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INTROOUCT ION

1.1 The 900 series is a family of instruments intended for use in ultrasonic
listening applications. This report considers the design of the 900 series
prototype and its variants, most notably the model 950 which is intended to be
intrinsically safe when used in the presence of explosive gas mixtures.

The prototype is intended to be used in conjunction with a piezoelectric
ultrasonic transducer, resonant at approximately 40KHz and having an impedance
of 12Kn at this frequency. Other types of transducer may be used provided that
tuning arrangements and resistive input lossing networks are altered.

A broad outline of the 900 series features is as follows:

1) AR wide range of input signal amplitudes can be accomodated without

overload

a) by adjustment of the feedback ratio of the front end amplifier as a
means-of gain control

b) by means of resistive lossing which can be applied.at the input and
is switched electronically.

2) The resoneant nature of the transducer permits amplifier tuning to be used
as a means of reducing the noise voltage presented to the detector. It
is however possible to build a completely untuned version of the receiver
if this should be desired. Production spread ip the resonant freguency
of transducers may necessitate some trade-off in the noise reduction
attainable by means of bandwidth limitation.

3) A linear meter law is achieved by means ﬁf a negative feedback system.
The meter monitors the supply current of a clas; 'B' amplifier which
dumnps energy into a load resistor. Altering the value of the load

resistor gives an option for scale expansions.



.

4) This unit has a user A.F. gain (volume) control which enables the user
to minimise the howl='round sometimes experienced with airborne probes.

The functional elements of the receiver are shown in fig. 1.
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The complete prototype circuit is given in fig. 2 (next page).

Note

The half-wave rectifier used in the Ni-Cd battery charging circuitry (see fig. 2) is a leftover from the
earlier Detectaids 800-series. The author's attempt to change it to a bridge was rejected on grounds
of cost. The use of half-wave rectification in conjunction with power transformers is not
recommended.
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Fig. 2: 900 Series prototype circuit




CIRCUIT DESCRIPTION

2.1 Variable feedback gain control system

In order to achieve best overload protection an attenuator should be
placed at the input to the systemes Such an arrangement would however have the
serious drawback that all of the inherent amplifier noise would be displayed by
the meter. The only way to implement such a system in practice would be to
limit the gain of the amplifier to the extent that the meter did not show a
static noise reading. An overall gain of 60dB would be possible but this is
much less than the theoretically attainable gain.

In order to utilise the maximum possible gain it is necessary to insert an
attenuator into the signal chain at a point where all amplifiers after the
attenuator provide insufficient noise to deflect the meter. If a simple resist-
ive pad éttenuatur is used, then the amplifier before the attenuator must have
a very wide dynaﬁic range in order to operate in conditions of high ambient
sound pressures

In order to provide input protection and overcome inherent noise, most
high gain amplifier designs employ attenuators both at the input and partway
along the signal chasin, either as ganged or as separate switches. This seems
like an elegant solution to the problem except that; if the input amplifier
has feedback to control its gain, which it must unless the gain is to vary with
ambient temperature, then its output signal is in phase with its input signal
and a conscquent problem of stability arisas in the associated wiring.

In this design the attenuator controls the amount of negative feedback
delivered to the first amplifier simultaneously as it cpnt}ols the drive
level to the next. In this way an attenuator range of 90dB is achieved by means
of a single pole rot;ry switeh which varies the closed loop gain of the input
amplifier between 0dB and 60d6. The input is thus only required to have a
dynamic range of 30d8 and the noise due to the following amplifier, which has

a gain of 30dB, is not discernable on the meter.



The attenuator is considered as the following network.

UIN is the input voltage.

UDUT is the output voltage.

A is the open loop gain of the amplifiere.

G is the closed loop gain of the amplifier,

where G = __A A 1 if ABMI
1+Ap P

where B is ithe feedback ratioe.
R1 is the lumped input impedance at the NFB inpute.
Zi is the lumped input impedance of the driven stage.

Zo is the output impedance of the amplifier.

