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Abstract—This letter demonstrates an ultrafast sample and fs optical pulse
hold circuit using optically triggered metal-semiconductor—-metal % I
switches made of low-temperature-grown GaAs for use in a Y
photonic analog-to-digital conversion system. A differential |

configuration is incorporated to reduce feedthrough noise. r| T raressmninaion Lins — |
Index Terms—Analog-to-digital conversion, low-tempera- |'-,|| — P
ture- ) - ) ’ . . y | . . D L I GaAs E-‘-'lllll.||
grown GaAs, metal-semiconductor-metal devices, optical
data processing, sample-and-hold circuits. Apud |:|.:. ciracal Sigral I ; Hald Capacitor

|. INTRODUCTION CMOS AD
WITH DIGITAL technologies dominating the market-

place along with the advancement of corresponding

signal processing techniques, high-speed analog-to-digi
(A/D) converters are becoming more critical in the areas o
microwave communications and radar. Various GaAs- and
InP-based circuits have achieved several gigasample per secontP circumvent this problem, we propose an electrical sample
sampling rates at lower resolutions [1]—[3]. Superconductirffd hold scheme utilizing low- temperature (LT)-grown GaAs
A/D systems have shown promise for high- resolution conveRetal—semiconductor-metal (MSM) switches. Fig. 1 shows a
sion at slightly slower speeds [4]. Despite these breakthrougfghematic of our proposed A/D conversion system. Optically
the performance improvement of electrical A/D convertdfiggered by a short-pulse laser, the switch would be attached to
technologies has been unable to meet the demand for fagéi@nsmission line and would sample the input electrical signal
sampling rates [5]. onto a hold capacitor at a rate equal to the pulse repetition rate.

One of the fundamental constraints limiting the performane¥n electrical A/D converter would then extract this sampled
of electrical A/D converter technologies is the aperture jittélata. By time interleavingv of these channels, the aggregate
caused by clock jitter and sampling gate variation [5]. As a s§ampling rate become¥ x the single electrical A/D converter
lution, the idea of combining the low jitter and high-speed agampling rate. In this way, the bandwidth and timing constraints
vantages of photonics with electrical A/D converters in a hybrief high-speed sampling are placed only on the input sample and
System has Spawned a humber of photonic A/D conversion 59§Jd CirCUit, freeing the electrical A/D converters to operate at
tems in recent years [6]—[8]. much slower speeds. In addition, the sample and hold scheme

Many of these proposed photonic A/D conversion systera§ows the switch to be nonlinear, only placing requirements on
consist of an input electrical signal biasing an optical modulat8te speed and responsivity of the device. The short lifetime and
whose output is optically demultiplexed to an array of electricg@latively high mobility of LT-grown GaAs create a short sam-
AID converters [6], [8]. However, the speed and linearity of theling gate enabling high-speed sampling with reasonably good

optical modulator often times limit the performance of theg@solution [9].
systems. In this letter, we demonstrate a sample and hold circuit using

optically triggered MSM switches made of LT-grown GaAs.
The circuit achieves a sampling gate width of 1.5 ps and exhibits
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Fig. 2. Switch response for a/2m finger spacing MSM. Sample was grown
at 250°C and annealed at 800C for 1 minute. Inset is scanning electron
micrograph (SEM) image of the switch and transmission line.

Il. EXPERIMENT
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The switch response was measured by placing the MSM in
the middle of a coplanar waveguide transmission line structure : ‘
(inset, Fig. 2). A titanium/gold contact was deposited on top 0 20 40 60 30
of the LT GaAs substrate for both MSM and transmission line time (ps)
patterns. The MSM was dc biased and optically triggered with )

a ~150 fs full-width at half-maximum (FWHM) pump pulse, o
launching electrical transients down the transmission lingg-3. (a) Sample and hold test pattern. A Lithium Tantalate crystal was placed
. . ogtop of the two metal lines probing the hold capacitor voltage. (b) Sample and
These transients were measured by time-resolved electrooplig of dc input signal. Sample was grown at 23D and annealed at 800
sampling [10], using a lithium tantalate electrooptic crystaér 1 minute. Inset shows the held output signal as a function of dc input signal.

placed on top of the transmission line. The ultrafast response

(1.5 ps FWHM) of the switch is evident (Fig. 2). Differentiations of the signal. This ringing eventually dies off, leaving
speeds and responsivities were obtained by varying growte signal at a constant offset. The inset of Fig. 3(b) shows the
temperature, postgrowth anneal conditions, and the MSh|d output signal [step height of Fig. 3(b)] as a function of the

pattern. dc input signal for one particular sample and hold device. The
held output signal was taken 100 ps after the leading edge of the
B. DC Sample and Hold step to avoid effects from ringing. The pump pulse triggering

The sample and hold test circuit was made by attachir%e switch was set at0.2 nJ for all measurement points. The
the MSM switch and hold capacit¢€’y) in series across the linearity of the graph confirms the accuracy of the sample and
signal and ground lines of a transmission line [Fig. 3(a)]. Rold process, exhibiting 5.7 ENOB for the input voltage range
titanium/gold contact was used for the entire pattern. DiffereBtven.

