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A First Principle’s Approach to Study of the Silicon Drift 
Detector with Embedded JFET: Noise Analysis, Simulations & 
Analytical Modeling 

    
By 

 
Pourus Mehta

 Bhabha Atomic Research Centre
 

Abstract -
 
Proto-type commercial grade Silicon Drift Detectors (SDDs) with on-chip low noise 

JFETs have been realized using silicon bipolar technology at Bharat Electronics Ltd (BEL), 
Bangalore.

 
Noise analysis articulating the relationships of various noise sources on the electrical 

parameters of the fabricated SDD and JFET have been discussed. TCAD device simulations 
have been performed for the SDD and on-chip JFET for static (dc) and dynamic cases. The static 
case simulations revealed values of critical dc performance parameters like leakage current, 
anode capacitance etc. Dynamic simulations meant to study the effect of radiation, revealed the 
relationship between drift time & drift distance within the detector. Analytical modeling of the I-V 
characteristics of the SDD has also been performed to predict the leakage current behavior for 
various other designs fabricated at BEL.

 
Keywords : Silicon Drift Detectors, Junction Field Effect Transistors, Technology Computer aided 
Design & Equivalent Noise Charge.
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A First Principle’s Approach to Study of the 
Silicon Drift Detector with Embedded JFET: 

Noise Analysis, Simulations & Analytical 
Modeling

Pourus Mehta

Abstract - Proto-type commercial grade Silicon Drift Detectors 
(SDDs) with on-chip low noise JFETs have been realized using 
silicon bipolar technology at Bharat Electronics Ltd (BEL), 
Bangalore. Noise analysis articulating the relationships of 
various noise sources on the electrical parameters of the 
fabricated SDD and JFET have been discussed. TCAD device 
simulations have been performed for the SDD and on-chip 
JFET for static (dc) and dynamic cases. The static case 
simulations revealed values of critical dc performance 
parameters like leakage current, anode capacitance etc. 
Dynamic simulations meant to study the effect of radiation, 
revealed the relationship between drift time & drift distance 
within the detector. Analytical modeling of the I-V 
characteristics of the SDD has also been performed to predict 
the leakage current behavior for various other designs 
fabricated at BEL. 
Keywords : Silicon Drift Detectors, Junction Field Effect 
Transistors, Technology Computer aided Design & 
Equivalent Noise Charge. 

I.
 

Introduction
 

ilicon drift detector (SDD) is a detector based on 
the principle of lateral charge transport

 

within the 
bulk of a fully depleted detector, as proposed by 

Gatti and Rehak (Reference-1).

 

SDDs are fabricated 
over high resistivity n-type substrate with p-n junctions 
on both top and

 

bottom sides of the substrate. PN 
junctions on the top-side are segmented field shaping

 

cathodes whereas the back-cathode is a uniform p-n 
junction. A reverse bias gradient is

 

applied to the field 
shaping cathodes, which results in creation of a 
potential energy

 

distribution in the shape of a “Potential 
Gutter” with its ultimate electron potential energy

 

minimum at the anode. Electron-hole pairs are created 
by passage of ionizing radiation and

 

get swept vertically 
across the parabolic potential along the depth and are 
focused at the local

 

potential minima. They then get 
drifted along the lateral drift channel towards the anode. 
The

 

noteworthy feature of the SDD is that its small 

output (anode) capacitance is independent of

 

its large 
detector   active   area.   SDDs   are   suitable  

 

for   

 

high 

 
 
Author : Bhabha Atomic Research Centre, Electronics Division, MOD 
Lab, Trombay, Mumbai 400085, India.  

 

resolution (127eV @ 5.9 keV for

 

Mn-Kα

 

line; Ketek Vitus 
SDD) and high count rate (~1x106

 

cps) X-ray 
spectroscopy

 

applications. These detectors have found 
wide application in high-energy physics for tracking

 

applications. SDDs have been incorporated in the ALICE 
detector experiment along the

 

Large Hadron Collider at 
CERN. SDD’s high-resolution capability can be further 
augmented

 

by integrating the input device of the pre-
amplifier (JFET) within the detector so as to avoid

 

stray 
capacitance and microphonism. The integration of JFET 
onto the

 

detector also

 

facilitates better matching  

 
 

 

 

 
 

II.

 

Detector Design

 

Fig. 1(b) shows the 2D cross-section of the 
SDD of circular geometry with a cathode pitch of

 

120 
μm {p+ cathode width (70μm) + Inter-strip gap 
(50μm)}. An n-type high resistivity (4

 

kΏ.cm) <111> 
orientation substrate of 300 μm thickness is employed 

 

concentration in p+ cathode region is approximated to 
be

 

1x1018

 

cm-3

 

with a gaussian distribution profile. 
Similarly, the back junction is also having

 

the same 
concentration and profile. This version of SDD had an 
on-chip poly-resistor

 

network for biasing the 
intermediate p+ strips together with an on-chip JFET for 
first level

 

amplification [Fig. 1(a)]. This device had 20 p+ 
cathodes with two guard rings encircling its

 

outer 
perimeter. The first, fifth, tenth, fifteenth, twentieth, and 
last p+ strips were individually

 

biased whereas  
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between detector and transistor capacitances/
impedances. The proto-typing stage fabrication of SDDs 
at IIT-B has been successfully completed (Ref. 5). 
Commercial grade SDDs have already been fabricated 
at BEL and have yielded satisfactory performance (Ref. 
8). This paper gives a broad outline on the noise 
analysis, dc and dynamic TCAD simulations of the 
SDDs fabricated at BEL. An attempt has been made to 
model the static current-voltage characteristics of the 
SDD to predict the electrical behavior for various other 
kinds of SDDs fabricated at BEL.

PACS : 85.30.-z, 85.30.De & 85.30.Tv

to fabricate the SDD-JFET composite device. The peak 



 

The

 

anode being an annular ring (radius = 50 μm) 
having area of 7.7 x 104

 

μm2

 

which fetched an

 

analytical 
full depletion anode capacitance of 27 fF for 300 μm 
thick fully depleted silicon

 

wafer. The total detector 

active area of the detector was 2.31 x 107

 

μm2. The 
embedded lownoise JFET (named as JFET-10) for this 
SDD design had the smallest channel length (15 μm) 

possible with BEL process [Fig. 1(c)]. For a designed 
channel length of 15 μm and the channel width of 172 
μm, the analytical Transconductance (gm) worked out to 
be 0.247 mS. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1 (a) : Photograph of the completely fabricated SDD with in-built JFET. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Fig. 1 (b) : 2-dimensional doping contours of the SDD (Pitch=120 μm).

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1 (c) :
 

2-dimensional doping contours of the embedded JFET. 
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intermediate cathodes got biased through an on-chip 
poly-resistor network. Each poly resistor was designed 
to present a resistance of 102.4 kΏ (RS=138.88 kΏ/   ). 



  

 
 

 
 

 
 

 
 

 

 
 

 

  
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Fig. 2

 
:
 

Optimum shaping time versus Capacitance mismatch factor.

a) Equivalent Noise Charge for Gate Current Noise (Ig) 
As stated earlier the gate current is a source of 

noise in the JFET and its relationship with ENC is shown 
in equation 2. From the equation 2 it is also inferred that 

 
  

 
 
 

  
b) Equivalent Noise Charge for Detector Leakage 

Current Noise (ID) 
Similarly, it is seen from equation 3 that the 
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---- Eq. 1

---- Eq. 2

--- Eq. 3

the gate current should be as small as possible to 
reduce the ENC1 component of noise.

detector leakage current should be minimum for
reduction of ENC2 component.

c) Equivalent Noise Charge for feedback circuit
The noise due to feedback circuit can be 

minimized by choosing a very high value of feedback 
and bias resistors so as to make the effective parallel 
combination RP large.

III. Noise Analysis

  

The Equivalent Noise Charge (ENC) has a 
strong dependence on the optimum shaping time (TM) 
(Equations 1-5) (Refer Spieler notes). It can be inferred 
from equations 1-5 that TM should be as small as 
possible to reduce the components of noise playing a 
critical role in the SDD & JFET system. It was found that 
for a particular value of Transconductance gm and 
detector leakage current ID, the optimum shaping time 
was least for a capacitance mismatch factor (h) of ~1. 

This means that the detector capacitance and JFET 
gate capacitance should not only be small but also 
nearly equal to each other. To prove this argument, a 
numerical simulation has been performed using values 
obtained from simulation of the JFET & SDD together. 
The plot in figure 2 shows the graphical representation 
of the relationship between optimum shaping time and
mismatch factor. Figure 3 shows the mathematical 
relationship of the ENC on mismatch factor for the SDD-
JFET system.



 
 

  
 
 
 
 

---

 

Eq. 5

 
 

 
 
 

e)

 

Net effective Equivalent Noise Charge

 
 
 
 
 

-----

 

Eq. 6

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3

 

:

 

Equivalent Noise Charge versus Capacitance 
mismatch factor.

 

IV.

 

Device Simulations

 

Three Dimensional device simulations have 
been carried out keeping a two fold approach in

 

mind. 
Firstly, device simulations carried out for the static case 
(without application of any

 

radiation) on the SDD-JFET 
composite device system. Secondly, to study the effect 
of

 

application of incident radiation (X-ray photons; 

 

λ

 

= 
2 Ao) on the performance curves of the

 

SDD.

 

a)

 

Static Case Simulations (Without application of 
Incident Radiation)

 

i.

 

Silicon Drift Detector

 

The 2D cross-section of the SDD-JFET system 
[Fig. 1(b)] has been used as input to run a

 

static case 
current voltage simulation. The 2D cross-section in 
figure 1(b) has been subjected

 

to application of 
appropriate voltages and suitable boundary conditions 
were added to ensure

 

that the solution to the poisson & 
continuity equations would converge. The biases were

 

applied such that the anode was at a zero

 

potential, 
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d) Equivalent Noise Charge due to JFET drain shot 
noise

This component can be minimized by having a 
small value for capacitances together with a high gm.

--- Eq. 4

Simulations & Analytical Modeling

cathode-1 was given -5 volts potential and cathode-20 
at -100 V. The intermediate cathodes got biased through 
the on-chip poly-resistor network. This peculiar biasing 
develops a potential distribution resembling a gutter 
(Ref. 4). The one dimensional potential along the depth 
is parabolic in nature. This leads to confinement of 
electrons generated by photo-electric absorption of 
incident photons. The photoelectrons are first 
concentrated within the minima along the depth and 
then drifted along the horizontal channel towards the 
anode where they ultimately get collected. The above 
biasing scheme results in an electric field of 370 V/cm. 
Corresponding to the field strength & an Electron 
Mobility of 1350 cm2/ V.s at 300oK, Electron Drift Velocity
works out to be 5 × 105 cm/s. This implies a detector 
response time (Drift Time) of around 100 nano seconds 
for a drift distance of around ~500 µm. Value of 
resistance of poly-resistor was fixed at 100 kΩ for W = 
120 µm & L = 80 µm, which corresponds to a total 
resistor chain current of around 65 µA under these 
biasing conditions. The simulated detector anode 
(output) capacitance at full depletion is around 200 
femto Farad which is flexible enough to play with and 
tune with the integrated transistor’s capacitance.



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4

 

:

 

Anode current versus last cathode (C-20) voltage.

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5

 

:

 

Anode Capacitance versus Cathode-1 voltage.

 

ii.

