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Circuit architecture derivation starting from a formal requirements
specification considering a DDS as example
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Technische Universit Dresden, Institutlfr Verkehrsinformationssysteme, Dresden, Germany

Abstract. Based on a formal specification of a direct digi- steps. This is due to the existence of sufficient accurate be-

tal synthesis (DDS) and assuming the availability of a set ofhavioural models for analogue and digital circuits. There are

possible circuit architectures we derive a customised systensorresponding algorithms that allow CAD activities, espe-

configuration. We calculate the design parameters that canially in circuit design.

be used for the specification to synthesise the circuit compo- In principle, adjacent design-strategies, like “Design

nents. reuse” and “IP Design”, can be ranged in here because of
We show how the derived parameters and the selected I@heir being regarded to circuit design (Seepold, 2002).

technology influence the complexity of the circuitimplemen-  Wwith respect to the first two or three design steps the level

tation. of CAD-activities is rather unsatisfying. At present, research

activities are aimed at a formalization of the specification to

get a suitable platform for a systematic and CAD based selec-

1 Introduction tion of system architectures and performing the subsequent

design steps.

There exists a lot of challenging reasons for the present en- The paper is focused on the first two design steps and the

deavours made in modernization and improvement of the detransition between them. Based on an example, options for a

sign flow in the context of integrated circuit design. formal definition of the specification and a systematic choice
One of the key points is the demand to reduce the time-of the system architecture are presented.

to-market of the circuit design. Other important reasons are

lowering costs and improving reliability by attending the fact

that the circuit complexity is continuously increasing. Gen-2  System design flow

erally, it can be stated that there exists a design gap of rising

importance that must be bridged. We consider the system design flow as it is shown in Fig. 1.
Related to this background, different concepts have been starting with an abstract system requirements specifica-

introduced during the last years to improve the situation.tjon a selection is performed from a set of system architec-

Common to all these concepts is the fact that some effort hagres. Also design parameters are calculated, which can be

been spent in reinforcing computer aided design (CAD) toysed in the next design steps, e.g. as part of the specification

replace human design activities. This is possible by fulfilling for a register transfer level synthesis.

the basic pre-condition of a preferable complete formaliza-  afterwards a step follows, which we will not describe in

tion of the different steps of the design process. detail in this article. We estimate statements about the possi-

In general the design flow can be roughly divided into the ity and complexity of an implementation in a selected IC
following successive steps: technology. This leads to a proposal for a technology selec-
- definition of the specification, tion if there is more than one opportunity.

- choice of the system architecture,

- block specification,

- choice of the circuit architecture,

- circgit design, example.

- testing. : . Such a component can be used as oscillator or modulator
At present CAD-concepts are in practical use on a remark-

able high level with respect to the last three or four desi nIn a mobile radio system.
9 P 9" I this context the reduction of the system size and of the

Correspondence tdd. Garbe clock frequencies is of extraordinary importance, because
(garbe@vini.vkw.tu-dresden.de) this results in a reduction of power consumption.

In the following we show the transition of a system specifi-
cation into parameters for the register transfer level synthesis
by using the direct digital frequency synthesis (DDS) as an
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Fig. 3. DDS system architecture.

The control wordV is constantly added to the accumulator

Technology IC Technology and Circuit Architecture _ . .

Benchmarks /] Selection value. The limited word width results in a sequence of over-
flow pulses. The pulse peridfh ps is related to the output
frequency with

Fig. 1. IP based system design flow. 1 N
fpps = T = fowithN,M e NandN <M (2)
Control Word N System clock s, bDs
| The usage of a rational divis® leads to a jitter of the pulse
3 sequence between two possible period lengths of the timing
ov ov' pattern of f.. Hence the pulses are either generated at the
N J X )
Adder Register Sov=SDDS correct time or they are delayed. The amount of this error can
o be computed from the remainder value of the accumulator
—h ‘ after an overflow.
m The spectrum of the output signal contains a large number
of discrete spurs (Fig. 4a, red spectrum).

ing procedures for jitter correction can be implemented.

