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Abstract - Now-a-days scaling of technology has gain lot of importance because of its various advantages. Many digital & 
analog IC’s are made compact in size using a scaling technology with improved throughput. However with the added 
advantages there are some disadvantages of this technique, such as leakage current, power dissipation in the form of heat at 
higher frequencies ESD (Electrostatic Discharge) etc. These disadvantages incorporate the some critical design challenges in 
RFIC. Among them, in this work we are primarily focus on ESD effect. ESD is happens at higher frequency frequently. It is 
a main challenge in RFIC design; the survey shows that in all over the world about 70% IC’s were failed due to the ESD 
event and remaining 30% were because of other factors. We are trying to suggest a methodology to reduce the ESD effect 
for proper operation of RFIC. The circuitry used for the implementation is on chip integrated technique which differsfrom 
the conventional technologies. A LVTSCR (Low Voltage Triggered Silicon Controlled Rectifier) is used as protectoral 
architecture. Here LNA (Low Noise Amplifier) is used as an exemplary RFIC core circuit. By using LVTSCR we try to 
protect it from ESD event.In this research paper we have select operating frequency 5 GHz to 6 GHz. The 130 nm CMOS 
technology is selected for circuit implementation. LVTSCR is providing good solution for on chip protection of ESD for 
various digital & analog IC’s. Simulation tool used for design & simulating the design of core circuit (without protection) & 
RF+ESD circuit (With protection circuit) is Agilent’s Advanced Design System software (ADS). It is very good tool 
compare to other conventional simulator. After simulation it is observed that there is slightly degrade in gain, noise figure, 
I/O matching, IIP3 etc. in case of with protection circuit. 
 
Keywords - ESD Protection, LVTSCR (Low voltage triggered silicon controlled rectifier), LNA (Low Noise Amplifier), 
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I. INTRODUCTION 

 
Electrostatic discharge (ESD) is a single event, having 
very fast transfer of electrostatic charge between two 
objects. This process always happens within two 
objects having a potential difference between them. 
ESD can also be developed in a high electrostatic field 
when two objects are in close vicinity. Now-a-days 
RFIC plays very important role in various electronic 
devices. As technology is scaling down day by day 
there are some challenges related to performance 
parameters of ultra-deep submicron IC’s design. 
Among all these challenges ESD is very crucial and 
performance affecting issue faced by the electronic 
industry. To ensure that our designed IC should work 
effectively, it should be designed along with the ESD 
protection circuit. Design of ESD protection circuit is 
difficult because of large capacitances of the devices 
normally used in ESD structure. Usually this 
protection circuits provide the extra parasitic effect, 
which may degrades the performance of IC. Typically 
RFIC’s are used in wireless handheld electronic 
devices. So the aim of designer should be to design a 
robust ESD protection circuit to withstand higher than 
2KV HBM (Human Body Model). Generally digital 
IC’s are more prone to parasitic & effectively reduces 

the performance of RFIC [3, 4]. Mainly ESD structure 
is incorporated in between the I/O, supply/ground & 
between bused. In normal operation status, ESD is in 
off state without interfering in working of core circuit. 
When ESD event occurs at higher frequencies, the 
protection circuitry triggers very quickly & discharge 
all ESD pulses actively without causing danger to core 
circuit. The ESD protection circuit remains off in 
normal situation; wherein it leads to parasitic effects 
such as parasitic capacitance (CESD), resistance 
(RESD), noise figure etc [4]. If these parasitic are not 
taken in account while designing the RFIC’s it may 
worsens the I/O matching, it affects the RFIC circuit 
performance parameters including gain, reflections, 
bandwidth, power & noise figure (NF) etc. Therefore 
it is very critical to design whole chip ESD protection. 
Here we are discussing the new approach to design the 
RFIC with ESD protection technique. In this 
integration of RFIC and protection circuit is on the 
same chip rather than off chip protection circuit. To 
demonstrate it, LNA core circuit is integrated with 
ESD protection circuit. LNA core is operates on 5 
GHz frequency. The RF-ESD co-design approach is 
proposed in this work. Following table summarizes 
the various ESD protection techniques with simulated 
performance parameters. 

