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Abstract—An optical modulator driver integated circuit (IC) ~ modulator must normally have both high-speed operation and
has been developed for 10-Gb/s optical communication systems.a |arge drive voltage to provide the large voltage swing of over

To achieve both high-frequency (HF) operation and low power 5\, _ ' required to ensure sufficient extinction ratio at 10 Gh/s

dissipation, 0.2um T-shaped gate AlGaAs/InGaAs pseudomor- . - , .
phic high electron-mobility transistors (HEMT’s) have been em- [1]. There is also a strong demand for driver IC’s with low

ployed for their large transconductanceg,, of 610 mS/mm and Power dissipation to enable the design of an air-cooled system
high cutoff frequency fr of 67.5 GHz. In addition, optimizing [2]. Several reports describe large-output driver IC's using
input logic swing, switching transistor size in the output driver, high electron-mobility transistors (HEMT'’s), heterojunction
and using cascode-current mirror circuits with small output g5y transistors (HBT’s), and Si-bipolar transistors [3]-[5].
conductance enable power dissipation as low as 1 W to beAn HEMT IC can operate on a lower supply voltage than
achieved at a 10-Gb/s nonreturn-to-zero (NRZ) signal output L .
with 3 V,-,. This is the lowest value ever reported for power HBT or Si-bipolar IC’s, so it has the advantage of low power
dissipation. As an additional function, the output voltage swing dissipation. For high-speed operation, an HEMT IC usually
can be controlled in the range from 2 to 3.3 \{-, by the current  consists of source-coupled FET logic (SCFL) circuits. In SCFL
g?grrg ggf;'}fafc?grt?ﬁm%‘gﬁo:f o(gtiggfunimilgt]gr optical-output-  ¢ireyits, reducing power dissipation lessens the internal logic
' swing and lowers drain-to-source voltage of the switching
Index Terms—High-speed integrated circuits, integrated circuit  transistor. The high-frequency (HF) performance of switching
design, MODFET integrated circuits, optical communication, yansjstors must be improved to give a low power dissipation
optical transmitters. . . L
without degradation of switching speed.
The authors’ approach has been to adopt;hgate Al-
|. INTRODUCTION GaAs/InGaAs pseudomorphic HEMT’s for the driver IC. The

FOR 10-Gb/s long-haul optical communication Systemg—|EMT’s have higher transconductance and cutoff frequency

transmission systems with external modulation are preféfl@n pseudomorphic 2DEG FET's described in [3], so the

able to direct modulation in terms of suppressing the broadiver IC can operate with lower power dissipation. In the

ening of spectral linewidth at high bit-rate modulation. ThE/TCUit design process, the relation between the input logic

driver integrated circuit (IC) for an electroabsorption (EAFWING and the gatewidth of the switching transistor was
derived to obtain an output of over 3.\, thereby optimizing

M int received October 2. 1996: revised March 24. 1997 output driver transistor size to make the input logic swing as
anuscript receive ctoper 2, , revise arc s . . . . . . .
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Fig. 1. Schematic cross section of the AlGaAs/InGaAs pseudomorplfgy. 3. 7-V characteristics of pseudomorphic HEMT.
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Fig. 2. Drain current and transconductance dependence on gate-to-source
voltage of pseudomorphic HEMT. o . . .
switching transistors must operate in the current saturation

region for high-speed operation. For the output driver shown
achieve the small deviation of threshold voltage essential jfpFig. 6, the high leveWy,igr, and low levellA,,, of the input
integrated circuits. Fig. 2 shows the dependence of measufggic swing are described by the following formulas:
drain currenti; and transconductance, on gate voltage
V.. of the HEMT. WhenV,, ~ 0 V, the maximumyg,, is as Viigh < — (Vout + Vinee) + Vis_on 1)
high as 610 mS/mm. Typical threshold voltage-i8.8 V and View > Vs + Vinee )
the gate-to-drain breakdown voltadg,, is as high as 10 V. -

