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REDUCED COST POINTING STICK CIRCUIT 

DESCRIPTION 

BACKGROUND OF THE INVEN~ION 

Field of the Inventi<Dn 

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 
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cantilever beam on which four strain gauges are 
mounted to detect flexure of the beam in each of 
three axes. The analog signals from the strain gauges 
are converted to di~ital 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 
expens·ive. Secondly, the configuration of ·the· 
resistances and operational amplifiers. required for 
three-axis capability interact in a way that requires 
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 opposite sides 
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 
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parts· in 1()5, in the presence of variations in the source voltage of a few percent. A 

dynamic range of about 250 times the precision is required, but the location of this range 

is predictable at 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 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 critical periods so as. 

to render the measurement insensitive to variations in supply voltage on fast time scales. 

According to one aspect of the present invention there is provided 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 

circuits 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 divjder; 
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·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 first discharge the ramp circuit and 

then 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. 

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 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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particularly to Figure 1, there is shown a preferred 
implementation of the circuit according to the 
present invention. This implementation employs an 
83C754 integrated circuit (IC) 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 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 detennined by 
the position of the tap. The position of the tap is 
set by the value in a dedicated register of the 

mic:r;-oprocessor. 
Considering first the off-chip components of the 

circuit according to the invention, the strain gaugesi 
11, 12, 13, and 14 are mounted on the cantilever beam 
{not shown) of the po~nting.stick and connected in 
twc>- parallel half-bridge circuits. The x and Y input 
signals are generated by the dividers consisting of 
the strain gauges 11 and 12 and the straip gauges 13 
and 14, respectively. When these signals are being 
generated, the field effect transistor (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 match 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 
gauges 13 and 14, produced by bending of the sensor 
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beam. The useful signal is only this last component, 
which varies approximately ±3 mv, with a required 
resolution of about 30 µV. Simple compressio~ or 
exten~ion of the b~am affects strain gauges 11 ~nd 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 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, so 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 

r: -
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converter (DAC) on the 83C754 chip, and XYZRAMP. The 

base voltage, approximately VREG/2, the nominal stick 

voltage, is generated by the divider consisting of 

resistors 22 and 23. The vo:tage XYDAC, which is 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 approximately 

at the mid-point of the sampling sweep. The voltage 

XYZRAMP sweeps up from zero when FET 25 is opened. 
When FET 25 is closed, XYZRAMP is held at ground, but 

when it opens, charge ·starts to build up in capacitor 

26, raising the voltage toward VREG. This voltage is 

scaled down through resistor 27 to sweep the 
comparison voltage across the useful signal ra;nge .of 

abqut 6 mv during the sampling period of about 60 
µsec. 

The analog multiplexer {MUX) 28 on the 83C754 

chip is set to transmit the output of the operational 
amplif .:j..er corresponding to the signal being measured 

{say X) to the on-chip comparator 29. FET 25 is 

opened and the timer is started. The compa_rison 

voltage sweeps 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 
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BANDGAP REF, and stops the timer. The timer reading 
gives the required measurement 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 wi~~ 
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 Vee while measurements are being made. 
FET 31 is open and FET 32 is closed, so power is 
supplied from capacitor 33. Prior to each 
me?surement, FET 32 is opened and FET 31 is 
controlled by comparator 34 to charge capacitor 33 to 
a regulated voltage a bit below the minimum allowed 
Vee (4.5 volts for nominal 5 volt circuitry), based 
on the BANDGAP REF, and independent of Vee. During 
the measurement, its voltage (VREG) decays due to the 
power dissipation in the circuit. Between sampling 
times, both FETs 31 and 32 are open, so capacitor 33 
loses charge only due to its internal leakage, which 
is typically minimal. To avoid interference from the 
digital switching transients of the microprocessor 
with 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 
mfcroprocessor' s internal circuitry except the timer 
which is being used to make the measurement. This 
isolation allows the circuit to make stable and 

:... 
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accurate measurements of the 30µV input signal in the 

presence of as much as one volt noise, of any 

frequency, on the five volt processor supply. 

Relatively inexpensive resistors ha·.re 

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 

number of units in the measurement, for example 10 in 

~ 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 vaiue 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 µV 

level, and· are correspondingly subject to noise, but 

both are relatively low impedance, so are resistant 

to pickup. Other nets are about 30 or mor~ 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. 
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The operation of the circuit of Figure 1 is 
illustrated by way of the timing diagram of Figure 2. 
The timing points, represented by encircled numbers 
at the bottom of the figure, are described in the 
following table. 
TIMING 

POINT 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

. 12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 

OPERATION 

Start Conversion Cycle 
Delay for Op-amp Stabilization and Cap Recharge 
Select x Mwc, zero DAC Output 
Delay for Mux and DAC Settle 
Isolate Power from Vee 
Set x DAC Value 
Release Ramp capacitor, Start Time, Idle Micro 
comparator Trip, Stop Timer, Run Micro 
Short Ramp cap, Recharge Decouple Cap. 
Select Y Mux, zero DAC Output 
Delay for Mux and DAC Settle 
Isolate Power from Vee 
Set y DAC Value 
Releas.e Ramp capacitor I Start Timer I Idle Micro 
comparator Trip, Stop Timer, Run Micro 
Short Ramp Cap, Recharge Decouple Cap 
Change Ramp Bias., Change Sensor Bias 
Select z Mux, Zero DAC Output 
Delay for Mux and DAC Settle 
Isolate Power from Vee 
Set z DAC Value 
Release Ramp capacitor, Start Timer, Idle Micro 
Comparator Trip, Stop Timer, Run Micro 
Short Ramp Cap, Recharge Decouple Cap 
Float Decouple cap 
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. 
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CLAIMS 

1. A circuit for generating cursor control signals for 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 

circuits 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 first discharge the ramp circuit and 

then 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 sai~ 

comparator generates an output, the timer giving a reading of a corresponding one of 

said X and Y voltage outputs to cursor control circuitry. 
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.2. ·The circuit for generating cursor control signals for controlling a cursor on a 

graphic display device recited in claim 1 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 ramp 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. 

3. The circuit for generating cursor control signals for controlling a cursor on a 

graphic display device recited in claim 1 further comprising a storage capacitor 

alternately connected to a source of supply voltage and to said circuit to power the 

circuit while it is isolated from the supply voitage. 

4. The circuit for generating cursor control voltages for controlling a cursor on a 

graphic display device recited in claim 3 further comprising voltage regulation means 

based on bandgap properties of the components to render the measurement insensitive to 

variations in the supply voltage. 