The estimations of variouB DS architectures have been (1) The virtual clock enhancement function reduces the
published in Richter (1999). There Richter derived the math-jitter of the pulses. This results in a reduction of the power
ematical models and the correlation of system configuratiorof the discrete spurious signals. It computes a more exact
and system parameters. These models have been verifigullse output time due to the closer timing pattern of the
by simulations and measurements of prototypes in differenvirtual clock frequencyf, .,
technologies. .

Related to the set of tasks presented above these relatiorfé‘*” =B fewithB =2 ®)
were transformed to emphasise the view of the system synThe improved spectrum is shown in blue in Fig. 4a.
thesis.

The aim is to derive the minimum necessary hardware(2) Dithering and noise shaping eliminate all discrete
costs and to choose which system configuration has to bepurs, but transfer the power of the jitter signal into a
used, in order to fulfil the system specification. continuous noise signal with spectral shaping. Resulting

An example of these costs is the word width of imple- spectrum improvements are illustrated in Figs. 4b and 4c,
mented mathematical operations. The reduction of the signalespectively.
processing complexity is a further example. In Fig. 3 the architecture of DS is shown. The compo-

nents of the jitter correction are optional and can be selected

- . according to the architecture.
3 DDS principle and system architecture 9

A DDS is a digital procedure/algorithm to generate a signal,4 System specification: parameter and conditions

whose phase and frequency are directly tuneable.

A centre frequencypps is derived from a reference fre-
quency f,. and a controllable factoR. The relationship is
shown in Eqg. (1).

An implementation of a frequency synthesis system is char-
acterised by a set of parameters, like:
- the output frequencypps, which can be specified as list
of discrete frequencies or frequency ranges,
fops =R - fowith0 < R < 1. (1) - the frequency resolution fpps or the minimal increment
of fpps Or R,

A special realisation of such a system is the pulses output the switching speed or the latency time for the adaption to
DDS. Its base component is a phase accumulator. A specigh new value offpps after a change oR,
implementation is shown in Fig. 2. - the phase behaviour during frequency change,

The factorR is formed by the relationship of a control - the spurious free dynamic ran§é DR,
word N and the number of states, which an accumulator with- the signal-to-noise rati§ N R and also
word widthm can accept (Eq. 2). - the centre frequency offset specificatidOfpps).
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Fig. 4. (a)Pulse outputDDS spectrum (red) versus spectrum after virtual clock enhancement (blogBSpectrum after virtual clock
enhancement (blue) versus spectrum after virtual clock enhancement and dithering (méc)eBpeEctrum after virtual clock enhancement
(blue) versus spectrum after virtual clock enhancement and noise shaping (green).

Additionally, a set of secondary conditions influences the 2
system performance. The long-term stability of the reference T N
28

clock$ (f.) is exemplarily mentioned.
m qﬂq(

: b

5 Derivation of design parameters for the RT level 20 Jﬂﬂi
Af inHz
According to the design flow shown in Fig. 1, a set of design 16 o T m 100 »
parameters is derived from the system specification. In the ' '
case of theD DS these parameters are: Fig. 5. Phase Accumulator word width required by frequency reso-
- the selection of an optimal reference clock frequeficy lution specification.
- the minimum word widthn of the phase accumulator,
- the minimum factor of the virtual frequency enhancement 32
B and/or the word width of the offset time and 28
- the selection of the jitter correction functions. m Q‘QTLQ
24 ﬁ‘ﬂn
5.1 Minimum word width of operations 20 “_-'t;,‘;_‘L=
. 16 :Lq?]‘ 5( fDDS )
The necessary word width of the phase accumulator depends 1 -
on several requirements and conditions. For this example we 110 © 110 / 1410 © 1°10 ° 1°10 ¢

look to the phase accumulator introduced in Fig. 2.

