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DESCRIPTION

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention generally relates to
computer user interfaces of the type that control the

position of a cursor on a display screen and, more

particularly, to a reduced cost circuit for

generating digital signals from the analog strain

'gauge signals of a pointing stick used to control the

cursor position and select objects on the display

SCreen.

Background Description

A pointing stick is used, for example, to

implement the TrackPoint™ cursor controller in

International Business Machines' ThinkPad™ lap top

computers. This pointing stick is constructed with a

\



screen. Background Description A pointing stick is used, for exanple, to

| npl ement the TrackPoint[err] cursor controller in International Business
Machi nes' ThinkPad[err] |ap top conputers. This pointing stick is
constructed with a 2 cantilever beam on which four strain gauges are
mounted to detect flexure of the beamin each of three axes. The anal og
signals fromthe strain gauges are converted to digital X and Y signals by
an anal og-to-digital (A/D) converter. Thesg signals are further processed
to generate the final control signals which are used to control the

position of the caiePIersribeakli 8R! ANiEHM €60r FBIrainMBleiRY alion of the

pointing StICkhaunted to detect flexure of the beam in each of
three axes. The analog signals from the strain gauges
are conVerted to digital X and Y signals by an
analog-to-digital (A/D) converter. These signals are
further processed to generate the final control
signals which are used to control the position of the
cursor on the display screen.
| This implementation of the pointing stick has
certain disadvantages. First of all, the low-order
bits of. the voltage values are read by a hardware
analog-to-digital (A/D) converter, which is
expensive. Secondly, the configuration of the’
resistances and operational amplifiers required for
three-axis capability interact in a way that requires

i that at least one of the operational amplifiers be of
"instrument" quality, roughly tripling or quadrupling
its cost. In addition, the operational amplifiers
need to be linear and have a wide output range (rail
to rail), which increases their cost.

~Consider a strain gauge sensor configuration of

two approximately balanced gauges on opp051te 51des
of a cantilever beam, wired in series across a
voltage source. The voltage at the junction of the
two gauges gives a measure (relative to the supply
voltage) of the relative resistances of the two
gauges, and thus of the flexure of the beam in the
direction connecting the gauges. If an additional
fixed resistance is connected in series with the
gauges, then the voltage across this resistance gives
a measure of the total resistance of the gauges, and
thus of the compression/extension of the beam. The
changes are to be measured with a precision of a few



certain disadvantages. First of all, the loworder bits of the voltage

val ues are read by a hardware analog-to-digital (A/D) converter, which is
.expensi ve. Secondly, the configuration of the resistances and operati onal
‘anplifiers required for three-axis capability interact in a way that
requires that at |east one of the operational anplifiers be of "instrunent"
quality, roughly tripling or quadrupling its cost. In addition, the
‘operational anplifiers need to be |linear andshave a wi de output range (rai
torail), which increases their cost. Consider a strain gauge sensor
configuration of paptsppmoxioint ehy chal pm@eéngaugewamapﬁ@sﬂst drsigtas of a
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.addi tional .
manufacturing only to within a few percent. Cost is a

major consideration; a difference of $1 may decide
competitive success.

SUMMARY OF THE INVENTION

It is therefore an object of the present
invention to providé an improved and low-cost circuit
for processing the output signals of a pointing stick
used for controlling a cursor on.a computer display
screen. :

It is another gbject of the invention to provide
a circuit for processing output signals from a
pointing stick which generates a signal that can be
used to select objects displayed on a display screen.

It is a further object of the invention to
provide a pointing stick circuit with provision for
isélating the circuit from the source of voltage
during critical periods so as to render the
‘measurement insensitive to variations in supply
voltage on fast time scales.

According to the invention, a two-stage method
of high precision moderate range analog-to-digital
(A/D) conversion is combined with a known method of
A/D conversion by sweeping a reference voltage across
the range of the voltage to be measured at a known
rate and noting the time of coincidence. Operational
amplifiers of moderate quality are used in an open-
loop mode, so-that the operational amplifier inputs
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fi-xed resistance is connected in series wth the gauges, then the voltage
-across this resistance gives a neasure of the total resistance of the
gauges, and thus of the conpression/extension of the beam The changes are
:to be nmeasured with a precision of a few 3 parts in 10[err], in the
"presence of variations in the source voltage of a few percent. A dynamc
range of about 250 tines the precision is required, but the | ocation of
this range is predictable at manufacturing oAly to within a few percent.

