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Abstract— This paper proposes a novel technique to optimize the 

performance of the optical link by using the pre-emphasis driver 

and optical filtering scheme in vertical cavity surface emitting 

laser (VCSEL) based transmitters. Optical band pass filters 

(OBPFs) are employed to provide optimal filtering of signals at 

VCSEL output. Analysis of optical system is performed for both 

Butterworth and super-Gaussian OBPFs.  We are able to 

generate a non-return to zero (NRZ) signal from 10 Gb/s VCSEL 

based transmitter for 160 km error-free transmission with 

sensitivity of -27.2 dBm at bit error rate (BER) of 10-9. The 

obtained results validate that with the application of pre-

emphasis driver the eye-opening is improved without the 

necessity of any dispersion-compensation schemes. Numerical 

results are analyzed and compared between the transmitter with 

and without pre emphasis techniques. 

 
Keywords— Single Mode Fiber, Bit Rate, Dispersion and Optical 

Filter 

 

I.   INTRODUCTION 

he high speed and less expensive optical transmitters are 

strongly recommendable for expanding usage of super-fast 

internet access and online video services. Vertical cavity 

surface emitting laser (VCSEL) is progressively employed to 

substitute the distributed-feedback (DFB) and Fabry-Perot 

laser (FPL) diodes because of its price reduction [1]. The 

VCSEL provides multiple benefits like small footprint and 

low-cost packing [2], raised quantum-efficiency and optical 

power [3], enhanced speed [4], circular beam output [5], [6] 

and decreased production cost [7]. The VCSELs are cost-

effective and consume less power due to its compactness when 

compared to distributed bragg reflector (DBR) and DFB   

lasers [8]. 

Transmitter with either Electro-absorption (EA) modulator 

or Mach-Zehnder (MZ) modulator is an alternative feasible 

solution intended for 10Gb/s optical-communication (OC)  

links  [9]-[11],  we  need to  indicate  that  at  10Gb/s  the 

dispersion-limited reach of these transmitter is usually around 

80 km of SMF. Transmitter with directly modulated VCSEL 

(DM-VCSEL) presents several advantages like cost-

effectiveness, lesser power-consumption and small footprint  

 

compared to EA and MZ external modulator based 

transmitters. 

     DM-VCSELs are generally employed for smaller 

transmission length applications. The VCSEL chirp 

significantly reduce the transmission reach of SMF link to 10 

km at 10Gb/s [12]. 

     A number of approaches have been presented to minimize 

the chirp problems. Dispersion compensation modules 

(DCMs) [13] and inverse dispersion fibers (IDFs) [14] are 

widely-used to eliminate the dispersion-induced signal 

degradation; these methods require installation of new kinds of 

optical fibers with enhanced cost and size of the system. 

Alternate methods have already proposed to overcome chirp 

related problem like injection locking [15] and equalization 

[16], all these techniques either increase complexity of the 

system or need replacement of optical/electrical devices.  

      DM-VCSEL based transmitters are preferred way to 

minimize the complexity and expense of the transmitter. For 

the first time to the best of author’s knowledge, we propose a 

simple technique with pre-emphasis driver and optical filtering 

scheme at the VCSEL based transmitter in the access 

networks. This paper is organized as follows: theory of the 

proposed system is described in section II. The results are 

analyzed and discussed in section III. Finally, conclusions are 

presented in section IV. 

II.   PROPOSED SCHEME 

The VCSEL based transmitters with a pre-emphasis driver is 

employed to decrease inter-symbol-interference (ISI) in OC 

systems [17].  

 

 

 
 

Fig. 1. Pre-emphasis scheme. X: primary signal; Y: secondary signal;            

A: adder 
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The proposed pre-emphasis scheme is depicted in Fig. 1. 

The input signal is divided into two paths to produce primary 

and secondary signals. A delay component is utilized to delay 

the input signal. The delay component output signal is inverted 

by employing a two-input electrical NAND gate. The primary 

signal is delayed and inverted with respect to secondary signal. 

The adder generates a pre-emphasis signal by adding the 

primary signal and the secondary signal. The attenuation and 

delay of the pre-emphasis driver are controlled to eliminate the 

effects of VCSEL chirp in SMF link. Hence, the pulse shaping 

technique of pre-emphasis is required for 10Gb/s optical signal 

transmission.  

