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Introduction 

 
The asynchronous data processing is a method that 

was already used in the computers of the first generation. 
For example asynchronous data processing was successful 
used in the first in Latvia built computer LM-3 [1]. The 
revival of asynchronous processing started in nineties of 
the past century. The key benefits of asynchronous system 
[2] are very low power consumption, absence of the clock 
screw, reduced heat elimination, low electromagnetic 
emission, adaptation to physical properties.  

Increasing number of applications using distributed or 
autonomous data processing systems are looking for 
micro-systems with micro-energy consumption and high 
performance at the same time. Several existing techniques 
can be used to reach these targets including asynchronous 
design [2], power consumption control [3] and non-
conventional digital signal processing methods [4, 5].  

Asynchronous design approach is widely used at the 
functional level to design interface between units with 
different cycle time. In recent years asynchronous design 
approach has been used to create clock-less architectures 
[6]. Several successful developments has been announced 
[7,8] but till now no off-shelf asynchronous 
microprocessor or A/D converter is available. In practice 
asynchronous approach still remains on the functional 
level. 

Power control has becoming efficient tool to decrease 
energy consumption. It includes power scheduling and 
dynamic voltage scaling. Power scheduling minimizes 
energy consumption by turning-off resources not in use. 
Dynamic voltage scaling is controlling supply voltage and 
performance of a microprocessor. The most energy savings 
may be achieved in power-down mode. Advanced 
microprocessors have several power reduction modes 
including power-down mode. Power reduction may be also 
achieved by decreasing clock frequency than can be done 
by software. 

The non-conventional digital signal processing 
methods which are targeting non-stationary signals often 
are implementing signal-driven sampling instead clock-
driven sampling that is provides equally spaced samples. 

Signal-driven sampling means that signals are sampled 
only when measured signal pass certain predetermined 
reference level. Usually these limits are predetermined by 
reference levels. It is named also level-crossing sampling 
[9]. That can give decreased number of data compare with 
uniform sampling and allows to use system resources only 
when it is necessary. 

Implementation of principles of power consumption 
control and level-crossing sampling into general-purpose 
microprocessors can be used to develop data processing 
system that has features similar to asynchronous systems. 
Such a standstill system will consume almost nothing. It 
will stay in such condition till signal at the input has 
reached first predetermined reference level so-called start-
up level. 

Micro-power general-purpose microprocessor and 
data level-crossing sampling is proposed to overcome the 
low power asynchronous data processing system design 
problems. The problems and the first results of such 
system development are proposed in this article. 

 
Principles and architecture of asynchronous data 
processing system 

 
Implementation of the principles of the data level-

crossing sampling, switching system to power reduction 
modes and asynchronous interaction between system units 
is determining asynchronous nature of the data processing 
system. These are basic principles to ensure very low 
energy consumption and provide necessary performance at 
the same time.  

Two following measurements of level-crossing 
sampling are never equal if the signals slope keeps the sign 

 

( ) ( )1+≠ ii txtx ,                               (1) 
 

where Nn ÷=1  ( N is number of predetermined reference 
values). The relationship (1) is not true when signal slope 
changes the sign. This feature is used to detect the change 
of the signal slope sign. Usually a difference between two 
following reference values is fixed. In our case it may be 
not fixed. It is the case when new reference value is taken 
from predetermined set of reference values instead of 
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calculating it from previous reference value. Such 
approach increases flexibility and decreases calculation 
time of the reference value. Usually two reference level 
values +

nr  and −
nr  are used to compare with the input 

signal. The system is tracking the input signal according to 
(2). 

