Fig. 5 shows the eye diagrams of light signals during 156 Mbit/s
NRZ, zero-bias modulation. Feedforward control for both the
drive current and its pulsewidth was carried out for a 1.3um wave-
length, low-threshold LD. The rise and fall times were 50 and
280ps, respectively. The average optical power was —1.4dBm at
0°C and -1.3dBm at 70°C. The pulsewidth was 99.5% at both
temperatures. Thus, a small deviation of the light output power
(<40.1dB) and the pulsewidth (<20.1%) over a wide temperature
range was obtained. These results suggest that APC-free burst-
mode transmitters are practical using this LD driver IC.

6

Rd’kQ 17574
Fig. 4 Pulsewidth during 156 Mbit/s NRZ modulation when T, is
between 0 and 70 °C

Ve is +3.3V £ 10%, and I, is 38mA
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data =1’

data="1"

Ins/div.

Fig. 5 Eye diagrams during 156 Mbit/s NRZ, APC-free modulation at
zero-bias when Vi is +3.3V

aT,=0°C

bT,=70°C

Conclusions: A burst-mode CMOS LD driver IC for 156Mbit/s
transmission has been developed. By introducing a precise drive
current controller and a novel pulsewidth controller into an APC-
free LD driver IC, we obtained a wide range of control for the
drive current and pulsewidth, with a small deviation of <2%.
Using this IC, small deviations of the light output power
(<£0.1dB) and its pulsewidth (<+0.1%) were achieved with an
APC-free, zero-bias modulation.
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Current-efficient CMOS transconductor for
continuous-time g,,-C filters

W.A. Serdijn, J.C. Kuenen, J. Mulder,

M. van de Gevel, A.C. van der Woerd and
A HM. van Roermund

Indexing terms: Continuous time filters, CMOS integrated circuits

The authors present a CMOS transconductor, based on a new
two-transistor single-ended differential pair, that is able to process
signals from rail to rail It has a low noise factor, a large
bandwidth, is very current efficient and is easily biased and tuned
by only one current.

Introduction. At present there is a growing interest in low-power
and low-voltage IC designs. This is mainly caused by the increas-
ing commercial importance of portable battery-operated systems.
Electronic filters are important building blocks in electronic sys-
tems for the separation of desired signals from unwanted signals
and noise, by using the differences in their energy-frequency spec-
tra. Since every filter can be considered to consist of a network of
integrators, the overall filter performance is strongly related to the
individual integrator performances [2]. Good quality filters there-
fore require good quality integrators. The major quality aspects of
continuous-time integrators are: distortion, noise production,
phase response, power consumption and tunability.

Q
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-
o

Vss O

T?T Tf

Fig. 1 Basic circuit principle

Upper transistor operates in saturation region, lower operates in tri-
ode region. Qutput current corresponds with that of conventional sin-
gle-ended differential pair

Traditionally, two methods have been used to realise integra-
tors: one is known as the opamp-R-C method; the other is the
transconductor-C (or g,-C) method. The latter is widely used in
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high frequency and/or medium/low precision filter applications [3].
With respect to the above quality aspects, g,,-C integrators should
thus preferably be able to process the signals linearly from rail to
rail, have a noise factor which is close to unity [2], be insensitive to
parasitic capacitances, be current efficient and be easily tunable.

In this Letter we present a CMOS transconductor, the g,, part
of the integrator, based on a novel single-ended differential pair,
that fulfills all these requirements. In the following Sections, atten-
tion 18 paid to its principle of operation, the biasing/tuning cir-
cuitry and the experimental results.

Principle of operation: The principle of operation of the proposed
circuit is best explained from the basic circuit depicted in Fig. 1
[1]. The upper transistor operates in the saturation region (Vg >>
V,) and the lower transistor in the triode region (Vs = V). In
weak inversion, the drain current I,5 of a single transistor, with
the bulk connected to ground, is given by [4]

s 12) (52 -on(22)

1, being the zero-bias current, k the subthreshold slope factor, V,
the thermal voltage k77q and V5, V,, and V the gate, drain and
source voltages, respectively, referenced to the substrate.

In strong inversion, the drain current is given by [4]

Ins = 52 (Ve = Vs = Vin)? — (Ve = Vo — Via)?) (2
W, L, B and V,, being the width, length, transconductance factor
and the threshold voltage, respectively.
Both expressions are valid in both the triode region and the sat-
uration region. Hence, for a series connection of two transistors
according to Fig. 1, the drain current of both transistors, I, is

given by
Ibias V:m
Ips = h
DS 5 <1 + tan <2’€VT >> (3)

with [, = Lexp(V,./<V7), in weak inversion, and

~Lias W5 L Vin ¥
[DS — 9 T ZWW\/W[Z)WS - ( 9 ) (4)

with L, = [WILIB2)Vyu—Va), in strong inversion. V,, is the
input voltage, referenced to V,,. The above drain currents are
exactly the same as those of one of the transistors of a conven-
tional differential pair, its tail current being equal to I,,,. The
analogy goes even further: when both sources are degenerated by
means of a series resistor, the circuit corresponds to the conven-
tional degenerated differential pair with a source-degenerated tail
current source.

