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Abstract  
Reconfigurable or programmable analog circuits are nowadays becoming common in use like their digital 
counterpart namely FPGA for providing flexibility and rapid prototyping capabilities for the whole design. This 
paper focuses on the challenges imposed on the small but essential analog and mixed signal components in a sensor 
system, which are prone to deviation. The increasing number of available sensor concepts and implementations 
demands more and more versatility of sensor electronics and signal conditioning. Novel architecture, understanding 
the industrial demands, combines the concepts of organic computing with dynamically reconfigurable matched 
hardware platform yielding an intelligent sensor system with acceptable fault tolerance and dynamic calibration 
capabilities. Implementation of matched layout reconfigurable hardware platform for such a sensor system was 
carried out with 0.35µm CMOS technology. The test chip in the loop with dedicated software inherits self-x 
properties. The paper presents comprehensive collection of programmable and evolvable analog hardware, where 
predominantly, CMOS switches or floating gate switches are  deployed at various levels of granularity to provide 
flexibility. In this paper, measurement of a cell in the test chip as well as a method to enhance the otherwise 
degraded system performance due to the switch parasitics is illustrated. Furthermore, an overview of our target 
generic sensor signal conditioning front end chip suitable for variety of sensor is outlined. 

 

Introduction 
Embedded systems with application specific to sensor 
field are of high importance for industrial as well as  
research applications.  However, with respect to fault 
tolerance and robustness of the system for the static and 
dynamic deviations witnessed, there remains still a 
more challenges task. Various research initiatives are 
set all around the world to address the issues.  

 

 
Figure 1: Conceptual diagram of inspiration for our 

research  

The more recent field of organic computing advocates 
the application of self-organization and optimization 
concept to obtain architectures, which provide the so-
called self-x features, such self-configuration or self-
healing [15]. Predominantly, research works on digital 

issues is carried out. We pursue our objective to 
complement the existing research by the indispensable 
component for sensor electronics by combining the 
concepts of organic computing with dynamically 
reconfigurable hardware platform, while understanding 
the industrial needs especially for sensor signal 
conditioning circuits. The schematic representation is 
denoted below in Figure 1. Primary sensor electronics 
are prone to inevitable manufacturing tolerances, 
mismatches and environmental influences like etching, 
doping concentration, aging, temperature influences, 
span errors etc.  These deviations tend to degrade the 
system performance. Therefore to restore the 
originality and signal integrity of the system, careful 
matched layout design, trimming/calibration are 
performed during manufacturing time. More improved 
approaches [16] adapt these established procedures by 
compensation techniques in the name of self-diagnosis 
/ self-calibration [17][18]. More recent approach comes 
from block level granular approach, called Field 
Programmable Analog Array (FPAA). Commercially 
available Anadigm chip [19] is the best-suited example. 
PGA 309 from Texas Instruments is another type of 
sensor signal conditioning chip available in the market 
[20]. Most of the FPAA approaches have limited 
programmability like e.g. for gain and offset. whereas, 
most recent research level approaches come from the 
field of evolutionary electronics/evolvable hardware, 
where circuit synthesis are carried out by learning 
procedures by a flexible transistor level granular 
hardware structure called Field Programmable 
Transistor Arrays (FPTA) [21][22]. Figure 2, and 
Figure 3 gives a comprehensive collection of  the state 
of the art of programmable/evolvable analog hardware 
around the world.  



 
 

Figure 2: Milestones in programmable analog hardware 

 

Architecture of Target Self-x Sensor 
System 
The targeted generic sensor signal conditioning 
environment [23] consists of three separate blocks as 
shown in Figure 4 (top) namely Reconfigurable 
Hardware Unit, Assessment Unit and Optimization 
Unit. Reconfigurable hardware unit consist of set of 
time continuous dynamically reconfigurable established 
analog circuit structures essential for sensor signal 
conditioning with increasing complexity as depicted in 
Figure 4 (bottom). Assessment unit, this unit being at 
basic stage of research, contains the necessary and 
essential measurement setup to evaluate the hardware 
performance through real measurement. Embedding the 
whole assesment unit is very crucial and challenging. 
In a parallel work at our research group by Tawdross et 
al., measurement of the hardware performance was 
carried out in three different ways. They are, extrinsic 
assesment (simulated assesment), intrinsic assesment 
(measured assesment) and mixtrinsic assesment 
(mixture of intrinsic and extrinsic) [24]. The 
optimisation unit runs the evolutionary computation 
(EC) algorithm to optimise the hardware. Chip in the 
loop with such EC techniques inherits the self-x 
properties like self diagnosis, self healing, self 
calibration etc. As a part of another research work in 

