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Abstract
The VHDL based mixed-signal event-driven
(MixED) simulation method is employed to
simulate a sigma-delta modulator for A/D
conversion. Results are verified by experimental
data and comparison to PSpice-AD simulations.

1 Introduction

The VHDL based mixed-signa event-driven
(MixED) smulation method [1] has been shown to
dlow for effective mixed-sgnd smulation in a
number of useful applications. The range of possible
gpplications is smaler than that of tools such as
VHDL-AMS [2,3] or PSpice-AD [4]. However, a
number of useful mixed-signa circuits have aready
been successfully smulated, eg. an anaog inverter
with operational amplifier (OA) [5], a switched
capacitor circuit with OA [6] and aPLL [7].

The three mgjor goals of this communication are
1. to study the accuracy of the MixED-method,
2. to present a smple SD-modulator as one more
useful MixED application and
3. to discuss the clocked comparator as an A/D
interface device.

2 Accuracy studies of the MixED method

After presenting a number of circuits that can be
smulated with the MIiXxED method, there is an
increasing need to demonstrate its accuracy rather
than to increase the scope of smulatable circuits. In
this communication MixED simulations are compared
to both smulated and measured data.
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2.1 Suitable applications

Suitable applications for the VHDL based
MiIiXED method are digitd designs with some simple
analog functions. The mixed-signal gate array offered
by the Institute for Microelectronics Stuttgart [8] was
identified as an ided target technology for this
method. Asillustrated in Fig. 2.1, analog blocks were
incorporated into an otherwise digita gate array, the
so-caled "gate forest” [9].

Customers of gate-arrays have a VHDL rather
than a VHDL-AMS smulator. With the MixED
module a silicon foundry is capable of offering mixed-
signal circuits together with appropriate VHDL
models.

The mixed-signad circuit employed for the
accuracy studies of this communication is an A/D
converter redized as sigma-delta modulator [9] with
RC lowpass filter as integrator, as shownin Fig. 2.2.
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2.2 MIxED versus PSpice-AD simulations
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Figure 2.2: SD-modulator using RC-lowpass as
integrator (acc. to [9]): The mean value of dy is
proportional to U,

The sgma-ddta modulator illustrated in Fig. 2.2
was smulated with two different mixed-signal
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smulation tools: Fig. 2.3(a) and (b) show the results
of smulations obtained with PSpiceeAD and the
MixED module usng ModdSim 5.3 [10], respec-
tively. The MiXED module required 0.26 seconds
CPU time on a 500MHz Pentium 11 processor and
was approximately six times faster than PSpice-AD
8.0 [4] on the same system.

In Fg. 2.3 the externdly applied analog input
voltage, Uin=Uin,, steps from OV to 5V with a step
sze of 1.25V. The digita clock sgnd, clk, is the
second externaly applied signal. The digita output
dgna of the modulator, dyy, is identica for both
simulations. Uin, is the voltage at the inverting input
of the comparator. It is the lowpass filtered mean
value of dy: and oscillates around Ujn,. The results
for the anaog signa U, obtained from PSpice and
from MiIxED dmulations are very dSmilar, as
illugtrated in Figs. 2.3 (@) and (b).
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