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Abstract

In this paper an integrated microsystem for control ap-
plicationsis presented. The signal path is completely de-

The analog realization of the basic controller concept
has a relatively short and completely analog signal-path.
In this case the essential is that the signal amplitude re-

mains its analog continuity. Therefore the controller is
very fast and isn’t subjected to discretization effects. De-
signs of equivalent digital solutions of the same concept
for a parametric field show an output signal wobbling
between two discretization steps although it should be at
a constant value. This is due to insufficient discretization
precision and could be demonstrated on digital controllers
with an 8-bit resolution. To overcome this problem digital
solutions have to be designed with higher computational
accuracy of at least 12-bit, thus the required chip size is
increased. However, the analog parametric field in this
realization doesn’t require the same high resolution and
can be concepted with a minor resolution and therefore
has a smaller die size. These advantages in combination
attend an analog realization of the control concept to be

o ) with good prospects.
Analog CMOS circuits often are not favoured for in-

tegrated systems. This paper intends to reveal that a5  parametric fidd

complete integration of an analog microsystem is capable

of reducing external components which are extensively  The core of the whole circuit is the analog parametric
used in common analog circuits. Therefore not only costs field that builds the basic control function. In general
can be saved but new applications are feasible which parametric fields have a transfer function in the form of
will be presented here. This solution should substitute 7' : R* — R™. However, for many applications a two-
a microcontroller-based design for controlling electrical dimensional parametric field with one output is required
motors resp. it is optimized for all power-controlled AC- only (n =2, m = 1).

consumers in general. In principle the concept of this ¢nio| applications based on a parametric field can be
control application can be realized in both techniques, v it \yith a wide range of control behaviour. Here, the
analqg a_nd digital. The fag|||ty of integrating all analog generation of a configurable transfer function is imple-
subcircuits onto a single die allows to place the whole oneq ysing small pieces of planes to form the desired
system into smallest spaces e.g. inside a grip of a drilling o641 transfer function. By allocating more planes,
machine. Furthermore this is a very cost-effective So- pigher adaptation to the given transfer function can be

lution, especially suited for low-cost applications. SO @ ptained. Starting with equidistant distributed planes, the
completely analog realization of the concept can achieve approximation-accuracy can be enhanced by relocating

some advan_tages compared to a digital microco_nt_roller— some of the planes, preferable to locations of the graph
based solution. However the control-characteristics of \nere its gradient has fast alternations. In most applica-
the designed system should in no case be fixed to & Speyjgns the grid of planes which form the overall transfer

cific application but rather be kept very general. Thus g, tion even does not require to have a notably high res-
it can handle a great deal of controlling tasks and is not ,,ion. There is rather need for a highly cost-efficient
restricted to the range of applications defined in the be- implementation

ginning. For this purpose it is essential to provide some
kind of programming possibility for the control function,
regardless if the system is designed analog or digital.

signed in analog CMOS-technique to exploit the advan-
tages of the signal continuity. Digital blocks are only used
as peripheral devices e.g. to implement a common pro-
gramming interface. Especially by integrating particular
analogous functions a big advantage can be obtained in
terms of overall fabrication costs. A motor controller was
chosen as an example to present the specific components
of the control system. Furthermore their contribution to
the entire system is discussed. Based upon statistical ex-
aminations it can be shown that the yield of this analog
system is competitive to respective digital solutions when
considering mismatch behaviour in an early design stage.

