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Abstract—This paper contains the asynchronous ADC design
specification which has high speed and low power.
Asynchronous ADC consists of 3 blocks of units composer OP-
AMP, Digital Logic and Switch Capacitor. Needs high-speed
ADC is needed to convert analog signals to digital which is
applied to a multimedia device, especially for video signal
applications. Low power consumption is useful for efficient
power use. The method used in the design is an experiment
with simulation CAD software mentor graphics technology
with technology CMOS of AMS (Austria Micro Systems) 0.35
pm. Stage design is the A-ADC circuit design with simulation
results. The end result is to obtain a design prototype A-3-bits
ADC, power consumption <1SmW and voltage 3.3 V. CT

Keywords-component; data, Analog, digital, ADC, DAC, Op-
Amp, Digital Logic

1. INTRODUCTION

ADC (Analog to Digital Converter) is one of the main
components in digital signal processing systems. As the
name implies the ADC is used to convert analog signals
(continuous) into digital signal (discrete). Digitizing process
done through sampling and quantization. Sampling rate will
determine the sample size of unity of time (seconds).
Quantization resolution determines the number of bits that
are used to encode the value of each sample. With the
continued development of high-speed digital electronic
devices that source data is analog data, the role of the ADC
continues to rise.

The need for ADC are high now, and must have the
following specifications; power consumption and low
voltage, has high conversion speed, small delay, and output
bits are great. With these specifications Asynchronous ADC
is one of the devices that are still widely developed in that
direction.

Preparation techniques with uni-polar transistors is
known as VLSI systems (Very Large Scale Integration) by
combining the power engineering and semiconductor
companies in the development of a prototype chip VLSI
design with CMOS technology (Complementary Metal
Oxide Semiconductor, Inc.) for integrated applications
(digital equipment) [1,2]. CMOS technology can also be
used to design analog and RF circuits CHIP so many
complex systems developed with the help of CAD
(Computer Aided Design). Development of integrated
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component technologies (VLSI) grows progressively smaller
size (currently up on 90nm technology) and enabling the
development of SOC (System On Chip) for multimedia
equipment, eg digital camera, Mobile, Player, Networking
and others.

The purpose of this study to obtain the ADC design that
has high speed, high accuracy and low power dissipation. In
high-speed ADC is typically used to convert the video
signal. In this study, expected to be able to design and
implement a series of components into the prototype A-3-
bits ADC component eg op-amps, comparators, digital logic,
DAC:s (switch capacitor) [6].

II.  ASYNCHRONOUS ADC ARCHITECTURE

Asynchronous sampling ADC and a data type with
Nyquis. ADC is a new variant of this type of ADC. When
viewed from the way it works is actually a modification of
the SAR [5] type ADC. Block diagram of A-ADC, as shown
figure 1.
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Figure 1. A-ADC Architecture

ADC architecture that is designed in this research is the
development of asynchronous ADC architecture (A-ADC),
the main design on Switch capacitor [7]. Input analog signals
will be captured by the SC to be compared with the signal or
reference voltage. In addition to the input signal SC will also
get a signal from the decoder which is also a comparison of
the digital data signal from the previous signal.

In the figure 1 can see that the signal output from the
DAC would go into the OP-AMP and the comparator, which
will be processed by these blocks and further into the data 'l
'and '0' as the driver of the digital logic. Output signal from
digital logic block is the data out in the form of digital data
and time
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A. Transconductance CMOS OP-AMP (OTA)

The function of the op-amp in the ADC is used to process
the sample and hold (SHA) and multiplying, the requirement
specifications of the op-amp in the ADC are [2]:

Gain Open Loop (AoL) > 2¥? v/v 6))
Gain Open Loop (dB) > 20.Log 2V V/V )
Gain Close Loop (AcL) =2 V/V 3)
Freq Unity (fu) > 0,22(N + 1) fclock @)

At figure 2 op-amp OTA circuit, differential amplifier
(M1-4) provides two input flip and did not reverse the cause
noise and offset. Strengthening (high gain M6-7) is almost
similar to the gates of notes when the op-amp drives the low
load stage is then followed by a buffer (buffer), flow together
(IMS) are provided by the current mirror circuit [4].
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Figure 2. OP-AMP Circuit[6]

Ideal op-amp characteristics, reinforcement of the infinite
open mode (AOL = ~), strengthening the closed mode
(Buffer = ACL) = 1, infinite input impedance (RIN = ~ Q),
output impedance is almost equal 0 (Ro 0Q) ,
strengthening bandwidth (GBW = ~), a large Fout = AV (V
+-V-), Ay used with designs on strengthening the open mode
(AOL)[2].

All of op-amp has a restriction on its operating voltage
range, CMIR limits (common input mode range) is the
border of the scale range of each input op-amp, outside these
limits cause output distortion or truncated.

