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APPLICATION NOTE

RELIABILITY REPORT : ETC5040 FILTER,
ETC5057 AND ETC5067 COMBOS

1. RELIABILTY TEST MATRIX

The reliability evaluation program designed for the
ETC5040 FILTER, ETC5057 and ETC5067 COM-
BOS requires the following tests :

2 . TEXT DESCRIPTION

2.1. HIGH TEMPERATURE OPERATING LIFE
TEST

The basic test used to evaluate device reliability is
high temperature operating life test.

+ Operating life test
» Temperature cycling

Failure mecanisms from the random area of the re-
liability life are accelerated at 125 °C.

The devices are loaded on boards and they are dy-
namically exercised as shown in the following figure.

ETC5040
. L DRIVER SIGNAL
TODRIVER 1| Veyy* Vexol 28 1,:1 tav .[
rD_E’ Vexi- GND, |15
31 Gsx cLkojis v+5* —av _l
21 Vero poN 3 -5V
5 20ms
PWRI CLk 12 Qi CLOCK 01
§ ] pwro+ anop |
) p +sv
PWRO— Vep P2
8
-5V -a——uo Vg VCC-Q——>+5V
F =800 kHz
ETC5057
ts5v=v® v-=_sv
woa \ CH1
1000 Ves Vet e o1 +3V T /\
2] anop, Ve 5
-2} Vepo Gsy E -3v J.
4 13 =
Vee TOP GNDp o F =50 or 60 Hz
CHZ o Slesy VIEW g |12 W c2
cH
6 o oy 1 _7
7
BCLKg/ 10
| 8 cirsEL  BCx ° -l
CH19 MCLKR/PDN MCLKy CHS - L
12Hz 200 kHz
s0% 50% 23
125 us F=8kHz
AN338/0489 177
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APPLICATION NOTE

2.2 OPERATING LIFE TEST FAILURE RATE COMPUTATION

The degradation processes affecting the reliability of electronic devices is such that the failure rate can be
described by the Arrhenius model.
Ea : Activation energie (e)

—-Ea k : Boltzmann'’s constant
AT =Kexp———(2) (8.63x10°eVK)
T : Absolute temperature (K)
K : Constant

At a given temperature, the failure rat is defined as :

N
A= No-Tn

N : Number of failures
() Nb : Number of devices tested
TH : Number of test hours

To determine the corresponding failure at other temperatures, an acceleration factor given by the Arrhenius
Relationship is used :

A (T1) [ —Ea ( 1 1 ) ]
= - - = 4
F(T,T2) A (T2) K T T2 “
T4 : Junction temperature during test (K)
T2 : Desired junciton temperature (K)

Time (Hrs)
|
10 14V [ 11.0ev
/0 8ev
10% /
/I y 4
Shows the acceleration factor 10| Arrheni
enius plot, used for the calculation
for d-"grenl men_nal SeV. of the | factor for a given
activation energies L 1/ ivation energy
(Arrhenius plot) 4 /
3|
0 0 4e
v A - prd
L/ 0 3eV.
103
Y iVA -
y V Y 7
10!
10 T e

250 200 175 150 125 100 75 50 25

Using equation ), we can determine the equivalent device-hours Enp TH at temperature Tz for a given acti-
vation energy :
ENp. TH (2) = F (T1, T2) x No - TH (T1) (5)

Thus the equivalent failure rate at temperature T2 comes as :

N ®)

M o Th g

2/7
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APPLICATION NOTE

The failure rate of a device showing failures with dif-
ferent activation energies is computed by summing
equation (6) on all the activation energies :

N;
& (ENp TH) i (T2) @

Where Niis the number of detects with an activation
energy of Eai.

In this report, failure rate computations on high tem-
perature operating life test data are performed with
aconfidence level) of 60 %, using the CHI-SQUARE
(X2) distribution as shown in (8).

X2(1=CL), 2N +2)
2Np- TH
CL : Confidence level

A (T2) =

AT = (8)

For high temperature life test data, CL = 0.6 (60 %)

2.3 TEMPERATURE CYCLING

This test evaluates the devides ability to withstand
both extermes of temperatures and rapid changes
in temperature.

Temperature cycling is effective in testing thermal
expansion compatibility of the various mechanical
interfaces present on the device.

Test Conditions :

Ceramic encapsuled devices are submitted to
temperature cycling specified by Mil Std 883C Me-
thod 1010.1 condition C which states a sequence of
100 cycles (air to air) from 65°C up to 150°C, with a
transfer time less than 5 mn.

L7 S5S-THOMSON 8
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3. RELIABILITY TEST RESULTS

ETC 5040
HIGH TEMPERATURE OPERATING LIFE TEST (HTOL)
TEMP. 125'C
Lot 168 H 500 H 1000 H 2000 H §000 H
A 0/80 0/80 0/80
B 1/100 0/99 0/99 0/99 0/99
C 0/59 0/59 0/59 0/59
D 0/70 0/70 0/70 1/70
E 0/70 0/70 0/70 0/70
F. 0/80 0/80 0/80 0/80
G 0/80 0/80 1/80
H 0/80 0/80 0/80
| 0/80 0/80 1/80 0/79
J 0/80 0/80 0/80 0/80
K 1/80 0/79 0/79 0/79
L 0/80 0/80 0/80
M 0/80 0/80 0/77
N 0/80 0/80 0/79
(o] 0/80 0/80 0/80
P 0/80 0/80 0179
Q 0/79 0/79 0/79
R 0/80 0/80 0/80
S 0/80 0/80 0/80
T 0/80 0/78 0/78
U 0/80 0/80 o175
v 0176 0176 0/76
w 0/80 0/80 0/80
X 0/77 0177 0177
Y 0/80 0/80 0/80
Z 0/80 0/80 0/80
AA 0177 077 0177
AB 0/80 0/80 0/80
AC 0/80 0/80 0/80
AD 0/80 0/80 0/80
AE 0/78 0/78 0177
AF 0/80 0/79 1/79
AG 0/80 0/80 0/80
AH 0/39 0/39 0/39
Al 0/40 1/40 0/39
AJ 0/45 0/45 0/45
AK 0/80 0/80 0/80
AL 0/44 0/44 0/44 0/44
AM 0/45 0/45 0/45 0/44
AN 0/45 0/45 0/45 0/45
AP 0/39 0/39 0/39
AQ 0/50 0/50 0/50
an LS7 SGS-THOMSON
Y/ wicrorECTRONICS
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ETC 5057
HIGH TEMPERATURE OPERATING LIFE TEST
TEMP. 125'C
Lot 168 H 500 H 1000 H 2000 H
A 0/74 1174 0/73
B 2/80 0/78 0/78
C 0/70 0/70 0/70
D 0/83 0/83 0/83
E 0/80 0/80 0/80
F 0/80 0/80 0/80
G 0/77 077 077
H 0/75 0/75 0/75
| 0/75 0/75 0/75
J 0/80 0/80 0/80
K 0/80 0/80 0/80
L 0/80 0/80 0/80
M 0/80 0/80 0/80
N 0/80 0/80 0/80
(0] 0/80 0/80 0/80
P 0/80 0/80 0/80
Q 0/80 0/80 0/80
R 0/80 0/80 0/80
S 0/80 0/80 0/80
T 0/80 0/80 0/80
U 0/80 0/80 0/80
\ 0/75 0/75 0/75
w 0/80 0/78 0/78
X 0/80 0/80 0/80
Y 0/80 0/80 0/78
z 0/80 0775 0/75
AA 0/70 0/70 0/70
AB 0/79 0/79 0/79
AC 0/79 0/79 0/79
AD 0/79 0/79 0/79
AE 0/79 0/79 0/78
AF 0/80 0/79 0/79
AG 0/80 0/80 0/80
AH 0/79 0/79 0/79
Al 0/78 0/78 0/78
AJ 0/80 2/80 0/78
AK 0/80 0/80 0/80
AL 0/78 0/78 0777
AM 0/80 0/80 0/73
AN 0/79 0/79 0777
AO 0/76 0/76 0/72
AP 0/80 0/79 0/79
AQ 1/43 0/42 0/42 0/42
AR 0/48 0/48 0/48 0/48
AS 0/40 0/40 0/40
AT 0/45 0/45 1/45 0/43
AU 0/80 0/80 0/80
AV 0/80 0/80 0/80
AW 0/45 0/45 0/45 0/45
AX 1/45 0/44 0/44
AY 0/45 0/45 1/45
AZ 1/45 0/43 0/43
BA 0/45 0/45 0/45 0/45
BB 0/80 0/80 0/80
Ly7 SGS-THOMSON 57
Y/ MiCROELECTRONICS
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ETC 5067
HIGH TEMPERATURE LIFE TEST
TEMP. 125'C
Lot 168 H 500 H 1000 H 2000 H
A 0/80 0/80 0/80 0/80
B 0/80 0/80 0/80 0/80
c 0/80 0179 0179 0179
D 0/80 0/80 0/80
E 0172 1772 071
F 0172 072 0172
G 0/80 0/80 0/80
H 0172 0172 0/69
[ 072 072 0172
J 1/80 0179 0179
K 1/45 0/44 0/44
L 0/80 0/80 0/80
M 0/44 0/44 0/44 0/44
TEMPERATURE CYCLING
(100 CY)
Lot ETC 5040 Lot ETC 5057 Lot ETC 5067
A 0/40 A 0/38 A 0/47
B 0/23 B 0/40 B 0/40
c 0/50 c 0/40 c 0/40
D 0/40 D 0/45 D 1/40
E 0/40 E 0/39 E 0/40
F 0/37 F 0/40 F 0/40
G 0/36 G 0/40 G 0/40
H 0/39 H 0/40 H 0/40
I 0/40 | 0/40 I 0/40
J 0/40 J 0/40 J 0/40
K 0/40 K 0/37 K 0/40
L 0/40 L 0/38 L 1/40
M .0/40 M 0/40
N 0/40 N 0/39
o 0/40 o 0/40
P 0/40 P 0/40
Q 0/40 Q 0/40
R 0/40 R 0/40
s 0/40 s 0/40
T 0/40 T 0/45
u 0/40 u 0/40
v 0/40 v 0/40
w 0/40
X 0/38
Y 0/38
z 0/38
67 LSy SGS-THOMSON
Y/ ricRoElECTRONICS
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4 . FAILURE RATE PREDICTION FOR ETC5040 / ETC5057 / ETC5067

4.1. OPERATING LIFE TEST FAILURE RATE :

Test estimation was made by assiging to all failures
the average activation energy for MOS devices, de-
fined by standards such as the MIL-HDBK 217B
(Ea=0.7 eV).

The acceleration factor was computed using junc-
tion temperatures taking into account the package
thermal resistance and device power dissipation.

Results of this estimation are summarized in the fol-
lowing table :

. Equivalent . Failure
Device H'ours EA DeviceHours L'f? Test Rate in Fits
at125'C (EV) at55'C Failures (60% C. L.)
ETC5040J 3.85 x 10° 0.7 2.77 x 108 7 30
ETC5057J 4,06 x 108 0.7 2.92x 108 10 39
ETC5067J 1.21 x 108 0.7 8.71 x 108 3 48

5. CONCLUSION

- This report summarizes updated reliability data
for MCOS ETC5040 Filter and ETC5057 and
ETC5067 COMBOS from SGS-THOMSON
Micro-electronics.

- Using operating life test results, a failure of 30 fits

may be predicted at 556 C (60 % C.L,
EA = 0.7 eV) for ETC5040 and 39 for ETC5057.
The failure rate for ETC5067 is expected to de-
crease since currently tested devices will gene-
rate additional devices hours.

o7

SGS-THOMSON
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APPLICATION NOTE

HOW TO CHOOSE A FILTER IN A SPECIFIC APPLICATION

INTRODUCTION

OBJECT OF THIS APPLICATION NOTE

The approach of SGS-THOMSON Microelectronics
regarding filtering is aimed at providing all the infor-
mation required for designing the filter best tailored
for a given application. The first step in this ap-
proach, and undoubtedly the most important since
it is essential for all the others, therefore consists in
indicating how, starting from this application, the
complete system specifications of a filter must be
written. This is the purpose of this application note.

REMINDERS ABOUT THE PRESENT STA-
TUS OF THE SGS-THOMSON FILTERS

The SGS-THOMSON approach consists in manu-
facturing Mask Programmable Filters (M.P.F).
These filters are of the switched capacitor type.
They all have the same structure, up to the last mask
level (interconnection level). This level is therefore
the only one differenciating these filters from one
another. We will not describe in full detail the struc-
ture of these filters, but simply remind their main fea-
tures, and then briefly describe the presently
available M.P.F'’s.

MAIN FEATURES :

The main features of these M.P.F’s are as follows :

» TECHNOLOGY HCMOSH1 (high-density linear
CMOS)

w AVAILABLE ORDERS 2 TO 12 (whatever the
type of M.P.F.)

= INPUT SIGNAL FREQUENCY 0 TO 30KHz

» INTERNAL SAMPLING FREQUENCY : 500Hz
TO 1MHz (depending on the M.P.F. considered)

= INTERNAL SAMPLING FREQUENCY/CUT-
OFF FREQUENCY RATIO : 10 TO 200 (depen-
ding on the M.P.F. considered)

= THE RESPONSE CURVES (amplitude and
phase) may be translated by changing the sam-
pling frequency

= SIGNAL/NOISE RATIO : 70 TO 85dB (depen-
ding on the internal structure of the M.P.F. consi-
dered)

» POWER SUPPLIES : + 5V OR - 10V

= CONSUMPTION MAY BE ADJUSTED BET-
WEEN 0.5 TO 20mW PER ORDER

ANO052/0189

By O. Leenhardt

= ACCURACY OF THE CAPACITOR RATIOS :
0.1%

s ACCURACY OF THE CUT-OFF FREQUEN-
CIES : 0.5% (max.).

STANDARD M.P.F.’S AND CUSTOM
M.P.F.’S :

SGS-THOMSON MANUFACTURES TWO
TYPES OF M.P.F.'S

* Standard M.P.F.’s :

They make up a family presently consisting of 10
models, but this family will expand in the future, ac-
cording to the evolution of requirements. These
M.P.F.’s are the following :
- 5Low-pass M.P.F.’s:
TS 8510 (CAUER, 5th order : 32dB attenua-
tion)
TS 9511 (CAUER, 7th order : 50dB attenua-
tion)
TS 8512 (CAUER, 7th order : 75dB attenua-
tion)
TS 8513 (CHEBYCHEV, 8th order)
TS 8514 (BUTTERWORTH, 8th order)
_ 3 High-pass M.P.F.’s :
TS 8530 (CAUER, 3rd order : 15dB attenua-
tion)
TS 8531 (CAUER, 6th order : 15dB attenua-
tion)
TS 8532 (CHEBYCHEV, 6th order)
- 1 Notch M.P.F.'s :
TS 8540 (8th order: Q=7)
- 2Band-pass M.P.F.’s :
TS 8550 (CAUER, 3rd order : Q = 5)
TS 8551 (high-selectivity filter Q : 35)

Note : The detailed description of these M.P.F.’s
has been the subject of a previous application note.

¢ Custom M.P.F.’s :

SGS-THOMSON commits itself to supply the first
samples 4 to 6 weeks after the customer’s definition
of the template. All types of filters may be provided
(BUTTERWORTH, LEGENDRE, CHEBYCHEV,
BESSEL, CAUER), for conventional applications
(low-pass, high-pass, bandpass, notch filters, group
delay equalizers) or for simultaneous optimization
of the amplitude and the phase templates.

118
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HOW TO DEFINE THE COMPLETE SYS-
TEM SPECIFICATIONS OF A FILTER

FILTER SYSTEM SPECIFICATIONS

The system specifications of a filter are complete

when they indicate :

- the amplitude template (amplitude response
curve)

- the phase template (phase response curve)

- the group delay curve

- the pulse and step responses

- the dynamics

- the noise factor

- the input and output impedances

- the load impedance (resistance and capaci-
tance)

- the type of signals to filter (level, spectrum,...)

- the value of the power supply sources
- the operating temperature range

- the size (the dimensions)

- the price

Amongst all these parameters, the knowledge of
three of them is essential from the technical point of
view

- the amplitude template

- the phase template

_ the group delay curve.

As we shall see later on, the following definitions
may be used, with minor modifications, for all types
of filters. Our definitions are given only for low-pass
filters, since we can always relate back to this type
when studying any other kind of filter (see 3.B).

Figure 1 : Different Parameters used for Defining an Amplitude Template.

Attenuation
or Gan (dB)
o ke b i
i oo ———— requency
Passband | 02— T\ J| —
wple 4 K\, i
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K3f————————— T 12
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o
Y
3
a
=1
Passband Transition|  Stopband |3
band 5
o
3

E88AN052-01

* Amplitude Template (figuret) :

We cannot expect two filters, assumed to be simi-
lar, to have exactly identical response curves. This
is the reason why we use the concept of template,
which is a sort of envelope of the response curve li-
mits in terms of the frequency. The amplitude tem-
plate is therefore the graphical representation of the
filter's "amplitude - frequency" limiting conditions. Its
definition is based on the following parameters (low-
pass filter) :
- maximum passband attenuation (or gain) (Ga) :
maximum level the signal may reach within the
passband (in dB).

218 Ly SGs-THOMSON

- minimum passband attenuation (or gain) (Gp) :
minimum level the signal may reach within the
passband (in dB).