 

Junction field effect transistor (JFET)

 

The virtual SDD-JFET detection system was 
again ported to the device simulator and device

 

characteristics of the JFET alone were studied. The 
JFET was biased in common source configuration

 

with 
the source at 0V and drain voltage of 30.5V and gate 
voltage varied from 0V to –20V (Transfer

 

characteristics 
illustrated in figure 7). Fig. 6 shows the ID-VDS

 

(Drain) of 
the JFET having gate

 

width of 172 µm. The gate pinch-
off voltage is VGSOFF

 

= -6 V with a saturation drain current

 

of ~6 mA (Fig. 6). The extracted Transconductance at ID

 

= 5 mA and VDS

 

=30 V is gm

 

= 1.7

 

mS. The slope of the 
ID-VDS

 

curve in the saturation region corresponds to an 

output resistance

 

of 18 kΩ. The extracted gate leakage 
current was 1 pA at operating conditions, which would

 

be significantly small as compared to leakage current of 
the detector (4.5 nA). This ensures

 

that the shot noise 
contribution due to gate current is negligibly small as 
compared to the one

 

associated with the detector 
leakage current. It was observed that the transistor does 
not

 

breakdown even at VDS

 

= 42 V. The gate 
capacitance is in such a range that output

 

capacitance 
of the SDD can be matched to get optimal results.
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Fig. 4 shows the leakage current of the detector 
as a function of reverse bias applied to cathode C-20 
whereas figure 5 gives the C-V characteristics of the 
simulated SDD structure respectively. As the reverse 
bias is increased, the depletion region extends as 
function of   from both sides of the device. The 
capacitance decreases to significant low value during
initial reverse bias of -5 V when the depletion region 

from first strip touches the n + anode. Further increase in 
reverse bias continues to deplete the bulk (and reduce 
the capacitance) till full depletion is reached at -30 V. 
Beyond this bias anode capacitance saturates to a low 
value corresponding to a parallel plate capacitor of area 
that of anode and spacing between the plates being the 
detector thickness.

V



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 6  :  Drain Characteristics of embedded JFET.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 7 : Transfer Characteristics of embedded JFET.
 

b)
 

Dynamic Case Simulations of SDD-JFET composite 
system (with application of

 
incident radiation)

 The SDD -
 
JFET system described in fig 7 has 

been subjected to an X-ray beam (λ
 
=2

 
Ao) through a 10 

μm wide slit. This was done to emulate a point source of 
light instead of a

 
uniform shower to accurately estimate 

the drift time. Since the nuclear pulses are of short
 duration (nano seconds say) the simulated X-ray beam 

was a Gaussian with rise time of 0.1
 
ns and fall time of 

beam aperture was
 
only 10 μm wide, the actual optical 

power in this case turns out to be only 1 μWatt for an
 

current was extracted as a function of
 
transient time, 
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0.4 ns. The beam intensity was fixed at 1 W/cm2 as the 

incidence area of 10 x 10 μm2. The resultant anode 

which gave a Gaussian current pulse (Equation-7) with 
the rise time depending upon the distance from the 
point of incidence on the detector. Simulations were 
performed for X-ray incidence distances of 500, 1000, 
1500, 2000 and 2200 μm from the anode, and the 
current pulses at the anode were extracted. It was found 
that the current at the anode was delayed and rise times 
increased with increase in the distance of the X-ray 
incidence point from the anode. Drift times varied 

proportionately with the drift distance thus maintaining 
drift time to drift distance linearity. Alternatively, it was 

Additionally, a simulation was also performed in 
which both the SDD and JFET were biased in such a 
way that the anode of the SDD was shorted to the gate 
of the JFET and the combined node was connected to a 
resistor of 100 k Ohm and the other end of the resistor 
was connected to ground potential. This ensured that 
the anode current would be dropped across the resistor 
and this voltage drop would be fed to the gate of the 
JFET, which in turn would result in a dynamical change 
in the drain current (ref. Fig. 8). This ensures that the 
small change in the anode current would be amplified 
by the transistor to give a large change in the drain 

also found that the current pulse at the anode
experienced significant broadening due to diffusion of 
the charge cloud. This effect is incremental with 
increase in drift distance from the anode. The net 
deposited charge (0.24 femto-Coulomb) always remains 
conserved in all cases. This dynamic simulation helped 
in accurate estimation of pulse timing and height 
characteristics. This helped in designing the latter end of 
the instrumentation chain like pre-Amplifier, shaper etc.



 
 

  
 
 
 ---

 

Eq. 7

 
Where

 
Io

 

= Maximum anode leakage current

 
xo

 

= Drift distance

 
σ

 

= Width of current pulse

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 8

 

:

 

Circuit showing parasitics modeled in simulation.

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 9

 

:

 

Dynamic current characteristics of the SDD.

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

   
 

G
lo
ba

l 
Jo

ur
na

l 
of
 R

es
ea

rc
he

s 
in
 E

ng
in
ee

ri
ng

  
    
 

V
ol
um

e 
 X

II 
 I
ss
ue

 vvvv 
X
I 
 V

er
sio

n 
I 
  

  
  

  
  

  
  

  
  

7

(
DDDD

)
F

 ©  2012 Global Journals Inc.  (US)

  
ea

r 
20

12
 

Y

A First Principle’s Approach to Study of the Silicon Drift Detector with embedded JFET: Noise Analysis, 
Simulations & Analytical Modeling

2

2

( )

2

2

ox x
oI

I e σ

σ π

− −

=

current. In this simulation the rest of the SDD biasing 
remained same and the drain bias was fixed at 30 Volts 
through a bias resistor of 10 kΩ for a source bias of zero 
volts (common source configuration).



V.

 

Analytical Modeling Of SDD I-V
 Characteristics (Static Case)

 

I-V characteristics of the SDD have been 
analytically deduced to predict the leakage current

 

behavior for various other designs fabricated at BEL. 
The values of the constituent

 

parameters of equations 8 
& 9 have been enlisted below in Table-1. The I-V curve 
resulting

 

from the equations 8 & 9 has been illustrated in 
figure 11. As seen from the curve, the

 

saturation 
behavior is similar to the one derived from simulation. 
The deviation of the

 

saturation anode current derived 

from simulation from that achieved from I-V model is

 

merely 4.8 %. This small value of deviation in saturation 
current shows that the model is

 

fairly successful in 
predicting the behavior of the SDD’s I-V characteristics.

 
 
 
 
 

----

 

Eq. 8

 

α

 

= Constant = 200 (depends on surface 
recombination velocity)

 
 
 
 

-----

 

Eq. 9

 

 

Table 1

 

:

 

Tabular form listing the values of constituent parameters of the Equations 8 & 9.
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Fig. 10 : Drift time versus drift distance relationship in SDD.

 

1 * 1

qV qV

KT KT
R sI J A e eα

 
 
 

   
= − −       

------Amperes 

 

2 2
p n

s

p D n A

D ni D ni
J q

N Nτ τ

 
= +  

 
; Js = 1.75 x10

-8
 Amperes/cm

2

Sr. No. Parameter Symbol Value 

1 Total leakage current at anode IR  

2 Leakage current density JS 1.75 x10
-8

 Amperes/cm
2
 

3 Detector Active Area A 0.27 cm
2
 

4 Boltzmann constant K 1.38 x10
-23

 J/
 o

K 

5 Electronic charge q 1.6 x10
-19

 Coulombs 

6 Ambient Temperature  T 300 
o
K 

7 Applied reverse bias   V 0 to -100 Volts 

8 Constant  α 200 

9 Diffusion coefficient for Holes DP 12 cm
2
/s 

10 Diffusion coefficient for Electrons Dn 36 cm
2
/s 

11 Hole Lifetime τP 1x10
-5

 s 

12 Electron Lifetime  τn 2x10
-3

 s 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 11

 

:

 

I-V Characteristics of SDD derived using I-V model.

 

VI.

 

Conclusions

 

Noise analysis revealed the optimum value of 
capacitance mismatch factor (h)

 

between SDD and 
JFET capacitances to be ~ 1. The relationship of 
shaping time with

 

mismatch factor was found to be 
parabolic with minima at the optimum mismatch value. 
The

 

net ENC too was found to be minimum at the 
optimum mismatch value. The full depletion

 

anode 
capacitance derived from simulation was 200 fF for a full 
depletion voltage of -30V.

 

The saturation value of anode 
leakage current was 4.5 nA. The transconductance 
derived

 

from I-V simulation of the embedded JFET was 
1.7mS for a gate pinchoff voltage of -6V.

 

Dynamic 
simulations revealed the near linear dependence of drift 
time on drift distance

 

within the SDD. Analytical 
modeling of the SDD’s I-V characteristics showed a 
deviation of

 

4.8% in saturation anode current values 
achieved from simulation and analysis.
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Building Algorithm for Obstacle Detection and 
Avoidance System for Wheeled Mobile Robot

Chigulla Leela Kumari

Abstract - Nowadays, Wheeled Mobile Robots (WMRs) are 
built and the control system that used to control them are 
made by Electronic Engineers. Depend on their desire design 
of WMR, Technicians made used of Microcontrollers as 
controlling machines and DC Motors for motion control. 
Autonomous robotic vehicle guidance for indoor navigation 
has been developed for Mobile Industrial Robot model. The 
resulting design will navigate the environs in a building without 
the need of human intervention. The guidance system consists 
of infrared sensors for obstacle detection, range determination 
and avoidance. It can detect the obstacles within the range 10 
to 30 cm. This paper represents mainly on software 
implementation of obstacle detection and avoidance system 
for Wheeled Mobile Robot. This system consists of infrared 
sensors and microcontroller. In this system three infrared 
sensors are used for left, front and right. In this robot system, 
the input signal is received from sensor circuit and Atmega 32 
microcontroller is operated according to the received sensor’s 
signal. The infrared sensor reading is taken and processed to 
avoid the obstacles. The 12V power supply is used to operate 
Atmega 32 board and sensor circuit board. The obstacle 
avoidance algorithm is simply evaluated on Atmega 
microcontroller based mobile robot. IR Sensors based 
Wheeled Mobile Robot, mainly function as an Obstacle 
Avoidance Vehicle. The desired goal of this system is to avoid 
obstacles along its path and to determine the distance. 

I. Introduction 

OBOTS are now widely used in many industries 
due to the high level of performance and 
reliability. All mobile robots feature some kind of 

obstacle avoidance. Designing autonomous robot 
requires the integration of many sensors and actuators 
according to their task. Obstacle detection is primary 
requirement for any autonomous robot. The robot 
acquires information from its surrounding through 
sensors mounted on the robot. Various types of sensors 
can be used for obstacle avoiding. Methods of obstacle 
avoiding are distinct according to the use of sensor. 
Some robots use single sensing device to detect the 

object. But some other robots use multiple sensing 
devices. The common used sensing devices for 
obstacle avoiding are bump sensor, infrared sensor, 
ultrasonic sensor, laser range finder; charge-coupled 
device (CCD) camera web cam and so on can be used 
as the detection device. Among them infrared sensor is  
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most

 

suitable for this obstacle

 

avoiding robot because 

of its low cost and ranging
 
capability. The IR object 

detection system consists of LM358N operational 
amplifier with a pair of infrared led and photodiode. This 
system is a compact, self-containedIR ranging system 
incorporating an

 
IR transmitter, receiver,

 
detection, and 

amplification circuitry. The unit is highly resistant to 
ambient light and nearly impervious to variations in the 
surface reflectivity of the detected object. The paper is 
mentioned on the basic research of “Development of an

 Intelligent Wheeled Mobile Robot (WMR)”. This is a type 
of IR Sensors based Wheeled Mobile Robot and it 
mainly function as an Obstacle Avoidance Vehicle. It is 
mainly focus to software implementation of this WMR.

 
II.

 
System Overview

 
This mobile robot is designed to explore in the 

environment by detecting obstacles and avoiding 
collision base on the distance measurement information 
obtained from the infrared sensors. This robot system is 
obstacle avoiding robot using infrared sensors. Infrared 
sensor senses the obstacle along its path. In this system 
three infrared sensors are used for left, right and front. 
The Infrared sensors, used for obstacle avoidance, are 
connected to the processor via analog ports. The input 
signal is

 
received from sensor circuit and ATMEGA32 is 

operated according
 
to the received sensor’s signal. 

