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One-bit electro-optical analog-to-digital conversions of up to 100-MHz signals were carried out in
a system using a Ti-diffused LiNbO, balanced bridge modulator and a 1.1 5-um cw He-Ne laser.
The modulators have a new configuration with a phase shifter formed by Ti double diffusants and
revealed relatively low half-wave voltages and high extinction ratios.

PACS numbers: 42.30.Lr, 42.80.Lt, 42.10.Qj, 78.20.Jq

A new analog-to-digital conversion (ADC) method, uti-
lizing optical waveguide modulators, has been proposed by
Taylor.' Itis expected that, using the proposed method with
gigahertz optical modulators, such high-bit rate conversion
as 10°-10° samples/sec can be realized in a simple system.
Taylor also reported” the fundamental ADC operation per-
formance of a LINbO, ¥Y-branched interferometric modula-
tor. The derive has low half-wave voltages V_, suchas 1.2V
for TE polarization and 3.1 V for TM at A = 0.63 um with a
17-mm phase shifter electrode. However, these modulators
are comprised of ¥-branched and curved waveguides, which
lead to the deleterious effects of large insertion loss and low
extinction ratio.

From this point of view, the balanced bridge-type Ti-
diffused LiNbO, modulators were designed for ADC appli-
cations. This letter presents the characteristics of the modu-
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lators and the results of a 100-MHz, one-bit electro-optic
ADC operation first using these kinds of devices.

The configuration of the LiNbO, balanced bridge mo-
dulators® fabricated for ADC application is shown in Fig. 1.
The device is composed of two 3-dB couplers and a phase
shifter built in a pair of straight waveguides. The phase shift-
er is formed by a Ti double diffusion in the cross-hatched
regions in Fig. 1, instead of by the ion etching method.* The
couplers® have a pair of electrodes for adjustment. The di-
mensions of each part of the fabricated devices are summa-
rized in Table I. An Al,0, 1100-A-thick buffer layer is
used.® It was separated with a 4-um gap between the wave-
guides for suppressing’ dc drift. Three pairs of Al lumped
electrodes are formed on top of the buffer layer.

Table II shows the low-frequency modulation charac-
teristics for two fabricated devices. The guided modes are
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FIG. 1. Configuration of an LiNbO, balanced bridge modulator fabricated
for ADC operation.

TM-like fundamental modes in both cases. Although the
values of V_ are relatively low, they are 40-60% larger than
the calculated values (3.3 V for No. 1 and 2.4 V for No. 2) for
reasons not yet clear. A phase shifter length lon (8 mm),
which is about half that of Taylor’s device, was selected for a
smaller optical transition time in high-speed operations in
future. The values of the extinction ratios (ER) were obtained
with no dc biases applied to 3-dB couplers, and were not as
high. In order to improve the ER, 10-20-V dc voltages were
applied to the couplers. The resultant ER values are 16.8 dB
for No. 1 and 11.4 dB for No. 2.

High-speed ADC operation is carried out in the experi-
mental arrangement as shown in Fig. 1 of Ref. 1. The modu-
lator No. 1 is used and the bandwidth to the 3-dB power
point was estimated at about 1 GHz. The comparator has
ECL outputs and typically 1-2-ns rise and fall times. As
pointed out by Taylor,' a functional merit of the balanced
bridge-type modulator is its two complementary outputs,
which are equally affected by light-source fluctuation. By
using devices of this structure in ADC systems, the effects of
fluctuations, which are an important source of conversion
error, can be eliminated.

Figure 2 shows the conversion results. Two kinds of
conversion operations were carried out. One is a one-bit con-
version applying ¥ = V. peak microwave voltage plus
Vse = V,/2 dc bias to the phase shifter electrode. The other
is a quasi-two-bit conversion obtained when ¥ = 2V, peak
microwave voltage. The results of the former operation are
indicated in Figs. 2(a) and 2(b) for f = 10 MHz and f = 100
MHz, respectively. In these figures, analog sine waves are
correctly converted to the rectangular waves with the same
period. However, the comparator output at 100 MHz begins
to show distortion, mainly due to its bandwidth limitation.
The latter conversion is shown in Fig. 2(c). In this case, a 10-

TABLE I. Dimensions of fabricated modulators. L is the overall length of
the sample. Others indicate dimensions shown in Fig. 1.

Sample L 1, 1, L w g 8.
No. (mm) (em)

1 25 15 4 8 8.0 54 54
2 27 20 6 8 5.5 56 54
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TABLE II. Low-frequency characteristics of the modulators. ER is the
extinction ratio, IL the insertion loss, and ¥, the dc biases applied to the 3-
dB couplers.

Vdc
Sample A V., ER IL in (V)/
No. (zm) mode (V) (dB) (dB) out (V)
1 1.15 ™, 5.31 15.3 10.5 0/0
2 0.85 ™, 3.44 8.9 040

FIG. 2. One bit cell ADC experimental results using modulator No. 1:
D = driving voltage, C = comparator output. (a) f= 10 MHz, {b) f= 100
MHz, (c) f = 10 MHz quasi-two-bit conversion.
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MHz sine wave is converted to a rectangular wave of twice
the period (20 MHz). The results obtained here confirm the
possibility of a high bit rate and a multibit converter using
this kind of device.

Ti-diffused LiNbO, balanced bridge modulators,
which have a phase shifter formed using a double diffusant
method, were fabricated for use in a high-speed optical ADC
system. Fundamental performances of the device were
V,=53Vand ER=153dBforA = 1.15um, and
V, =34V and ER = 8.9 dB for A = 0.85 um. The phase
shifter length was 8 mm. Well-regulated sinusoidal output
characteristics were observed in both cases.

Using this device, one-bit cell ADC operation was car-
ried out witha A = 1.15-um cw light source. Successful con-
versions were confirmed up to the comparator bandwidth
limit of about 100 MHz.
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The results reported here prove that the devices per-
form sufficiently well to be applied in an optical ADC sys-
tem. However, they are still only the first step in realizing an
ADC system utilizing optical waveguide modulators. Sever-
al problems such as multibit and monolithic device fabrica-
tion and faster electronic or optic comparators development
remain to be solved.
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