Simplified technique for syllabic Any dynamically biased log-domain filter can be operated pseudo-

companding in Iog-domain filters differentially to cancel the effects of time varying bias as shown in
Fig. 2a. Structures that operate on the differential input (e.g. the class-

AB circuit in [I]) can also be used in Figa 2dotted lines). In addition
to the bias, even-order nonlinearities and common interferences are also
It is shown that when syllabic companding is applied to log-domain cancelled by (pseudo) differential operation. If for some reason, e.g.
filters using dynamic biasing, their large signal linearity can be interfacing, single-ended input and output are desired, the scheme
exploited to eliminate the state variable compensation circuit. Owing to shown in Fig. B in which the second filter is fed only the bias can be
its simplicity, the proposed technique has several advantages overused.
previous approaches. Note that it is the LTI relation between the input and output currents
in a log-domain filter that enables the cancellation of time-varying bias
Introduction: Fig. 1a shows a first-order log-domain filtEr][1] which is  at the output. Pseudo-differential operation of a filter with time-varying
ideally linear and time-invariant (LT[ TL;]2] between the large signal gains at the input and output (classical syllabic companding) does not
currentsiy, andig, in its input and output transistors (Figa, Assuming result in an LTI systerfn [4]6].
i1p > 0).iy, is the sum of an AC input signigl and a biady,s In tradi- The base emitter voltage Qf, in Fig. 1 is given bWpe, = ViIn[(ij,
tional implementationd,, is a constant. The outpidl, is obtained by~ +1,.J/1J. An increase of, by a factor causes,,,s to increase by the
subtracting I/13)lpias from iy, as shown in Fig. d (1,/1; is the DC gain same factor since the latter is derived from the envelope ©herefore,
of the filter[TT2]). Vipap €Xperiences only a DC shiffin(a). From linearity betweeip
(/1) ias a_nd|4p, it can be seen that the same is truegf, as well. T_hus, the AC
1 ) signal applied to the (voltage mode) filter between the input and output
transistors (enclosed by dashed lines in Fig). temains the same
regardless of the input signal strength if dynamic biasing is used. This
confirms the equivalence of dynamic biasing to syllabic companding.
Like syllabic companding, dynamic biasing also increases the dynamic
range of a log-domain filter.
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In [3] dynamic biasing is applied to the circuit in Figldy varying 3 ' '
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times. This lowers the power consumption and the output noise of the ¢ d
filter for small inputs and helps accommodate very large inputs. This 4, 10
also alters the ‘gain’ from the input current to the internal voltages and is?é_
analogous to syllabic compandifigT4, 5], but is much simpler to imple- § ¢ 0
ment. However, due to time varyimg.s i iS No longer just a filtered 2
version ofi;, and a state variable compensation circuit is reqUired [3 —  -10 -10
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Proposed techniquef the single-ended filter shown in Figa s dupli- Fig. 3 Simulation results

cated and operated with the same ljgsbut an opposite inputi;as

shown in Fig. b, the two output transistor currengs andiy, (Fig. 1) aij, enveloped Constant bias

b Differential outpute Dynamic bias

can be written as ¢ Dynamic biasf Constant bias
iap(t) = (tin(t) + Joias (t)) * h(?)
tan(t) = (=4, (€) + Ipigs (¢)) * h(E) (1) Simulation resultsThe pseudo differential filter (using BJTs wth =
. . ) . . 50, Vae = 10V) in Fig. 1 with a —3dB frequency of 100kHz € I; =
where h(t) is the impulse response of the filter (betwégnand i, 1pA, C, = 61.5pF) was simulated using HSPICE. The input is a sine-

?‘SS“.med 'de?') and * denotes convollitlon. In the difference oggpqt wave with a changing envelope (Figa)3at 100kHz. Substantial cur-

lap = lans _the bla_s-<.:iependent‘termas(t) h(®) d'sappea.fs- The _relatlon rents flow through the capacitor at this frequency and the circuit
betwe_er]ou, andiy, is LT.I a_nd IS the Same as Fhat b_etweﬁga andi;, f°f nonlinearities are sufficiently exercised. The circuit was simulated with
the original Igg-domam filter ('.:'g' .a:)'operat_lng with a const:_a\nt bias. (i) a dynamic bias, with the bias being 10% larger than the changing
In cont.rast with(T3], no extra_ circuit is reqwred for state va_rlable com- envelope, and (ii) a constant bias, with the bias being 10% larger than
pens_atlon here. Derlvmg t_h|s result using t_he_ approadhlin [7] WOUldthe largest envelope (142 in Fig. 3a). The latter is the classical class-
require an internal description of a Iog-domaln'fllt_er, and \_/voul_d be more 5 operation. The two filters have exactly identical outputs (Fiy. 3
involved. However, note that the above description applies, in addmonFigs. 3 andd show the base emitter voltage @f, in the two cases.

to log-domain filters, also to other filters in which the input bias (current Syllabic companding, i.e. a constant internal vgltage swing, is clearly

or voltage) controls the internal biasing. seen in Fig. 8 With a constant bias, the amplitude of the internal volt-
R — o Ioias(® iout age varies Wlth_theI input cur_rehnt (Flgd)STlhe (;esult_s of HSPICE tran-
_ 1 He _ l H(s) sient noise simulation (WIF uncorrelated noise current sources
Hip . differential lin connected across each transistor) are shown in Fegand. The noise
n : L output Lo o(h) reduction for small input signals due to dynamic biasing is evident.
" 1 H(s) biasl | H(s) : These results prove the external linearity and syllabic companding
lpias(t) % j L) loutn nature of the proposed dynamically biased filter.
differential single-ended single-ended . . )
log-domain filter  log-domain filters log-domain filters Advantages of the proposed techniqgliee state variable compensation
a b circuit used ir{T3] requires extra design effort, in some cases as much as
799/2 - : :
) o o for the main filter, and adds to the power consumption and noise of the
Fig. 2 Distortionless dynamic biasing filter. In the proposed technique (Figa)2the signal-to-noise ratio
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