- minimum stopband attenuation (Gc) : minimum
attenuation level of the signal within the stopband
(in dB).

- passband band of frequencies for which the at-
tenuation (or the gain) must fall between Ga and
Gb.

- transition band : band of frequencies for which
the attenuation must fall between Gp and Gc.

- stopband : band of frequencies for which the at-
tenuation must be less than Gc.

- cut-off frequency (Fa) : passband upper limit.

MICROELECTRONICS
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- selectivity factor k : equal to the ratio Fa/Fy, it de-
fines the width of the template transition band,
and therefore of the filter selectivity. It is always
less than 1.

Other parameters must be added when the res-

ponse curve considered falls within this template :

- passband transfer factor (K) : attenuation (or
gain) factor of the response curve within the
passband, relative to the 0dB (in dB).

- passband ripple : maximum amplitude difference
between two points of the response curve within
the passband.

- cut-off frequency (Fc) : frequency corresponding
to a 3dB attenuation relative to the passband
transfer factor.

Note : The template of a filter is therefore comple-
tely determined once the values of Ga, G, Ge, Fa
and Fp are known.

¢ Phase template :

Within a real filter, all the frequencies are not trans-
mitted at the same velocity. A non-constant phase
shift results (and therefore a distortion) between the
output signal and the filter input signal. The phase
response curve of afilter is the phase shift curve due
to this filter, in terms of the frequency. As with the
amplitude response curve, it must be within a phase
template, sort of graphical representation of the
"phase - frequency" limiting conditions of the filter.

¢ Group delay curve :

As a consequence of what we have seen above, the
group delay concept is preferred to that of propaga-
tion velocity of each of the frequencies of a spec-
trum. We shall thus no longer speak of the
propagation velocity for a given frequency, but for a
group of frequencies. This group delay is related to
the phase shift by the following relationship :

do

do
with o = pulsation.
We may infer from this relationship that the steeper
the slope of the phase response curve in terms of
the frequency, and therefore the more abrupt the fil-
ter cut-off, the greater the group delay of a filter will
be :

Note : On the group delay curve of the different fil-
ters shown below (see 3.D), the value to read on the
y-axis corresponds to a normalized group delay
wc. T equal to To, thatis an actual group delay ex-
pressed in seconds equal to : T = To/ ® ¢, With

¢ = cut-off pulsation of the filter.

¢ Other parameters :
- pulse and step responses :

The pulse response of a filter is its response to a DI-
RAC pulse. It can be shown that :

¢ x(t) any type of signal : y(t) = h(t) % x(t) with %
- convolution product

= Y(p) = H(p) . X(p)
with H(p) - transfer
function

* x(t) DIRAC pulse (& (1) :y & (t) = h(t) % (1)
= Y38 (p)=H(p)

The pulse response y (t) of a filter is the time repre-
sentation of its transfer function H(p). It is an intrin-
sic feature of the filter. It contains all the information
relative to the response of the filter to any type of si-
gnal.

The step response of afilter is its response to a HEA-
VISIDE step (unit step). On figure 2, we can see the
concept of filter settling time. In effect, if a signal ha-
ving a spectrum within the filter passband is applied
to thefilter, the settling time is equal to the time elap-
sed between the time the signal was applied at the
filter input and the output signal obtained, to within
a given percentage of the final value (1%). This set-
tling time is closely related to the width (B) of the fil-
ter passband (1/B for a bandpass, 1/2B for a
low-pass).

- dynamics.

The dynamics of a filter is the ratio between the
maximum level of the output signal and its minimum
level, that is, the noise level. It is expressed in dB.

- noise factor.

The noise factor is the ratio between the total filter
output noise power and the output noise power due
only to the noise applied at the input. It is expressed
in dB. For a given structure, the filter output noise
mainly depends on the amplitude template, since it
is an exponential function of the overvoltage factor
Q (see 3.C). In the active filters, the noise is not
"white", or at least not throughout the band conside-
red. Itis therefore necessary to split this band up in-
to several frequency areas, and to define the
corresponding noise features for each of them. We
may then speak of a noise power (or voltage) per
Hertz (or Hertz square root), for a given frequency
(nW/Hz or nV/ N Hz). The noise optimization of a fil-
teris not always easy, and this could be kept in mind
at system specifications definition time, especially
for filters requiring high dynamics ( 60dB).

- type of signals to be filtered :

L3y S5S-THOMSON 318
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Although this may seem obvious, it is not useless to
remind the importance of knowing accurately the
type of signal to filter, before defining the system
specifications of the filter. The signal amplitude
curve must be studied in detail (regarding the com-

patibility with the authorized filter input swing), as
well as its frequency spectrum, in order to suppress
the possible interaction of undesired frequencies
(50Hz, various harmonic components,...) during
system specifications definition time.

Figure 2 : Settling Time (ts) of the Step Response of a Unit Step (v)).

ﬂ "

overshoot
Vi L ] ; \

+1%o0f Vo
/\ —‘#

14 Sy

084
07
06
0.5 |

04 ] Ts

09 N\

St

03
02,
01

- E88AN052-02

PROTOTYPE LOW-PASS FILTER

* Frequency standardization :
By standardizing the frequency units, the template

of any filter may be related back to an template for
which only the frequency ratios intervene.

Examples :
- low-pass:
Gain Gain
4
Ga G,

Gp

Ge

Fa Fp Fe Freq
E88AN052-03

Gp

a
I

Gof 41

|

I

I

1 fp Freq
E88AN052-04

Fe normalized cut-off
frequencies of the template

418 L3 SGs-THOMSON
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- High-pass :
Gain Gain
3 4
G |- —— — Gy b — —
Gp b— — — — — —— Gy e — — — —
, , ”
4 4 | / 4 | A
G | G '
|| . L .
Fa Fc Fo Freq fa 1 fp Freq
E88AN052-05 E88AN052-06
Same relationships as above
- Bandpass :
Gain Gain
A
Gy | —— — G | —
Gp |— — — Gp |——
| I
Z /2 l 4 z/ 7 A 2 I ), A
1 4 I" | | 4 q |Jf | 4 \1
I I | l | !
. | | | . [ l
oy - > 7
AT T [ i —
I I I 1 | ||
FaFeoFo Fo FpFenF'a  Freq Tafebfo 1 fofechfa  Freq
E88AN052-07 E88AN052-08
Fo V Feb - Fch charactenstic frequency faz Fa <4 fac Fa_ o4
B Fch — Feb passband Fo Fo
A B relative band
Ff{ , fob= Feb <1 feh= Feh_ 51
k _FE'b=F" selectwity factor Fo Fo
Fra—Fa
fo= Fb <1 fp= E'b_ g
Fo Fo
L7 SGS-THOMSON 518
Y/ wicRoEECTROMES
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- notch:

Gain

G,

Gy <

Ge

|
I Y -
FaFeo Fy  Fo  F'oFenF Freq

E88AN052-09
Same relationships as above

Gain

I T .
fa febfb bl "o fch f'a Freq

E88AN052-10
Same relationships as above

¢ Prototype low-pass filter :

Once the standardizations above have been perfor-
med, some transformations allow the high-pass,
bandpass and notch filter template to relate back to
that of a so-called "prototype" low-pass filter. These
frequency transformations are as follows :

- low-pass — high-pass.

It consists in replacing p by 1/p in the low-pass filter
transfer function. Thus, conversion from the low-
pass template to the high-pass template is perfor-
med in the following way:

fa——)f’a1/fa

fo - f'p 1/fb
- low-pass — bandpass :

It consists in replacing p by 1 (p + 1/p) in the low-

pass filter transfer function.%’hus, conversion from
the low-pass template to the bandpass template is
performed in the following way :

fop feh f'a f"a fip ' 1
- low-pass — notch filter :

It consists in replacing p b 1
consists in replacing pby b +1p)
A
in the low-pass filter transfer function. Thus, conver-
sion from the low-pass template to the notch filter
template is performed in the following way :

feb fen f'a f"a f'o ' 1
Therefore, in the remaining parts of this notice, all
the calculations and examples will be related back

to a (prototypa) frequency-standardized low-pass
filter template, since conversion to the template of

o118 L7 S5s-THOMSON

any other type of filter can be obtained using the
transformations above.

FILTER TRANSFER FUNCTION :
* General definitions :

The transfer function is the mathematical repre-
sentation of the filter amplitude response curve. Itis
an obligatory intermediate, allowing the calculations
of the different filter factors to be carried out. It is ex-
pressed as a ratio between the output level and the
input level of the filter, in terms of the frequency. This
ratio may be expressed as a function of the complex
variable p :

N

H(p) = K- ) (1)

D(p)

with N(p) and D(p) : p polynomials.

This expression may therefore be written in the fol-
lowing way :

am.p" + .. + 1. P+ a0

2

bn.p"+...... +bi.p+bo @
In this form, the order of the filter is defined as being
equal to the degree of the denominator D(p) (in this
case, n). The stability criterium for a filter dictates
that the degree of D(p) (the order of the filter) be
greater or equal to the degree of N(p). On the other
hand, the higher the order of a filter, the more abrupt
its cut-off, as can be seen on the relationship provi-
ding the asymptotic slope of a filter at the cut-off, in
terms of its order :

P 6.n (dB per octave)
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We may also express the transfer function in ano-
ther way, by replacing the coefficients ao,..., am,
bo,..., bn by the roots zi,..., Zm ; p1,..., pn Of the N(p)
and D(p) polynomials :

(p —z1).... .oo(p — Zm)

H(p) =K @)

The zeros of the transfer function are the Zi,..., Zm
constants and the poles are the Py, ..., Pn constants.

(p—=21).....

These constants are either real or imaginary conju-
gated.

It can be shown that if n is even, the poles of H(p)
are all imaginary conjugated, two by two, and that if
nis odd there is a single negative real root. D(p) may
therefore be written in the form of a product of 2nd
order factors if n is even, and in the form of a pro-
duct of 2nd order factors and of a 1st order factor, if
nis odd. A new expression can then be obtained for
the transfer function :

(p —2m)

H(p) =K

n-—

with K = if nis odd, andk =

It can then be shown that any filter can be obtained
by cascading 2nd order cells if n is even, or 2nd or-
der cells and one 1st order cell if n is odd.

* General transfer function for a 1st order cell :

It may be expressed as :

N(p)
H(p) = K———
) 1+a.p
with
* p complex pulsation
¢ atime constant

This last parameter allows the cut-off pulsation (and
therefore the cut-off frequency) of the cell to be de-
fined as its reciprocal
(mc=1aandFc=1/(2.x.a)).

a is a time value such that 3.a (5.a) characterises
the time after which the response has reached 95%
(99%) of its final value.

Note : The expression of N(p) depends on the type

of filter considered :

_ polynomial low-pass filter : N(p) = 1

- polynomial high-pass filter : N(p) = p/a (with p —
1/p)

* General transfer function for a 2nd order cell :

It may be written as follows :

N(p)
1+2.5.p/wo+pTws

H(p) =K

with :
- p:complex pulsation
- K passband transfer factor

- For Low-pass and high-pass cells :

The relationship above allows the following parame-
ters to be defined :

........ P*+2.5k.p.p3)
and without (p —po) if is even

(P—po). (P°+2.81.p+p?)

(4)

* the undamped natural pulsation w o (or charac-
teristic pulsation) used as a standardization pul-
sation (Fo : characteristic frequency).

¢ the damping factor £ , magnitude without units
specifying the shape of the filter responses :

if £ <0.707  distinct, transient, op pulsation oscil-
lations for the unit response ; reso-
nance on the frequency response,

if 0.707 <€ < 1not very distinct, transient oscilla-
tions ; the final value of the unit
response is overstepped. No reso-
nance on the frequency response,

damping factor critical value,

no oscillation, a periodic response

without overstepping the final value

ofttre unit response.

¢ the natural pulsation of the filter
wp =wo.V1-E?2characterising thepulsa-
tion of the filter transient oscillations,

* the resonance pulsation ®r=wo.V1—2.2
specifying the resonance position,

* the overvoltage or resonance factor.

q | H{jor) | 1

| H(O)| 2-& 1-¢2

specifying the value of the gain of the filter for the
resonance pulsation.
* the relative band A related to the overvoltage

factor by the relationship

1

A
Note : The expression of N(p) depends on the type
of filter considered :
- polynomial low-pass filter : N(p) = 1

ifE=1
ifE> 1

Ly7 SGS-THOMSON ks
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- polynomial high-pass filter : N(p) = p2/ w?
- low-pass elliptic filter : N(p) = p® * w2 with
Weo > Wo
_ high-pass ellipticfilter : N(p) = p* 12 with 0ee > G0
- bandpass and notch filter cells :
The relationships above are slightly different for a
bandpass and notch filter, 2nd order cell. In this case:
* Fo =V Fcs .Fch with Feb and Fen : low and high
cut-off frequencies of the cell.

* QFo/ AF with AF = Feh — Fep, called relative
band.

We may infer from this relationship :
Feh - Feb
Fo

Q=

Note : The expression of N(p) depends on the type
of filter considered :

- bandpass filter N(p)2= 2.&.Plwo

- notch filter N(p) = p® * w?

* Conclusion

Figure 3 shows the shapes of the amplitude
response curves of the 1st and 2nd order low-pass
cells, for different values of & . Let us keep in mind
that a 2nd order filter presenting interesting features
is obtained for & 0.707. In effect, the transient oscil-
lations and the resonance (Q = 1) no longer appear,
and the frequency response presents a passband
equal to the value Fo 0 o/(2 . T ).

Figure 3 : Amplitude Response Curves of & 1st and a 2nd Order Low Pass Cells in Terms of the Damping

Factor (called Z on this figure).

10 4

Norm Freq 10

1st order

E‘E —10 J z2=01
@ z=03
E] . -05"
= =07 2nd order
£ 2
—30
—40 E8BAN052-11
CHARACTERISTIC FUNCTIONS - it must comply with the filter system specifica-

The major problem when designing a filter consists
in factorising N(p) and D(p), in order to write the trans-
fer function in the form shown on expression 4. To
simplify the calculations, itis often preferrable to start
from the template considered andto try to have a well
known characteristic function pass within it. As there
are a great number of functions that may be inscri-
bed within a given template, the selection of one of
them will depend on the following features :
- it must be possible to synthesize it
- it must be possible to split it up into a product (or
an addition) of functions, and it must be possible
to carry each one out

8ns L3y s5s-THOMSON

tions (phase, group delay,...)

The filter designer must therefore optimize his se-
lection, taking into account all these constraints. A
relatively great number of well known characteristic
functions simplifies this task.

* Low-pass polynomial filters :
Their transfer functions comply with N(p) 1. The fol-

lowing are the most often used :
- BUTTERWORTH filters :

They correspond to amplitude response curves with
the following features (figure 4).

MICROELECTRONICS
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Figure 4 : Amplitude Response Curves of the Butterworth Low Pass Filters.
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- no ripple within the passband
- not very rapid cut-off near the cut-off frequency.

The phase response curves of these filters present

Figure 5 : Phase Response Curves of the Butterworth Low Pass Filters.

relatively small phase rotations (figure 5).
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The group delays are relatively constant within the Note : The higher the order n of the filter, the closer
passband and their ratio with the group delays of the the amplitude response curve will be to the ideal
frequencies around the cut-off frequency is equal to curve (rectangular template)

1/2 (figure 6).

Figure 6 : Group Delay Curves of the Butterworth Low Pass Filters.

Norm group delay
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- LEGENDRE filters : - cut-off as rapid as possible near the cut-off fre-

They correspond to amplitude response curves ha- quency N
ving the following features (figure 7) : - regular attenuation within the stopband

Figure 7 : Amplitude Response Curves of the Legendre Low Pass Filters.
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The phase response curves are practically identical
to those of a BUTTERWORTH filter (figure 8). Re-
garding the group delays for a given order, they are
relatively constant within the passband, and their ra-
tio with the group delays for the frequencies around

the cut-off frequency is equal to 1/2 (figure 9). But
since the slopes of these curves are very steep for
this frequency, these time are in general higher than
those of the BUTTERWORTH filters.

Figure 8 : Phase Response Curves of the Legendre Low Pass Filters.
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Figure 9 : Group Delay Curves of the Legendre Low Pass Filters.
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- - CHEBYCHEYV filters - - ripples within the passband (up to 2dB)
They correspond to amplitude response curves pre- - - rapid cut-off near the cut-off frequency (at least
senting the following features (figure 10). in the first octave)

Figure 10 : Amplitude Response Curves of the Chebychev Low Pass Filters.

0 1 Norm Freq
10
—10 |
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)
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ki
= —20
£ —20
E
<
—30
—40 |
E88AN052-18
The phase response curves present greater rota- frequency is equal to 1/3 (figure 12).

tions than those of the BUTTERWORTH filters (fi- -

gure 11). The group delays within the passband are Note : The order of a CHEBYCHEV_flIter is equal to
notidentical for a given order, and their ratiowith the ~ the number of extrema of the amplitude response
group delays of the frequencies around the cut-off ~ Curves located within the passband.

Figure 11 : Phase Response Curves of the Chebychev Low Pass Filters.
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Figure 12 : Group delay Curves of the Chebychev Low Pass Filters.
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- BESSEL filters

They correspond to amplitude response curves pre-
senting the following features (figure 13) :

Figure 13 : Amplitude Responses Curves of the Bessel Low Pass Filters.

