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Abstract: To ensure the whole system work properly, analysis and design of intelligent sensor signal 
measurement circuit is completely necessary. In this study, we design a typical I/V conversion circuit by 
modeling analysis of measuring system which consists of a photodiode and a multi-channel data multiplexer, 
and then analyze and simulate it. It is found that the stability problem exist in the typical I/V conversion circuit. 
In order to meet the requirement of A/D conversion, some measurement is taken to solve this problem, which 
ensures the whole system run smoothly. Copyright © 2015 IFSA Publishing, S. L. 
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1. Introduction 
 

It is common to see all kinds of sensors, and they 
play a very important role in daily life. They convert 
physical signal in nature into electrical signal which 
can be observed conveniently and used for 
controlling other devices. It is widely used in the 
actual industrial production. For example, in the 
process control, we often need to control the flow of 
a liquid. And if there is no sensor to monitor its flow, 
it would be impossible for us to control it effectively. 
If you just rely on the open-loop control system 
without feedback, it is very difficult to ensure the 
precision of the whole system. In the closed loop 
control system, the sensors often play a role of 
feedback signal. They can help us to achieve 
feedback control system, and impact the stability of 
the whole control system [7]. For example, in the 
motion control system, we often need to control the 
motor's speed effectively. This time we need to use 
sensors to obtain the motor's actual speed, and 
convert the speed information into electrical signal. 

Then the actual speed value will be compared with 
the preset speed value, we use the error information 
to achieve motor speed control. In the market, 
conventional sensor is dominated due to its good 
performance. But it also has drawback. For example, 
it needs the regular calibration, and the performance 
would vary with the changes of the work 
environment, and it needs control and monitor 
systems at close place [8]. In order to overcome these 
shortcomings, intelligent sensors emerge. A good 
intelligent sensor is a package which include sensor 
and instrument, and it is driven by the microprocessor. 
It can communicate with the other and it should has 
on-board diagnosis function. So it can improve 
efficiency and reduce maintenance costs through 
providing relevant information for the monitoring 
system or operator. It can reduce the complexity of 
the system, and simplify the system structure. 

Compared with the traditional sensor, the 
intelligent sensor owns the following characteristics 
[9]: 
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1) It has the capacity for information storage and 
transmission; 

2) It has higher precision, higher reliability, 
higher stability, higher signal-to-noise ratio and 
higher resolution; 

3) It can measure different signal at different time. 
Conventional sensors are mainly dependent on the 
hardware circuit, so they have strong pertinence. 

For intelligent sensor, data processing is mainly 
carried out in the microprocessor, which greatly 
reduces the system hardware dependencies. With so 
many advantages, the intelligent sensor has broad 
application prospects. 

An intelligent sensor typically includes a signal 
measurement front-end circuit, A/D converter 
module, the data processing and control module, a 
communication bus interface and a display module. 
The signal measurement front-end circuit is at the 
start position of the whole system. It mainly achieves 
signal transformation and amplification, so it can 
meet the needs of A/D converter. It works properly is 
the foundation of the whole system. 

In particular, for optical signal acquisition system, 
signal measurement front-end circuit consists of 
photodiode, multi-channel data multiplexer and 
signal conversion amplification circuit. If the 
designing of the front-end circuit is unreasonable, it 
will cause the entire system not operating properly no 
matter how perfectly the subsequent component 
design. Stability is an important parameter which 
affects the normal operation of the system. So, the 
stability of the signal measurement front-end circuit 
needs to be particularly concerned about by the 
designers [12]. 

 
 

2. Analysis of Measurement 
Front-End Circuit 
 
With the rapid development of computer and 

communication technology. Data Fusion Technology, 
an emerging technologies data processing, get an 
amazing development in the last 10 years and has 
been used in many military applications. Information 
fusion make full use of computer technology to 
analysis, synthesis information which comes from a 
plurality of sensors. And then to make the decision. 
Generally, In order to get more data, and to make 
sure the part of the subsequent data fusion work 
normally, multi-point measurements are achieved by 
using several sensitive elements. It is a good choice 
to use a multi-channel time-multiplexed switch to 
collect signals from the sensitive components. So that 
we can get multiple signals. Most of the intelligent 
sensor can detect multiple signals and then transmit 
them to the information processing system. The 
output of sensitive element is current signal, while 
the input of A/D converter is voltage signal mostly. 
So it needs a current-voltage conversion circuit and a 
signal amplifying circuit. Its composition is shown 
in Fig. 1. 

In Fig. 1 the I/V conversion circuit and the signal 
amplifying circuit can get together through 
Operational Amplifier and RC circuit. 

 
 

 
 

Fig. 1. Signal measurement front-end circuit. 
 
 
2.1. Circuit Model of Sensitive Components 
 

In order to analyze the stability of the signal 
measurement front-end circuit, building the circuit 
model of each component is necessary. Then we can 
get loop gain and analyze its stability. Here the 
sensitive element is photodiode [5]. The circuit 
model is shown in Fig. 2. 

 
 

 
 

Fig. 2. Circuit model of photodiode. 
 
 

IL: photocurrent, ID: dark current, Cj: junction 
capacitance, IO: output current. 

Multi-channel analog multiplexing switch circuit 
model is shown in Fig. 3. 

Here, using an integrated operational amplifier 
with external RC circuit to achieve I/V conversion 
and signal amplification. 