All other symbols are defined in fig. 3.

Now, v, = GeV = IoZ,

o L"UIN

(R *Ro//R 2,

and I

H IN 0] )
Lo (Ry*R /IR y42,)

Therefore, V_, = G.V__[1 = z (1)

The feedback voltage UF = UH- R1 = G.UIN 1 - Z R

=)
(R1+ﬂ2) ZD+(H1+R2//R3+Zi) (R1+R2)
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The feedback ratio B~ UF 1 - Zo . ﬂ1
GeV, Z°+(R1+H2//83+21)-J (R1+R2)
therefore )y/+(a R,//R47.) - 77 R, —_ —(2)
z_+(R, 4R //R +z i) (R,+R,)
Let the overall gain be
' = = - —— —— — —
G Your Vour_ *© (3)
Vin GV n
now, UOUT = UH. Zi
(Ry*z,)
therefore fram (1)
Vour = G-Vyy | (Ry*Ry//R3+2,) 24
Zo+(R1*32//Ha*zi3 (Ry+Z;)
therefore, V. = z, (H1+R?//R3+Zi)
GeViy (R3+Zi) Zo+(ﬂ1*R2/7R3*Zi)
Use with (2) and (3)
1 =
G Yout Vour . 1
Vi BVin »
[ = ' W
6 £ (Ry*Ro//R02 I (R +R,) [ 2,4(R 4R,/ /Ry27Y

(Ry+z;) ,ﬁgﬁjeﬁqihz//ﬂz*zilJ Ry

Your =

UIN

therefore, G' Zi(ﬂ1+ﬂz)

(R3+Zi)Ri

Note that R_+R

o ¥R =RT, a constant.

Referring to fig. 1,

as R3—;=-E] G'—> G'max R2_"RT

as R,—>0 G'—>G'nin Ry—>Ro

G'min = Zl = zi — o — —
(R3+Z ) (HT+Zi)

G'min = R _+R, = —_ e ———

R 4R
Ry*tRy

_(R#RFT/R4Z,)

(6)



Tm3 + =
From (5), G'min (RT zi) Z,
t =
From (6), G max.ﬂ1 R1+RT
- - G'mine
RT Zi G'min Zi
Cmin
= - G'mi 1 - —
RT Zi[i1 ? mln-J = 81(5 max = 1) (7)
Gmin

Hence by defining the required gain variation and R, or Zi the network may be

1
calculated from (4) and (7).

In practice, the chain of resistors attached to the HF gain control switch

(see fige 2) make up RT, H2 and R, being chosen by setting the switch. The 900

3

series gain control operates in 10dB steps from =30 to +60dB8, with R1 = 330R.
Thus G'max = 60dB (1000 X) and G'min = =30dB (0.0316 X). Using equation (7),
this gives Zi = 12.33320KR. A family of solutions to a re-arrangement of

equation (4), for the various choices of G' is as followss

Gain in dB UDUT/UIN =G! R, ‘ Ra
60 1000 329670 0
50 316423 305821 23849
40 100 248868 80802
30 31.62 156570 173100
20 10 71930 257740
10 3.16 26370 303300

0 1 8590 321080
-10 0.316 2540 327130
-20 0.1 580 ° 329090
-39 0.0316 0 329670

Starting from the top of R1, the calculated values for the resistor chain

making up R, ares

.
580 + 1960 + 6050 + 17,780 + 45,560 + 84,640 + 92,298
+ 56,953 + 23,849 = 329,670 R.

A practical chain using the nearest possible E£2400 series resistor to the

calculated value is3

560 + 2K + 6Kk2 + 18K + 43K + B2K + 91K + S6K + 24K = 322,760R.



