









	
 Home

	 Add Document
	 Sign In
	 Create An Account














[image: PDFKUL.COM]






































	
 Viewer

	
 Transcript













*A ej



j



ipl



Letr



to itn



*~~~~~~~~~~~~~~~~~



I



tg r Let* tit_ e s|'to E ho-_..=S,,w0;,; by Ad |~ ~D~tEt0 Iw I~ [He-



Letters to the Editors should be addressed to the Editor, APPLIED OPTICS, 7 Norman Road, Newton Highlands, Massachusetts 02161. If authors will state in their covering communications whether they expect their institutions to pay the publication charge, publication time should be shortened (for those who do). Optical flip-flop using light-emitting diodes and photodetectors Chang-Hee Lee, Tae-Hoon Yoon, and Sang-Yung Shin



R



Korea Advanced Institute of Science & Technology, Department of Electrical Engineering, Cheongyang P.O. Box 150, Seoul, Korea. Received 4 February 1986. 0003-6935/86/142244-02$02.00/0. © 1986 Optical Society of America.



T



-~'P



The digital optical computer consists basically of logic gates and memory elements. Most optical logic gates have been implemented by optical bistable devices. Optical memory elements (i.e.,flip-flops) have been realized by combining these logic elements with complicated circuitry.1 2 Recently, an optical flip-flop using polarization-bistable
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sers was demonstrated. 3 In this Letter we present the operation of an optical flip-flop with a very simple structure based on optoelectronic feedback. Inputs and outputs of this flipflop can take the form of optical and/or electrical signals. It neither consists of logic gates nor includes bistable elements. The proposed flip-flop consists of two phototransistors



Fig. 1.



and two light-emitting diodes (LEDs), as shown in Fig. 1(a).



phototransistor and LED; (c)R-S flip-flop; (d) state diagram of the



The electrical combination of a phototransistor and an LED
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(a) Proposed optical flip-flop; (b) electrical combination of a flip-flop.



shown in Fig. 1(b) acts as a linear device whose optical output



decreases as the optical input increases. Thus there is no threshold level to determine the logic level. To get the threshold the optical output P 1 (P0 2) of LED, (LED2 ) is fed, optically to the input of phototransistor T 2 (T), as shown in Fig.1(a). Then this circuit acts like the R-S flip-flop shown in Fig. 1(c).



Because of the symmetry of the circuit one might expect the optical outputs of both LEDs in Fig. (a) to be the same. If such a state exists by any chance, it will be in unstable



equilibrium as seen by the following considerations. Suppose that there is a minute fluctuation in the optical output P01 . If P 1 increases, the current through T 2 that is optically coupled to LED1 increases. It will then decrease the current through LED2 for the current I = (V, - Vd)/R through the resistor R to remain at an almost constant level. This change in the current through LED2 decreases the optical output Po2. Thus the current through T, decreases, and as a consequence the optical outputP 01 will increase still further. This cycle of events repeats itself. The optical output P 1 (Po2) continues to increase (decrease), and the circuit moves progressively further away from its initial condition. This action takes place because of the regenerative feedback incorporated into the circuit. Therefore, it will occur only if the loop gain of the circuit is larger than unity. The stable state of the circuit is that one LED is at ON (light-emitting) state and the other at OFF (no emitted light) state. If an optical pulse is applied to TI, LED (LED 2 ) will turn OFF (ON) from



the ON (OFF) state. Figure 1(d) showsthe state diagram of the flip-flop. Diodes may be inserted to increase the voltage drop across the transistors when the LED is ON, as shown in Fig. 1(a) by dot lines. 2244
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The condition for the proposed deviceto act as a flip-flop is kc > 1,



(1)



where k is the conversion efficiencyfrom the current through an LED to the light output of the LED, and c is the conversion efficiency of the phototransistor from the light input to the current including the coupling efficiency between the light output of LED and the light input of the phototransistor. The minimum input optical power Pminor threshold optical power to change the state of the flip-flop may be given by Pmin= I(kc -2 1) kc



(2)



from the circuit analysis of Fig. 1(a). This threshold optical power, which is the optical power for the phototransistor to move from the saturation region to the active region, may be determined by the optical coupling and saturation behavior of the phototransistor. The proposed optical/electrical flip-flop is very simple, since it is neither a combination of logic gates nor based on optical bistability. It consists of two LEDs and two photodetectors, the minimum number of active elements for the construction of a flip-flop based on optoelectronic feedback. It can save two LEDs compared with those constructed by combininglogicgates.2 Reduction of the number of LEDs or laser diodes (LDs) is crucial to the integration of the flipflops, since the area of an LED/LD is much larger than that of a photodetector or phototransistor. The number of inter-
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Fig. 2.



