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Abstract

A novel method for synthesizing linear filters from different kinds of
mo-linear transconductors is propased. The method is particularly
wseful since it allows the traditional Gm-C filter structures o be
ansformed imto the ELIN type circuits, c.g. log-domain and
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Abstract

all-NPN differential log -domatn

In this paper an
integrator based upon cross-coupled Gm-C filter
structure is proposed. Unhke its predecessors, the main
advantage of this circuit lies in its linear common-mode
response, which relaxes the need for the common -mode
rejection circuitry to enhance the common-mode
rejection ratio. Simulation results of the proposed
integrator are given and the commeon -mode output for

anthmetically balanced input cases are shown.

Introduction

Lossless integrator is an essential part in various
filtering circuits. However, due to DC instability
problem, it is not possible 1o realise the single -capacitor
integrator  using log-domain  technique.  Fully-
differential all-NPN log-domain integrator employing
cross-coupled structure has firstly been proposed in [1]
while its modified BiCMOS version can be found in
[2]. Although these reported integrators exhibit good
linearity in the differential -mode (DM} operation, their
common-mode (CM) transfer characteristics are not
well understood. The lack of this crucial knowledge has
made it difficuit to design the CM feedback (CMFB)
circuitry [3]. In this paper we propose an all -NPN fully
which has an

differential integrator

log-domain
advantage that its CM input and output arc lincarly
related. Hence the CM rejection ratio {CMRR) of the

proposed integrator may be improved by the use of the

178

conventional CMFB or common -mode feedforward

(CMFF) techniques [4].

Seevinck's fully-Diffcrential Log-domain Integrator

Fig. 1 Fully-differential log -domain integrator

Figure 1 shows the fully-differential log-domain
integrator proposed in [1]. The relationship between the
DM input current i _,={ -1, and the DM output current
i,=1i,-f, of the arcuit in fig. | as well as its modified

version in [2] ¢can be found to be
i =Cl)",|-i‘.dd; (1)

where @} = [RICV,.. If we use i, and i to denote the
CM input and output currents respe ctively, ie. i =
(¢, +i, Y2 and i =(i, +i.)2,itcan be shown that i_is

the solution of the differential equation

L]

. 2 __ . 2
'oc+(a)njlg )oc _wn'f'c +(CU"/418 )id (2)
where the dot denotes time derivative. Furthermore, it
is easy. to show that the output dc current, /. is
dependent on the square root of the input bias current

loiiedy = [1,1y



Since (2), which belongs 1o the special class of
nonlincar differential equation known as the Ricatti ‘s
equation [5], does not generally have a closed -form
solution, the design of the CMFB circuit for these

integrators would be complicated.

Fully balanced log-domain integrator

Fig. 2 Cross-coupled fully-differential

Gm-C integrator

Fig. 2 shows a cross-coupled fully-differential Gm-C
integrator where the trapezoids with and without the
bubbles at their output terminals represent the inverting
transconductors, respectively.

and non-inverting

Assuming that g, = g, = kg, = kg, = kg,, = kg,, = C,
we can show that

Vod:a)"J-Vm,d: (3)
where W, = G/IC, V=V, -V  and V =V, -V,

According to (3) the DM voltage transfer function can

be found to be
¥ () wu
H, &= od _ _ (4)
" Via 5 s

And we can show that the relationship between the CM
input voltage, V_ = (¥, +¥, )2, and the CM output
voltage, V_ = (V,, +V )2, can be described by the

linear differential equation

V;+(3)a)~vx=a)“lfk (5)
£

According to (5) the CM voltage transfer function can

be found to be

179

H o =—%— = (o)
cnt .

20, /&
According (4) and (6) the CMRR of the fully -differntial

integrator of fig. 2 is

w
CAMRRUDY=1+(2/k)- = (7)
w

By using the transformation technique proposed in [6],
the linear Gm-C circuit of Fig. 2 can be transform ed
into its log-domain counterpart by replacing all the
ransconductor blocks with the non -linear
ransconductors of special type, 1.e. the transcoductor
whose output current is a function of the exponential of

the difference between its input and output voltage.

EXP: V.1 Expeoaralinl Lapander
CMP : 1.¥ Lag Comprensar

Fig. 3 Block diagram of log -domain integrator

transformed from the Gm -C integraotr of fig. 2

Fig. 3 shows a block diagram representation of the
resulting integrator, together with tts pre -compressing
and post-expanding blocks. The transistor-level
realisation is shown in Fig 4. Naturally the integrator of

Fig. 4 would inhenit the charactenistic of its Gm -C

prototype, i.c.