(MTV\/T

\F AVl g Vi S
(6)

Function of current mirror as bias current source for
components for controlling or mos can also drive or as a
current mirror with a current source control.
In figure 2 two stage op-amp trans-conductance can be
analyzed as follows:
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Gain of stage 1
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Gain of Stage 2
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gds = parameter trans-conductance drain to source

A

= parameter channel length modulation

B.  Comparator

The template Function of comparator as input signal
comparator with reference tension (ADC), output of
comparator is binary logic 0 or 1. at Figure 3 precision
comparator block diagram. For unit pre-amp is applied by
type differential and in set for capacitance input with active
load, unit decision is functioning comparator heart to change
from current to tension, Besides as positive feedback by
adding component together, applied to shift level hystersis as
well as depressing noise. Prop unit (buffer) functioning as
medium level tension to binary logic (0,1).
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Figure 3. Block Diagram Symbols and Precision comparator
(4]

Figure 4. Comparator Circuit

Functioning decision unit changes level current to level
voltage, hence big of output voltage depended measure M7-
M10, and functioning M11 as hysteresis shifter or eliminate
noise[4]

If To+ bigger of value Io- so M7, M9 to condition ON,
and M8,M10 to condition OFF, if value 7= p10 =, and
B8 =p9=Pgand Vo-=0s0:
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Vo+ = /210 hl + Vo
ﬂA (10)
Jo— =&+(VO+ V) = By o4
2 i an
Voltage switching (Vspy) :
b,
Iss
Ve =V, =V, :_~§A—f0rﬁ3 2 ﬁA
M Fb 41
4 (12)

C. Digital Logic

Digital logic is a block that serves to process the input
signal from the Op-Amp to be used as digital data. This
component consists of counters, decoders and timers.
Counter will work based on the input or data from the
comparator. When an input 'l 'it will increase (INC) and if
the input '0' then will decrease (DEC). The output of this
counter will be two parts, first as a timer and the second as
the data out. Out the data size and time depending on the
data output of the comparator.

Counter Circuit

Figure 5.

D. DAC

DAC is componen for feedback is cooperating with
decoder and has errors corection which good for reducing
mistake of conversion that is possibly happened. Signal and
or this digital data later will be interfaced to DAC to be
processed again and becomes perfect digital data.

II1.

From the design of each unit can be simulated. The
results of each simulation can be described depending on the
circuit being simulated.

OP-AMP circuits Result simulations like Figure 6.

SIMULATION RESULTS
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Figure 6. Simulation Gain AoL and PM OP-AMP.
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Calculation of simulation with Kn=175uA/V and Kp =
60uA/V), happened difference with result of simulation
equal to 3,62dB if compared to first simulation.

At precision comparator unit (ADC),
emphasized at comparator offset

simulation

Database : komparator_vpt_c35b4. device 3
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Figure 7. Simulation of Characteristic Vos Comparator

By providing an input DC voltage V;, with a 1.65-V and
Vi, + variable DC input from 0V to 3.3 V, showed changes
in output (F,,) with set point at 1.65 V. When V;, OV to
1.65V then F,,, = 0V (0) and then when V;, moved from 1.65
Vto33V,so0F,=33V(1)

In digital logic units, which are critical to the counter
because it blocks all incoming signals and processed at this
Counter. The simulation results as Figure 8.
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Figure 8. Clock and digital signal

By giving input frequency of 100 MHz can be produced

by the counter to count forward or backward according to
condition of device.
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Figure 9. Digital signal and feedback signal

Data out will be converted by decoder and outputs a

binary signal will be input to feedback unit, as figure 9. This
signals will be a reference to Error Corection .
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IV. CONCLUSION

This Asynchronous ADC has been designed in the

schematic (circuit). The result still in the simulation and
earns at a speed of frequency 100 MHZ. Application applied
for video signal. ADC designed hardly considers resolution
and speed that is later can be applied or coupled with
equipments of other multimedia or equipments especially for
high-speed camera.
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FURTHER READING

Click any one of the following links to be taken to a website which contains
the following documents.

The following are some recent examples of Asynchronous ADC activity off the web.

6 bit Asynchronous December 2006

Asynchronous ADC In CAD Mentor Graphics

Asynchronous Data Processing System

ASYNCHRONOUS PARALLEL RESISTORLESS ADC

Flash Asynchronous Analog-to-Digital Converter

Novel Asynchronous ADC Architecture

LEVEL BASED SAMPLING FOR ENERGY CONSERVATION IN LARGE NETWORKS

A level-Crossing Flash Asynchronous Analog-to-Digital Converter

Weight functions for signal reconstruction based on level crossings

Adaptive Rate Filtering Technique Based on the Level Crossing Sampling

Adaptive Level—Crossing Sampling Based DSP Systems

A 0.8 V Asynchronous ADC for Energy Constrained Sensing Applications
Spline-based signal reconstruction algorithm from multiple level crossing samples
A New Class of Asynchronous Analog-to-Digital Converters

Effects of time quantization and noise in level crossing sampling stabilization

Here is some more background information on Analog to Digital converters.

A 1-GS/s 6-bit 6.7-mW ADC

A Study of Folding and Interpolating ADC
Folding_ ADCs_Tutorials

high speed ADC design

Investigation of a Parallel Resistorless ADC

Here are some patents on the subject.

4,291,299 Analog_to_digital_converter_using_timed
4,352,999_Zero_crossing_comparators_with_threshold

4,544,914 Asynchronously controllable_successive_approximation
4,558,348 Digital_video_signal_processing_system_using
5,001,364 _Threshold crossing detector

5,315,284 _Asynchronous_digital_threshold_detector_

5,945,934 Tracking_analog_to_digital_converter

6,020,840 _Method_and_apparatus_for_representing_waveform
6,492,929 Analogue_to_digital_ converter_ and_method

6,501,412 Analog_to_digital_converter_including_a_quantizers
6,667,707 _Analog_to_digital_ converter with_asynchronous_ability
6,720,901_Interpolation_circuit_having_a_conversio2
6,850,180_SelfTimed_ ADC

6,965,338_Cascade_A_ D_converter

7,133,791 Two_mean_level crossing_time_interval
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