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ABSTRACT: ARM, which stands for "Array with Current-Mode Analog-to-Digital Converters," is a
new type of two-dimensional (2D) array that is being looked into as a possible tool for making current-mode
analog-to-digital converters. More and more people are using current-mode ADCs because they work better
at high speeds and use less power than other types of ADCs. These features are built into the ARM design to
make 2D arrays work better in many situations, such as picture sensors, signal processing, and
communication systems.Regular voltage-mode ADCs in two-dimensional arrays have issues like
complicated systems, broken signals, and using a lot of power. The suggested ARM design should take these
worries into account. The way the ARM design is set up now lowers noise, makes scaling easier, and makes
the system use less power. Because of this, it works great for systems that need up-to-date and correct data.
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1. INTRODUCTION

This chapter examines the application of the SIL ADC concept to two-dimensional arrays. The objective is

to ensure that every element of the array consists of a complete Analog-to-Digital Converter (ADC) and all
necessary front-end components. This system is comprised of a digital interface, data and sensor filters, and
analog-to-digital conversion capabilities, if required. By performing analog data multiplexing and column
reading, this software, which operates in high parallelism, efficiently reduces noise and enhances
performance. One of the most challenging tasks involves installing an entire ADC within a 100-meter-by-
100-meter area. Maintaining a precision of 60 decibels or higher is essential to ensure precise reception of
the data-carrying signal. The incoming signal comprises a substantial bias signal and a comparatively lesser
information signal, which accounts for approximately 1% of the bias signal. The complexity is further
compounded by the bias signal's negligible 1% volatility.

At this time, no 2D array implementation of a sensor array incorporates an ADC into a single component.

Due to the fact that the pixels in arrays employing column parallel ADCs are merely 10/tm x 10/tm, there is
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little detail. The term "pixel-level analog-to-digital conversion™ can refer to the collaboration of numerous

ADCs. Despite being referred to as "frames,” not all of these systems employ a complete ADC. The
references describe the operation of a single-pixel modulator. This component is critical, as filtration occurs
on an independent integrated circuit. At this time, no commercial analog-to-digital converters (ADCs)
operate at the pixel level. For them, the SIL ADC is utilized in this paper. This paper demonstrated an
application that implements the IBM Research "Millipede” data store concept. A report authored by Dr.
Teddy Loeliger (tlo@zurich.ibm.com) was the subject of our discussion. The subsequent paper will provide
a more comprehensive analysis of this concept. The inception of this notion originated from a research
article that was released as an outcome of a partnership between the Swiss Federal School of Technology in
Zurich and an electronic facility, IBM. A concept was formulated via collective endeavors encompassing
strategizing, simulation execution, and the construction of a microprocessor prototype. "ARNI" is the
abbreviation that signifies this concept. "472-ray sensor integrated circuit for millipede" is the definition of
the term. At present, technology is being employed to optimize the procedure of idea testing. Despite a
minor deviation of the circuits in the sample device from the initial design, the preliminary measurement

data remains valuable for validating the concept and advancing the ARAI project.

2. RELATED WORK

THE "MILLIPEDE

In micro and nano mechanics research, the IBM Zurich Research Laboratory in Rueschlikon employs the
term "millipede" to refer to a crucial concepts. The aims of this study are to explore the potential for atomic
force microscope (AFM) data storage at terabits per square inch and achieve exceptionally high data storage
rates. The concept is elaborately described in [bQ-]. A probe array for 2D atomic force microscopy (AFM),
the Millipede is capable of reading, writing, and erasing information from extremely thin polymer sheets.
Each individual element within the array is an AFM cantilever that features a minuscule apex along its
leading edge. The indentations made by the cantilever ends in the polymer layer are quantified in bits and
nanometers utilizing a thermomechanical local probe. A conceptual illustration of a millipede is presented in
Figure 1. By scanning the x and y axes of the cantilever array chip or the polymer film recording medium,
the method is executed. The storage media is in contact with the entire cantilever array through a feedback-
controlled z-approaching and leveling mechanism. Additionally, cantilevers integrated into the corners of
the array chip sustain and control the points' connection to the medium. Actuators along the x and y axes of

array circuits utilize electromagnetic force. Z-axis actuators reproduce this behavior.
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Fig. 1: The notion of millipede care. The cantilever array can be traversed, avoided, and moved through by
the polymer media by utilizing the X, y, and z actuators.