 The reason to choose IR sensors as Obstacle 
detected device is that to determine the range of object 
and by this data, to control the Obstacles avoiding 
process. Analog

 
to Digital Converting (ADC) process is 

done in ATMEGA32 by software and these data used to 
control the require outputs that will effect to the second 
Module, Navigated Control System. The basic circuit 
that makes these processes is shown in Figure 2. 
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Fig.1 : Block Diagram of Obstacle Detection and 
Avoidance System for Wheeled Mobile Robot



 
 
 
 

 
 

Fig. 2

 

:

 

Infra red sensor circuit applied to ATMEGA32

 
 

Using the input signals from sensor circuit, the 
navigation system determines a direction to avoid the 
obstacle. After turning a suitable angle, the navigation 
system negotiates the robot to the

 

desired direction and 
check whether there is an obstacle along its way. 
According to the sensing information, microcontroller 
controls the driver unit. And then, the driver unit drives 
the robot’s wheels individually.

 

III.

 

Infra Red Sensor

 

In this paper, three infrared sensors are utilized 
for distance measurements. The infrared sensor 
consists of a LED emitting the infrared light and a photo 
diode. This sensor enables to detect objects without any 
influence on the color of reflective objects, reflectivity, 
the lights of surroundings. Maximum range that can be 
detected is from 10 to 30 cm. It generates an analog 
voltage that is a function of range. The output voltage 
can be measured by an analog-to-digital ADC input line. 
It has three wires, positive (+5V), negative (ground), and 
data output. 

 
 

 
 

Fig.

 

3 :

 

IR Sensor

 
 

IV.

 

Analog-To-Digital Converter And 
Sensor Accuracy

 

Distance sensors are typically not read at a rate 
of more than a few samples per second, so the 
performance characteristics of most ADCs will be 
sufficient. Assuming that the noise on the Vout input 
signal has been kept to a minimum, the main concern is 
to

 

ensure that the number of bits used for the ADC 
output is sufficient for the desired resolution. The 
change in voltage from 70 cm to 80 cm is only about 
0.06 V, which corresponds to 0.006 V/cm. If the 8-bit 

ADC with a reference voltage of 5V is used, each

 

bit of 
the ADC output represents 0.0195 V which means a one 
bit swing in the ADC output will result in a distance 
swing of about 3 cm. The maximum voltage output from 
a IR sensor is about 3V. If the reference voltage for the 
8-bit ADC is changed to 3V, each bit of the ADC output 
represents 0.0117 V, which means a one bit swing in the 
ADC output will still result in a distance swing of about 2 
cm. The resolution is better at shorter distances 
because there is a larger voltage change.

  

V.

 

Circuit Operation Of Obstacle  
Detection And Avoiding System

 

This IR range sensor produces voltage signal 
when the photo diode conducts due to reflection of IR 
rays. The emitter emits a pulse of IR light. This light 
travels out in the field of view and either hits an object or 
just keeps on going. In the case of no object, the light is 
never reflected and the reading shows no object. If the 
light reflects off an object, it turns to the detector and 
creates a triangle between the point of reflection, the 
emitter, and the detector. The angles in this triangle vary 
based on the distance to the object. The

 

triangle 
described above. It is an analog infrared proximity 
sensor. It can be used to detect obstacles. This sensor 
has a LED that emits infrared light. Infrared light has the 
interesting property that it bounces on obstacles. On the 
front of the sensor, beside the LED that emits the 
infrareds, there is a photodiode that is sensible to 
infrared light. It will vary the output voltage based on the 
amount of infrared light that bounces back to the 
sensor. The more infrared light it sees, the closer is the 
object and the higher the output voltage generated by 
the photodiode. This sensor will provide an analog 
output voltage that is promotional to the distance of the 

Building Algorithm for Obstacle Detection and Avoidance System for Wheeled Mobile Robot
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object it senses. It’s analog output will then be fed into 
the analog-to-digital converter of the microcontroller, via 
its pin.

If the voltage output is connected to a 
microcontroller with analog to digital conversion 
capability (such as a ATMEGA32 microcontroller), it is 
possible to translate this voltage to a numerical value. 
This value can be used to determine whether or not 
there are obstacles close to the sensor and how far 
these obstacles are. Figure 4 shows how to interface a 
microcontroller to a sensor.



 

 
 

Fig.

 

4 

 

:

 

Interfacing ATMEGA32 with sensor circuit.

VI.

 

Sensing Statements

 

The sensing in mobile industrial robot relies 
mostly on infra-red light (IR) detectors, either for 
obstacle and goal area detection, although a few robots 
used ultrasound distance detectors. Obstacles are 
detected with proximity sensors. To detect obstacles 
teams usually use IR sensors, although a few robots 
used ultrasound sensors operating as sonar’s, based on 
pulse reflection and time of flight. 

 

Obstacle detection is active in the sense that 
the robot emits IR light, and looks at the reflection 
received

 

by the detectors. This allows a gross measure 
of the distance of a given obstacle, as the output 
voltage increases with the intensity of the modulated IR 
light (at 40KHz) received by the detector, which is 
inversely proportional to the distance between the robot 
and the obstacle. The voltage/distance relationship is 
approximately quadratic. Obstacle detection typically 
uses 3 of infrared sensors. To improve detection 
efficiency, the use of more than one IR LED/sensor is in 
order to better illuminate the detection area. In some 
robots the obstacle detection was also improved using 
more than 3 sensors. It uses the triangulation principle 
to compute the distance between the sensor and the 
obstacle being useful in the range 10-30 cm. Reliable 
obstacle avoidance

 

is an essential feature. The simplest 
way to avoid obstacles is to use at least two noncontact 
(IR or ultra-sound) proximity sensors looking left and 
right. Detecting an object on the left side of the robot 
makes it turn right and vice-versa. This can be done by 
simple proportional control, using directly the output of 
the sensor, or by quantizing the sensor value in a few 
discrete levels (close, medium-range and far). However, 
most of the robots used at least 3 obstacle sensors with 
one facing the robot front. This improves obstacle 
detection area while maintaining the capability to detect 
obstacles in front. In this case, use of randomization can 
also be useful. By not turning always to the same side 
when facing a frontal obstacle, chances of developing 
vicious cyclic behaviors are reduced.

 

VII.

 

Software Consideration Of Obstacle 
Detection And Avoiding System

 

The consideration data of IR Sensor that 
mentioned the graph comparing between its voltages 
depend on the distance of the detected object is shown 
in Figure 6. For assembly software program 
consideration for microcontroller, the following step by 
step consideration should be made.

 

•

 

Three inputs from three

 

sensors are to be converted 
as digital data of microcontroller input.

 

•

 

These data must be represented as input bits of 
control system that can determine which sensors 
are detected and which position of Robot is require 
rotating.

 

a)

 

Software Consideration of Navigated Control 
System

 

The input and output consideration of this 
Module can be seen clearly as shown in

 

Table I.

 
 

STATE  
NUMBER

 

INPUT            
DATA

 

DETECTED 
SENSORS

 

DECISION 
TO WMR

 

OUTPUT    
DATA

 

1

 

000

 

NONE

 

straight

 

1001

 

2

 

001

 

3

 

Left

 

0001

 

3

 

010

 

2

 

Right

 

1000
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4 011 2,3 Left 0001
5 100 1 Right 1000
6 101 1,3 straight 1001
7 110 1,2 Right 1000
8 111 1,2,3 Back 0110

Table 1

b) Consideration of Rules for Obstacle Avoiding and 
Navigating

i. Path predetermining state
The system must be pre-limited for going 

straight distance, turning left or right and returning back 
straight to the starting point for no obstacles condition.



     
     
     
     
     

 

 
 

  

 

ii.

 

Obstacle avoiding state (obstacle is detected at the 
front)

 

Table I Outputs from Navigation System depend 
on its Inputs. The system must be stop for a while. It 
must turn to the left and check if there is any obstacle or 
not in this turning state. And then it will return to right 
and go straight at normal line.

 

c)

 

Obstacle is detected at the left

 

Stop for a while whether one or both left 
sensors are detected. The system must turn to right and 
check if there is any obstacle or not in this

 

turning state. 
It must return to left and go straight at normal line.

 

d)

 

Obstacle is detected at the right

 

The system must be stop for a while whether 
one or both right sensors are detected. It must turn to 
left and check if there is any obstacle or not in this 
turning state. And then it will return to right and go 
straight at normal line.

 

VIII.

 

Experimental Results

 

For Obstacle detection part, the result of data 
confirming of IR sensor is shown in Figure 2.The main 
consideration result of this Control System, Navigational 
Consideration is made as shown in Table I. The 
experimental results of the Modeling and SIMULNK 
procedures of Motor Drive System are shown in Figure 5 
and Figure 6. This Figure shows the result of analyzing 
the DC Motor internal circuit that it is

 

suitable to use or 
not using MATLAB. And the Experimental results of 
Control System testing circuit for this process are shown 
in Figure 6.

 

 

 
 

 

Fig.

 

6 :
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Fig. 5 : DC motor model created in     
MATLABSIMULINK
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Design and Implementation of Low Power 12-Bit 
100-MS/s Pipelined ADC Using Open-Loop 

Residue Amplification 
Appa Rao M. α, Dr. Ramana Reddy P. σ  & Cyril Prasanna Raj P. ρ

Abstract - In this paper a high speed, low power 12-bit, 
analog-to-digital converter in CMOS 0.13 micron technology 
that makes it suitable for UWB is designed and implemented. 
For designing the particular ADC a bottom up hierarchical 
method is adopted. First according to the specification, the 
design of aspect ratio of the transistors used in our design is 
done.  There were many challenges throughout the design 
process, including determining the matching requirements of 
the devices, investigating what percentage of segmentation to 
be used to design the whole system. For checking the 
functionality of the whole system a spice code is written using 
HSPICE by defining all blocks in the circuit as sub circuits. 
Then a schematic capture is done using schematic composer 
from virtuoso stating from bottom level to top level. Finally the 
layout for the complete ADC is done using Electric Layout 
editor. A 12-bit pipelined ADC that can operate at maximum 
frequency of 100 MSPS, and power consumption less than 
70mW is designed and implemented.  
Keywords :  Multi-stage, high Speed, high Accuracy, 
Low power, low voltage, ADC, CMOS. 

I. Introduction 

any and the communication systems today 
digital signal processing (DSP) to resolve the 
transmitted information. Therefore between the 

received analog signal and DSP system an analog-to-
digital interface is necessary. This interface achieves the 
digitization of received waveform subject to a sampling 
rate requirement of the system. Being a part of 
communication system, the low power constraint 
mentioned above the A/D interface also needs to 
address to the low power constraint. There are many 
ADC architectures; pipelined ADCs are advantageous 
and widely used in applications with signal bandwidths 
that are too high for oversampling delta-sigma ADCs 
and resolution requirements that are too high for flash 
ADCs. Nevertheless they are sensitive to distortion 
introduced by the residue amplifiers in their first few 
stages,   and   residue   amplifier    distortion tends to be  
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inversely related to both power supply voltage and 
power consumption. Therefore, the residue amplifiers 
are usually the dominant consumers of power in high-
resolution pipelined ADCs, particularly in low supply 
voltage designs [1]–[6]. Among the key building blocks 
in pipelined ADCs are the residue amplifiers that 
interface successive converter stages. Especially

 

in the 
converter front-end, these gain elements have to meet 
very stringent speed, noise, and linearity requirements 
and tend to dominate overall power dissipation. To 
address this issue, a variety of techniques have been 
developed to minimize amplifier power in pipelined 
ADCs. Among them, stage scaling [3], [4], optimization 
of the per-stage resolution [5]–[7], and amplifier sharing 
techniques [8], [9] are commonly used. In addition to 
their dominance in power consumption, it has also been 
recognized that residue amplifiers are most susceptible 
to complications that arise from continuing integrated 
circuit technology scaling [10], [11]. For 
implementations in future deep submicron processes, it 
is often predicted that limited supply headroom and low 
intrinsic device gain may lead to a relative power 
increase in such noise-limited precision analog circuit 
blocks [12], [13]. In this paper, a pipelined ADC is 
designed that achieves superior SNR, and operates at 
100Msps, with power dissipation less than 70mW. 
Section II discusses pipelined ADC architecture, section 
III discusses design of software model for proposed 
pipelined ADC. Section IV discusses the schematic 
design of pipelined ADC and layout design. Section V 
presents conclusion.

 a)

 

Architecture of Pipelined ADC   

 
The purpose of analog to digital converts is to 

sample and digitize an analog signal. The more 
precisely the analog signal is converted to digital, the 
more information can be obtained from it. It is also 
desirable to convert high bandwidth or high frequency 
analog signals; thus, ADCs must be capable of a fast 
sampling rate as well being accurate. The pipeline ADC 
is the architecture of choice for applications that require 
both speed and accuracy and

 

where latency is not 
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concern. The basic idea behind the pipeline ADC is that 
each stage will first sample and hold the input then it is 
compared with VREF/2. If the input is greater than 



VREF/2, output a 1 for that stage and pass the input 
voltage directly to the next stage. If the input is less than 
VREF/2, output a 0 for that stage and multiply the input 
voltage by 2 before passing it to the next stage. Figure 1 
shows the block diagram for this basic operation.

