixel image sensor
Active Pixel Image Sensor

In comparison to passive pixel image sensors, the active pixel uses more than one
transistor. Here the photodiode coverts the light intensity applied to it into a charge. This

charge is then converted 1o a voltage and passed to the column bus capacitance [4].

1“_@ 1DD
| —(
ResetN ”i“
|
Ligha I &
u

photodiode ™
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RowN T

Column bus capacitance

Figure 1.2 Active pixel image sensor




CMOS Image Sensor Architecture

Rur:v select | Pixel
logic amay

Timing and control <]
Analog-to
digital

converiers

I I—D Column select

Digital output

Figure 1.2 CMOS image sensor architecture
Typically CMOS image sensors consist of an array of pixels as shown in figure
1.2. In this architecture only one row is selected at a time using row select logic. The
selected row of pixels is then connected to the APSs, which perform several functions
such as charge integration, sample and hold, etc. Each column of the pixel has an analog-
to-digital converter, which converts the analog output from the APS to digital output.

This column select line is used to read the digital value representation out of ADC or the

analog output from APS [3].




Analog-to-Digital Converter

Analog-to-digital converters play a very important role in imaging systems. These
converters are used to convert the measured analog output signal into an easily readable
digital form. The desired information regarding the signal is easily acquired from this
digital signal. One of the drawbacks associated with these ADCs is that they limit the
speed of the entire circuit. Therefore, selection of an ADC with high speed and good
resolution is very important for the performance of the overall system. Various types of
ADCs used in imaging systems are flash ADC, integrating ADC, sigma-delta ADC, and
successive approximation ADC [5].

Flash ADCs are extremely fast when compared to all the ADC architectures
mentioned above. But the main disadvantage associated with this architecture is complex
analog design due to the use of 2"-1 comparators connected in parallel. This parallel
architecture leads to a mismatch between the comparators, an increase in power
consumption, and an exponential increase in area with increase in number of bits. As a
result this type of ADC is not typically used beyond 10 bits of resolution [5).

The successive-approximation ADC, also known as bit-weighing conversion,
consists of S/H circuit, comparator, successive approximation register and DAC. The
analog output of DAC is compared to the applied analog input signal to get the desired
result [6]. The performance of this architecture lies between flash ADC and dual-slope
ADC, which is discussed later in this section. This ADC is slower in speed but has high

resolution when compared to the flash ADC. When compared to integrating ADC they

are higher in speed and lower in resolution [7].
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The basic principle of operation for the integrating ADC is that the digital output
is obtained by integrating the input signal over a certain time period. Some types of
integrating ADCs are single-slope ADC, dual-slope ADC and multi-slope ADC. Though
the most widely used among these architectures is the dual-slope ADC (7).

The delta sigma modulator is the most commonly used ADC architecture in
CMOS imager sensors because of its high resolution, use of low precision analog
components, low cost and compatibility with component. A first order delta sigma

modulator is shown in the following figure 1.4.

Integrator Comparstor

| o _r Counter

-

Figure 1.4 First order Delta Sigma Modulator
The first order delta sigma modulator consists of a summer, integrator, quantizer
(comparator) and a counter. The counter performs digital filtering. The input signal V, is
fed into the integrator via a summing junction. The output of the integrator is fed into the
comparator, which is a 1-bit quantizer. Then the output of the quantizer is fed to the

digital filter and also to the summation junction where the difference between input and

output signals is taken [8][9].




Two important techniques used by the DSM are oversampling and noise shaping.
Oversampling reduces the quantization noise by sampling the input signal at a frequency
greater than the nyquist frequency. Noise shaping distributes the quantization noise over
a greater bandwidth so that it is low in the band of interest. The following graph in figure

1.5 shows the noise shaping of an oversampled first order DSM.

&

FREQUENCY BAND
OF INTEREST

SIGHAL SPECTRUM

QUANTIZATION MOISE

FREGUENLY

1]
:-al.-‘,;T‘

Figure 1.5 Noise shaping of oversampled 1" order DSM[9]

The purpose of the digital filter in DSM is to attenuate the signal and the
quantization noise, which are present outside the bandwidth of interest in order to provide
sharp cutoff at the bandwidth of interest. The following are the graphs that demonstrate
the shape of quantization noise in the out-of-range bandwidth before filtering and after

filtering [9].
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Figure 1.6 Before filtering [9] Figure 1.7 After filtering [9]




CHAPTER 2: SENSE AMPLIFIER DESIGN

Block Diagram
The block diagram of the delta sigma modulator is shown in figure 2.1. The
reference voltage from the pixel is sampled onto the hold capacitor in the reference path

using the S/H circuit and then the desired voltage is sampled in the signal path.

Feedhack
Reference path

.
Voliage SO ,
from tha 5/H circuil V-l converter
pixel

Sigma !r‘ -« V| Sensing
=/ carcuit
SM circuit V-l converner
—_—
Signal path

Figure 2.1. Block diagram of Delta Sigma Modulator
Reference voltage and signal voltage are converted into currents using voltage-
current converters. The NMOS source follower acts as a voltage to current converter. The
difference between these currents is fed into the sigma capacitor. The difference in the

currents is taken in order to subtract out the variations in threshold voltage of the NMOS

source follower from pixel to pixel.




The voltage from the sigma capacitor and the reference path voltage are compared
using a sensing circuit. A clocked comparator with SR latch is used as the sensing circuit.
Feedback path is enabled or disabled depending on the output of the sensing circuit.

A switched capacitor circuit is used to implement a feedback circuit. The
feedback circuit is enabled when the current in the reference path is different from the
current in the signal path. And then the feedback circuit tries to equalize currents in both
the paths. The desired signal is obtained by comparing the currents in the reference path

and the signal path and by averaging the number of times the feedback path is enabled.

Sample and Hold

One of the basic S/H circuits is shown in the figure 2.2. When the clk signal goes
high M1 is on and the input signal, V;, charges the hold capacitor (C;,). When the clk
signal goes low M1 is off, however, the capacitor remains charged with the same voltage
level as the input signal. The reason the capacitor is called a hold capacitor is because it
holds the charge even after the switch is closed. The disadvantage of using a single
NMOS or PMOS as a switch is the presence of charge injection and clock feedthrough,

which results in non-linearity and reduction in resolution.

clk

Vi, _J:[ Vou
M1 1 c

.