Using this practical resistor chain to calculate G' for each switch setting gives:

R, Ro G' ' G'(dB) = =20 10910(0')
322760 0 979 59.82
298760 24K 302.1 49.60
242760 BOK 96.08 39.65
151760 171K 30622 29.61

69760 253K 9.618 19.66

26760 296K 3.198 10.099
8760 314K 1.0139 0.1203
2560 320K2 0.3163 -9.9967

560 322K2 0.0968 -20.279

0 322760 0.0358 -28.911

which is an adequate approximation to 10dB step control for most purposes.



2.2 Input attenuators

The piezoelectric transducers used in conjunction with the 900 series
reciever are capable of producing voltage outputs in the order of 10V P-P when
subjected to large sound pressures. This large a signal cannot be linearly
amplified by an amplifier having a supply voltage of appraximately 8V, input
attenuation is therefore needed to cope with such situations.

By placing a resistor between signal input and signal ground, an attenuator
can be formed comprising the output impedance of the transducer and the shunt
resistor as a divider network. In the 900 series, such shunt resistors can be
placed across the input by means of F.E.T. switches (fig. 2). Each F.E.T. has
its source maintained at approxe. ?/3 B+. When the gate is at 2/3 B+ the
attenuator is on, when the gate is at OV, the attenuator is off.

Note thet in fige 2, the F.E.T.'s receive their gate bias via the HF gain
switch. This arrangement allows the use of a single pole 12-way gain control
switch and giuaslinput attenuator facilities which, as far as the user is
concerned, are simply settings of the normal gain control.

On models 900 and 910 an additional input attenuator is provided
which is operated from the mode switch (S2). This is used to provide

a X % facility. Note that for the model 910, TR1 is a logical inverter. -
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2.3 Tuning circuitry and intermediate amplification

In tuned uersions.of the 900 series receiver, (fig. 2), the output from
the variable gain H.F. amplifier (section 2.1) is fed to an emitter follower
stagee The emitter follower presents a high impedance load to the output of
the attenuator, thus enabling the overall load impedance to be decided by
suitable choice of resistors. Knowledge of this impedance is necessary in order
to obtain the correct gain law for the H.F. gain control. The attenuator
terminating resistor in parallel with the two base biasing resistors for the

emitter follower stage thus constitute the quantity Z, which appears in equations

i
(4) and (7) (section 2.1).

The emitter follower drives a 40KHz tuned transformer (T1) via its emitter
resistor and capacitor in parallel. The tuned transformer looks back into a
low impedance port, therefore the value of the emitter coupling capaciter affects
both the Q@ and the resonant frequency of the tuned circuit. Altering the value
of this capacitor (designated C19 on all models - see Appendix) can be used as
a means for choosing the selectivity of the unit. The smaller the value, the
narrower the bandwidthe If the receiver is to be used with a transducer
selected at random from a production batch; then its bandwidth must not be too
narrow. There is, therefore, a limit to the improvement in signal to noise
ratio that can be obtained by bandwidth restrictiony this limit being dictated
by production tolerances in tr%nsducar resonant frequencye.

The output of the tuned transformer is fed to an amplifier, the gain of

which is determined by negative feedbacke

Thus: G~ R38
R37
ie. C~ 2010910 R38 dB.
R37

The gain of this stage should be chosen so that the sensitivity control (VR1)
has to be set in the top portion of its travel, thus avoiding unnecessary
amplification of the signal.

In order to build an untuned version of the 900 series receiver, the
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emitter follower stage may be omitted and the intermediary stage rewired as a

conventional bootstrap amplifier (fig. 4).

e )

T

12 SR29 470K [0
»%Fiénuaforf— AAAAA
7ermunahn
résestor, . R3¢
—ANANAN—
F [G 'll' 330 on —[ 520

This option can be implemented on the existing PCB by putting the new
470KR base bias resistor into the patch intended for C20 and by connecting the
4700pF coupling capacitor from the attenuator output to the base of the first
transistor using-patches made available by the omission of the emitter follower

and transformer.
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2.4 Linear high-frequency voltmeter and detector