our institute by Tawdross et al, Particle Swarm 
Optimization (PSO) has been investigated [25] for 
optimizing the hardware. In this paper, optimization of 
the hardware platform using evolutionary computations 
will not be discussed but instead measurement of one 
of the cells in the manufactured matched layout 
reconfigurable hardware unit is illustrated. Though the 
approach offers many promises and numerous 
activities, e.g., on reconfiguration/programmability can 
be observed in the field, experienced analog designers 
still observe the approach with scepticism. Indeed, 
numerous challenges related to hardware and software 
of an aspired embedded adaptive system outlined in the 
Figure 4 above must be met. 
 

 
 
Figure 3: Milestones in programmable analog hardware 

 

Generic Sensor Signal Conditioning 
The outcome of our research work, suggests for 
improved design and a resource analysis and 
architecture of a potential generic sensor electronics 
front-end chip as shown in Figure 4 (bottom). The 
dedicated hardware is expected to support several 
sensors of varies types, e.g., V,I,C,R,L based-inputs, 
and to allow the definition of application-specific 
(multi)sensor signal conditioning. The hardware 
structure is expected to serve not only as single ended 
out but also as differential output modules, 



comparators, SC-circuits and specific amplifiers 
modules operating in weak inversion regions. 

 

 
 

 
Figure 4: Target generic sensor signal conditioner with 

self-x properties 

 

Dynamically Reconfigurable Hardware 
Implementation 
To achieve the goals mentioned in the previous section 
and as an initiative, common cells, e.g., Miller, Folded-
Cascode-Amplifiers and Instrumentation amplifiers 
were investigated and implemented in two test chips in 
0.35um CMOS Austriamicrosystems technology. Both 
FPMA-1[11][12] and FPMA-2 chips incorporate a 
Miller, a Folded-Cascode- and an instrumentation 
amplifier. The main difference in the two chips is the 
different switch topology, introduction of pairwise 
matching in scalable devices and the folded cascode 
constituting the In_Amp in FPMA2 can be calibrated 
individually and then can be put back into operation as 
In_Amp. A more extensive case-study of a generic 
amplifier cell (GOPA) was conducted, that allowed 
sizing and topology selection of a larger variety of 
amplifiers [26]. Further more several students projects 
were carried out investigating flexibility in selective 

nodes determined on the basis for better operational 
amplifier performance like gain, phase margin and 
offset. Table 1 gives the various choice of hardware 
realization based on the modes of flexibility, cost and 
power consumption requirement of the design. Figure 
5(a) depicts the schematic of folded cascode amplifier 
with its replacement scheme of scalable device. Figure 
5(b) depicts the deployed matching layout scheme. 
Table 2 and Table 3 furnish the equivalent bit patterns 
according to the device dimension shown in Figure 5(a) 
and its performance specs respectively.   
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Table 1: Hardware realization based on flexibility 

 

 
a) 

 
b) 

Figure 5: a) Folded cascode OPA and its replacement 
scheme with scalable devices b) matched layout 



 
Table 2: Folded cascode OPA device dimension and its 

equivalent bit patterns. 

 
Table 3: Performance specs of folded cascode OPA 

 

 
Figure 6: Dynamic reconfigurable instrumentation 

amplifier 

 

Figure 6 shows the traditional instrumentation amplifier 
topology built with three programmable OPA and 
seven programmable resistors. The output voltage of 
the Instrumentation Amplifier can be denoted as below. 

68&79,53,

)
8
9)(

4
321)(21(

RRRRRRwhere
R
R

R
RVinVinVout

===

+−=

 
An important issue, such as substrate induced noise is 
commonly neglected in the state of the art of EHW 
related activities. So, in our research work, 

reconfigurable circuits were investigated and optimized 
to approach the properties through matched layout of 
the common cells realised in FPMA2 in 0.35um CMOS 
Austriamicrosystems technology, which are not 
ammenable even through the application of  
evolutionary algorithms. Figure 7(b) depicts the post 
fabricated FPMA2. 