The storage field is examined by the x/y reader prior to chip maintenance. A storage field can solely be
written to and read from using arrays and cantilevers. This indicates that inverting the positions of the
cantilevers does not necessitate any modifications. As illustrated in Figure 2, the scanning electron images
provide a physical depiction of a 32x32 cantilever array. The overall dimensions of the storage medium are
smaller than 3 millimeters by 3 millimeters, based on the fact that each storage field measures 92
micrometers by 92 micrometers. Each storage field has the capacity to store 2.6 megabytes of data at a
density of 200 gigabits per square inch, per the information provided. With 1024 storage fields and a total
area of 9 mmz2, the array is capable of storing 2.7 GB of data. A time-multiplexed addressing method is
employed for both reading and writing operations, exhibiting similarities to dynamic random access memory

(DRAM). Each cell within a selected row is modified to have exact alignment.

32 x 32 Cantilaver Array

Cantilever

Fig. 2: An electron scanner captured an image of a semiconductor model composed of cantilevers in the
photographs.
The polymer undergoes degradation when both extremities of the cantilever are exposed to a robust electric
current and the tip is elevated to an approximate temperature of 400 °C. This refers to the inherent
configuration or form of an object. By doing so, an aperture of 40 nanometers in diameter is produced in the
bit, intentionally modeled after the numeral "1." Cantilever instruments are employed to achieve accurate

object positioning while functioning at temperatures falling below 350 °C, the threshold at which polymers
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fracture. The transfer of heat occurs between the cantilever's two surfaces so long as an air gap exists. By

increasing their proximity, the distance between the tip and the polymer is decreased, thereby enhancing
heat transfer. This phenomenon manifests itself when the point undergoes a mild state of melancholy. In
comparison to positioning it above a dip-free region, positioning the cantilever above a dip-free region
substantially reduces resistance and temperature. Resistance variations may be utilized to distinguish data
bits.

3. CONCEPT OF ARM
Figure 3 depicts a block design for a 2D-array CMOS processor. This processor is attached to the legs of

each cantilever and sits atop the array. It allows for easier data capture and reading. Because of the
millipede's electrical connections, ARAI can read data from it concurrently.
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Fig 3 An illustration of how the Millipede device sends data. The CMOS array sits above the cantilever
array, providing each cantilever with an identical set of electrical wires for reading and writing..

Figure 4 depicts a cantilever that repeatedly reads the same bit. The cantilever and diode are connected in
series to form a shield. During the first phase, shown as 1 in Figure 4, a cantilever is heated with a voltage
V. As the voltage V drops and the switch S is closed (phase 2, measurement phase), the resistance Rcl rises.
Given bidirectional heat conduction, a rational "0" or "1" can overcome the resistance Rcl. To calculate the
output voltage, written as Vout n or Vout i, the capacitance C and total current traveling through the
cantilever are required. Because of the very random nature of the cantilever current, calculating the value of
the conserved data bit from a single sample of Rcl collected during the resistance reduction process is not
possible. As a result, it is vital to incorporate this current throughout the entire review method (see Figure 1).
When a logical "0" or "1" is read, the change in output voltage, AVout, at the end of the measurement step is
around 1%. Inadvertently lowering the resistance (Rcl) of a cantilever impedes the passage of electric

