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Abstract

In current trend of technology enhancement, the demand for
Darlington pair amplifier for high data rate communication
system has been considered as of paramount importance. The
use of Darlington pair amplifier has been suggested in a condition,
where requirement of high gain at a low frequency is applicable.
Recently, Darlington pair amplifier has been testified with high gain
bandwidth product for current applications. This paper presents
a slew rate enhancement technique for Darlington pair amplifier.
A three stage Darlington amplifier with proposed improvement
are designed and implemented on 180nm technology. A slew
rate booster circuit is connected to a three stage Darlington pair
amplifier. The designed circuit is applicable in Wireless Sensor
Network (WSN). After applying slew rate booster, the gain
becomes 26 dB and the positive slew rate is recorded at 28.4
uV/S and negative slew rate is recorded at -28.4uV/S. Therefore,
this paper highlights the use of slew rate enhancement technique
to improve the gain of Darlington pair amplifier.
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I. Introduction

With reference to some applications, during switching on a
transistor, the output of input current available has been found to
be very low. Thus, it may be observed that a single transistor is
unable to pass sufficient current essential by the load. In recent,
the transistor gain has beenrecommended to get enhanced, if it’s
not possible to increase the input current. Such achievement in
transistor can be done by using a Darlington pair amplifier only[1-
10].

Load current= Input current X Transistor gain

Darlington pair amplifier may be defined as the transistor in
which two transistors are kept inside a single packet and whole
configuration has high gain and high input impedance [10-30].
The emitter of the first transistor is coupled to the base of second
transistor in such a way that second transistor amplifies the signal
which is already amplified by the first transistors and collectors
are common([5-10, 30-34].
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Fig. 1: Basic Circuit of Darlington Pair Amplifier
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Fig. 1 shows the basic circuit of single stage Darlington pair
amplifier.

BD = ﬁQi' BQQ (1)

B, = current gain of whole unit.
B,y = current gain of first transistor.
= current gain of second transistor
Q2 g

Above equation shows that gain Darlington pair amplifier is just
double or we can say that product of gain of two transistors. The
voltage required to switch on a Darlington pair amplifier is two
times compared to one transistors, reason is that there are two
base emitter junctions. In this case second transistor should be
capable to handle high level of current [10-20]. Darlington pair
amplifier has larger phase shift at greater frequency compared
to one transistor, which will stop the circuit and circuit become
unstable if used in negative feedback [1].

A single transistor in the common source configuration is used
as the transconductance stage in broadband amplifier. Other
gain stages are cascade amplifier, emitter follower, and the
cherry- Hooper amplifier. Darlington amplifier provides broad
bandwidth performance up to microwave frequencies. So it is
applicable in broadband amplifiers. So, Darlington pair amplifier
is used in implementation of broadband amplifiers, distributed
amplifiers, low noise amplifiers, trans-impedance amplifier, and
power amplifier. A cascade amplifier with linearizing circuit and
active self bias is used to improve bandwidth. Other circuit used
to improve bandwidth is mirror doubler and inductive peaking
technique. The three stage Darlington pair amplifier is designed
to improve the Gain Bandwidth Product (GBW) of amplifier
[1-10].

Il. Techniques used in Darlington Pair Amplifier

A. Slew Rate Enhancement
The small variation of voltage per unit time is called as slew rate.
Slew rate is well-defined as the change of voltage per unit time.

It is expressed as volts/seconds and the formula is presented as
below:

SR>2ntV 2)
f = operating frequency
V., = peak voltage
Additionally, small variation of voltage according to time is

expressed as slew rate.
SR=max([dv_(t)/dt]) 3)

Slew rate is used to calculate some parameters of amplifiers like
amplitude and maximum input frequency, which helps to get
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enhanced output of amplifiers and possibly not the distorted one
[25-34].

