
RESEARCH POSTER PRESENTATION DESIGN © 2015 

www.PosterPresentations.com 

(—THIS SIDEBAR DOES NOT PRINT—) 
DES I G N  G U I DE  

 
This PowerPoint 2007 template produces a 36”x48” trifold 
presentation poster. You can use it to create your research 
poster and save valuable time placing titles, subtitles, text, 
and graphics.  
 
We provide a series of online tutorials that will guide you 
through the poster design process and answer your poster 
production questions. To view our template tutorials, go online 
to PosterPresentations.com and click on HELP DESK. 
 
When you are ready to print your poster, go online to 
PosterPresentations.com 
 
Need assistance? Call us at 1.510.649.3001 
 

 

QU ICK  START 
 

Zoom in and out 
 As you work on your poster zoom in and out to the level 
that is more comfortable to you.  

 Go to VIEW > ZOOM. 
 

Title, Authors, and Affiliations 
Start designing your poster by adding the title, the names of the authors, 
and the affiliated institutions. You can type or paste text into the 
provided boxes. The template will automatically adjust the size of your 
text to fit the title box. You can manually override this feature and 
change the size of your text.  
 
TIP: The font size of your title should be bigger than your name(s) and 
institution name(s). 
 
 

 
 

Adding Logos / Seals 
Most often, logos are added on each side of the title. You can insert a 
logo by dragging and dropping it from your desktop, copy and paste or by 
going to INSERT > PICTURES. Logos taken from web sites are likely to be 
low quality when printed. Zoom it at 100% to see what the logo will look 
like on the final poster and make any necessary adjustments.   
 
TIP:  See if your school’s logo is available on our free poster templates 
page. 
 

Photographs / Graphics 
You can add images by dragging and dropping from your desktop, copy 
and paste, or by going to INSERT > PICTURES. Resize images 
proportionally by holding down the SHIFT key and dragging one of the 
corner handles. For a professional-looking poster, do not distort your 
images by enlarging them disproportionally. 
 

 
 
 
 
 
 

Image Quality Check 
Zoom in and look at your images at 100% magnification. If they look good 
they will print well.  

ORIGINAL	 DISTORTED	

Corner	handles	

Go
od

	p
rin

/n
g	
qu

al
ity

	

Ba
d	
pr
in
/n

g	
qu

al
ity

	

QU ICK  START ( con t . )  
 

How to change the template color theme 
You can easily change the color theme of your poster by going to the 
DESIGN menu, click on COLORS, and choose the color theme of your 
choice. You can also create your own color theme. 
 
 
 
 
 
 
 
You can also manually change the color of your background by going to 
VIEW > SLIDE MASTER.  After you finish working on the master be sure to 
go to VIEW > NORMAL to continue working on your poster. 
 

How to add Text 
The template comes with a number of pre-
formatted placeholders for headers and text 
blocks. You can add more blocks by copying and 
pasting the existing ones or by adding a text box 
from the HOME menu.  

 
 Text size 

Adjust the size of your text based on how much content you have to 
present. The default template text offers a good starting point. Follow 
the conference requirements. 

 

How to add Tables 
To add a table from scratch go to the INSERT menu and  
click on TABLE. A drop-down box will help you select rows 
and columns.  

You can also copy and a paste a table from Word or another PowerPoint 
document. A pasted table may need to be re-formatted by RIGHT-CLICK > 
FORMAT SHAPE, TEXT BOX, Margins. 
 

Graphs / Charts 
You can simply copy and paste charts and graphs from Excel or Word. 
Some reformatting may be required depending on how the original 
document has been created. 
 

How to change the column configuration 
RIGHT-CLICK on the poster background and select LAYOUT to see the 
column options available for this template. The poster columns can also 
be customized on the Master. VIEW > MASTER. 

 
How to remove the info bars 

If you are working in PowerPoint for Windows and have finished your 
poster, save as PDF and the bars will not be included. You can also delete 
them by going to VIEW > MASTER. On the Mac adjust the Page-Setup to 
match the Page-Setup in PowerPoint before you create a PDF. You can 
also delete them from the Slide Master. 
 

Save your work 
Save your template as a PowerPoint document. For printing, save as 
PowerPoint or “Print-quality” PDF. 
 

Print your poster 
When you are ready to have your poster printed go online to 
PosterPresentations.com and click on the “Order Your Poster” button. 
Choose the poster type the best suits your needs and submit your order. If 
you submit a PowerPoint document you will be receiving a PDF proof for 
your approval prior to printing. If your order is placed and paid for before 
noon, Pacific, Monday through Friday, your order will ship out that same 
day. Next day, Second day, Third day, and Free Ground services are 
offered. Go to PosterPresentations.com for more information. 
 