 
Parameter/Protection 

Technique Frequency NF (dB) S21 
(dB) 

S12 
(dB) 

S11 
(dB) 

S22 
(dB) 

Diode based protection of 
LNA[18] 2.40 GHz 2.30 11.65 -18.10 -19.55 -2.40 
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RF-ESD protection for 
LNA[1] 5.25 GHz 2.52 16.94 - -9.33 -18.60 

Without ESD protection  
LNA (Core Design ) 5.25 GHz 2.83 17.92 -23.26 -9.58 -23.12 

RF-ESD Co-design for LNA 
(ProposedDesign) 5.25 GHz 3.02 16.77 -24.32 -8.45 -12.23 

TABLE I. COMPARISON SUMMARY OF PREVIOUS WORK 
 

 
Fig.1. Implementation of RF-ESD Protection Circuit. 

 
The above Table-I clearly shows that our proposed 
simulated design results are improved and very stable 
compared to previously suggested techniques. This 
clearly states that RF-ESD co-design is better 
approach for the high frequency operating devices, in 
ultra-deep submicron. In this paper we suggest the 
novel co-design of RF-ESD for troubleshooting the 
RF-ESD interaction problem, and also it will helps in 
whole chip ESD protection. The proposed new design 
flow consists of optimized ESD protection technique, 
accurate RF-ESD protection characterization, RF-ESD 
co-design simulation, S-parameter extraction & I/O 
matching etc [5-9]. 
 
II. ACTUAL IMPLEMENTATION 

 
ESD is one of the important reliability issues in VLSI 
industry. Generally one-third or one-half of all field 
failure are due to ESD. Due to high voltage spikes of 
ESD event causes danger to small CMOS nano-scale 
components. And it may leads to take efforts to 
understand ESD failure analysis.Fig.1 shows the 
circuit of RF-ESD protection structure. In this LNA 
circuit is an exemplary circuitry of RFIC. LNA is built 
by using 130nm CMOS technology [10]. Frequency 
of operation is 5 GHz – 6 GHz to overcome various 
applications such as Bluetooth, WLAN and Wi-Fi etc. 

Hence two CMOS transistor devices are used to form 
the LNA core circuit. In RFIC design, the ESD 
devices are always similar to RLC components. The 
equivalent method often generates the erroneous 
results because of some parasitic effects are ignored. 
In radio frequency circuits, such as heterodyne 
receiver, the LNA design is very crucial job, it is 
connected to antenna so can simply affected by ESD. 
In this Fig.1 shows the incorporation of two stages 
ESD matching network with 5GHz LNA. For signal 
amplification M1 transistor is used. The LIN provides 
the impedance matching which gives the current 
signal. M2 is cascade transistor used to improve the 
amplifiers output. It also gives the reverse separation 
and gives stability to LNA.M3 gives the better 
isolation between input and output. When ESD 
happens the main protection circuit takes more current 
and takes more chip area, which causes the changes in 
high frequency parameters. Due to this LVTSCR is 
better as it is having better discharge capability and 
easy adjustment of parameters. Hence in this design 
LVTSCR is used as ESD protection device. For good 
performance the two stages LVTSCR are used. Stage-
I carries more discharge current when ESD happens. 
Compare to ggNMOS based protection with LVTSCR 
protection less oscillations are occurred, it has specific 
maximum voltage and it is more reliable [11]. In this 
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methodology proposed ESD protection circuit is 
integrated on chip. It provides good protection than 
other techniques. If a pulse or spike of high voltage 
comes then LVTSCR gets triggered & make low 
impedance path to ground the spike. LVTSCR having 
less operating voltage, low power consumption, less 
on chip area is required.After implementation of both 
core circuit (without protection) and RF-ESD circuit 
(with protection), they are simulated using ADS 
(Advanced Design System) software simulator. S-
parameters of both the circuits are extracted & 
compared with each other. It is observed that there is 
slight degradation in all parameters measured after 
integration of ESD protection device. But it is 
affordable than the damage of overall RFIC & total 
system failure [16]. 
LVTSCR is an efficient ESD device, which means 
smaller size and lower parasitic effect at the same 
discharge level, and its impact on LNA performance is 
small at relatively lower operating frequency. So it 
can conclude that ESD co-design is more valuable 
when frequency is greater. 
 