 

 
 

Fig. 2. VCSEL based transmitter with pre-emphasis and filtering scheme in 

optical transmission system 

 

     The block diagram of optical system with pre-emphasis is 

shown in Fig. 2.  10Gb/s non return to zero (NRZ) pseudo-

random bit-sequence (PRBS) signal with a length of 2
23

-1 is 

generated by pulse generator. Pre-emphasis signal is used to 

drive the VCSEL. The characteristics of VCSEL chirp strongly 

limit the transmission distance of optical system. The laser rate 

equations [18,19] are utilized for implementation of VCSEL 

model. Butterworth and super-Gaussian optical band-pass 

filters (OBPFs) are employed for filtering of the VCSEL 

output. The OBPF is placed at the output of VCSEL. The 

transfer function Tg(f) of the super-Gaussian OBPF is 

expressed as [20]: 
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where f3dB is the filter 3dB bandwidth, f is the frequency,  fc is 

the central frequency of filter and  N is filter order.  The 

squared transfer function Hb(f) of a Butterworth OBPF is 

expressed as [21, 22] 
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Integrating the optical filter with VCSEL permits small 

form-factor optical transmitters and it is a good way to extend 

the reach of 10 Gb/s optical system. An erbium doped fiber 

amplifier (EDFA) is placed after 110 km of SMF to increase 

the optical signal power. A Bessel filter is inserted after EDFA 

to remove amplified spontaneous-emission (ASE) noise. The 

transfer function of Bessel filter is defined as [23]  
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where Hs(s) is the transmittance of the Bessel filter and s is the 

complex frequency-variable. A variable optical attenuator 

(VOA) is used to alter the receiver input power for sensitivity 

measurement. The receiver section consists of photo-detector 

(PD), Gaussian low-pass filter (LPF) and bit-error-rate (BER) 

analyzer. Gaussian LPF is employed to remove PD noise. 
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Fig. 3. Operation principle of transmitter. (a) NRZ signal, (b) pre-emphasis 

signal to drive VCSEL , (c) frequency profile (Chirp) of VCSEL, (d) optical 

power at the VCSEL output and (e) OBPF output power 

 

Fig. 3 illustrates the operation principle of proposed 

transmitter. The PRBS NRZ signal from the pulse generator is 

shown Fig. 3(a). The pre-emphasis pulses with duration Td at 

each bit transition are generated by using pre-emphasis driver 

is shown in Fig. 3(b). The pre-emphasis pulse contains 

negative and positive peaks; the duration of peak is determined 

by delay time of pre-emphasis driver. The VCSEL chirp is 

shown in Fig. 3(c). VCSEL adiabatic chirp is equal to half of 

the bit rate, which means mark bit has 5 GHz frequency shift 

related to the space bit. The adiabatic chirp of Δf = 1/2T is 

generated by varying the laser device parameters and driving 

signal amplitude. 5 GHz adiabatic chirp is generated from 

VCSEL to provide a phase shift of 
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during space bit-period (T). VCSEL is operated at the high 

bias current compared to threshold value for reducing transient 

chirp. Frequency modulation (FM) characteristics of VCSEL 
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are determined by adiabatic-chirp. The output power of the 

VCSEL as shown in Fig. 3(d); the extinction ratio at the 

VCSEL output is 2.1 dB. The chirp-induced FM signal is 

converted into amplitude modulated (AM) signal by passing 

through the OBPF as shown in Fig. 3(e); the extinction ratio at 

the filter output is enhanced by attenuating space bits and 

passing the mark bits. The main function of filter is to produce 

chirp-free optical signals except for the middle portion of the 

space bit; this result in π phase shift rapidly during the center 

portion of the space bit period. At the OBPF output, the power 

fluctuation between single “1” bit and long sequence of “1” 

bits are minimized as a result of pre-emphasis driver. 

III. RESULTS AND DISCUSSION  

The performance of optical system with pre-emphasis 

scheme is analyzed by using practical OC system design and 

Matlab software. The delay of pre-emphasis driver is 50 ps. 

The primary and secondary signals of pre-emphasis are 

attenuated by 23 and 3 dB respectively before sending through 

the adder. The VCSEL model is utilized in numerical 

calculations with the following parameters: volume of active 

layer = 80e
-12

 cm
3
, quantum efficiency = 0.4, photon life time 

= 8 ps,  injection efficiency = 1, carrier density at transparency 

= 1e
17

 cm
-3

, carrier life time = 2 ns, gain compression 

coefficient = 8e
-17

 cm
3
, differential gain coefficient = 1e

-15
 cm

2
,  

spontaneous emission factor = 1e
-6

, line width enhancement 

factor = 3.2, mode confinement factor = 0.9, modulation 

current = 8 mA, bias current = 9.62 mA and wavelength = 

1550.127 nm. 

