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SENSITIVITY OF HYBRID FILTER BANKS A/D CONVERTERS TO ANALOG
REALIZATION ERRORS AND FINITE WORD LENGTH

Tudor Petrescu and Jacques Oksman
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Ecole Sugrieure dElectricite
91192, Gif sur Yvette, France
Email: firsthame.lastname@supelec.fr

ABSTRACT has not been sufficiently examined is the HFB sensitivity to

This paper studies the sensitivity of hybrid filter banks (HFB)analog filter realization errors and to digital filters coefficient

. : . : : uantization. It is well known that large tolerances in the
to analog inaccuracies and finite word implementation. i anufacturing process of analo devic?es are a serous brob
is shown that very small errors affecting very simple analog{n gp 9 P

structures have a dramatic influence on the performances o%rmti'nnanfaEgBSyStﬁn;fndis'gn'inTtT]'s p?pernstudlfes rt]h? deter:]g-
the HFB. The influence of the quantization of digital filter oration o performances € presence of analog a

coefficients is also studied. A theoretical limit for the errordlgltal errors. Section 2 briefly describes the HFB to be stud-

introduced by the quantization of digital filter coefficients is led. In. sgct|on-3.1 performance deterioration .d.ue to analog
derived. errors is investigated and the effects of quantizing the coef-

ficients of the digital synthesis filters are studied in section
3.2. Finally, conclusions are presented in 4. Examples and

simulation results are provided all along the paper.
1. INTRODUCTION

In modern communications a trend towards larger and larger 2. PERFECT RECONSTRUCTION CONDITIONS
bandwidths together with higher and higher working frequen- . . o

cies is obvious. But analog to digital (A/D) conversion of high” Plock diagram of the HFB to be analyzed is shown in Figure
frequency, wide band signals still creates bottlenecks. In the- £ (t) represents the input analog signal. It is supposed to be
last 20 years many appropriate architectures for fast A/D cor@nd limited tor /7" by an external low-pass filtef1,,, (s),
version have been proposed. Among them, time interleave@ €{l,2,... M}arethe contlnuogs-tlme a}naIyS|s fllter§ apd
structures were mostly studied and the most widely used b (2): ™ € {1,2,..., M} are the discrete-time synthesis fil-
different A/D converters manufacturers. Unfortunately, thel€'S: The blocks;, ..., gar are the branch quantizers. In this
resolution of time-interleaved A/D converters is limited by P2Per. quantization noise will not be considered. After the
the mismatches between converters and clock timing error@n@lod filtering, the branch signais, (1), m € {1,2, ..., M}
Hybrid Filter Banks converters (as shown in Figure 1) are an?'® sgmpled at the rate f /M T. The Fourier transform of
other option for fast A/D conversion. Such an option over-¥(1) is [3], [10]:

comes some of the drawbacks of the time interleaved archi- o
tectures. Velazquez [1] has shown that HFB attenuate branch Y (e9) = 1 Z X - j%—p)Tp(ejw), (1)
ADC mismatches and timing errors. HFB A/D converter ar- T p=—oo MT

chitecture has been proposed by Petraglia and Velazquez [2],

[3]. An intermediary architecture between hybrid filter bankswhere

and all-digital filter banks has analog filters using a switched- Lo )

capacitor technique (e.g. [2]). This combines the advantages joy L jw . L 4TD

of using the well-established digital filter bank perfect re- T(e™) = M Z Fn(e7) Hin (592 jMT)’ @)

construction theory and the existence of analog analysis fil-

ters. However, the switched-capacitor A/D converters introandw = 7. Sincexz(t) is bandlimited tor/T, it can

duce severe speed limitations. The latter can be overcome e shown that the sum in (1) has oriy/ — 1 non zero

HFB converters. terms when—7 < w < 7 [10]. T, forp € {—(M —
Different methods of designing HFB have been proposed), ..., —1,1, ..., M — 1} are the aliasing functionsIy gives

[3], [4], [5]. [6]. [7], [8] or [9]. However, a problem that the filter bank frequency responselif for p # 0 are can-

m=1



Analysis bank Synthesis bank This corresponds to a parallel LC structure wizhy being the

— he ﬁ;xl(k) F L— natural frequency of the resonator afjg, the quality factor.

For H,(s), low pass filters are usually considered. Simple RC
circuits were used:

Xo(K
o Pl k| . o
! ! ! ¥ s+ ’ RC4 ’
! T where (2, is the cut-off frequency of the filter. Taking into
| | | account realization errors in the previous case, (4) and (5)
become:

o g [} fr S Vv .

gL Ar)s + 22(1+ Do)

Fig. 1. Hybrid filter bank m € {2,.., M},
celled and is called the distortion function. Perfect recon- H(s) = M (7
struction means the output is only a scaled, delayed and sam- s+ (1 + An)
pled version of the input: In (6) and (7)A+,, andA; are the relative errors of the ana-
log filters coefficients:
. ce vl p=0 €Er €c. +ec. +e€
T ejw _ I A m = Rm Cm Cm Rm , 8
p( ) {0 pe{-(M-1),..—1,1,..., (M -1} ! 1+egr, ec,, +€c,, +€R,, ®)
, ) , (3) €L, C, T EC,, T €L,
d € R,d > 0is the filter bank’s delay and € R is a scale Aoy = 9)

9
l+ep,.cc, +ec, teL,

factor. .
It must be emphasized that the aliasing errors which ariyherem € {1, .., M} andeg,,, €c,,, €1, are the relative re-