III. SIMULATION RESULTS 

 
The following Fig.2 (a), (b), (c), (d), (e), (f) & (g) 
shows that comparisons the gain (S21), noise figure 
(NF), I/O matching (S11 & S22), revere isolation 
(S12), IIP3, stability, 1 dB compression point & Pout 
without ESD protection technique & with ESD 
protection technique. It is observed that in comparison 
with conventional ESD protection circuit LVTSCR 
provides on chip ESD protection with improved 
throughput. 
 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

 
(e) 

 
(f) 

Fig. 2. Performance of designed system with ESD protection & 
without protection (a) Gain (S21 in dB) of system with & 

without ESD protection,(b) Noise Figure (NF in dB) with & 
without ESD protection, (c) Input matching (S11 in dB) with & 

without protection, (d) Output matching (S22 in dB) with & 
without protection, (e) stability factorwith & without protection, 

(f) IIP3 with ESD protection and without ESD protection. 
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Parameters 

Simulated Results 
LNA Without 

ESD 
Protection 

LNA With ESD 
Protection 

Technology CMOS 
130nm(0.13µm) 

CMOS 
130nm(0.13µm) 

Frequency 
(GHz) 5.25GHz 5.25GHz 

Gain (S21) 17.921 dB 16.770 dB 
Noise 

Figure (NF) 2.834 dB 3.025 dB 

Input 
Matching 

(S11) 
-9.589 dB -8.454 dB 

Output 
Matching  

(S22) 
-9.503 dB -12.233 dB 

Reverse 
Isolation 

(S12) 
-23.266 dB -24.418 dB 

Stability 
(K>1) Stable Stable 

IIP3 -7.6 -5.78 
TABLE II. Performance Summary 

 
Table-II gives the clear idea about statistics of overall 
comparison of all the parameters focused in design of 
core circuit and ESD protection circuit. The process 
technology is 130 nm CMOS used for implementation 
of circuit. Frequency 5.25 GHz is specified for the 
measurement of design parameters. Gain (S21in dB) 
of without ESD protection circuit & with ESD 
protection is 17.921 dB & 16.77 dB respectively. 
After use of ESD protection circuit gain of circuit is 
slightly decreases, but RFIC is protected at cost of 
gain decrement. Noise figure of with ESD protection 
& without ESD is 3.025 dB & 2.834 dB respectively. 
There is small increment in the noise figure due to use 
of LVTSCR for protection. I/O matching are having 
values without ESD protection such as -9.589 dB & -
9.503 dB respectively & with ESD protection -8.454 
dB & -12.233 dB respectively. In both cases I/O 
matching is achieved quite well in nature. Reverse 
isolation (S12) is having the value -23.266 dB for 
without ESD protection & -24.418 dB for with ESD 
protection. It improves the separation of mixing of 
input & output signals tuning. Stability factor is more 
than one in both cases; with ESD protection & without 
ESD protection. IIP3 for ESD protection & without 
ESD protection is -7. 6 and -5.78 respectively. 
 
CONCLUSION 

 
In this paper a novel integrated on chip design is 
suggested for effective ESD protection in RFIC 
circuit. In this proper simulation of core circuit & RF-
ESD circuit is done. Both circuits are simulated with 
respect to parameters such as gain, I/O matching, 
noise figure, reverse isolation, stability, IIP3 etc. All 

the results are then compared with each other in 
details. It is concluded that RF+ESD protection circuit 
provides good solution for the on chip ESD protection 
with better performance. This methodology provides 
proper interaction between ESD protection circuit and 
core circuit. It is also analyzed that the suggested 
methodology provide better ESD protection by 
suffering the cost of minute degrades in the 
performance of core circuit. 
REFERENCES 

 
[1] L. Li, H. Liu, Z. Yang, and L. Chen, “A novel co-design and 

evaluation methodology for ESD protection in RFIC,” 
Microelectronics Reliability, vol. 52, no. 11, pp. 2632–2639, 
Nov. 2012. 

[2] O. Semenov, H. Sarbishaei, and M. Sachdev, “Analysis and 
Design of LVTSCR-based EOS/ESD Protection Circuits for 
Burn-in Environment,” Sixth International Symposium on 
Quality of Electronic Design (ISQED’05). 

[3] Hitko, Donald A. "Circuit design and technological 
limitations of silicon RFICs for wireless applications." PhD 
diss., Massachusetts Institute of Technology, 2002. 

[4] X. Wang, X. Guan, S. Fan, H. Tang, H. Zhao, L. Lin, Q. 
Fang, J. Liu, A. Wang, and L. Yang, “ESD-Protected Power 
Amplifier Design in CMOS for Highly Reliable RF ICs,” 
IEEE Transactions on Industrial Electronics, vol. 58, no. 7, 
pp. 2736–2743, Jul. 2011. 