B. High Electron Mobility Transistor (HEMT)

It is a type of Field Effect Transistor (FET), which integrates
junction in the middle of two material with not the same band
gaps as the channel in its place of a duped region. A material
arrangement used is GaAs with AlGaAs which depend on
the applications. Device shows the better performance if it is
incorporating with more indium. GaN-HEMT attracted because of
high power performance. HEMT transistors are capable to operate
at huger frequency compared to other transistors. Applications
of HEMT are satellite receiver, low power amplifiers, cell phone
etc. Advantages of HEMT are high gain, high speed, and low
noise [1-9].

lil. Applications of Darlington Pair Amplifier

Darlington amplifiers are basic building blocks of high speed
communication system, imaging and wide band instrumentation.
A single transistor in common source configuration is used as
a transconductance stage in broad band amplifiers. A broad
band Darlington pair amplifier plays an important role in both
the transmitting andreceiving sites of communication systems.
It provides excellent characteristics with high input impedance
and low impedance. Darlington amplifier is used In Scientific and
Medical (ISM) for Gigabyte per second wireless network solution,
Wireless Sensor Network (WSN), point to point communication
and short range automotive radars, wide band [1-15]

Present Darlington pair amplifier has disadvantages when operated
at a large bandwidth and under large signal. It has been found that
the bias current can increase or decrease with related to change
in input power due to operation of transistor under a large signal.
When transistors are under large signal conditions, it has been
suggested that even number of order products can be generated
within transistor. The DC bias condition related to power level is
varied by DC component which is included in even order products.
This disadvantage is removed in Darlington pair amplifier, which
results in unacceptable big changes in the bias current.

The pair amplifier has disadvantage that it produces worst
frequency response when amplifier is operated at higher frequency,
although pair amplifier is used in applications of high speed just
because of compact chip size and broadband performance of pair
amplifier [15-30].

Because of the slew rate of amplifier in the single stage and
directly related to bias current source, there is a report that power
dissipation of the circuit can be increased. The main objective of
the presentstudy focused on to increase the slew rate having low
input power. At the same time, other parameters of the amplifier
will be remaining constant. The main factor which is responsible
for slew rate in amplifier is its internal architecture. Amplifiers are
unable to lead nonlinear operation because of limited bandwidth
and linear phenomenon [15]. An amplifieris connected in unity
gain configuration. In case of limitation is found on its dynamic
performance as thefinite amplifier bandwidth, then output would
be expected from the follower [20-34].

Below is the equation of unity gain Amplifier and its transfer
function.

Vo/Vt = 1/1+s/Wt (4)
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Here, it shows the low pass STC response referenced over a time
constant 1/Wt.

Hence, in the next step, the step response is presented as.
Vo (t) =V (1-e™) 6)

Positive slew rate and negative slew rate have different value
due to different arrangement of circuits of amplifier. Different
arrangement of the pair amplifier has different slewing conditions
[16]. For pull up and pull down amplifier should have outputs
which are compliments with each other.I.e. the configuration does
not have same at two sides [5-12].

lIl. Circuit Analysis

wry . output

Fig. 3: Three Stage Darlington Pair Amplifier

Circuit diagram shows the three stage Darlington pair amplifier
drawn at 180nm. The two inductances Lm1 and Lm2 separate the
drain terminals of the transistors. Their values should be optimized
to minimize the transconductance roll off with frequency. It is
observed that the minimum roll-off of the transconductance is
obtained when both inductances are used and all transistors have
the same width. In this circuit diagram,when W2/W1 is increased,
the bandwidth is increased in a condition that inductance is not
used. On the other hand, in the presence of inductance, peak
frequency is almost unchanged while gain variations in the
frequency band are increased. The inductance should be optimized
based on the width ratio of two transistors, parasitic capacitances,
and the frequency band of interest [1-5].
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Fig. 4: Three Stage Darlington Amplifier Connected with Positive
and Negative Slew Rate Booster.
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In fig. 4, that triple Darlington pair amplifier is connected to
positive slew rate booster and negative slew rate booster. Positive
slew rate is defined as the slew rate when output is increasing with
time. Negative slew rate is defined as the slew rate when output is
decreasing with time. A negative sign should be there when it is
decreasing. The slew rate when output voltage is increasing need
not be the same as the decreasing slew rate[8-12].