1. Introduction

The use of planes implicates a piecewise linear inter-
polation between the intended sampling points in the grid.
An analog drive of the input results in a time- and value-



continuous output signal. Through this, the circuit has the "X "v
property of high processing speed despite of its low circuit ramp-generators X
complexity. K L
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Figure 1. ramp function
To generate a single plane in the 3D-grid two ramps and
one cell subcircuit are required. Here each cell is driven ; ; :

by its associated pair of ramps which define the position Myy : Weight of a ce Mig| = Mi2
inside the grid. The rise of this plane is stored in 4 pro-
grammable switches in the cell. In this realization an ar-
ray of 727 cells was applicated using a CMOS technology
line with a minimum feature size af2um. Of course the
number of planes can be increased, but then it is advisableEach cell adds a share (positige negative) to the total

to employ a much more modern technology line because output current depending on its assigned range of the in-
the required die size is growing by square when increasing put current which is determined by its respective ramps.
n. For the given technology line a value forof 7 is the This current contribution is adjusted by the weight of each
most economical solution resulting in 49 weighted cells. cell. To be able to obtain a gain or a reduction of the to-
The use of simple ramps indicates a linear interpolation tal output current by a single cell, the weight is defined
method. This was chosen because the circuit to form aas a signed value. Inside the circuit first the positive and
ramp consists of a small number of transistors only, thus negative contributions of all cells are collected separately
the circuit complexity can be kept low. The total num- to be totalized afterwards.

ber of ramp-generators can be reduced enormously by not
providing two ramps for each cell but only one ramp for
each line resp. column of cells in the grid. This results in «
some smaller restrictions to the adaptability of the trans-x
fer function, but the savings of total chip size is a point of
more importance.

Figure 3. block diagram
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i*lref Figure 4. an ideal function & its real approximation

| 3. System overview

Iref ladd!sub . . . .
The project was defined to build this analog system on

a single chip only and further on to reduce the number of
. external components to an absolutely necessary minimum.

j j It must be clarified that there is no way to omit all exter-
Eﬂ‘{ nals; some components like power-semiconductors or
EE E power-resistors cannot be integrated in standard CMOS-
technology. The programmability ensures a versatile con-

trol system for all electric motors. Therefore the system

can be manufactured in high quantities at very low costs.

it

1 ﬂjj T:
L

1

_,
@
3

°
x

Hi—F

1

T~<

5
]
=

K2

hlﬂl

SR nE]
2t

A power-supply-subcircuit converts the mains voltage
to the low DC-voltage required by the rest of the sys-
tem. Here only 5 cheap passive external components are

Figure 2. signal path for one cell needed. In the integrated part of this module the ripple

of the DC-supply-voltage is controlled. A Zero-Crossing-
The connections of the cell outputs to the common circuit Detector scans the mains voltage and provides 100Hz ref-
output isn’t drawn in figure 3 to simplify the depiction. erence impulses to synchronize the controller with the
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electric motor. For this purpose only 1 ordinary external which increases the size and cost of the circuit. Further,
resistor is required. Furthermore this signal is fed into using common phase controlled modulators in conjunc-
the PLL-block as the reference-frequency. To start at a tion with electric motors result in a non-harmonic move-
defined initial point a Power-On-Reset-circuitry is inte- ment of the rotor through high frequency waves caused by
grated. The input e.g. a speed demand for the motor is high switch-on currents. All these effects can be elimi-
fed into the parametric field in conjunction with the signal nated using Power-MOS-FETSs instead of thyristors.

from the loop-back.
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Figure 6. motor logic overview

The output-current of the parametric field feeds a MOS-
Figure 5. block diagram of the system capacitor causing a time-linear voltage increase. As the
room for an integrated capacitance is extremely limited,
The output current of the field flows into the motor here a switched technique is applied. A relatively small

logic block where it is converted into a time variant volt-  capacitor is charged with the Direct-Current from the
age signal. Because Power-MOS-FETs have huge Gateparametric field. When a defined threshold voltage is
Source-capacitances this new signal must be boosted ugeached, a "Schmidt-Trigger” generates a counter-impulse
by a Power-Amplifier. Via the external MOS-FET the and the capacitor is discharged immediately to be ready
current- consumption of the motor can be affected. A for the next cycle. So, each counter-step represents the
small shunt resistor in the current-path of the consumer charges of one complete charging cycle. Depending on
causes a voltage difference depending on the motor'sthe amperage of the current the cycle lengths have differ-
power load. Because the voltage-drop over this shunt is ent speeds. When the counter reaches its specified max-
alternating it must be averaged into a Direct-Current for imum the Power-MOS-FET disconnects the motor from
the loop-back of the parametric field. To read-in the pa- the mains.
rameter of the transfer function the serial block provides