- Cost is a major consideration; a difference of $1 nay deci de conpetitive
success. SUMMARY GTerHELgINVERe@RnEe. | avehdiBe ofBeapnsprastions: iadhr esent

invention to prowﬁ&tﬁrtm@r@d@@ls a@ﬂcbawceﬁ@atw@tncupb beftopr etessd nocide
output STgnal s of SBLALY, ShACkrUSEIL L0 EORLERLLL ML SISR 0 Ao
circuit for procegxmmgwxnppnysmgnaésaﬁdowani@oionSngthE|aha&bgch generates
a signal that Cané%%dﬁ%¥¥§(ﬁ§“q§§fa€8éef£3m the supply voltage while
measurements are being made. To avoid interference
from the digital switching transients of the i
microprocessor on the analog. comparator switching
time, the microprocessor is placed in idle mode,
thereby removing its internal clock drive signals
(and associated transients) from all of the
microprocessor’ s internal circuitry except the timer
which is being used to make the measurement. The
resulting circuitry is capable of detecting a very
'small’ signal in noise spikes many times larger.

i

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other objects, aspects and
advantages will be better understood from the
fo;lowing detailed deécription of a preferred
embodiment of the invention with reference to the
drawings, in which:

Figure 1 is schematic diagram of a preferred
implementation of the circuit according to the
invention; and

Figure 2 is a timing diagram illustrating the
operation of the circuit of Figure 1. .

DETAILED DESCRIPTION OF A PREFERRED
EMBODIMENT OF THE INVENTION

Referring now to the drawings, and more
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di spl ayed on a display screen. It is a further object of the invention to
provide a pointing stick circuit with provision for isolating the circuit
fromthe source of voltage during critical periods so as to render the
measurenent insensitive to variations in supply voltage on fast tine

scal es. According to one aspect of the present invention there is provided
a circuit for making precise neasurenents of the ratio of two resistances
conprising: neans for generating a reference_voltage close to that
generated by the two resistances connected B a vol t age di vi der based on

the sane referenc rce; ans far addi.ng .to the reference voltage

vol tage ranp of kﬁ%&ﬁggﬁgséggéﬁﬁaﬁiﬂﬂﬁf(ﬁ1t%&?éﬁi r%R%W%ﬁ%éps%t?gg?g
conpar ator neans foplemengaitdiomg odfoithE deimom iletagsmrdimg ried etle@ce vol t age
and the voltage r 1.t-h s hi reci s "%&ﬁéﬂﬁﬂﬁ% t i 4n h
occurrence of saiggggghgt gﬁ%@Fagﬁﬁ ?ﬁggéﬁy neasuryﬁgﬂé A%R%gg¥% %ﬁe

vol tage, and thus883RéSfainsegh atiesd cdgiontidnddC) chimBmaru &q|lox OF
THE DRAW NGS Phillips, the relevant circuitry of which is shown to

the right of heavy vertical line 10. The control

signals ACn represent the corresponding bits in a
register of the microprocessor, so the control
signals ACn are internal to the chip. The 83C754 chip
includes a digital-to-analog converter (DAC) which,
schematically, is a tapped resistance (e.g., .
potentiometer) delivering an output voltage which is
a proportion of its input voltage VREG determined by
the position of the tap. The posi;ion of the tap is
set by the value in a dedicated register of the
microprocessor. ;

Considering first the off-chip components of the
circuit according to the invention, the strain gauges
11, 12, 13, and 14 are mounted on the cantilever beam
(not shown) of the pointing stick and connected in ;
two  parallel half-bridge circuits. The X and Y input
signals are generated by the dividers conéisting of
the strain gauges 11 and 12 and the strain gauges 13
and 14, respectively. When these signals are being
generated, the field effect tramnsistor (FET) 15 is
closed (conducting), so the strain gages 11 and 13
are connected to VREG. Thus, voltages X and Y are
close to VREG/2. Their exact values depend first on
the matoh between the "rest" resistances of strain
gauges 11 and 12 and, respectively, strain gauges 13
and 14, and then on the differential changes between
strain gauges 11 and 12 and, respectively, strain
gaugeé 13 and 14, produced by bending of the sensor




The foregoing and ot her objects, aspects and advantages will be better
understood fromthe follow ng detail ed description of a preferred

‘enbodi nent of the invention with reference to the drawi ngs, in which:
Figure 1 is schematic diagramof a preferred inplenmentation of the circuit
according to the invention; and Figure 2 is a timng diagramillustrating
the operation of the circuit of Figure 1. DETAI LED DESCRI PTI ON OF A

' PREFERRED EMBODI MENT OF THE | NVENTI ON Referring now to the draw ngs, and
inor e 5 particularly to Figure 1, there is shown a preferred