Figure 2.2. Basic S/H circuit




Charge Injection:

When the clk signal goes high M1 is on and a channel consisting of mobile
charges is formed under the gate oxide and the capacitor is charged with the input
voltage. When M1 is off, the charge under the gate oxide is injected onto either side of
the MOSFET. This results in some of the charge being injected towards the input signal
and some towards the hold capacitor. Because of this injected charge, the voltage

sampled onto the hold capacitor changes [4].

clk

L

Figure 2.3 Circuit showing charge injection

Charge Feedthrough:
As figure 2.4 illustrates when M1 is on, the clk signal is fed through the C and

1%
4 @g&'— mi N L ;”

Cga, which has no effect on the output voltage. The capacitor, Cs, is charged with the

input voltage.

Figure 2.4. Circuit showing clock feedthrough
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When M1 is off, a voltage divider is formed between the Cy/Cyy and C;,. Clk
signal is fed through this voltage divider resulting in a change in voltage across the
capacitor [4].

Charge injection and clock feedthrough can be avoided by using the transmission
gate (TG) rather a single NMOS or PMOS switch. The advantages of using TG as a
switch are (i) full logic level swing; it can pass logic high and logic low without a
threshold voltage drop, (ii) lower resistance because the NMOS and PMOS are connected
in parallel, and (iii) the charge released from both NMOS and PMOS devices are equal
and opposite tending to cancel each other. TG has a larger layout area when compared to
single NMOS and PMOS devices, and requires two clk signals. Figure 2.5 shows a

simple sample and a hold circuit implemented using TG.

clkr
i
i1 202 Vit
202
= Cy=1pF
Voltages from the pixel e l
clks
o . e
2002 Nis
2002 i (B
| Ci=1pF
clksi I

Figure 2.5, Sample and hold circuit with TG
The simulation below shows that TG1 is tumed on first, resulting in sampling the

reference voltage, and then TG2 is turned on sampling the signal voltage on the hold

capacitor.

‘—‘




i — velks+l2 volksi+18
— vl — velkri+b
: : Clock signals for TG2
T — fasacscgins ST o T
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£ SRR SV SUSISRESEUPS: ST (eSS S
L E 1y 1 1 e M. , ............. ............ L e —— ..... l ..... ..
] H i = 4 -
50 Jf = : i | Clock signals for TG
0.0 ' - T :
0.0 0,2 0.4 0.6 0.8 1.0
time us
» Time

Figure 2.6. Showing clock signal used to turn on TGs
From the simulation below, Vris 2.5V is sampled first, and Vg is 2.2V is
sampled after a delay of 0.1u. The simulation shows that the voltage on the hold capacitor

remains at 2.5V or 2.2V even after the TGs are tumed off.

v — yret — ¥s1g
- [ e gesrednasiizy fmmmms s e
: I— Reference voltage :
2.5 : : ; : ;
Voltage ! i ! g ;
p i ||| PO PR N besscnnmsnsans basssmmesssnss e ey ;
—— | Signal voliage : : :
B .- - ecenserern et aecennes
Pl | e P = : iy Fras e i
|t e e et B S e L e B g g e S S ey f

0.0 n:2 0.4 0.6 0.8 1.0
time usS
* Time

Figure 2.7. Showing reference voltage and signal voltage
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Voltage to Current Converter
NMOS source followers perform voltage to current conversion. The reference
voltage V¢ is sampled first and converted into reference current |, and then the signal

voliage V, is sampled and converted into signal current L;; as shown in figure 2.8.

cllx DD
. -
= | ] raf l
E'_-L._ _L 1 MI
= it 1 C = 3
= : A
£ L &
i =+ -
5L
—r" Vgt om
sy I RSy’ R

.

Figure 2.8. Voltage to current conversion
Some of the disadvantages of using the above topology are (i) the value of the
resistor can vary with temperature, process characteristics, etc., and (ii) large layout area.
In order to overcome these disadvantages a swilched capacitor resistor is used instead of
a resistor. Figure 2.9 shows a voltage to current converter implemented using SCR. A

PMOS device with source, drain and body connected to VDD is used as a switched

capacilor.




13

p-F

&
g
-~
%
1l
=
L
£
H“
N
&

. I

‘g ; ;EC $1 5 ¥DD
£ 7 I }_-'
:E @:H Cacn
-

V=g

v Le=(e Vi F-Csca
T 4t

—vr mHD—%@

¢“147 Cicz

Figure 2.9. Voltage to current conversion using SCR
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Feedback Circuit

The feedback circuit is implemented using switched capacitor resistor as shown

below.,

?,
a4

-
i'h,l__JEL_AI_‘E— YVin2
L
£

Figure 2.10. SCR implemented using NMOS device
1 and ¢, are non-overlapping clock si gnals, they are never high at the same time for

NMOS and never low at the same time for PMOS. If Vi 1>Vip2 and ¢, is high then M1 is

on and the capacitor is charged to voltage Vi, [4].




Therefore the charge stored on the C is given as,

g =C'II'J:=:|:I

When ¢, is high M2 is on and the capacitor is discharged to voltage V.

Therefore the charge stored on the C is given as,

Q] = C'Hn]

Difference between the charges Q, and Q, is transferred between Viniand V

during every clock interval.

O~ =C-(Vii—-Vin2)
Average current transferred is given by,

Fare C-(Viu—Vin2)
| TRy By
i

.|" __WMI_V[nl}
L T e e,
R

Equating (2.4) and (2.5),
CVin—Vir)_ (Vin—Vie2)
T R

R:I where T=—
[

Therefore,

R=1_

€

..(2.1)

in2-

--:(2.2)

2

.+.(2.3)

(2.9)

..(2.5)

.o (2.0)

csk2T)

.+.(2.8)

The resistor value depends on the clock frequency and on the capacitance so SCR___

can be used for realizing large resistors like more than MQ by simply adjusting the clock

[requency. The advantage of using a switched capacitor circuit is that it occupies a
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smaller layout area when compared to the resistor. The disadvantage of using a switched
Capacitor circuit is that the circuit is complicated because of the usage of two clock

signals [4].

