
REPORT DOCUMENTATION PAGE 
Form Approved 

OMB NO. 0704-0188 

Public Reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, 
gathering and maintaining the data needed, and completing and reviewing the collection of information. Send comment regarding this burden estimates or any other aspect of this collection 
of information, including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for information Operations and Reports, 1215 Jefferson Davis Highway, 
Suite 1204, Arlington, VA 22202-4302, and to the Office of Management and Budget, Paperwork Reduction Project (0704-0188.) Washington, DC 20503. 

1. AGENCY USE ONLY ( Leave Blank) 2.  REPORT DATE 

4. TITLE AND SUBTITLE 
Equipment and Coherent Control over Excitations and Signals in Semiconductors 

6. AUTHOR(S) 
Keith A. Nelson 

7.  PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 

Mass. Inst. of Technology 

9.  SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESS(ES) 

U.S. Army Research Office 
P.O.Box 12211 
Research Triangle Park, NC 27709-2211 

3. REPORT TYPE AND DATES COVERED 
FINAL   01 Mar 99-31 Dec 00 

5. FUNDING NUMBERS 

DAAD 19-99-1-0034 

8. PERFORMING ORGANIZATION 
REPORT NUMBER 

10. SPONSORING / MONITORING 
AGENCY REPORT NUMBER 

ARO39404.1-PH-RIP 

11.  SUPPLEMENTARY NOTES 
The views, opinions and/or findings contained in this report are those of the author(s) and should not be construed as an official 

Department of the Army position, policy or decision, unless so designated by other documentation. 

12 a.  DISTRIBUTION / AVAILABILITY STATEMENT 

Approved for public release; distribution unlimited. 

12 b.  DISTRIBUTION CODE 

13. ABSTRACT (Maximum 200 words) 

This DURIP equipment supplement provided the apparatus needed for development and execution of a unique method in 
femtosecond pulse shaping. In particular, the method allows a single laser beam with a single femtosecond pulse to be transformed 
into many spatially separate beams, each one with a specified sequence of femtosecond pulses. 

20010607 089 
14. SUBJECT TERMS 

17.  SECURITY CLASSIFICATION 
OR REPORT 

UNCLASSIFIED 

18. SECURITY CLASSIFICATION 
ON THIS PAGE 

UNCLASSIFIED 

19.  SECURITY CLASSIFICATION 
OF ABSTRACT 

UNCLASSIFIED 

15.  NUMBER OF PAGES 

5 

16. PRICE CODE 

20. LIMITATION OF ABSTRACT 

UL 

NSN 7540-01-280-5500 Standard Form 298 (Rev.2-89) 
Prescribed by ANSI Std. 239-18 

298-102 



Army Research Office 
Physics Division 
P.O. Box 12211 

Research Triangle Park. NC 27709-2211 

Grant No. DAAD 19-99-1-0034 

TECHNICAL REPORT 
GRANT PERIOD 1 January 1999-31 December 2000 

Principal Investigator: 
Keith A. Nelson 
Professor of Chemistry 
Massachusetts Institute of Technology 
Room 6-235 
Cambridge, MA 02139 
Tel: 617/253-1423 
Fax: 617/253-7030 
Email: kanelson@mit.edu 

This DURIP equipment supplement provided the apparatus needed for development and 

execution of a unique method in femtosecond pulse shaping. In particular, the method allows a 

single laser beam with a single femtosecond pulse to be transformed into a many spatially 

separate beams, each one with a specified sequence of femtosecond pulses. In this 

"spatiotemporal" pulse shaping, a complex optical field can be generated with many ultrashort 

pulses that arrive at specified locations on a sample at specified times. From a fundamental point 

of view, this enables coherent optical control over material responses that move through a sample 

at light-like speeds, using some pulses to initiate the response at one sample location and other 

pulses, arriving at other sample locations at specified times, to manipulate the rapidly moving 

response. The method has been applied successfully to the manipulation of coherent polariton 

responses. These are very short, very fast electromagnetic/polar lattice vibrational responses that 

induce large fields and crystalline displacements wherever the go in the sample. 

From an applications point of view, the method permits highly multiplexed generation of 

ultrahigh (THz) bandwidth optical signals. These can be made to arrive at specified addresses on 

a device at specified times. In the application demonstrated by us, the polariton responses can be 

viewed as THz-bandwidth signals. These signals are controlled and manipulated as they move at 

light-like   speeds   among   different   addresses   on   a  device.   Thus   we   have  demonstrated 



extraordinarily high-bandwidth optical signal processing. Applications in high-bandwidth 

photonics switching, using semiconductor samples, are currently being pursued. 

The attached figure 1 shows the automated femtosecond pulse shaping results. The pulse 

shaping principles are illustrated in figures la and lb, the automated pulse shaper is illustrated 

schematically in figure lc, and a spatially and temporally shaped output consisting of three 

separated beams, each with several pulses, is shown in figure Id. 

The attached figure 4 (both figures are taken from a recent ARO proposal) illustrates the 

use of the spatiotemporal pulse shaper for spatiotemporal coherent control over polaritonic 

signals moving at light-like speeds. Figure 4a shows the experimental arrangement. Figure 4b 

shows the output of the spatiotemporal pulse shaper, consisting mainly of 14 pulses, each 

separated spatially and temporally such that one after the other generates and repeatedly 

amplifies the propagating signal. This is analogous to a traveling wave amplifier for GHz 

electronics, but at THz frequencies and bandwidths. It is a first demonstration of what will be a 

broad range of ultrahigh-bandwidth electrooptical signal processing capabilities. 

The results of this project have been submitted for publication, and additional 

submissions will be forthcoming. 
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