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A 40-Gbit/s Superdynamic Decision IC
Fabricated with 0.12ém GaAs MESFET's

Koichi Murata, Member, IEEE Taiichi Otsuji, Member, IEEE
Mikio Yoneyama,Member, IEEE and Masami Tokumitsuylember, IEEE

Abstract—This paper describes a 40-Gbit/s decision integrated ~ This paper describes circuit technologies for a 40-Gbit/s
circuit (IC) fabricated with 0.12-pm gate length GaAs class decision IC fabricated with 0.1@2n GaAs MESFET's.
metal-semiconductor field-effect - transistors (MESFET'S). A The two keys to attaining high-speed decision circuit operation

superdynamic flip-flop circuit and a wide-band amplifier were . . L .
applied in order to attain 40-Gbit/s operation. A conventional are the use of a high-speed flip-flop circuit and a wide-band

static decision IC was also fabricated for comparison. The amplifier. We adopted a superdynamic flip-flop circuit [7],
dynamic decision IC operated up to 40 Ghit/s, which is twice as because its high-speed operation using production-level GaAs

fast as the conventional static decision IC. Error-free 40-Gbit/s MESFET’s has been confirmed, and a parallel feedback ampli-
operation is the fastest among GaAs MESFET decision IC's.  fjar and an inductor peaking amplifier for the input and output

Index Terms—Decision IC, flip-flop, GaAs MESFET, lightwave buffers. Using these circuit technologies, error-free 40-Gbit/s
communication. decision circuit operation was confirmed. For comparison
purposes, we also fabricated a conventional master—slave static
decision IC by the same process. Wide-band amplifiers were
) L i employed to suppress the degradation of the intrinsic static
EMERGING lightwave communications technologies arfip-flop circuit operation.

about to bring 10-Gbit/s systems into commercial use thg next section outlines device parameter requirements

[1]. Because of the growth of multimedia services, 1arg§g, high-speed circuit performance and discusses the technical
transmission capacity will be required in backbone networkges involved in attaining high-speed digital IC’s. Section Il
Intensive efforts are under way to develop large capacifipscrines the circuit design of the superdynamic flip-flop
systems using wavelength division multiplexing (WDM) andjjycjit and input and output buffers. Section IV describes the

time division multiplexing (TDM) technologies. Recently, 40T performances and measurement setup and presents and
Gbit/s-based WDM and TDM transmission experiments ifisusses the performance of IC’s.

the research stage were successfully carried out [2], [3]. The
role of high-speed, reliable electronic components is becoming I
increasingly important in the development of cost-effective o ) ]
systems. Generally, circuit operation speed can be roughly predicted
In these broad-band optical-fiber communications systenf&m th_e current-gain cutoff frequenqyp of the FET device_'
the decision circuit is indispensable for realizing regeneficcording to [8], the conventional master—slave D-type flip-
ation functions and is required 40-Gbit/s operation. In tH&P (D-FF) can be operated at approximately 25% of the
last few years, various kinds of high-speed decision cifz- Likewise, a 24-Gbit/s superdynamic D-FF fabricated with
cuits using heterojunction bipolar transistor (HBT) [4], hig-24#:m gate-length GaAs MESFET has been reported [7].
electron mobility transistor (HEMT) [5], Si bipolar [6], andSince the/r of the FET was 55 GHz, the superdynamic FF
GaAs metal-semiconductor field-effect transistor (MESFEPperated at 45% of thgr. This indicates that a 40-Gbit/s static
[7] technologies have been reported. High-speed operation[at-F operation needs FET's that have fn over 160 GHz.
and/or beyond, 40 Gbit/s has been achieved only with thtowever, a suitable GaAs MESFET has yet to be reported.
AlGaAs/GaAs HBT [4] and the InP HEMT [5]. Error-free We _sh_ould, therefore, clarify the device des_ign criteriq to
operation at this bit rate has been confirmed only for tHgaximize IC speed performance as well as devise a new circuit
InP HEMT integrated circuit (IC). The GaAs MESFET is &l€sign to improve the operation speed. In that sense, precise
promising candidate for fabricating cost-effective, high-spedidy on device figure of merits from the viewpoint of digital

digital IC’s because of its process maturity. IC operation speed is very important to relaxing the device
requirements as much as possible.