The bandwidths of second-order super Gaussian and fourth-

order Butterworth OBPF are 10 and 9 GHz respectively, these 

filters are running at 1550 nm central wavelength. The SMF is 

employed in computations with the following parameters: 

chromatic dispersion = 16.75 ps/nm/km, wavelength = 1550 

nm, effective core area = 80 µm
2
, attenuation = 0.2 dB/km, 

slope of dispersion = 0.075 ps/nm
2
/km and nonlinear refractive 

index = 2.6e
-20

 m
2
/W. Noise figure and gain of EDFA are 4 

and 20 dB respectively. The bandwidth of first-order Bessel 

filter is 29 GHz. Responsivity and dark current of avalanche 

PD are 1 A/W and 10 nA respectively. Second-order Gaussian 

LPF cut off frequency is 6 GHz.  

The power signal after 160 km of SMF without pre-

emphasis for super-Gaussian and Butterworth filter as shown 

in Fig. 4(a) and Fig. 4(b) respectively, it is visible that the 

power of single mark bit is decreased compared to continuous 

sequence of mark bits; this results in less opening of eye 

pattern due to inter symbol interference (ISI) and decrease the 

performance of the optical link.  

The receiver input power with pre-emphasis at 160 km of 

SMF is shown in Fig.5. With the application of pre-emphasis 

driver, the optical power difference between the single mark 

bit and the continuous sequence of mark bits is decreased by 

50% compared to transmitter without pre-emphasis; this 

results in high sensitivity and wider eye opening at the 

receiver. The optical link performance is compared between 

 
          (a) 

 

 
         (b) 

 

Fig. 4. Receiver input power without pre-emphasis. (a) super-Gaussian filter 

and (b) Butterworth filter for 010001000001000010000101100011 bit 

sequence 

 

 

 

 
        (a) 

 

 
       (b) 

 

Fig. 5. Receiver input power with pre-emphasis. (a) super-Gaussian filter and 

(b) Butterworth filter for 010001000001000010000101100011 bit sequence 

 

 

the proposed technique and narrow optical filtering (NOF) 

[24] scheme. Pulse generator, VCSEL and optical filter are 

components of NOF transmitter. 
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Fig. 6. BER values for pre-emphasis approach and NOF method 

 

 

     The sensitivities of receiver are calculated at BER of 10
-9

 

for pre-emphasis scheme at 160 km and NOF scheme at 110 

km as shown in Fig.6. The receiver sensitivities of NOF with 

super-Gaussian and Butterworth are -26.5 and -26.5 dBm 

respectively. The sensitivities of pre-emphasis with super-

Gaussian and Butterworth are -27.2 and -26.75 dBm 

respectively. With the pre-emphasis scheme sensitivity is 

increased by 0.7 dBm compared to NOF scheme as result of 

pre-emphasis driving signal. At the receiver input, the 

difference of power level between single mark bit and 

consecutive mark bits is decreased with pre-emphasis 

compared to without pre-emphasis; this important feature 

increases the sensitivity in the SMF link. 

   

 

 

Fig.7. BER and transmission distance relationship for NOF and pre-emphasis 

techniques. 

 

Fig. 7 depicts the BER performance along the SMF for 

different transmission distances. The BER performance with 

pre-emphasis scheme after 227 km transmission distance is 

greater than 10
-9

. BER value for NOF method is greater than 

10
-9 

after 137 km of SMF.  

The eye-diagrams for NOF and pre-emphasis scheme are 

shown in Fig.8. The maximum eye-opening factors of NOF 

with super-Gaussian and Butterworth are 0.73 and 0.74 

respectively. The eye-opening factors of pre-emphasis with 

super-Gaussian and Butterworth are 0.93 and 0.93 

respectively. The clear eye-opening is achieved with proposed 

scheme compared to NOF scheme due combined effect of pre-

emphasis and filtering scheme.  

 

 
(a) 

 

 
(b) 

 

 
(c) 

 

 
(d) 

Fig. 8. Eye patterns at 150 km of SMF. (a) pre-emphasis with super-Gaussian 

filter, (b) pre-emphasis with Butterworth filter,  (c) NOF with super-Gaussian  

filter and (d) NOF with Butterworth  filter 

      

The performance of pre-emphasis scheme is compared with 

other prior approaches in Table I. The current approach has 

longer transmission distance and higher sensitivity compared 

to previous methods. 
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Table I:   Comparison of present work with earlier schemes 

 

parameter 
Pre-emphasis 

with Butterworth 

Pre-emphasis  

with super-Gaussian 

NOF 

[24] 

IDF 

[14] 

