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Abstract—A CMOS 80—-200-MHz fourth-order continuous-time VDD
0.05° equiripple linear phase filter with an automatic frequency
tuning system is presented. An operational transconductance am- VCMFBD—{ M4 M4 I———OVCMFB
plifier based on transistors operating in triode region is used and
a circuit that combines common-mode feedback, common-mode
feedforward, and adaptive bias is introduced. The chip was fabri-
cated in a 0.35um process; filter experimental results have shown Vs D—H__;B MZ”—o Vbias
a total harmonic distortion less than—44 dB for a 2-V,,, differen-
tial input with a single 2.3-V power supply. The group delay ripple Veu =v,0— o Vau +v,
is less than 4% for frequencies up to 1.5f.. The frequency tuning v,
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I. INTRODUCTION

OR APPLICATIONS of low power-supply voltages and™9- 1. Pseudodifferential OTA.

large signal swings, pseudodifferential structures are at-
tractive since they avoid the voltage drop across the tail cdier (amp) form a regulated gain-control (RGC) loop, and they
rent source, but inherently pseudodifferential structures have i€ used to fix the drain voltage of M1. The tuning voltage
same low-frequency transconductance for both differential akgtune is used to adjust the OTA's transconductance. Assuming
common-mode signals. Therefore, the use of pseudodiﬁer@ﬁlidem amplifier, then we have both a constant drain—source
tial structures requires a careful and efficient control over th@ltagevps: = Vrune independent of the input voltage level,
common-mode (CM) behavior of the circuits [1]-[5]. For tunand a linear transconductance givenhyrune, wheres; =
able filters and other differential systems, an adaptive mechia-Cox(W/L)1.
nism is also needed to control the CM behavior over the tuningL€t us assume thafcy is the CM reference voltage. Notice
range [5]. that M1 must operate in triode region and we need to support

In this paper, the design of a pseudodifferential operatiorfg@rtain drain-source voltagé$sars andVpsats for M3 and

transconductance amplifier (OTA), optimized for linearity pefM4, respectively. Hence, we can get the maximum signal swing
formance, is discussed. A CM control circuit which integrateand the required CM reference voltageif..x = vo,max, as
common-mode feedforward (CMFF), common-mode feedback 1
(CMFB), and adaptive bias into one circuit is proposed. Awide  v; ;.. ==(Vpp—Vrn—Vrune — Vbsars— Vbsarsa) (1)
tunable range linear phase filter based on the OTA and the CM 2
control circuit is designed. A simple but efficient automatic fre-

quency tuning system is used to compensate filter deviations C%Lr?

e ! reVrune is obtained from the required filter bandwidth and
to the process and temperature variations. The filter can be u éftransconductance of the OTA. The design of the RGC loop
in the 1000Base-T systems as the antialiasing filter. '

is critical for the OTA's linearity performance. One of the main
sources of the OTA's nonlinearity is the low gain of the RGC
Il. PSEUDODIFFERENTIALTRANSCONDUCTOR loop at high frequencies. It can be shown that the third-order har-
The pseudodifferential self-regulated OTA based on transf@onic distortion (HD3) of the OTA output current (neglecting
tors operating in triode region is shown in Fig. 1 [6]. Transhort-channel effects) can be expressed as
sistors M1 operate in triode region. Transistor M2 and ampli-

Vem =Vbb — Vi max — VbsaTs — VbsaT4 2

V2 32
HD3 = ~I-. P i
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Fig. 2. Common-mode control circuit.
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monic distortion (THD) figures of around 50 dB, the RGC wherelcy\rr is the dc bias current with zero input CM signal
amplifier’s gain should be greater thanW@V. The implemen- andwv;.,, is the CM input signalPart B of Fig. 2 is a CM de-
tation of the RGC amplifier is composed of a single-ended difector and voltage-to-current converter. Transistors M6 and M6
ferential amplifier and a level shifter. are driven by OTA outputs and the CM reference voltage, re-
For short-channel devices, the effective carrier mobjlity  spectively. Transistors M5 and M&re working in deep triode
is a function of both lateral and vertical electric fields [7]region in order to improve the linearity of the CMFB. These
While the lateral electric field effect is reduced by the RGEircuits compare the output CM voltage with the reference CM
loop, which reduces the drain—source voltage variations, theltageV,.r and convert the voltage difference into the CMFB
vertical electric field effect is not. Higher level models show usorrecting current:
that short-channel effects limit the OTA linearity; simulation 9
results for different input transistor's length (with constant femfb = 1OMFB — IREF = _2Gm6Yocm (5)
W/ L ratio) give us an OTA's THD of less than50 dB for 1+ gmelts
transistor lengths greater than Qué. whereR; is the effective drain—source resistancé\bf. Both
the CMFB correcting current.,s, and CMFF currenicyrr
[1l. CoMMON-MODE CONTROL flow through transistors M3 and M4 and the overall current mir-

The OTA shown in Fig. 1 requires a proper CM controrlOred to the OTA outputis

system. It should not only stabilize the OTA output CM voltage,.

but also reject the input CM signals and supply noise. So theP? ~ 14 gmeRs

combination of a CMFB and a CMFF for the CM control is . .

essential for high-performance systems with pseudodifferent perelcyrr provides the adaptive dc currety viem pro-

architectures. V|de§ the CMFF correcting currgnt, a6 Vocm /(14 9gmeRs)
The proposed CM control circuit senses the input CM infoP—rOV'd.es tlr;e ;urrent 1|‘or the agt|o|r1 of the C.MfFB'h .