An analytical expression of the FF operation speed [9] has
. . . . been derived on the basis of the small-signal transfer function
Manuscript received January 12, 1998; revised April 20, 1998. . .
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. DEVICE PARAMETER REQUIREMENTS
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50 FPr—r-—Tr—TrrTrrTrr-T T T T TABLE |
7 g [ o ] FET PrrRAMETERS OF 0.151:m GaAs MESFET
S2 4 ﬁo o] ] Gate width Wg 50 wm
% @ [ O(é?o Transconductance gom 22.8 mS
g w [ o ] Drain conductance gd 1.88 mS
e .; 30 | i Gate resistance rg 12.85Q
25 ] Source resistance rs 9.44 Q
g = 20 - y Drain resistance rd 9.44 Q
= 5 - [ﬂa 1 Gate-Source capacitance ~ Cgs 319fF
g'g e - ] Gate-Drain capacitance Cgd 11.1 {F
°5 qg0 [ ® Equation (1) i Drain-Source capacitance  Cds 11.8 fF
& g - O Ref. [9] for 0.15 um GaAs MESFET {4
=g [ O Ref. [9] for 0.2 um GaAs MESFET *The values are at Vds = 1.5 Vand Vgs =0.55V

0 AT T MU T S T D
0 10 20 30 40 50
T-FF operation speed simulated by SPICE (GHz) TABLE 1l

Fig. 1. The relationship between the results of SPICE simulation and those ExTRACTED COEFFICIENTS OF(1)

by (2). o 7.35
B 1.4
those for the 0.1%+m-class GaAs MESFET. The calculated —
results for the 0.2sam GaAs MESFET agree well with the 4 7.0
SPICE simulation results. However, those for the Q.b%- n 0.01
class GaAs MESFET do not. This is because of the exclusion T -2.0

of large-signal behavior from the expression. In fact, the —
transconductance and gate-source capacitance have significant
bias dependence, and in [9] and [10], each parameter is
approximated to a constant value (mean value for large-sigi@iice, and drain-source capacitance, respectively Xarwthe
operation). It is difficult to express the whole circuit behavioProduct ofgm and R, which corresponds to the logic swing
analytically. Especially in the case of short-channel FET's, tif the FF circuit. Those FET parameters in (1) use the values at
bias dependencies are more complicated due to short-chartglandard bias point, which corresponds to the bias condition
effects. This is probably the reason for the large error in shor@r the device characterization. The sensitivity coefficients
gate-length FET's. a, 3,7, A, and n are fitting parameters that are extracted
To solve these problems, we developed an FF-operatidi HSPICE simulation. Here, (1) was derived by rewriting
speed equation. The method is a mixture of analytical atite delay-time expression in [10] so as to include all time
sensitivity analyses and has two features. The first is tHa@nstants. All the factors of the time constants that appeared
the equation contains only the time constants extracted frdfthe analytical expression in [9] and [10] are included, but
the analytical delay time of an SCFL inverter gate basdbie weighting of each time constant that contributes to circuit
on a small-signal transfer function [10]. The second is thapeed is optimized so as to satisfy sensitivity analysis.
the sensitivity coefficients of the time constants are extractedThe extraction method of the fitting parameters is as fol-
by sensitivity analysis using SPICE circuit simulations. Thiews. First, the FET parameters are extracted as standard
first feature gives an intuitive understanding of the relatiorgarameters for sensitivity analysis. As an example, Quib-
between circuit performance and device parameters. The sgate-length GaAs MESFET parameters are listed in Table I.
ond feature improves the accuracy of predicting circuit spedfiese parameters were measured at a drain bias of 1.5 V and
because the SPICE simulation results automatically includegate bias of 0.55 V. A set of HSPICE model parameter
the bias dependency of each device parameter if we oaralso extracted for transient simulations. Second, the circuit
obtain an accurate set of SPICE model parameters. In @igulations are executed for a frequency divider. In this case,
proposed equation, the effects of the bias dependency sohulations for sensitivity analysis are executed within the
device parameters are included in the extracted sensitivignge of£40% variation of the standard parameters. The vari-
coefficients. ation range approximately corresponds to GaAs MESFET's
The proposed equation for an intrinsic toggle frequenayith gate lengths from 0.24 to 0.12m [11]. Third, a set of
fvs_Trr, excluding interconnection parasitics, is expressditting parameters is extracted to minimize the errors between
in (1), shown at the bottom of the page, where, gd, rg, the SPICE simulation and calculation using (1). The values
Cgs, Cgd, andCds are transconductance, drain conductancef the coefficients extracted for 0.24-0.41 gate-length
gate resistance, gate-source capacitance, gate-drain capaaiAs MESFET'’s are summarized in Table Il. The relationship