a digital interface to the outside. Onchip all signals use 3
standard CMOS-voltage-levels. M
e S
3.1. Motor logic 1k T s
For controlling electric motors the current-output of - —{mes g%%%
the parametric field cannot be used directly. As it is in- H—% M10
tended to control the motor via a Power-MOS-FET, the fﬂ“"@’j q'Me
Direct-Current-output of the parametric field must be con- c

verted into an equivalent time-variant gate-source-voltage
for the Power-MOS-FET. Thus the motor runs with alter-
nating current controlled by the Power-MOS-FET.

Figure 7. a single CCO (current controlled oscillator)

To determine the right moment to disconnect the motor
The functional principle of the motor logic is similar from the mains two CCOs are started when the mains-
to a common phase controlled modulator using thyris- voltage crosses zero. The main CCO is fed with the field-
tors but here the power is not switched but it is pro- current, the other CCO is used as a reference source. Its
jected to becut off. So, disadvantages of common mod- reference current is set to the allowed minimum field-
ulators can be eliminated e.g. it is possible that with a current resulting in a maximum speed utmost equal to
single firing-impulse the thyristor is not fired at once, so the main CCO. At each zero-crossing of the mains the
another impulse must be started again. Therefore suffi- value of the reference counter is stored into a 9-bit static
cient firing energy must be kept in a big external capacitor memory-cell and is then reset.



o LT Power—lt\?IOSrFETT ternating mode, it must be averaged and converted into
fero-Crossing unt r 5 Direct-Current. Therefore this subcircuit behaves like an
integrated lowpass-filter. Measuring the rotational speed

of the motor directly would be a somewhat better solu-
tion but also much more expensive. So, here the current-
consumption of the motor has been chosen as a feedback
for the controller. To obtain a higRC-constant for the
filter, switched-capacitor-technique was applied.
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Figure 8. motor logic block
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Figure 9. input stage of the converter

Inthe next cycle this value is used to be compared with the Figyre 9 shows the branches of the input state with 2 equal
counter of the main CCO. Because it is running faster, the cyrrents. In dependence on the shunt-voltage a small dif-
two counters definitely equal each other during the period. ference in the left current can be detected. This is am-
This state defines the criterion to disconnect the motor pified by a current mirror and averaged by the following

discretization on the field-current but as the amperage ex-

actly defines_thg speed of Fhe count.ing—cycles., the.cu.t—off- 3.3. Power supply

edge can be initiated ahy (time-continuous) point within

the period. Therefore no discretization step is performed  To be independent from additional supply-voltages this
here. Especially when working with motors the environ- controller has been concepted to generate its own simple
mental temperature can differ in a wide range. Anyhow, supply out of the230 ~ power mains. Onlys exter-

for operation at all temperatures without any additional nal passive devices are needed, all others are integrated.
cooling facilities, the reference-CCO has been added. In First the AC-voltage is rectified, then down-scaled and
fact one CCO would be sufficient but with a reference- smoothed via a resistor and a capacitor two times (figure
CCO there is the advantage of automatically readjust- 10). The integrated part of this subcircuit controlles the
ing the cut-off-point to changing environments. By this, generated voltage to a specified constant value by crop-
temperature offsets can be eliminated. Further, the very ping the superfluous current.

low-frequency fluctuations of the mains-frequency can be

taken into account because the reference-CCO will be up- L_ | L | |

. . . . Rq Ro
dated two times a period. So, this effect is compensated as integrated
well. From the view of the motor-logic-block the change 0230~ == C c,== | voltage
of the field-current is extremely low because the feedback L 1 2 controlle
is depending on a mechanical component. Therefore the ‘

dimension of the current-alteration is app. in the range of
the rotational speed of the motor.