v —wphil — vphi2+6

15 0 e e Ratattan i U

10
Voliage '
5 s
0 b
10.0
* Time
Figure 2.11. Showing non-overlapping clocks
L — wcap
T A e e Lo

Lof
0o .
-1 ol I i
0.0 2.0 d.0 6.0 8.0 iD.0
Lime us
* Time

Figure 2.12. Showing the voltage across the capacitor using NMOS switch




Figure 2.12 show that the capacitor is not completely charged to 5V and this is
because of the presence of body effect in NMOS. For PMOS devices the body effect can
be eliminated because they can be fabricated in their own wells and have separate bodies.
Figure 2.13 shows SCR implemented using PMOS switches. Capacitor charges all the

way to SV.

v — wCap

Bl e em s me e e b s e b L e S e e e
0.0 2.0 4.0 6.0 8.0 10.0
tims uS
* Time

Figure 2.14. Showing voltage across the capacitor using PMOS switch




Input Circuit of DSM
vDD DD
010 yg {i Az 1010
Vaig
Vref
Vreferenee M3 40m 0010
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Vil | ... ]I (i}
VDD VDD

L .
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o,

! Unlabeled
<7 NMOS=20/2

Figure 2.15 DSM input circuit

NMOS common drain amplifier is used to perform the voltage to current
conversion. M3 and M4 are made wider so that their Vs is close to Vy;,,. When the
V reference 18 greater than Vsignat, the current flowing through M3 increases because the gate-
source voltage increases, but the current flowing in M4 decreases because gate-source
voltage is less. Because of the PMOS current mirror the current flowing in M1 (reference

path) is mirrored onto the other side (M2). So the difference between the currents

flowing in the reference path and the signal path charges the capacitor C,.
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v — VBUCK —— VBUCKB
4.
28
Voltage
;o R, - R | B, — -
0.0 i . : :
0.0 2.0 4.0 6.0 B.0 10.0
time x uS
» Time

Figure 2.16 Simulation showing inputs to the comparator

Figure 2.16 shows that voltages V. and V., ideally follow each other because of the

feedback circuit.
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Comparator

A clocked comparator with SR latch is used as the sensing circuit as shown

below,

Vieep _4
Vinm

4
q

'IE
™
1
U

V.

o]

e B
[ |
LY e Af
& & <
. gy S —
Uniabeled: NMOS=20/2 Qe £
PMOS=302

Figure 2.17 Comparator with SR latch
When clk is high, M5 and M6 are umed off whereas M7 and M8 are on causing
both the outputs V. and Vum to go low and the outputs of the SR laich to remain
unchanged. When clk is high there is no path from VDD to ground. Inputs Vi, and Vi,
are compared when clk goes low. If Vi,>Vium when clk is low the current flowing M1 is

less when compared to the current flowing in M2 because V; of M1 is less than V,, of

M2. M5 and M6 are on when clk is low whereas M7 and M8 are off causing Vg, to go
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to high and Q to go low. This increases the gate voltage of M9 causing it to turn on and
pulls Vgum low and {T high. The operation of the figure 2.17 is shown below. Vi, is at
2.5V and Vi, is at 2V. When clk (phi2) is high both the outputs are low but when clk

(phi2) is low and Vipp>Vinm, Vourp 15 high and Vo is low.

v — 0+13 — Qi+l
voutm+6 — youtp+b

— vinp — phi2
20.0 e e R T . by =2 A

4}

: ' : :
Voliage : v —50)

Y

P ey SR co o L [ B e
i ” Vmp

0.0 .
100.0 200.0 00 .0 400.0 500 .0

time nS

* Time

Figure 2.18 Showing the operation of the comparator

v — vinp
O+6

pE P

— : i : S —

15 g':.__.__k__.,.,_-;,--,--,---...-.,i..,..........._..EL-----. -

: ——4 : : I

Voltage ; ' ' :

i [ [ H

| — g — — — Ji= —
— —_— - - — —F C— —;

100.0 200.0 300.0 400 .0 2000

.

* Time

Figure 2.19. Showing the operation of figure 2.16 with Vinp swept from 2V to 2.5V
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Delta Sigma Modulator

.
T
8 -
Pl

voltages from the picel

L
L! — Ll - Q
. | e |

Figure 2.20 Delta Sigma Modulator
Voltages from the pixels are sampled onto the hold capacitors. First the reference
voltage is sampled followed by signal voltage. Voltages are converted into currents using
NMOS source follower. If Vefeence > Vignal then the current flowing in reference path
(M3) is more than the current flowing signal path (M4). The current flowing is M1 is
mirrored onto M2 and the difference between reference current and signal current is used
to charge the capacitor on node V. Capacitor on node Vi is at lower voltage when

compared to V.. When §; is low Vo, will go high and Vo will go low causing Q to

go low and Q to high. When Q is low the feedback path is disabled decreasing the current




is reference path and increasing the voltage on node V. until the currents in both paths
are equal.

Qs given to the up-counter, which counts the number times the feedback path is
enabled. The desired signal from the column voltage can be determined by comparing the

reference current to signal current and by averaging the number of times the feedback

path is enabled to equalize the currents in both the paths.
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CHAPTER 3: DSM DESIGN FOR OFFSETS

No Offset
Figure 3.2 is the simulation of the DSM circuit shown in figure 3.1 without

offset. V.=2.5V and V;=2.3V.

V
L DSM shown

in fig. 2.20

———Vou

Vs[g ——]

Figure 3.1 Block diagram of DSM without offset

4. 0H--4F--f-1--

Voltage
4

2. 0H==1--

Start sensing at 2us

Figure 3.2 Simulation showing the count of DSM without offset
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Inverters

| v — put

E.EI---u-u----u--u--;---------.-~—-v—--——.———-————--:—--*-——---,- ————————— ;
| : E i : : [l
| 4_|:| 4L - | . . = = = Py, ' = &) - :._ RS [ A ——————
| ! = Out (V
| Voltage N (Vo)
I 2.004-4---1-F-0---0---4---1--- '.;' T EEE EE BE !- - “_',_________5'

N 1) 17 T 0 5 0 O A O
| . i : | ' :
| = IR e RS e R e e e e T S e e = s
| 0.0 2l0 4.0 6.0 g.0 10.0 12.0 14.0

time _ us
T Time

[ Start sensing after 2us

Figure 3.3 Output of DSM circuit shown in figure 2.20

Figure 3.3 shows the output of the DSM circuit shown in figure 2.20 Voup (OUt),
which is given to the input of the counter. When Vg, is fed to the counter there is a
possibility that the counter will count the glitches shown in the above simulation, which
gives an incorrect count. In order to avoid this error inverters are used at the output of the

DSM as shown in figure 3.4.