am

(1)
)~(1+77~rg)+/3~098'(1+”'7’g)+7'0d8} . <1+ <1+ﬁ>>

gm

fMSfTFF = {

a-Cgd- (14—
g < 14 x92

gm
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Fig. 2. Circuit diagram of the superdynamic D-FF.

between the SPICE simulation and the calculation by (1) iiegion as the gate length is shortened, the gate-source voltage

also shown in Fig. 1 with filled circles. The agreement is quit€gs point that gives the maximunfr (or the maximum

good, indicating that (1) accurately and sufficiently express#ansconductancem,,,,) almost stays at a high leveiQ.5

the relationship between the circuit performance and the devig This, in turn, results in a dull DC transfer curve for a large-

parameters. signal operation of logic circuits if the circuit is designed to
Equation (1) reveals that the circuit speed is proportionaiake full use of the device speed.

to gm, and theCgd is the most dominant parameter that Considering these short-channel effects, 40-Gbit/s static

limits the IC speedgd/gm is also an important parameterFF operation using 0.km class GaAs MESFET is quite

The equation takes similar formations to the definitionfef difficult. Therefore, circuital improvements, such as a dynamic

which is expressed in (2), shown at the bottom of the pageperation, are indispensable.

The IC speed is related to thg&-, but not directly. In other

words, FET’s with lowerfr may bring faster IC operation

than those with highefr if the Cgd is lower. The maximum Ill. CIRCUIT DESIGN

intrinsic toggle frequency of a static frequency divider, when

we assume a 0.1pm gate-length GaAs MESFET in Table |,A. High-Speed Flip-Flop Circuit

is calculated to 22.5 GHz using (1). Tiig needed for the 40- As mentioned earlier, one of the keys to attaining high-

GHz static T-FF operatiodn s Estimatgd EISir}g (2)- H%;e’ deVigﬁeed decision circuit operation is to use a high-speed D-FF.
parameters ra]lre agsunfwe to q € aFtalna eh Of a'/mlz ags We adopted the superdynamic D-FF [7] for 40-Gbit/s operation
MESFET. The ratio ofgd and gm is 0.1. Therg is 12.89Q. o0, se its high-speed operation using production-level GaAs

Parametery’ is four. Furtherrlnorngci is equal toCds, andd MESFET'’s has been confirmed. The circuit diagram of the
Cgd/Cgs is 0.33. As a result, arfy of 160 GHz is required g, ,0rqynamic D-FF is shown in Fig. 2. The circuit features
for 40-GHz static T-FF operation. -

The shrinkage of the gate length is one way to improve 1) a series-gate connection to separate the current path of
device speed. A recorfl value of 163 GHz has been achieved th d'g 4 latchi ) tp i P
for 0.06um gate-length GaAs MESFET’s [12]. It is noted, € reading and fatching circuits,
however, that the short-channel effects become so severd) @ smaller latching current/{latch) than the reading
as to considerably degrade the circuit speed performance. current (-read);
One of the most typical aspects is the dull slopefef (or 3) a source coupled negative feedback pair (SCNFP) in-
transconductance) dependence on gate-source voltgge serted in the first-level latching differential pair in a
Although the threshold voltage decreases in the negative bias cascode manner.