L{ev‘ll’r _ev_.lVr
= (8)
L{ev'llyr _ev‘lVr} _}{dm(s)
and
L{evler +ev_‘/Vr } B
e ety ~ fem

(9)where L{ } denotes Laplace transform and H_(s)

and £__(s) are identical to the functions described in (4)

and (6} where @ = I‘lCV,,, respectively.



imperfectly balanced input, device mismatehes and
drifting. Neventheless, duce to the lincar CM
response of the circuit, such a varnation can be
cllectively suppressed by cither the conventional
CMFB mcthod or CMFF cancellation technique.
Simulation Results

Simutation results obtained from HSPICE for the
integrator of Fig. 5 using HJ process parameters (f,
=21GHz Y for V.= -V, =-1V. I = [ =100LA Kk
=2, n=4 and C = 10pF arc shownn Fig. 4. If the
DC gain of differential mede response is adjusted
10 40dB, for balanced input where |lJp/I“= 0.5, the
THD of 7, and /, at (1J;, (53 MHz) arc about -

47dB while that of /_, is —60dB.

Hopratiads Rempennis (lny)

Frequeacy{H)

(a) DM and CM magnitude response

(b) CM transfer characteristics
Fig. 6 Simulation results of the integrator of Fig. 5
Conclusion
The CM response of the previously published
differential all-NPN log-domain integrators using

cross-coupled structure are not linear. This would

19 100 " 106 100k IMeg  10Meg 100Mez G
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make it difficult 10 design the CM rejection circuits
{or these integrators. On the other hand, the CM
response  of the fully-differential  integrator
proposcd in this paper is lincar with the fixed pain
of 1 from DC 1o around (), . As a result, it is
much casier 10 employ conventional CMFB or
CMFF circuits to enhance its CMRR

Acknowledgements: This work was supported by
Grant  No.

Thailand Resecarch  Fund  under

PDF4280041.

Refercnces

1. E. Scevinck, “Companding current - modc
integrator: A ncw circuit  principle for
continuous time monolithic filter, Electron.
Letis., vol.26, pp. 2046-2047, Nov. 1990.

2. M. Punzenberger, and C. C. Enz, “Al2v
lowpower BICMOS classAB  log-domain
filter,” IEEE J. Solid Siate Circuit, vol. $C-
32, pp. 1968-1978, Dec. 1998,

3. R. M. Fox, Y.Ro, I11.J. Ko, F.Yuan, K.Kamik,
and W.R.Eiscnstadt, ‘‘Common-Mode circuit
for differential log-domain filters.” Proec.
Midwest Symp. On Circuit and Syts., Las
Cruces, NM, pp. WAI1-7.6., Aug. 1999.

4. A.Baschoirotto, F. Rezze and R. Castello,
“Low-voltagc balanced transconductor with
high input common-mode rejection,”
Electron. Letts,, vol. 30, no. 20, pp. 1669-
1671, Scpt. 1994,

5. F. B. Hilderbrand, ““Advanced calculus for

application.” (Prentice-hall, -Englewood

Cliffs, 1976), p. 52.
6. J. Mahauanakul and C. Toumazou, ““Modular

log-domain filters based upon lincar Gm-C

filter synthcsis," {EEE Trans. Circuits and « - .-

Systems-1, vol. 46, pp. 1421-1430, Dec. 1999. "

-
¥



.
wr o

A o e o v v
s03dentamnuduiinsinednvunassaeadudisisnsiidanasnga

High CMRR Fully Differential Log-Domain Integrator

- e -~ - a
YNELY WA s Ty du waz Tignd winsuna

EI -~ s - . - = =
MAYYIaNniouns ﬂﬁl:']ﬁ')ﬂ‘i'ﬁuﬂ"lﬁﬂ; urImmausing lulasuviuns

$1 ouwBouduRus LYANUBILON NJAIMNA 10530

TnsfNm: (662) 02-988-3655 (A0 211) TN3T13: (662) 02-988-3687, Email: ymutgehotmail.com. jirayut@mutac.ih