Ve Outt) Our2

Vir- ]
DEM counter
circuit

Vout

Figure 3.4 DSM circuit with inverters and a counter
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10

Voltage

-5

— out

0

Count=12

Ou2 {output
afier the two
inverters)

L

-----
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. ',-.—h Out{V )

¥
dessses

0

- i -

B.0 10.0

0

12

6.0

4

—-
Stant sensing after 2us uS Time

Figure 3.5 Simulation showing the output before and after inverters

b
L]
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Counter
In this project an edge-triggered D-FF is used as a counter. The output of the D-

FF changes at the rising edge of the clock.

s clk
c &
o ;O
w I oo : 3
= T
o clk

c S .

clk oIk N4
O

..
Ti
A

clk set

cir
Figure 3.6 D-FilpFlop

When clk is low T1 and T4 are on. T2 and T3 are off. The D input is passed to
the node 1. When clir is low the output of N1 is always high. Now when clk goes high TI
and T4 are off while T2 and T3 are on. If set is high Q=0 and Q=1. When clr and set both
go high and input D is high then Q=1 and Q=0 and if input D is low then Q=0 and Q=1.
When clr is high and set is low then Q=1 and Q=0 for both high or low on input D. When

clr and set both go low then both Q and Q are high. Figure 3.7 shows the simulation,

which demonstrates the working of D-FF.
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v set+13 — glxr+19
— q+27 —clk
A W N— :
5 i [0 :
30 . Dpeefodroepommnacacans eeen U -------------
1 : i—vr.:lr :
P e e fossssasuasaes :
: st
TP ] T e o PO e SNy SN oo e L D -
IN000nnANNNNOnNEIONAACS
D.0 . :
0.0 5.0 10.0 15.0
time usS

Figure 3.7 Simulation showing the working of D-FF

Figure 3.8 shows how the counters are connected to form an architecture called
ripple-up counter. This project uses 10-bit counter where 10 counters are connected to
each other as shown in the below architecture. Output Q from the previous counter is fed
into the input D of the same counter and also to the clk of the next counter. The count
generated by each counter is given by the output Q. The output by of the first counter

represents (2”.x0) where xg is either high or low. Similar b, is (2'.x,) and finally by is

(2% x9).
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— ek Q
— b
L1 D Q 2
—1 clk -{:l_
L1 D Q by
’— cik Q
l— D Q bo
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Figure 3.8 Ripple up counter

v — bi1+6  Start sensing after lus
b3+20 ——b2413

3““[ Count =(2°0)+(2-0)+(2> 1)+(2* 1)=12

20.0 : ! R bomemeaa :
Valiage : : ! !
2 : : : :

¥ —

0.0 ; :
T ) 11 et e LT oo RO, R e e A -
0.0 210 4.0 6.0 8.0 10.0 12.0 14.0
time us
* Time

Start sensing after 2us

Figure 3.9 Simulation showing the output of the counter
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With Offset

In the DSM sensing circuit there are two separate paths one for reference voltage
and the other for signal voltage. There is a possibility that there can be a mismatch
between these paths like threshold voltage mismatch, mismatch in the resistance, etc.
Because of this mismatch the image will have vertical streaks, which will reduce the
quality of the image. Figure 3.10 shows the block diagram of DSM circuit with an offset
voltage. This offset voltage is just a model of the difference between the reference path

and the signal path. This voltage can be either positive or negative [4].

Vn:f

DSM shown

Viig @ | in fig. 2.20

Vs

Figure 3.10 Block diagram of DSM with offset

VDD
| T

b

g (T
c
vl WO,
e on Ve i ’.mzv’n, VoV
f,,f=-"’R:d—”“l Ry R g Rii

=~

Figure 3.11 Voltage to current conversion
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Figure 3.11 shows the voltage to current conversion in the DSM circuit with an
offset voltage connected in series with the gate of the NMOS in signal path.

Current flowing in the reference path is,

Vi =V,
Ly=r2—00 ..(3.1
ref er

Let Vi s =Vig—Vie where V=reference voltage and Vg, =threshold voltage

Current flowing in the signal path,

Vi +Vo Ve

(32
Rug ]

I

LetVig s =Vig Vi where V,,=signal voltage

Over a period of time the charge on the capacitor C remains on average a constant.

Therefore,
La =l -..(3.3)
Vuf.ﬂqt:v-l:.#"'vﬂ ‘__[3.4}
R R..
l |
Where Ry=——+r—— and R =
V=) €
N
—Vognn _Vig stV ---(3.3)

1 |

f{_‘.ﬂ‘E f_{'
N

(N-¥) o ...3.6)

Vu;.uluur =V¥ruf kit

Figure 3.13 shows the output of the DSM after the inverters.
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Ve Out?
e T et

Ve _@_ 220

Figure 3.12 DSM circuit with inverters and counter

Vv — — out2+6

L 1

R R
o NN RERNEN NN
Vol ; : : : ; :
e S O0k-mgegft-- ' 1 e e B I St
T H " -|| I ||1 ] || r” Couni=15
0.0 . L . f
SIS | [ SS—— .........L....;;--L---,..-.J.__‘_.__E_,.......‘E...‘.-;,...-
0.0 2|0 4.0 6.0 8.0 10.0 12.0 14.0
time us

Start sensing at 2us

Figure 3.13 Simulation showing the output of DSM with V.= -50mV

v — bl+é — bi}
bi+20 —b2+13

e Count=(2"1+2" )+2* 1)+2" 1)=15
20.0 -_ _

10,0l _

0.0
ST | N, SIS £ USRS ORI RO, (e o

0D.o 2.0 4.0 6.0 B.0 10.0 12.0 14.0

Figure 3.14 Showing the output of the counter in figure 3.12
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Eliminating Offset
In order to reduce the effects of mismatch the inputs of the DSM are switched
halfway through the sense time i.e during first half of the sense time when S is high the
offset in on the signal voltage path and during the other half of sense time when S is low
the offset is on the reference voltage path as shown in figure 3.15. Doing this will average
out the mismatch ideally to zero [4). The topology shown in figure 3.15 will work only if

the difference between V, and Vi is greater than V...

b=

Vi

Wi

[

o

N

Figure 3.15 Switching the inputs halfway through the sense time
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When the input voltages are switched the feedback circuit must also be switched.

eal] - =

Ur:!"—_i j
VitV

g os

e Jjﬁ%“

VDD VDD

o

5

Figure 3.16 Feedback Circuit when S is high

]

VDD

- T

T P
v 3

Figure 3.17 Feedback Circuit when S is low
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Figures 3.16 and 3.17 show that the feedback circuit is always applied to the

reference path even though the feedback circuit is switched.