Jinplementation ofypthf ciffidl hsBFGY 44854015 Bn1y this last component,
: which varies approximately #3 mV, with a required
resolution of about 30 pv. Simple compression or
extension of the beam affects strain gauges 11 and 12
and, respectiVely, strain gauges 13 and 14, equally,
so no change is produced in the X, and respectively.
Y, siénal.
The Z signal is generated with FET 15 open, so
the sensor is connected to VREG through resistor 16.
The signal is generated by a divider which consists
of resistor 16 as the top element and the four strain
gauges in their series-parallel configuration as the
bottom element. Simple compression of the beam
compresses all four strain gauges equally, so the
resistance of their series-parallel configuration
~gives a measure of; the compression. There is no
matching change in resistor 16, of course, so this is
a "single-ended" divider. The relation between the
magnitude of the Z signal and that of the X and.Y
signals depends on the geometry and material of the
sensor beam.
The three input signals, X, Y and Z, are input
to respective operational amplifiers 17, 18 and 19,
the outputs of which are measured successively. While
X and Y are being measured, the FET 15 is closed, so
XYDACBIAS=VREG, thereby shorting out resistor 16.
Also, switch 20 controlled by AC6 is open (ZDAC is
disconnected), and the FET 21 is closed, sO0 XYSOURCE
is connected to VREG, controlling the slope .of
XYRAMP. |
For each of X and Y, a comparison voltage is
generated by combining three voltages; a base
voltage, the output of the digital-to-analog



preésent invention. This inplenentation enploys an 83C754 integrated circuit
(1Q chip manufactured by Phillips, the relevant circuitry of which is
shown to the right of heavy vertical line 10. The control signals ACn
represent the corresponding bits in a register of the m croprocessor, so
the control signals ACn are internal to the chip. The 83C754 chip includes
a digital-to-anal og converter (DAC) which, schematically, is a tapped

resi stance (e.g., potentioneter) delivering an output voltage which is a
proportion of its input voltage VREG determ ned by the position of the tap.
The position of theoneprtersébaly bhe thel B88d754a o, caned X¥ARMMEr Tiet he

m croprocessor. Cgpsi | Lrs f-chip ne f t.ne .ciycuit
according to the inV%%??%%?é%hé épbgg%q&g&%gg Y%%E?%/ %@% %ﬁ#%ﬁ%%ﬂ%fle
mount ed on the carif®l}ea®e . beangeneratkdwby thet dé vpdient icogsdts tdkhngnraf

connected in two pdd@breabh-Bhidds . CirheUivbStadlex¥pald WHiMN s the
| output of the DAC on the chip, has a setting

determined at power-on calibration. The DAC output
ranges over the interval 0-VREG, and is scaled down
by resistor 24 to allow the comparison voltage to be
set anywhere in the expected range of X and Y sensor
output voltages. This range is determined by the
tolerances of the various components, perhaps +3% or
60 mV. The DAC is set by an iterative search
algorithm so that the signal voltage is appfbximately
at the mid-point of the sampling sweep. The voltage
XYZRAMP sweeps up from zero when FET 25 is opeﬁed.
When FET 25 is closed, XYZRAMP is held at ground, but
when it opens, charge starts to build up in cabacitor
26, raising the voltage toward VREG. This voltage is
scaled down through resistor 27 to sweep the
comparison voltage across the useful signal range of
about 6 mvV during the sampling period of about 60
usec. '

The analog multiplexer (MUX) 28 on the 83C754
chip is set to transmit the output of the operational
amplifier corresponding to the signal being measured
(say X) to the on-chip comparator 29. FET 25 is
opened and the timer is started. The comparison
voltage sweeéps across the working range of the
pointing stick output, and when it passes the stick
voltage, the X operational amplifier 17 turns on,
producing a steeply rising voltage. This passes
through the MUX 28 to the comparator 29 which picks
-off the time when the amplifier output passes the



signals are generated by the dividers consisting of the strain gauges 11
and 12 and the strain gauges 13 and 14, respectively. Wen these signals
are being generated, the field effect transistor (FET) 15 is cl osed
(conducting), so the strain gages 11 and 13 are connected to VREG Thus,
ivoltages X and Y are close to VREG 2. Their exact val ues depend first on
the match between the "rest" resistances of strain gauges 11 and 12 and,
respectively, strain gauges 13 and 14, and thgn on the differential changes
bet ween strain gauges 11 and 12 and, respectively, strain gauges 13 and 14,

produced by bendi ngaaindiie 18695%ina. s LobERe Windie! the SLOREE kaftly thi s

| ast conponent, which varies approxi nma a required resolution
of about 30 [err]VIi¥efHtheoipdeksedrmepsurement of the stick voltage.