 
 

 

Fig.

 

1

 

:

 

Pipeline ADC Block Diagram [1]

 
 

There are a few challenges with the basic 
pipeline ADC architecture that this project will attempt to 
address. Before looking at the sources of error, it is 
worth noting that an error in the early stages of the 
pipeline will propagate through the pipeline

 

affectively 
being amplified by 2 by each successive stage. Errors 
can be created by the comparators not switching at the 
correct point. This means that the comparator may have 
some offset which will result in it making the wrong 
decision. The sample and hold may also have some 
offset causing the wrong voltage to be passed to the 
comparator which will result in the same problem of the 
comparator making a wrong decision. The other source 
of error is the multiply by 2 function, because it is difficult 
to multiply by a gain of exactly 2. These limitations with 
real op-amps and comparators will result in integral 
nonlinearity (INL) and differential nonlinearity (DNL) 
errors. This design requires 12-bit resolution. This 
means that there will be 212

 

or 4096 possible output bit 
combinations. Assuming a VREF

 

of 1V, 1LSB or the level 
of analog resolution is given by

 

 
 

To correct the errors caused by the offsets in 
the comparators and the sample and hold op-amps, a 
technique called 1.5 bits/stage will be used. The name 
1.5 bits/stage is based on the fact that each stage has 
an output with three possible cases consisting of a and 
b signals, where ab can be 00, 01, or 11. The ideal 

transfer curve for the 1.5 bits/stage of vin versus vout is 
shown in Figure 2. And, the relationship between vin and 
vout can be expressed as:

 

 
 

Fig.

 

2

 

: 1.5 Bits/Stage Transfer Curve (Single-ended) [1]

 

b)

 

Software reference model design of Pipelined ADC      

 

The functional block diagram of the pipelined 
ADC is simulated using Simulink in MATLAB. The 1-bit 
single stage converter behavioural block has been 
designed and simulated. The behaviour of the block has 
been developed using the equations given below.

 

•

 

If Vin > Vmid      Vresidue=2(Vin-Vref)

 

•

 

If Vin < Vmid      Vresidue=2(Vin)

 
 

Using a reference value this single stage block 
would act as a comparator and gives a bit as output. 
Again that bit will be converted in to analog value that 
value again compared with the actual input signal and 
the difference signal will be produced. The difference 
signal will be in the range of half of the actual input 
range. Since the total pipelined architecture has been 
developed using these similar types of 1-bit single stage 
blocks should give the same input rage to all stages. To 
get that voltage range we should multiply the error 
signal with 2 then we can give output of one stage to 
input of next stage.

 

Every stage has its own sample and 
hold circuit operating at 100 MS/s. the output of the 
sample and hold  stage will be consider as the input to 
the 1-bit converter. Figure 3 shows the software 
reference model of 1-bit conversion.
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Fig. 3 : Simulink model for the 1-bit conversion stage 
 The input and output waveforms of this single 
stage are shown in Figure 4. The 1 MHz input sine wave 
has been sampled by the 100 MHz clock signal. 
Theoretically we can estimate the signal to noise ratio 
(SNR). SNR (worst case) = 6.02 n+4.24 dB Hence we 
have established the boundary conditions for the choice 
of the resolution of the converter based upon a desired 
level of SNR. Based on this calculation the 12-bit 
pipelined ADC having (SNR) 68 dB. 

 

 
 Fig 4

 
: Digital and Residue output waveforms of the 

single stage pipelined ADC
 

 
Fig. 5 : Matlab simulink model for the 12-bit pipelined 

ADC 
 

 

 
Fig. 6 : Digital output from the 12-bit pipelined ADC for 

sine wave 

II. Vlsi Implementation Of The 12-Bit 
Pipe Lined Adc 

a) Bit Single Stage of Pipelined architecture 
This stage is consist of sample and hold circuit 

followed by 1-bit ADC, 1-bit DAC, subtracted and 
multiplier. The analog signal will be sampled and fed to 
the comparator acts as the 1-bit ADC that would give 
the 1-bit digital output. Before giving to the comparator 
the sample signal should lift to the .9V of the DC voltage 
so that the comparator can compare the value to the 
threshold voltage and give the output. The digital output 
again converted to the analog value through the 1-bit 
DAC Uses two reference voltage levels. This converted 
value will be subtracted from actual sampled signal to 
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produce an error signal using a difference circuit. This 
signal often called as residue signal. This residue signal 
again multiplied by two with an open loop amplifier. The 
sub tractor and the multiplier are working at 100 MS/s 
and input rage of +/-300mV.  The sub tractor and the 
multiplier are designed based on Op amp this op amp 
should work at 100 MHz by using normal op amps it is 
difficult to reach 100 MHz frequency. 

b) Sample& Hold Circuit 
In this paper work sampled hold circuits are 

implemented by the transmission gates and capacitors. 
The switched capacitor technique has been 
implemented to reduce the power. The input to the 
sample and hold circuit is sine wave having bandwidth 
of 1MHz and the sampled signal frequency is 100MHz. 
The delay between in out and output that will be offered 
by this sample and hold signal is 17ns. The output of the 
sample Hold signal is sampling signal having frequency 
of 100MHz 

 
 

Fig. 7 : Schematic diagram and output results of the 
sample and hold circuit 

c) Wideband Operational Amplifier Design 
Subtraction and multiplier circuits are designed 

using the wideband op amp. The specifications of the 
amplifier identified from the top level simulation of 12-bit 
pipelined ADC by the MATLAB Simulink. The achieved 
parameters from the operational amplifier simulation are

          DC Gain  =75dB  
        Unity Gain Freq=160 MHz  
        Slew Rate=9.8e6 V/Sec  
        Phase Margin=57°  
        Input swing= +/-  0.35mV  
        Output swing= +/-  1.15V  

 
The 3dB Bandwidth of the op- amp is selected 

as 100 MHz to meet the application of the architecture. 
The schematic has simulated by the cadence specter 
and layout has drawn by the virtuoso. The simulated 
transient and ac analysis waveforms are shown in the 
Figure 8.  

 
 

 
Fig.  8 : Wideband opamp schematic diagram and AC 

analysis 

d) 1-Bit ADC design using CMOS Inverter 

In this paper however a new approach the 
Threshold Inverter Quantizer (TIQ) based on systematic 
transistor sizing of a CMOS inverter in a full-flash 
scheme eliminates the resistor array implementation of 
conventional Comparator array flash designs. Therefore 
no static power consumption is required for quantizing 
the analog input signal making the idea very attractive 
for battery-powered applications. We can estimate safe 
analog input rage as follows: 

Analog range = Vdd -
 
(VTN

 
+ | VTP|), where VTN

 

and VTP
 
are the threshold voltages for large NMOS and 

PMOS devices, namely the VTHO
 
value from the model 

parameter data set used during the entire design 
process.
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Fig. 9 : Schematic Diagram of Comparator 

e)
 

1-Bit DAC Design
 

For the design of one bit DAC we have used 
pass transistors The CMOS transmission gate consist of 
one NMOS and one PMOS transistor connected in 
parallel. The gate voltages applied to these transistors 
are also set to be complementary signals. As such the 
CMOS TG operates as a bidirectional switch between 
the nodes in and out this is controlled by clock signal. 

 

 

Fig. 10 :
 
Schematic Diagram of 1-Bit DAC

 

f)

 

Buffer Designing

 

This buffer stage is consist of number of Dffs, 
these Dff are designed using Tx-gates and NAND gates. 
The Schematics and Layout are shown in Figure 11. 
Through the practical calculations, I got the average rise 
and fall time is 0.18ns, and Setup Time is 154ps.

 
 

 
 

Fig. 11 :
 
Schematic Diagram of 12-Bit Buffer

 

The digital outputs for a given input analog 
sample are not generated at the same time. MSB comes 
first and LSB last. The time delay between adjacent bits 

is one half clock cycle. All bits need to be synchronized. 
The 1-bit digital output from the first stage is delayed by 
12 half cycles and the output from the second stage is 
delayed by 11 half cycles and so on. The output from 
the last stage is delayed by a half cycle. The delay block 
is made of D flip-flops (DFF) implemented with 
transmission gate and static NAND gates. Since 
sampling rate is only 100 MS/s and the word length is 
12 bits the carry ripple is not an issue under 0.13µm 
process.

 

g)
 

1-Bit Single stage of Pipelined Architecture
 

This stage is consist of sample and hold circuit 
followed by 1-bit ADC, 1-bit DAC, subtracted and 
multiplier. The analog signal will be sampled and fed to 
the comparator acts as the 1-bit ADC that would give 
the 1-bit digital output. Before giving to the comparator 
the sample signal should lift to the 0.9V of the DC 
voltage, so that the comparator can compare the value 
to the threshold voltage and give the output.

 

 

Fig. 12 :

 

Schematic Diagram of 1-Bit Conversion Stage

 

The digital output again converted to the analog 
value through the 1-bit DAC, Uses two reference voltage 
levels. This converted value will be subtracted from 
actual sampled signal to produce an error signal using a 
difference circuit this signal often called as residue 
signal. This residue signal again multiplied by two with 
an open loop amplifier. The difference

 

and the multiplier 
are working at 100 MS/s and input rage of +/-250mV.
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Fig. 13 : Output Wave Form of 1-Bit Conversion Stage 

III.
 

Result Analysis
 

The first signal on the above shown wave figure 
is the input sine wave having voltage rage of +/- 200mV. 
Last signal is the digital output from the single stage of 
pipelined ADC. The second signal is the residue output 
signal which is going to input of the next stage of the 
pipelined ADC. Since This residue signal is being 
affected by the loads at different stages we should 
amplify this signal before giving to the next stage. 

 

a)
 

Top-Level Schematic
 

The layout of the wide band two stage 
operational amplifiers is shown. The area occupied by 
the amplifier layout is 30um*36um.To implement layout 
fingering and inter digitized technique are used.

 
 

 

Fig. 14 :
 
Top-Level Schematic of pipelined ADC

 

Figure 15 shows the frequency domain analysis 
of pipelined ADC. The output of ADC is captured and is 
processed using FFT processor to convert the time 
domain discrete samples to frequency domain samples. 
The frequency domain samples obtained are plotted 
and SNR is measured. In order to estimate the 
performance of ADC, a known input with single 
frequency is used as test vector. The frequency 
spectrum obtained is analyzed for the number of 
harmonics. The first five harmonics are considered to 
compute SNR. 

 

 

Fig. 15 : Frequency domain response of pipelined ADC.  

 

The power consumption at a clock frequency of 
100 MHz was 70 mW from a 1.8 V supply. Below Table 1 
summarizes the measured results. 
 