MSM patterns were used to vary the switch, as well as the hold . ) )
capacitor. C. Differential Sample-and-Hold Device

When the switch is optically pumped, photoexcited carriers Due to the parasitic capacitance of the MSM switch, the
charge up the hold capacitor to the input voltage level withsample and hold circuit forms a capacitive voltage divider.
time constant= R.witc.Cu. AS long as the time constant isThus, fluctuations in the input signal feedthrough to the
short enough, accurate ultrafast sampling is achieved despiteoédd capacitor and corrupt the held signal. To eliminate this
nonlinear switch. Time-resolved electrooptic sampling was ustskdthrough noise, we adopt a differential configuration device.
to measure the voltage across the hold capacitor as the M&lg. 4 shows the differential sample and hold test pattern. The
switch was turned on. A dc input signal was initially samplecgymmetry of the device makes the feedthrough equal on both
A lithium tantalate crystal was placed on top of the metal lind®ld capacitors. The sample and hold is performed on the left
probing the ends of the hold capacitor, enabling the held voltagide of the pattern, while the right side of the pattern serves as
to bias the crystal as seen in Fig. 3(a). Due to the repetitive rmedummy device that tracks the feedthrough voltage. By taking
ture of the pump probe measurement, the hold capacitor vibe differential signal between the hold capacitor voltages, the
reset by triggering the hold capacitor MSM with a pulse traifeedthrough is cancelled out. We demonstrate this scheme by
synchronized to the pump and probe pulses. A typical meaeasuring the voltage across each hold capacitor, as well as
surement result is given by Fig. 3(b). We believe some parhe differential voltage between them as a function of time.
sitic inductance200 pH) in the test pattern causes the osciPlacement of the probe pulse for each voltage measurement,
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the detection of extraneous electric fields unrelated to the hold
capacitor voltage. Numerical subtraction of (1) and (2) leads to
increased reduction of feedthrough noise.

I1l. CONCLUSION

We successfully demonstrate the cancellation of feedthrough
noise using a differential sample and hold circuit with LT GaAs
MSM switches. The circuit achieves a sampling gate width of
less than 2 ps and exhibits 5.7 ENOB under dc input conditions.
Future testing will include multiple sampling of dynamic inputs
in order to measure the bandwidth and resolution limits of the
sample and hold circuit. Variation of growth and post-growth

Fig. 4. Differential sample and hold test pattern. Numbers indicate positionanneal conditions will provide additional parameters to improve

probe pulse for corresponding curves in Fig. 5.
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the performance of the device. Judging from these prospects
in addition to the results presented, we believe this circuit is a
promising candidate for use in future high-speed photonic A/D

conversion systems.

REFERENCES

C. Baringer, J. F. Jensen, L. Burns, and R. H. Walden, “3-bit, 8 GSPS

flash ADC,” in Proc. Indium Phosphide Related Materials Cowfpr.

1996, pp. 64-67.

K. R. Nary, R. Nubling, S. Beccue, W. T. Colleran, J. Penney, and K.

Wang, “An 8-bit, 2 gigasample per second analog to digital converter,”

in GaAs IC Symp. Tech. Digvol. 17, Oct. 1995, pp. 303—-306.

K. Poulton, K. L. Knudsen, J. J. Corcoran, K. Wang, R. B. Nubling,

R. L. Pierson, M. F. Chang, and P. M. Asbeck, “A 6-bit, 4 Gsa/s ADC

fabricated in a GaAs HBT process,” ®aAs IC Symp. Tech. Digvol.

16, Oct. 1994, pp. 240-243.

S. V. Ryloyv, D. K. Brock, D. V. Gaidarenko, A. F. Kirichenko, and J.

M. Vogt, “High resolution ADC using phase modulation-demodulation

architecture,1EEE Trans. Appl. Supercondugctol. 9, pp. 3016-3025,

June 1998.

[5] R.H.Walden, “Performance trends for analog-to-digital converters,” in
IEEE Commun. MagFeb. 1999, pp. 96-101.

[6] T. R. Clark, J. U. Kang, and R. D. Esman, “Performance of a time-

(1]

(2]

(3]

(4]

Fig. 5. Electrooptic sampling measurement results for differential sample and
hold test circuit. Numbers indicate data for corresponding probe pulse positions
in Fig. 4. (1) Feedthrough plus held voltage. (2) Feedthrough only. (3) Held [7]
voltage with reduced feedthrough due to differential detection.

along with the corresponding output signal is shown in Figs. 4[8]
and 5, respectively. The top trace shows the feedthrough noise
plus the held voltage on the left-hold capacitor, the middle trace[gl
shows the feedthrough noise being tracked by the right-hold
capacitor, and the bottom trace shows the differential signal.
The third trace clearly indicates a reduction in the feedthrough
noise. The residual feedthrough noise seen is likely a resui%ol
of the electrooptic crystal having a finite thickness, leading to

and wavelength-interleaved photonic sampler for analog-digital conver-
sion,” IEEE Photon. Technol. Leftvol. 11, pp. 1168-1170, Sept. 1999.
A. S. Bhushan, P. Kelkar, F. Coppinger, and B. Jalali, “30 Gsample/s
4—bit time-stretch analog-to-digital converter,” ®@_.EO 2000 Tech.
Dig., San Francisco, CA, 2000, pp. 623-624.

J. C. Twichell, P. W. Juodawlkis, J. L. Wasserman, R. C. Williamson,
and G. E. Betts, “Extending the performance of optically sampled time-
demultiplexed analog-to-digital converters,”@LEO 2000 Tech. Dig.
San Francisco, CA, 2000, pp. 624-625.

F. W. Smith, H. Q. Le, V. Diadiuk, M. A. Hollis, R. C. S. Gupta, M.
Frankel, D. R. Dykaar, G. A. Mourou, and T. Y. Hsiang, “Picosecond
GaAs-based photoconductive optoelectronic detectokpfl. Phys.
Lett, vol. 54, pp. 890-892, Mar. 1989.

J. A. Valdmanis and G. Mourou, “Subpicosecond electrooptic sampling:
Principles and applications|/EEE J. Quantum Electronvol. QE-22,

pp. 69-78, Jan. 1986.