Input and output waveforms of the flip-flop.



connections is also minimized. Hence the flip-flop can be easily integrated and may be used as a basic element of a digital optical computer. The switching speed of the flipflop may be reduced to below 1 ns by replacing LEDs by



diode lasers and phototransistors by high-speed photodetec-



fringe patterns, this method should have distinct advantages over other methods of analysis, especially for determination of spherical aberration coefficients. It should work equally well in the testing of light-optical components. After our work was completed, we found that Komissaruk



in 1964 had used three-beam interference to investigate the wave front aberrations of optical lenses. He explained the advantage of using three-beam interference in terms of moire



patterns. Somehowhis work has been rarely cited and little known in the last 20 years, although analogous techniques have been explored, for example, by Patorski.4 Our explanation of the effects involved based on physical optics seems more complete than his work. In this Letter, we, first, point out how the three-beam Ronchigrams depend on the amplitude ratio between the first-order and zero-order beams because this seems ambiguous in his paper. The transmittance of the phase grating is assumed as q(x,y) = 1 - i2a cos (27rg- x + 0), where g is the frequency of



the grating or the shear distance between 0 and z1 order, 0 is the phase, a is the amplitude ratio between the first- and zero-order beams. The intensity in the observation plane is given by



tors with gain.



The experiment was performed by using photo-Darlingtons (i.e., Darlington pairs of a phototransistor and transistor) and LEDs. For input optical pulses with a pulse width of 150 us, waveforms of inputs Pil(R), Pi2 (S) and outputs Po1(Q), P 2 (Q) are shown in Fig. 2. When an optical pulse is applied to T1 (T 2), LED 2 (LED1 ) turns on after a finite turnon time, while LED1 (LED 2 ) turns off abruptly. Switch-on



I(u,v;g) = 1 +4a sin[E(u,v;g)] - cos[O(u,vg) + 01 + 2a 2 cos 2 2[0(u,v;g) + O]}+ 2e 2 ,



T 2 from saturation region to active region,



Summarizing: we have demonstrated a simple type optical/electrical flip-flop based on optoelectronic feedback. References 1. A. A. Sawchuk and T. C. Strand, "Digital Optical Computing," Proc. IEEE 72, 758 (1984). 2. K. Okumura, Y. Ogawa, H. Ito, and H. Inaba, "Optical Bistability



and Monolithic Logic Functions Based on Bistable-laser/LightEmitting Diodes," IEEE J. Quantum Electron. QE-21, 377 (1985). 3. J. M. Liu and Y. C. Chen, "Optical Flip-Flop," Electron. Lett. 21, 236 (1985).



Aberration analysis by three-beam interferograms Jenn-An Lin and John M. Cowley



Arizona State University, Physics Department, Tempe, Arizona 85287. Received 18 January 1986. 0003-6935/86/142245-02$02.00/0. © 1986 Optical Society of America In the previous paper, 1 we reported a new method for



determining the primary aberrations, namely, the third-order spherical aberration, coma, astigmatism, and defocus for a scanning transmission electron microscope. The method makes use of the Ronchi fringes, familiar in light optics 2 with the periodicity of a crystal lattice serving as a grating. Measurements are made of the ellipses of zero contrast appearing



in three-beam electron Ronchigrams. Because only quadratic patterns are involved rather than the cubic two-beam



(1)



where E(u,v;g)
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[x(u + g,v) 2
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x(u,v)] even ing 2
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= 1rg X[C 8X (3u + V + g /2) + A + Aa



+ X(3uC, + VC2 )],



time of the flip-flop, which is limited by the transition time of photo-Darlington is 4 ms.



3



O(u,v;g) = {x(u-+ g,v) - x(u,v)I odd ing =



2 2 2 27x ug[C5 (u + v + g ) + A + A.]



2 2 2 + rX2g[2uvC 2 + Cl(3u + g + V ] + Djg,



x(u,v) = the aberration phase shift = A W(u,v) 2 + 7rX2[(cu + c2 v)u 2] = 2rC"X3u4 + 7rAXu



2 2 + 7rX(A.u + Abv ) + Dju +D2v,



where C, is the spherical aberration, C1 and C2 are coefficients of coma, A, and Ab are coefficients of astigmatism, D 1 and D 2 are coefficients of distortion, A is the defocus, u =



(u,v), and W(u,v) is the wave front aberration function. The computer-generated three-beam Ronchigrams are shown for different in Fig. 1. If the zero-order beam has the same amplitude as the first-order beam, the sawtooth shape will appear on the contour of the ellipses. It is better to choose a grating with o 


amplitude type. Thus the three-beam Ronchi test may have some disadvantages for aberration analysis because with a weak phase or amplitude grating the contrast may be poor. With a modern digital image recording system, the interferograms can be digitized and saved in disk memory. A three-beam interferogram can be easily generated by adding a two-beam interferogram with the laterally displaced version of itself. The two-beam interferogram can be obtained from either a lateral shearing interferometer or another kind of interferometer. The intensity distributions for two-beam interferograms centered at d = +d and u = -d will have the form 15 July 1986 / Vol. 25, No. 14 / APPLIEDOPTICS
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