unfinte
unaiiauelssdenlauuduiinsmeinuunad e
aoadwinlassad i ludnuurgled Faaesiive 1aSoudeiing
aovmuesFgaarasnuFady Fevehiounsosenivylaes
Afaryoimrainldihe  dimabiaslidanmidadyyienasiu
7 luunmriwdadlfbuwaversssiwadygieraiuuuydeunduy

uazdapinan InIuAl0TUsunsy HSPICE

-

- - - - o o
AIaIney: 'Jnmumnsmm’. 23I9IDYIDON, J393nIntaon lauu

Abstract

In this paper. fully differential log-domain integrator based
upon cross—coupled Gm-C filter struclure is proposed. Unhike its
predecessors, the main advantage of this circuit lies in its linear
common-mode response. As a result, when the traditional common-
mode feedback circuitry is incorporated into the proposed integrator,

the resulting circuit exhibits very high comman-mode rejection ratio
Keywards: integrator, Analog Circuit, Log-domain filter
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ABSTRACT

In this paper, an all NPN fully-differential log-domain integrator
is proposed. The common-mode response of the proposed
integrator, unlike those of the previously reported ones, is linear
and independent on differential signal. This makes the proposed
integrator less susceptible to the variations of the common-mode
signal than its predecessors.  Simulation results of both
differential-mode and common-mode responses are given.

1. INTRODUCTION

Differential-mode log-domain filters have currently received
considerable interests. Utilizing companding technique, such
filters are capable of processing high frequency signal in a linear
fashion. Also processing signals in differential form have many
advantages, e.g. lower distortion and more robustness to
interference. Fully-differential all-NPN log-domain integrator
employing cross-coupied structure has firstly been proposed in
[1] while its modified BiCMOS version are presented in [2].
Variations of fully-differential log-domain integrater can also be
found in [3].

These reported integrators exhibit good linearity in the
differential-mode (DM) operation. However, as will be shown
here, their common-mode (CM) transfer characteristics are not
linear and signal dependent. The has made it difficult to design
the CM feedback circuitry [4). In this paper we propose an all-
NPN fully differential log-domain integrator which has an
advantage that its CM input and output are linearly related.

2. CM RESPFONSES OF FULLY-DIFFERENTIAL
LOG-DOMAIN INTEGRATORS

(d)
Fig. 1. Fully-differential log-domain integrator

Fig. 1(a) and Fig. 1(b)-(d) show the fully-differential log-domain
integrators proposed in [1] and [3], respectively. The relationship
between [y = I, - I,; and Ly = ;- Ip of all the circuits in Fig. |
can be found to be

laW=a, | 14w dt M
where w, = [/CV7t.
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If we use [, and /[, to denote the CM input and output
currents, i.e. f,. =/, +la Y2 and /.= (I, +1,3)/2. it can be shown
that /.. of Fig. 1{a). (b), (¢) and (d) are solutions of the
differential equations

. @ @ 2a})
Foo 4| =2 V2 =, 1, +| —4 2 {22
oc (IB J{n(‘ ulic ["”B }/od

. w 2 w 2

oo +| 2L Vo =w, 1. +| =2 (2b)
oc [!B }oc uljc [413 od

2 ney, |2
foe +2nw, 15 =w, I + a7 [od (Zc)
B
1 @ { !
I o+ = —Slz =w [._ + & —S[2
o ["B] 21, EE VT T [413 21, EE VT od
(24d)

where the dot denotes time denivative, respectively.

Since equations 2(a) — (d) are non-linear, they do not
generally have closed-form solution. It is thus apparent that the
CM responses of all of the analyzed circuits are non-linear and
dependent on DM signals.

3. BASIC BUILDING BLOCKS FOR
LOG-DOMAIN INTEGRATORS

Companding circuits require the input and output signals to be
pre-compressed and post-expanded, respectively. Fig. 2(a) and
(b) show symbols representing such pre and post processing
blocks where [feyp and feyp are fixed currents, V, is a fixed
voltage, f{-) is a strictly monotonic ¢continous function. For f{-) =
exp(-), companding circuit becomes log-domain circuit and the
realization of the logarithmic compression and exponential
expansion blocks are shown in Fig. 3(a) and (b), respectively.

: V=V, U o)
(a)
v—{5., |

Fig. 2. Symbolic representation of
(a) pre-compression and (b) post-expansion blocks

IT=Igxpf(VIV,)
(b)

As shown in [5), companding filter can generally be
synthesized from a Gm-C filter prototype by replacing linear
transconductors with non-linear transconductors of special kinds.
Fig. 4 shows symbols representing such transconductors and their
realization for log-domain filters, i.e. for f{-) = exp(-), are shown
in Fig. 5.