Conventional rectifier type voltmeter arrangements require high voltage
inputs in order to overcome the effacf of diode forward threshold voltages upon
linearity. A bridge formed with germanium diodes will provide a reasanably
linear display with 2V RMS input but it will not register at all until the input
exceeds 0.4V P=-P. Thus, using this arrangement, to amplify an input signal of
1uV requires a voltage gain of 126dB in order to achieve modest linearity.
Amplifier stability is thus a serious problem with such an arrangement. Partial
biasing of the diodes may be usad to improve linearity, but such arrangements are

subject to thermal drift.
In this equipment, the signal is fed to a complementary symmetrical push=

pull amplifier, with a feedback factor of 1, which delivers power into a load

_L > B+

9 > A-F avT

resistor. Fig. 5.

AN

AV
1]
11

P
> \ )R
Inpul NPN s * uc zl L
Vin ; |
o Re.
AN~ -
NFB

Im
g FIG 5

—_—

T
The amplifier is biased for zero quiescent current (class B/C). The large

feedback ratio prevents crossover distortion. Thus for an 1nput of UIN volts,

UIN volts appears across HL.
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Hence
IL = V]N / RL .

When the circuit is driven by an AC signal, TR1 drives the load current positive and TR2 drives the
load current negative. Hence the average current flowing in TR2 collector is the mean half-wave
rectified load current. This can be found by integration' and is given by:

Im = (\/2) V[N (rms) /T RL

The meter movement is not at signal potential, which means that it can be mounted close to the
input socket or attenuator without jeopardising circuit stability. Meter sensitivity is defined by the
choice of Ry, and the scale is highly linear. Note that the meter could be placed in the collector of
TR1 or TR2.

By placing a resistor in the collector of TR1 and shunting it with a suitable smoothing capacitor,
the circuit also behaves as a highly linear radio detector. This output is used to provide the detected
audio signal. The product of this resistance and capacitance is the detector time constant, which
sets the audio corner (-3 dB) frequency according to the relationship:

f—SdB =1 /27'CCR

By choosing R, = 100 Q and a meter movement of 100 pA FSD, the voltmeter has a sensitivity if
222 mV RMS FSD. A 1 puV signal thus only requires 87 dB of voltage amplification in order to
give a full-scale reading.

By switching another resistor in parallel with Ry, a scale-expansion facility can be provided.
This option is used in the model 950. By placing another 100 Q resistor (R52) in parallel with R51,
Ry is reduced to 50 Q and the circuit sensitivity increases to 11.1 mV RMS FSD. The scale
expansion obtained is thus x2 (+6 dB).

The 100 pA FSD meter can, if so desired, be calibrated in dB. The following table gives dB points
on a0 - 100 scale assuming + 3dB = 100%. This can be used for constructing the meter-scale
artwork.

dB -20 | -15 -10 -9 -8 -7 -6 -5 -4 -3 -2 -1 0 +1 +2 | +3
%FS | 7.08 | 12.59 | 22.39 25.12) 28.18  31.62 | 35.48 39.81 44.67 50.12 | 56.23 A 63.10 | 70.79  79.43 89.12' 100

1 The derivation is given in the article: A Linear high-frequency voltmeter and AM detector. D W Knight.
http://www.g3ynh.info/circuits/AM_det.html
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2.5 A.F. amplifier stage

The audio bandwidth of the receiver may be tailored by choice of capacitors
C45 and C46 (model 900), C36 and C45 (model 910) and C34 and C37 (model 950).
(See Appendix).

The audio output circuit utilises an LM386 integrated circuit, which has a
voltage gain of 20 (26dB). The small inductor (L1) prevents distortion products
of the A.f. amplification process from appearing on the supply rail. In the
absence of L1, distortion products in the 40KHz region cause instability at high

volume settingse.

2.6 Model 950 electronic supply switching

In the presence of an explosive gas atmosphere, a piece of battery operated
electronic apparatus might be expected to cause an explosion at switch-on because
of the spark created at the instant the battery is connected to the circuit
decoupling capacitors. The model 950 is designed to have a spark-free switch=-on
by virtue of electronic supply switching (TR15). UWhen switched on, the small
signal stages draw their supply current from TR15 base, base current causes TR15
to turn on, thus connecting the battery to the meter and A.F. output stages.