Student discounts are available on our Facebook page. 
Go to PosterPresentations.com and click on the FB icon.  

©2015	PosterPresenta/ons.com	
2117	Fourth	Street	,	Unit	C									
Berkeley	CA	94710	
posterpresenter@gmail.com	

We demonstrate experimentally that the electronic frequency divider (EFD) 
can be used as a simple tool for measuring phase/frequency modulation noise 
in the beat note and also provide theoretical explanation for that.  

ABSTRACT	

THEORY	

Fig. 2. Schematic of experimental setup. DL: Diode laser; FC: Fiber Collimator; M1,M2: 
Mirrors; L1, L2, L3: Collimating lenses; AOM: Acousto-optic modulator; Amp: 
Amplifier; VCO: Voltage-controlled oscillator; FG: Function generator; PM: Electro-optic 
phase modulator; 50:50: Fiber coupler; PD: Photodiode; Divide by N: EFD; Yellow 
arrow: single mode fiber; Black arrow: free space path; Red arrow: Electrical cable. 
 

	EXPERIMENT	

Output of EFD to a simultaneously Phase Modulated and Frequency Modulated input 

RESULTS	

CONCLUSION	
A method based on the use of EFDs for the analysis of laser FPN has been 
demonstrated. Unlike conventional spectral analysis techniques, this new 
method is able to not only distinguish an FM-broadened spectrum from a 
PM-broadened spectrum but also quantitatively determine the modulation 
parameters such as modulation frequency, modulation depth and 
modulation index, leading to a much more comprehensive understanding of 
the original spectrum. Such a capability can be of great benefit to the 
development of laser frequency locking systems. An application of this 
method for the analysis of a beat signal between DL and OFC has also been 
demonstrated. It can also find applications in a breadth of fields including 
RF photonics, optical sensing, radar/lidar, etc. 
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•  Frequency and phase noise (FPN) is an important property of 
electromagnetic oscillators. Characterizing the FPN of optical oscillators, 
i.e. lasers, is of particular significance in such emerging fields as optical 
atomic clocks, coherent optical communication and microwave photonics 
where laser frequency stabilization and phase locking are universally 
needed. 

•  Even though various methods have been proposed to characterize FPN of 
lasers, the problem of determining the constitution of FPN spectrum 
persists. Direct measurement of power spectral density (PSD) of FPN is 
fundamentally incapable of  drawing distinction between constitutive 
frequency modulation (FM) and phase modulation (PM). Neither can it 
provide any quantitative assessment about the often useful relevant 
parameters such as modulation frequency and modulation depth.  

•  We present a simple but elegant method to decode FPN in general, with the 
ability to precisely predict the modulation frequencies and modulation 
depths.  

Dipen	Barot*	and	Lingze	Duan		
University	of	Alabama	in	Huntsville,	AL	35899,	USA	

Electronic	frequency	divider	as	a	tool	for	phase/frequency	
noise	analysis	

Output of EFD to a Frequency Modulated input 

Fig. 2. Comparison of theoretical simulations (red trace) and experimental data (black trace) of output of electronic frequency divider for different division ratio for 
frequency modulated input. (a) divide by 1 (undivided), (b) divide by 2, (c) divide by 8, (d) divide by 32, (e) divide by 64, (f) divide by 128. 
 

EFD treats a simultaneously phase modulated and 
frequency modulated input as a  superposition of PM 
and FM. Fig. 4(a) shows the spectrum of simultaneous 
PM at 100KHz and FM at 1KHz at input of EFD. Fig 
4(b) illustrates the output of an EFD with division ratio 
of 2 when it is subjected to an input shown in Fig.4(a). 

[1]  A. N. Luiten, “Frequency Measurement and Control” (Springer, 2000).  
[2]  L.D. Turner, K.P. Weber, C.J. Hawthorn, R.E. Scholten, "Frequency 

noise characterisation of narrow linewidth diode lasers," Opt. Commun. 
201, 391-397 (2002).  

[3]  H. Tsuchida, "Laser frequency modulation noise measurement by  
recirculating delayed self-heterodyne method," Opt. Lett. 36, 681-683 
(2011).  

[4]  O. Llopis, P. H. Merrer, H. Brahimi, K. Saleh, and P. Lacroix, "Phase 
noise measurement of a narrow linewidth CW laser using delay line 
approaches," Opt. Lett. 36, 2713-2715 (2011). 