 
 

 
 

Fig. 3. Multiplexing switch circuit model. Cs: input 
capacitance, Ron: on-resistance, ILKG: leakage current, 

CD: output capacitor. 
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2.2. Front-end Circuit Stability Test 
 

It is photodiode junction capacitance, total 
equivalent capacitance multi-channel analog switch 
that mainly affect the stability of the amplifier. 
Therefore, the stability test circuit can be simplified, 
as shown in Fig. 4 [3]. 

 
 

 
 

Fig. 4. Stability test circuit. 
 
 

First, to test the step response of the amplifier 
module and the result is shown in Fig. 5. 

 
 

 
 

Fig. 5. Step response. 
 
 

In the automatic control theory, overshoot is an 
index which can reflect the dynamic performance of 
the control system. And if can be defined by the 
Formula (1) 

 

max ( )
100%

( )

y y

y
σ − ∞= ×

∞
, (1) 

 

where maxy is the maximum value of step response 

( )y ∞  is the quiescent value. 

For the special control system, we must control 
overshoot within a certain limit. And if the overshoot 
exceeds this limit, hazard would be occurred. For 
example, the mixing concentration of the compound 
in the reactor reacts near the explosive limit zone. In 
this situation, even though the time exceeded the 
limit is ephemeral, it could lead to devastating 
disasters. In the design of the intelligent sensor, if we 
just ensure the stability of the system and ignored the 

dynamic performance, it would have a huge impact 
on the measurement results. 

As seen from the Fig. 5, the overshoot of step 
response reaches 65 %, which shows the dynamic 
performance of the circuit is very poor and needs to 
be improved. For the general system, it requires 
stability and some margin named stability margin in 
the control theory. It is usual to analyze the frequency 
characteristic of the system in order to study the 
stability of it. The system chart of operational 
amplifier is shown in the Fig. 6. 

 
 

 
 

Fig. 6. System chart of operational amplifier. 
 
 

AOL is forward path transfer function, β is 
feedback transfer function. Then 1/β is called the 
Nosie Gain. 

AOLxβ is open-loop transfer function, its 
frequency characteristic can indicates whether the 
system is stable or not [1]. From automatic control 
theory, the system is stable when the frequency shift 
of open-loop gain is less than ±180° and phase 
margin is greater than 45° at the cutoff frequency. 
Using circuit simulation testing software to obtain 
frequency characteristic, and having a clear 
understanding of its stability and stability margin, 
then it will be known how to improve the current 
system [10]. The frequency characteristic is shown in 
the Fig. 7. 

 
 

 
 

Fig. 7. Frequency characteristic of original circuit. 
 
 

Follow the Fig. 7, the frequency characteristic of 
open-loop transfer function decays at the rate of 
40 dB/dec at the cut-off frequency. This system is not 
stable. In order to improve it, reducing the decay rate 
to 20 dB/dec is necessary. Because the rate of 
frequency characteristic of Noise Gain is 20 dB/dec, 
so if making system stable, reducing the rate  
to 0 dB/dec at the cut-off frequency is necessary. 
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3. Improvement of Measurement Front-
end Circuit 

 
To make the system stable, it is key to change the 

frequency characteristic of the feedback loop and 
make its rate become 0 dB/dec at the cut-off 
frequency. In order to achieve this, one pole in 
feedback loop before the cut-off frequency needs 
adding. Then a feedback capacitance to the peripheral 
circuit of the operational amplifier is added. And the 
stability will be improved [11]. The operational 
amplifier is shown in Fig. 8. 

 
 

 
 

Fig. 8. Amplifier circuit improved. 
 
 

The following work is how to calculate the 
capacitance value. The basic tool will be used in 
Circuit Theory, which is called Kirchhoff  
current law. 
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The cut-off frequency is: 
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To meet the design requirement, pf and if  

should meet the following relationship: 
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Then it is gained that: 
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Relevant parameters in expression can be 
obtained in the relevant device data sheet. The 
calculating value of the feedback capacitance is 
23.4 pF. Now taking 47 pF, to leave some margin, 
and the system is retested. The results are shown in 
Fig. 9 and Fig. 10: 

 
 

 
 

Fig. 9. AOL gain and noise gain curve. 

 
 

 
 

Fig. 10. Frequency characteristic of the open-loop transfer function. 
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Following Fig. 9 and Fig. 10, the slope of 
frequency characteristic curve is -20 dB/dec, and the 
phase margin is 76.43°. It is shown that the stability 
of the system has been improved. 

 
 

4. Conclusions 
 

This paper introduces how to analyze and design 
the forepart of signal measurement circuit in detail. 
Through analyzing a typical circuit, several problems 
are found and then solved by making  
some improvements. 

The designing of a hardware circuit should 
consider not only its function but also its 
electromagnetic compatibility and stability, 
especially in the high frequency circuit. If these are 
not been considered, many problems would occur 
during the system operation. 

Just considering of function, the original circuit 
can meet the requirement. But it could not work well 
in the real environment. In this paper, the addition of 
a capacitance can improve the stability of the whole 
system. The parameters of capacitance could not be 
set arbitrarily, it comes from strict theoretical 
derivation. This shows that each component in the 
circuit has its corresponding action. If only based on 
a perceptual knowledge about the object, analyzed, 
calculated and improved it rationally could not be 
achieved. Rational knowledge should be added about 
each component, only in this way, we can know its 
function better and to improve it. 
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