On the one hand the necessary word widthan be deter-  Fig. 6. Phase accumulator word width required by centre frequency
mined from the relationship between used reference clocleffset specification.
frequency f. and the frequency resolution fpps. This

function is illustrated for a special example in Fig. 5. 5.2 Factor of the virtual clock frequency enhancement
It shows that an optimal selection ¢f leads to a decrease , , ) i
of the implementation costs. The basic function of the virtual clock enhancement is based

. ) on the computation of the quotient from accumulator remain-
On the other hand the necessary word wietfs fixed by der value at the time of a generated overflow pulse and the

:[Sh(ef reql;wement to the centre frequency offset specmcatlonvalue of the control wordV.
DDS)-

! ) Therefore a division component has to be implemented.
This parameter depends on the quality of the system clockhe \yorg width of the division result corresponds o

f. and as well as on the accuracy of the number representetEq_ 3). The implementation cost is determined by:
tion of the divisor relationshig. - the phase accumulator style and its word wietand

The function can be determined with regards to the com-- the factorB of the virtual clock enhancement.
putation of errors. It is illustrated for a special example in  Additionally, factor B influences the complexity and the
Fig. 6. Again, an optimal selection gt leads to a decrease operating cost for the generation of the corrected pulse se-
of the implementation costs. quence, which is to operate bfy ,.

The actually necessary word width is the maximum of The goal of the computations is to determine the minimum
both computed values. necessary and/orB.
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Fig. 7. Virtual clock enhancement factop) required by SFDR S ' f,

specification (red: SFDR =80 dBc, blue: SFDR =60dBc, ma-

genta: SFDR =40dBc). Fig. 8. SNR of aD DS after noise shaping with usage of different
virtual Clock Enhancement factors)((cyan:v = 6,..., bluelw = 3,

Due to the virtual clock enhancement an absolute decreas&d ¥ = 2)
of the jitter signal is observed. However, discrete spurs re- o
main in the spectrum. Therefore the quality of the spectruni™ 1he centre frequency offset specificatibfpps) and the
can be specified by th&F DR. necessary frequency resolutianfp ps determine the word
The formulas for the computation of ts&" DR ofapps ~ Width of the phase accumulator.
were derived by Richter (1999) and have been verified by 1he specification of th8 F D R and theSN R affect the con-

simulations and measurements. Likewise, this has been dorfiguration of the procedures for the jitter correction including
for the relationship to the improvement of t§& DR using the factor of the virtual clock enhancement. From this, time

virtual clock enhancement. conditions for the division and for the corrected pulse gener-
The relationship is illustrated for a special example in &tion can be derived. ,
Fig. 7. - The latency time for the achievement of the néwp s af-

Contrary to the conclusion drawn for the accumulator t€F @ change of is a criterion for possible pipelining of the
word width, in this case it is preferable to choogemuch ~ Signal processing operations.
larger thanfpps.

Figure 8 shows another example, which combines the vir-  ~qnclusions
tual clock enhancement and a noise shaping algorithm.

The unwanted error signal at thieDS output is now a |t could be shown that a computational support is necessary
continuous noise signal. for the transition of a formal system specification to a defi-

Therefore theS N R has to be specified for a defined offset nition of the design parameters for a customised circuit syn-
to the carrier signal, since it is not constant over the entirethesis (RT level specification).

spectrum due to the noise shaping. This is due to the fact that the derivation of design parame-

Usually theSN R is specified for several bandwidths. ters is essentially an optimisation task with many parameters.

Itis possible to compute the envelope of the spectrum of A condition of this support is an IP-specific method
the error signal. adapted to each case. This consists of:

The SNR is shown in Fig. 8 for a constamt f over an - a complete description of all specifiable system parameters
entire tuning rang¢gpps. It demonstrates to what extent the (achievement parameters),
change ob affects the quality of the signal. - a set of system architectures to configure and

Only the respective local minima of these functions are- the complete description of the functional relationships of
relevant for the design decision. system and circuit parameters.

The decisions made in this design step form in the next
step:

6 Summary of the functional relationships - the basis for the selection of a suitable IC technology and

Considering 4 examples we have demonstrated, how the Rrtthe specification for the RT level synthesis.

level design parameters can be derived. AcknowledgementsThis work has been supported by the German
It has been shown that based on a formal specification &overnment (BMBF) under Grant No. 01 M 3059 F.

suitable system configuration can be derived. The system

parameters of th& DS itself have only little direct depen-

dence.

In the following the relations between system F)arameterSSeepold, R.: Mafhez Madrid, Natividad: Wiederverwendbarer En-

and draft decisions are summarized: twurf auf Systemebene, System-Level Design Reuse, In: it + ti
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