I N
, Texpe” 7
EXF
Y O— {

Fig. 3. Realization of

3
HH el

’('M‘P

(a)

(a) log-compression block and (b) exp-expansion blocks

f(Vl/Va)

I=1x rwr v

Fig. 4. Symbolic representation of non-linear transconductors
used in companding filters where f7(x) = df (x}/cix

Fig. 5. Realization of the transconductors in Fig. 4.

4. PROPOSED FULLY-DIFFERENTIAL
LOG-DOMAIN INTEGRATORS

Fig. 6. Cross-coupled fully-differential Gm-C integrator

I-554



Fig. 6 shows a fully-differential Gm-C integrator where the
trapezoids with and without the bubbles at the output represent
the inverting and non-inverting transconductor respectively.
Assuming that G, = G, = G, /k, we can show that for V=V, -
1’:-1 and Vlu'= 3 Bt V’Q

Yodts) _ @ins (3)

And for V, =V +¥Va¥2and V. = (F,, +F.)/2.

Vv k/
Hcm(s) = OC(S) = 2 )
Yiels) 14—2

where @, = GJ/C.

The lincar Gm-C ¢ircuit of Fig. 6 can be transformed into its
log-domain counterpart by replacing all the transconductor
blocks with the non-linear transconductors shown in Fig. 4 (5].
Fig. 7 shows a block diagram representation of the resulting
integrator, together with its pre-compressing and post-cxpanding
blocks.

The transistor-level realization of the block diagram in Fig.7 is
shown in Fig. 8. As shown in [5], the integrator of Fig. ¥ inherits
the characteristic of its Gm-C prototype. i.e.

L) [ fpxp o (5)
Latsy {eap |
and
fz ‘_r"‘_si
i) eap

where Wiy =451 CVy-
Hence for fevp = foyp. the CM and DM responses of the
integrator shown in Fig. 8 can be described by the equations,
lud(r)=wu-|.’ad“)d! N

and

Iuc(.r)+[%_}uul“(n=w” () (8)

respectively, where w, =w,,, = C¥p/{f,. Tt can be clearly seen
from (8) that the CM response of the integrator of Fig. 8 is lincar

and independent on DM signal.

Under the condition fgyp = Joap = 1, the integrator shown in
Fig. 8 can be simplified to the one shown in Fig. 9. Note that the
integrator's { can be fine-tuned by adjusting Ar's.
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Fig. 8. Transistor realization of the block diagrams in Fig. 7.
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Fig. 9. Proposed fully-differential log-domain integrator

5. SIMULATION RESULTS

Simulation results obtained from HSPICE using HJ process
parameters (fy= 27 GHz) of the integrator of Fig 9 for /,=100uA,
Vee=-Vee =1V, n=4,k=2and C= 10pF are shown in Fig. 10.
According to Fig. 10(b), the interdependent between the CM and
DM responses of the proposed integrator is evident.

a

U

Mgl e ieqaond [H

L (L1 1Y (4] 4
Mregerocy (i)

(a) Magnitude responses for
DM (for [, = 100pA) and CM (for f[,=0)

Y

I (LA) _
10 ] —o—Fig_ﬁli(a)-‘
—a— Fig. 1(b),

8 1 —a—Fig. ey
=»—Fig. 1(d)

6 1 o5 Fig.9

0 2o —ZJ 60 d0 100
fnA)

(b) I VS Iy for f;, = 100uA
Fig. 10. Simulation results of the proposed integrator

Furthermore, for /. = 100uA and | rdpeat L, = 006, the THD
of £,y and /,; at unity-gain frequency (530 Hz) are about — 54dB
while that of [, 1s — 72dB.

6. CONCLUSION

The CM respenses of the previously published differenual all-
NPN log-domain integrators using cross-coupled structure are
not linear and dependent on DM signals. This would make these
circuits susceptible to the vanations of the CM signal. which can
be caused by imperfectly balanced input, device mismatches and
drifting. On the other hand, the CM response of the fully-
differential integrator proposed in this paper is independent on
DM signal and linear. As a result, it is less susceptible to the
variation of the CM signal. Furthermore, if required, its CM
rejection ratio can be further improved by the use of conventional
common-mede  feedback or common-mode feedforward
techniques [6].
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