[5] Cao, Shuqing, Jung-Hoon Chun, Stephen G. Beebe, and 
Robert W. Dutton. "ESD design strategies for high-speed 
digital and RF circuits in deeply scaled silicon 
technologies." IEEE Transactions on Circuits and Systems I: 
Regular Papers 57, no. 9pp.  2301-2311, 2010. 

[6] L. Li and H. Liu, “A novel double-trench LVTSCR used in 
the ESD protection of a RFIC,” Journal of Semiconductors, 
vol. 32, no. 10, p. 104005, Oct. 2011. 

[7] Lin, Lin. “RF and Microwave Amplifier Design With ESD 
Protection”, UC Riverside: Electrical Engineering. Retrieved 
from: http://escholarship.org/uc/item/8c8246ht, Dec, 2010. 

[8] G. R. Karimi and S. B. Sedaghat, “Ultra low voltage, ultra 
low power low noise amplifier for 2GHz applications,” AEU 
- International Journal of Electronics and Communications, 
vol. 66, no. 1, pp. 18–22, Jan. 2012. 

[9] L. Zhang and L. Li, “Research on optimizing the noise figure 
of low noise amplifier method via bias and frequency,” The 
Journal of China Universities of Posts and 
Telecommunications, vol. 18, no. 4, pp. 118–122, Aug. 2011. 

[10] M.-D. Ker and H.-H. Chang, “How to safely apply the 
LVTSCR for CMOS whole-chip ESD protection without 
being accidentally triggered on,” Journal of Electrostatics, 
vol. 47, no. 4, pp. 215–248, Oct. 1999. 

[11] V. Vaithianathan, Dr. J. Raja, Dr. R. Srinivasan, “A 90nm 
CMOS Differential Ultra Wide Band Low Noise Amplifier,” 
International Journal of VLSI & Signal Processing 
Applications, Vol.2, Issue 1, pp. 6-12, Feb 2012. 

[12] V.Vaithianathan,J.Raja,R.Srinivasan., "A 90nm CMOS 
Differential Ultra Wide Band Low Noise Amplifier", 
International Journal of VLSI & Signal Processing 
Applications, vol.2, no1, pp6-12, Feb., 2012. 

[13] D. K. Shaeffer and T. H. Lee, “A 1.5-V, 1.5-GHz CMOS low 
noise amplifier,” IEEE Journal of Solid-State Circuits, vol. 
32, no. 5, pp. 745–759, May 1997. 

[14] G.Sharmila and E.G.Govindan, “A Novel Design of 1.5 GHz 
Low-Noise RF Amplifiers in L-BAND for Orthogonal 
Frequency Division Multiplexing,” 2011 International 
Conference on Advancements in Information Technology 
With workshop of ICBMG 2011 IPCSIT Vol.20, (2011) 
IACSIT Press, Singapore. 

[15] R. Fiorelli, F. Silveira, E. Peralías, D. Vazquez, A. Rueda, 
and J. L. Huertas, “A 2.4GHz LNA in a 90-nm CMOS 
technology designed with ACM model,” Proceedings of the 
twenty-first annual symposium on Integrated circuits and 
system design - SBCCI  ’08, 2008. 



International Journal of Electrical, Electronics and Data Communication, ISSN(p): 2320-2084, ISSN(e): 2321-2950 
Volume-6, Issue-6, Jun.-2018, http://iraj.in 

Implementation of Effective Integrated On-Chip ESD Protection in Nanoscale CMOS Regime for RFIC 
 

43 

[16] Trang Thai, “Low Noise Amplifier Design for Operating 
frequency of 4.2 GHz,” ECE 415a Project – , Private 
communication, Dec., 2007. 

[17] Richard Jenkins, Y. Xu and R. Roy, C. Alabaster, K. Harris, 
S. Jenkins and N. Mead, “Comparison of Software Tools for 
the Design of Microwave Components,” unpublished. 

[18] M. S. Alam, “Analytical Modelling and Design of CMOS 
Low-Noise Amplifier (LNA) with Electro-static Discharge 
Protection,” IETE Technical Review, vol. 32, no. 3, pp. 227–
235, Feb. 2015. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 


