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ABSTRACT 

We have developed a radiation-to-coherent light converter (RCLC) with a monolithically integrated semi
conductor chip that consists of a chromium-doped GaAs photoconductor detector and a GaAlAs laser diode. 
When irradiated, the electric pulse generated by the photoconductor detector modulates the laser diode, which has 
been biased above the lasing threshold, thus converting a radiation pulse to an electric pulse and then to a light 
pulse. The laser pulse is then transmitted to a fast recorder through a high-bandwidth optical fiber. In the absence 
of a single-step x-ray pumped laser, our converter appears to be the first integrated device that can efficiently 
convert x-ray flux into coherent light. This device has been tested successfully with the 50-ps electron beams of a 
17-MeV linear accelerator and with 50-ns x-ray pulses from a Z-pinch plasma source. 

1. INTRODUCTION 

For high-speed x-ray spectroscopy or imaging with s200-ps rsolution that requires transporting analog sig
nals to a fast recorder at a distance, the development of an array of RCLCs appears necessary. By converting 
radiation to coherent light, one can take advantage of the high transmission bandwidth of the optical fiber. Optical 
signals can be transmitted over long fibers (on the order of kilometers) with a multigigahertz bandwidth that is 
virtually impossible to obtain with a conventional electric pulse via coaxial cables. 

Figure 1 depicts the concept of a high-bandwidth, radiation-detection, optical transport and recording system. 
As a first step toward developing such a system, we have designed, built, and tested a single element of the RCLC. 

2. RADIATION-TO-COHERENT LIGHT CONVERTER (RCLC) 

The feasibility of making an RCLC became clear after our recent development of ultrafast GaAs-
photoconductor radiation detectors. 1 By the use of proper radiation damage for generating crystal defects that 
shorten the carrier lifetimes, we obtained GaAs detectors with 30-ps resolution. With chromium doping, we can 
also obtain GaAs detectors of 200-ps resolution. Note that this semi-insulating GaAs is routinely used as the 
substrate of the high-speed GaAsAs laser diode. 2 This opens up the possibility of building a monolithically 
integrated RCLC. 

Our RCLC is a monolithically integrated semiconducor chip that consists of a chromium-doped GaAs photo
conductor detector and a GaAlAs laser diode. One part of the GaAs:Cr photoconductor has two electrodes and 
functions as a high-speed radiation detector, while the other part of this semi-insulating crystal serves as the 
substrate for the GaAlAs laser diode. These two parts are connected in series, as shown in Fig. 2. The top part is a 
photoconductor detector, shown as a variable resistor, while the bottom part is a high-speed laser diode. 

Nominally, the laser is biased by injection current beyond the lasing threshold in the linear region. When 
irradiated, the photaconductor becomes a variable resistor, allowing extra current to be injected into the cavity, 
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Figure 1. Concept of a multigigahertz radiation-spectrum/image-detection system for long-distance analog-signal 
transport. 
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Figure 2. Circuit diagram of an integrated detector-laser chip as a radiation-to-coherent light converter (see fig. 3 
for explanation of points 1, 2, and 3). 

thus modulating the laser output. The photoconductor is operated in a linear region wherein the induced current is 
proportional to the energy of the absorbed radiation. In other words, the modulated optical signal is proportional 
to the radiation pulse. Our RCLC is thus a two-step device that converts a radiation pulse to an electric pulse and 
then to a light pulse. 

3. STRUCTURE AND FUNCTIONS 

Figure 3 shows the structure of our integrated detector-laser transmitter. Note the diagram is not to scale (see 
Fig. 4 in scale). The area between electrodes 1 and 2 is sensitive to radiation. The connection between electrode 2 
and the p side of the laser is done at the wafer level (i.e., without wire bond). 

The GaAs detector is simply a bulk photoconductive crystal with two ohmic contact electrodes. Electrons and 
holes created by the incident radiation are collected by the electrodes, generating an electric pulse. This detector is 
made in a stripline geometry, assuring a fast rise time. Its decay time depends on the carrier lifetimes, which can 
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Figure 3. Schematic of the integrated radiation detector-laser transmitter. Points 1, 2, and 3 are gold electrodes. 
The p side of the laser and electrode 2 are connected at the wafer level (no wire bond). 

Figure 4. Photograph of the fabricated radiation-to-coherent light converter. 

be controlled by radiation treatment or, to some extent, by impurity doping (see Ref. 1 for more information on the 
photoconductor detector). 