 Previous 
work 

Present Work 

Technology CMOS 
0.35um 

CMOS0.13um 

Power Supply 3V ±  1.8V 
Input Signal 
Freq 

200kHz up to 10 MHz 

Input voltage 
range 

--- +/-250mV 

Power 
dissipation 

290uW 70mW 

Area 7.9 mm2 6.5 mm2 

Sampling freq 75MHz 100 MHz 

Table 1 :  Results comparison  

IV. Conclusion 

The goals of this paper is First different ADC 
architectures were analyzed to determine the optimal 
topology for the given performance specifications with 
minimum power consumption. Second the exact 
implementation of the chosen architecture was 
investigated in an effort to use the minimum amount of 
power. This Paper involved designing an integrated 
CMOS Analog-to-Digital converter for communication 
and video applications. The performance specifications 
were 12-bits, power dissipation less than 70 mW, area 
should be less than 6.5mm2 and static performance 
parameters such as INL and DNL should be less than 1 
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LSB and 0.5 LSB in order to make a monotonic ADC. 
This pipelined ADC has been met the performance 
requirements. The ADC was designed in 0.13um 
technology at an operating voltage of ±1.8 V. Sample 
and hold circuit is designed by the switched-capacitor 
implementation. We can use the rail to rail op amp to 
increase the input voltage range of the ADC but by 
increasing the input voltage swing the resolution will be 
affected. Common-mode drift issue Since there is no 
common-mode feedback inside the loop the common-
mode drift caused by the mismatch of capacitors, offset 
of op amp and charge injection will accumulate stage by 
stage. Careful design and layout are supposed to 
minimize the total drift within 100 mV such that the 
residue output signal will not be out of saturation. But 
this problem is likely to cause trouble if the common-
mode signal is not controlled well as expected. 
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On-Chip JFET: Device Design, Technology & Characterization
 
  

  
  Abstract -

 
Proto-type Silicon Drift Detectors (SDDs) have

 
been realized through a pilot stage 

fabrication run at the
 
Micro-fabrication facility at Indian Institute of Technology -

 
Bombay (IIT-B). 

Taking precedence from the fabrication run at
 
IIT-B, commercial grade SDDs with on-chip low 

noise JFETs
 

are being developed for low energy X-ray spectroscopy and
 

position sensing 
applications using silicon bipolar technology

 
available with Bharat Electronics Ltd (BEL), 

Bangalore. This
 

paper presents a detailed illustrative view on the design;
 

fabrication and 
characterization of the SDDs & in-built JFETs

 
fabricated at BEL. Traditionally, detectors are 

fabricated over
 
high resistivity silicon substrates whereas JFETs are fabricated

 
over low-resistivity 

silicon. To design a process for fabrication
 
of both SDD and JFET over high resistivity silicon 

posed a
 
sufficient technological challenge. 

 
Keywords : Silicon Drift Detector, Junction Field Effect

 
Transistor, Technology Computer aided 

Design & I-V
 
characterization.
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Development of Commercial Grade Silicon Drift 
Detector with On-Chip JFET: Device Design, 

Technology & Characterization
    

   

Abstract  -  Proto-type Silicon Drift Detectors (SDDs) have 
been realized through a pilot stage fabrication run at the 
Micro-fabrication facility at Indian Institute of Technology -
Bombay (IIT-B). Taking precedence from the fabrication run at 
IIT-B, commercial grade SDDs with on-chip low noise JFETs 
are being developed for low energy X-ray spectroscopy and 
position sensing applications using silicon bipolar technology 
available with Bharat Electronics Ltd (BEL), Bangalore. This 
paper presents a detailed illustrative view on the design; 
fabrication and characterization of the SDDs & in-built JFETs 
fabricated at BEL. Traditionally, detectors are fabricated over 
high resistivity silicon substrates whereas JFETs are fabricated 
over low-resistivity silicon. To design a process for fabrication 
of both SDD and JFET over high resistivity silicon posed a 
sufficient technological challenge. Simulations in Technology 
Computer Aided Design (TCAD) proved helpful in arriving at 
optimum process parameter values for fabrication of SDDs 
and on-chip JFETs over the same high resistivity silicon 
substrate. SDDs & low noise JFETs fabricated at BEL were 
characterized to extract dc (I-V) performance parameters like 
total leakage current at anode, transconductance etc. These 
results formed precursors to fine-tuning the process for the 
next run aimed at achieving an even lower leakage current 
level.  
Keywords : Silicon Drift Detector, Junction Field Effect 
Transistor, Technology Computer aided Design & I-V 
characterization. 

I.
 

Introduction
 

ilicon drift detector (SDD) is a device based on the 
principle of lateral charge

 
transport within the bulk 

of a fully depleted detector, as proposed by Gatti 
and Rehak

 
(Reference-1). SDD is essentially detector in 

which a high resistivity n-type
 

silicon
 

substrate
 

is 
employed to fabricate p-n junctions on both sides of the 
substrate. PN junctions on

 
the front side form 

segmented field shaping cathodes whereas a uniform, 
p-n  junction  forms 

 
the   back-cathode. A   reverse bias 
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gradient when applied to the field shaping

 

cathodes

 together with a constant back-contact voltage creates a 
potential distribution in the

 
shape of a “Potential Gutter” 

with the ultimate electron potential energy minimum at
 the anode. Electron-hole pairs created by passage of 

ionizing radiation are swept
 
vertically by the parabolic 

potential along the depth and focused at the local 
potential

 
minima from where they get drifted along the 

lateral drift channel towards the anode.
 

The 
distinguishing feature of the SDD is that its small output 
(anode) capacitance is

 
independent of its large detector 

active area.  
Thus SDDs are suitable for high resolution 

(127eV @ 5.9 keV for Mn-Kα line;
 
Ketek Vitus SDD) and 

high count rate (~1x106

 
cps) X-ray spectroscopy 

applications.
 

These detectors have found wide 
application in high-energy physics for tracking

 applications. SDDs have been incorporated in the ALICE 
detector along the Large

 
Hadron Collider at CERN.

 This high-resolution capability of SDDs can be 
further augmented by

 
integrating the input device of the 

pre-amplifier (JFET) with the detector so as to
 

avoid 
stray capacitance and microphonism arising due to wire 
bonding between them.

 
The integration of JFET onto the 

detector also facilitates better matching between
 detector and transistor capacitances.

 The proto-typing stage fabrication of SDDs at 
IIT-B has been successfully completed. The first run of 
the fabrication of the commercial grade SDDs and 
JFETs has yielded satisfactorily good results.  

SDDs fabricated at BEL were aimed at both X-
ray Spectroscopy and position sensing applications. 
Circular geometry SDDs with in-built low noise JFETs 
were designed for X-ray Spectroscopy applications. 
Linear geometry SDDs with on-chip poly-silicon resistors 
were designed for 1D & 2D position sensing 
applications. Additionally, high transconductance JFETs 
were also designed together with various different kinds 
of SDDs over the 4-inch silicon wafer. 

II. Detector Design 

This particular version of SDD has an on-chip 
Poly-Resistor network for biasing the

 
intermediate p+ 

strips together with an on-chip JFET for first level 
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amplification [Fig.
 
1(b)]. The anode is in geometry of an 

annular ring having 50 µm radii with an area of
 
7.7 x 104

 µm2

 
that fetched an analytical full depletion capacitance 

of 27 fF for 300 µm thick fully depleted silicon wafer. The 
total active area of the detector was 2.31 x 107

 µm2. This 
device had 20 p+ strips with two guard rings encircling 
its outer perimeter.

 
The first, fifth, tenth, fifteenth, 

twentieth, and last p+ strips were individually biased
 whereas the of rest p+ strips got biased by the on-chip 

resistor. Each poly resistor was

 

designed to present a 

 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1 (a)

 

: Composite layout of Circular SDD (Pitch-120μm) with in-built JFET.

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1 (b)

 

: Zoomed view of the embedded JFET (JFET-10) showing all mask layers.
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resistance of 102.4 kΏ (RS=138.88 kΏ/ ). The 
embedded lownoise JFET (named as JFET-10) for this 
SDD design had the smallest channel length (15 µm) 
possible with BEL process [Fig. 1(b)]. For a designed 
channel length of 15 µm and the channel width of 172 
µm, the analytical Transconductance (gm) works out to 
be 0.247 mS.





 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1 (c)
 
: Photograph of the completely fabricated SDD with in-built JFET.

 
 

III. Fabrication Of Sdds & Low-Noise 
Jfets 

a) Fabrication Objectives 
On the basis of the success of the fabrication 

effort at IIT-B, the process for the BEL effort was 
formulated. Formulation of a process for fabrication of 
SDD and JFET over high resistivity silicon substrate was 
a significant technological challenge. The process for 
the fabrication of SDD with integrated JFET was 
formulated with a view of achieving a high breakdown 
voltage of >100V, and achieving as low leakage current 
as possible using the existing fabrication setup at BEL. 
The process employed at BEL involved all the standard 
unit processes like oxidation, lithography, etching, and 
implantation, metallization etc. employed in a bipolar 
fabrication line. The process parameters have been fine 
tuned and frozen after a thorough TCAD process 

simulation study in order to achieve the desired doping
 

profiles for both SDD & JFET. The highest standards of 
cleanliness and care in

 
planning the unit processes 

have been maintained to achieve the objectives of low
 

leakage currents together with admissibly high 
breakdown voltages. Moreover, the

 
process had to be 

compliant with the technological constraints of the BEL 
foundry.

 
Additionally, Polysilicon process has been 

employed for fabrication of on-chip
 
resistor network. The 

distinguishing feature of this process was the 
employment of a

 
double-sided processing for back to 

front alignment of cathode implants. Thus
 

making 
double sided SDDs a reality, which are far more superior 
to single sided

 
SDDs. The lithographic quality was again 

a challenge as the fabrication process
 

involved 14 
lithographic steps.

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Fig. 2 : Block Diagrammatic illustration of the process flow. 

b) Fabrication Process and TCAD Simulations 
Starting with a 4-inch n-type, high resistivity (3-5 

kΏ.cm) compensated silicon wafer of <111> 
orientation, an initial oxide was grown employing the 

Dry-Wet-Dry regime
 

(Thickness = 0.6µm). The bulk 
comprising of the wet oxide (t = 0.4µm) was

 

sandwiched between two high quality dry oxide layers (t 
= 0.1 µm) each. The next

 
step was the lithographic 
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Sr. 
No. 

Process stage Junction Depth  
(µµµµm) 

Sheet Resistance  


1 p-well 3.19 102.7 k 
2 n-channel 2 2.7 k 
3 p-cathode 1.5 181  
4 p+ gate 1.1 181.93 
5 n+ Source/Drain & Anode 1.0 79 
 

 