Beqause of their high electron mobility, HEMT’S with _lOWWhere Vow is the output voltage swing requiredjuce is
drain-to-source knee _voltatg‘éﬂlee are effective for_ reducing the drain-to-source knee voltage, ahgl o, is the gate-to-
supply voltage [7]. Fig. 3 show#-V" characteristics of the gorce voltage necessary to make modulation curfern
HEMT with 1004.m-gatewidth. Wherty; = 0V, Vimee IS @S fiow across external load resistdt;. The maximum input

low as 0.5 V. Fig. 4 shows the characteristics of measied |ogic swing V.., ... obtained by subtractingf.. from Viigh
in terms of I, for the 100um gatewidth HEMT. As can be 4 expressed t;y

seen, maximumy is 67.5 GHz. This result is effective for

producing lower power dissipation 10-Gb/s driver IC’s. Vew_max = Vison — (Vout + Vs + 2+ Vinee)

ll. CIRCUIT DESIGN geoon 1 1.2 ®)
Fig. 5 shows the circuit diagram for the driver IC. The IG-or this IC, parameter¥,.;, Vss, and Viuee are 3.0,—5.2,
consists of an input buffer with an SCFL (8,1 V) interface, and 0.5 V. The switching transistors operate in the current
a two-stage differential amplifier acting as a pre-driver, and aaturation region, s&,._on iS given by
output driver. The first stage of the pre-driver provides single-
ended to differential conversion. This paper’s circuit design Ivop 1/2
target for output voltage swing was 3,),. This corresponds Ves_on = <m> +Va
to a modulation current of 60 mA, in the output driver.
Increasing the output voltage swing involves increasing thehere K, is the transconductance parameter per-unit
input logic swing of the output driver. In SCFL circuits,gatewidth of 0.68 mA/(Y - um), W, is the gatewidth of
however, the maximum input logic swing is limited by supplyhe switching transistor, antf;;, is the threshold voltage of
voltage and drain-to-source knee voltage because differentid.8 V. From (3) and (4)Vsw_ max fOr Wi, can be expressed

(4)
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Fig. 5. Circuit diagram for driver IC.
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as follows: 35 I
oo \“? —_
Vew_max = <m + ‘/th + 1.2 :6:).
1/2 -
90
~ < ) 04, (5) g . 600km
swW ° ! 480pum
In Fig. 7, Viw_min and Ve, . are plotted againstV,,,, i ; gﬁgﬁm
whereViw_min (Shown by a solid line) is the simulated input - !
logic swing necessary for achieving output voltage swing of 250 4' . '0:' ! '0'8' : '1'0' : '1'2' ! '1 4
3 V,-p at least, andV,y,_max (Shown by a dotted line) is ) ) ’ ) ) )
estimated by (5). In the simulation of the output driver, the Input logic swing, Vg, [Vppl

authors’ considered that the parasitic capacitance conne %dS Rise time at output terminal dependence on the input logic swing
in parallel with a 50¢ load resistor, which includes on-chip '
metallization-line capacitance and the pad capacitance, was 0.3

pF. In this design, botl,,, and W,,, are optimized within the = Becausells,, and V,,, also influence power dissipation of
ideal area shown by oblique lines in Fig. 7, because the outpe IC F,, the authors discuss the relation between high
voltage swing is smaller than 3\, under the condition of and Wy, and F; and V;,,. The increase ini¥s, involves
V.w below V,,_in and the switching speed is not improvedhe increase in the parasitic capacitance loaded for the pre-
under the condition o¥,,, aboveV,,,_...x. For the switching driver. The decrease i, increases the currents flowing
speed, the relation betweén,, and W,,, shown in Fig. 8 is through the source followers of the pre-driver as well as
also important [8]. Rise time at the output terminal of thput logic swing, indicating that the”; is deeply related
output drivert,. decreases as the input logic swing increases, the driverbility of the pre-driver, which makes fast. In
and this decrease is larger &8,,, becomes smaller. FromFig. 9, the P, for different W, was simulated, where the
Fig. 8, one can see thatl¥,, of 360 um can give the fastest currents flowing through the source followers avigd, were

t,. for a lower input logic swing. In this paper, &, of 360 optimized so that, keeps 30 ps. Over &/, of 480 um,

pm and ali, of 0.8 V,-, were determined in considerationthe F; is rapidly increased. Thé,, also depends on the
of the switching speed and the relation shown in Fig. 7.  P,. The P; as a function ofl;,, is shown in Fig. 10. In this
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of the pre-driver.