The high-speed GaAIAs laser is the state-of-the-art "buried heterostructure window laser" so named because 
numerous heterojunctions (junctions of different material compositions) bury one junction after another. These 
heterojunctions confine electrons and light to certain regions where they can interact efficiently for maximum 
conversion of electrons to light. The "window" refers to the narrow transparent layer of unpumped GaAIAs at the 
end region near the crystal facets for protection of the laser mirror, thereby allowing a high optical-power capabil
ity. The modulation speed of this device can reach 10 GHz (see Ref. 2 for further details on the fast laser diode). 
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Figure 4 is a photograph of the fabricated device mounted on a copper block as a heat sink. Wire bonds at 
points 1, 2, and 3 on the electrodes connect to power supplies and ground. The device is 750 /im long and 250 //m 
wide. After the chip was fabricated, the photoconductor detector and the laser were checked separately: the 
detector with a short optical pulse to confirm its function, and the laser by measuring the light output as a function 
of injection current (see Fig. 5). The low lasing threshold (<20mA) alleviates the heat-sink problem usually 
associated with these devices. The optical pure, single, longitudinal mode of the optical spectrum is important for 
fiber-optic transmission because it eliminates material dispersion, thereby allowing high-bandwidth and long
distance transmission. 
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Figure 5. Laser light output as a function of injection current and the lasing wavelength. 

4. EXPERIMENTS 

To test our RCLC with 16-MeV electrons and keV x rays, we mounted the chip inside an rf shield (see Fig. 6). 
The rf shield is important for reducing the rf noise in the linear accelerator environment and the EMP background 
near the Z-pinch plasma source. A radiation-entrance hole is provided directly above the chip. The package is 
mounted on a flange for a low-energy x-ray experiment in a vacuum. For 16-MeV electrons, the device is operated 
in air. The laser emits at 90° to the incident radiation. The light output is collimated with an aspheric lens with a 
4.6-mm focal length and a 0.55 NA and focused onto a 50-|<m fiber with another lens. The detector and laser 
biases are supplied through semirigid coaxial cables, which are brought to within about 3 mm of the chip to 
minimize the impedance mismatch. 

The impulse response of our RCLC to 50-ps electron beam is shown to be 170 ps FWHM (see Fig. 7). The laser 
output was transmitted with an optical fiber to a fast PIN diode and analyzed with a sampling scope. We also used 
a coupling capacitor to monitor the impulse response of the GaAs:Cr detector to the electron beam. This turned 
out to be 200 ps FWHM, somewhat longer than the laser output. Preliminary investigation indicates that a possible 
low-impedance reflection may exist in the laser bias lead, causing the shortening of the laser pulse. 

For the detection of a low-energy x-ray pulse from a Z-pinch plasma, the RCLC was operated in a vacuum. 
We placed an x-ray filter in front of the radiation-entrance hole to block the visible light from the plasma source. 
Figures 8(a) and (b) show, respectively, the x-ray pulse observed with the GaAs:Cr detector and the laser output 
detected by a PIN diode through an optical fiber. It is seen that the fidelity is remarkable. There appears a little 
more noise in the coaxial cable (a) than in the optical fiber transmission (b). 
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Figure 6. The radiation-to-coherent light converter mounted inside an rf shield. The output light is lens-coupled to 
an optical fiber. 

The correlation between the pulse heights from the GaAs detector and the laser output is plotted in Fig. 9. It is 
linear for the range covered here. We will cover a larger range in a future experiment. 

5. DISCUSSION 

We are aware of concern regarding the possible radiation damage to the laser diode in the integrated device. 
In a case with highly penetrating radiations, such as gamma rays or high-energy electrons, the energy loss in the 
thin laser cavity is so small that no damage is expected. No radiation damage was observed throughout the 
experiment with the 16-MeV electron beam. In the case of low-energy x rays, the electrode can be made thick 
enough to keep x rays from reaching the laser cavity, thus presenting radiation damage. No radiation damage was 
observed during our experiment with x rays. 
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Figure 7. Impulse response of the radiation-to-coherent light converter to 50-ps electron beam. 
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Figure 8. Comparison of the x-ray pulse observed 
with the GaA5:Cr detector (a) and the laser output 
detected by a PIN diode (b). A good fidelity is 
observed. 
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Figure 9. Linear correlation between pulse heights 
from the GaAs:Cr detector and output from the laser. 
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6. CONCLUSION 

Our RCLC functioned reasonably well from the first attempt. In the absence of a single-step x-ray pumped 
laser, it appears to be the first integrated device that can efficiently convert x rays or other radiations into coherent 
light. It opens up the possibilities for one- or two-dimensional arrays and large-scale integration. However, a 
nontrivial effort will be required in optical fiber pigtailing for such applications. 
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