The measurement of Z is similar, except that FET
15 is open, so resistor 16 and the entire sensor
bridge as one resistance, make up a divider, switch
20 is closed so resistor 35 is put in parallel with
resistor 24 to deliver the DAC output to the
comparison voltage, and FET 21 is open so the ramp is
powered through resistor 30, to match the different
characteristic of the Z signal. | )

In order to get sufficient isolation from power
supply noise and variations, the analog circuitry is
isolated from Vcc while measurements are being made.
FET 31 is open and FET 32 is closed, so power is
supplied from capacitor 33. Prior to each
measurement, FET 32 is opened agd FET 31 is
controlled by comparator 34 to charge capacitor 33 to
a regulated voltage a bit below the minimum allowed
Vece (4.5 volts for nominal 5 volt circuitry), based
on the BANDGAP REF, and independent of Vcc. During
the measurement, its voltage (VREG) decays due to the
power dissipation in the circuit. BetWeénlsampling
times, both FETs 31 and 32 are open, soO capacitor 33
loses charge only due to its internal leakage, which
is typically minimal. To avoid interferénce from the
digital switching transients of the microprocessor
with the analog comparator switching time, the
microprocessor is placed in idle mode, thereby
removing its internai clock drive signals. (and
associated transients) from all of the
microprocessor’' s internal circuitry except the timer
which is being used to make the measurement. This
isolation allows the circuit to make stable and



ext-ensi on of the beam affects strain gauges 11 and 12 and, respectively,
strain gauges 13 and 14, equally, so no change is produced in the X and
respectively Y, signal. The Z signal is generated with FET 15 open, so the
senisor is connected to VREG through resistor 16. The signal is generated by
a divider which consists of resistor 16 as the top el enent and the four
strain gauges in their series-parallel configuration as the bottom el enent.
Sinpl e conpression of the beam conpresses all four strain gauges equally,
so the resistance of their series-parallel configuration gives a neasure of

the conpression 'Hﬁﬂﬁ%déérﬁbé@%f@héﬂtghéﬁgﬁhé”306@'§hﬁﬁt1§a¢Wérﬂ¥Hfﬁhe50
this is a "single-ended" divider. The relation between the_nagnitude of the

'z signal and thatHﬁe%QﬂF%(%ﬁdaﬁ’%VﬁhaP§ PPkt ROt fE - gBENE y and
materi al of the seseudiram dJdhethdr£eve npolt SpovaessoX, spplg.Z, are input

Relatively inexpensive resistors hae
sufficiently close tolerance for any required
measurement accuracy. Capacitors with tight
tolerances are more expensive. In particular, the
values of capacitor 33 and especially capacitor 26
affect the accuracy of measurement. The linearity of
the DAC can be used for calibration, to allow the use
of inexpensive capacitors. In the power-on
calibration process, a DAC setting is found at which
the value measured for the signal is roughly mid-
scale. Each DAC step should correspond to a certain
humber of units in the measurement, for example 10 in
a range of 200, and does not depend on the values of
the capacitors. If the DAC setting is changed by a
certain number of steps, the measured vailue should
change by the corresponding amount. Any discrepancy
can be used as a correction factor to be applied to
subsequent measurements.

This circuit is very robust against power supply
variations, over the entire +10% range. The inputs
and the comparison voltage carry signal at the 30 uv
level, and are correspondingly subject to noise, but
both are relatively low impedance, so are resistant
to pickup. Other nets are about 30 or more times less
sensitive. Of course extraneous ground currents
producing differences from place to place in AVss
must be avoided. In particular, ground return from
the sensor should be close to the ground end of
resistor 23.

—



to ‘respective operational anplifiers 17, 18 and 19, the outputs of whi ch
are neasured successively. Wile X and Y are being neasured, the FET 15 is
cl osed, so XYDACBI AS=VREG t hereby shorting out resistor 16. Al so, switch
20 ‘control l ed by AC6 is open (ZDAC is disconnected), and the FET 21 is
cl osed, so XYSOURCE is connected to VREG controlling the slope of XYRAMP.
For each of X and Y, a conparison voltage is generated by conbining three
vol tages; a base voltage, the output of the gggital-to-anal og 7
converter (DAC) on the 83C754 chip, and XYZRAMP. The base vol t age,
approximately VREG 2, thReneperakishi eff okl @deculit @gneridhat by ide
divider consisting; of, LE3LELY" By 5a"S e tne emiBl HEARGe WGl LS, N
The timing points, represented by encircled numbers
at the bottom of the figure, are described in the

following table.

TIMING OPERATION
POINT
1 Start Conversion Cycle
2 Delay for Op-amp Stabilization and Cap Recharge
3 Select X Mux, Zero DAC Output
4 Delay for Mux and DAC Settle
5 Iscolate Power from Vcc
6 Set X DAC Value
7 Release Ramp Capacitor, Start Time, Idle Micro
8 Comparator Trip, Stop Timer, Run Micro
9 Short Ramp Cap, Recharge Decouple Cap.
10 Select Y Mux, Zero DAC Output
11 Delay for Mux and DAC Settle
.12 Isolate Power from Vcc
13 Set Y DAC Value :
14 Release Ramp Capacitor, Start Timer, Idle Micro
15 Comparator Trip, Stop Timer, Run Micro !
16 Short Ramp Cap, Recharge Decouple Cap
17 Change Ramp Bias, Change Sensor Bias
18 Select Z Mux, Zero DAC Output
19 Delay for Mux and DAC Settle
20 Isolate Power from Vcc
21 Set Z DAC Value
22 Release Ramp Capacitor, Start Timer, Idle Micro
23 Comparator Trip, Stop Timer, Run Micro '
24 Short Ramp Cap, Recharge Decouple Cap
25 Float Decouple Cap
26 Conversion'Cycle Complete