- very slow cut-off near the cut-off frequency

- small attenuation within the stopband
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The phase response curves are practically identical therefore have a very close to a pure delay charac-
to those of the BUTTERWORTH filters (figure 14). teristic, and they must be used in all applications for
These filters are mainly interesting because of their which the non-distortion of the signal is an essential
group delays, strictly constant within the passband factor.

until beyond the cut-off frequency (figure 15). They

Figure 14 : Phase Response Curves of the Bessel Low Pass Filters.
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Figure 15 : Group Delay Curves of the Bessel Low Pass Filters.
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* Low-pass elliptic filters :
Their transfer functions are such that N(p) may be expressed in the following way :

n . .
= —— if nis even
2

(S (RO E  F—— (p? + o F) with —
\

-1
k= """ itnis odd
2

and o 1, ...., Wk : transmission zeros.

- CAUER filters : - ripples within the passband
They correspond to amplitude response curves pre- - VerY rapid cut-off near the cut-off frequency
senting the following features (figure 16). - presence of one or several transmission zeros

(N(p) roots)
Figure 16 : Amplitude Response Curves of the Cauer Low Pass Filters.
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The phase response curves have greater rotations der, from one area of the passbeind to another, and
than the CHEBYCHEYV filter ones (figure 17). their ratio with the group delays of the frequencies

The group delays are very different for a given or- ?g;und the cut-off frequency is equal to 1/10 (figure

Figure 17 : Phase Response Curves of the Cauer Low Pass Filters.
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Figure 18 : Group Delay Curves of the Cauer Low Pass Filters.
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¢ Conclusion :

A number of nomographs, tables and curves pro-
vide, for each type of function and according to its
order, the amplitude response curves, the phase
response curves, the group delay curves, and also
the pulse and step responses. All these characteri-
stics, and a few others, are summarized in the table
on figure 19.

Regarding our subject, we will keep in mind the fol-

lowing : -

- The BUTTERWORTH filters are interesting be-
cause of the regularity of their passband (no rip-

ple) but their cut-off is not very abrupt

The LEGENDRE filters associate a convenient
regularity of the amplitude response curve with a
cut-off abruptness and a transient behaviour that
are of good quality

The CHEBYCHEYV filters present, at least within
the first octave, an abrupt cut-off, but their trans-
ient behaviour is not very performing

The BESSEL filters present a very good transient
behaviour, but their cut-off is not very abrupt
The CAUER filters allow an extremely abrupt cut-
off be obtained, but their group delay regularity
is mediocre. They present transmission zeros.

Figure 19 : Comparaison between the Performances of the Different Kinds of Filters.

. Kind of Filter
Kind of Performance

Butterworth legendre Chebychev Bessel Cauer
Cut-off Abruptness for a
Given Order [ N J [ J | N | o000 EEE
Regularity of the Amplitude Ripple within the Ripple within the
Response Curve EEE Em Passband/ EE Passband and

regular within the Notch
the Notch
Regularity of the Group
Delay ] [ [ X J EER [ X N J
Sensitivity | B ] [ N | [ J | N | [ N ]
Transient Condition
Distortions | B | L B [ X J EEEN (X N ]
Transmission Zeros None None None None Yes
Required Overvoltage . . .
Fag{tolrs v 9 Very Low Low Medium Medium High
® @ @ : Very Mediocre H H W : Excellent
® @ : Mediocre W W : Very Good
® : Medium B : Good
LN7 SGS-THOMSON 1718
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SOME IDEAS CONCERNING FILTERS
DESIGN

We will assume for the following that the future des-
igner has a comprehensive knowledge of the sys-
tem specifications of the filter required for this
application. We will show briefly how, starting from
these system specifications, he may design the fil-
ter required. Since this study is beyond the scope of
his application specification, this approach will ne-
cessarily be very brief.

The design of a filter is performed in four steps :

- determining the characteristic parameters of the
filter

- selecting the type of filter

- calculating the filter transfer function

- filter synthesis

A. DETERMINING THE CHARACTERISTIC
PARAMETERS OF THE FILTER :

From the amplitude template related back to the pro-

totype filter template (standardized low-pass), the

following parameters are assumed to be known :

- Ga. maximum gain within the passband

- Gb. maximum attenuation within the passband

- Gc. minimum attenuation within the stopband

- k selectivity

- A relative band (only for the bandpass and the
notch filters)

The knowledge of these parameters will allow the
complete design of the filter to be performed.

B. SELECTING THE TYPE OF FILTER :

We have seen the different features of the BUTTER-
WORTH, LEGENDRE, CHEBYCHEV, BESSEL
and CAUER filters. Let us keep in mind that the main
criteria used for selecting a given type of filter are
the following :

- the cut-off abruptness

- the passband regularity

- the group delay regularity

- the existence of transmission zeros

- the behaviour under transient conditions

C. CALCULATING THE FILTER TRANS-
FER FUNCTION :

Let us assume that the type of filter is known. We

18/18
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must now determine its transfer function. Three
steps are required to this end :

a) determining the degree of this function :

The desired amplitude template is related back to
the prototype filter template (standardized low-
pass) ; by placing the different response curves of
the above filters within this template, we obtain not
only a type of filter but also its order, and thereby
the degree of the corresponding transfer function.

b) determining the transfer function of the prototype
filter :

Depending on the different values of the parame-
ters of the prototype amplitude template desired, a
number of nomographs and tables allow the calcu-
lation of the transfer function corresponding to this
template to be carried out.

c) transposing the transfer function :

If the filter to be designed is not a low-pass (high-
pass, bandpass, notch filter), the transfer function
determined above may be transposed to the cor-
responding transfer function, using the transforma-
tions defined above.

D. FILTER SYNTHESIS :

It mainly consists in factorising the final transfer
function in the form of a product of 1st and 2nd de-
gree factors. The desired filter may then be easily
designed, by cascading the 1st and 2nd order ele-
mentary filters corresponding to each of these fac-
tors.

CONCLUSION :

In most - not to say all - electronic applications, the
filtering portion has become one of the most impor-
tant. We have found out that it also was the least
well known. By defining all the parameters specified
in the system specifications of a filter, and by provi-
ding a selection guide amongst the different existing
types, we offer anybody who wishes to do so the
possibility of making up for lost time, and seeing how
this may be inserted into his general application.
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IMPLEMENTATION AND

APPLICATIONS AROUND STANDARD MPF

INTRODUCTION

At a time when increased miniaturisation is the
vogue, the problems posed by the filtering of elec-
trical parameters are on an upward trend. The in-
crease in filter order, progressively improved
performances mean generally that in order to solve
these problems, a considerable increase in compo-
nents (also generally their size) has to be used. The
adjustments in consequence become also more dif-
ficult to effect.

In this gloomy context, the advent of switched capa-
citor techniques has considerably widened the
scope of classical filters. Not content to rest here,
SGS-THOMSON Microelectronics goes even fur-
ther and offers an even new concept in filtering : the
M.P.F. (Mask Programmable Filter).

This application note has therefore several objec-
tives : to explain the switched capacitor principle
(application, advantages), to describe the M.P.F.
general circuit (structure, block diagram, principal
characteristics), to present the SGS-THOMSON
approach (standard, custom) and to finish by a quick
description of all the possible applications of the
M.P.F. and more specially one amongst them : the
frequency detection.

THE SWITCHED CAPACITOR
PRINCIPLE :

Consider figure 1. When the switch is in position 1,
the charge at the capacitor terminalsis Q1 =C x V1.
If the switch is now moved in position 2, the charge
at the terminals of C becomes Q2 = C x V2. This
switching allows a charge transfer Q = Q2 - Q1 =
C x (V2= V1) = C x AV between the points 1 and 2
of the circuit.

This charge transfer in equivalent to the flow of a
current | = AQ/T =AQ x F =C x AV x F where Fis
the commutating frequency of the switch. (F = 1/T)
If we compare now the previous expression with
Ohm law applied to a resistance (I = AV/R), then we
can deduce an electrical equivalence between the
resistor and the switched capacitor :

1

CxF

AN061/0389

The technique of switched capacitors enables us
therefore to simulate resistors with capacitors. Ad-
ditionnally, the values of these resistors vary with
the sampling frequency employed. These two key
points offer considerable advantages to this tech-
nique.

This relationship leads to an important comment. In
effect, the equivalence "transfered charge =discrete
quantity of current” is only valid for high switching
speeds. This is certainly the case for switched ca-
pacitor filters where, in order to avoid aliasing and
smoothing problems inherent in all sampling sys-
tems, relatively high sampling frequencies are used,
sufficiently high, in any case, for the previous rela-
tionship to remain valid.

EXAMPLE OF THE APPLICATION WITH AN IN-
TEGRATOR :

In order to understand the operation of a switched
capacitor integrator, consider the case of a stan-
dard inverting integrator as shown in figure 2.

Remember that the time constant of this circuit
( = R x C’) determines, in active filter circuits, par-
ameters such as bandwith and cut-off frequency.

However, in this example, this time constant pres-
ents a major obstacle : the total lack of correlation
between the values of R and C'. The eventual vari-
ations or drifts of these two values not necessarily-
moving in the same direction, leads to a relatively
high and difficult to handle innacuracy when asso-
ciated with the values mentioned above.

Consider now the switched capacitor integrator
shown in figure 3. According to the equivalence pre-
viously mentioned, the time constant of this integra-
toris equal to :

- Cv
- CxF
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Figure 1 : Principle of the Switched Capacitor.
1 : C produces the charge Q1 = C x V4
2 : C produces the charge Q2= C x V2

\%! —— V2

E88AN061-01
Figure 2 : Standard Inverting Integrator (t= R x C').
__| c,|__
R
o—{ )4
E8BAN061-02
Figure 3 : Switched Capacitor Inverting Integrator (1 = CxF ).
where F is the switching frequency
1 —
(F=— withT= &+ @)
T E88AN061-03

2114
Lyy SGS-THOMSON
Y/ waicromiecTRONICS

956



APPLICATION NOTE

Then, we show in a standard integrator, accuracy
depends upon the absolute values of the compo-
nents, when in a switched capacitor integrator, only
the relative values are considered.

ADVANTAGES OF THE SWITCHED CAPACI-
TOR TECHNIQUE :

The preceeding result shows three major advant-
ages.

The first concerns the relative ease with which an
MOS technology can supply excellent precision of
capacitor ratio (0.1%). Also, since it is not difficult to
obtain good sampling frequency accuracy, the ac-
curacy of the global time constant can attain, with
the switched capacitor technique and no external
adjustments, values better than 0.5%. It is this pre-
cision that we find over the complete frequency
range of M.P.F.

The second advantage concerns the equivalence
"resistance = switched capacitor” and the possibility
offered by this relationship of being able to integrate,
in MOS technology, high values of resistance on a
small surface area.

Finally, the use of a clock offers considerable scope
for modification of the time constant by simple
sampling frequency adjustment. Since this time
constant is proportional to the cut-off frequency, we
can deduce that a constant ratio exists between the
sampling frequency and the cutt-off frequency of the
M.P.F. It is possible therefore, using this technique,
to offset the cut-off frequency of the M.P.F. by sim-

ply modifying the sampling frequency. This last point
highlights the extreme flexibility of use of the M.P.F.
Other advantages of equal importance such as the
almost total absence of external components, low
power consumption, no adjustment and high tem-
perature stability confer on the M.P.F. extreme flex-
ibility of use and very high operating reliability.

THE TS85XX PRODUCT

THE M.P.F. STRUCTURE :

The problems encountered now in filtering (varied
requirements, prohibitive costs, long lead times)
lead SGS-THOMSON to choose a pre-diffused
technique where the final characterization of the fil-
ter is defined by the interconnection mask (last level
of masking).

This structure, shown in figure 4, consists of 8
elementary cells each formed by a switched capa-
citor integrator and two capacitor areas CE and CI.
Each area contains a high number of incremental
capacitors each of value 0.1pF. Thus, according to
the type and filter order of M.P.F. required, the inte-
grators can be interconnected, and according to the
"Gain-Frequency" response curve required, the
various incremental capacitors are also intercon-
nected. The number of incremental capacitors thus
connected varies from one area to another and de-
pends upon the different coefficients of the transfer
function that the M.P.F. is required to execute.

N.B. : Generally, the number of integrators intercon-
nected is equivalent to the filter order obtained.

Figure 4 : A filtering unit consisting of 8 elementary cells each containing a switched capacitor integrator.
Each capacitance area (Cl and CE) contains an optimum number of incremental capacitors of

0.1pF.

E88AN061-04
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Block Diagram :

The block diagram of the M.P.F. structure utilised is

shown in figure 5. The principal internal functions

are :

= a filtering unit composed of 8 switched capacitor
integrators interconnectable between each other
at the final mask level (interconnection level),

= a clock generator producing the various phases
required for the internal switching of the capaci-
tors. These phases are imperatively non-overlap-
ping. The internal clock is obtained via a divider,
equally mask programmable, and which matches
the external clock defined by the user to that of
the M.P.F. As the clock input is TTL compatible,
a TTL-MOS level interface is provided, within the
circuit, in order to obtain the correct voltage
swings,

= a sample and hold unit before the filtering unit,

= a sample and hold amplifier tied to the output of
the filtering unit and which enables low impe-
dance signals to be available at the output of the
M.F.P.

= the adjustment of the DC output level of the
M.P.F. by an external voltage source (for exam-
ple a divider connected between the positive and
the negative power supplies and whose mid-
point is connected to LVL pin of the M.P.F.),
two general purpose and independant operatio-
nal amplifiers available and destined to be used
by the customer for other applications associa-
ted with the M.P.F. (anti-aliasing, smoothing,
comparator, oscillator,...) in association with ex-
ternal components (R, C, crystal),

the adjustment of the power consumption of the

filter by means of the external resistance tied

between the positive supply terminal V* (or
ground) and the corresponding pin of the circuit

(PWF). The power consumption can thus be

choosen to match the particular application.

The stand-by mode is obtained by strapping pin

PWF to the negative supply terminal V-,

» the adjustment of the power consumption of the
two operational amplifiers, obtainable exactly as
for the previous case but via the pin PWA of the
circuit.

Figure 5 : Block Diagram of the Construction Chosen by SGS-THOMSON.

PWA PWF LVL
adjustment of adjustment of adjustment
OP.Amp power filter power of filter DC
cunsumption consumption output level
sample . sample
b and f'hf‘;"ng L1 and hold ouTt
+EA hold uni amplfier
A L
- EA / I_—.
SA -—i
clock generator
la—V+
+EB clock divider
(mask programmable)
—EB I _
fe—V
SB ~—
TTL-CMOS interface
+—GND

CLK
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Principal Characteristics :

The principal characteristics of product TS85XX are
as follows :

» technology : HCMOS1 (high density linear
CMOS)

= available order : 2 to 8 (whatever the type of
M.P.F.)

= input signal frequency : 0 to 30kHz

= internal sampling frequency : 0.5 to 1000kHz (de-
pends upon the M.P.F. under consideration)

u ratio between internal sampling frequency and
cut-off frequency : 10 to 200 (depends upon the
M.P.F. under consideration)

» response curves (amplitude and phase) transla-
table by changing the sampling frequency

= signal to noise ratio : 70 to 85dB (depends upon
the internal construction of the M.P.F.)

= power supply : + 5V or 0-10V

= power consumption adjustable from 0.5 to 20mW
per order

= capacitor ratio tolerance : 0.1%

= cut-off frequency tolerance : 0.5% (max)

THE SGS-THOMSON APPROACH

The SGS-THOMSON approach is to produce two
types of M.P.F. : custom M.F.P.’s and standard
M.F.P.’s.

CUSTOMM.P.F.s :

SGS-THOMSON undertakes to deliver the first
samples within 6 to 8 weeks maximum after the de-
finition of the overall specification by the customer.
All types of filters can be designed (BUTTER-
WORTH, LEGENDRE, BESSEL, CHEBYCHEYV,
CAUER,...) according to the general applications
(low-pass, high-pass, band-pass, notch, group
delay time correctors) or by simultaneous optimis-
ation of the response curve both in amplitude and
in phase. A special application note on the custom
M.P.F. will explain later now to define all the speci-
fications required to design a filter and how to
choose among them according to the desired appli-
cation.

STANDARD M.P.F.’s :

These constitute a family, currently of 11 circuits,
which will expand in the future according to the evol-
ution of the market requirements. Here is the de-
scription of this family :

Part Number Function Type Order C|°F°rke;? F?:tti‘:m A?::E::t?:n
TS8510 Low-pass CAUER 5 75.3 33dB (typ)
TS8511 Low-pass CAUER 7 75.3 55dB (typ)
TS8512 Low-pass CAUER 7 100 85dB (typ)
TS8513 Low-pass CHEBYCHEV 8 60 80dB (typ)
TS8514 Low-pass BUTTERWORTH 8 80 74dB (typ)
TS8530 High-pass CAUER 3 320 15dB (typ)
TS8531 High-pass CAUER 6 400 32dB (typ)
TS8532 High-pass CHEBYCHEV 6 500 60dB (typ)
TS8540 Notch Q=7) 8 930
TS8550 Band-pass CAUER (Q =5) 8 60
TS8551 Band-pass Q=35 8 187.2 70dB (typ)

N.B. : For other information, please consult the corresponding data sheets.
L7 SEsTovecn
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APPLICATIONS
GENERAL APPLICATIONS AROUND M.P.F.:

With this new concept of M.P.F., SGS-THOMSON
is looking to cover all applications covering stan-
dard filters (passive, active) involved in the process-
ing of analog signals.