( ) +− << nin rtxr .                              (2)  
 

At the time instants when ( ) −= nn rtx  or ( ) += nn rtx  
the input signal measurement is performed. After the 
measurement relationship (2) is reestablished. It means that 
data sampling is tracking changes of the input signal. Any 
substantial increase or decrease of the input signal will 
cause increase or decrease of the reference levels. Level-
crossing sampling is used to trigger the switching of the 
asynchronous data processing system from the power-
down mode to the active mode. The switching happens if 
input signal value has reached the start-up reference level 
value. Crossing of start-up level causes waking-up and 
energizing of the asynchronous data processing system. 
Proposed approach to level-crossing sampling is similar to 
the approach described in [8]. The difference consists in 
the way how to calculate reference level values. A classical 
approach [8, 9] suggests that for any n 

 

( ) ( ) qrr nn =− −+ ,                           (3) 
 

where q is quantization step. It means that for n+1 
reference level the value will be calculated as 
 

( ) ( ) qrr nn ±= ±±
+1 ,                          (4)  

 

where the choice of a sign is depending from the slope 
direction. It is a typical way of calculating reference level 
values. Rewriting (4) as 
 

( ) ( )11 ±=±
+ nfrn ,                          (5) 

 

where ( )1±nf  is any function defined for Nn ÷=1 .  
Satisfying condition 
 

 ( ) Nqknfq ≤±≤                            (6) 
 

Fig. 1 shows the architecture of the system based on 
the principles of the data level-crossing sampling. Basic 
elements include two comparators, two Digital-to-Analog 
Converters (DAC) and a timer. Input signal is connected to 
the input of each comparator. DAC1 is providing a 
reference level +r  for a rising slope of the signal. DAC2 is 
providing a reference level −r  for a falling slope of the 
signal. Outputs of DAC1 and DAC2 are connected with 
respective inputs of the comparator1 and the comparator2. 
Outputs of both comparators are controlling time 
measurements by gating the input of the timer. General-
purpose microprocessor (µP) controls all basic elements 
and coordinates data sampling. Major functions of µP are: 
calculation of reference levels, loading new reference level 
values in DAC1 and DAC2, processing status of the 
comparator outputs and saving timer values.  

 The algorithm of the level-crossing data sampling on 
Fig. 2 comprises 4 major stages. The initialization stage 

prepares the system for the start. During this stage µP 
configures comparators, DAC and timers. The power-
down mode is providing power conservation when the 
system is idle. The asynchronous data processing system 
switches to the power-down mode if the input signal has 
not reached start-up level value during time interval τ. 
During power-down only the comparators and DAC have a 
power. Comparators are sensing an input signal. DAC are 
providing the reference level. Data sampling starts only 
after switching the system from the power-down mode to 
the active mode. It happens when the input signal reaches 
the start-up level value. The comparator1 output causes an 
interrupt that is switching the system to the active mode. 
After data sampling and data processing the system goes 
back to the energy saving mode if the input signal is below 
start-up level value more than time interval τ. This 
algorithm minimizes power consumption by switching-off 
the system when the input signal is not active. 

 

Timer

Comparator

DAC
1

2

1
2

1
2

µPx t( )i

 
Fig. 1. Architecture of the asynchronous data processing system 
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Fig. 2. Algorithm of the data sampling 
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Implementation 

 
Philips P89PLC936 micro-controller [10] was used to 

build the prototype of the asynchronous data processing 
system. The micro-controller has two DAC, two 
comparators and two timers on a chip that allows to build 
the prototype system without any additional elements. 
Philips P89PLC936 micro-controller has advanced power 
control with 3 energy saving modes. The control software 
for data sampling and power control was developed in C 
using the algorithm from Fig.2. Sampled data is saved as 
sequence of couples ( )nnt α,  where nt is current timer 
value and nα  is boolean variable indicating the direction 
of the slope. The power control of Philips P89PLC936 
allows to switch the micro-controller to power-down mode 
leaving the comparators and DAC powered. Reduction of 
power consumption may be achieved by decreasing 
sampling frequency. Time delay for switching from power-
down mode to active mode varies from 35 to 94 µs 
depending from CPU clock frequency. 