The circuit of Fig. 1 has two important advantages over the
conventional differential pair. First, since the lower transistor
operates in its triode region, the output voltage swing can be
almost as large as the supply voltage. This is especially advanta-
geous in a low-voltage enviroment. Secondly, the total current
consumption is no more than the output current. This yields an
average current saving of 50% with respect to the conventional
differential pair.

As is the case with all single-ended differential pairs, this differ-
ential pair also has a noise factor of 2. Apart from this, an addi-
tional bias current source is necessary to provide the drain current.
This current source limits the available output voltage swing of the
transconductor and adds noise. These problems can be overcome
by connecting two transconductors in anti-parallel (at both input
and output) for their signal behaviour, and in series for their bias-
ing. The resulting circuit diagram is depicted in Fig. 2. The noise
factor now equals unity again.

Although this circuit shows some resemblance to that presented
by Nauta {5], the distortion of the circuit in Fig. 2 does not
depend on the matching of two complementary transistors, but of
two that are identical. As a result, the distortion of the transcon-
ductor can be rather small over its complete output voltage range.

From Fig. 2 it can also be deduced that, in a filter network, the
influence of parasitic capacitances will be small, since these are
either connected in parallel with the integrator capacitors or
shunted by small resistances. For the integrator, this yields a 90°
phase shift over a very wide frequency range.

Biasing/tuning circuitry: The biasing/tuning circuit of the proposed
transconductor is depicted in Fig. 3. The biasing/tuning current
L., flows through diode-connected transistor pairs MN3/MN4
and MP3/MP4 and generates a voltage at the source of MP3, A
voltage follower (transistors MNS, MN6, MP5, MP6 and MP7)
generates a buffered version of this voltage, V,,,. The voltage fol-
lower bias current is delivered by transistors MN7 and MNS. V.
and V,,,, are lowpass filtered versions of the gate voltages of MIN3
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Fig. 2 Circuit diagram of proposed transconductor

and MP3, respectively. Both lowpass filters consist of two anti-
parallel diode-connected transistors, acting as large resistances,
and a capacitor. Thus, noise generated in the biasing/tuning circuit
will not appear at terminals ¥V}, and V.. The current consump-
tion of the circuit can be made sufficiently small, at the expense of
a larger noise contribution, by choosing different transistor
geometries. Whether or not this noise contribution is tolerable
depends on the complete filter structure. Note that in a filter net-
work with only one tuning parameter, e.g. the cutoff frequency,
only one biasing/tuning circuit is necessary for the complete filter.
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Fig. 3 Biasing/tuning circuitry

Experimental results: The proposed transconductor and its biasing/
tuning circuitry were implemented in a breadboard realisation,
using transistor arrays from a standard 2.5um process. Typical
values of the threshold voltages are 0.75 and —1V, for the NMOS
and the PMOS devices, respectively. The aspect ratios of the tran-
sistors used are W/L = 108/7 for the NMOS devices and W/L =
108/7.5 for the PMOS devices, respectively. The circuit operated
correctly for values of the biasing/tuning current 7,,,, up to 0.2mA,
using a 3.3V supply. For larger supply voltages or larger W/L
ratios, this current range can be further extended. DC measure-
ments proved the equivalence with a conventional single-ended
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differential pair, the tail current being 4 (1) x I,.,, and the circuit’s
rail-to-rail capability. AC measurements, using a 10mV input sine
wave, showed a similar correspondence for the transconductance
factor. The noise contribution of the proposed transconductor is
6dB smaller than that of the conventional single-ended differential
pair, its tail current being equal to I, indicating a noise factor of
1. As a result of the breadboard realisation, no high frequency
measurements were possible. Simulations of the proposed
transconductor revealed that its bandwidth (—3dB) equals that of
the conventional single-ended differential pair, with its tail current
again being equal to I,,,.