IV. Result Analysis

AC Response
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Fig. 5: AC Response of Triple Darlington Pair Amplifier

As shown in fig. 5, graph presents gain response of triple
Darlington amplifier without slew rate booster. It shows that gain
of'the circuit is 15dB. This response is obtained by simulating the
circuit diagram in fig. 3.
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Fig. 6: AC Response of Triple Darlington Pair Amplifier With
Slew Rate Booster

Above Fig. 6 shows the gain response of triple Darlington amplifier
with positive and negative slew rate booster. It shows that gain of
the circuit is 30dB. This response is obtained by simulating the
circuit diagram in fig. 4.

V. Conclusion
Table. 1: Parameters Comparison With Slew Rate Booster and
Without Slew Rate Booster

Proposed Work Three Proposed Work With Slew
Parameter

Stage Rate Booster
Gain(dB) 15 30
Bandwidth
(GHZ) 0.9-27.4 1.9-26.7
Slew Rate Positive Negative Positive Negative slew
(wWV/S) slew slew rate = | slew rate= rate= - 28.4

. rate=8.1 | -8.1 284 :

Process 180nm GPDK 180nm GPDK

From the analysis of data presented in Table 1, it is concluded that
gain of three Darlington pair amplifier with slew rate booster is
just double as compared to slew rate of Darlington without booster.
The slew rate is also increased by using booster which is around
more than 3 times. We can apply this design in wireless sensor
network, high data rate communication system and optical fiber
etc. Additionally, the bandwidth of the circuit is also increased by
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using slew rate booster circuit. Hence, these data suggest the use
of slew rate technique for the improvement of gain and bandwidth
of Darlington pair amplifier.

References

[1] Gholamreza Nikandish, Ali Medi," Design and Analysis
of Broadband Darlington Amplifiers with bandwidth
Enhancement in GaAs pHEMT technology”, IEEE
Transactions on microwave Theory and Technique, Vol. 62,
No. 8, pp. 1705-1715, 2014.

[2] Shou-hsien Weng, Hong-Yeh Chang, Chau-Ching Chiong,
Yu-Chi Wang,“Gain-Bandwidth Analysis of Broadband
Darlington amplifiers in HBT-HEMT process”, IEEE
Transaction on Microwave Theory and Techniques, Vol. 60,
No. 11, pp. 3458-3472, 2012.

[3] Michael A. Oakley, Uppili S. Raghunathan, Brian R. Wier,
Partha Sarathi Chakraborty, John D. Cressler,“Large —
Signal Reliability Analysis of SiGe HBT Cascode Driver
Amplifiers”, IEEE Transaction on Electron Devices, Vol. 62,
No. 5, pp. 1383-1389, 2015.

[4] Rashmi Singh, Rajesh Mehra,“Analysis of Darlington pair
amplifier at 90nm technology”, International Conference on
Electrical, Electronics, and Optimization Techniques, pp.
3637-3641, 2016.

[5] Kevin W.Kobayashi,“Linearized Darlington Cascode
amplifier employing GaAs pHEMT and GaN HEMT
technologies”, IEEE Journal of solid-state circuits, Vol. 42,
No. 10, pp. 2116-2122, 2007.

[6] Kuei-Cheng Lin, Hwann-KaeoChiou, Kuan-HsiuChien,
Tsung-Yu Yang, Po-Chang Wu, Chun-Lin Ko, Ying-
ZongJuang, "A 4.2-mW 6-dB Gain 5-65-GHz Gate-pumped
Down- conversion Mixer using Darlington cell for 60-GHz
CMOS Receiver”, IEEE Transaction on Microwave Theory
and Techniques, Vol. 61, No. 4, pp. 1516-1522, 2013.

[71 Kuan-Hsiu Chien, Jian-Ying Chen, Hwann-KaeoChiou,
“Designs of K-band divide-by-2 and divide-by-3 injection-
locked frequency divider with Darlington Topology”, IEEE
Transaction on Microwave Theory and Techniques, Vol. 63,
No. 8, pp. 2877-2888, 2015.

[8] Pin-Cheng Huang, Kun-you Lin, Huei Wang,“A 4-17 GHz
Darlington Cascode Broadband medium power amplifier
in 0.18-um CMOS Technology”, IEEE Microwave and
Wireless Components Letters, Vol. 20, No. 1, pp. 43-45,
2010.