While the invention has been described in terms
of a single preferred embodiment, those skilled in
the art will recognize that the invention can be
practiced with modification within the spirit and
scope of the appended claims.



out®put of AC on the chip, hés a setting determ ned at power-on
calibratiga' The D ranges over the interval 0-VREG and is scaled

down by r Iﬂ!’g ow the conparison voltage to be set anywhere in
t he expec # ’ﬂ Y sensor output voltages. This range is
det er mined by ‘the twol. es of the various conponents, perhaps 3% or 60

nV. The DAC is set by an iterative search algorithmso that the signal-
voltage is approxi mately at the m d-point of 1itthe sanpling sweep. The

vol tage XYZRAMP sweeps up from zero when FET 25 is opened. Wen FET 25 is
closed, XYZRAWP is held at ground, but whelCLATIMSpens, charge starts to
build up in capacitor 26, raising the voltage toward VREG This voltage is
scal ed down through resistor 27 to sweep the conparison voltage across the
useful signal range of &eaing thusddesarites caplinnenddidnod Wiatbéat 60

usec. The anal og muhbispl @LndMda 2etd 1e &3e{Rt by Letters Patent

is as follows:

1. A circuit for making precise measurements of the
ratio of two resistances comprising:

means for generating a reference voltage close
to that generated by the two resistances connected as
a voltage divider based on the same reference source;

means for adding to the reference voltage a
voltage ramp of known slope, also based on the same
reference source;

comparator means for recognizing coincidence
between the reference voltage and the voltage ramp
with high precision; and

means for timing the occurrence of said
coincidence, and thereby measuring changes in the
voltage, and thus the ratio of the resistance.

2. The circuit for making precise measurements of the
ratio of two resistances recited in claim 1 wherein
measurements are made of several interconnected pairs
of ‘resistances further comprising multiplexer means
interposed before said comparator means, such that
measurements may be made on the several
interconnected pairs of resistances during a
predetermined time period.

3. The circuit for making precise measurements of the
ratio of two resistances recited in claim 1 further
- comprising means for isolating the circuit from a



chipis set to transmt the output of the operational anmplifier
corresponding to the signal being nmeasured (say X) to the on-chip .
conpar at opened and the tinmer is started. The conparlson t
vol t age- EmmllmiHmlu wor ki ng range of the pointing stick output, and
when it passes 4 he ssick voltage, the X operational anplifier 17 turns on,
produci ng a steeply rising voltage. This passes through the MJX 28 to the
conparat or 29 which picks -off the time when_the anplifier output passes
t he 8 BANDGAP REF, and stops the tiner. THE ti ner reading gives the
.requi red neasurene t stlc v su |n|Iar
| Qbu%e g ég 3{ C}ﬁ_gaﬂ.)e gnt’lfi xfé*eéﬁr&&e&c Be? eFIEE as

.except that FET 15 open, I Te"'sensor
‘one resistance, nak@ gpnded1¢ﬂnkmneaaunament insensitive to Varlatlons

in the suppy voltage.

4. The circuit for making precise measurements of the
ratio of two resistances recited in claim 3 wherein
said.means for isolating includes voltage regulation
means based on physical properties of components in
the circuit to render the circuit insensitive to
variations in the suppy voltatge on long time scales.

5. A method of making precise measurements of the
ratio of two resistances comprising the steps of:
generating a reference voltage close to that
generated by the two resistances connected as a-
voltage divider based on the same reference source;
adding to the reference voltage a voltage ramp
of known slope, also based on the same reference
source;
detecting coincidence between the reference
voltage and the voltage ramp with high precision; and
timing the occurrence of said coincidence, and
thereby measuring changes in the voltage, and thus
the ratio of the resistances, such that measurements
may be made simultaneously on several interconnected
pairs of resistances.