Amongst these, telecommunications (modem,
PABX, telephone line, signaler, mobil telephone),
data acquisition (before A/D conversion and after
D/A conversion), speech (detection, analysis, stor-
age), portable instrumentation (geophysics, bio-
medical) and specially industrial applications
(process control, servomotor control, remote con-
trol). For all these applications, each filter function
is reduced to one M.P.F. derived either from the
standard range of M.P.F. or from custom design
M.P.F.’s, according to the requirements of the
equipment.

HARDWARE IMPLEMENTATION  AROUND
M.P.F.:

TYPICAL USE OF THE M.P.F. (figure 6) : The
M.P.F. is fed in dual supply : £ 5V.

The adjustment of the DC output level of the M.P.F.
Figure 6 : Typical Use of the M.P.F. (x 5V).

is achieved by an external voltage source (for
example, a bridge divider connected between the
positive and the negative power supplies and whose
the middle point is connected to the LVL pin of the
M.P.F.). If no output DC adjustment is required, the
LVL pin can be directly connected to GND.

The consumption of the filter can be also adjusted
by means of an external resistance connected bet-
ween V* (or GND) and the PWF pin of the circuit.

The consumption can thus be chosen to match the
particular application.

The stand-by mode is obtained by strapping the
PWEF pin to V™ (or non connected).

The adjustment of the power consumption of the two
operational amplifiers can be achieved exactly like
for the previous case, but via the PWA pin of the cir-
cuit. The stand-by mode is also obtained by strap-
ping the PWA pin to V™ (or non connected).

The clock levels are TTL, but CMOS levels are ac-
cepted.

With these previous conditions, the output linear dy-
namic range of the M.P.F.is about 8V, between
—4.5and 3.5V.

-5V +5V
PL
1 vt NC
V- -EA
l—— LVL SA
»— IN +EA
3 TSB5XX
2_ GND +EB P = 20k (multiturn)
10kQ < Rr, Rop < 75kQ
<~ ouT B
5V s
o_l"l_l_'l_ »—4 CLK —-EB
PWF PWA
RF R(;p
GND or v+ GND or V* EB8AN061-06

*
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If the OP AMPS. are not used, Rop must not be connected between PWA and GND (or V*).
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USE OF THE M.P.F. WITH 0-10V (figure 7) : The
M.P.F. is fed in single supply : 0-10V.

In this case, V™ is the reference ground of the circuit
and GND must be adjusted to + 5V by means of the
potentiometer P (V" - V7)/2).

The adjustments of the DC output level of the
M.P.F., of the power consumptions of the filter and

Figure 7 : Use of the M.P.F. with 0-10V.

of the operational amplifiers can be achieved exac-
tly like previously.

The high level of the clock must be at least 1.4V
upper the GND level.

With these previous conditions, the output linear dy-
namic range of the M.P.F. is about 8V between 0.5
and 8.5V.

+10V
v+ NC
Fv- —EA
V+
LVL SA
— IN +EA PL
TSB5XX
GND +EB \ PL=20kQ (multiturn)
10kQ < Rr, Rep < 75kQ
10V -—out SB
o LITL ok e
PWE PWA
RF Rop
GND or V't v+
EB8ANO61-07
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APPLICATION NOTE

USE OF THE M.P.F. WITH 0-5V (figure 8) : The
M.P.F. is fed on in single supply : 0-5V.

In this case, V™ is the reference ground of the circuit
and GND must be adjusted to + 2.5V by means of
the potentiometer P ((V* -V7)/2).

The other adjustments are achieved exactly like
Figure 8 : Use of the M.P.F. with 0-5V.

previously except for bias resistances of the filter
and of the operational amplifiers (Rf and Rop),
whose must be exclusively connected to V*.

The clock levels must be TTL levels. With these pre-
vious conditions, the output linear dynamic range of
the M.P.F. is about 2.2V, between 1.2 and 3.4V.

+5V
T— v+ NC
2—1 v- -EA
vt
LVL SA
—]IN +EA PL
TSB5XX
GND +EB
h
PL= 20kQ (multiturn)
5V -1 0UT SB 10kQ < Rr, Ryp < 75kQ
O_J—I_J_L »—{ CLK ~-EB
PWF PWA
RF Rop
vt v+
EBBAN061-08
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ANTI-ALIASING AND SMOOTHING :
» Anti-aliasing : the switched capacitor filters are

The selectivity of this filter depends upon the
Fs/Fc ratio.

sampled systems and must verify the SHANNON
condition imposing a sampling frequency (Fs)
equal, at least, to the double of the upper fre-
quency (Fc) contained in the spectrum to trans-
mit. With this condition, no information is added
or lost on the transmitted signal. This theorem
describes the well-known phenomenon called
spectrum aliasing shown figure 9, where the en-
tire spectrum to transmit appears around Fs, 2
Fs, 3 Fs,... and so on. Thus, all spectrum com-
ponents of the signal contained around these fre-
quencies are transmitted by the M.P.F,
oppositively to the desired result.

To cancel the effects of this phenomenon, itis re-
quired, before all sampled system, to filter all the
spectrum components of the input signal upper
than Fs-Fc. An analog filter, called "anti-aliasing
filter", must be therefore applied before the
M.P.F.

Figure 9 : Phenomenon of the Spectrum Aliasing.

If Fs/Fc > 200, a RC filter (first order low-pass) is
sufficient.

If Fs/Fc < 200, a SALLEN-KEY structure (second
order low-pass) must be used.

This structure and its relationship are described
figure 10. In these relationship, Fc is the cut-off
frequency desired of the anti-aliasing filter and &
its damping coefficient. For a cut-off as tight as
possible and without overvoltage around it, &
must have a value around 0.7.

N.B. : If Fs/Fc < 2 (figure 11), the spectrum to
transmit and the spectrum aliased have a part in
common and it becomes impossible to share the
useful signals from the undesirable signals.
Smoothing : as the signal obtained as the output
of the M.P.F. is a sampled and hold signal, it is
often required to smooth it. This smoothing filter
can be achieved from the SALLEN-KEY struc-
ture previously described (figure 9).

Gain anti-aliasing
filter template

Without anti-aliasing filter,
the spectrum components around Fg, 2 Fg,...

A are not stopped by the sampled filter
______ _\ JI
\ |
\‘ |
] h
spectrum \ aliasing of the spectrum aliasing of the spectrum
to \ to transmit around Fg to transmit around 2 Fg
transmij \ i i
\\ |
Freq.
\ : >
Fc Fs—-Fc Fs Fs+Fc 2Fg 2 Fs+Fc

@ Without anti-aliasing filter: spectrum to transmitx transmited spectrum
: spectrum to transmit = transmited spectrum

@ With anti-aliasing filter

EB8AN061-09
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Figure 10 : Sallen—key (second order low—pass filter) for Anti—aliasing and Smoothing.

Vi3
C2 % -
R1 R2
" +
C1 A\
Ry = Rz = arbitrary value Ci=
Fc = cut-off frequency desired anRixFe
& = damping coefficient (C1=8xC2)
1
Co= 57 ERixf

E88AN061-10

Figure 11 When Fs/Fc<2, the spectrum components including between Fs—Fc and Fc and which are due
to spectrum aliasing are not stopped by the sampled filter.

Gain
A
e =
T
|
r'? |
l/ |
spe(t:;rum ? aliasing of the {
transmit ,/ spectrumaround S |
Z |
] L
Fs—Fc Fc Fs Fs+Fc

E88AN061-11
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» Hardware implementation : in order to make ea- M.P.F., two general purpose operational ampli-
sier anti-aliasing and smoothing, SGS-THOM- fiers. A few external components are therefore
SON has designed, on the even chip of the sufficient to achieve these functions (figure 12).

Figure 12 : M.P.F. with Anti-aliasing and Smoothing Filters.

-5V +5V
o]
v+ NC
V_ —EA
.HC2|_
LVL SA

+EA

TS85XX —{ C1 I——Z

GND +EB
C']'—é‘
ouT SB
5V

i
(
[

ouT
— Pwr pwal L T2
[]R 27
[Jre R
[
L
GND or V* GND or V*
PL=20kQ (multiturn)
10kQ < Re, Rop < 75kQ
Riy, R, C1, C2 see anti-aliasing
R, R, C'1,C and smoothing considerations E8BANOG1-12
On the other hand, it the most M.P.F.’s, a special in- In this case, the circuit shown figure 13 can be used
tegrated cell is included in the chip (cosine filter) to as anti-aliasing or smoothing filter. This structure is
reduce the aliasing effects around Fs. the same as the SALLEN-KEY structure described

Nonetheless, if the application allow it, these two  figure 9 (second order low-pass), in the same way
operational amplifiers can be used to implement @S the corresponding relationship.
other functions (gain, comparator, oscillator,...).

1114
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Figure 13 Second Order Low—pass Filter (sallen—key structure) with a transistor replacing the operational

Amplifier.
+5V
le | !
1721
R1 R2
—{—} - J— 2N 2222
C1
10 k@
-5V E88AN0S1-13
IMPLEMENTATION OF THE M.P.F. CLOCK The value of the frequency obtained with this mount-
FROM EXTERNAL COMPONENTS (figure 14) : !ng depends upon C value, as shown on the follow-
A mouting with a minimum of external components ~ ing board :
allows to achieve the clock required for the M.P.F.
C(nF) 47 15 6.8 2.2 1 0.47 0.33 0.22
Fs min (kHz) 1.5 43 6.7 30 44 84 126 172
Fs max (kHz) 16 48 183 305 1020 1750 2430 3010

N.B. : The accuracy of these values is 20%, according to the usual resistor and capacitor accuracy.

Figure 14 : M.P.F. Clock Achieved from External Components.

[ fnl +5V

3900 5 kQ *
+5 V (multiturn)
PR Vpp CL
I il
74LS14

4 D a

C N

1 GND

s e

E88BAN061-14
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APPLICATION EXAMPLE : FREQUENCY
DETECTION :

The principle of this type of application is as fol-
lows : a sinewave (amplitude x, frequency f) modu-
lated by digital information is superposed to an other
signal, that we shall call the main signal. To better
understand and illustrate this example, we shall take
the hypothesis of a main signal equally sinoidal (am-
plitude X, frequency F) and we shall assume that X
>>xand F < f (T > t). Thus, the main signal is modu-
lated by frequency f during high level (+ 5V) and not
modulated during low level (OV) of the bit to be trans-
mitted. These wave trains can, for example, corre-
spond to commands that must be received and then
understand by a microprocessor in a suitable format
for their processing.

Therefore, these wave trains must be detected and
then applied to the microprocessor in form of logic
pulse, of which high tevels (+ 5V) correspond to the
presence and low levels (0V) to the absence of the
waves.

In this type of application, two factors are of prime
consideration, namely : selectivity and size. Both
transmission channel and transferred data being
prone to noise, the M.P.F. must be adequately se-
lective to reject the unwanted frequencies close to
the center frequency f. On the other hand, as far as
the industrial aspect of the application is concerned,
the size is considered to be of major importance
since it is impractical to envisage a large area to ac-
comodate only the filtering section.

Let's consider the general diagram of figure 15. By
using a suitable sampling frequency (Fs), the M.P.F.
can have a center frequency equal to f.

Since TS8551 is a highly selective filter and the
modulated wave has a very stable frequency, the
M.P.F. will only filter out the main signal (frequency
F) and let through the modulated signal (frequency
f). An attenuator stage and an anti-aliasing analog

filter are required preceeding the M.P.F. The atte-
nuator stage is used to match the amplitude of the
main signal (X) to the input characteristics of the
M.P.F., and the analog filter to prevent the M.P.F.
from passing the frequency spectrum of the incident
wave aliased around Fs. At the output of the M.P.F.,
the combination of a first order high pass CR filter
and a negative voltage clipping diode will produce
a sinewave of frequency f and amplitude v. Follow-
ing this filter, an amplifier of gain G > 1 also delivers
a sinewave signal of frequency f but of amplitude
V=Gxv.

The following first order low pass RC filter detects
the enveloppe of the amplified signal and then com-
pares it with a reference voltage Vref.

If V > Vref, the output of the operational amplifier
goes to the positive saturation state (+ Vsat) there-
by indicating the presence of the wave, whereas if
V < Vref, then the amplifier goes to the negative
saturation state (- Vsat) to indicate the absence of
the wave. A negative voltage clipping diode at the
output of the comparator will provide a succession
of high (+ 5V) and low (0V) states producing a pulse
train. The period and the duration of this pulse train
inform the microprocessor of the precise nature of
control signal sent.

CONCLUSION

This unique example is sufficient to demonstrate the
outstanding application possibilities offered by the
M.P.F. Many other features were also discussed in
various sections of the present article. Relying on
these established facts, SGS-THOMSON is ready
to provide an answer to every filtering problem in
any application. Due to its remarkable and unlimited
possibilities, the M.P.F. concept is estimated to
become, in a very near future, as widely employed
as gate-arrays and mask programmable ROM
microcomputer devices are nowadays.

L7 S5S-THOMSON 194
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Figure 15 Example of an Application of the M.P.F. with a very Selective Band—pass Filter : the Frequency
Tracking.

comparator
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V=Gxv
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APPLICATION NOTE

A SUPPLEMENT TO THE UTILIZATION OF
SWITCHED CAPACITOR FILTERS

INTRODUCTION

This application note is a complement to the "Ap-

plication Note AN-061" which introduced the

range of switched capacitor filters manufactured by

SGS-THOMSON Microelectronics and discussed

the following topics :

= Anti-aliasing & Smoothing filters

= Ground pin biasing techniques using a single
supply voltage

= dc output level adjustment

The present application note outlines and provides
an in-depth discussion of other important factors re-
lated to the use of switched capacitor filters, name-
ly:
= Gain adjustment

= dc output level locking

= Oscillators

= Regulated power supply

» Wiring & Layout recommendations

Information contained in various sections will yield
cost-effective solutions and enable the designer to
take full advantage of the outstanding performances

Figure 1 : Inverting Configuration.

offered by SGS-THOMSON' range of Switched Ca-
pacitor Filters ; TSG85XX, TSG86XX, TSG87XX
Standard Series and Semicustom Filters.

GAIN ADJUSTMENT

Majority of standard SGS-THOMSON filters have
an inherent pass band gain of approximately 0dB.
In certain applications however, a larger gain value
combined with the gain adjustment possibility is re-
quired.

Gain adjustment can be accomplished using one of

the operational amplifiers available in the same

package as the filter circuit.

Two cases are discussed next :

= Operational amplifier used for gain adjust-
ment

= Sallen-Key Cell with gain adjustment

USING AN OPERATIONAL AMPLIFIER

This is the most straightforward solution. Amplifier
configurations are commonplace and well-known.
The two main arrangements are illustrated next.

R2
.t R2
Gain:G=- T
R1
tnput —{ " }—4
— Output
E88AN069-01
Figure 2 : Non-Inverting Configuration.
R2 Gain:G = R1;1H2
(-
R2
A1 =1+ R
> —» Output
Input
E88AN069-02

AN069/0389

1/28
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This type of configuration yields high gain values.
Only limitations are those related to the electrical
characteristics of the operational amplifiers such
as : gain-bandwidth-product "2MHz typ." or the out-
putvoltage range "-4.2V, + 3.5V" (values measured
using symmetrical — 5V, + 5V power supplies).

Figure 3 : Gain Adjustment.

Figure 3 illustrates the arrangement of a non-invert-
ing configuration.

In order to obtain an enhanced signal-to-noise ratio,
the amplifier is directly coupled to the filter output
which will reduce the noise spectrum.

£

100 nF
+5V - T v
-5V p— v’
100 nF j;
' 3] Lvi
SIGNAL 0N
(input)
e 5] GND
5] ouT
Clock B— 1] cLk
15k
8 | PWF

o 0o OOV

NC | &

-EA [

SA W

+EA (13

100 ka
10kQ
-e8 |10

15kQ

E88AN069-03

SALLEN-KEY CELL WITH GAIN ADJUSTMENT

In some applications, the operational amplifiers
available within the filter circuit may be already used
to implement anti-aliasing and smoothing filters
generally required for switched capacitor filters.

In this case, the smoothing filter can be im-
plemented using a second order Sallen-key cell with
a gain higher than 1. Figure 4 depicts this arrange-
ment and figure 5 illustrates an example of the ac-
tual configuration.

Figure 4 : General Arrangement of a Sallen—-Key Cell (with gain adjustment).

[e]

——

- L»
P e B Output

1
Cut-off Frequency : fc=

2nRC
o
Damping Factor: =1 -

Gain:G=1+a

E88AN069-04
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Figure 5 : Sallen—Key Cell (with gain adjustment).

mOanf
+5V B T 1] vt
-5V 2)v”
‘i 100 nF T
’ 3] Lvi
S SIGNAL
R SESEEE—
(Output)
SIGNAL N G
(input)
;__ 5] GND
6] ouT 1
Clock = 1] CLK
15ka
8] PwWF
EB88AN069-05

Figure 6 outlines the response curves of the Sallen-key cell obtained at various potentiometer settings, i.e.
at different gain values.

Figure 6 : Frequency Response of Sallen-Key Cell (with gain adjustment).

REF _EVEL oIV MARKER 1 OGG. OOOH=
C. GOCc3 S. CCCcB MAG (3, R S.Ci3ds

om R :10kQ
K C : 680pF
Potentiometer : 22kQ

As 100 7 10K 100K
—ART 10 = TOP 100 00OC. O00Hz
START 10. 0064z ° EB8ANO69-06
Ly7 SGS-THOMSON 3/28
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It is clear that the damping factor varies as a func-
tion of a.