During the first half of the sense operation the schematic of DSM is as shown below.

DD VDD
lﬂ-il 1810 Vsigl
S o e
Vref [02 ﬁ 92 E I—fl v
e —G) S R Y s
Vs ? Q [ =
®1.\ DD

b

"m_.E o1\
LT &
-
Figure 3.18 Voltage to current conversion during first half of the sense time

Current flowing in the reference path is,

wa_“?' Ve
f.-.,rr=—;— -(3.7)
o
Let anm =Vr.,r _Vm
f,'f.:M _”(313}
2Rees

Current flowing in the signal path is,

i"’u; + “E _V.Iﬁ-l
2

Inrl:'___'_‘h-_ -1.{3.9}

sig
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I_.Erl. Vn'gvr&iﬁ =Vu; ""Vm.rr

fﬂglzz—i‘"%fg#“" ...(3.10)
ig

I 1
— = _ anll Riu=—t
o= 4 R

N

Where R.s=

During the second half of the sense operation the inputs are switched and the

feedback circuit is also switched as discussed earlier in this chapter.

DD

DD
F sg = q

‘ﬂ;@—llﬁ [%En: %E e

sz

Vref @ ik et
+Vos?2 > v
‘-BD_[ $1 N ¢1 N\ \DD

d:l\ '1f-$

Figure 3.19 Voltage to current conversion during second half of the sense time

Current flowing in the reference path is,

Vas

V.-qf + 2—Vm
lrgpr=——e—— «(311)
 § R”f
Let Vier snip =Vieer — Vi
4 .
Loy =2Vt itV ...(3.12)

2 R rief
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Current flowing in the signal path is,

Vie ™ —Virn

r,.,1=—Rll—— ...(3.13)
i

I_g[ Vq_” =V_u‘ -VM

f",:gv_:!_-"_!:_"r: ...(3.14)

1
N

Where Ry =

Because of the comparator and the feedback circuit the charge on the capacitor is
constant. Therefore,
fnf1+f.qf!=fn|;+fq1 .:.03:15)

Substituting the values for L.q. Lo, L and L

2Ry 2Ry 2Ru 2R
Ve  Vegonn Viasas  Verow .17
Re Rees Ry R
—— —Substituting the values for R.¢ and Ry,

V-fl-w :V”'i# .(3.18)

fC(N-M} fC

N
N-M

Vi sV aa M) ...(3.19)

N

N= number of times the DSM circuit is clocked

M=number of times the output goes high




37

Figure 3.20 shows the block diagram of the complete DSM circuit designed 1o
eliminate the effects of path mismatch. Inverters are connected at the output of the DSM

in order to eliminate the glitches as discussed in the earlier part of this chapter.

v k-
i I"__
|__ dsmout out
T v ¥ Vou
—D‘D—Do_ counter
v '
: [ ] 3 DSM circuit
L} L shown in fig. 3.15
L 8 Ve

L} ﬂ'j

Figure 3.20 Block diagram representation of DSM circuit designed to eliminate
olfset

Figure 3.21 shows the simulation of figure 3.20 with an offset voltage of -50mV.,
Whenever starting the sense operation or switching the inputs in between the sense
operation there will be a starting transient. That is the reason the counter is disabled

during the start of sense operation and again in between the sense operation when the

inputs are switched as shown in figure 3.21.
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v —b2+13 h3+gﬂ
— bi — bl+b6
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16.0f-=en-e=o ~-:-v-4:~— S iel et Tt bod gk (R | ainni 1
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0.0 210 4.0 6.0 8.0 10.0 12.0 14{0 16.0
time uS

*  Sensetime ¢ —»  Sepsatime

Figure 3.21 Simulation of figure 3.20
Count during the first half of the simulation i.e. when the offset in on the signal

voltage path (2us to Tus),

Ci=brtb+br+b=(2"0)+(2"0)+2"x) (320

Gi=(2" 1)+ D2 D2 D)=142+4 ...(321)

Ci=7 ..(3.22)

Count during the second half of the simulation i.e. when the offset in on the

reference voltage path (9us to 14us),

Ci=b+h+brts .«.(3.23)

C:=(2" 12 0 (2* N)=1+0+4 ...(3.24)
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C:=5 ...(3.25)

Adding equations (3.22) and (3.25) will give the total count,
Count=C+C:=T+> ...(3.26)
..(32D

Count=12

Count given by equation (3.27) is same as the count generated by the simulation

in figure 3.2, which is the count generated by the DSM circuit without offset.



CHAPTER 4: RESULTS

oUT

Test Setup
Power ™
supply DSM CHIP
CLK
Funiction
generdior

Jscilloscope

Figure 4.1 Schematic diagram showing test setup

The power supply voltage (VDD=5V) is applied to the DSM chip from the triple
outlet DC power supply. Clock of frequency 10MHz with amplitude of 5V is applied to
the chip from the waveform function generator. Reference voltage, which is constant, is
applied to the chip from the power supply. The signal voltage (V) is varied using the
power supply generator. The digital output of the DSM chip is displayed on the

oscilloscope. The amplitude of signal pulse is 5V, and the width of signal pulse is

100ns.
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Results Obtained from Testing DSM Chip

Reference voltage (V=2.5V), which is constant, is applied to the chip from the
power supply. The signal voltage (Vsig) is varied from 2.5V to 0.7V using the power
supply generator where 0.7V is the threshold voltage.
Vi =2.5V Vi =0.7V
N =100, Where N = number of times DSM is clocked
Hand calculations:
Vit shit =Vorg —Viaa =2.5V 0.7V =1.8¥
For Vig =24V Vig.ap =Vig—Van=24V-0TV=1TV
Simulation results:
Vig =2.4V