  
Fig. 3 : Schematic of the Initial Oxidation cycle

definition of the p-type isolation well (Mask-1) within the
center of the SDD for housing the embedded JFET. This 
was followed by an oxide etch step to expose the 
substrate for boron implantation (E = 80 keV; Dose = 
5x1011 cm-2). Subsequent dopant activation and drive-in 
diffusion of boron species was performed employing the 
Drive-in cycle as illustrated in the Fig. 4. The simulated
doping profile for the p-well implant showed a peak 
boron concentration of 3.39x1014 cm-3 for a junction 
depth of 3.19 μm and an extracted sheet resistance of 
102.705 kΏ/   . Subsequently, the n-channel within the 
p-well region was lithographically defined (Mask-2) and 
phosphorus implantation (E = 150 keV; Dose = 5x1012

cm-2) was performed followed by a drive-in cycle (Fig. 6) 
to form the n-channel. The simulated doping profile (Fig. 
7) for the n-channel showed a peak phosphorus
concentration of 3.24x1016 cm-3 for a junction depth of 2 
μm and an extracted sheet resistance of 2.703 kΏ/   . 
Going ahead from here, the p+ cathodes & p+ guard 
ring (Mask-3) were lithographically defined on the top-
surface whereas the p+ backcontact (Mask-4) was 
defined on the bottom surface of the wafer employing 
back to front double-sided alignment lithography. A thin 
screen-oxide (Fig. 8) was grown over the exposed 
silicon to create shallow junctions and prevent 
implantation damage. Boron Implantation (Dose = 
1x1015 cm-2; Energy = 80 keV) followed by dopant
activation and drive-in (Fig. 9) was performed to create 
p+ strips, p+ guard ring and p+ back-contact regions. 
The simulated doping profile showed a peak boron
concentration of 2.24x1018 cm-3 for a junction depth of 
1.5 μm and extracted sheet resistance of 181.93 Ώ/   . 
The 5th lithographic (Mask-5) step was performed for
definition of p+ type Gate region of the JFET. Boron 
Implantation (Dose = 1x1015 cm-2; E = 80keV), followed 
by Drive-in (Fig. 12) was performed to realize the p+
gate region. In the p+ Gate Drive-in case, the analytical 
value of sheet resistance was 181.93 Ώ/   , for a junction 

depth of 1.1 micron and the extracted peak Boron
concentration of 1x1019 cm-3. Subsequently, n+ Anode, 
Source & Drain were defined (Mask-6) followed by 
Phosphorus Implantation (Dose = 1x1015 cm-2; E = 80 
keV) forms the n+ regions. The dopant activation and 
drive-in was performed as per schedule in figure 14. The 
simulated analytical sheet resistance was 79.3 Ώ/   , for 
a characteristic depth of micron and the extracted 
peak Phosphorus concentration was 1.1x1020 cm-3. 
Following this, oxide openings (Poly-contact: Mask-7) 
were defined over the p+ strips region to facilitate the 
poly-silicon layer deposited in the next step to make 
contact with under-lying p+ region. Poly-Silicon was 
then deposited and boron implantation was performed 
to form the poly-resistors having a Sheet Resistance of 
138.88 kΏ/  . After lithographically patterning (Mask-8) 
the polysilicon layer a short anneal step (Time = 30 
minutes; Temperature = 900oC) was carried out to 
dopant activation of the species in the poly layer. 
Proceeding from that, the contact lithography (Mask-9) 
was performed to open windows through the oxide for 
making contact with Aluminum metal deposited above 
for purpose of electrical connection with rest of the 
electronics. The back-contact was defined (Mask-10) for
contact window openings on the back surface of the 
wafer. Aluminum metallization (Thickness = 1.5
microns) was carried out over the front-surface and 
lithography was performed (Mask-11) to pattern the 
metal layer to define the various electrical connections. 
The back-side was then metalized keeping the front-
surface protected and the metal layer was patterned 
lithographically (Mask-12) to form the backelectrodes of 
the SDD. Lastly, Protective glass was deposited over 
both the front and back-sides followed by lithography 
(Masks-13 & 14) to open areas over the metal bond 
pads. The values for sheet resistances, junction depths 
for various regions have been tabulated in Table-1.













(Ω/   )

1 

Table 1 : Analytical Values of sheet resistance and junction depth for various Process stages.



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4

 

: Schematic of the Boron Drive-in cycle for p-well.

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5 :

 

One-Dimensional doping profile of p-well region along depth.
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Fig. 6 : Schematic of the Phosphorus Drive-in cycle for n-Channel.



 
 
 
 
 
 
 
 
 
 
 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 7 :

 

One-Dimensional doping profile of n-Channel region along depth.

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 8 :

 

Schematic of the Screen Oxidation cycle for p+ Strips.
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Fig. 9 : Schematic of the Boron Drive-in cycle for p+ Strips and p+ back contact.



  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 10 :

 

One-Dimensional Doping Profile of Annealed Boron Implant for p+ Strips &

 

p+ Guard Ring.

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 11 :

 

One-Dimensional Doping Profile of Annealed Boron Implant for p+ Backcontact.
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Fig. 12 :

 

Schematic of the Boron Drive-in cycle for p+ Gate.

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 13 :

 

One-Dimensional doping profile of Gate region along the depth.

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 14 :

 

Schematic of the Phosphorus Drive-in cycle for n+ Source, Drain & Anode.

 
 

 

IV. I-V Characterization 

a)
 

Objectives & Measurement Methodology
 

I-V characterization of the completely biased 
SDD was performed to get the total

 
biasing current 

across all the p
 
strips and the total leakage current at the 

anode for a
 
detector bias of –100V. A single Keithley-

2400 source-measure unit was used to
 
supply voltages 

to all the nodes through an external resistor network 
consisting of 20

 
resistors of 100 kΏ

 
each, giving a 

minimum voltage of 5V at each node. Wafer level
 

characterization was performed for each design of SDD. 
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p
 
cathode (Cathode-6) was biased

 
at –100V and the 

back-cathode potential was fixed at –50V. The p
 cathodes

 
intermediate between the

 
first and last 

cathodes got biased automatically through onchip
 
poly 

resistors. The p-well guard ring was kept floating in this 
case. A C++

 
program was coded for interfacing and 

automation of the Keithley meters for the
 
measurement 

process. I-V was taken by ramping the voltage at the 
last strip (Cathode-6) from -100 V to 0 V and the anode 
current was measured through an ammeter (Keithley-
2400 SMU used in current sense mode). I-V 
characteristics were measured for various values of 
guard-ring voltages (illustrated in Fig. 15). The nature of 
the I-V curve matched with the nature of I-V curve 
achieved for the SDDs in IIT case. The embedded low-
noise JFET was characterized for its dc performance 
using the same experimental setup.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 15 :

 

I-V Characteristics of Circular SDD (Pitch =120μm).

 
 

b)

 

Results & Discussions

 

The anode current (Fig. 15) rises till above full 
depletion voltage (~ -25V) and then

 

saturates to a value 
of ~ 3.7 μA till a cathode voltage of –70 Volts. The 
embedded

 

low-noise JFET was also characterized for 
extracting the drain and transfer

 

characteristics (Figs. 16 
& 17). The experimentally achieved Transconductance 
(gm) was 0.34 mS for a Pinchoff voltage of -7 Volts. The 
experimentally derived

 

transconductance value was 
within 30% of the analytical value derived from

 

simulation. The channel resistance value derived from 
the I-V plot was 20 kΏ

 

and the

 

calculated thermal noise 
[(8kT / 3gm)1/2]

 

worked out to be 5.69 nV√Hz. The value 
of

 

noise figure achieved was good enough to qualify the 
JFET in the low-noise category.
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The anode was given a zero potential (ultimate potential 
energy minima for electrons) and the first p+ cathode 
(Cathode - 1) was  given  a bias of –5 V.  The last 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 17 :

 

Transfer Characteristics of embedded JFET.

 

V.

 

Conclusions

 

First prototypes of SDDs with embedded low 
noise JFETs have been successfully

 

fabricated at BEL, 
Banglaore. Process technology for fabrication of SDDs 
and lownoise

 

JFETs has been developed employing 

simulation studies in TCAD. Dc

 

characterization of SDDs 
and embedded low-noise JFETs have been successfully

 

carried out. The experimentally achieved values for 
anode current were higher than

 

expected. Analytical 
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Fig. 16 : Drain Characteristics of embedded JFET.
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value of transconductance was found to have a 
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1.4 l rather than 1.4 × 10-3 m3, or 4 mm somewhat than 4 × 10-3 m. Chemical formula and solutions must identify the form used, e.g. 
anhydrous or hydrated, and the concentration must be in clearly defined units. Common species names should be followed by 
underlines at the first mention. For following use the generic name should be constricted to a single letter, if it is clear. 

Structure 

All manuscripts submitted to Global Journals Inc. (US), ought to include: 

Title: The title page must carry an instructive title that reflects the content, a running title (less than 45 characters together with spaces), 
names of the authors and co-authors, and the place(s) wherever the work was carried out. The full postal address in addition with the e-
mail address of related author must be given. Up to eleven keywords or very brief phrases have to be given to help data retrieval, mining 
and indexing. 

 Abstract, used in Original Papers and Reviews: 

Optimizing Abstract for Search Engines 

Many researchers searching for information online will use search engines such as Google, Yahoo or similar. By optimizing your paper for 
search engines, you will amplify the chance of someone finding it. This in turn will make it more likely to be viewed and/or cited in a 
further work. Global Journals Inc. (US) have compiled these guidelines to facilitate you to maximize the web-friendliness of the most 
public part of your paper. 

Key Words 

A major linchpin in research work for the writing research paper is the keyword search, which one will employ to find both library and 
Internet resources. 

One must be persistent and creative in using keywords. An effective keyword search requires a strategy and planning a list of possible 
keywords and phrases to try. 

Search engines for most searches, use Boolean searching, which is somewhat different from Internet searches. The Boolean search uses 
"operators," words (and, or, not, and near) that enable you to expand or narrow your affords. Tips for research paper while preparing 
research paper are very helpful guideline of research paper. 

Choice of key words is first tool of tips to write research paper. Research paper writing is an art.A few tips for deciding as strategically as 
possible about keyword search: 
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• One should start brainstorming lists of possible keywords before even begin searching. Think about the most 
important concepts related to research work. Ask, "What words would a source have to include to be truly 
valuable in research paper?" Then consider synonyms for the important words. 

• It may take the discovery of only one relevant paper to let steer in the right keyword direction because in most 
databases, the keywords under which a research paper is abstracted are listed with the paper. 

• One should avoid outdated words. 

Keywords are the key that opens a door to research work sources. Keyword searching is an art in which researcher's skills are 
bound to improve with experience and time. 

 Numerical Methods: Numerical methods used should be clear and, where appropriate, supported by references. 

Acknowledgements: Please make these as concise as possible. 

 References 

References follow the Harvard scheme of referencing. References in the text should cite the authors' names followed by the time of their 
publication, unless there are three or more authors when simply the first author's name is quoted followed by et al. unpublished work 
has to only be cited where necessary, and only in the text. Copies of references in press in other journals have to be supplied with 
submitted typescripts. It is necessary that all citations and references be carefully checked before submission, as mistakes or omissions 
will cause delays. 

References to information on the World Wide Web can be given, but only if the information is available without charge to readers on an 
official site. Wikipedia and Similar websites are not allowed where anyone can change the information. Authors will be asked to make 
available electronic copies of the cited information for inclusion on the Global Journals Inc. (US) homepage at the judgment of the 
Editorial Board. 

The Editorial Board and Global Journals Inc. (US) recommend that, citation of online-published papers and other material should be done 
via a DOI (digital object identifier). If an author cites anything, which does not have a DOI, they run the risk of the cited material not 
being noticeable. 

The Editorial Board and Global Journals Inc. (US) recommend the use of a tool such as Reference Manager for reference management 
and formatting. 

 Tables, Figures and Figure Legends 

Tables: Tables should be few in number, cautiously designed, uncrowned, and include only essential data. Each must have an Arabic 
number, e.g. Table 4, a self-explanatory caption and be on a separate sheet. Vertical lines should not be used. 

Figures: Figures are supposed to be submitted as separate files. Always take in a citation in the text for each figure using Arabic numbers, 
e.g. Fig. 4. Artwork must be submitted online in electronic form by e-mailing them. 

 Preparation of Electronic Figures for Publication 

Even though low quality images are sufficient for review purposes, print publication requires high quality images to prevent the final 
product being blurred or fuzzy. Submit (or e-mail) EPS (line art) or TIFF (halftone/photographs) files only. MS PowerPoint and Word 
Graphics are unsuitable for printed pictures. Do not use pixel-oriented software. Scans (TIFF only) should have a resolution of at least 350 
dpi (halftone) or 700 to 1100 dpi (line drawings) in relation to the imitation size. Please give the data for figures in black and white or 
submit a Color Work Agreement Form. EPS files must be saved with fonts embedded (and with a TIFF preview, if possible). 

For scanned images, the scanning resolution (at final image size) ought to be as follows to ensure good reproduction: line art: >650 dpi; 
halftones (including gel photographs) : >350 dpi; figures containing both halftone and line images: >650 dpi. 
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Color Charges: It is the rule of the Global Journals Inc. (US) for authors to pay the full cost for the reproduction of their color artwork. 
Hence, please note that, if there is color artwork in your manuscript when it is accepted for publication, we would require you to 
complete and return a color work agreement form before your paper can be published. 