On the other hand, very fine-granular arrays approach 
and block level granular approaches require excessive 
switching resources. Most of the state of the art uses 
CMOS switches or floating gate devices. Overall 
frequency behavior greatly depends on the choice and 
design of these switches. In this paper, we investigate a 
method to enhace the system performance by reducing 
the on resistance of the switches. In our research, 
CMOS switches, namely transmission gate switches are 
deployed. The on-resistance of these switches depends 
on the voltage levels fed to their gate terminal. The on-
resistance decreases considerably by enhancing the gate 
voltage levels. Hence, the use of charge pump to 
enhance the voltage levels at the gate is suggested. 
Reduction of on resistance of the transmission gate 
switches is clearly seen from Figure 8(a) by increasing 
the gate voltage. Figure 8(b) and Figure 8(c) shows 
performance enhancement in transtient analysis for 
In_Amp in the first case and in frequency behaviour for 
folded cascode obtained through GOPA in the later 
case. 

Measurement Setup and Results  
This section gives the first measurement result of the 
dynamically reconfigurable time continuous 
instrumentation amplifier. The prototype depicted in 
Figure 7(a), is a simple 515-C embedded system of 
PHYTEC, which serves for programming the chip to 
obtain measurement results. The system serves to 
selectively configure the three cells of the chip by 
clocking in configuration patterns, that were generated 
by manual design activity or extrinsic simulation runs. 
First, the designed device dimensions are converted 
into binaries. The converted binary bits should be 11 
for scalable transistor and scalable resistor, 9 for 
scalable capacitor respectively for the cells in FPMA2. 
Table 2 shows the equivalent bits according to the 
dimensions of the devices used to realize folded 
cascode OPA shown in Figure 5(a). Folded cascode 
OPA requires a total of 262 bit including the biasing 
circuit. In order to configure the instrumentation 
amplifier shown in Figure 6, three programmable 
folded cascode OPA and 7 programmable resistors are 
required. Hence, the In_Amp requires a total of 863 
bits. Initially to prove the functionality of our approach, 
arbitrary working configurations were considered, but 
these bits can then be optimized for better performance 
specification according to our requirements like gain, 
offset and power consumption. Since the OPA’s in 
In_amp can be individually configured and calibrated, 
to a vigilant or a low power soft sleep mode, a trade off 
between speed and power consumption can be 
achieved. The essential binary bits are downloaded 



through shift register for configuring the unit devices. 
Output is thereafter measured after a protective enable 
signal, which isolates the operation of digital domain 
from the analog domain. The time taken to clock in 863 
bit data depends on the rate of the system clock. In our 
measurement setup, time consumed in configuring the 
Instrumentation amplifier was about 8.63 mSeconds. 
The timing diagram for the instrumentation amplifier is 
shown in Figure 7(c). For the sake of simplicity, shift 
registers (sequential access) was prefered, but for more 
complex circuit structures random accesibility could be 
helpful. Figure 7(a) shows various test plugs with 
different feedback arrangements of the amplifier that 
can be plugged onto the main board for the common 
measurement and application of operational amplifiers. 

  

 
a) 

 
            b)                                      c) 

Figure 7: a) measurement setup PHYTEC mini 
MODUL C-515 b) post fabricated FPMA2 c) timing 

diagram of FPMA2 

 

Figure 8(a) show the simulation results of variation in 
the on resistance of the transmission gate switches for 
various gate voltages. Figure 8(b) shows the transtient 
behavior of instrumentation amplifier for various 
switching voltages. Figure 8(c) shows performance 
enhancement in phase margin of folded cascode OPA 
realised in the GOPA structure through enhanced 
switching voltages as explained in the previous section. 

Conclusion  
In the reported work, dedicated analog arrays for time 
continuous dynamically reconfigurable CMOS sensor  

 
a)   

 
b)  

 
c)  

Figure 8: Results of a) transmission gate switch on 
resistance b) transient behavior of In_Amp for various 
switching voltages c) FC-OPA with enhanced phase 

margin of 6°. 



signal amplifiers have been conceived and validated 
which has improved invulnerability to substrate noise 
through matched layout technique and are capable to 
compensate manufacturing instance deviations. An 
overview of single reconfigurable hardware structure 
dedicated to support various sensor types are outlined. 
A method to reduce the on resistance of CMOS 
switches to enhance system performance is suggested 
and verified. 

      In the next step, a novel hardware architecture 
based on distilled information from required 
application circuits, corresponding sizing information, 
existing reconfigurable and evolvable devices, and our 
own design experience will be devised and 
implemented. Probably, there will be a family of 
generic sensor front end chips that trade off 
complexity, i.e., serving a single or several sensors 
concurrently, vs. area and cost. 
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