Vig e =%ﬂ~f—-ﬁﬂ

M:&asslmwninﬁgurcd.z,wlﬂehlmumhﬂﬂfﬁmﬂigoﬁlﬁgh

94
V..'-,“ =ﬁﬂ 8=1 W

Testing Results:
Vig=24V

Viig.snip =‘ﬁ%ﬂd-w

M=5, where M=number of times Qi goes high

5
Vi =%x1 =171V
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time

v

Sensing after 2us

Figure 4.2 Showing the output of the DSM circuit shown in figure 2.20

Table 4.1 Tested and Calculated signals for constant reference voltage (V,.=2.5V)

and different signal voltages
Signal Vii>Vay Hand Count, M SIM Count, M Testing
voltage Calculations (from results (from results
(Viig) Viig shint SIMS) Viig shift testing) Vg shift
25 0 1.8 1 1.78 0 1.8
2.45 0.05 1.75 4 1.72 1 1.782
24 0.1 1.7 6 1.69 5 1.71
2.35 0.15 1.65 10 1.62 T 1.674
23 0.2 1.6 12 1.58 11 1.602
2.25 0.25 1.55 15 1.53 13 1.56
22 0.3 1.5 18 1.47 17 1.49
2.15 0.35 1.45 21 1.42 20 1.44
2.1 0.4 1.4 23 1.38 23 1.38
2.05 0.45 1.35 26 1.33 25 1.35
2 0.5 1.3 29 1.28 29 1.28
1.95 0.55 1.25 32 1.22 33 1.2
1.9 0.6 1.2 34 1.18 35 1.17
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1.85 0.65 1.15 38 1.11 38 1.11
1.8 0.7 1.1 40 1.08 41 1.06
1.75 0.75 1.05 43 1.02 47 0.954
1.7 0.8 1 46 0.97 50 0.9
1.65 0.85 0.95 49 0.91 50 0.9
1.6 0.9 0.9 51 0.88 50 0.9
1.55 0.95 0.85 54 0.82 57 0.77
15 1 0.8 57 0.77 61 0.702
1.45 1.05 0.75 60 0.72 63 0.66
1.4 1.1 0.7 63 0.66 67 0.594
1.35 1.15 0.65 65 0.63 69 0.558
1.3 4 0.6 67 0.59 80 0.26
1.25 1.25 0.55 70 0.54 81 0.34
1.2 1.3 0.5 73 (.48 85 0.27
1.15 1.35 0.45 75 0.45 89 0.198
1.1 1.4 0.4 78 0.39 90 0.18
1.05 1.45 0.35 8l 0.34 91 0.162
1 1.5 0.3 83 0.3 93 0.119
0.95 1.55 0.25 86 0.25 94 0.108
0.9 1.6 0.2 88 0.21 96 0.072
0.85 1.65 0.15 90 0.18 97 0.054
0.8 1.7 0.1 92 0.14 98 0.026
0.75 1.75 0.05 94 0.1 98 0.026
0.7 1.8 0 97 0.054 98 0.026

Figure 4.3 shows the comparison between the count generated from the
simulations and the count generated from testing the chip. Count is the number of times

Qi goes high.




R

|r_ - |
\ Coum vs Vref-Vsig
|
| 100
[ au ; T . = ]
g w e
20 = oL SIMS a—
ST EL Ko
0 put= — '
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Vref-Vsig (Vref=2.5V)

Figure 4.3 Count generated from testing the DSM chip (V,4=2.5V)
Figure 4.4 shows the comparison between the shified signal voltage (Vigain)
gencrated from the simulations and the shified signal voltage (Vg wun) generated from

testing the chip.

5]

tn

e
i

Shifted signal voltage
(=] -

Figure 4.4 Comparison between hand calculations and testing results
Figure 4.5 shows the comparison between the count generated from the

simulations and the count generated from testing the chip for V=2.6V. Count is the

number of times Qi goes high.




45

Count vs Vref-Vsig

‘ 100
I 80
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_ (§ 40 : @ Testresuts ||
| 20 f WO . {  sms
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G o 95 © & O 1. “ -]
“..\' o q;# - 04‘ o \63 A \_f.g) B \ﬁ_g, B

Vrel-Vsig (Vref=2.6V)

Figure 4.5 Count generated from testing the DSM chip
Figure 4.6 shows the comparison between the shified signal voltage (Vg win) generated
from the simulations and the shifted signal voltage (Vi 2us) generated from testing the

chip for V=2.6V.

B3 oA =b
@ NN

o
a

Shifted signal voltage

(=]

Figure 4.6 Comparison between hand calculations and testing results
The non-linearity observed in figure 4.3 and 4.5 is due to the following reasons,
1) As signal voltage (V) approaches the threshold voltage
2) Body effect of the NMOS source follower

3) Limited to 100 count
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Simulation Results of DSM Designed to Eliminate Mismatch
Negative offset voltage
Power supply voltage, VDD=5V. Clock of frequency 10MHz with amplitude of
5V is applied to the DSM circuit. Threshold voltage, Vie=0.TV
Reference voltage, V.y=2.5V
Signal voltage varying from Ve, =2.4-0.7V
Hand calculations:

Vot sttt =Vieg ~Vitm =2.5V 0.7V =1 .8V

For v“t::"."v. V.,, et ZV..' V= 24VO0TV=LTV
Simulation Results:
Without offset

N-
Vi g N” Virii

N=1000 , where N = number of times DSM is clocked
M=61, where M=number of time the output Qi goes high

V...,_M=-?£|.E=l.ﬁ'?v
1000

Eliminate offset
Offset voltage, Ve=-50mV

N-M

thg.lhﬂ' = 'V;rj T N - ] MJ' H.nd M=ﬁﬂ'

940

Vu;.ahu'r =ﬁﬂ] 8=1.69V
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Table 4.2 Simulated and Calculated signals for constant reference voltage
(Voer=2.5V) and different signal voltages

Signal Viei - Count Count Count Viigsnin | Viiganin | Vsiganin
Voltage Vg (M) (M) (M) Hand no eliminate
Vi no offset with eliminate | cals offset offset

offset offset (-50mV)
(-50mV) | (-50mV)