mation as well as the output CM information, then it combinesnA S'“_“p;.'e 305:_(:]”' oop e(;]]uwa enF CII‘CllJIt or tog CMF% IS

both signals together to control the OTA's CM behavior. The im= ownin Fg. 5. There are three main poles at noties, an

plementation of the CM control is shown in Fig.Rart Ais a ¢, and the CM loop gailca(s) is approximated by

CMFF and an adaptive bias circuit. The CMFF/Bias is a replica ¥ oem 206

of a single branch of the OTA except that the dimensions of MACuL(s) = " = <(1 T g' R3)g )

are one half of the main OTA's input transistor (M1 in Fig. 1). oo e

Transistor M1are connected to the inputs of the OTA and driven y 1 )

by the tuning voltage; it is used to replicate the bias current and (1 n SQ) (1 n 8@) (1 n SC—C)

to cancel the CM input signals. The CMFF current is gms gma Goe

. . ngﬁvocm
ICMFF — femfb = ICMFF + gm1Viem — (6)

Wheregoc = 2(903904/gm3 + 901902/(Agm2)) iS the OUtpUt
icMFF = IoMFF + 20,1 Viem = IoMFF + gmiviem  (4)  conductance at nod€, andCy, Cz, Cc are the total capac-
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Fig. 3. Simplified CMFB open-loop equivalent circuit.

itances at the noded, B, andC, respectively. The factor 2 501
comes from the fact that the OTA has two identical branchi
for the CMFB loop. The dominant pole és./C.., and the non-
dominant poles are located@t/Cs andg,,s/C 4. For aload
capacitorCy, = 0.9 pF, the simulated CMFB open-loop phast¢
margin of the integrator is 68at the unity-gain frequency of “*

|t

/

+ + +
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IV. FILTER ARCHITECTURE ANDAUTOMATIC TUNING SYSTEM ClT a T
The equiripple linear phase filter architecture is shown i

Fig. 4. The same transconductance is used for all of th&'six JT— [CMmmAs ||cmps/cmmsms|:;

cells. Scaled transconductances are used:fpp; andG,,o2
in order to adjust th€)s of the biquads. Two complete CM con- T
trol circuits have been used to control the two outpitand
D. As a result of the pseudodifferential structure usédind c
C are low-impedance nodes for both differential signals ar
common-mode signals; hence, we only ®set A of the CM
control circuit (Fig. 2) to provide CMFF and adaptive bias fo
these nodes. <

A simple automatic frequency-tuning system is used to cor \'\ \‘\ J‘Cz
pensate the variations of the pole locations. The topology T

1

2

;

r
+
|
+

+ -
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based on the architecture reported in [8]; the principle of tt
automatic tuning system is shown in Fig. 5. The QF4, is a
replica of the transconductor used in the filter and is used as a
part of an integrator. By comparing the magnitude of the refig. 4. Fourth-order equiripple linear phase filter.
erence input signal with the integrator’s output signal, we can

tune the integrator's unity-gain frequency to the desired valu%o MHz, respectively. The third-order intermodulation (IM3)

of the filter for a two-tone input signal of 1,y each (at 60

and 70 MHz) is—40 dB, as shown in Fig. 7. The measured
The proposed OTA and the filter have been fabricated inband IM3 is shown in Fig. 8; notice that the IM3 is less than

a 0.35um CMOS process through the MOSIS service. The 38 dB over the whole filter bandwidth. For the filter tuned at

chip micrograph is shown in Fig. 6. With a single 2.3-V powet50 MHz, the filter's group delay response is shown in Fig. 9.

supply, experimental results show that the OTA and the filterghe filter’s group delay ripple is less tharl 00 ps up to 1.5,

THD are —48 and—44 dB for a 2-\,, differential input at as expected. The magnitude response of the filter, driven by

= ICMFB/CMFF/BIAS” CMFF/BIAS |

L

V. EXPERIMENTAL RESULTS
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Fig. 5. Block diagram of the automatic tuning system.
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Fig. 7. Filter’s IM3 for a two-tone input (at 60 and 70 MHz) of 1, Veach.
the automatic tuning system, is shown in Fig. 10. The filte

dynamic range is 52 dB at THR —44 dB, and the power TF BN 1 Kz 5 5 EpnuERE-s da..f 3 suFE' 829.21 msec

consumption of the whole system is 90 mW. The measurcu > ° ™ : STOP 250 Tz

performances of the filter are summarized in Table I. The _ _ _
. . . . Fg. 9. Filter's group delay response with a bandwidth of 150 MHz.

experimental results of this work are compared with previou

realizations [9]-[12] in Table Il. Notice that our topology does

not include gain-boosting techniques and the others do not hémeest power-supply voltage, the proposed filter has the largest

automatic tuning systems. With the cheaper technology and thmear signal swing.
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-3.012 dB

CH1 S11  log MAG
. 152.253221173 MHz

A dB/ REF -2 98 VI. CONCLUSION

The optimal design of a pseudodifferential transconductor
using transistors operating in triode region has been discussed.
A CM control circuit that combines CMFB, CMFF, and adap-
tive bias has been presented. A large linear signal swing has been
achieved due to the well-controlled CM behavior. The principle
of the CM control circuit can be easily applied to the design of
fully differential structures, and it is well suited for low-voltage
pseudodifferential architectures.

Experimental results of both the OTA and the 80-200-MHz
fourth-order linear phase filter are in good agreement with the
theoretical results. The ratio of the root mean square value of
the ac signal to the power supply voltage is around 31%, which
is much better than previous realizations.

Avg |
16

SWP_ 181.6 msec
STOP 388 MHz

POWER @ dBm

(1]

Fig. 10. Filter's magnitude response with automatic frequency tuning system

(f_; gg = 80, 100, 150, and 200 MHz). DC gain changes because the output

buffer (another OTA) is driven by the automatic tuning system as well.
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