current. This protects the people by keeping the bridge from collapsing.
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Fig. 4: An electronic equipment capable of distinguishing between the numerous signal types transmitted by
a single cantilever. The scan cycle has two components: beam preheating and measurement (integration).
Although Figure 4 depicts a read cycle, the circuit shown is strictly experimental and should not be used in
practical circumstances. Nonetheless, while the shown circuit works, its implementation as a 2D array
integrated circuit is not practicable due to the need for a large capacitance C area. To allow the
thermomechanical read and write operation to function, the integration capacitance C must take up three
times the area (100/tm x 100/tm) necessary for each array element. The depth of the stream adds to its
clarity. The problem was rectified by integrating a current regulator into the input of the ARAI design.

Table 1 Specifies the conditions that must be met in the neighborhood when the cantilever is operating.

Maximum area for one circuit 100 pomx 100 g
arrayv element
Cantilever resistance . 3k . 5kQ
ARy, reading “07 or *17 1
Large signal cantilever current @ (measurement) | O pA L. 300 gA
Clurrent matching between two cantilevers 1 %

Measurement time ( (phase 2 in Fig, 6.1) 20 ps

Reading data takes a significant amount of time, thus a computer with a lot of concurrent processing
capacity is essential to maintain competitive data rates. Currently, flash memory can process data speeds of
around 20 Mbit/s, which is equivalent to the millipede data rate barrier. Individual writing data is appended

and transferred to the appropriate cantilever row. It is vital to highlight this idea. To begin reading data,
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choose the first row and conduct a series read across the full row. In contrast to other native data formats

that allow for simultaneous reading, writing, and amplification via "DEMUX" and "MUX" devices,
millipede does not prioritize obtaining the highest feasible data rate. When designing a device that can store
a huge quantity of data in a small space, such as a cell phone, the primary goal is to achieve an extremely
high density.

Multiplexing is used to read data from each column separately, and each row is processed independently, as
shown in Figure (>5). The sequential reading of the numbers in a specific column prior to the next
conversion period is done for logical reasons. That piece then contains nothing. Because the elements
operate in parallel, each component of the 2D cantilever array must have its read-out electronics assembled.

Initial ideas for a read-out circuit were developed and proved to work. It was outfitted with components
capable of transforming analog signals into digital signals suited for two-dimensional applications.
Following the creation of a circuit prototype, a few gauges were used to determine the concept's practicality.
Figure 5 depicts the block plan of a channel meant to function in a genuine two-dimensional application.
The system is made up of two components: the cantilever, which includes the current-limiting resistor R,

and the ARAI, which translates analog to digital data and houses the front-end circuitry.
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Fig. 5: An complex block diagram illustrating power distribution. The ARAI is a CMOS 2D-array processor
that fits within each array element and sits atop the cantilever array.
When compared to the ARSENIC front-end circuitry, the ARAI performs better with the specified sensor.
The SIL ADC's dynamic range is limited by the lack of a reference current reference (iref). ARSENIC also
generates a very weak receiving signal by using a bias current. Furthermore, ARSENIC's expanded digital
interface makes it easier to get digital data from a future computer or an alternative source other than the
chip.

4. IMPLEMENTATION
The first ASL and ARM models for 0.35/tm CMOS technology were made with CADENCE and AMS.
Current Divider
The integration capacitance C goes down when a beam is present. A covering area of 100 square
micrometers by 100 micrometers should have an average current of 150 microamperes going through it.

Because of how the reading process works, the inbound current has to be changed to keep the integration
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time the same and the capacitance C as low as possible. It is basically impossible to change the voltage

difference V across the capacitor.

oV

i

- -

oo | fhlc

Jr1_“»|*|[-/1
—

Fig 6 There are many parts to the ARAI current reducer. The division factor stays the same because each
pair of transistors is the same length. In the third stage, the output resistance is raised by making the
transistor gates bigger.

Figure 6 shows the current division, which is also called the early part of the ARAI. At 2100, the bridge
splits the stream that is coming in half. The capacitance area should go down from 0.2 mm2 (850 pF) to
1320/tm2 (6 pF) as the channel size goes up. It makes sense in a reasonable way.