This configuration provides gain values of up to 6dB
without any appreciable overshoot in the response
curves.

FILTER OUTPUT DC LEVEL LOCKING

Switched capacitor filters manufactured by SGS-
THOMSON feature a "Level" (LVL) terminal for the
adjustment of the output dc level.

This function is accomplished by applying to this pin,
a dc signal corresponding to the desired output dc

Figure 7 : Automatic Offset Compensation.

level. Characteristic curves labeled "Output vol-
tage versus voltage on LVL pin" are used to deter-
mine the value of the voltage to be applied to LVL
terminal. This curve is available in each filter tech-
nical data sheet. In general, the voltage applied to
"LVL" pin and hence the filter output level, is set by
a potentiometer inserted between V- and V* poten-
tials.

The output levelis generally set a0V or at "Ground"
(GND) pin potential.

In this case, an "automatic offset compensation”
feature may be implemented as illustrated in
figure 7.

Signal
Input

Signal
Output

E88AN069-07

The detector has a very low cut-off frequency in
order to detect the output dc level and to control it
through "LVL" pin.

According to the filter type, two cases are possible :

THE DC OUTPUT VOLTAGE IS DIRECTLY PRO-
PORTIONAL TO THE VOLTAGE APPLIED TO
"LVL" PIN

In this case, the output signal polarity should be in-
verted for feed-back functions.

4128 L3y SGs-THOMSON

A conventional integrator configuration using oper-
ational amplifier may be used for this purpose. This
configuration is given in figure 8.

The feed-back loop behaves as an integrator at fre-
quencies very much higher than the cut-off fre-
quency ___ '
21 x R2x (R32

Thedcgainis " ~Ry " and may be adjusted by

modifying the value of the either resistor ; thus allow-
ing accurate control of precision and response.

MICROELECTRONICS
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Figure 8 : Output dc Level is inverted and Feedback to "LVL" Pin for Automatic Offset Compensation.

Input 4|IN

[o]

FILTER
uTt

y——— Output

VL gD
R2
—
¢ :‘ R1

—Ae
GN

D E88AN069-08

Here, we have chosen to adjust the value of R2 re-
sistor, so that when R2 value is increased the gain
also increases, but the cut-off frequency falls.
Therefore, any risk of instability occurrence at high
gain is eliminated.

Figure 9 : Automatic Offset Compensation.

Figure 9 depicts the practical application diagram.
As shown, the feed-back network is readily im-
plemented using one of the operational amplifiers
available within the filter package.

f 100 nF
v v NG [1g]
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THE DC OUTPUT VOLTAGE IS INVERSELY PROPORTIONAL TO THE VOLTAGE APPLIED TO "LVL"
PIN

The output signal no longer requires polarity inversion and the arrangement is simplified to a conventional
RC integrator as shown in figure 10.

Figure 10 : Only a R—C Cell (1st order low—pass) is needed for Automatic Offset Compensation.

FILTER

out EG }——————— Output

Input

GND E88AN069-10

The RC time constant should be selected to be high high input impedance of R-C cell, the output signal
in comparison to the period of the signal transmitted is not subjected to any disturbance.
through filter. Due to low output filterimpedance and Figure 11 outlines the practical application diagram.

Figure 11 : Automatic Offset Compensation.

+5V p

-5V p=

SIGNAL »-

w=00 On-

470 nF
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A non-inverting operational amplifier configuration
may be used, if feed-back loop gain control is re-
quired.

Note : "LVL" pin voltage can be locked onto any
variable voltage by following the same procedure as

mentioned earlier - i.e. output signal detection fol-
lowed by the amplification of the difference signal
measured between the output voltage and the ad-
justable control voltage.

FILTER
Input

R2 Vo (set)

— Output
¢ B2 _R4
R1 - A3
R2
= — -V
Then Vi =gy Vo~ Ve!
E88AN069-12

CLOCK OSCILLATORS

Switched capacitor filters require an external clock
for operation. This clock sets the internal sampling
frequency of the filter and also determines the fre-
quency range. The clock circuit is generally im-
plemented using logic gates.

The Mask Programmable Filters of SGS-THOM-
SON feature two uncommitted operational ampli-
fiers integrated on the same silicon chip that are
available for functions related to filtering.

The objective of this section is to illustrate how one
of these operational amplifiers may be configured

Figure 12 : Free—Running Multivibrator.

as oscillator thereby providing the clock required for
the switched capacitor filters.

Two types of oscillator will be discussed :

= RC-type free-running relaxation oscillators

= Crystal-controlled oscillators (Quartz or Cera-
mic Resonator)

FREE-RUNNING RELAXATION OSCILLATORS

This type of oscillator relies on the principles of a ca-
pacitor "C" charge-up and discharge through a re-
sistor "R" as shown in figure 12.

R1

A2
E88AN069-13
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APPLICATION NOTE

When the output voltage is positive, the voltage at
the non-inverting terminal is Vo and the
R1+R2

capacitor C begins charging through resistor R until
the voltage at the inverting terminal becomes equal
to the voltage at the non-inverting terminal i.e.,

R1

R1+R2

The amplifier is then triggered, its output falls to low
saturation level, C is discharged via R until the in-
verting input becomes once again negative with re-
spect to the non-inverting input. Then the output
voltage returns to the high saturation value and the
entire cycle is repeated. If high and low saturation
levels have the same absolute values, the oscillator
output signal would have the following characteris-
tics :

Vo

It is clear that since C has a fixed value, the fre-
quency of this multivibrator is readily set by adjust-
ing the value of R (potentiometer).

If high and low saturation voltages are not identical,
these values will be taken into consideration in the
above expression for period calculation and the
value of the duty cycle will no longer be 0.5. In ad-
dition, the frequency and the amplitude of the out-
put signal will both vary as a function of the
operational amplifier power supply. A good fre-
quency and amplitude stability is achieved using two
zener diodes to limit the output signal excursion.

In the case of SGS-THOMSON filters, the satura-
tion voltages have different absolute values as illus-
trated by the oscillogram of figure 14 and the duty
cycle has a value different from 0.5 mentioned ear-
lier. This is not however an important matter as the
filter circuit contains a clock shaping stage and can

= Duty Cycle : 0.5 Ri therefore accept di i ifi
y Ri1 pt directly the operational amplifier
m Period : T=2RClog (1 +2 R2) output signal.
In this case, the oscillator period is :
R1 Via R1 Veat
=RClI 1 1- RClo 1 1-
rercog [t (1= —=) ] +rckg [1+ oo (- —2) ]

sat

Where V#  and V+at are respectively high and low
saturation voltages of the operational amplifier. V;‘a
and Vgat are given in data sheets :

V;'at =+3.5Y, Vs-at =—4.5V for TSG85XX and + 5V,
— 5V power supply.

Electrical configurations are given in figures 16 and
17 that illustrate how by using currently available
components, a low-cost and perfectly stand-alone
filter application is implemented.

Figure 17 illustrates the application using a single
+ 10V or + 5V power supply. In this case, the sec-
ond operational amplifier is configured as voltage
follower and used to bias "Ground" and "Level"
pins.

Clock signal waveforms generated by this type of
multivibrator are depicted in figures 14 and 15.

The oscillogram of figure 14 is the waveform ob-
tained using — 5V, + 5V power supplies and shows
in particular how the output signal may go negative.

Thanks to its integrated clock shaping stage, the
filter can accept this negative going signal - thus of-
fering an outstanding flexibility for the implementa-
tion of clock oscillators.

t

8/28 Ly7 SGS:THOMSON

sat
The TSG8550 filter was tested in various oscillator

configurations and response curves obtained are
depicted in paragraph 4.4 at the end of this section.

With reference to these curves, it is observed that
the filter circuit operates ideally with the free-running
oscillator discussed earlier.

Some curves also illustrate the filter response char-
acteristics obtained using an external clock gener-
ated by conventional logic gates. Note that both
curves are perfectly superimposed.

The foregoing discussion demonstrated that this
type of oscillator offers satisfactory results irrespec-
tive of the power supply type : —5V, + 5V -0V, + 10V
-0V, +5V.

Note also that this type of oscillator can operate at
relatively high frequencies. In fact, the response cur-
ves of the TSG8550 were obtained at oscillator fre-
quencies of up to 1.2MHz approximately. In this
case however, one should use a low value biasing
resistor (here, Rrwa = 10kQ), to obtain appropriate
"slew rate" at the operating frequency.

MICROELECTRONICS
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APPLICATION NOTE

Figure 13

EXTERNAL TTL-type CLOCK
(generated by logic gates)

2volts/division

2us/division
EBBANO69-14

Figure 14

RC-type FREE-RUNNING OSCILLATOR
(using one of the filter op—amps)
[-5V, +5V power supplies]

2volts/division
2us/division
EBBAN069-15

Figure 15

RC-type FREE-RUNNING OSCILLATOR
(0, +10V power supply)

2volts/division

2us/division
E88AN069-16

&r

SGS-THOMSON
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APPLICATION NOTE

Figure 16 : RC—type Free—Running Oscillator (+5V, -5V power supplies).

XX oo Own-H

E88AN069-17

Figure 17 : RC—type Free—Running Oscillator (0, +10V or 0, +5V power supplies).

E88AN069-18

10/28
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APPLICATION NOTE

CRYSTAL-CONTROLLED OSCILLATORS (or
Ceramic Resonator)

The multivibrator circuit described above is a low-
cost oscillator providing satisfactory operation of the
switched capacitor filters.

It has however two drawbacks :

s Frequency adjustment by a potentiometer

= Frequency variation with device power supply

Better frequency stability combined with simplicity
of use will be obtained if a crystal-controlled oscilla-
tor is used for clock generation.

This solution is particularly interesting in applica-
tions not requiring any adjustment of the clock fre-

Figure 18 : Crystal-controlled Oscillator.

quency ; as is the case of the most applications built
around filters.

Note however that if frequency adjustment is re-
quired, one may either switch between various res-
onators orimplement a master oscillator followed by
a frequency divider circuit.

TRANSISTOR-BASED OSCILLATOR

Inuntuned oscillators, the crystal is most often oper-
ated in its fundamental mode. Figure 18 illustrates
the arrangement of the oscillator to be discussed
next.

1.8kQ
To filter clock nput

2N 2222

rﬂ pF

Teao;:F 1k0
v

E88AN069-19

This is a Colpitts-type parallel resonance oscilla-
tor. The operating point of the crystal is such that it
behaves like a high Q choke. A capacitive bridge
provides the energy required to initiate the oscilla-
tion.

This oscillator does not require any adjustment - its
frequency is highly stable whatever the power sup-
ply mode (- 5V, + 5V -0V, + 5V - 0V, + 10V).

Due to the operating frequency value of this appli-
cation, a small signal "general purpose" transistor
will be suitable.

Here, we have employed a Ceramic Resonator
whose fundamental frequency is fosc = 540kHz.

This is a popular resonator used in particular as os-
cillator for SGS-THOMSON range of television cir-
cuits (time base, switching power supplies, chroma
decoder, etc...) and is therefore available at low-cost
"consumer” price.

The oscillogram of figure 19 illustrates the output
signal waveform of this oscillator. Althoughits shape
differs from that generated by a TTL clock as illus-
trated in figure 13, this is a negligible drawback as
switched capacitor filters manufactured by SGS-
THOMSON feature a built-in signal shaping stage
on clock inputs.

L7 SGS-THOMSON 1128
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APPLICATION NOTE

Figure 19

COLPITTS OSCILLATOR WAVEFORM
(ceramic resonator)
[0, +5V power supply]

1volt/division

0.5ms/division
E88AN06I-20

Various response curves obtained employing this
oscillator in combination with TSG8550 filter oper-
ated at different power supply modes, are given at
the end of this section in paragraph 4.4.

Similar procedure was applied but using an exter-
nal clock generated by TTL-type logic gates. It is
seen that there is no significant difference between
the curves obtained in this case and those obtained
previously. '

Figure 20 : Crystal-controlled Oscillator.

It is therefore obvious that the filter operates satis-
factorily with an external Colpitts-type oscillator.

OPERATIONAL AMPLIFIER-BASED OSCILLA-
TOR

Figure 20 shows the general arrangement of this os-
cillator.

Xtal

c1
o
R1
,"—E + Filter
GND t— Clock
1 _ Input
w»
GnNOT
1 —
—J

R2

E88AN069-21

The above figure illustrates how a crystal-controlled
oscillator is readily configured using one of the oper-
ational amplifiers available within the package of the
switched capacitor filters of SGS-THOMSON.

The resonator is directly inserted within the positive
feed-back loop. The oscillation is initiated when the
transmission through crystal is at its maximum
value, i.e. when the series resonance of the crystal
occurs. Highinput impedance of the operational am-
plifier together with the blocking capacitor C1 con-

12/28
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tribute towards oscillator stability. The feed-back to
inverting input through resistor R2 ensures oscilla-
tor start-up and dc stability.

The negative feed-back at high frequencies is atte-
nuated by capacitor C2 whose value should be so
selected to prevent the resonator from locking onto
a partial mode. The non-inverting input is biased
with respect to filters "Ground" pin potential.

Application diagrams are depicted in figures 21 and
23.




APPLICATION NOTE

Figure 21 : Ceramic Resonator — Controlled Oscillator (-5V, +5V power supplies).

XXonwo O

E88AN069-22

Figure 22

OSCILLATOR CONTROLLED BY
CERAMIC RESONATOR
(using one of the filter op—amps)
[-5V, +5V power supplies]

2volts/division
0.5ms/division
E8BAN069-23
Figure 23 illustrates the application using a single
power supply.

In this arrangement, the second operational ampli-
fier configured as voltage follower is used to bias fil-

‘y_l SGS-THOMSON

ter's "Ground" and "Level" pins.

Once again, the same "consumer" ceramic reson-
ator running at fosc = 540kHz has been employed
in this application.

13/28
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APPLICATION NOTE

Figure 23 : Ceramic Resonator — Controlled Oscillator (0, +10V or 0, +5V power supplies).

XX oo Own-

Ne 18
-EA |15
sa [W 22k0
v vt

+EA (13 10kQ
€8 [ oH

10pF
s8 |1t

2k0
-EB (10

10k . 22p|F »”
pwa [8 —{ F——V
E88AN069-24

Oscillogram of figure 22 shows the clock signal
waveform obtained from the application depicted in
figure 21. Similar waveforms are obtained from the
single supply voltage application illustrated in figure
23 - only the output voltage levels are different.

As shown in response curves of paragraph 4.4, the
TSG8550 filter operates satisfactorily with this type
of oscillator. Once again, note that there is no dif-
ference between the curves obtained using this os-
cillator and those using an external TTL-type
oscillator.

Obviously, operation at other frequencies is
possible by using different ceramic resonators. The
basic configuration remains the same however.

CONCLUSION

The discussion throughout this section demon-
strated how, a clock oscillator is readily built, and a
perfectly stand-alone filter implemented, using only
a single integrated circuit.

14728 L7 SGS-THOMSON

= In applications where frequency adjustment faci-
lity is required and price is the prime objective,
RC-type free-running oscillators are recom-
mended.

n Crystal-controlled oscillators are suitable for
applications requiring highly stable fixed oscilla-
tor frequencies.

= Finally, the oscillator using a single transistor al-
lows use of an 8-pin filter package or to save the
two operational amplifiers of the filter for other
functions - thereby simplifying the application
configuration.

These results have been obtained thanks to the
highly efficient and flexible clock input terminal of
SGS-THOMSON’ Switched Capacitor Filters.

All of the oscillators covered in this section, are in
addition to TSG8550, also suitable for use with other
standard filter types and semicustom filters.

MICROELECTRONICS
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APPLICATION NOTE

TSG8550 RESPONSE CURVES USING DIFFERENT CLOCK OSCILLATORS
Figure 24 : RC-Multivibrator Operation (at 153kHz and +5V, =5V power supply).

REF LEVEL /DIV MARKER 2 075. CCOH= I@
C. CocdB 10. 000cB MAG (B.'R) ~40. 145c¢B
0. 000dB 10. 000dB MARKER 2 075. O00OHz |®
MAG<D1> —40. 460dB
r\ T
Nhﬂ\‘

The 2 curves are superimpased.

A

START 1 0O0O0. OOOHz
AMPTD -20. 0dBm

STOP 11 0OO0O0. OOOHz

E88AN069-25

TSG8550
Power Supply : -5V, +5V
Clock Frequency : 153kHz
1- External Clock
2- Free-running Oscillator

R:2.5kQ
C:3.3nF

The RC Multivibrator is implemented with
an intemnal Operational Amplifier

Figure 25 : RC~Multivibrator Operation (at OV, +10V power supply).

REF LEVEL sCIV VARKER 2 125. 500N ]@
<. 22003 1Z.06CCe3 VAGEB R -=C.S8<23
0. 000dB 10. 000dB MARKER 2 12S5. O00Hz , @
MAG<D1> —-40. 142dB
T M ! ' i !
! H T
C \ . ! P
| ' i : N i
0 4 t -
! I : i ! i
i
: i \ ! | | !
1 1 i i
! / | R i
[ - T g T
AN T
: ' L : I : t
[ ' : .
! i
| N N B
i . t
|
L
The 2 curves are superimposed.
I

START 1 00O. OOOH=z
AMPTD -20. OdBm

STOP 11 00O. O00OHz

E88AN069-26
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TSG8550
Power Supply : 0V, +10V
Clock Frequency : 153kHz
1- External Clock
2- Free—unning Oscillator

R:25kQ
C:33nF

15/28
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APPLICATION NOTE

Figure 26 : RC—Multivibrator Operation (at 0V, +5V power supply).

