ES-1 User Guide

Electrostatic Sensor (ES-1)
Overview, assembly and testing

What does it do?

The ES-1 connects with a basic digital multimeter to
create a low-cost electrostatic voltmeter (a
voltmeter with extremely high input resistance).

This combination can measure the voltage across
statically-charged objects like metal-foil
electroscopes, simple plate capacitors, hair combs,
people with synthetic shoes or clothing,
photocopiers, motor vehicles X

The input voltage range is ¢ 4 kV to + 4 kV, which
the ES-1 divides by one thousand for display on the
digital voltmeter as arangeof (4Vto+4V.
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1 Overview

For underpinning theory and design calculations, see the separate ES1 DesignGuide

Input voltage divider

The ES-1 accepts an input (probe) voltage range from
C 4 kV to + 4 kV, which is typical of the electrostatic
voltage induced across a simple metal foil electroscope. 1000 V =

Probe a———

| c3
1p0
Capacitors C3 and C4 divide the input voltage by 1001. 1001V -

In this example, 1001 V input produces 1 V output.
is examp input produ utpu v | ca To1C1

If a multimeter is connected across C4 the internal Crocodile T 1o
resistance of the meter quickly discharges C4, ruining clip COM >
the measurement. An isolating amplifier is included to

overcome this Yading effectQ 2 F G.KS Y SGSNJ

Isolating amplifier

Isolating amplifier IC1 has a voltage gain of Probe &

unity (1) and an extremely high input 3
resistance, so it transfers the C4 voltage (1V 1000 V e 1p0 i1

in this example) to the multimeter without 1001V

discharging C4 in the process. - T
1v

To
meter

1v | C4

IC1 requires a dual-voltage (positive and T 1n0
Crocodile

negative) DC power supply to operate across

. ¢ >
cli
the desired ¢4 V to + 4 V range. P COM

Dual-voltage power supply

R1 and R2 divide the 9 V from the battery into + 4.9 V and Battery (+) IC1 pin 7
- 4.1V relative to the junction of the two resistors. This R1

junction is used as the circuit reference, or COM connection 5k6 T 49V
(often called the reference ground, or GND). 9V IC1pin8

R2
These two voltages are slightly different to compensate for 4K7 T 41V
circuit asymmetry within IC1. Battery (-) IC1 pin 4
Other components

Microswitch S2 and its actuating lever discharge capacitors C3 and C4 between voltage readings
I Resistors R4 and R5 limit the maximum current that can flow into or out of the ES-1

I Capacitors C1 and C2 reduce electrical noise on the dual power supply
1

Switch S1 (with internal indicator LED) connects DC battery power to the ES-1 circuit
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2 Assembly guide

Refer also to the parts list, circuit diagram and mechanical assembly sketches provided with the ES-1 kit.

Before assembly

Wash hands before handling components. Contamination affects solderability and long-term reliability

of the assembly.

During assembly

Wear eye protection, particularly when cropping wires ¢ flying offcuts injure eyes

Integrated circuit IC1 is a static-sensitive CMOS device, so use a wrist-strap and anti-static mat (or
equivalent anti-static practices) when installing that component

9  When bending the lead-wire of a component, grip the wire with small pliers and bend the free end
of the wire ¢ so the pliers isolate the component package from bending forces

9 After loading wire-leaded components onto the PCB, semi-clinch (45° bend) and crop the wires to
about 1.5mm from the board surface

9 Use a fume extractor when soldering.

Assembly sequence (refer to documentation in Kit)

Component Comment
" This pin is a friction fit to hold it in place when soldering. Lay the PCB on a block of
wood, and gently tap the pin into place with a hammer before soldering.
R1-R3. RS Non-polarised, but for ease of reading colour codes load resistors with gold
’ tolerance bands toward the top edge or right hand side edge of PCB.
IC1 socket Before switch S2 and other surrounding components limit access.
Polarised, so insert positive polarity lead-6 A NS & o0f 2y ASNL Ay
C1,C2 and negative polarity lead-wires (shorter, and aligned with negative marking on
capacitor body) into the unmarked hole.
c4 Non-polarised, but load it with the best orientation for reading the value code
9 Before soldering the switch to the PCB, bend the actuator lever as shown in
S2 the sketch on page 1 of the documentation provided in the kit