VCSEL 

[12] 

bit  rate (Gb/s) 10 10 10 4.25 10 

fiber length (km) 160 160 110 45.4 10 

fiber type SMF SMF SMF SMF and IDF SMF 

laser type VCSEL VCSEL VCSEL VCSEL VCSEL  

wavelength (nm) 1550 1550 1550 1550 1550 

Sensitivity 

(dBm) 
-26.75 -27.2 -26.5 -24.5 -17.88 

 

IV. CONCLUSION 

The pre-emphasis scheme has been employed to compensate 

performance degradation due to laser chirp in 10Gb/s VCSEL 

based SMF links. The computed results show that new 

approach enhances the clearness of eye opening originally 

closed as a result of dispersion in SMF. The combination of 

pre-emphasis and optical filtering scheme is considered for 

implementation of cost-effective dispersion tolerant 

transmitters used to provide long-reach signal transmission in 

next-generation access networks.  

REFERENCES 

[1] Po-Chou Lai, “Transmission Improvement of DWDM Systems 

Under VCSELs With Injection-Locked Technique and LEAF 

Transport,” IEEE Photonics Technology Letters, Vol. 17, 

No.10, 2005, pp.2212-2214. 

[2] Hamed Dalir, Akihiro Matsutani, Moustafa Ahmed, Ahmed 

Bakry and Fumio Koyama, “High Frequency Modulation of 

Transverse-Coupled-Cavity VCSELs for Radio Over Fiber 

Applications,” IEEE Photonics Technology Letters, Vol. 26, 

No. 3, 2014, pp.281-284. 

[3] Ansas M. Kasten, Dominic F. SirianiMary K. Hibbs-Brenner, 

Klein L. Johnson, and Kent D. Choquette, “Beam Properties of 

Visible Proton-Implanted Photonic Crystal VCSELs,” IEEE 

Journal Of Selected Topics in Quantum Electronics, Vol. 17, 

No. 6, 2011, PP.1648-1655. 

[4] Michael Liu, Mong-Kai Wu, Fei Tan, Rohan Bambery,  Milton 

Feng and Nick Holonyak,  “780 nm Oxide-Confined VCSEL 

With 13.5 Gb/s Error-Free Data Transmission,” IEEE 

Photonics Technology Letters, Vol.26, No.7, 2014, PP.702-

705. 

[5] Gábor Fehér, Eszter Udvary, Csaba Fuzy, Tamás Cseh and 

Tibor Berceli, “Pulsed Mode Red VCSEL for High Speed 

VLC Communication,” ICTON,  2012, paper We.B4.3. 

[6] Kent D. Choquette, and Hong Q. Hou, “Vertical-Cavity 

Surface Emitting Lasers: Moving from Research to 

Manufacturing,” Proceedings of the IEEE, Vol. 85, No. 11, 

1997, pp.1730-1739. 

[7] Abdulqader Abdullah Qader, Yanhua Hong, and K. Alan 

Shore, “Robust Irreversible Polarization Switching in Optically 

Injected VCSELs,” IEEE Photonics Technology Letters, Vol. 

25, No. 12, 2013, pp.1173-1176. 

[8] Yi Rao, Yang W, Christopher Chase, Michael C. Y. Huang, D. 

Philip Worland, Salman Khaleghi, Mohammad Reza 

Chitgarha, Morteza  Ziyadi,  Alan E. Willner, and  Connie J.  

Chang-Hasnain “ Long-Wavelength VCSEL Using High- 

 

 

 

 

Contrast Grating,” IEEE Journal Of Selected Topics In 

Quantum Electronics, 2013, Vol. 19, No.4, 1701311. 

[9] Huaxiang Yi, Qifeng Long, Wei Tan, Li Li, Xingjun Wang and 

Zhiping Zhou, “Demonstration of low power penalty of silicon 

Mach–Zehnder modulator in long-haul transmission,” Optics 

Express, Vol.20, No.25, 2012, pp.27562-27568. 

[10] Robert I. Killey, Philip M. Watts, Vitaly Mikhailov, Madeleine 

Glick, and Polina Bayvel, “Electronic Dispersion 

Compensation by Signal Predistortion Using Digital 

Processing and a Dual-Drive Mach–Zehnder Modulator,” 

IEEE Photonics Technology Letters, Vol.17, No.3, 2005, 

pp.714-716. 