Figure Legends: Self-explanatory legends of all figures should be incorporated separately under the heading 'Legends to Figures'. In the 
full-text online edition of the journal, figure legends may possibly be truncated in abbreviated links to the full screen version. Therefore, 
the first 100 characters of any legend should notify the reader, about the key aspects of the figure. 

6. AFTER ACCEPTANCE 

Upon approval of a paper for publication, the manuscript will be forwarded to the dean, who is responsible for the publication of the 
Global Journals Inc. (US). 

 6.1 Proof Corrections 

The corresponding author will receive an e-mail alert containing a link to a website or will be attached. A working e-mail address must 
therefore be provided for the related author. 

Acrobat Reader will be required in order to read this file. This software can be downloaded 

(Free of charge) from the following website: 

www.adobe.com/products/acrobat/readstep2.html. This will facilitate the file to be opened, read on screen, and printed out in order for 
any corrections to be added. Further instructions will be sent with the proof. 

Proofs must be returned to the dean at dean@globaljournals.org within three days of receipt. 

As changes to proofs are costly, we inquire that you only correct typesetting errors. All illustrations are retained by the publisher. Please 
note that the authors are responsible for all statements made in their work, including changes made by the copy editor. 

 6.2 Early View of Global Journals Inc. (US) (Publication Prior to Print) 

The Global Journals Inc. (US) are enclosed by our publishing's Early View service. Early View articles are complete full-text articles sent in 
advance of their publication. Early View articles are absolute and final. They have been completely reviewed, revised and edited for 
publication, and the authors' final corrections have been incorporated. Because they are in final form, no changes can be made after 
sending them. The nature of Early View articles means that they do not yet have volume, issue or page numbers, so Early View articles 
cannot be cited in the conventional way. 

 6.3 Author Services 

Online production tracking is available for your article through Author Services. Author Services enables authors to track their article - 
once it has been accepted - through the production process to publication online and in print. Authors can check the status of their 
articles online and choose to receive automated e-mails at key stages of production. The authors will receive an e-mail with a unique link 
that enables them to register and have their article automatically added to the system. Please ensure that a complete e-mail address is 
provided when submitting the manuscript. 

 6.4 Author Material Archive Policy 

Please note that if not specifically requested, publisher will dispose off hardcopy & electronic information submitted, after the two 
months of publication. If you require the return of any information submitted, please inform the Editorial Board or dean as soon as 
possible. 

 6.5 Offprint and Extra Copies 

A PDF offprint of the online-published article will be provided free of charge to the related author, and may be distributed according to 
the Publisher's terms and conditions. Additional paper offprint may be ordered by emailing us at: editor@globaljournals.org . 
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the search? Will I be able to find all information in this field area? If the answer of these types of questions will be "Yes" then you can 

choose that topic. In most of the cases, you may have to conduct the surveys and have to visit several places because this field is related 

to Computer Science and Information Technology. Also, you may have to do a lot of work to find all rise and falls regarding the various 

data of that subject. Sometimes, detailed information plays a vital role, instead of short information. 

 

 

2. Evaluators are human: First thing to remember that evaluators are also human being. They are not only meant for rejecting a paper. 

They are here to evaluate your paper. So, present your Best. 

3. Think Like Evaluators: If you are in a confusion or getting demotivated that your paper will be accepted by evaluators or not, then 

think and try to evaluate your paper like an Evaluator. Try to understand that what an evaluator wants in your research paper and 

automatically you will have your answer. 

4. Make blueprints of paper: The outline is the plan or framework that will help you to arrange your thoughts. It will make your paper 

logical. But remember that all points of your outline must be related to the topic you have chosen.  

5. Ask your Guides: If you are having any difficulty in your research, then do not hesitate to share your difficulty to your guide (if you 

have any). They will surely help you out and resolve your doubts. If you can't clarify what exactly you require for your work then ask the 

supervisor to help you with the alternative. He might also provide you the list of essential readings. 

6. Use of computer is recommended: As you are doing research in the field of Computer Science, then this point is quite obvious. 

 

7. Use right software: Always use good quality software packages. If you are not capable to judge good software then you can lose 

quality of your paper unknowingly. There are various software programs available to help you, which you can get through Internet. 

 

8. Use the Internet for help: An excellent start for your paper can be by using the Google. It is an excellent search engine, where you can 

have your doubts resolved. You may also read some answers for the frequent question how to write my research paper or find model 

research paper. From the internet library you can download books. If you have all required books make important reading selecting and 

analyzing the specified information. Then put together research paper sketch out. 

9. Use and get big pictures: Always use encyclopedias, Wikipedia to get pictures so that you can go into the depth. 

 

10. Bookmarks are useful: When you read any book or magazine, you generally use bookmarks, right! It is a good habit, which helps to 

not to lose your continuity. You should always use bookmarks while searching on Internet also, which will make your search easier. 

 

11. Revise what you wrote: When you write anything, always read it, summarize it and then finalize it. 

12. Make all efforts: Make all efforts to mention what you are going to write in your paper. That means always have a good start. Try to 

mention everything in introduction, that what is the need of a particular research paper. Polish your work by good skill of writing and 

always give an evaluator, what he wants. 

13. Have backups: When you are going to do any important thing like making research paper, you should always have backup copies of it 

either in your computer or in paper. This will help you to not to lose any of your important. 

14. Produce good diagrams of your own: Always try to include good charts or diagrams in your paper to improve quality. Using several 

and unnecessary diagrams will degrade the quality of your paper by creating "hotchpotch." So always, try to make and include those 

diagrams, which are made by your own to improve readability and understandability of your paper. 

15. Use of direct quotes: When you do research relevant to literature, history or current affairs then use of quotes become essential but 

if study is relevant to science then use of quotes is not preferable.  

                 © Copyright by Global Journals Inc.(US) | Guidelines Handbook

XI



 

  

 

 

16. Use proper verb tense: Use proper verb tenses in your paper. Use past tense, to present those events that happened. Use present 

tense to indicate events that are going on. Use future tense to indicate future happening events. Use of improper and wrong tenses will 

confuse the evaluator. Avoid the sentences that are incomplete. 

17. Never use online paper: If you are getting any paper on Internet, then never use it as your research paper because it might be 

possible that evaluator has already seen it or maybe it is outdated version.  

18.
 
Pick a good study spot: To do your research studies always try to pick a spot, which is quiet. Every spot is not for studies. Spot that 

suits you choose it and proceed further. 

19. Know what you know: Always try to know, what you know by making objectives. Else, you will be confused and cannot achieve your 

target. 

 20. Use good quality grammar: Always use a good quality grammar and use words that will throw positive impact on evaluator. Use of 

good quality grammar does not mean to use tough words, that for each word the evaluator has to go through dictionary. Do not start 

sentence with a conjunction. Do not fragment sentences. Eliminate one-word sentences. Ignore passive voice. Do not ever use a big 

word when a diminutive one would suffice. Verbs have to be in agreement with their subjects. Prepositions are not expressions to finish 

sentences with. It is incorrect to ever divide an infinitive. Avoid clichés like the disease. Also, always shun irritating alliteration. Use 

language that is simple and straight forward. put together a neat summary. 

21. Arrangement of information: Each section of the main body should start with an opening sentence and there should be a 

changeover at the end of the section. Give only valid and powerful arguments to your topic. You may also maintain your arguments with 

records. 

 22. Never start in last minute: Always start at right time and give enough time to research work. Leaving everything to the last minute 

will degrade your paper and spoil your work. 

23. Multitasking in research is not good: Doing several things at the same time proves bad habit in case of research activity. Research is 

an area, where everything has a particular time slot. Divide your research work in parts and do particular part in particular time slot. 

 24. Never copy others' work: Never copy others' work and give it your name because if evaluator has seen it anywhere you will be in 

trouble. 

 25. Take proper rest and food: No matter how many hours you spend for your research activity, if you are not taking care of your health 

then all your efforts will be in vain. For a quality research, study is must, and this can be done by taking proper rest and food.  

 26. Go for seminars: Attend seminars if the topic is relevant to your research area. Utilize all your resources. 

27. Refresh your mind after intervals: Try to give rest to your mind by listening to soft music or by sleeping in intervals. This will also 

improve your memory. 

28. Make colleagues: Always try to make colleagues. No matter how sharper or intelligent you are, if you make colleagues you can have 

several ideas, which will be helpful for your research. 

29.

 

Think technically: Always think technically. If anything happens, then search its reasons, its benefits, and demerits. 

 30. Think and then print: When you will go to print your paper, notice that tables are not be split, headings are not detached from their 

descriptions, and page sequence is maintained.  

31. Adding unnecessary information: Do not add unnecessary information, like, I have used MS Excel to draw graph. Do not add 

irrelevant and inappropriate material. These all will create superfluous. Foreign terminology and phrases are not apropos. One should 

NEVER take a broad view. Analogy in script is like feathers on a snake. Not at all use a large word when a very small one would be 
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sufficient. Use words properly, regardless of how others use them. Remove quotations. Puns are for kids, not grunt readers. 

Amplification is a billion times of inferior quality than sarcasm. 

32. Never oversimplify everything: To add material in your research paper, never go for oversimplification. This will definitely irritate the 

evaluator. Be more or less specific. Also too, by no means, ever use rhythmic redundancies. Contractions aren't essential and shouldn't 

be there used. Comparisons are as terrible as clichés. Give up ampersands and abbreviations, and so on. Remove commas, that are, not 

necessary. Parenthetical words however should be together with this in commas. Understatement is all the time the complete best way 

to put onward earth-shaking thoughts. Give a detailed literary review. 

33. Report concluded results: Use concluded results. From raw data, filter the results and then conclude your studies based on 

measurements and observations taken. Significant figures and appropriate number of decimal places should be used. Parenthetical 

remarks are prohibitive. Proofread carefully at final stage. In the end give outline to your arguments. Spot out perspectives of further 

study of this subject. Justify your conclusion by at the bottom of them with sufficient justifications and examples. 

 

34. After conclusion: Once you have concluded your research, the next most important step is to present your findings. Presentation is 

extremely important as it is the definite medium though which your research is going to be in print to the rest of the crowd. Care should 

be taken to categorize your thoughts well and present them in a logical and neat manner. A good quality research paper format is 

essential because it serves to highlight your research paper and bring to light all necessary aspects in your research. 

INFORMAL GUIDELINES OF RESEARCH PAPER WRITING 

Key points to remember:  

 Submit all work in its final form. 

 Write your paper in the form, which is presented in the guidelines using the template. 

 Please note the criterion for grading the final paper by peer-reviewers. 

Final Points:  

A purpose of organizing a research paper is to let people to interpret your effort selectively. The journal requires the following sections, 

submitted in the order listed, each section to start on a new page.  

The introduction will be compiled from reference matter and will reflect the design processes or outline of basis that direct you to make 

study. As you will carry out the process of study, the method and process section will be constructed as like that. The result segment will 

show related statistics in nearly sequential order and will direct the reviewers next to the similar intellectual paths throughout the data 

that you took to carry out your study. The discussion section will provide understanding of the data and projections as to the implication 

of the results. The use of good quality references all through the paper will give the effort trustworthiness by representing an alertness 

of prior workings. 

Writing a research paper is not an easy job no matter how trouble-free the actual research or concept. Practice, excellent preparation, 

and controlled record keeping are the only means to make straightforward the progression.  

General style: 

Specific editorial column necessities for compliance of a manuscript will always take over from directions in these general guidelines. 

 
To make a paper clear 

· Adhere to recommended page limits 

Mistakes to evade 

 
Insertion a title at the foot of a page with the subsequent text on the next page 
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 Separating a table/chart or figure - impound each figure/table to a single page 

 Submitting a manuscript with pages out of sequence 

In every sections of your document 

· Use standard writing style including articles ("a", "the," etc.) 

