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Abstract

In this paper a circuit is described which can process signals in the Gbit/s range for a fast
PCM technique. A shift register with Gunn devices monolithically integrated on GaAs is used.
A b-stage arrangement is described. Experimental results for a bitrate of 1.8 Gbit/s are

reported.

Introduction

To process signals in a PCM technique in the

Gbit/s range multiplexing and demultiplexing
systems are needed. Important components of

such systems are fast shift registers. This
paper describes a dynamic shift register as
an example of circuit integration with Gunn

devices the technique of which’ offers advan-

tages in the Gbit/s range. The complex per-
formance of Gunn devices carrying high-

field domains makes possible a variety of

logic opera~i~ns which can be carried out in
one device. ‘ Further merits3are the steep
ramps of the pulses generated ,Lthe small

delay between subsequent stages , and the
automatic regeneration of the pulse shape

within the circuit. In most cases these pro-
perties of Gunn devices result in a consi-

derable simplification of the circuit design
as compared to circuits with bipolar tran-

sistors or field-effect transistors. Addi-

tionally planar devices on semi-insulating

GaAs substrate show good insolation against
each other so that the mutual interaction

through parasitic effects being ~he speed
determining factor in this range remains
small.

Principle of circuit

The main component of the multiplexing
system is a monolithically integrated, dyna-

mic shift register with Gunn devices the

principle of which is depicted in Fig. 1.

The register consist of a chain of regenera-

tive AND gates, each followed by a delay
structure. AND gates can be realized by two
Schottky gates side by side on the channel
of a planar Gunnldevice just in front of the
cathode contact. Fig. 2 shows a microphoto-
graph of such a Gunn device in an integrated
circuit. The delay of the signal is deter-

mined by the time needed by the domains to

run from the trigger gates to a narrow capa-
citive electrode adjacent to the anode. The

potential of the channel under this electro-

de is changed when the domain passes under
the electrode. Consequently a negative pulse
is generated at the electrode which can be

utilize$ to trigger the following Gunn
device.

The delay time td per stage of the register
obtained in such a way naturally is shorter
than the domain transit time or the current-

pulse width t generated by the domain.
Therefore twopdelay sections are needed for

the duration of one.bit. According to Fig. 1
?t is advantageous to employ as a clock two

sinusoidal voltages of the period t , shif-

ted against each other by half the $idth of
a bit. These voltages are connected to the

input terminals of Succeeding stages. The

con&ition t = 2td > t
c

must be fulfilled.
P

Fig. 3 gives the circuit of a complete iiemul-

tiplexing arrangement. The register consists
of four cells with eight Gunn devices of the
kind depicted in Fig. 2. Four additional Gunn

devices operate as AND gates in the read-out

circuit. These latter Gunn devices are acti-
vated during the fourth bit thereby switching

the information contained in the shift re-
gister to the parallel output terminals. The

clock voltage for the gate circuit is genera-

ted from the sinusoidal voltage of frequency
f = I/t applied to the register. Gunn de-
v?ces, o$erating as frequ ncy deviders, can
be used for this purpose. 7

Furthermore the
pulse width is stretched in the read-out cir-

cuit so that transistor circuits can be con-

trolled. The pulse-width stretching is effec-

tively achieved by simply choosing an ad-

equately long channel for the Gunn devices in
the read-out circuit.

Circuit design and experimental results

A section of the monolithically integrated

shift register with four Gunn devices is gi-
ven in Fig. 4. The devices are of a mesa

structure etched from an epitaxial layer of
about 1 urn in thic

(
%~e,ss-~nd of a carrier con-

centrate on of 3x1O . The whole circuit
is protected with a sputtered SiO film about
0.2 urn thick with the exception o ? the areas
for~the Schottky gates and of the connection

areas of the lines conducted in two planes.
The channel length equivalent to the delay

time7is 27 um. With the domain velocity of
1X1O /cm/s a bit rate of 1.8 Gbit/s is ae-
rived. The bias voltage for the trigger gates
is applied through the meandering resistors.
The time constant T

= ‘GCG
of the gate cir-

cuit must fulfill tfie requirement
t ST (t domain growth time;
t: do~a~~ ~?~nsi%’ time; R resistance
an~ total capacity of the ~a~~dc~~cuit,
resp. ) so that the domain is safely triggered

and that the gate circuit can be discharged
within the domain transit time. For the cir-
cuit described here the following data are

typical: ttr . 350 ps; tr . 50 ps; CG s 30 f~;

‘G
z 100 ps.

