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Abstract—We describe 8 x 8 arrays of smart pixels, de- SEED technology [7]. Each node contains a single optical
signed and fabricated using MQW modulators and detectors receiver. The first-generation arrays have two different receiver
flip-chip-solder-bonded to silicon CMOS circuits. The individual - gagigns in alternating columns of the array, one with and one
circuits implement 2 input, 1 output embedded control switching - . .
nodes. Four arrays from two different designs were fabricated without .voltage clamps on the receiver mputs. The secorld-
and tested. For the array with the highest yield, 60 of 64 generation arrays had four different transimpedence receiver
nodes functioned correctly at low speeds and were tested up designs with feedback elements shown in Fig. 1(b). The tran-
to 250 Mb/s without re-adjusting individual bias voltages with simpedance receivers operated at lower optical powers and
the maximum speed of an individual node of 375 MbJs. For the nghar gata rates. In both designs, the electrical output from a
second-generation array, the center 4x 8 section of the array . . . . )
was tested at data rates beyond 700 Mb/s with individual nodes glve.n receiver 'S_ connected to the _data input of a first 2
having short term bit error rates below 10~ . multiplexer physically located within the same node as the

receiver and a second 2 1 multiplexer physically located

ONE APPROACH to improving the performance of largén a second node next to the first node. Each multiplexer

processing or telecommunications switching systemshas a pair of complementary electrical inputs, known as the
to interconnect integrated circuits using optics. Smart pixelsontrol bit, that determines which input is regenerated as the
with integrated optical detectors, modulators, and electrorigtical output. In each node, a control memory (set-reset latch)
logic, could potentially be used in these systems. The FEStores this control bit. In the embedded control architecture,
SEED, consisting of the monolithic integration of multiplehe format of the input optical signals consists of the control
guantum well (MQW) optical modulators and detectors withits followed in time by the data bits. An electrical control
GaAs field effect transistors, is one design platform for the$gad signal, common to all the nodes within the array, is held
smart pixels [1], [2]. Another potential design platform useligh to enable the writing of the control memories with the
the hybrid integration of MQW modulators and detectors witbontrol bits. Once the control bits are loaded, the control load
commercial electronic circuits [3]-[6]. This latter approach akignal is held low to disable the writing of the memory, and the
lows one to design circuits with greater complexity and circugorrect input data bits are regenerated at the output based upon
yield, because it uses available established VLSI processeshe state of the memory. The output modulators are driven by

We describe 8< 8 arrays of smart pixels, designed an@n electrical inverter following the multiplexers. Other than
fabricated using MQW modulators and detectors flip-chiphe receivers, the circuit schematics were the same for the
solder-bonded to silicon CMOS circuits. The modulators wet@o designs, except that the FET’s were wider in the second-
designed for 850 nm operation and the substrate was remogegheration design to provide increased current for operation
to avoid excess absorption in the substrate [5]. The individt higher data rates.
ual circuits implement 2 input-1 output embedded control The first- and second-generation circuits were designed
switching nodes. using 1.2¢m and 1.0um CMOS. The center to center spacing

The CMOS circuit shown in Fig. 1 is functionally similar toof the nodes was 135m x 120 ym, so each node occupies
switching nodes previously made using the monolithic FETn area equal t8-28% of that of the comparable monolithic
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Fig. 2. Cross sectional schematic (a) and photograph (b) of a section of

the array. Rectangles are the individual MQW diode mesas, which measure

Fig. 1. (a) Schematic diagram of embedded controk 2 nodes of the ~20 zm x 50 pm.

first-generation designZ’s are connected, and crosses are open unless

indicated.n-fets are connected to GND, angfets are connected tbyy. 1M, and the contrast ratios varied froni.8:1 to~2.9:1 for

Clamping transistors are present on alternate columns. (b) Receiver secgoy V swmg_

for second-generation design (c) feedback elements for receivers in (b) forHi h-speed testina was done on the arravs by current

the different columns in the array. 9 .p . 9 . . ys by

modulating the two input laser diodes with complementary sets

a deep mesa etch between diodes and the deposition of sotiferonreturn to zero (NRZ) data from a digital word generator

on the pads. After receiving the fabricated CMOS chipand supplying these optical inputs to one receiver at a time

additional metal layers (Ti, Ni, Au) and solder were depositad the array. The center 4 5, 6 x 6, and 6x 8 sections

on the solder bump pads. After the GaAs chip was bonded the first design operated above 250 Mb/s and individual

to it, the GaAs substrate was removed, and the device waxles were tested to 375 Mb/s. Fig. 3 shows the one of the

packaged and antirefletion coated. A more detailed descriptioutputs from each node from the centex 8 section of the

of the process is given in [5]. A cross sectional schematic asdcond-generation array at 700 Mb/s, with the control set so

photograph of a section of a bonded chip is shown in Fig. that each % 1 node selected its own receiver. However, in all

The total height of the front of the modulator from the surfac®ur arrays, we observed the same performance when either

of the CMOS chip is~10 um. input of a given node was selected. At 700 Mb/s, the feedback
Three arrays of the first design and one of the second weesistors in columns 5 and 6 had too high of an impedance to

fabricated and tested. During substrate removal, the etchaffect the circuit, so the response was similar to column 3

attacked some of the modulators on the end columns of ttat has FET clamps only. The nodes in column 4 with diode

array. For one array (of the first design), all but 1 detector anccBamps required very asymmetric input powers, and the cause

modulators out of 256 quantum well diodes were operationafl this is unknown.

after substrate removal. Fig. 4 shows one of the optical outputs from a node where
Reflectivity and responsivity were measured for this arrafe optical inputs to the receiver were modulated with a%20

as a function of voltage for the bonded MQW diodes. Theseudorandom pattern at 700 Mb/s. There is noticeable pulse-

peak responsivities varied betweei.4 and~0.45 A/W, the pattern dependency as evidenced by the separation of traces

high and low state reflectivities varied from0.3—~0.4 and on the falling edges. This was likely caused by the nonlinear

from ~0.06-~0.15 respectively at a fixed wavelength-e850 feedback resistor. With proper adjustment of the circuit supply

(c)
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Fig. 3. Detected oscilloscope outputs from one modulator from each 2 degraded p_at_tems to1l Gk?/S. We bel|eye the S_pee_d in both
switching node from the centerx 8 section of the second-generation arraychips was limited by the driver and multiplexer circuitry.
at a data rate of 700 Mb/s. The 8 bit repetitive data pattern incident on the

smart pixel receivers was “000 1 01 1 1.” The optical powers were equal
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Fig. 4. Eye diagram of a particular node operating at 700 Mb/s. Individual
nodes operated with short term bit-error rates below'10