REF LEVEL  /DIV UARKER 1 725.C00HZ | TSGBS550
C. 500d8 10.000dB  MAG (8./R> -40. 243dB
0. 000dB 10.000dB  MARKER 1 725.000Hz
MAG <D1) —40. 120dB | @ Power Supply : 0V, +5V
]ﬂ Clock Frequency : 123kHz
l 1- External Clock
2- Free—running Oscillator
\ R:2.5kQ
Y[ ] C:3.3nF
" N
The 2 curves are superimposed.
[Note the change of frequency]
' l
[ [ ]
START 1 0O0O. OOOHz STOP 11 O0O. DOOH=z
AMPTD —-20. 0dBm
E88AN069-27
Figure 27 : RC-Multivibrator Operation (at 307kHz clock frequency).
REF LEVEL DIV ¥IIKER & 2000304z | @) TSG8550
1.CCCeB 10.20Ce8  vAG(S R ~3C. 774c8
C. CGOcB 10. 000dB  MARKER 4 200. 0OOH
MAG <D1) -40. 205a8| @ Power Supply : -5V, +5V
T T T T T T
t g
4! L ! ( ! Clock Frequency : 307kHz
oo |
B I e \ 1- External Clock
! i i Il 2- Free—running Oscillator
i : ' / | ! R:25kQ
/‘r’\ T C:1nF
I ] |
i 3 "
L~ 1 T | {
AR L R
| | i
T T
oo
— 4 — e o t 4'
The 2 curves are superimposed.
% | 1 1
L]
1 —

START 1 00O. OOOHz STOP 11 000. OOOHz
AMPTD -20. OdBm
E88AN069-28
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APPLICATION NOTE

Figure 28 : RC—Multivibrator Operation (at 847kHz clock frequency).

REF LEVEL  /DIV VARKER 11 725.000M= | () TSG8550
C. CCCcB 1C. 0CCcB MAT (B/R) —-39. 366cB
. 000dB 10.000dB  MARKER 11 725. 000Hz .
° MAG <D1> -38, 522dBl @ Power Supply : -5V, +5V
/ \ Clock Frequency : 847kHz
/ \ 1- External Clock
2- Free—running Oscillator
/ R:2.5kQ
- C : 220pF

The 2 curves are superimposed.
-} | ' i

T J ]
| |
START 1 000. O00OHz STOP 31 000. 000Hz
AMPTD -20. OdBm

EB8AN069-29
Figure 29 : Using an External Transistor—based Oscillator (colpitts type).

REF _EVEL fgel o) MARWER LD SC" CZCH I TSG8550

2. CCCu3 : “aGB ' ~C. 815d¢ @

C. CCOdB 1C. 0CocB MARKER 11 ODD. OUOHZ I ® Power Supply : -5V, +5V
. ’

MAG<D1)> -0. 524dB

Clock Frequency : 540kHz

1- External Clock (TTL)
2- Colpitts Oscillator

The 2 curves are sq)eﬂmpoaed

__.___..l _+_ ’_,.-..___I r.__..{_..__.

' ]

i |
START 1 000. O0O0H=z STOP 21 000. O00OHz
AMPTD -20. OdBm

E88AN069-30
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APPLICATION NOTE

Figure 30 : Using a Crystal-controlled Oscillator (implemented with an internal op—amp).

REF LEVEL /DIV
C. CC0s3 0. ooz
0. 000dB 10. 000dB

MARKER 11 200. 000H:| @
WAG(B,/R) ~GC. S521dB
MARKER 11 00O. DOOHZI @
MAG<D1> -0. 551d8
T T T

L\

A e -
1

The 2 curves are superimposed.

e
L

STOP 21 000. OO0OHz

!
|
!
|
1
i
\
!
i
1
!
V

START 1 00O. OOOHz
AMPTD -20. OdBm

E88AN069-31

TSG8550
Power Supply : -5V, +5V
Clock Frequency : 540kHz
1- External Clock (TTL)
2- Operational Amplifier

+
Ceramic Resonator

Figure 31 : Operation with Crystal—controlled Oscillator (at 0V, +10V power supply).

REF LEVEL sDIV “ARAZ? 11 CGC. COCH= I @
C.C3ce3 10.CC0c8 AGB R -C. 5+:icB
0. 000dB 10. 000dB MARKER 11 000. Doonl @
MAG ¢D1) -0. 532d8
! | I | |
L AN ]
| T\
| il
i/
T 1 !
|
| [ N T
[ 4+ P \ )
i | : ! 4
i |
_— —It—
L —1| -4 |
The 2 curves are superimpased.
T T
i ! ] |

STOP 21 000. OOOHz
E88AN069-32

START 1 000. OOOHz
AMPTD -20. OdBm

18/28
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TSGB550
Power Supply : 0V, +10V
Clock Frequency : 540kHz
1- External Clock (TTL)
2- Operational Amplifier

+
Ceramic Resonator




APPLICATION NOTE

Figure 32 : Operation with Crystal-controlled Oscillator (at 0V, +5V power supply).

REF _EVEL DIV
C.Co0c¢3 1C. CCocB
0. 000dB 10. 000dB

MAS (B./RD --0. 638cB

MAG <D1> ~0. 844dB

VARKER 11 CCG. 000H= I G)

MARKER 11 00O0. OUDHz' ®

[1\

”

The 2 curves are superimposed.
-

T T

START 1 00O0. OO0OHz STOP 21 000. OOOHz
AMPTD -20. OdBm

E88AN069-33

REGULATED POWER SUPPLIES

Some applications may require a high power sup-

ply rejection ratio. This can be achieved by regulat-

ing the filter power supply.

The objective of this section is to cover various regu-

lation methods resorting to a minimum number of

components.

The subjects discussed are the following :

= Zener Diode Regulation

= Regulation using one of the filter’s operatio-
nal amplifiers

Figure 33a : Zener Regulation.

TSG8550
Power Supply : 0V, +5V
Clock Frequency : 540kHz

1- External Clock (TTL)
2—- Operational Amplifier
+
Ceramic Resonator

Also, the efficiency of each regulation and its in-
fluence on the power supply rejection ratio will be
outlined.

ZENER DIODE REGULATION

This is the most straightforward method of voltage
regulation. In general, since the current provided by
the zener diode is not sufficient, it is consequently
impractical to power the device directly by zener
voltage. Figure 33a illustrates the solution to over-
come this problem.

E88AN069-34
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APPLICATION NOTE

From the unregulated voltage V *|, a stable voltage
independent from V*| variations is obtained across
the zener diode. A voltage follower transistor de-
livers the current required by the device. The output
voltage is : Vz—Vge and therefore independent from
V*. VBE varies as a function of I current flowing
through the transistor. This variation is almost ne-
gligible due to the fact that :
KT Ie
——Ilog
q lo.

VeE =

Figure 33b : Variable Zener Power Supply.

(where lais the base-emitter junction saturation cur-
rent), that is, Vee increases by 18mV when the cur-
rent doubles. The optional 50012 resistor limits the
current and protects the transistor against possible
short-circuits.

A capacitor may be connected across the zener
diode so as to filter the noise inherent to this type of
diode.

If a variable power supply is required, a poten-
tiometer may be connected across the zener diode
as shown in figure 33b.

E88AN069-35

This arrangement is equally applicable to a negative power supply (V7). In this case a PNP transistor is used

as shown in figure 33c.
Figure 33c : Negative Zener Regulation.

E88AN069-36

A symmetrical power supply may thus be im-
plemented using this method.

Note : This type of regulation is not temperature-
compensated. One should expect an approximate-
ly + 3mV/C drift in output voltage value. Generally,
this value is acceptable for the supply of integrated
circuits such as SGS-THOMSON Filters.

20/28

‘7_1 SGS-THOMSON

REGULATION USING AN OPERATIONAL AM-
PLIFIER

With the Mask Programmable Filters (MPF), inde-
pendent and uncommitted operational amplifiers
are available to implement functions related to filter-
ing. .

One of this amplifiers can be used to achieve power
supply regulation as illustrated in figure 34.

This configuration offers an excellent regulation

thanks to the high open loop gain of the operational
amplifier.

MICROELECTRONICS
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APPLICATION NOTE

Figure 34 : Power Supply Regulation (using an internal op—amp).

(GND s LVL)

2N 2222

T VE)= 9.rv
+ R1+R2
vy- (MR

0
104F m ).VZ
Vss

E88AN069-37

The reference voltage is generated by a zener
diode. Since the amplifier is located within the filter
package, it is also powered by the regulated output
voltage V*o. The 6.8kQ resistor connected between
the collector and the base of the ballast transistor
ensures start-up. This transistor does not need to
be of power type as the output current value remains
low. A zener diode connected in series with the am-
plifier output is necessary to provide for a sufficient
voltage excursion to enable the regulation.

The output voltage can be accurately adjusted by
setting the values of the bridge elements R1, R2 and
using the relationship :
R1 + R2

Vo= ———— -V

o= (R ) Ly,
The regulation performed following this procedure,
takes into account both, the input voltage "Vi" and
the "load variations". This power supply is there-
fore particularly suitable for complete applications
built around SGS-THOMSON’ MPFs.

Figure 35 : Filter with Single Power Supply Regulation.

V! = 12v

|
I l.l ku

6.2V

E88AN069-38

G" SGS-THOMSON

21/28

MICROELECTRONICS

989



APPLICATION NOTE

A symmetrical regulated power supply can be im-
plemented using the other operational amplifier of
the filter circuit to perform negative supply regula-
tion. One can obviously use the previous configura-
tion and adapt the arrangement to negative voltage
while also replacing the NPN ballast transistor by a
PNP type.

Figure 36 illustrates the appropriate solution. The
objective is to obtain two regulated V*o and Vo volt-

Figure 36 : Symmetrical Regulated Power Supply.

ages with their absolute values as close to each
other as possible. The positive regulated voltage
V*o is obtained using the configuration described
earlier. The negative voltage regulation resorts to an
additional operational amplifier, operating in unity
gain inverting configuration. Since the regulated
V o voltage follows accurately the variations of the
V*ovoltage, a unique reference voltage is sufficient.

2N 2222

o+

1= 10F

OV = GND + LVL P

10k

—3— I“ w;f’L’
2k0
Vo

6.8k0

E88AN069-39
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APPLICATION NOTE

Figure 37 : Filter with Symmetrical Power Supply Regulation.

Vi =1V

6.8k0
4.7k0
)
1

’—]‘{ 3.3v

E88AN069-40

As shown in figure 38, a symmetrical power supply
can be built using, a single regulated power supply,
a resistor bridge and an operational amplifier con-

Figure 38 : Split Power Supply.

figured as voltage follower. The symmetrical accu-
racy of this configuration is determined by the pre-
cision of the bridge.

10kn

10kQ

ov

— V VO
1 10 pF
A\
» GND-—2
2
) 10F
vosov E8BAN069-41

Note : This configuration can be simplified by re-
placing the operational amplifier with a transistor
operating as voltage follower. In this case, the resis-
tor bridge must be readjusted taking into consider-
ation the voltage shift due to the transistor
base-emitter voltage drop.

El- SGS-THOMSON

POWER SUPPLY REJECTION RATIO

Figures 39 thru 44 given at the end of this section
in paragraph 5.5 depict supply rejection character-
istics of the TSG8550 filter.

It is seen that in general V' rejection ratios are ap-
proximately - 10dB less than those measured for V*
supply.

23/28

MICROELECTROMICS

991



APPLICATION NOTE

A single power supply filtering capacitor (electro-
lytic) located close to the device will appreciably im-
prove the rejection ratio (approximately — 15dB
reduction).

A zener diode used for regulation will further im-
prove the results and with the addition of filtering ca-
pacitor, one can obtain excellent results (up to
—60dB).

The method of using a voltage follower transistor fol-
lowing the zener diode results in an improved rejec-
tion ratio compared to the rejection ratio obtained
with a zener diode without filtering. Note that the
quality of the zener diode used has a significant in-
fluence on the results - e.g. the rejection ratios ob-
tained using a 5.6V zener diode are much better
than those obtained using a 4.7V zener diode. This
is due to the fact that the 5.6V zener diodes exhibit
a much steeper breakdown characteristics.

Finally, the symmetrical voltage regulator using
operational amplifiers discussed earlier (figure 36)

yields an excellent rejection ratio of less than - 60dB.
It is a difficult task to further improve this ratio as at
lower values, other sources of noise will be also
measured.

CONCLUSION

Toimprove power supply rejection ratio, supply volt-
age filtering by capacitor or using a zener diode are
simple and efficient solutions.

In addition, if perfect power supply regulation for an
application built around a SGS-THOMSON' MPF is
also required, it would then be interesting to imple-
ment the regulator using the operational amplifiers
available within the filter package.

SUPPLY REJECTION CHARACTERISTICS OF
TSG8550 FILTER

The response curve of TSG8550 is drawn on each
plot with a dotted line trace.

pacitor).
TSG8550

Symmetrical Power Supply : + 5V

fe : 150kHz

Rewr : 39KQ (grounded)

Figure 39 : V* Rejection Ratio (with a single filtering ca|
REF LEVEL /DIV MARKER 3 37S. GOOH=
. CC3c3 S.0CCdé3 MAS (B, R - 3. 3268
0. 000dB S. 000dB MARKER 3 37S. 000Hz
MAG (D3> -1.747d8B
! . "
LAl !
AL I
- | ’/ﬂ\ 4T pF = -18.69d8 (max) —J
N x|
" \ Without Filtering
i L] ALy ]
VAN,
BRGNS -
LY \ A
L,y ATnF 3 -5.08d8 (max)
= s N
1 L =
1~ \ l“. ' ! \&/ —
z NERE /
| 0 L

CENTER 3 S500. 000Hz SPAN S 000. 000Hz

AMPTD -1.0dBm
E88AN069-42

24/28

&7

992

SGS-THOMSON
MICROELECTRONICS
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Figure 40 : V" Rejection Ratio (with a single filtering capacitor).
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Figure 41 : V" Rejection Ratio (with a zener diode and a filtering capacitor).
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Figure 42 : V* Rejection Ratio (with a zener diode and a transistor).
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TSG8550
Symmetrical Power Supply : £ 5V

fe : 150kHz

Rewr : 39kQ (grounded)

Figure 43 : V* Rejection Ratio (operational amplifier symmetrical regulator) [filtering capacitor : 33pF].
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Figure 44 : V™ Rejection Ratio (operational amplifier symmetrical regulator).
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WIRING RECOMMENDATIONS

This last section details the practical application
considerations applicable to SGS-THOMSON
range of Switched Capacitor Filters. The discus-
sion will enable the designer to attain remarkable
performances and to obtain in particular excellent
signal-to-noise ratio.

Layout rules are sub-divided into 3 important sec-
tions :
- Power supply decoupling
- Ground connections
- Operational amplifiers layout consider-
ations

POWER SUPPLY DECOUPLING

Power supply voltages "V*"and "V™ as well as "LVL"
pin voltage (that in order to set the output dc level is
generally amplified within the device) must be care-
fully decoupled.

Similarly, in the case of a single power supply oper-
ation, the dc voltage applied to "Ground" (GND) pin
must be efficiently decoupled.

For decoupling purposes, one can use a high quality
capacitor located very close to the filter package pin
under consideration (V*, V', LVL or GND). A capa-
citor of a few tens of nF will suffice.

Also, decoupling PWA and PWF pins will improve
the signal-to-noise ratio. These pins determine the
biasing current of, either operational amplifiers, or
the filter and consequently have an influence on the
overall device performance.

‘7_1 SGS-THOMSON

A capacitor of approximately 30pF coupled to PWF
pin and connected in parallel with the filter biasing
resistor Rewe’, will in particular, prevent the occur-
rence of the so called "clock feedthrough" phe-
nomenon. Clock feedthrough is defined as the
"presence of the clock frequency harmonics at the
filter output" and can give rise to disturbances with-
in the stop band region.

GROUND CONNECTIONS

Conventional printed circuit board layout rules must
be respected.

Ground connections must be wide enough to avoid
occurrence of stray resistances that can cause
ground pin (GND) voltage to fluctuate as a function
of the current flowing through ground connections.

Star connection, starting from the GND pin and
going to various application ground terminals, must
be used as often as possible.

Particular attention must be paid to appropriate sep-
aration between the filter proper ground and the
ground of complementary functions (clock, ampli-
fier, comparator, ..) built using the on-chip oper-
ational amplifiers.

OPERATIONAL AMPLIFIERS LAYOUT CON-
SIDERATIONS

The two operational amplifiers available within the
filter package are generally used for building anti-
aliasing and smoothing filters connected to the
switched capacitor filter input and output terminals.

27/28
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Consequently, connections such as : common
ground, too close p ¢ board adjacent tracks, etc.. -
susceptible to cause interaction between input and
output signals, must be avoided.