9 The switch mounting tabs are quite thick, requiring plenty of heat to solder

9V battery snap

Before soldering, cut the red and black leads to the lengths suggested in the
documentation provided in the kit
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12 Check orientation of wire-entries before soldering

9 Solder the two large tabs first

9 The two small tabs (connecting to the LED in the switch) barely project through
1 the PCB. To ensure that solder connects the tabs to the PCB pads, insert thin
wires down into the holes in each tab before soldering. The wires will conduct
heat to the tabs, and help solder to flow from the PCB pads to the tabs

9 Trim the thin wires to length after soldering

Use a wrist-strap and anti-static mat (or equivalent anti-static practices) when
IC1 handling this device.

Check orientation of the device before plugging it into the socket on the PCB

9 Strip about 5 mm of insulation from each end of the 500mm red insulated
cable, solder the red banana plug to one end and solder-tin the other end

1 Cut the 1m length of black cable into two equal lengths, and strip about 5mm
of insulation from all free ends

Cables
9 On one of these black insulated cables, connect the black banana plug to one
end and solder-tin the other end
9 Onthe other black insulated cable, solder the black crocodile clip to one end
and solder-tin the other end.
These components are external to the PCB, and are the final components to be
R4 C3 soldered in place after the PCB assembly is tested in the following Test procedure
’ and mounted in the project box. Instructions for installing R4 and C3 are provided
on pages 3 and 4 of the documentation provided in the kit
After assembly

1 Inaventilated area, clean resin from the assembly with isopropyl alcohol and a small flux brush

9 Buff the soldered side of the cleaned assembly with a clean, stiff-bristled paint brush - a 25 mm
wide paint brush with bristles cut back to about 20 mm length is ideal

Visually inspect all solder joints, and re-work / re-clean where necessary

Wash hands to remove resin and solder residues

Before installing in the project box

9 Clip the 9 V battery to the battery snap

9 Test the assembly using the following Test procedure

After installing in the project box

Consider adding a simple aluminium foil conductive shield to the project box to improve ES-1
measurement stability and accuracy. See section 4, Simple additions to the ElSfor details.
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3 Test procedure

Take the actions, and make the observations and/or measurements, listed in the following tables.
Where an ES-1 does not behave as suggested in the tables (with allowance for manufacturing
tolerances), check the assembly for solder joint integrity, correct component values, and correct
component orientation on the PCB.

Equipment required

1 ES-1 board assembly connected to 9 V battery, 2 x black insulated cables, 1 x red insulated cable

9 Digital multimeter and test probes

f  1x1.0nF plastic capacitor (referredi 2 | & WG Sad OF LI OAG2NR Ay (KS

Batt - Batt +
3.1 DC power supply auery () Battery (+)

Electrostotic C1
This procedure tests the operation QO sensor @ O
of the power indicator LED in switch AU B+ B +
. . .o 2] o |
S1, and the resistive voltage divider L
R1:R2. o | s > 9V
2 battery

This check can be performed with or Pin éo o —
without IC1 plugged into the IC1 J1 9t @32@ B‘(L /
Q 2 O
2

socket. y———

COM
. Observations / measurements
Actions . .
(voltages relative to ES-1 COM terminal)
1. Connect the free ends of the two black 5. Red LED (in switch S1) illuminates
insulated cables (one with banana plug, one 6. Voltage on the Battery (+) terminal
with crocodile clip) to COM on the screw measures about + 4.9 V

terminal block J2 7. Voltage on the Battery (-) terminal

2. Plug the black banana plug into the COM measures about - 4.1V
terminal on the digital multimeter, and
connect the black crocodile clip to PinJ1 on
the ES-1 assembly

3. Connect the red test probe tothe V(mX 0
terminal of the meter, and selectii KS Y S
20 V DC (or similar) voltage range. This red
test probe is used to make the measurements
listed in steps 6 and 7

4. Switch the ES-1 assembly ON
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3.2 Isolating amplifier Battery () Battery (+)
This procedure tests the operation of Electrostatic ——CL
charge storage capacitor C4 and QO Senzer O O

= B+®— - +
amplifier IC1 at positive, negative and h w |l
zero input voltages. L .