[9] H.-K. Chiou, I- S. Chen, W.-C Chen,* High gain V- band
active integrated antenna transmitter using Darlington pair
VCO in 0.13pm CMOS process”, ElectronicsLetters, Vol.
46, No. 5, pp. 321-322, 2010.

[10] H.-K. Chiou, I- S. Chen, W.-C Chen,* High gain V- band
active integrated antenna transmitter using Darlington pair
VCO in 0.13pum CMOS process”, Electronics Letters, Vol.
46, No. 5, pp. 321-322, 2010.

[11] H.-T. Chou, J.-R.Liang, H.-K.Chiou,*“V-band low- power
Darlington —pair gate- pumped mixer with thin-film LC-
hybrid linear combiner in 90nm CMOS”, ElectronicsLetters,
Vol. 48, No. 16, pp. 1023-1024, 2012.

[12] A. Papoulis,"Darlington’s synthesis and RMS error
evaluation”, IEEE, Circuit Theory, IRE Transactions. Vol.
8, pp. 58-60, 1961.

[13] J.- S. Paek, B. Park, S. Hong,“CMOS LNA with Darlington
pair for UWB system”, Electronics Letters, Vol. 42, No. 16,
pp- 913-914, 2006.

INTERNATIONAL JOURNAL OF ELECTRONICS & COMMUNICATION TECHNOLOGY 15



IJECT Vou. 8, Issue 4, Oct - Dec 2017

[14] T.K.Lee, W.S. Chan, Y.M. Siu,“Darlington feedback amplifier
with good bias stability under large signal conditions”,
Electronics Letters, Vol. 40, No. 20, pp. 1271-1272, 2004.

[15] Chatham Saigon, Andreas Demosthenes, Xiao Liu, Outer A.
Serein,“A compact Rail-to-rail class-AB CMOS buffer with
slew-rate enhancement”, IEEE Transaction On Circuits And
Systems, Vol. 59, No. 8, pp. 486-490, 2012.

[16] Abhishek Pandey, Subhas Chakraborty, Vijay Nat,“Slew rate
enhancing technique in Darlington pair based CMOS OP-
AMP”, ARPN Journal of Engineering and Applied Sciences,
Vol. 10, No. 9, pp. 3970-3973, 2015.

[17] R.L.Boylestad, L. Nashelsky, “Electronic devices and circuit
theory", New Delhi, India Pearson, 2009.

[18] M. H. Rashid,“Microelectronic circuit analysis and design",
Canada Cengage learning, Inc, 2011.

[19] Abhishek Pandey, Subhra Chakraborty, Vijay Nath, “ A
Darlington Pair Transistor Based Operational Amplifier”,
Global Conference on Communication Technologies, pp.
273-276, 2015.

[20] Sachchidanand Shukla, Beena Pandey,“Two — stage
small-signal amplifier with Darlington and Sziklai pairs”,
Semiconductors Electrons, pp. 13-16, 2014.

[21] S. Weng, H. Chang, C. Chiong,“Design of a 0.5-30 GHZ
Darlington amplifier for microwave broadband applications",
Microwave Symposium Digest, pp. 137-140, 2010.

[22] Min-Li Chou, Hang-kun Hiang, Hsien-Chin Chiu, Fan-Hsiu
Huang,“A broadband Darlington power amplifier using 50nm
GaN-on- SiC HEMT process”, Asia-pacific Radio Science
Conference, pp. 1947-1948, 2016.

[23] Szhan Lai, MingquanBao, Dan KuyLenstierna,“A method to
lower VCO phase noise by using HBT Darlington amplifier”,
pp. 1-3,2012.

[24] K.W. Kobayashi, “Improved efficiency IP3-bandwidth and
robustness of a microwave Darlington amplifier using 0.5/
spl nu/m ED PHEMT and a new circuit topology, pp. 93-96,
2005.

[25] Aparna Lahariya, AnshuGupta,“Design of two stage CMOS
operational Transcoductance amplifier with slew rate
enhancement technique using 180nm”, pp. 1-6, 2015.

[26] Sidhartha, Gopal Krishna, BahajJalali-Farahani,"A fast
settling slew rate enhancement technique for operational
amplifier”, Circuits and Systems, pp. 965-968, 2010.