The electrical performance of the circuit be-
comes clear from Figs. 5 and 6. The time va-
riation of the currents i to i4 and i, to
i, respectively, for sub~equent stages are
d~picted. The mode of operation of Fig. 5 is
equivalent to a series-parallel transforma-
tion. A pulse sequence . . .001100.. . of 1.8
Gbit/s ii applied to the series input termi-

nal. As can be seen from the time variation

of the currents i to ik the pulse sequence
moves through thelregister with a delay
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‘d =
27!5 FS per stage. After the time 4 t =

1.1 ns the two “l’ ’-bits of the input sign~l

appear simultaneously or] the first and se-
cond parallel output terminal (i2 and ib:.cf.

Fi~. 3). Thus the 1.8 Gbit/s data stream 1s
cor.verted into two parallel data streams of

900 Mbit/s each.

The reverse conversion is demonstrated with

a simular circuit (FiZ. 6). The first and

third stage of the re~ister are tripgered

simultaneously with a pulse sequence of
. . .0010100. . . at a rate of 1.7 Gbit/s. This

pulse sequence is Kenerated from the sequence
. . .001100.. . with half the bit rate employinE
a Kate circuit. The pulse sequence correspon-

ding to the time variation i, is added to the

initial senuencc i after the former passed
two delay sections? This results in the se-

quence . ..0011 llO(~. . . at 1.7 Gbit/s. Thus the

circuit converts two data streams of 850

Mbit/s each into a data stream of 1.7 Gbit/s.

The integrated circuits described here pro-

cess 1(RZ and RZ signals at the input terminal

equally well which is a consequence of the
clocked AND gates employed. The power con-
sumption under CW condition is approximately

2?50 mW per state. Up to five stages were

monolithic llY integrated on an area of
750x150,um3. Simple cooli~~ precautions were

sufficient to derive the heat throu~h the
250 urn thick GaAs substrate.

1

Conclusion. ..— --— ---

Monolithic circuit integration on GaAs can

be used to advantafle in a multiplexing tech-

nique in the subnanosecond ranse. Planar

Cunn devices which due to their complex per-

formance make possible a variety of logic
functions are employed as active components.
A shift re~ister is described which performs

the logic AND operation and the pulse delay
in one Gunn device Ter state. The pulse de-
lay is realized as the transit time of a do-

main in the channel of the Gunn device. A
shift reRister was fabricated the Gunn de-

vices of which act as delay sections of

about 30 um. First experimental results

prove th~suitability o? the circuit for

multiplexing and demultiplexinr operation at

approximately 1.8 Gbit/s. Provided that the
dimensions of the circuit are decreased it

can be expected that some Gbit/s can be
processed.
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FiK. 1. Principle of a dynamic shift re-

gister composed from AE3 pates and delay
structures. The pulse pattern is shown for
the case of a series-to-parallel transfor-

mation.
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Fif’. 2. Active component of the re~ister. The

clanar Gur:n device performs an AND operation

with the Schottky pates in front of the ca-

thode and causes a signal delay by couplin~

the si~nal to the capacitive electrode
ad,jacent to the anode.

‘0hp.rail!houtput,

Fig. 3. i)emultiplexin~ circuit with Gunn de-

vices. The register co~sists of four cells
with two Gunn devices each a~ter Fi,y. 2. Four

additional Gunn devices opera.tins as AND
gates serve for parallel readinr-out of the

information stored in the repister.

rip. h. Section of a monolithically inte,<ra-

ted circuit of a shift re~ister. The essen-
tial parts o? the circuit are Cunn devices,

meandering resistors in the gate circuit, and
metallic connection lines. The lines are
arransed in two planes. Si02 serves as an in-
solatinfl film.

Fig. 5. Electrical performance of the shift

register in the series-to-parallel conver-

sion mode. The time variation of the currents
i, to ib throumh fo>ur staqes succeeding each
other is shown under the condition that a
pulse sequence . . .001100. . . at 1.8 G~it/s is

ap~li.ed to the series input terminal.

FiZ. 6. Electrical performance of the shift

reqister in the parallel-to-seri es conver-
sion node. The time variation of the currents

11
to i throu~h three stapes is de~icted.

TP,e pul~e seqllence . . .0010100. . . at 1.”7
Gkit/s is applied simultaneously to the

first and second parallel input terminal

(first and third stafle of the reflister).
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