_ gm0
Jr = 2r[(Cgs+ Cgd) - {1+ gd - (rs+rd)} + Cgd - gm0 - (rs + rd)]

()
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(Rapidly equalized by negative feedback action of SCNFP)

SD-FF without SCNP / \ \
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logic
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ouT
------------------- Lo

CCorrect data information)

(Operate normally at higher bit rates where equilibrium state vanishes)

CLOCK

Read "1" Read "0"

Latch "1" Latch "0"

Fig. 3. Output waveform of the superdynamic D-FF at low clock frequency.

A schematic output waveform of the superdynamic D-FF at gg
very low frequency is shown in Fig. 3. Due to the negative
feedback action of the SCNFP, input data is stored for only a 50
short time at every transition between the reading and latchirtyg
operation. This makes the FF operate dynamically, WhiCE 40
means that the FF has a minimum operation bit rate. It shoudd
be noted that the FF operates from DC for the data signal. Ttee 30
SCNFP can drastically reduce the effective logic swing fron
Ry I-read toRp/2(I-read--latch) without any degradation of -;—J' 20
the signal transition slew rate, whefg, is the load resistance.
This leads to faster operation.

Fig. 4 shows the operation speed of the superdynamic g 1 ! y | L | L [ 1
decision IC versus gate width rati& g-latchM g-read, which 0.0 0.2 04 0.6 0.8 1.0
corresponds tal-latch//-read. The circuit performance was Gate width ratio (Wg-latch / Wg-read)
simulated by HSPICE using a 0.12n gate-length class GaAs
MESFET having anf; of around 100 GHz. The operationFi9_~ 4. vOperatio[l speed of the superdynamic decision IC versus gate-width

. . ratio (W g-latchM/ g-read).
speed was simulated assuming that the output voltage ang
phase margin were larger than 700mn,, and 180, respec-
tively. In this case, a repeated (1000) pattern was used for the bandwidth of conventional data and clock buffers can no
input data signal. The gate width of the reading circuit and lodonger cover the flip-flop operation range. It has been reported
resistancel;, were fixed to optimized values of 30m and that the bandwidth of these buffers causes degradation of the
350¢2, respectively. The maximum operation speed increasestiming capability of D-FF's [7].
as the gate-width ratio increased. The minimum operationThe data and output buffer require a wide bandwidth from
speed also increased as the gate-width ratio increased. IO to the maximum FF operation frequency, as well as a
obtain high-speed operation with a wide operation range, W#h flat gain. These factors affect the input sensitivity of the
adopted the gate-width ratio of 0.5. The maximum speed décision IC and the quality of its output waveform. These
this ratio was 100% higher than that of the conventional statiffers are usually required to cover bandwidths over approx-
master—slave D-FF. imately 70% of the input data bit rate. The parallel feedback

To verify the contribution of the superdynamic D-FF tajifferential amplifier [13] shown in Fig. 6 is employed in
speed improvement, a conventional static decision IC withtge data input buffer, and the inductor-peaking differential
master-slave D-FF was also fabricated. Fig. 5 is the circgignplifier shown in Fig. 7, is adopted for the output buffer. For
diagram of the master—slave D-FF. This circuit is designed {Rese buffers, capacitance peaking was also added to the source
the same way as the superdynamic D-FF with respect to fiafiower circuits to compensate for the loss of the source
supply voltage and the bias condition of each FET. follower. Figs. 8 and 9 show the simulated gain-bandwidth

characteristics of the input and output buffers, respectively. For
. o the simulation of the input buffer, a reference DC voltage is
B. Wide-Band Buffer Circuits fed to the complementary input terminal, considering a single-

The other key to attaining a high-speed decision IC @nded input interface condition. On the other hand, the output

the wide-band amplifier. As the core D-FF speed increasésiffer is simulated with a differential input drive because the

F-max ——— 4

Operation Region - 100%

MS-DFF
10

vlllll‘ll[1|||||1||||||llrrr—r
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Fig. 5. Circuit diagram of the master-slave D-FF.
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Fig. 6. Circuit diagram of the parallel feedback data buffer.