[11] Wataru Kobayashi, Masakazu Arai, Takayuki Yamanaka, 

Naoki Fujiwara, Takeshi Fujisawa, Mitsuteru Ishikawa, Ken 

Tsuzuki, Yasuo Shibata, Yasuhiro Kondo and Fumiyoshi 

Kano, “Wide Temperature Range (25°C–100°C) Operation of 

a 10-Gb/s 1.55-µm Electroabsorption Modulator Integrated 

DFB Laser for 80-km SMF Transmission,” IEEE Photonics 

Technology Letters, Vol.21, No.15, 2009, pp.1054-1056. 

[12] E. K. Rotich Kipnoo, H. Kourouma, D. Waswa, A. W. R. 

Leitch and T. B. Gibbon, “Analysis of VCSEL Transmission 

for the Square Kilometre Array (SKA) in South Africa,” 

Proceedings of the Southern Africa Telecommunication 

Networks and Applications Conference (SATNAC), George, 

South Africa, 2012, pp.483-484.  

[13] W. Hofmann, L. Grüner-Nielsen, E. Rönneberg, G. Böhm, M. 

Ortsiefer, and M.-C. Amann, “1.55-µm VCSEL Modulation 

Performance With Dispersion-Compensating Fibers,” IEEE 

Photonics Technology Letters, Vol.21, No.15, 2009, pp.1072-

1074. 

[14] E K Rotich Kipnoo, H Y S Kourouma, R R G Gamatham, A W 

R Leitch and T B Gibbon, “Chromatic Dispersion 

Compensation for VCSEL Transmission for Applications such 

as Square Kilometre Array South Africa,” Proceedings of the 

58th annual SAIP conference, South Africa, 2013, paper 171. 

[15] B. Boffi, A. Boletti, A. Gatto and M. Martinelli, “VCSEL to 

VCSEL injection locking for uncompensated 40-km 

transmission at 10 Gb/s,” Proceedings of Optical Fiber 

Communication Conference, San Diego, USA, 2009, JThA32. 

[16] N. Nishiyama, C. Caneau, J. D. Downie, M. Sauer, and C. E. 

Zah, “10-Gbps 1.3 and 1.55-μm InP-based VCSELs: 85 °C 10-

km error-free transmission and room temperature 40-km 

transmission at 1.55-μm with EDC,” Proceedings of  OFC, 

2006, paper PDP23. 

[17] Yukito Tsunoda, Mariko Sugawara, Hideki Oku, Satoshi Ide, 

and Kazuhiro Tanaka, “25-Gb/s Transmitter for Optical 

Interconnection with 10-Gb/s VCSEL Using Dual Peak-

Tunable Pre-Emphasis,” OSA/OFC/NFOEC, 2011, paper 

OThZ2. 



INTERNATIONAL JOURNAL OF MULTIDISCIPLINARY SCIENCES AND ENGINEERING, VOL. 5, NO. 7, JULY 2014 

[ISSN: 2045-7057]                                                                       www.ijmse.org                                                                                       6 

[18] P. V. Mena,  J. J. Morikuni,  S.-M. Kang, A. V. Harton, and K. 

W. Wyatt,  “A Simple Rate-Equation-Based Thermal VCSEL 

Model,” Journal Of Lightwave Technology, Vol.17, No.5, 

1999, pp.865-872. 

[19] Cartledge J C, Burley G S, “The effect of laser  chirping  on  

lightwave system performance,” Journal of Lightwave 

Technology, 1989, Vol.7, No.3, pp.568-573. 

[20] Martin Pfennigbauer and Peter J. Winzer, “Choice of 

MUX/DEMUX Filter Characteristics for NRZ, RZ, and CSRZ 

DWDM Systems,” Journal Of Lightwave Technology, Vol.24, 

No.4, 2006, pp.1689-1696. 

[21] Andrew J.Slobodnik, kearns W J and J. P.Noon, “Design, 

fabrication and testing of SAW  Butterworth Filters,” IEEE 

MITTs International Microwave symposium, 1975,          pp. 

353-355. 

[22] A.J.Slobonik, Fenstermacher T E, W.J.Kearns, Roberts G A, 

Silva J H and J P Noon, “SAW Butterworth contiguous Filters 

at UHF,” IEEE transactions on Sonics and Ultrasonics, 

Vol.SU-26, No.3, 1979, pp.246-253.  

[23] John G. proakis and Dimitris G.Manolakis, Digital signal 

processing: principles, algorithms and applications, prentice-

hall, 3rd edition, 1996. 

[24] M.Venkata Sudhakar, Y.Mallikarjuna Reddy and B.Prabhakara 

Rao “ Influence of optical filtering on transmission capacity in 

single mode fiber communications,” Frontiers of 

Optoelectronics, Vol.7, 2014, DOI: 10.1007/s12200-014-

0426-2. 


