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Abstract: The technical implants, which are in clinical
use at present, perform complex physiological functions
which partly can only be achieved by use of microprocessors, memory devices and an appropriate periphery,
at which analog as well as digital circuits are needed.
The importance of microelectronics in biomedical engineering will be demonstrated on the example of an im-

The control logic circuitry evaluates signals from the
atrium and the ventricle, and secures pacing in accordance
with need. In the dual chamber mode, the states "sensed"
and "paced" can be formally defined for both chambers, so
that four basic states with their transitions can be distinguished (Fig. l). The state machine changes states depend-

plantable dual-chamber pacemaker.

ters.

ing on the heart's intrinsic activity and the program parame-

INTRODUCTION

Also in biomedical engineering microelectronics is regarded as a key technology. Especially for implants high
reliability, small volume and large operation time can only
be achieved with integrated circuits. The microelectronics
used in biomedical engineering contains linear and digital
networks. With the scale of integration possible at present,
only hybrid technology meets the requirements for use of
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different semiconductor technologies; from beginning of
the eighties it determines state and development of the
implant electronics.
The multidisciplinary nature of the technical task in the
design of implantable devices is based on the component

Fig. 1: Simplified state and
programmed to DDD mode.

flow diagram of a pacemaker

aspects:

-

the electrode sensors and conffol systems

microelectronics, low voltage VLSI and hybrid technology
bi-directional telemetry, cybernetics and software engi-

neering
housing and insulating materials.
Pacemaker electronics make sffingent demands on microelectronics with low power consumption. The microelectronics not only serve for signal processing but must
also meet the control requirements of the device in coordination with circulatory control functions of the Autonomous Nervous System (ANS). The principle of the pacemaker is essentially based on a timer with a switching
stage, the timer being controlled by cardiac activity [].

-

The pacemaker offers not only a large number of programmable conffol and pacing parameters, but also the
possibility of being used as an electrophysiological measurement system. With the aid of the programmer, the system permits linkage and synchronization with an external
stimulator. The digital circuit of the pacemaker consists of
two blocks, an execution conffol, and a. communications
interface. These are built in standard cell logic. For the first
time, it is now possible to create the layout of this digital
circuit completely automatically, using computer-aided
design (CAD) software.

TECHNOLOGY OF THE PHYSIOLOGICAL
PACEMAKER
As an example, a circuit of a multiprogrammable dualchamber pacemaker demonstrates the task. The multi-stage
band-pass amplifiers for the acquisition of the intracardiac
atrial and ventricular signals, together with the analog dataprocessing circuits, the voltage multiplier, the output stage,
and the telemetry unit are implemented on a single IC. The
technical task of reestablishing the natural excitation process consists of synchronizing the ventricles with the atria.
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Fig.2: Microprocessor-controlled digital circuit of
pacemaker
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Operation of a dual-chamber pacemaker follows the
principles given in Fig. 2.The state machine has nearly 100
possible states. In conjunction with the output register, it
allows more pacemaker functions to be introduced. These
comprise automatic adaptation of sensitivities, thresholds,
and pace impulse amplitudes with efficiency checks. Together with the timers, additional functions can be implemented, such as dynamic, rate-dependent AV delays. When
developing the combinatorial logic of the state machine, its
complexity was taken into account, and software tools were
used not only for simulation but also for logic synthesis.
This greatly shortened the development time. The circuit
can be created automatically from syntactical description of
the state machine. Because the input description is automatically tested for consistency, manual intervention is no
longer necessary. The occurrence of errors is thus reduced.
The calculation is followed by a node analysis of the gate
logic. This yields test pafferns that guarantee a 100% test
coverage of the logic block and that are set up via the test
connections (scan path test) during the chip test.

decade). The center frequency is 70 Hz for the atrial channel and 40 Hz for the ventricular channel. The AD converter has a resolution of 6 bits and operates according to

the principle of successive approximation with automatic
zero-point adjustment and measurement-range matching for
weak and strong signals (for ECG signals or supply voltages). The DA converter has five binary weighted capacitors that can be switched in parallel, similar to those in the
last feedback branch in the input amplifier [5].

Fig.4: Detection amplifier in switched capacitor
Adatst ..-f
Vdetel +
EOLflag

tech-

nologt.

.+

R66dmlacl
En€mallrigger

J-Mode_l

I
I

control
register

-)
.+

SUMMARY

l+
I

The multidisciplinary nature of the technical task is de-
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rived from the diverse components of the physiological,
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Fig. 3: Block diagram of digital controlfunctions.
The state sequencing is performed by the control unit
(controller). The controller is a state machine, the essential
components of which are the state register and the random
logic block (Fig. 3). The state register stores the current
state of the system and also conducts this information to the
logic block.

All analog blocks are designed in switched capacitor
(SC) technology 12-41. Unlike standard operational amplifi ers, the amplifiers used for the SC circuit of this chip do not
have a voltage output but instead have a current output with
an idealized transfer characteristic. They are known

as

operational transductance amplifiers (OTA), and have special advantages for low-power circuits in combination with

SC networks. Fig. 4 shows a combination of OTAs and
switched capacitors that serve as input amplifiers of the
intracardiac EGM channels.
The dynamic circuit technique, characterized by a
combination of OTAs and SC networks, is consistently
used for the remaining analog circuit blocks. Especially
emphasized are the filters of the input circuit, the AD converter for the analog telemetry unit, and the DA converter
in the analog output circuit. The filters have four high-pass
poles (80 dB
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decade) and two low-pass poles (40 dB /

physical, electrochemical, and material sciences. The engineering and scientific contributions not only entail signal
processing, control engineering, and microelectronics, but
also incorporate material science and process engineering.
As with the solution of other problems in biomedical engineering, the development of cardiac pacemakers critically
depends on mastery of basic technologies. The reliability
and safety of the technical therapeutic device requires comprehensive quality control measures that must include all
the system components.
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