© s2 9V
Ensure that IC1 is plugged into the z o battery
IC1 socket (use a wrist-strap and anti-  Pjn a@

. writtrag an ey

static mat, or equivalent anti-static J1 o QD ﬂf@ o
practices, when handling IC1). Vo COM 2

Vo COM

Actions

Observations / measurements
(voltages relative to ES-1 COM terminal)

1. Remove the red test probe from the meter 3. Vo measures 0V (plus or minus a few
2. Connect the red ES-1 cable to Vo on the screw millivolts), confirming that_ the output
. voltage of IC1 follows the input voltage
terminal block J2 , and plug the red banana (held at 0V [or COM] by th dile cli
plugintothe V(mX 0 G S NIdigifal € clda or y the crocodiie clip
. lead)
multimeter
4. Unclip the black cable from PinJ1, and clipitto | 7. Vo measures about 2.5V
one lead of the 1.0 nF test capacitor Why? - The test capacitor and capacitor C4
5. Holding the crocodile clip, briefly touch the are each 1.0 nF, so the test capacitor shares
other (free) wire lead of the test capacitor onto its charge equally with C4 when the two are
Battery (+), charging the test capacitor to briefly connected. The voltage across the
about +4.9V test capacitor falls from 4.9 V to about
6. Briefly touch the free wire lead of the test 2.5V, and the voltage across C4 rises from
capacitor onto Pin J1, transferring charge from 0Vtoabout2.5V
the test capacitor to ES-1 capacitor C4
8. Press and release microswitch S2 to remove 9. Vo measures 0V (plus or minus a few
any residual charge from capacitor C4 millivolts)
10. Holding the crocodile clip, briefly touch the 12. Vo measures about - 2.1V
free wire lead of the test capacitor onto Why? - As before, the charge on the test
Battery (-), charging it to about ¢ 4.1V capacitor is shared equally with C4 when
11. Briefly touch the free wire lead of the test the two are briefly connected. The voltage

capacitor onto Pin J1, transferring charge from
the test capacitor to ES-1 capacitor C4

across the test capacitor rises from - 4.1 V
to about - 2.1V, and the voltage across C4
falls from O V to about - 2.1V

Install the ES-1 assembly, probe bolt and external components R4 and C3 into the project box as shown
in the documentation provided with the ES-1 kit. The following procedure tests the completed ES-1

under high-voltage conditions.
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3.3 High voltage probe

A source of several thousand volts, switchable from
positive to negative polarity, is required to fully test

the completed ES-1. + ztt kv
(0}

4 kv
An electroscope, charged by induction, can provide this
) ) Red(V)  Digital
voltage simply and safely. Such an instrument can be Black Multimeter
constructed from the following general dimensions. (COM) Black(com) (20V range)
Ground
3.3.1 Electroscope construction (dimensions not critical)
'/\ 50 mm diam.
aluminium foil
( | 1 o disc glued to
A Plastic lid plastic lid
Aluminium foil leaves suspended from wire loop passing through
ﬂ\\ hole in container lid and connecting with aluminium foil disc
b 4160 mm -
Plastic or glass food ¢ 440 mm
container (honey, T
peanut paste ...) o
as5mm

3.3.2 Test setup

Electrostatic measurements are more stableand NS LIS G F 6f S AF I O2y RdzO0A QS
under the test equipment. This can be aluminium foil, any sheet metal, or an anti-static soldering mat.

Clip the black insulated cable from the COM
terminal of the ES-1 onto the ground sheet, £
T

N
3

O

and connect the other two cables to the C é,,é ~
digital multimeter as before. Ideally, wear a gé’éf@
wrist-strap connected to the ground sheet.

The ES-1 can be held in contact with the foil

. . Red(V)  pigital
disc as shown, or can be stood on end ¢ with

Black Multimeter
the probe pointing upward ¢ and a short wire (COM) Black(com) (20 V range)

used to connect the probe to the foil disc. Ground
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3.3.3 High voltage measurement

Briefly press the ES-1 discharge lever far enough to touch the head of the probe bolt (discharging C3)
and also to activate microswitch S2 (discharging C4). The meter reading approaches 0 V.