Evaluation of the prototype system was performed 
analyzing the relationship between number of sampling 
levels N, maximum signal frequency maxf and maximum 
loop delay maxδ . The maximum loop delay 

maxδ determines the time interval available to prepare for 
next sampling cycle. It is calculated from the (7) using 
modified equation from [8] 

 

( )Nf maxmax 2/1 πδ = .                            (7) 
 

Calculated different maxδ values for different number 
of sampling levels N and maximum frequencies of 
different input signal maxf are given in Table 1. These 
values are setting limits in terms of N and maxf for the data 
processing system. 

 
Table 1. Maximum loop delay values for different N and maxf  

maxf  

 

 
N 

2kHz input 
signal loop 

delay µs 

1kHz input 
signal loop 

delay µs 

0.5kHz 
input signal 
loop delay 

µs 
31 2.57 5.14 10.27 
15 5.31 10.62 21.23 
7 11.37 22.75 44.50 

 
There are two CPU clock cycles per µP cycle for 

P89PLC936 micro-controller. The most instructions are 
executed in one or two µP cycles. The timer clock cycle is 
the same as µP cycle. Therefore a difference between two 
timer measurements is equal to the number of executed µP 
cycles. It makes sense to express maximum loop delay 
values in a number of µP cycles. Using (7) and values for 
N = 15 (from Table 1.) cK is calculated as 

 

2/max Pc fK µδ= ,                          (8) 
 

where cK  is a number of µP cycles fitting in maxδ  at 
different CPU frequencies.  

Microprocessor based system can be used for level-
crossing sampling if the input signal maximum loop delay 
satisfies (9) 

cp KK < ,                             (9) 
 

where pK is number of µP cycles of the program to 
process level-crossing sampling. Current version of the 
control program is spending 60 µP cycles for the 
processing. Calculated values cK (in Table 2) that are in 
bold satisfy the condition (9). Optimization of the program 
code may decrease maxδ by 20 – 30%. It means that the 
system with optimized code will be able to process 4 kHz 
input signal.  
 
Table 2. Maximum loop delay expressed in number of µP cycles 
CPU clock 

MHz 
No of µP  
cycles for 

2kHz signal 

No of µP  
cycles for 

1kHz signal 

No of µP  
cycles for 
0.5KHz 
signal 

7.373 19 39 78 
12.000 31 63 127 
15.000 39 79 159 
18.000 47 95 191 

 
To measure maximum loop delay of the system a 

single step with amplitude equal to Nq  and with rising 
edge equal 0.5 µs was applied to the signal input. The 
chosen values of level-crossing sampling were: N = 7; q = 
20. Accordingly the timer values were sampled and 
calculated. Fig.3 displays the measurement of maxδ   for 
level-crossing sampling. The difference between two 
following time events is equal maxδ . Difference between 
consecutive timer measurements equals 58 µP cycles. It is 
2 µP cycles less than calculated value. It is because the 
input signal in form of the single step is always ahead of a 
preset reference level. Therefore output of the comparator1 
is always active that causes a single 2-cycle instruction 
less. 
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Fig. 3. Measurement using data level-crossing sampling 
 

Usage of a general-purpose µP in the system brings 
more flexibility and new opportunities in a research of 
asynchronous data processing system. Availability and 
ongoing improvement of µP makes them as attractive and 
easily used tool. At the same time use of µP is limiting the 
input signal bandwidth of the data level-crossing sampling. 
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Conclusions 
1. The evaluation of the prototype of the asynchronous 

data processing system built on Philips P89PLC936 
micro-controller using a principle of the level-crossing 
sampling confirms feasibility of such a system.  

2. The current version of he asynchronous data processing 
system is able to process input signal with maximum 
frequency fmax = 2kHz using sampling level number N 
= 7. 

3. Limiting factors of the system are maximum loop delay 
and time delay for switching from power-down mode 
to active mode. 
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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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http://www.idea2ic.com/Simple_Asynchronous_ADC/A%20simple%20Asynchronous%20ADC.html