— 5 . L T L LS L] L L) 11 1 ) - 1 I I_1 1 1 1 1
T "W% Parallel feedback buffer . I
-/,__&& & Sourcefollower C-peaking M
— B y Conventional buffer B
m L %, .
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. 0 % N
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_i:.l Y| v g | NN .
DATA — -
,j ] ouT S Sr AN A
_ ° %,
DATA © = I AN i
vCs O—E - A -
l l _1 0 L1 L1 L 1 1 L1 11 A I | 111
VSS o 0 10 20 30 40 50
Fig. 7. Circuit diagram of the inductor-peaking output buffer. Frequency (GHz)

Fig. 8. Simulated gain bandwidth of the parallel feedback input buffer.

internal operation is assumed to be a differential operation.
Simulation results indicate that the 3-dB down bandwidthsF, we investigated a three-stage inductor peaking buffer. The
for both the data input and output buffers are improved lgain-bandwidth characteristic of the buffer is also shown in
70% compared to those of conventional buffers. They almdsig. 10. The gain at 20 GHz is 5 dB, which is a signifi-
completely cover the required bandwidth for the 40-Gbit/s datant improvement compared to that of the conventional one.
signal. Therefore, we adopted the buffer for the static decision IC.
Clock buffers require high gain in the FF operation freHowever, it still does not cover the 40-GHz range. Since the
guency region. Fig. 10 shows the simulated gain-bandwidsiperdynamic D-FF has a minimum operation clock frequency,
characteristics of the three-stage conventional amplifier. Sirnit® clock buffer does not need broad-band operation from
it is insufficient for both the static FF and the superdynamidC. Therefore, an AC-coupled passive level shifter shown
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Fig. 9. Simulated gain bandwidth of the inductor peaking output buffer.
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Oy oY B B - Lt 11 S0 B B A (| N1 1T Fig. 12. Block diagrams of the fabricated IC's. (a) The superdynamic
0 10 20 30 40 50 decision IC. (b) The static decision IC.
Frequency (GHz)
10 GHz 20 GHz 10 GHz
Fig. 10. Simulated gain bandwidth of clock buffers. (a) A three-stage ]
conventional clock input buffer. (b) Three-stage inductor peaking clock input PPG ~2-| SG =<2 ED
buffer. (c) AC-coupled passive level shifter. 4
10 Gb/s ‘ 10 Gbrs
DEC
in Fig. 11 was adopted for the clock buffer. It consists of a X2 Module
. . . L i . MUX (Si Bipolar)
blocking capacitor and a resistive divider. Its gain-bandwidth Module i
plot is also shown in Fig. 10. (GaAs MESFET DEéO Gb/s
20 Gbis Module
IV. EXPERIMENTS y 40 GHz (lnP‘HFET)
MUX
L . . 40 Gb/s 40 Gb/s
A. Circuit Configurations Module = DUT
(InP HFET)

All of the IC’s are designed as SCFL series-gated circuits

and can be directly connected to the SCFL interface. Bdfiy. 13. Measurement setup.

of the decision IC’s have a single data input and differential

outputs, which are, respectively, connected to impedan@- FET Performance

matched 50 and 100 termination resistors to obtain clear eye
patterns. The supply voltage is4.5 V. A block diagram of

The IC was fabricated with 0.12m self-aligned Au/WSIiN-

these IC’s is shown in Fig. 12. The superdynamic decision @t GaAs MESFET's [12]. A 0.12m gate length was
consists of a two-stage parallel feedback amplifier data buffébtained by i-line photolithography with shrinkage of the
an inductor peaking output buffer, an AC coupled clock buffefesist size by @ reactive ion and electron cyclotron reso-

and a superdynamic D-FF. The static decision IC comprisefi@nce etching. Furthermore, a two-step buried p-layer lightly
three-stage inductor peaking clock buffer, a conventional dataped drain structure was applied in order to suppress short-
buffer, an inductor peaking output buffer, and a master—slagkannel effects. For the interconnection structure, a standard
D-FF. double Au-layer interconnection was employed. The threshold
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(a)

800mV/div.