· Keep on paying attention on the research topic of the paper 

 

· Use paragraphs to split each significant point (excluding for the abstract) 

 

· Align the primary line of each section 

 

· Present your points in sound order 

 

· Use present tense to report well accepted  

 

· Use past tense to describe specific results  

 

· Shun familiar wording, don't address the reviewer directly, and don't use slang, slang language, or superlatives  

 

· Shun use of extra pictures - include only those figures essential to presenting results 

 

Title Page: 

 
Choose a revealing title. It should be short. It should not have non-standard acronyms or abbreviations. It should not exceed two printed 

lines. It should include the name(s) and address (es) of all authors. 

 
Abstract:  

 
The summary should be two hundred words or less. It should briefly and clearly explain the key findings reported in the manuscript--

must have precise statistics. It should not have abnormal acronyms or abbreviations. It should be logical in itself. Shun citing references 

at this point. 

 
An abstract is a brief distinct paragraph summary of finished work or work in development. In a minute or less a reviewer can be taught 

the foundation behind the study, common approach to the problem, relevant results, and significant conclusions or new questions.  

 
Write your summary when your paper is completed because how can you write the summary of anything which is not yet written? 

Wealth of terminology is very essential in abstract. Yet, use comprehensive sentences and do not let go readability for briefness. You can 

maintain it succinct by phrasing sentences so that they provide more than lone rationale. The author can at this moment go straight to                    
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shortening the outcome. Sum up the study, with the subsequent elements in any summary. Try to maintain the initial two items to no 

more than one ruling each.  

 Reason of the study - theory, overall issue, purpose 

 Fundamental goal 

 To the point depiction of the research 

 Consequences, including definite statistics - if the consequences are quantitative in nature, account quantitative data; results 
of any numerical analysis should be reported 

 Significant conclusions or questions that track from the research(es) 

Approach: 

 
Single section, and succinct 

 
As a outline of job done, it is always written in past tense 

 
A conceptual should situate on its own, and not submit to any other part of the paper such as a form or table 

 
Center on shortening results - bound background information to a verdict or two, if completely necessary 

 
What you account in an conceptual must be regular with what you reported in the manuscript 

 
Exact spelling, clearness of sentences and phrases, and appropriate reporting of quantities (proper units, important statistics) 
are just as significant in an abstract as they are anywhere else 

Introduction:  

 The Introduction should "introduce" the manuscript. The reviewer should be presented with sufficient background information to be 
capable to comprehend and calculate the purpose of your study without having to submit to other works. The basis for the study should 
be offered. Give most important references but shun difficult to make a comprehensive appraisal of the topic. In the introduction, 
describe the problem visibly. If the problem is not acknowledged in a logical, reasonable way, the reviewer will have no attention in your 
result. Speak in common terms about techniques used to explain the problem, if needed, but do not present any particulars about the 
protocols here. Following approach can create a valuable beginning: 

 
Explain the value (significance) of the study  

 
Shield the model - why did you employ this particular system or method? What is its compensation? You strength remark on its 
appropriateness from a abstract point of vision as well as point out sensible reasons for using it. 

 
Present a justification. Status your particular theory (es) or aim(s), and describe the logic that led you to choose them. 

 
Very for a short time explain the tentative propose and how it skilled the declared objectives. 

Approach: 

 
Use past tense except for when referring to recognized facts. After all, the manuscript will be submitted after the entire job is 
done.  

 
Sort out your thoughts; manufacture one key point with every section. If you make the four points listed above, you will need a 
least of four paragraphs. 

 
Present surroundings information only as desirable in order hold up a situation. The reviewer does not desire to read the 
whole thing you know about a topic. 

 
Shape the theory/purpose specifically - do not take a broad view. 

 
As always, give awareness to spelling, simplicity and correctness of sentences and phrases. 

Procedures (Methods and Materials): 

 This part is supposed to be the easiest to carve if you have good skills. A sound written Procedures segment allows a capable scientist to 
replacement your results. Present precise information about your supplies. The suppliers and clarity of reagents can be helpful bits of 
information. Present methods in sequential order but linked methodologies can be grouped as a segment. Be concise when relating the 
protocols. Attempt for the least amount of information that would permit another capable scientist to spare your outcome but be 
cautious that vital information is integrated. The use of subheadings is suggested and ought to be synchronized with the results section. 
When a technique is used that has been well described in another object, mention the specific item describing a way but draw the basic                  
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principle while stating the situation. The purpose is to text all particular resources and broad procedures, so that another person may 
use some or all of the methods in one more study or referee the scientific value of your work. It is not to be a step by step report of the 
whole thing you did, nor is a methods section a set of orders. 
 
Materials: 

 Explain materials individually only if the study is so complex that it saves liberty this way. 

 Embrace particular materials, and any tools or provisions that are not frequently found in laboratories.  

 Do not take in frequently found. 

 If use of a definite type of tools. 

 Materials may be reported in a part section or else they may be recognized along with your measures. 

Methods:  

Report the method (not particulars of each process that engaged the same methodology) 

 
Describe the method entirely 

 
To be succinct, present methods under headings dedicated to specific dealings or groups of measures 

 
Simplify - details how procedures were completed not how they were exclusively performed on a particular day.  

 
If well known procedures were used, account the procedure by name, possibly with reference, and that's all.  

Approach:  

 
It is embarrassed or not possible to use vigorous voice when documenting methods with no using first person, which would 
focus the reviewer's interest on the researcher rather than the job. As a result when script up the methods most authors use 
third person passive voice. 

 
Use standard style in this and in every other part of the paper - avoid familiar lists, and use full sentences. 

What to keep away from 

 
Resources and methods are not a set of information. 

 
Skip all descriptive information and surroundings - save it for the argument. 

 
Leave out information that is immaterial to a third party. 

Results: 
 

 The principle of a results segment is to present and demonstrate your conclusion. Create this part a entirely objective details of the 
outcome, and save all understanding for the discussion. 

 The page length of this segment is set by the sum and types of data to be reported. Carry on to be to the point, by means of statistics and 
tables, if suitable, to present consequences most efficiently.You must obviously differentiate material that would usually be incorporated 
in a study editorial from any unprocessed data or additional appendix matter that would not be available. In fact, such matter should not 
be submitted at all except requested by the instructor. 

 Content 

 

Sum up your conclusion in text and demonstrate them, if suitable, with figures and tables.  

 

In manuscript, explain each of your consequences, point the reader to remarks that are most appropriate. 

 

Present a background, such as by describing the question that was addressed by creation an exacting study.

 

 

Explain results of control experiments and comprise remarks that are not accessible in a prescribed figure or table, if 
appropriate. 

 

Examine your data, then prepare the analyzed (transformed) data in the form of a figure (graph), table, or in manuscript form. 
What to stay away from 

 

Do not discuss or infer your outcome, report surroundings information, or try to explain anything. 

 

Not at all, take in raw data or intermediate calculations in a research manuscript. 
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Do not present the similar data more than once. 

Manuscript should complement any figures or tables, not duplicate the identical information. 

Never confuse figures with tables - there is a difference. 
Approach 

As forever, use past tense when you submit to your results, and put the whole thing in a reasonable order.

Put figures and tables, appropriately numbered, in order at the end of the report  

If you desire, you may place your figures and tables properly within the text of your results part. 
Figures and tables 

If you put figures and tables at the end of the details, make certain that they are visibly distinguished from any attach appendix 
materials, such as raw facts 

Despite of position, each figure must be numbered one after the other and complete with subtitle  

In spite of position, each table must be titled, numbered one after the other and complete with heading 

All figure and table must be adequately complete that it could situate on its own, divide from text 
Discussion:  

The Discussion is expected the trickiest segment to write and describe. A lot of papers submitted for journal are discarded based on
problems with the Discussion. There is no head of state for how long a argument should be. Position your understanding of the outcome
visibly to lead the reviewer through your conclusions, and then finish the paper with a summing up of the implication of the study. The
purpose here is to offer an understanding of your results and hold up for all of your conclusions, using facts from your research and
generally accepted information, if suitable. The implication of result should be visibly described. 
Infer your data in the conversation in suitable depth. This means that when you clarify an observable fact you must explain mechanisms
that may account for the observation. If your results vary from your prospect, make clear why that may have happened. If your results
agree, then explain the theory that the proof supported. It is never suitable to just state that the data approved with prospect, and let it
drop at that. 

Make a decision if each premise is supported, discarded, or if you cannot make a conclusion with assurance. Do not just dismiss
a study or part of a study as "uncertain." 

Research papers are not acknowledged if the work is imperfect. Draw what conclusions you can based upon the results that
you have, and take care of the study as a finished work  

You may propose future guidelines, such as how the experiment might be personalized to accomplish a new idea. 

Give details all of your remarks as much as possible, focus on mechanisms. 

Make a decision if the tentative design sufficiently addressed the theory, and whether or not it was correctly restricted. 

Try to present substitute explanations if sensible alternatives be present. 

One research will not counter an overall question, so maintain the large picture in mind, where do you go next? The best
studies unlock new avenues of study. What questions remain? 

Recommendations for detailed papers will offer supplementary suggestions.
Approach:  

When you refer to information, differentiate data generated by your own studies from available information 

Submit to work done by specific persons (including you) in past tense.  

Submit to generally acknowledged facts and main beliefs in present tense.  

ADMINISTRATION RULES LISTED BEFORE  
SUBMITTING YOUR RESEARCH PAPER TO GLOBAL JOURNALS INC. (US) 

Please carefully note down following rules and regulation before submitting your Research Paper to Global Journals Inc. (US):  

Segment Draft and Final Research Paper: You have to strictly follow the template of research paper. If it is not done your paper may get

rejected.  
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Do not give permission to anyone else to "PROOFREAD" your manuscript. 

Methods to avoid Plagiarism is applied by us on every paper, if found guilty, you will be blacklisted by all of our collaborated
research groups, your institution will be informed for this and strict legal actions will be taken immediately.) 

To guard yourself and others from possible illegal use please do not permit anyone right to use to your paper and files. 

The major constraint is that you must independently make all content, tables, graphs, and facts that are offered in the paper.
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Topics Grades

A-B C-D E-F

Abstract

Clear and concise with 

appropriate content, Correct 

format. 200 words or below 

Unclear summary and no 

specific data, Incorrect form

Above 200 words 

No specific data with ambiguous 

information

Above 250 words

Introduction

Containing all background 

details with clear goal and 

appropriate details, flow 

specification, no grammar 

and spelling mistake, well 

organized sentence and 

paragraph, reference cited

Unclear and confusing data, 

appropriate format, grammar 

and spelling errors with 

unorganized matter

Out of place depth and content, 

hazy format

Methods and 

Procedures

Clear and to the point with 

well arranged paragraph, 

precision and accuracy of 

facts and figures, well 

organized subheads

Difficult to comprehend with 

embarrassed text, too much 

explanation but completed 

Incorrect and unorganized 

structure with hazy meaning

Result

Well organized, Clear and 

specific, Correct units with 

precision, correct data, well 

structuring of paragraph, no 

grammar and spelling 

mistake

Complete and embarrassed 

text, difficult to comprehend

Irregular format with wrong facts 

and figures

Discussion

Well organized, meaningful 

specification, sound 

conclusion, logical and 

concise explanation, highly 

structured paragraph 

reference cited 

Wordy, unclear conclusion, 

spurious

Conclusion is not cited, 

unorganized, difficult to 

comprehend 

References

Complete and correct 

format, well organized

Beside the point, Incomplete Wrong format and structuring
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B

 

Bidirectional

 

· 23

 

H

 

Humanoid

 

· 18

 

L

 

Lithography

 

· 29, 30

 

M

 

Microcontroller

 

· 12, 14, 15

 

O

 

Obstacle

 

· 12, 13, 14, 15, 17, 18

 

P

 

Photodiode

 

· 12, 14

 

Pinchoff
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S

 

Spectroscopy

 

· 1, 27

 

Synchronized

 

· 23

 

T

 

Transconductance

 

· 2, 3, 5, 28, 35

 

Transient

 

· 6, 22
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