Non-inverting terminals (+E) need special precau-
tion. In fact, these inputs are of high impedance type
and located next to each other in standard filter pi-
nout configurations. In the case of standard Sallen-
Key cells performing anti-aliasing and smoothing
functions, since the filterinput and output signals are
routed via these two inputs, there will be risk of in-
teraction between the signals. Therefore, tracks
connecting to +E inputs must be separated by as
much as possible and the capacitor values of the
Sallen-Key Cell must be selected large enough so

26/28 L7 SGS-THOMSON

as to minimize the loading impedance on these pins.
Low value resistors are used to achieve the latter
requirement - R = 10k will in general enable the se-
lection of suitable capacitor values.

CONCLUSION

Excellent application performances using SGS-
THOMSON Microelectronics Switched Capacitor
Filters will be obtained by observing the foregoing
rules and recommendations.

Information contained in this application note is ap-
plicable to any of the standard and semicustom
filters ; i.e. the entire range of Mask Programm-
able Filters.
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"" SGS-THOMSON
’I MICROELECTRONICS APPLICATION NOTE

BAND-PASS AND BAND-STOP
FILTERS

INTRODUCTION

Standard switched capacitor filters currently marke-
ted by SGS-THOMSON Microelectronics cover in
particular a range of Band-pass and Band-reject
filters - all of which have in general a high selectivi-
ty factor.

One may require toimplement a band-pass or band-
stop filter of lower Q figure.

The objective of this application note is just to de-
monstrate how such requirement s fulfilled by using
one low-pass and one high-pass standard fil-
ters.

Figure 1 : Band-Pass Filter Fundamentals.

Throughout our discussion, we shall outline and il-
lustrate, once again, the remarkable flexibility of use
inherent to switched capacitor filters.

Subjects covered are :
» 1- Band-pass Filters
» 2 - Band-stop or Band-reject Filters

BAND-PASS FILTERS

FILTER SYNTHESIS FUNDAMENTALS

Cascaded combination of one low-pass and one
high-pass filters yields a band-pass filter.

BAND-PASS

P-———J Low-pass -

—

f fr
c c

~

1
High-pass |—— i i
b
1 ]
1

1
! f

E88AN070-01

Note however that in this arrangement the low-pass
filter precedes the high-pass filter so as to limit the
signal frequency band as it enters the first stage,
thus improving the signal-to-noise ratio.

Switched capacitor filters manufactured by SGS-
THOMSON are active filters having a high input
and a low output impedances of typically "3MQ"
and "10Q" respectively, thus making them particu-
larly suitable for cascaded combination - by coup-
ling the output of one to the input of the other.

The following standard filters are employed
throughout the present section :

AN070/0389

- TSG8512 : 7th order Cauer-type low-pass fil-
ter
- TSG8532 : 6th order Chebychev-type high-
pass filter
Obviously, other standard filters may be cascaded
according to requirements.

USING A COMMON CLOCK

Figure 2 depicts the frequency response of the two
filters put in cascade and operating at an identical
clock frequency of 400kHz.

717
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Figure 2 : Band-Pass Filter Frequency Response.

REF LEVEL /DIV

MARKER 4 261. S00H=z

C. 00CdB 10. 000dB MAG (B/R> -3.221dB
l
e o |
T
|
1
! \
| —
T
|
];
u \ M

START 20. O00OHz
AMPTD -5. OdBm

ltis clearly seen that there is no significant difference

STOP 10 000. O00Hz

E88AN070-02

between this curve and the curves of figure 3 illus-
trating the frequency response of the filters opera-
ting separately but at the same 400kHz clock

Figure 3 : Frequency Response of Low—Pass (TSG8512)& High—Pass (TSG8532) Filters [common clock

frequency : 400kHz].
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It is thus obvious that direct cascading of the filters

does not affect the operating characteristics of the
either filter.
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Figure 4 outlines the interesting characteristics of a band—pass filter implemented as discussed above.

Figure 4 : Frequency Range Shifting of Band-Pass Filter.
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Figure 4 illustrates how by simple modification of the
common clock frequency, the frequency range of
the band-pass filter is shifted without causing any
modification to its frequency response curve.

Due to inherent characteristics of the switched ca-
pacitor filters, the clock to cut-off frequency ratio is
always known. ltis thus a simple matter to calculate
the clock frequency as a function of the signal fre-
quency one wishes to use.

For example, in the case of TSG8512 filter, this ratio
is :

fe  _-100+1%
fc

Where fe is the external clock frequency.

If fc is to be the upper cut-off frequency equal to
5kHz, we shall therefore select fe = 500kHz.

Also, since-fe~ = 500 +1% for TSG8532, the lower
cut-off frequency f'c will be 1kHz.

This curve is given in figure 4.

Note that in all cases, the passband width remains
constant at 4 x fc.

Different bandwidths are obtained by cascading
other standard filter types.

Corresponding calculations are similar to those out-
lined above.

"_I SGS-THOMSON

BAND-PASS FILTER

TSG8512 (low—pass)
+
TSG8532 (high—pass)

Identical Clock Frequency :
— 20kHz
— 100kHz
— 500kHz
- 1.5MHz

TWO DIFFERENT CLOCK FREQUENCIES
(figure 5)

Figure 6 depicts the frequency response of a band-
pass filterimplemented by cascading TSG8512 and
TSG8532 filters but each operating at a different fre-
quency.

Similar to the former case, it is obvious that the fre-
quency response characteristics of the individual fil-
ters are not modified by this configuration and
remain unchanged after cascading.

Note however that in this case, the signal delivered
at the output of the first filter (TSG8512) goes
through a smoothing filter before entering the sec-
ond filter (TSG8532).

This process is necessary as the operating frequen-
cies of the filters are different and consequently
there will be lack of synchronization between the
sampling performed by each individual filter.

In the absence of the signal smoothing process, this
fact will give rise to disturbances within the cut-off
frequency band.

Similarly, the signal delivered by the second filter
goes through a smoothing filter. )
These smoothing filters are implemented by 2nd
order Sallen-Key Cells each using one of the on-
chip operational amplifiers of the switched capaci-
tor filter (figure 5).

3/17

MICROELECTRONICS

999



APPLICATION NOTE

Figure 5 : Band—Pass Filter (two separate clocks).
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The cut-off frequency of these Sallen-Key Cells is the band-pass filter so as to eliminate any signal dis-

chosen to be twice the upper cut-off frequency of turbance within the pass band region.
Figure 6 : Low Q Band-pass Frequency Response Characteristics.
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Figure 7 illustrates how the cascading of two filters yields an extremely steep band-pass characteristics.

Figure 7 : Steep Band—pass Frequency Response Characteristics.
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The band-pass obtained in this case has a selectiv-
ity factor of about 4.

Note that the clock frequencies employed (200kHz
and 800kHz) allow the use of a single external os-
cillator running at 800kHz (or its multiple frequen-
cies). The second clock frequency is then derived

Figure 8 : Shifting the Upper Cut—off Frequency.

from this master clock using a counter.

In figures 8 and 9, one of the clock frequencies is
maintained constant while the other is varied. This
arrangement results in an adjustable band-pass fil-
ter.
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Figure 9 : Shifting The Lower Cut-off Frequency.
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Each cut-off frequency is adjusted with precision
and if separate clocks are used, adjustments will be
entirely independent.

If separate clocks are not available, one may use a

single master oscillator and then derive the required
frequencies using a frequency divider circuit.

In this case, the frequencies would be the multiples
of one another.

By appropriate selection of the division factor, the
frequency bandwidth is changed.

The filter frequency response curve is readily shifted

along the frequency axis by simple modification of
the master oscillator frequency (figure 10).

Figure 10 : Clock Generation for Adjustable Band-pass (deriving two different clock frequencies from a mas-

ter oscillator).
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llustrated example gives identical results to those
depicted in figure 8.

According to requirements, a single 4-bit 74163
TTL-type counter may be used as frequency divider.

For adjustable band-stop filter, either a 4020-type
14-stage counter or a 4060-type counter that also
includes an on-chip crystal oscillator would be suit-
able alternatives.

To implement an appropriate oscillator, refer to the
"Application Note : AN-069" [A Supplement to
the Utilization of Switched Capacitor Filters] that

discusses in detail how to build crystal-controlled
and free-running oscillators using the on-chip oper-
ational amplifiers of the filter circuits.

For example, curves depicted in figure 9 may be ob-
tained, in the case of TSG8512, using the ceramic
resonator discussed in the application note men-
tioned above - and in the case of TSG8532, by ad-
justing the frequency of a free-running oscillator
whose frequency is varied by a potentiometer as il-
lustrated in figure 11.

L3y SGS-THOMSON m7
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Figure 11 : Adjustable Band—pass Filter (upper cut—off frequency set by crystal-controlled oscillator).
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A band-pass filter is thus implemented using only 2
switched capacitor filters of SGS-THOMSON con-

figured as active elements.

8/17
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A wide frequency adjustment range is available
using RC-type free-running relaxation oscillators
(figure 12).
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Figure 12 : Adjustable Band—pass Filter (upper and lower cut-off frequencies are both adjustable).
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In order to obtain excellent performances and spe- upper cut-off frequency of the band-pass is also

cially toimprove the signal-to-noise ratio, addition of necessary.
anti-aliasing and smoothing filters suited with the
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BAND-STOP FILTERS
FILTER SYNTHESIS FUNDAMENTALS (figure 16)
Figure 13 : Band-stop Filter Fundamentals.
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A band-stop filter is obtained by adding the output
signals of a high-pass and a low-pass filter.

The adder circuit is configured using an operational
amplifier.

In the case of SGS-THOMSON switched capacitor
filters, the adder circuit is readily implemented using
one of the operational amplifiers contained in the

Figure 14 : Inverting Adder.

same package as the filter circuitry. It is thus clear
that only two packages, one low-pass and the other
high-pass, are required to implement a band-stop
filter.

An adder is built using either of the configurations
given below :

b—— Output = —(V1 + V2)

E88AN070-15

Figure 15 : Non Inverting Adder.

—— Output = V,l + V2

E88AN070-?
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Figure 16 : Band—Stop Filter (two separate clocks).
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RESULTS Other standard circuits can be used according to the

Similar to band-pass discussion, the standard de- desired cut-off frequency slope and attenuation.

vices employed here are : Figure 17 depicts the response curves of the indi-
TSG8512 : Low-pass vidual filters.

TSG8532 : High-pass
Figure 17 : Frequency Response of Low—pass & High—pass Filters.
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Figure 18 illustrates the frequency response curve Once again, it is obvious that the operating charac-

of the band-stop filter built using these two filters teristics of each filter remain unaffected by this ar-

operating at the same frequency as previously. rangement. The response curve is obtained directly
from figure 17.

Figure 18 : Band-reject Frequency Response.
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APPLICATION NOTE

Also, there is no significant difference between an
inverting and a non-inverting adder (except for out-
put signal phase inversion).

For our present discussion, from now on, we shall
use non-inverting adder arrangement. The configu-
ration will therefore be identical to that given in fi-
gure 16 ; thatillustrates how a band-stopfilter is rea-
dily built using two switched capacitor filters.

In figures 19 and 20, the clock frequency of one fil-
ter is constant while the other is adjustable.

The outstanding flexibility of such band-stop filter is
clearly demonstrated by observing the fact that the
adjustment of one filter has no influence whatsoever
on the other.

Figure 19 : Shifting the Lower Cut—off Frequency.

REF LEVEL /D1IV MARKER 45. 063Hz

0. 000dB 10. 00GdB MAG (B/R> -69. 193d8
0. 000dB 10. 000dB MARKER 1 119. 1554z
MAG (B/R> —37. 765dB
T T AT F

Asdiscussed earlier, refer to section concerning Os-
cillators (Application Note : AN-069) for details on
how to implement the appropriate clock circuits.
One of the operational amplifiers available may be
used to build crystal-controlled or RC-type variable
oscillators.

Electrical diagrams of these oscillators are identical
to those given in figures 11 and 12.

Similarly, if clock frequencies are multiples of each
other, a single master oscillator and frequency
divider combination may be used.

Any modification of the master frequency will shift

the filter response curve along the frequency axis
(see figure 10).

BAND-STOP FILTER
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E88AND70-19
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Figure 20 : Shifting the Upper Cut—off Frequency.
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BAND-REJECT FILTERS (figure 21) For this application, a low-pass TSG8512 and a

high-pass TSG8531 filters are used. The TSG8531
is a standard 6th order Cauer-type high-pass fil-
ter and was chosen for this application due to its
sharp cut-off characteristics.

An interesting application of band-stop filters is im-
plementation of frequency-reject filters, i.e. steep
band-stop filters.
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Figure 21 : Band-reject Filter (adjustable center frequency).
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APPLICATION NOTE

Figure 22 shows response curves obtained at different center frequencies.
Figure 22 : Shifting the Frequency Response of Band-reject Filter.
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50Hz center frequency :
TSG8531 filter clock frequency : 36kHz
TSG8512 filter clock frequency : 3.6kHz
Selectivity Factor : Q 1.6
Attenuation at 50Hz : 45dB

60Hz center frequency :
TSG8531 filter clock frequency : 43kHz
TSG8512 filter clock frequency : 4.3kHz

Selectivity Factor : Q 1.6
Attenuation at 60Hz : 48dB

The frequency ratio of the clocks was selected to be
constant and equal to 10.

This allows use of a single oscillator followed by a
frequency divider.

Figure 21 illustrates the electrical diagram of this
band-reject filter.

This type of band-reject filter is generally employed
for the suppression of mains frequency transients,
i.e. 50Hz or 60Hz.

In this case, the application characteristics are as
follows :

16/17
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t Filter Frequency Response.
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60Hz Band-reject Filter Frequency Response.

Figure 24
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APPLICATION NOTE

SWITCHED CAPACITOR FILTERS
SIGNAL DETECTION & SINEWAVE GENERATION

INTRODUCTION

The present note outlines the specifications of high
selectivity factor (Q > 1) band-pass filters such as
standard TSG8551 and TSG8550 devices.

Subjects covered are :

= Signal Detection

= Implementation of a very low distortion sine-
wave oscillator.

These application fields cover a wide range of prac-
tical configurations built around the switched capa-
citor filters - few examples of which will be described
in detail.

SIGNAL DETECTION

This section discusses various types of the signal
detection techniques and gives an application
example of each.

The following topics will be covered successively :
» Amplitude detection

= Frequency detection

= Burst duration detection

The TSG8551 standard filter is best suited to this
type of application. This is a selective band-pass 8th
order switched capacitor filter with selectivity factor
Qequalto 35. In addition, it has a relatively high gain
(30dB typ.) at center frequency. The attenuation
within the stop band region is typically 70dB.

Consequent to the foregoing, it is obvious that the
TSG8551 is perfectly suitable for signal detection
applications. Since the clock frequency to filter cen-
ter frequency ratio is constant, the TSG8551 can be
accurately locked onto the signal to be detected, by
adjusting the external clock frequency.

AMPLITUDE DETECTION

The objective is to measure the amplitude of a given
signal selected by the TSG8551 filter.

Irrespective of the signal shape, the filter delivers a
sinewave frequency of which corresponds to the fil-
ter center frequency. This is particularly useful when
measuring a signal super imposed on a carrier or
lost within interference signals.

AN075/0389

By Jacques REBERGA

The detected amplitude level depends on the filter
gain at center frequency. As specified in technical
data sheet, the TSG8551 filter has a fixed gain -
guaranteed gain value of 28 to 32dB at 400kHz
clock frequency.

This application requires an extremely stable
"Quartz or Ceramic Resonator" - controlled clock
generator.

In fact, any clock frequency drift will cause center
frequency displacement and thus detected signal
amplitude variation.

We shall demonstrate in the present application
note, how it is possible to lock the clock frequency
onto the frequency of the signal to be detected (sec-
tion 2.1.3).

Filter offset compensation is necessary in order to
obtain an error-free measurement of the signal am-
plitude.

This function is easily implemented using "LEVEL"
pin of the TSG8551 which controls the output dc
level and can therefore be used to bring this level
down to zero. Same as for all other SGS-THOM-
SON Microelectronics switched capacitor filters, an
automatic offset compensation feature can be also
implemented (refer to application note "AN-069" for
detailed discussion of this topic).

SENSITIVITY OF SWITCHED CAPACITOR FIL-
TERS

Minimum signal amplitude detectable by TSG8551
is around 1mV peak-to-peak. Signals of lower
amplitude can be processed provided that they go
through a pre-amplifier before entering the filter
input. The pre-amplifier can be implemented using
one of the on-chip operational amplifiers. In this
case, the signal level at amplifier input must be at
least 100pV peak-to-peak.

RECTIFICATION

In order to measure the amplitude, the signal is
generally first rectified (half- or full-wave rectifica-
tion).

Once again, the on-chip operational amplifiers can
be used to perform this task.

112
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HALF-WAVE RECTIFICATION
Figure 1 illustrates the operating principles of this rectifier.

Figure 1 : Half-Wave Rectification Principles.
Diode D1 conducts during the input signal positive half cycle while diode D2 is reverse biased and
there is therefore no signal at the output.
During the negative half cycle, diode D1 is reverse biased and diode D2 conducts - the amplifier
operates in unity gain inverting configuration and consequently inverts the negative going input
signal and delivers a positive output signal.

a2

E88AN075-01

The gain of this configuration can be set by adjust- one of the on-chip operational amplifiers is readily
ing the value of the feed-back resistor - thereby implemented. The output signal offset can be sup-
allowing signal amplification if necessary. pressed by routing the signal through a capacitor
As depicted in figure 2, practical configuration using before its application to the rectifier.

Figure 2 : Application Configuration of the Half-wave Rectifier.

