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ABSTRACT
Switching noise is an increasingdgrious concern in théesign of mixed-
signal integrated circuitsChis paper describethe influence of signatorre-
lated transients produced in the digpalt of a CODEChip and measures to
improve thensensitivity ofthe analogpart. Additionally, the circuitbehaviour
in case of electromagnetic interference will be discussed.

[. INTRODUCTION

Thescaling ofVLSI technologies opens thmossibility to realiz&eomplete systemihat inte-
gratecomplex, digital circuitdogetherwith high-performance analog circuits. An example for
such amixed signal design ihe SLICOFIU, an integrated onehip Subscriber Linénterface
and CODEC Filter. A block diagram and a detailed description othiugsis given elsewhere
[1]. The digital circuits work with clock frequencieg .k > 4 MHz) well above the voideand
(fsignal = 0,3...3,4 kHz) buhevertheless there issironginfluence of signatorrelatednoise
produced in theligital part. The analogpart of thechip acts like amixer and the signal depend-
ent interferences of thdigital part arefolded into the voice band. These intermodulajoo-
ducts are then processed togethieh the desiresgignal. The problem of intermodulation dis-
tortion iswell-known and Wl not bediscussed further here. The goal of ghéper is tagive a
survey of measurdabat can be implemented in a design flow to improle insensitivity of a
mixed signal desigmith respect to electromagnetic interferences. Furthermore considerations
about gaintracking are discussed.

[I. GAINTRACKING BY POWER BUS NOISE
In thefield of telecommunication gaintracking definé® variation ofgain with respect to
amplitude variation [2]. In this sense, it is a meas$oreghe linearity of a transmissiopath in-



cluding data conversionrOnewell known reason is theonlinear transfer characteristic AfD- or
D/A-converters. Another effect, thefluence of signatorrelated noise opower bus lines,which
degrades the gaintrackitghavior especiallfor small signalamplitudes, will be discussed in detail.
As the measurettequency spectrum dhe digital power supply pin(Fig. 1) shows, then-chip
digital signal-processdiDSP) generates signal correlated components around thefdgdlency.
Applying a two’scomplement sinusoid signal to a busdriver casgagar signalmodulation with
the differencethat themodulated components are dominatedmyitiples oftwice the signal fre-
guency. This effect results frothe increasedgwitching transients at zero-crasyj whereby the
amplitude is nearly the same for both positive and negative zero-crossings. If the sigyhfiesd in

a waythat zeros are added between the sigaaipleqas it is the case for precharged data buses),
amplitude modulation wilbccur at signafrequency (Fig.2), hencethe current at positiveero-
crossing is less than the negative cas®bviously thistype of disturbance will degrade the gain-
tracking behaviorespecially if decoupling ahe analog and théigital part is notsufficient. Using
unsigneddata representatianstead oftwo’s complement arithmetic fdDSP algorithmsthe ampli-
tude of themodulated components can be redusephificantly (Fig. 3), thusimproving the gain-
tracking behavior to meet the specification even in the worst case (Fig. 4).

To prevent noiséjection fromthe digital into the analogpart, separatsupply linesare used on-
chip (Fig.5). The digitalsupplycurrent j produces voltages across the bond inductgrand Ly,
the external boardnpedances ¢ and %, and the external decoupling capacitgy; CTo prevent
the injection of noise into the analpgrt,decoupling capacitors with loimtrinsic impedance should
be connectedirectly tothe chip. Furthermorethe impedances £ an %, should bemaximized in
order tooptimizethe decoupling between the analog anddig#al circuitry [3]. Underthese cir-
cumstances, the gaintracking could be improved, even withounhgiementation of unsignedata
representation for digital signal processing.

Anyway, the measurements showeidat on-chip coupling effects, considered the impedance
Zc in Fig. 5, can be neglected.

lll. EFFECTS OF RF INTERFERENCES

In typical applicationsthe SLICOFH must tolerate larghigh frequency interfering signals ema-
nating from an externalource which cancausesignificant interference problemshe measurement
in Fig. 6 (curve a) showthe demodulated voltage in the voice band at the amalggutunder the
influence of arelectromagnetidield with an intensity of 3 V/m and frequencies betw@&0 MHz
and 1 GHz80 percenamplitude modulated by ankHz signal). The RF signal is received by an
antennastructure on the boamhd demodulated by the analog circuitantticates a wide range of
sensitivity.

IV. MEASURES TO IMPROVE THE EMC/EMI INSENSITIVITY — AN EXAMPLE
The best approach to low-distortiatesign is to address each distortisource separately.
Therefore, the analopgart was investigated by time domain simulatioms/o errorvoltages with
frequencies of 16 ant,001 MHz were connected series to Yp, Vggor to analog ground. The



intermodulationproducts at the output wersvestigated. It could be proved lsymulations and
additionally by measurements, that only the nonlinearity of the output amplifiers is responsible for the
demodulation of the signal correlated noise. 3inaulation results athe folded-cascodamplifier in
Fig. 7 will be considered briefly here:
* Interferences on the positive supply voltagspvare folded by the diodes;DD3 used forbiasing

the cascode transistorg Fand the transistorsz]; of the common mode circuit;
* Interferences on the negatisepplyvoltage \sg are folded by the transistorg § of the differ-

ential input stage of the common mode circuit;
» As well interferences on ground are folded by this differential input stage;
* Interferences on the reference voltagesavd \4, of the centrabias blockare folded by the cur-

rent mirror transistors.

After implementation of RF decoupling measures, characterized by damsenh Fig. 7 the in-
sensitivity ofthe amplifier could be improved considerably. The essential re&sothe sensitivity
peak in Fig. 6 (curve a) is the resonant circuit at the base node of trangjstdnich consists of the
on-chip capacitance at this bondp#te bond inductancegl, and the external capacitogg. By
introducing a small resistor of 1@ in series to g,; thedampingratio ofthis antennatructure can
be increased and therefore the demodulated voltage can be significantly decreased (curve b in Fig. 6).

V. SUMMARY
We discussed seversileps thatan beadopted in thelesign flow inorder tominimize suscepti-
bility to injectednoise. First of allthe generation of signal correlatedise inthe digital part of the
examined chip, which iene reason for gain error in the tansmissiorpath, can be prevented by
implementing an unsignethta representation (Quit the Talker). @timizingthe board layout we
reduced the interferences (Isolate the Listener) [4].if$ensitivity ofthe analog circuits can be im-
proved by the integration of decoupling measures at the “hot* nodes (Close the Listener’s ears).
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Fig. 1 Measured spectrum of the digital supply Fig. 2 Simulated spectrum of the digital supply
voltage. current with added zeros.
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Fig. 3 Simulated spectrum of the digital supply Fig. 4 Measured gaintracking performance at
current for an unsigned data representatic 1014 Hz: a) signed data representation

b) unsigned data representation.
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