6. The method for making precise measurements of the
ratio of two fesistances recited in claim 5 wherein
measurements are made of several interconnected pairs
of resistances further comprising the step of
separately detecting coincidence between the
reference voltage and the voltage ramp for each-pgir



2Q |s_ET?EEETTﬁi‘Fesrsfeﬁ-SS S put in parallel wth resistor 24 to deliver

t he D onparlson voltage, and FET 21 is open so the ranmp is. .
povvere wgm to match the different characteristic of the Z =
sitgnal . Iﬁ oﬂdew suff|C|ent i solation from power supply noise and
variations, the analog circuitry is isolated fromVcc while measurenents

are being nade. FET 31 is open and FET 32 is closed, so power is supplied

fromcapacitor 33. Prior to each nmeasurenent ,,FET 32 is opened and FET 31
is controlled by conmparator 34 to charge capacCitor 33 to a regul ated

voltage a bit bel oyrt hesTishiaRiaal |Qued HYeG ﬁ(éa%u‘i‘ﬂrﬂ&é&rmw%é‘%aéevﬁht
circuitry), based OBPthe BANDGAP REF, and 1 ndependent_ of V During t

measurenent, its voPRa§EVEVREGI NETSRNNRGE 900 PRHE SH R ferr &F ISEidEedN in the
circuit. Bet ween sduplinggat predetaninddl ¢ idk prd-idd.are open, so capacitor

33 loses charge only due to its internal |eakage, which
7. The method for making preéise measurement of the
ratio of two resistances recited in claim 5 further
comprising the step of isolating the circuit from a
source of supply voltage during a measurement period
to render the measurement insensitive to variations
in the suppy voltage. -

8. A circuit for generating cursor control signals
for a controlling a cursor on a graphic display
device comprising:

a sensor including first, second, third, and
fourth strain gauges mounted on a cantilever beam,
the strain gauges being electrically connected in two
parallel half-bridge cirtuits between a source of
voltage and circuit ground;

a voltage divider connected between said source
of. reference voltage and circuit ground;

first and second operational amplifiers
connected to respective mid-points of said half
bridge circuits and, in common, to a tap of said
voltage divider;

an RC ramp circuit connected between said source
of voltage and circuit ground and supplying a ramp
voltage of known slope to said tap of said voltage
divider, said first and second operational amplifiers
turning on and generating respective rising X and Y
output signals corresponding to outputs from said
sensor;

a switch connected to said RC ramp circuit to

—_—
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is typically minimal. To avoid interference fromthe digital switching
transients of the mcroprocessor with the anal og conparator switching tine,

the m q e i aced in idle node, thereby renoving its internal ;oom. . -
cl'ock qﬂmamﬂmﬂl associated transients) fromall of the Bl

m croprotessonr’ 8 ifwiternal circuitry except the timer which is being used
to make the neasurenent. This isolation allows the circuit to nake stable
and 9 accurate neasurenents of the 30[err]V input signal in the presence
of as much as one volt noise, of any.frequenfy, on the five volt processor
supply. Rel atively inexpensive resistors have sufficiently close tol erance

for any required neasyy eFPOLHREGH RAY  rSAPBREIFALS tWahB thOB initiate a

charging cycle to generate said ramp voltage;

a multiplexer connected to receive and
selectively pass the rising X and Y output signals
from the first and second operational amplifiers;

" a comparator connected to the multiplexer and“
generating an output when a voltage passed by the
multiplexer equals a predefined threshold; and

a timer controlled to start at a start of the
ramp voltage and to stop when said comparator
generates an output, the timer giving a reading of a
corresponding one of said X and Y voltage outputs to
cursor control circuitry.

9. The circuit for generating cursor control signals
for a controlling a cursor on a graphic display
device recited in claim 8 further comprising:

a third operational amplifier circuit connected
to said parallel half-bridge circuits and to a tap of
said voltage divider, said RC ramp circuit supplying
a famp voltage to said tap of said voltage divider,
said third operational amplifier turning on and
generating a Z output signal corresponding to a’ third
output of said sensor; and _

bias means connected to said RC ramp circuit and
to said sensor for changing a ramp bias and sensor
bias during a measurement of said Z output signal,
said multiplexer being connected to receive and
selectively pass the Z output signal from the third
operational amplifier to said comparator, and the
timer giving a reading of said Z voltage output.
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toleranceg_?Lg,ﬂgLe_expensrve. In particul ar, the val ues of capacitdr 33
and especia Iy capaci t or aﬁ affect the accuracy of neasurenent. The

linearity m\g \usedfor calibration, to allow the use of
|néxpen3|ve

he power-on callbratlon process, a DAC setting
is found at whith the value neasured for the signal is roughly md- scale.
Each DAC step should correspond to a certain nunber of units in the
measurenent, for exanple 10 in a range of 200, and does not depend on the
val ues of the capacitors. If the DAC setting is changed by a certain nunber
of steps, the neasured val ue shoul d change t he correspondi ng anount. Any

di screpancy can b S ecfion factor_to he a subsequent
nmeasur enent s. Thlgiglﬁ@a?t frg £y9§5bg§Pe56 %ﬂ%tCBBaB gﬁBngavgﬁﬁﬂﬁ S,
over the entire 1@%Eeg@n£r01¢nn@p@tsuaadrth@ gogpaprhsondiebiage dearige

si gnal at the 30 aid]ied ol o180 87 PubChEFSEORPE 18k HgSHDLEBLaLR NOi Se,

capacitor alternately connected to a source of supply
voltage and to said circuit to power the circuit
while it is isolated from the supply voltage.