SIGNAL
tjc\jﬂl- L

CLOCK »»————

Rectified
Output
Signal

22k0

E88AN075-02

2/12

SGS-
Kyy S55.THOMSON

1016



APPLICATION NOTE

FULL-WAVE RECTIFICATION
Figure 3 depicts the operating principles of this rectifier.

Figure 3 : Full-wave Rectification Principles.

The first amplifier (A1) operates as half-wave rectifier - the two rectified half-cycles are forwarded
to the second amplifier (A2) that inverts once again the positive half-cycles and transmits direct-
ly the negative half-cycles of the input signal.

10kQ
INPUT »—o"C—

E88AN075-03

This configuration uses two operational amplifiers.
The arrangement is straightforward, while resistors
are of identical value and therefore easily matched
- yielding accurate rectification.

Figure 4 illustrates the practical configuration using
the on-chip operational amplifiers of the switched
capacitor filter.

Since rectifier configurations are sensitive to input
signal offset, a 4.7pF capacitor is inserted between
the filter output and the rectifier.

A simple R-C network arrangement at filter output
allows dc level extraction from the rectified signal.

Figure 4 : Application Configuration of the Full-Wave Rectifier.
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CLOCK FREQUENCY LOCKING

As mentioned earlier, amplitude detection using a
highly selective filter such as TSG8551 requires per-
fect frequency stability of both, the signal to be de-
tected and the filter clock frequency which

determines the band-pass center frequency. Other-
wise, frequency beating between the filter center
frequency and the signal frequency would be pro-
duced - resulting in amplitude modulation of the fil-
ter output signal.

L3y SGS-THOMSON 312
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If the signal frequency is stable, it is an easy task to
implement a clock oscillator using either of suffi-
ciently stable quartz or ceramic resonators.

In general, the signal to be detected is also subject
to frequency variations. This requires the filter cen-

Figure 5 : Phase Locked Loop Block Diagram.

ter frequency to be locked onto the signal frequency.
The easiest solution to achieve this requirement is
to use a Phase Locked Loop (PLL) operating prin-
ciples of which are depicted in figure 5.

Signal f B
y M f/IM Phase o | Low-pass
byd?é‘;:m Divider Comparator Filter
fu IN 1
By N fu vco
Divider 0
TSG 8551
Clock Signal

E88AN075-05

Phase locking yields :
9

™M T N

—f

ie.fu=

The only requirement is the'(lefore to select Nand M
values such as to make xx- to correspond to the

Figure 6 : Simplified PLL Block Diagram.

constant clock frequency-to-TSG8551 center fre-
quency ratio - i.e. "187.2 1%".

Thus if one selects M = 5 the corresponding N value
would be 936.

Asillustrated in figure 6, the PLL block diagram out-
lined in figure 5 can be simplified by removing the
frequency divider networks.

Signal f Phase Low-pass | Matching vCco
by TSG 8551 Comparator Filter Stage Oscillator
K
vco TSG 8551
£ Oscillator Clock Signal
E88AN075-06

In this case, the phase is locked onto the frequency
of the signal to be detected, and any variation of this
frequency will produce an error voltage at the out-
putof low-pass filter. This error voltage goes through
a matching stage (amplification, filtering, ..) and is

4/12

"_ SGS-THOMSON

then applied to a Voltage-Controlled Oscillator
(VCO) output frequency of which is used as clock
for the TSG8551.
Figure 7 depicts the practical application diagram of
this arrangement.

MICROELECTRONICS
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Figure 7 : Locking the Clock Frequency onto the Detected Signal Frequency.
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The 4046 (CMOS) device fulfils PLL functions while
the 74S124 (TTL) circuit generates the clock signal.
This application is well suited to amplitude detection
of medium frequency signals " 190Hz ".

The component values given in figure 7 allow the
PLL to remain locked within a frequency range of +
25Hz around the 190Hz - and if the input signal am-
plitude is constant, the amplitude of the detected sig-
nal would remain constant within a £ 10Hz range
around the 190Hz.

‘ GS-THOMSON
Y/ ?ﬂu@%@&@m@mm

It is obvious that the PLL operates ideally within the
latter frequency range and as a consequence, the
implemented filter is a true tracking filter.

However, filtering of the 4046 device output voltage
produces a time constant of approximately 0.2 sec-
ond. Consequently, the given configuration can fol-
low only relatively low frequency variations of the
signal to be detected - "about 10Hz/sec max." -
which corresponds to the characteristics of this type
of application (frequency drift with aging and tem-

5/12

1019



APPLICATION NOTE

perature). Adrawback associated to this type of PLL
is the risk of locking onto an undesired interference
signal the frequency of which falls within the capture
range. For this reason and in order to limit the noise
spectrum, the signal goes through an anti-aliasing
filter before entering the filter input. Similarly, a
smoothing filter is inserted between the filter output
and the phase comparator input. These filters are
implemented by Sallen-Key Cells using the filter
operational amplifiers. If required, the PLL capture
range can be readily reduced.

FREQUENCY DETECTION

The most frequent application is the detection of
presence or the absence of a signal at a given fre-
quency.

Thanks to its high selectivity and gain, the TSG8551
is particularly suitable for this type of applications.

Figure 8 : Schmitt Trigger Operating Fundamentals.

By adjusting its clock frequency, the TSG8551 cen-
ter frequency can vary from a few tens of Hertz
(22Hz typ.) to few tens of kilo Hertz (20.3kHz typ.).
As outlined in the previous section, a highly stable
clock oscillator together with precautions to avoid
parasitic signals are the major requirements for ap-
propriate and error-free signal detection.

In general, the detected frequency must, after filter-
ing, go through a signal shaping stage in order to
become suitable for use by other devices.

The TSG8551 output signal can be made TTL-com-
patible by using one of the on-chip operational am-
plifiers configured as Schmitt Trigger.

Figure 8 outlines the operating fundamentals of the
Schmitt trigger. Selecting a low hysteresis ratio, the
amplifier output flips between the two saturation
voltages at low amplitude input signals.

A low positive feed-back is applied to the amplifier by feeding the reference input with a fraction
of the output voltage. Due to hysteresis, the output voltage level change does not occur at the
same voltage level for input voltage rising or falling. The hysteresis ratio is determined by :

R2

Y ————
° Ri+R2

Note that the illustrated trigger is of inverting type.

E88AN075-08

H
1
—J——;ﬂ— Hysteresis

E88AN075-09
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Figure 9 illustrates the practical application diagram with TSG8551 configured for frequency detection.

Figure 9 : Frequency Detection & TTL-Compatible Output (component values of the smoothing filter apply

to a frequency of approximately 200Hz).

Composite
Input
Signal

4.7ka TTL-compatible
Output

Detected
Frequency

E88AN075-10

The 100k and 10k<2 resistors set the hysteresis at
1/10th of the amplifier saturation voltage. Trigger
thresholds are therefore —450mV and + 300mV ap-
proximately. Consequently, the trigger will operate
satisfactorily when the TSG8551 output signal
reaches 1V peak-to-peak (500mV amplitude).

The 1V peak-to-peak output level corresponds to an
approximately 30mV peak-to-peak filter signal
input. The voltage at trigger output swings between
—~ 5V and + 3.5V for TSG8551 symmetrical power
supply of = 5V, + 5V.

A diode connected to the output stops the negative
half-cycle and makes the signal compatible for use
with TTL devices (typical levels : — 0.6V, + 3.5V).

Note that in order to avoid offset problems at the fil-
ter output, the signal goes through a 470nF capaci-
tor before entering the trigger.

The output signal is sampled by the switched capa-
citor fitter and needs smoothing before going
through the Schmitt trigger for shaping.

BURST DURATION DETECTION

Another application of signal detection at a given fre-
quency is the measurement of the signal burst dur-
ation. In this case, the burst must be detected
without introducing any delay. One must therefore
select a filter the group delay of which is compatible
with the burst duration at the frequency under con-
sideration. Generally, a group delay equalto 1/10 th
of the burst duration is acceptable.

Oscillogram of figure 10 illustrates the burst detec-
tion of a 190Hz signal frequency using TSG8550 fil-
ter particularly suitable for this type of application.

The TSG8550 is a band-pass filter with its gain at
center frequency and selectivity factor equal to 0dB
and 7 respectively.

Its group delay at 190Hz center frequency is about
22ms - making it suitable for burst detection of at
least 2560ms duration as shown in figure 10.

The application configuration used is a straightfor-
ward typical arrangement of the switched capacitor
filters and does not include any anti-aliasing or
smoothing filter.

L7 SGS-THOMSON e

MICROELECTRONICS

1021



APPLICATION NOTE

Figure 10 : BURST DURATION DETECTION

Comment :

using TSG8550

= Signal Frequency : 190Hz

» Waveform 1 (upper)
- Filter input : 200mV/div

= Waveform 2 (lower)
» Filter output : 50mV/div

= t = 50ms/div

The filter is suitable for signal detec-
tion at this frequency

The oscillogram of figure 11 depicts the results ob-
tained using TSG8551 filter the group delay of which
is about ten times higher than that of TSG8550 ; i.e.
about 200ms at 190Hz frequency.

Figure 11

Comment :

: BURST DURATION DETECTION
using TSG8551

= Signal Frequency : 190Hz

= Waveform 1 (upper)
» Filter input : 200mV/div

= Waveform 2 (lower)
» Filter output : 2V/div
» t = 50ms/div

The filter exhibits a relatively high
group delay for this frequency

Note that the group delay is independent of the sig-
nal amplitude and inversely proportional to the sig-
nal frequency - as indicated by the oscillogram of

Figure 12

Comment :

8/12

: BURST DURATION DETECTION
using TSG8551
» Signal Frequency : 2kHz
= Waveform 1 (upper)
- Filter input : 100mV/div
= Waveform 2 (lower)
« Filter output : 1V/div
n t = Sms/div
The group delay is independent of
the signal amplitude and inversely
proportional to the signal frequency.

1022
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It can be seen that the output burst is distorted be-
cause of an important delay during rising and falling
phases.

E88AN075-12

figure 12 where the measured settling time is 20ms
for a 2kHz signal frequency filtered by TSG8551.

E88AN075-12
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As the foregoing discussion demonstrated, a
switched capacitor filter can be used to detect the
presence and the burst duration of a signal. This

type of application is used for data detection - e.g.
detection of a binary code transmitted using on-off
frequency modulation technique as shown below :

U

1

0 E88AN075-13

A microprocessor unit can be used to process the
signal and, for example, to compare it with the con-
tents of a ROM. After detection by switched capaci-
tor filter, a single R-C low-pass cell is sufficient to
extract the signal envelope.

Applications are numerous : remote-control, data
transmission on teleprinters, etc ..

CONCLUSION

Wide range of currently available SGS-THOMSON
Switched Capacitor Filters provide for appropriate
selection of suitable filters meeting the requirements
of every specific signal detection application.

The types most often used are standard band-pass
filters, which in combination with the on-chip oper-
ational amplifiers, greatly simplify the design of sig-
nal detection applications. Also, such configuration
arrangement offers the possibility of implementing
additional functions related to signal detection such
as rectification, signal shaping, signal amplification,
etc... .

A true tracking filter is implemented by locking the
filter clock onto the frequency of the signal to be de-
tected.

Figure 13 : Sinewave Generator Block Diagram.

The signal detection topic covers a wide range of
applications - few examples of which were detailed
throughout the present discussion. A single inte-
grated filter associated to a few low-cost compo-
nents, enables the design of complex functions.

VERY LOW DISTORTION SINEWAVE GEN-
ERATOR

INTRODUCTION

Thanks to its high coefficient of selectivity, the
TSG8551 filter is best suited to this application. This
filter can extract from a complex signal, the compo-
nent located at the filter center frequency.

In all cases, the TSG8551 output signal is nearly a
pure frequency waveform, i.e. a sinewave.

We shall use this property to implement a sinewave
generator, using only a single TSG8551 package.

Various configuration arrangements will be dis-
cussed and it will be demonstrated that thanks to
the remarkable characteristics cf the switched ca-
pacitor filters, there is a tremendous number of ap-
plication possibilities for this type of oscillators.

External Clock
(Frequency : le)
N TSGBSS1 [ our /[ \
Filtering
Sinewave Signal
(Frequency T;Z— )
At
E88ANO75-14
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OPERATING PRINCIPLES

If a TSG8551 filter is configured in closed-loop, it be-
gins oscillating at its center frequency.

Due to high filter gain and in order to avoid the satu-
ration of the output stage, it is necessary to insert
an attenuator within the feed-back loop.

With suitable attenuation, the filter output signal will
be a sampled sinewave, and must go through a
smoothing filter to obtain the final sinewave - the fre-
quency of which will be proportional to the clock fre-
quency.

IMPLEMENTATION

The most delicate task of this configuration is the
design of the feed-back loop attenuator. In fact, an
ordinary potentiometer cannot fulfil this requirement
since too low an attenuation will cause the filter out-
put signal amplitude to rise to the saturation level,
while excessive attenuation will result in the signal

Figure 14 : Sinewave Generator (with AGC).

amplitude falling gradually until the oscillator is com-
pletely halted. It is thus clear that the position of bal-
ance is quite unstable using a potentiometer.

ALTERNATIVE 1 (figure 14)

The appropriate solution is to design a true Auto-
matic Gain Control (AGC).

A simple configuration can be obtained resorting to
the properties of the Field Effect Transistors (FET)
which behave as variable resistors as a function of
the voltage applied to the gate.

The FET is used as a potentiometer, the gate bias-
ing voltage is supplied by the negative amplitude of
the output signal which is rectified by a diode and
filtered by a capacitor. An N-channel FET is used
here, so that, when the output signal rises, the gate
voltage becomes more negative and therefore the
FET conducts less, resulting in filter input signal at-
tenuation.
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Inversely, when the output signal levelfalls, the tran-
sistor conducts more and as a consequence, the
input signal amplitude rises. A potentiometer placed
before the FET attenuates the output signal so as
to enable the FET to operate at low drain-source
voltage levels, i.e. within characteristic area where
drain to source resistance varies linearly as a func-
tion of the gate voltage.

10112
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This configuration delivers a stable output signal
amplitude of approximately 5V peak-to-peak irre-
spective of the clock frequency within the operating
frequency range of the TSG8551 (center fre-
quency : 20Hz to 20kHz). Sinewave smoothing is
performed by one of the filter operational amplifiers
configured in second-order low-pass (Sallen-key
structure).

MICROELECTRONICS
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ALTERNATIVE 2 (figure 15)

In this case, the output signal is clipped by two in-
verse-parallel connected diodes. This arrangement
results in constant signal amplitude whatever the
output signal amplitude (provided that it is higher

than the diode threshold). A potentiometer allows to
set the input level at a constant value and therefore
adjust the output amplitude so as to avoid satura-
tion.

Figure 15 : Sinewave Generator (with amplitude adjustment).
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100 ka 100 kQ
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This simplified arrangement gives satisfactory results within the entire frequency range. The output sine-
wave distortion is about 0.2% (total harmonic distortion).

Figure 16.
Attenuation
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) TSG8S51 M) 47kl le ) TSGBS51 () SGNAL
[ % [
CLOCK
()
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ALTERNATIVE 3 determine the saturation voltages of the output am-

This solution if of simple implementation - attenua-
tor adjustment does not involve any complication,
but the configuration requires two TSG8551 filter
packages.

The first TSG8551 is configured in closed-loop and
therefore delivers a constant amplitude square
waveform with its frequency equal to the filter cen-
ter frequency. The filter power supply voltages

‘7_’ SGS-THOMSON

plifier and hence the signal amplitude. If this signal
is sufficiently attenuated and then filtered once
again by another TSG8551 centered on the same
frequency, then a pure sinewave corresponding to
the fundamental signal component would be ob-
tained. Both TSG8551 filters are therefore driven by
the same clock frequency and the smoothing is per-
formed as previously using one of the filter oper-
ational amplifiers.

1112
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APPLICATIONS

= Since the frequency of the output sinewave is
readily adjustable by the clock frequency, the first
application of this oscillator is Low Frequency
Signal Generator.

= Using an operational amplifier, the generated
sinewave can be easily converted to square and
triangular waveforms.

Figure 17 : Network Analyzer.

w If a VCO is used for clock generation, then the
sinewave frequency can be modified by the vol-
tage applied to the VCO. This property can be
used for frequency (or phase) modulation.

= Aninteresting application using two TSG8551 fil-
ters is as follows :

Attenuator
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Transmitted Sinewave
Sinewave A +
Signal r:: - " Noise
ipment
under Test
| I |
E88AN075-18
The first filter operates as sinewave oscillator as dis- CONCLUSION

cussed earlier while the second filter being driven
by the same clock frequency, is automatically tuned
at a center frequency equal to the oscillator fre-
quency.

This configuration can be used to implement a se-
lective voltmeter or a network analyzer. The os-
cillator signal is applied to the input of the device
under test the output signal of which goes through
the second TSG8551 and is then transmitted to-
wards a measuring or recording instrument. Mod-
ifying the clock frequency, the entire low frequency
range is scanned while the analyzing filter remains
tuned on the input signal frequency.

1212
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Section 3 covered original design ideas built around
switched capagcitor filters which depart slightly from
typical applications. This should enable the designer
to explore new applications by taking full advantage
of the flexibility of use inherent to switched capaci-
tor filters. These filters can be undoubtedly inte-
grated into other application configurations thus
offering design simplification and performance
enhancement.
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