[27] Sayed EIAhl A.M.H., Fahmi M.M.E., Mohammad S.N.,
"Qualitative analysis of high frequency performance of
modified Darlington pair, Solid State Electronics", Vol. 46,
pp. 593-595, 2002.

[28] Tiwari, S.N., Pandey, B., Dwivedi, A.K., Shukla, S.N.,
"Development of Small-Signal Amplifiers by Placing BJT
and JFET in Darlington Pair Configuration", Journal of Ultra
Scientist of Physical Sciences,Vol. 21, No. 3, pp. 509-514,
20009.

[29] TiwariS.N., SrivastavaS., Pandey B., Shukla S.N., Qualitative
Analysis of Small Signal High Voltage Gain Triple Darlington
Amplifiers, Bulletin of Pure and Applied Science, Vol. 29D,
No. 1, pp. 25-32, 2010.

[30] Shukla S.N., Srivastava S.,"Qualitative and Tuning
Performance of MOSFET Based Small-Signal Darlington
pair Amplifiers, International Journal of Enhanced Research
in Science Technology & Engineering, Vol. 1 (2), pp. 1-6,
2013.

[31] ShuklaS.N., Srivastava S.,"Small-signal Amplifier with Three
Dissimilar Active Devices in Triple Darlington Topology",

16 INTERNATIONAL JOURNAL OF ELECTRONICS & COMMUNICATION TECHNOLOGY

ISSN : 2230-7109 (Online) | ISSN : 2230-9543 (Print)

International Journal of Advanced Research in Electrical,
Electronics and Instrumentation Engineering, Vol. 1 (6), pp.
502-508, 2012.

[32] JunhoKo, Dongkyokim. Sanggeun Jeon, “D-band common
—base amplifiers with gain boosting and interstage self-
matching in 180nm SiGe HBT technology”, IEEE Transaction
on circuits and systems, Vol. 64, Issue 3, pp. 254-258,
2017.

[33] Ricardo Povoa, Nuno Lourenco, Ricardo martins, Antonio
canelas, Nunohorta, Joao Goes,“Single stage amplifier
biased by voltage-combiner with gain and energy-efficiency
enhancement”, IEEE transaction on circuits and systems II,
Volume; issue 99, pp. 1-1, 2017.

[34] Aldo penaperez, NithinkumarY.B., Edardo Bonizzoni,
Farnco Maloberti,"Slew- rate and gain enhancement in two
stage operational amplifiers”, IEEE international symposium
on circuits and systems, pp. 2485, 2009.

[35] Sanyokita Singh, Braj Bihari Soni, PuranGour,"Review on
Darlington Transistor for recent Modern Applications”, Vol.
12, No. 10, pp. 1-3, 2015.

Er. Rashmi Singh: Er. Rashmi Singh is
presently a M.E student from National
Institute of Technical Teachers Training
and Research, Chandigarh India. She
has obtained her B. Tech from U. P.
Technical University Luck now, India
in 2005. She is having seven years
of teaching and research experience.
Her areas of interest include VLSI
Design and Advanced Digital Signal
Processing.

Dr. Rajesh Mehra: Dr. Mehra is
currently associated with Electronics
and Communication Engineering
Department of National Institute
of Technical Teachers’ Training &
Research, Chandigarh, India since
1996. He has received his Doctor
of Philosophy in Engineering and
Technology from Panjab University,
Chandigarh, India in 2015. Dr. Mehra
received his Master of Engineering from Panjab Univeristy,
Chandigarh, India in 2008 and Bachelor of Technology from NIT,
Jalandhar, India in 1994. Dr. Mehra has 20 years of academic
and industry experience. He has more than 325 papers to his
credit which are published in refereed International Journals and
Conferences. Dr. Mehra has guided 75 ME thesis. He is also
guiding 02 independent PhD scholars. He has also authored one
book on PLC & SCADA. He has developed 06 video films in the
area of VLSI Design. His research areas are Advanced Digital
Signal Processing, VLSI Design, FPGA System Design, Embedded
System Design and Wireless & Mobile Communication. Dr. Mehra
is member of IEEE and ISTE.

www.iject.org