11. The circuit for generating cursor control
voltages for controlling a cursor on a graphic
display device recited in claim 10 further comprising
voltage regulation means based on bandgap properties
of the components to render the measurement
insensitive to variations in the supply voltage.
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boIh are relatively | ow i npedance, -s agre res' ;ant to pickup. O her nets
‘ar'e about 30 or-nore tines |ess sen§itine icF ,&:vourse ext raneous ground
currents producing differences from pl ace to pl ace in AVss nust be avoi ded.
In particular, ground return fromthe sensor should be close to the ground
end of resistor 23. 10 The operation of the circuit of Figure 1 is
illustrated by way of the timng diagramof Figure 2. The tim ng points,
represented by encircled nunbers at the bottomof the figure, are described
in the followi ng table. TIM NG 16 OPERATI ON PO NT 1 Start .
Conversion Cycle . '

REDUCED COST POINTING STICK CIRCUIT

ABSTRACT

A low-cost circuit processes, with high precision, the output signals of a pointing
stick used for controlling a cursor on a computer display screen. A two-stage method of
high precision moderate range analog-to-digital (A/D) conversion is combined with a
known method of A/D conversion by sweeping a reference voltage across the range of the
voltage to be measured at a known rate and noting the time of coincidence. Operational
amplifiers (17) of moderate quality are used in‘an open-loop mode, so that the operational
amplifier inputs are high impedance. The resulﬁng circuitry is capable of detecting a very
small signal in noise spikes many times larger.
Fig. 1
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Delay for Op-anp Stabili zation and Cap Recharge 3 Sel ect X Mux,
| sol ate Power from

Zeyo DAC Qutput 4 Del ay for Mix ;and DAC: Seftie 5
Rel ease Ranp Capacitor, Start Time, ldle

Vce 6 Set X DAC Val ue 7
Méro 8 Conmparator Trip, Stop Timer, Run Mcro 9 Short Ranp Cap,
Rechar ge Decouple Cap. 10 Select Y NUx Zero DAC Qut put 11 Del ay for
Mux and DAC Settle 12 | sol at e Power from ct 13 Set Y DAC Vvalue 14
[ Start Tinmer, IUﬂte mﬁ 15 Conparator Trip, Stop
Change

2"!1

Rel ease . Ranp Capacitor,
Timer, Run Mcro 16 Short Ranmp Cap, SR le Cap 17
Ranp Bi as, Change Sensor Bias 18 Sed:e Z I\/Ux DAC Qut put 19
Del ay for Mix and DACI Settle 20 | sol at Povver
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21 Set Z DAC Val ue 22 Rel ease Ranp Capacitor, Start Tinmer, ldle Mcro
23 Conparator Trip, Stop Tinmer, Run Mcro 24 Short Ranp Cap, Recharge
Decoupl e Cap 25 Fl oat Decoupl e Cap 26 Conversion Cycle Conplete Wile
the invention has been described in terns of singl e preferred enbodi nent,

those skilled in the art will recognize that The invention can be practiced

with nodificatiq tihg,n the spinit, gngl sgop Cl al s.
CLAI M5 Having tH egyr/i bed our |j nv [ av\@nd desire
to secure by Let atent_is ag| fig <_i@ preci se
measur enent s o[ s
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rati-e of two resistances conprising: neans for generating a reference

. voltage close to that generated by the two resistances connected as a _
vol tage divider based on the sane reference source; nmeans for adding to the
reference voltage a voltage ranp of known_slope, also based on the sane
reference source; conparator means for refognizing coi nci dence between the
reference voltage and the voltage ranp with high precision; and neans for

timng the B&&Ug{ mgn%gﬁg%n@l)f? 28 sbﬁ&%é%t%@awfewpeéfag?@e%i n

t he vol tage, an 10 O e resistance. 2. e circui

naki ng pr ecaRAnI® dfipeTHBbEt 250 fities the iprécifibn isvRquieéd, Yul Bectdcdtivnl ¢faflisi range
claim1l wherein neasurenents are nmade of several interconnected pairs o

r esi st ancesisf predivsble oatp maaufagturingt opllye ke rwitddans fewt pervead Bebtoie asandjor
. conpar ator neans, such that neasurenents nay be nade on the several
consideration; a difference of $1 may decide competitive success.

SUMMARY OF THE INVENTION

It is therefore an object of the present invention to provide an improved and low-
cost circuit for processing the output signals of a pointing stick used for controlling a
cursor on a computer display screen.