Conclusions: A current-efficient CMOS transconductor for contin-
uous-time g,,-C filters has been introduced, which can easily be
implemented in a standard CMOS process. The transconductor
combines a rail-to-rail voltage swing with a wide bandwidth, an
excellent dynamic range and good tunability.
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Silicon bipolar 2V 2GHz quadrature
demodulator without any adjustment

K. Shiojima, T. Tsukahara and M. Ishikawa

Indexing terms: Demodulators, Bipolar integrated circuits

A Si-bipolar direct-conversion quadrature demodulator with a
flip-flop phase shifter achieves both low amplitude imbalance of
+0.1dB and a phase error of +2° over a wide carrier frequency
range between 0.1 and 2GHz, without any adjustment at a low
power-supply voltage of 2V. The double-balanced mixer makes
sure that the third-order input-referred intercept point is —3dBm
and the second-order distortion is below the measurement noise
level.

Introduction. Recent progress in portable equipment such as cellu-
lar phones, digital cordless phones, and wireless LANs has
resulted in a growing demand for inexpensive, lightweight, and
low-power equipment. Reducing the power-supply voltage is an
effective way to meet this demand because such equipment is bat-
tery operated. Moreover, it has been shown that a direct conver-
sion method eliminates the need for the IF bandpass filter, the
upconverter, and downconverter, and one of the local oscillators
for the intermediate frequency [1, 2]. Conversely, cost-effective Si
bipolar technologies have resulted in improved high frequency
performance up to the quasimicrowave range. We have demon-

strated 2GHz Si bipolar direct-conversion quadrature modulators
with power supplies as low as 2V [3]. Recent wireless systems
require both very low phase error and low amplitude imbalance:
within 3° and < 0.3dB for example in n/4-shift quaternary phase
shift keying [4]. This accuracy is based on the performance of a
90° phase shifter. A conventional RC/CR 90° phase shifter pro-
vides less phase error, but manual adjustment is necessary to
reduce amplitude imbalance. For the next advancement towards
microwave monolithic integrated circuits, elimination of manual
adjustment is strongly desired.

This Letter describes a 2V, 2GHz quadrature demodulator
(QDEM) that needs no manual adjustment because it includes a
flip-flop (FF) 1/2 divider as a 90° phase shifter. A Si-bipolar proc-
ess technology whose transition frequency is as high as 40GHz
enables the FF phase shifter to operate at a 4GHz frequency,
twice as high as the local oscillator (LO) frequency. In this fre-
quency range, however, in-phase (I) and quadrature-phase (Q) LO
signals could leak through a Si substrate and couple. To overcome
these problems, we enhanced the symmetry of the circuit layout
and the isolation between elements. Additionally, all the signals
were transmitted as differential signals in order to suppress the
second-order harmonic distortion (IM2).

FF 90" phase shifter
vCC(2v)

LO out
1 e || w0
- I .o
LOm 1
=21 ) 1

—
T quadature demodulator IC

RF input
bufers gmitter

followers

i}

3
7

10 input | BB output (1)

=21 QX

BB output (Q)

/

quadature mixer

veea vy RR input Voeev)  vecew)
. QI Qi fous
H b ¥ 3 '
BB ©Q o — Opp
output (I) O al 2 () output (Q)
w & O1o
input (l)()t tl 7];’ [ O input (Q)

MA
m

DBM (I) DBM (Q)

W
3
W

Fig. 1 Block diagram of quadrature demodulator IC

Circuit design and layout: Fig. 1 is a block diagram of a QDEM
IC, consisting of an input buffer, a FF 90° phase shifter, two
buffer amplifiers, a quadrature mixer (QMIX), and two output
buffers. A single-ended signal generated by a synthesiser, whose
frequency is twice that of a LO signal, is fed to the input buffer.
The signal is converted to a differential signal in the input buffer
and flows to the phase shifter so that the differential LO signal
provides high phase and amplitude accuracy. The phase shifter
divides the signal frequency in half, and outputs I and Q differen-
tial LO signals to the QMIX, via the buffer amplifiers. The large
driving power from these buffers placed before and after the phase
shifter is also effective in improving accuracy. Because a two-
stacked-transistor configuration is necessary to keep the supply
voltage down to 2V, resistors are used as current sources in the
phase shifter. A single-balance converter (SBC) and a double-bal-
anced mixer (DBM) core are connected by a capacitor in the
QMIX. A single-ended radio-frequency (RF) signal is supplied to
the SBC consisting of Q1 and Q2. The RF signal converted to a
differential signal drives both the I and Q DBM cores through the
coupling capacitors. The differential signal transmission has the
advantage of suppressing IM2. Moreover, the coupling capacitors
block the IM2 components resulting from the SBC. Conversely,
the combination of one SBC and two DBM cores provides a
higher demodulation accuracy than the combination of two SBCs
and two DBM cores, because of the deferences in the gain and
phase shift between the two SBCs. Demodulated baseband (BB)
signals are output through the emitter-followers.
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