Integrator and Subtractor

Using the integration and subtractor parts, Figure 7 shows how the split current is moved from the current to
the integration voltage and back again. In addition, the normal current is going down. This is a bad sign
because it means the next step will have fewer different kinds of things. The total cantilever current should
be the same as the normal current when a "1™ is found. Based on the direction of the beam, the integrator and
subtractor can make a positive or negative current. The output current is going in the right direction because

of the reference current, which is shown by "1" in the figure below.
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Fig 7: The many parts of the ARAI can work together or separately.
An extra 6 pF of capacitance is being added. If you want to know more, | suggest reading the book. Power
must come from either an outside source or a memory cell that saves the previous number. Because of the

1% difference in currents that happens in cantilevers, this rule must be followed. A simple "1" or "0" is
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equal to a logical "1." Because of this, a single reference cantilever is not enough to provide the reference

current for an entire array, let alone a single row. To fix the problem at hand, the cantilever's old current can
be kept going while it is removed from the new current. No matter how hard people try, the key signal part
of the cantilever stays the same. If a digital bit doesn't change between reads, its value is zero when taken
away from itself. Getting rid of only fixes the problem caused by a bit shift in the digital domain, not the big
signal shift. A comparator might be able to find changes in bits faster and more accurately than just
comparing absolute numbers.

SIL ADC

A current comparator, amplifier stage, and integrator like the ones used in ARSENIC can be seen in Figures
8 and 9. There are only two possible results for the binary expression: "0" and "1." The phrase "binary
system™ refers to this particular way of representing things. This makes the process easier to understand.
Many of them are, however, being looked into as the translation process goes on. The amplifier stage or
integrator might not be able to give an output if there is no bias current or inbound current. This value is "1"
when the counter stays still during the measurement process. For instance, this could happen if the source
current isn't enough.

=]

Fig. 8: There are two parts to the ARAI: an accelerator and a collection. These parts look like the ARSENIC
stage (Figure 8). Other than that, there is only one difference between biased current circuits and controlled

cascodes. There is a 0.5 pF current going through the bias current devices

Fig. 9: ARAI found a connection in a new study. There is a difference between the current question and the
ARSENIC window current comparison, which can be seen in Figure 9. The current is shown in ARSENIC's
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window contrast for the first time at this point. After that, the signal goes to the steps that combine and boost

it.
There is both a counter and a switch in this part of the circuit. Even when the counter is off, the number that
is etched into the latch can still be seen. Figure 10 shows the pin and counter steps that are needed to get the

serial number.

Counter
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Fig. 10: The ARAI clip and the watch can both receive info at the same time..

5. CONCLUSION

The fact that Current-Mode Analog-to-Digital Converters are present in the two-dimensional stack
arrangements shows how much work went into creating the ARM (Array with Current-Mode ADCs) design.
Some of the benefits that the study found for current-mode ADCs are their high speed, low power use, and
higher noise limits. ARM technology is used on two-dimensional grids to make a new method that is better
than the limitations of normal voltage-mode ADCs. The general public now has access to a wealth of
knowledge regarding the ARM architecture's advantages and disadvantages. This includes numbers on how
efficient something is, its theoretical base, and the design methods used. Computer tests and models have
shown that ARM processors are better than other CPU architectures at using power, keeping signals safe,
and being able to handle a lot of work. The results show that ARM could have a big effect on how 2D arrays
are designed and used in many different types of electrical systems. Devices that communicate, process
signals, and take pictures all need to be able to quickly and correctly handle large amounts of data. A lot of
important things show how important this work is. The ARM design makes it possible to make fast
computers that use little power. Integrated circuits, electrical design, and the electronics business as a whole
are all getting better now that this study is over. It's the desire for more advanced tools that leads to new

ideas.
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