. o . . lization errors of the analog components of the resonators. In
predominant, limit the spurious free dynamic range (SFDR . . .
L " : . rder to evaluate the error effects on the distortion and alias-
of the ADC converter built in HFB configuration. Assuming,

for instance, the classicéldB/bit scheme, the maximum ex- N9 functlons,_ Monte Carlo simulation with)00 tnals was
pected resolution cannot be higher thas., . |7, (¢7*) ag/6. performed using (8) and (9) to compute analog filters coeffi-

cients errors. Different error values for resistors and capaci-
tors were taken. A four channel hybrid filter bank was con-

3. SENSITIVITY sidered with128-length FIR synthesis filters. The results are
summarized in Table 1. Figure 2 presents a comparison be-
3.1. Effects of analog components realization errors tween the magnitudes of the distortion and aliasing functions

_ _ _ _ for the three cases considered: in Case 1 there are no analog
This section studies one of the most important drawbacks ®fyrors. In Case 2 a percent error for the resistors and
implementing A/D converters in HFB structure: the degra-percent error for the capacitors were considered. In Case 3,
dation of the HFB performances in the presence of analoghe resistors were affected bysapercent error whereas the
Components realization errors. |nd66d, analog tolerances b@apacitors were affected bylepercent error.
ing non zero, the implemented transfer functions of the ana-  Other filter structures were studied. Butterworth filters
log filters may be quite different from the theoretical, wantedyere also considered since they are used as analysis filters in
transfer functions. As a result, the perfect reconstruction consgme previous HFB designs [4]. Third order Butterworth fil-
ditions that were well approximated by the desired transfefers were taken into account for this study. Again, a Monte
functions are no longer satisfied by those obtained in the marcarlo simulation with1000 trials was performed for a four
ufacturing process. channel hybrid filter bank with28-length FIR synthesis fil-

In order to study the influence of realization errors, a realters. The results are shown in table 2.
istic example hgs bet_an chosen. The range of pqssible choices Only very small errors on analog components generate
for the analog filters is small [7], [8] since only simple struc-very significant errors on the distortion and aliasing functions.
tures may be implemented in high frequency analog electrorguch errors could mean that HFB might be impossible to im-
ics. For example, basic resonators were chosen as analypiement in the real world. It is obvious that some kind of

filters: calibration of the synthesis filters taking into account the real
Py values of the analysis filters (as obtained after physical imple-

n g ) o .
Hyn(s) = Qm m e {2, ..., M}. (4) mentation) must be done. This will make the object of future

2+ 5ms+ 022 publications.
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Table 1. HFB performances in the presence of analog real- 0-15 -
ization errors for an analysis bank using resonators e Ea o .
g o~ - \ i /
Analog Mean Peak Mean Peak I S |
errors aliasing | aliasing | distortion | distortion 001; R
(dB) (dB) (dB) (dB) oz}
No 4151 | 126 | 1.7-107° | 1.2-10°° PP ez remeney pradsangl)
analog errors 2
er, = 0.01 ol ‘ ]
er,, = 0.01 -48 -41 0.0004 0.04 b7 TN I
ec,, = 0.005 | N
er,, = 0.01 E ool “* |
er,, = 0.01 -45 -38 0.0004 0.05 R St N
ec,, = 0.01 140 o1 02 03 04 05 06 07 08 09 1
R 0.05 Normalized Frequency (xmtrad/sample)
fLm = 0.05 35 29 0.02 0.2 Fig. 2. Comparison between the magnitudes of the distortion
om = 0.01 (high) and aliasing (low) functions in three cases: Case 1 - No
analog errors; Case 2, = ¢1,, = 0.01,¢¢,, = 0.005;
Case 3 €Ryy = €Ly — 0.05, EC,, = 0.01
Tab_le 2. HFB performances in the presence of analog reaI,Ehe desired transfer function is:
ization errors for Butterworth analysis filters N
Analog Mean Peak Mean Peak Fp(e??) = Z frm(n)e™" m e {1,2,..,M}  (10)
errors aliasing | aliasing | distortion | distortion n=0
(dB) (dB) (dB) (dB) then the implemented one is:
No 102 80 | 4.6-107 | 3.3.10°* N
analog errors Fn(e7?) = Z fm(n)e 7*" (11)
€r,, = 0.01 n=0
€L,, = 0.01 -53 -37 0.0005 0.05 the error introduced by coefficient quantization is:
ec,, = 0.005 N1
Ry =001 Ep(€7?) = F(e/%) = F(e7*) = Y em(n)e ™, (12)
er,, = 0.01 -51 -35 0.001 0.07 —=
ec,, = 0.01 ~ . . .
wheree,, (n) = fin(n) — fm(n). If a truncation quantization
ehp = 0.05 is used, ther,,(n) € [0,A), with A = 23 and B is the
€Lm = 0.05 -40 -24 0.01 02 length of the digital word and:
ec,, = 0.01
N—-1
[En(e)] < 3 lem(n)] = NA, (13)
n=0

Using (2) and (12), the implemented aliasing and distortion

3.2. Effects of digital filters coefficient quantization functions are:

M
In this section it is assumed that the FIR filters are imple-’f Gwy _ jw 1 jw . 2mp
oo i X e =T,(e?%) + — E,(e?°)H,, (102 — j—=),
mented in direct form structure. It is also assumed that fil- p(e”) p(e”) M mX::l (e7*)Hon (7 JMT)
ter multiplications are done with higher internal precision and (14)

that only the output of each digital filter is quantized. A fixed pe{-(M-1),..—1,0,1,...,(M —1)}.
arithmetic representation for filter coefficients is supposed % he error appearing in the distortion and aliasing functions
be used and no analog realization errors are taken into ag; ; .
. o . an be written as:
count. The error which the quantization of the coefficients ‘ o }
produces in the transfer function can be easily evaluated. If Er, (e7%) = Ty(?”) — Tp(e??). (15)



Table 3. HFB performances in the presence of coefficient
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