Figure 10. power supply externals
3.2. Active AC-DC-converter

An important module of the system is the loop-back- 34. Serial interface
branch from the motor-side back to one of the inputs of
the parametric field. The value for the feedback is gen- A standard serial interface is integrated to be able to
erated by measuring a voltage difference over a small program the desired transfer function. Using a serial in-
shunt-resistor placed in the main current-path of the mo- terface has the advantage that only a few additional pads
tor. Because the voltage-drop over the shunt is in al- are required. So, a very small chip case can be used. This



part of the circuit uses digital signals as a matter of course field has a relative standard deviation belbw%. This
but is the only completely digital subcircuit in the entire has been achieved by considering the mismatch-effects
system. The interface offers an easy way of defining the early in the design process using the tool GAME [4]. A
proper control behaviour and thus makes the whole sys- drilling machine as an application does not even need such
tem very adaptive to any kind of control functions. an accurate absolute output value. Here, the overall form
To ensure secure data transfers, the circuit is able toOf the generated curve IS more '”_‘po”a”t-

In the PLL-subcircuit the variations of the output-fre-

detect transfer errors. Just a single bit-error can have un- . i ;
foreseen consequences on the behaviour of the parametri%uency are primary deperjdmg on the mains frequency.
field which could result in serious security risks because ere trans_lstor mismatch is negligible bgcause the base-
one error influences all successive data words. On this ac_frequency IS completely controlled by the mput_-fre_quency
count an input buffer has been applied. So data is read in’and the divider via the feedb_ack—loop. All subcircuits have
checked for transfer errors and mirrored into the memory- peen devgloped and tested in the same CMOS technol_ogy
cells. if no error has been detected. line. The idea of a completely integrated controller-chip
' was already though of in [1], therefore as a common ba-
35 PLL sis fpr all subc?rcuits the same technology Ii_ne had to be
- applicated, which has a minimum feature-sizel @um

The integration of the PLL-subcircuit is an important only. Most notably the overall die-size could be reduced
factor because it is needed by many blocks of the systemsignificantly when applying a more modern CMOS pro-
e.g. the programming interface or the SC-circuits. The Cess.

requirements regarding the accuracy to the frequency are Sam Ve ) 5 AL pEjmate ‘
not very high. Therefore the integration of an accurate T““" s e i /
time-normal-circuitry is not required. The transmission of U.% i ;ff_/
a single data word on the serial bus defines the minimum N B | ;/
frequency requirements of the PLL. In this case the actual ‘-’[—_D b oy HE gt
frequency should not have a greater drift tHa$6% from I e E, 11
the specified carrier-frequend600H z). For this control : T /
application the external0H z mains voltage signal can i s L A T
be used as a trigger for the PLL. DIN EN 50160 [3] de- | TEOLL Y 20 ils el ‘::
fines that the frequency at maximum varies #60.5H z ~ e J..._'
but most time it is even better. This already leads to 7y TR IR | i i ok vy o
an adequate PLL-frequency. As described above, here the LY S
zero-voltage-detector can be used to generate a symmetric ] ]
50H z signal out of the mains voltage. The base-frequency Figure 12. chipfoto
of the VCO is set tal53.6k H z by choosing a factor for .
the divider of3 * 219, For the ser>i/al interfacge a frequency 5. Conclusion
o_f 9600H_z is needed. This can be grabbed from the di- In this paper a control system based on a pure analog-
vider chain. path parametric field has been presented. Standard-
50 Hz CMOS-technology was chosen because of the big amount
T Tphase, | SC Lo vco [F230KE of static gates and to obtain lowest cost of production. All
T subcircuits were developed to require only a minimum
S0HZ | givider of external components. Most could be fully integrated.
] Therefore this analog system is very cost effective and
9600 Hz does not need much space for installation. Here, the ad-
vantages of both, analog and digital techniques, were con-
Figure 11. PLL sequently exploited. Most notably when applying multi-

dimensional inputs the parametric field concept can also

The analog filter-subcircuit which generates a low-
be used as a fuzzy-controller.

frequency DC-voltage signal out of alternating impulses
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