(b)

700mV/div.

(c)

400mV/div.

(d)

300mV/div.

10 ps/div.

Fig. 14. Operation waveforms in 40-Gbit/s error-free confirmation. (a) 10-Gbit/s demultiplexed signal (Si Bipolar DEC output). (b) 20-Gbitijglebezdul
signal (InP DEC output). (c) 40-Gbit/s DUT input signal. (d) 40-Gbit/s DUT output signal.

(a)

600 mV/div. £+

(b)

400 mV/div.

20 ps/div.

Fig. 15. Operation waveforms of the superdynamic decision IC at 20 Gbit/s. (a) Input. (b) Output.

voltage ;) was optimized to approximately 0.0 V for high- O Phase margin of the static decision 10
speed SCFL circuit operation. The transconductance was 481 @ Phase margin of the super-dynamic dedision IC
O Input sensitivity of the static decision IC
mS/mm, andCgd was 17.6 fF/10Qum. The average current- m input sensitivity of the super-dynamic decision IC
gain cutoff frequencyfr was 98 GHz, and the maximum 360 pgrr— T ETTTEETTTTTTTTIeTTTT] 1000
frequency of oscillationfy,., was 97 GHz. - F § .
5 300 E - 800 =
S 3 .. ] E
= 240 | T, -
C. Measurement Setup £ F n 7600 £
o - Yo 1 =
The IC was tested on a wafer with dedicated 40-GHz bang 180 £ - 15
width multiple contact probes. Fig. 13 shows the measureme”r;]t £ ..i 400 g
setup. Complementary pairs of a fundamental pseudorand@nm o :::f ] 5
data stream up to 10 Gbit/s were generated fromapulse patt®m eof 4 \/ o . o J200 &
generator (PPG). The pairs were duplexed with appropriate ED s v
delay against each other by a GaAs MESFET MUX unit [14] 0™ 1'0'2'0':;0'4'0 0

to obtain a complementary data stream up to 20 Gbit/s. They

were also duplexed, again with appropriate delay against each Bit Rate (Gbit/s)

other, by an InP HFET MUX module [15] to obtain a dataig. 16. Bit-rate dependency of the phase margin and input sensitivity of
stream up to 40 Gbit/s, and then input to the decision IC. Thi@ decision IC's.

output of the decision IC was demultiplexed to 20 Gbit/s by an , .

InP HFET demultiplexer module [15], and then to 10 Gbit/s b onflrmat|on and wavef.or.m observation. Therefore., 40-GHz
a Si bipolar decision IC to confirm error-free operation using ock signals for the decision IC and 10-GHz clock signals for

10-Gbit/s error detector (ED). For the 20-Gbit/s measurementao X DEMUX, _PPG' gnd ED were genera_ted from a single
the InP HEMT multiplexer and demultiplexer module wer 0-GHz syth.esmed S|gna! source (SG) using a doubler and a
removed from the measurement setup. requency divider, respectively.

In the measurement setup, the quality of clock synchroniza-
tion becomes more important as the data bit rate increasgs.
Conventional 10-MHz synchronization between plural syn- The superdynamic decision IC operated from under 20—40
thesized clock sources is insufficient for stable error-freégbit/s. The power dissipation was 0.98 W. Fig. 14 shows the

Circuit Performance
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(a)

600mV/div.

(b)

400mV/div.

20 ps/div.

Fig. 17. Operation waveforms of the static decision IC at 20 Gbit/s. (a) Input. (b) Output.

input and output eye diagrams at 40 Gbit/s. Good eye openingffers are indispensable to relaxing the requirement for device
with a 0.75V,,_,, swing was obtained. This indicates that thepeed performance.