a cascode configuration is adopted as the current source for

36 1 1.2 § each differential stage of the pre-driver. This reduces changes
- N % in the internal logic swing due to supply voltage variations.
- 38r 11 s The output logic swing of the pre-driver is adjusted by external
% - ] ! current sourcd,q;1 as shown in Fig. 11. Wheh,g;1 = 3 mA,
P 32 i (R E 0.8 2 > the output logic swing is 0.8 ¥/, leading to a,. of 27.5 ps.
E 30 | i Jos 3 3 As can be seen from Fig. 12, a pre-driver with a high gain of
2 » <\ : 1 g > 14 dB keeps the output logic swing constant over a change in
T 28 | ! Joa 2 the single input signal from 0.4 to 1,\,.
S .— """ l . 1 3 Another merit of using the current mirror circuitl) will
% —— s 4 s 60-2 3 now be mentioned. The voltage gain of the pre-driver is very
affected by the output conductance of the current sources since
Control current, l,4j1 [MA] the pre-driver operates with single-ended input. In Fig. 13, the
) o ) ) simulated voltage gain of the pre-driver in the IC is compared
Fig. 11. Rise time at output terminal of the output driver and the outp

With that of conventional circuit such as the current mirror
circuit (B). Because the output conductance of the current
source in this paper is very small, in spite of large drain
simulation, theV,,, is increased by the currents dissipated inonductance of the HEMT, the loss of the voltage gain is
the differential pair transistors of the pre-driver because tlegtremely small. The SPICE transient analysis shows that
increase in load resistance degrades frequency response otltkeedifference of the voltage gain shown in this paper and a
pre-driver. Fig. 10 show#’; increases a¥,, increases. Thus, conventional circuit corresponds to the difference of the output
it is essential that botW/,,, and V5, are optimized as small asvoltage swing of 0.1 Y-, at pre-driver output. As expected
possible for reducing®;. The W, of 360 um andV;, of 0.8 from Figs. 7 and 8, the decrease in the output voltage swing
V-p utilized in this paper are sufficiently small to reduBg.  causes degradation of rise time or output voltage swing at the
To obtain both the high-speed and large voltage outpatitput terminal of the IC. This degradation in the conventional
characteristics, the output logic swing of the pre-driver needscuit leads to the increase d@?;, even though it would be
to be precisely controlled. A current mirror circuil with compensated by an increase in the internal logic swing. In

logic swing of pre-driver dependence on the control curdggt; .
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Fig. 16. (a) Measured output diagram and (b) section of the output pulse
sequence for output voltage swing of 3.3-y at 10 Gb/s.

Fig. 15 is a microphotograph of the driver IC. A coplanar
structure with 50 impedance is employed for the input and
output lines. Both/ N and Vygr terminals can be terminated
to ground by on-chip 5® resistors to allow differential in-
put. Metal-insulator-metal capacitors are integrated as bypass
capacitors to stabilize the power supplies-&.2 V. Chip size
is 3.0 mmx 2.5 mm.

Fig. 15. Microphotograph of driver IC. IV.  CHARACTERISTICS

The IC was assembled on a ceramic carrier and measured
in 504} testing systems. Fig. 16 shows the output diagram
this paper’s circuit, utilization of the current mirror circuitY and a section of the output pulse sequence for SCFL input
saves theP; of about 50 mW as shown in Fig. 10. with PRBS of22% — 1 when the IC is driving a 5@ load.
The output driver also includes a current mirror circd#)( The maximum voltage swing of 3.3\, and rise/fall times
The output voltage swing is controlled by the current mirrg20%—-80%) of 32.4/30.2 ps are obtained at 10 Gh/s. Good eye
circuit in order to adjust the duty factor of the optical outpubpening is observed and sensitivity for the input voltage swing
signal through an optical modulator, which has nonlinean single-input operation is as low as 0.4.y. Fig. 17 shows
characteristics for optical power versus input voltage. The rative measured and simulated output voltage swing dependence
of gatewidth ofA; to A, is set at 16:1 to make control currenton the control curreni,y;» shown in Fig. 5, and the output
L,452 small. Another merit of utilizing a current mirror circuit diagram for the minimum output voltage swing wh&n;, =
is that output voltage variations according to supply voltage 80 mA. The output diagram is well opened and has no edge-
ambient temperature can be compensated for using an extesteépness degradation. The output voltage swing changes from
bias control circuit [9]. Fig. 14 shows output simulations foR to 3 V-, in proportion tol,q;2, a range which is more than
different values of the control curredfy; at 10 Gb/s. The sufficiently wide for adjusting the duty factor of the optical
1-V,-p input signal is a pseudo-random bit sequence (PRB&)tput signal through an optical modulator. Measurements
of 27 — 1. WhenL,4;2 = 3.5 mA, the output voltage swing is agree well with the simulations. The power dissipation for
3 Vy-p. The minimum output voltage swing is 2,\, when 3 V-, output voltage swing is 1.0 W, the lowest value ever
Lag;2 = 2.0 mA, reported [2]-[4].
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