It is another object of the invention to provide a circuit for processing output
signals from a pointing stick which generates a signal that can be used to select objects
displayed on a display screen.

It is a further object of the invention to provide a pointing stick circuit with
provision for isolating the circuit from the source of voltage during criﬁcal periods so as
to render the measurement insensitive to variations in supply voltage on fast tiIhe scales.

According to one aspeét of the present invention there is pro_vided a circuit for

. making precise measurements of the ratio of two resistances cbmprising:

means for generating a reference voltage close to that generated by the two
resistances connected as a voltage divider based on the same reference source;

means for adding to the reference voltage a voltage ramp of known slope, also
based on the same reference s_ourcé;

comparator means for recognizing coincidence between the reference voltage and
the voltage ramp with high precision; and

means for timing the occurrence of said coincidence, and thereby measuring

| changes in the voltage, and thus the ratio of the resistance.
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interconnected pairs of resistances during a predetermned time period. 3.
The circuit for making precise neasurenents of the ratio of two resistances
recited in claiml further conprising neans for isolating the circuit from
a 12 source of supply voltage during a neasurenent period to render the
measurenent insensitive to variations in the suppy voltage. 4. The circuit
for making preci se neasurenents of the ratip of two resistances recited in
claim3 wherein said neans for isolating includes voltage regul ati on neans
based on physical properties of conponents in the circuit to render the
circuit insensitive to variations in the suppy voltatge on long tine
scales. 5. A nethod of nmaking.precise neasurenents of the

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other objects, aspects and
advantages will be better understood from the
following detailed deScription of a preferred
embodiment of the invention with reference to the
drawings, in which: _

Figure 1 is schematic diagram of a preferred
implementation of the circuit according to the
invention; and

Figure 2 is a timing diagram illustrqting the
operation of the circuit of Figure 1. .

DETAILED DESCRIPTION OF A ?REFERRED
EMBODIMENT OF THE INVENTION

Referring now to thz drawings, and more
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rati-o of two resistances conprising:the steps of: generating a reference
vol tage close to that generated by .the two'resistances connected as a

vol tage divider based on the sane iefererice source; adding to the reference
vol tage a voltage ranp of known sl ope, also based on the sane reference
source; detecting coincidence between the reference voltage and the voltage
ranp with high precision; and timng the occurrence of said coincidence,
and thereby nmeasuring changes in the voltagd, and thus the ratio of the
resi stances, such_that ,neasurenents nmay be made sinul taneously on several

i it er connect ed paf r 588 SFBGICSINBECh 6thajt SRS RN S FIRY gl phadesen
measur ement s of the satvegadf itnweresisdarwepadian o *+és 14 @fMeS8swher ei n

measur enent s arqmgpfﬁ o] | intercaonnected pajrs of resistances
further conprising 2 ét é%ége%féﬁﬁ%%§é%}"§ep§ﬁﬁ% coi nci dence between the
7. The method fqr making precise measurement of the
ratio of two resistances recited in claim 5 further
comprising the step of isolating the circuit from a
source of supply voltage during a measurement period

to render the measurement insensitive to variations
in the suppy voltage.
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ref erence voltage and the voltage ranp for each-pair of resi stances,
~such that measurenents may be nade o “Jhe several interconnected pairs of
resi stances during a predeterm ned tife period. 7. The net hod for naking
preci se neasurenment of the ratio of two resistances recited in claim5
further conprising the step of isolating the circuit froma source of
supply voltage during a neasurenent period to render the neasurenent

i nsensitive to variations in the supply vg4tage. 8. The net hod for
nmeki ng preci se neasurenents of the ratio of two resistances as recited in
claimb5, wherein said neasurenments nmade on several interconnected pairs of
resi stances are mde S|nultaneously

REDUCED COST POINTING STICK CIRCUIT

ABSTRACT
A low-cost circuit processes, with high precision, the output signals of a pointing
stick used for controlling a cursor on a computer display screen. A two-stage method of
high precision moderate range analog-'todigital (A/D) conversion is combined with a
known method of A/D conversion by sweeping a reference voltage across the range of the
voltage to be measured at a known rate and noting the time of coincidence. | Operational
ampliﬁers (17) of moderate quality are used in an open-loop mode, so that the operational
amplifier inputs are high impedance. The resulting circuitry is capable of detecting a very
small signal in noise spikes many times larger.

- Fig. 1
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of resistances, such that measurements may be made on the several interconnected pairs of
resistances during a predetermined time period.

7. The method for making precise measurement of the ratio of two resistances recited in
claim 5 further comprising the step of isolating the circuit from a soufce of supply voltage

during a measurement period to render the measurement insensitive to variations in the supply

_ voltage.

8. The method for making precisé measurements of the ratio of two resistances as recited
in claim 5,

wherein

said measurements made on several interconnected pairs of resistances are made

simultaneously.