THE	UNIVERSITY	OF		
ALABAMA	IN	HUNTSVILLE	Precision and Ultrafast  

Light Sciences at UAH 

PULS 

INTRODUCTION	

•  A classical approach to describe output of an oscillator mutilated with FPN 
is to replace the phase term by a deterministic sinusoidal modulation []. A 
sinusoidal angle modulation of a sinusoidal signal with modulation index β 
and modulation frequency 𝑓↓𝑚  is described by  

            𝑥(𝑡)= 𝐴↓𝑐 exp(2𝜋𝑓↓𝑐 𝑡+𝛽sin(2𝜋𝑓↓𝑚 𝑡))            (1)  
    where is 𝑓↓𝑐   carrier frequency and  𝐴↓𝑐   is the amplitude of the signal 
being 
 modulated.                       
•  The function of EFD is to divide the phase of an input signal by its division 

ratio (N).  So division of the phase of Eq. (1) yields   

            𝑦(𝑡)= exp(2𝜋𝑓↓𝑐 /𝑁 𝑡) exp(𝛽/𝑁 sin(2𝜋𝑓↓𝑚 𝑡))    (2)  
•  By expanding exp(𝛽/𝑁 sin(2𝜋𝑓↓𝑚 𝑡)) into infinite series, Eq. (2) can be 

written as  

     𝑦(𝑡)= 𝐴↓𝑐 ∑𝑛=−∞↑𝑛=+∞▒𝐽(𝛽/𝑁 )exp(𝑗2𝜋 𝑓↓𝑐 /𝑁 𝑡+2𝜋𝑛𝑓↓𝑚 𝑡)   
(3) 
•  Eq. (3) shows that EFD causes two changes on a signal represented by Eq. 

(1): it divides the carrier frequency 𝑓↓𝑐  by N and it divides the modulation 
index 𝛽 by N. It should be noted that EFD does not change the rate of 
modulation  𝑓↓𝑚  so sideband spacing remains the same. 

•  Empirically, the bandwidth of an angle-modulated signal can be 
approximately predicated by Carson’s rule [], i.e. 𝐵𝑊≈2(∆𝑓+  𝑓↓𝑚  ) 
where ∆𝑓=𝛽 𝑓↓𝑚  . Qualitatively, when β<1, the bandwidth can be 
approximated to 𝐵𝑊≈2𝑓↓𝑚  and when β>>1, 𝐵𝑊≈2∆𝑓. 

•  Physically, β<1 represents the regime of PM where single-tone modulation 
produces discrete sidebands at the harmonics of 𝑓↓𝑚 . An EFD reduces the 
β by the factor of N, causing all the sidebands to reduce roughly by same 
proportion. As a result, the effect of EFD on pure PM noise is simple 
“lowering” of sidebands without significant change in spectral profile as 
shown in Fig. 1(a).  

•  Whereas β>>1 corresponds to the regime of strong FM. Since ∆𝑓>  𝑓↓𝑚  , 
the carrier frequency sweeps back and forth within the range of 2∆𝑓 at a 
rate of 𝑓↓𝑚  , generating a “flattop” spectrum with 𝐵𝑊≈2∆𝑓. When such 
FM signal is applied to an EFD, bandwidth “narrowing” occurs since β is 
divided. However, as long as  𝛽∕𝑁 >1 remains satisfied, the spectrum 
maintains its distinctive “flattop” shape while its bandwidth reduces by a 
factor of N as shown in Fig 1(b). But if  𝛽∕𝑁 ≤1 then the divided signal 
becomes PM dominated and discrete sidebands at harmonics of 𝑓↓𝑚   start 
to show up.  

•  For intermediate values of β, one would have to rely on Eq. (3) to 
understand the effect of EFD. Also the effect of EFD on an input containing 
PM and FM simultaneously is mere superstition. 

Fig. 1. (a) The effect of EFD on PM sideband is reduction of sideband 
amplitude (b) The effect of EFD on deep FM spectrum is reduction of 
spectral width. 
 

APPLICATION:	Beat	signal	analysis	

Fig. 5. Frequency-divided beat note between the diode laser (DL) and the 
Optical frequency comb (OFC) for division ratios of (a) 1 (undivided), 4, 8, 
16 and 32; (b) 64, 128 and 256; (c) 512 and 1024. 

Output of EFD to a Phase Modulated input 

Fig. 3. Comparison of theoretical simulations (red trace) and experimental data (black trace) of output of electronic frequency divider for different division ratio for phase 
modulated input. (a) divide by 1 (undivided), (b) divide by 2 (c) divide by 4. 
 

Fig. 4. Experimental data of output of electronic frequency divider for different division ratio for simultaneous 
PM and FM. (a) divide by 1 (undivided), (b) divide by 2. 
 