output buffer satisfied the required bandwidth for a 40-Gbit/s

data signal. Fig. 14 also shows a 20-Gbhit/s demultiplexed V. CONCLUSION

signal and a 10-Gbit/s demultiplexed signal in the 40-Gbit/s We have described circuit design technologies for a high-

error-free confirmation. Under the above conditions, StabﬁEeed decision IC using short-gate GaAs MESFET’s. First, we

error_-f_re_e opgraélon at 40_ Gt;'tf Y‘gs c;%ngrt;p/ed. ;\hfl ""Pfitroduced an FF operation speed equation containing FET pa-
sensitivity and phase margin of the IC at it/s (PR-1) rameters. Concerning FET parameters, high transconductance

were approximately 400 mV and 27respectively. When the with short-channel effect suppression and lower gate-drain

fundamental 10-Gb|t/slrpseudorandom bit sequence (PRBab,citance are essential for improving digital circuit perfor-
was shortened to PI™> — 1, phase margin was increase,ance These analytical results indicated that a dynamic FF is
to 57. A higher gain and wider bandwidth will be requireqy,jispensable for realizing a 40-Gbit/s decision IC using 100-
for the input buffers in order to improve the input sensitivityg, fr class 0.12«m GaAs MESFET's. To clear 40-Gbit/s

Fig. 15 shows the input and output eye diagrams at Z}eration, a superdynamic FF, which operates twice as fast as
Gbit/s, which is close to the lower speed limit. To show thg conyentional master—slave FF, was adopted. Additionally,
retiming performance, the input data timing was swept Byide-band amplifier circuits for clock and data buffers were
220°. Because of the dynamic circuit operation, low and higiseq to maximize the decision circuit performance up to the
levels cannot be kept constant and are periodically forced g speed limit. The superdynamic decision IC fabricated with
the center level at every transition timing. The measured phage2,,m gate-length GaAs MESFET’s successfully exhibited
margin at this bit rate was 234which is wide enough. Except error-free 40-Gbit/s operation. The operation speed reached
for the dynamic operation, the output exhibits a clear eyaoo, of the current-gain cutoff frequency of the FET. This
opening. Therefore, this circuit works well as a retimer circujhdicates that the superdynamic flip-flop and wider bandwidth
even at this low bit rate. The phase margin and input sensitivi§yiffers are indispensable to relaxing the requirement for device
of the IC are plotted in Fig. 16. Because of the complexity @fpeed performance.
the measurement setup, error-free operation was not confirmed
at other bit rates between 20—40 Gbit/s. However, we obtained ACKNOWLEDGMENT
good eye diagrams in those bit rates. _ .

The static decision IC was tested with a PN 23 PRBS dataThfa authors would like to thaf"‘ S, .Horoguchl, H.
signal. Error-free operation was confirmed up to 21 Gbit/ _osh|mura, E.‘ Sano, and K. Yamasaki for thewencouragement

roughout this work. They also would like to thank M. Hirano,

The power dissipation was 1.2 W. Fig. 17 shows the inp ) : .
and output eye diagrams at 20 Gbit/s. Good eye opening wi I,]Yamane, and K. Onodera for their valuable discussions.

1.0V,_, voltage swing was obtained. Fig. 16 also shows the
bit-rate dependency of the phase margin and input sensitivity
of the IC. The input sensitivity and phase margin at 20-Gbit/$1] K. Hagimoto, “Experimental 10 Gbit/s transmission systems and its IC

; ; technology,” inGaAs IC Symp. Tech. Digl993, pp. 7-10.
operation were 590 _mV an_d_l“&?respectlvely. . [2] S. Kuwano, N. Takachio, K. Ilwashita, T. Otsuji, Y. Imai, T. Enoki,
The superdynamic decision IC operates approximately K. Yoshino, and K. Wakita, “160 Gbit/s (4ch. X 40 Gbit/s electrically
100% faster than the conventional one does. The operation multiplexed data) WDM transmission over 320 km dispersion-shifted

. fiber,” in OFC'96 Tech. Dig.,1996, PD10.
speed reached 40% of the cutoff frequency of the FET. Thi ] K. Hagimoto, M. Yoneyamg, A. Sano, A. Hirano, T. Kataoka, T. Otsuji,

indicates that the superdynamic flip-flop and wider-bandwidth K. Sato, and K. Noguchi, “Limitations and challenges of single carrier
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