24 0.1 61 92 60 1.7 1.69 1.69
2.35 0.15 90 118 89 1.65 1.63 1.63
i 0.2 118 147 118 1.6 1.58 1.58
2.25 0.25 147 175 147 1.55 153 1.53
22 0.2 175 204 176 1.5 1.48 1.48
2.15 0.25 203 232 205 1.45 1.43 1.43
2.1 04 231 260 232 1.4 1.38 1.38
2.05 0.45 259 288 262 133 1.33 1.32
2 0.5 287 316 290 1.3 1.28 1.27
1.95 0.55 316 344 318 1.25 1.23 1.22
1.9 0.6 343 373 347 1.2 1.18 1.17
1.85 0.65 371 400 376 1.15 1.13 1.12
1.8 0.7 400 429 404 1.1 1.08 1.07
1.75 0.75 428 456 433 1.05 1.02 1.02
| 57 0.8 455 484 461 | (.98 0.97
1.65 0.85 484 511 489 0.95 0.92 0.91
1.6 0.9 511 539 517 0.9 (.88 0.86
1.55 0.95 537 566 544 (.85 0.83 0.82
1.5 1 563 593 572 0.8 0.78 0.77
1.45 1.05 391 620 599 0.75 0.73 .72
1.4 1.1 617 647 627 0.7 0.68 0.67
1.35 1.15 644 672 654 0.65 0.64 0.62
1.3 1.2 670 700 630 0.6 0.59 0.57
1.25 1.25 698 726 709 0.55 0.54 0.52
1.2 1.3 724 752 732 0.5 0.49 0.48
1.15 1.35 751 777 759 0.45 0.44 0.43
1.1 1.4 797 805 783 0.4 0.4 0.39
1.05 1.45 a04 828 811 0.35 0.35 0.34
1 1.5 829 854 840 0.3 0.3 0.28
0.95 1.55 855 879 860 0.25 0.26 0.25
0.9 1.6 880 899 890 0.2 0.21 0.19
0.85 1.65 902 928 014 0.15 0.17 0.15
0.8 1.7 928 950 922 0.1 0.12 0.14
0.75 1.75 949 982 045 0.05 0.09 0.09
0.7 1.8 990 998 996 0 0.025 0.025
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Count vs Vref-Vsig ‘
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Figure 4.7 Count generated by figure 2.20 and by figure 3.7 with

Ves=-50mV
Count vs Vref-Vsig
1000 — — "
o
S
800 = |
kg
Lo |
g
£ 600 f———————————————d
S J_,L\L
Q ‘LqL
O 400 -—-—-_..11;_#’— = =
aA —8— o ofiseat
A
200 =4 .
r‘t"n. efiminate offset{-50mV)
1 e
{] f L T T T
o Q‘]‘? " Q‘;’ o G‘:‘j’ L .\t\" Ny .\Pf’ N .:f'"

| Vref-Vsig (Vref=2.5V)

- 1

Figure 4.8 Count generated by figure 2.20 and by ligure 3.15 with
Vos=-50mV

Below figure shows the count generated by the DSM without offset and DSM

circuit with offset (Vo= -50mV) for Vg, from 2.2V to 1.95V. The plot shows that the
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number of times the output Qi goes high is different without offset and with the presence

of offset. This results in reduction in quality of the image.

Count vs Vref-Vsig
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Figure 4.9 Showing the count in figure 4.7
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Figure 4.10 Showing the count in figure 4.8
Figure 4.10 shows the count generated by the DSM without offset and the DSM
sensing circuit designed to eliminate offset (Vo= -50mV) for Vg, from 2.2V to 1.95V.

The plot shows that the number of times the output goes high is approximately the same

without offset and even with the presence of offset.
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Figure 4.11 shows the comparison between the shifted signal voltage (Vg shin)
generated from the hand calculations and the shifted signal voltage (Vsigsnin) generated

from simulations for V=2.5V and V,=-50mV.

Shifted signal voltage vs Signal voltage
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| Signal voltage ‘

Figure 4.11 Comparison between hand calculations and simulated results

Positive offset voltage

Power supply voltage, VDD=5V, Clock of frequency 10MHz with amplitude of
5V is applied to the DSM circuit. Threshold voltage, Vi, =0.7V

Reference voltage, Viy=2.5V

Signal voltage varying from Vi, =2.4V-0.7V

Offset voltage, V,.=50mV
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Figure 4.12 Count generated by figure 2.20 and by figure 3.7 with
Vo= S0mV
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Figure 4.13 Count generated by figure 2.20 and by figure 3.15 with
Vo =S0mV
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Below figure shows the count generated by the DSM without offset and DSM
with offset (offset voltage is SOmV) for Vg, from 2.2V to 1.95V. The plot shows that the
number of times the output Qi goes high is different without offset and with the presence

of offset. This results in reduction in quality of the image.
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Figure 4.14 Showing the count in figure 4.12
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Figure 4.15 Showing the count in figure 4.13
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Figure 4.15 shows the count generated by the DSM without offset and the DSM
designed to eliminate offset (offset voltage is S0mV) for Vi from 2.2V to 1.95V. The
plot shows that the number of times the output goes high is approximately the same
without offset and even with the presence of offset.

Figure 4.16 shows the comparison between the shifted signal voltage (Vg shin)
generated from the hand calculations and the shifted signal voltage (Vg shin) generated

from simulations for V=2.5V and V=50mV.

Shifted signal voltage vs Signal voltage
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Figure 4.16 Comparison between hand calculations and simulated results




54

Resolution of the DSM
The resolution can be calculated by using the equation shown below:

VLot 230D g gy
N 1000

Table 4.2 shows that when the input changes from 2.4V to 2.3V the difference in
the count is 57, from 2.3V to 2.2V the count difference is 57, from 2.2V to 2.1 V the
difference is 56, from 2.1V to 2V the difference is 56, from 2V to 1.95V the code is 57.
Consider an average change of 56 counts per 100mV change in the input voltage in order
to get a better estimation for the resolution. So,

Vi =100mY _; 95my
57

Vref,jﬂltﬁ =Vr¢5‘N =]. ‘?ﬁm'l‘r'i [m

S0, Vierstin=1.75V and Viua=Vees =Veer.snin =0.75V
Calculations of the shifted reference and signal voltages using V,,,=0.72V instead of
Vu=0.7V are shown below:
V=25V, Vieranin=2.5-0.75=1.75V
1) For V=24V
Viigshin=2.4-0.75=1.65V (Hand cals)

1000-61

Vsig.shifie= 1.75=1.64V (SIMS)

2) For Vg=2.3V

Viigshin=2.3-0.75=1.55V (Hand cals)




1""rslg.f.hal'l—

Table 4.3 Simulated and Calculated signals for constant reference voltage

1000118
000

1.75=1.54V (SIMS)