Statically charge a length of PVC tube by rubbing it with synthetic cloth. Electrons move from the cloth
to the PVC tube leaving the tube with a negative charge (refer to the Triboelectric seriefor polarity).

Move the charged PVC tube toward the foil disc on the electroscope as shown Figure 3-1
in Figure 3-2. Electrons re-distribute, and the foil leaves diverge as the like-
charged electrons repel each other ¢ with typical divergence angles and

Angle (9)| Voltage

corresponding probe voltages given in Figure 3-1. The leaves are at a lower 10° -2kv
potential than Ground, so the measured voltage has negative polarity. 20 -4 kv
Figure 3-2 Figure 3-3 Figure 3-4

Probe Probe

CcoMm CcoMm

+ + + + + + el e e s B 5

Ground Ground Ground
Meter reads (-) several Meter reads near 0V, Meter reads (+) several
volts, so the probe is at so the probe is also near 0 V volts, so the probe is at
(-) several kilovolts (+) several kilovolts

Briefly touch the foil disc with a finger or wire connected to Ground (Figure 3-3), providing an escape
path for the repelled electrons. The foil leaves collapse, and the probe voltage approaches zero.

Remove the charged PVC rod, and the foil leaves again diverge as the positive charge re- distributes
throughout the electroscope (Figure 3-4). Like charges ¢ positive this time ¢ repel each other, and the
foil leaves diverge. The leaves are at a higher potential than ground, so the probe voltage is positive C

with similar magnitude to that measured in Figure 3-2.

3.3.4 Check for charge leakage

Remove any clip leads from the probe, and discharge the ES-1. Charge the electroscope by induction,
briefly touch the ES-1 probe onto the electroscope disc, and watch the meter reading. The
measurement should only slowly change, as charge leaks through the atmosphere, surface
contamination on the project box, and across capacitor C3. Atmospheric humidity significantly affects
charge leakage, so measurements are best made when humidity is low.

It is wise to periodically clean the project box surface around the probe with isopropyl alcohol.
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4 Simple additions to the ES-1

4.1 Add a conductive shield to reduce measurement error

Error due to incomplete discharge

Discharging of C3 between voltage readings relies on a current path from the discharge lever, through
the opS NJ (figdg®td2@d hand, to the mounting bolts protruding from the back of the ES-1 project box
¢ these four bolts connect to the ES-1 circuit COM. Poor hand contact causes incomplete discharge of
C3 and a non-zero initial meter reading, adding to any subsequent voltage measurement.

A conductive ¥] A ayofihd the project box, connected to the mounting bolts, improves hand contact
with the ES-1 circuit COM and consequently improves the discharge action.

Error due to static charge on the project box

Plastics become electrostatically charged when handled. The ES-1 is usually hand-held, so the project

box is subject to this charging ¢ which can influence any subsequent voltage measurement.

A conductive shield around the project box reduces direct hand contact with the plastic, and also
provides a conductive path to the ES-1 circuit COM for any surface charge on the box.
Attaching the shield

Remove the four mounting bolts from the back of the ES-1, and disconnect the red (V0) and black
(COM) cables from the screw terminal block J2. Use stick-glue to attach a strip of aluminium foil around
the project box to cover the two largest sides and the back of the box. Clean residual glue from the box,
clear foil from the bolt holes and cable access hole, and replace the mounting bolts and cables.

421 AA AE A@&eRe an electronic electroscope

Drill a 3 mm hole through the centre of a metal lid recycled from a food jar, and use two M3 nuts to
secure the lid to the ES-1 probe bolt as shown in the following sketch.

o
Metal lid from —> [ . .
food jar ;: When a charged object is held
2 x M3 nuts near the metal lid, electrons re-

EIect%static distribute to produce a voltage
?Eegf;r reading on the meter ¢ equivalent
Digital Dl to the divergence of the leaves on
Multimeter | foil elect
(20 V range) a metal foil electroscope.
Ground Ground

This electronic electroscope can be charged by induction to both positive and negative polarities in the
same way as the metal foil electroscope (refer to Figures 3-2 to 3-4).
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