(Ver=2.5V) and different signal voltages

Signal | V- | Count | Viigshin Viigshifi Vsig shift Vg shin
Voltage | Vg Hand cals | SIMS | Handcals |SIMS
Vg V=07V | Vip=0.7V | Vipe=0.75V | Vipy=0.75V
24 0.1 61 1.7 1.69 1.65 1.64
2.35 0.15 90 1.65 1.63 1.6 1.69
23 0.2 118 1.6 1.58 1.55 1.54
225 0.25 147 1.55 1.53 1.5 1.49
2.2 02 175 1.5 1.48 1.45 1.44
2.15 0.25 203 1.45 1.43 1.4 1.39
2.1 0.4 231 1.4 1.38 1.35 1.34
2.05 0.45 259 1.35 1.33 1.3 1.29
2 0.5 287 1.3 1.28 1.25 1.24
1.95 0.55 316 1.25 1.23 1.2 1.19
1.9 0.6 343 1.2 1.18 1.15 1.14
1.85 0.65 371 1.15 1.13 1.1 1.1
1.8 0.7 400 1.1 1.08 1.05 1.05
1.75 0.75 428 1.05 1.02 l 1
1.7 0.8 455 1 (.98 0.95 0.95
1.65 0.85 484 0.95 0.92 0.9 0.9
1.6 0.9 511 0.9 (.88 0.85 0.85
1.55 0.95 537 0.85 .83 0.8 0.81
1.5 1 563 0.8 0.78 0.75 0.76
1.45 1.05 591 0.75 0.73 0.7 0.71
1.4 L1 617 0.7 (.68 0.65 0.67
1.35 1.15 644 0.65 0.64 0.6 0.62
1.3 L2 670 0.6 0.59 0.55 0.57
1.25 1.25 698 .55 0.54 (.5 0.52
I.2 1.3 724 0.5 0.49 0.45 0.48
1.15 1.35 751 0.45 0.44 0.4 0.43
1.1 1.4 171 04 0.4 0.35 0.39
1.05 1.45 804 0.35 0.35 0.3 0.34
1 1.5 829 03 0.3 0.25 0.29
0.95 1.35 855 0.25 0.26 0.2 0.25
0.9 1.6 B0 0.2 0.21 0.15 0.21
0.85 1.65 202 0.15 0.17 0.1 0.17
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0.8 L 928 0.1 0.12 0.05 0.12
0.75 1.75 949 0.05 0.09 0 0.08
0,7 1.8 990 0 0.025 -0.005 0.01

Shifted signal voltage vs Signal voltage |

A Ao 9 © 40 .9 1
o Q# '\.t\ B '\P@ s p:."' M rbéo 93 rl:g:

Signal voltage (Vthn=0.7)

o 2 |

= CHEES b

£ s - = : _ |

g > |

- 12 |

=

-g‘ 0.8 - = |

o ; —— Hand cals

£ 9 - siMs | |
P A -

ﬁ D-i#f-" T LN L] r I T rr7T vrraTT r 1T rrrr T v r 7

Figure 4.17 Comparison of voltages between hand calculations and simulated results

for Vip=0.7V
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Figure 4.18 Comparison of voltages between hand calculations and simulated results

for Vy,,=0.75V

It can be seen from the above two plot that the shifted signal voltage calculated

using Vin,=0.75V are closer to hand calculations when compared to the shifted signal

voltage calculated using V,=0.7V.




Chip Image
Figure 4.19 shows the layout of the DSM sensing circuit shown in figure 2.20.
This chip in fabricated in 0.5um process in the MOSIS. Apart from the entire DSM

sensing circuit test structures of buffer, comparator, DSM input circuit and nand gate

have also been laid out.

Test structure Test structure of
of an inverter a comparator

Test structure of
DSM input circuit

Sensing circuit
Test structure
of SR Laich

Figure 4.19 Layout of DSM sensing Circuit
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CHAPTER 5: CONCLUSION

A sigma delta modulator that eliminates the mismatch in the signal paths of the
sensing circuit has been designed. The inputs of the DSM are switched halfway through
the sense time so that the offset is on reference path for half the sense time and for
remaining half of the sense time the offset is on the signal path. Switching the inputs
results in eliminating the offsets by averaging the mismatch ideally to zero. The output of
the DSM is a digital output, which is used to determine the analog output coming from
the pixel. This digital output is given to the D-FF, which acts as a counter. The counter is
disabled during the start of sense operation and again in between the sense operation
when the inputs are switched. It counts the number of times the output of ADC has gone

high. The desired signal voltages can be determined from this count.

Future Work

In delta sigma ADC there can be a column mismatch, which means that in one
column the threshold voltages can be 490mV and 500mV which other column may have
threshold voltages of 510 and 520. This mismatch will reduce the quality of the image. A

sigma delta ADC, which eliminates the effects of column mismatch can be designed.




59

REFERENCES

. S.K. Mendis, S.E. Kemeny, R.C. Gee, C.O. Staller, Kim Quiesup, E.R. Fossum,
CMOS active pixel image sensors for highly integrated imaging systems, IEEE
Journal of Solid-State Circuits, vol. 32, n 2, Feb. 1997, pages 187-197.

. Hon-Sun Wong, Technology and device scaling consideration for CMOS
imagers, ITEEE Transactions on Electron Devices, vol. 43, n 12, pages 2131 -
2142, Dec. 1996.

. Eric. R. Fossum, CMOS Image Sensors: Electronic Camera-On-A-Chip IEEE
Transactions on Electron Devices, vol. 44, n 10, pages 1689 - 1696, Oct. 1997.
. R. Jacob Baker, CMOS Circuit Design, Layout and Simulation, John Wiley and
Sons publishers, ISBN 0-471-70055-X.

. ET. King, A. Eshraghi, . Galton, T.S Fiez, A Nyquist-rate Delta Sigma A/D
Converter, lEEE Journal of Solid-State Circuits, vol. 33, n 1, pages 45-52, Jan.
1998.

. Jens Sauerbrey, Doris Schmitt-Landsiedel, Roland Thewes, A 0.5V, [uW
Successive Approximation ADC, pages 247-250.

. Alex Shaland, Making Sense of Analog-To-Digital Converters, Machine Design,

pages 86-93, April 1990.




8. Grant Mulliken, Farhan Adil, Gert Cauwenberghs, Roman Genov, Delta-Sigma
Algorithmic Analog-to-Digital Conversion, Circuits and Systems, 2002. ISCAS
2002. IEEE International, vol. 4, pages IV-687-IV-690, May 2002.

9. David Jarman, A Brief Introduction io Sigma Delta Conversion, Intersil

Corporation, pages 1-4, May 1995.

60