Note that TR15 is also turned on in the battery check position, so that the meter

and A.F. stages receive their power supply but the small signal stages do not.
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ADJUSTMENT AND IMPLEMENTATION OF OPTIONS

3.1 Functions of the unit

The model 900 has PCB mounted switches and is therefore difficult to
modify. If input attenuators are not required, the HF gain control end stop may
be moved and TR1, 2, 3 and their associated circuitry omitted. In the svent of
an unusual customer requirement, there is room in the cabinet to mount hard
wired switches as used in models 910 and 950. This arrangement has not been
tried to date and care should be taken to avoid instability. Note that a patch
is provided in the model 900 PCB (DT006) which can be used to place a resistor
across R51 for scale expansion (ses section 2.4)s. This method of scale expansion
is used as standard in the model 950.

If so desired, the meter connections can be brought out to a panel sockete.
This option will provide a chart recorder signal of approximately 0.4V for FSD

of the meter (assuming that the meter has a resistance of 4KR).

3.2 Input attenuators

Any amount of input attenuation can be chosen by altering the values of
R2, R3 and R4. These resistors can be considered to form a divider network in
conjunction uith the output impedance of the transducer, since the input impedance
of the amplifier is high enough to be neglected in most.instances.

Taking R2 as example: if the transducer has ZUU 2 12K , then if R2 = 12K

T

the attenuation achieved is X 3 (or -6dB).

In general, attenuation g R2
+
R2* 200t

dBe.

¢

or attenuation = 20 10910( R2 )
R2+Z, -



- 15 -

3.3 H.F. gain control law

Alternative switch increments may be calculated by using equations

(4) and (7) in section 2.1.

3.4 Choice of H.F. bandwidth

Reducing the value of C19 reduces the bandwidth of the receiver. Any
change in C19 necessitates retuning of €20/T1. Bandwidth reduction improves
signal to noise ratio but cannot be carried out indefinitely due to production

spread in transducer resonant frequencye.

3.5 Adjustment of tuning

This is required on production test. Suggested procedure:

1) Choose C20 = 22nfF.

2) Connect a signal generator to the input of the receiver and sweep through
the region 20 - 60KHz.

3) Alter or pad C20 appropriately.

4) When a resonance close to the desired frequency is achieved, final tuning

may be accomplished by adjustment of T1 core.

Je6 Intermrdiate qgain and sensitivity adjustment

Rotate VR1 until the desired sensitivity is achieved. 1pV FSD on the
highest sensitivity setting is appropriate. If the desired sensitivity is not
attainable and there are no electrical faults present (eg. input attenuators
operating when they should not be or incorrectly tunmed H.F.) then increase the
value of R28 (see section 2.3). R3B should in any case be chosen so that VR1

is normally towards the top end of its travel.
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3.7 Signal to noise ratio

The unit should have a signal to noise ratio of approximately 8dB for a
1pV input, with the input terminated in 12KR. If the unit is adjusted for 1V
FSD for maximum gain, place a 12KR resistor across the input terminals and see
that the noise is less than 0.4pV. If this is not the case, then investigate
the input amplifier and its associated circuitry or look for circuit instability.

The capacitor C10 (models 900, 910) or C7 (model 950) must be a low leakage
tantalum type. If this is not the case, low frequency noise will be heard in the
AF output at all settings of the H.F. gain control. Any leakage current is inj-
ected into the inverting input of the first amplifier and is consequently not

subject to the limitations of loop gain.

3.8 Scale expansion

Choice of the resistor switched in parallel with R51 determines the scale
expansion ratio.
Using model 3950 nomenclature,

expansion ratio = R51 + RS2
R52

= 20 10910(%1 + RS2 ) dB
R52

3.9 A.F. bandwidth

A.F. pandwidth may be tailored by choice of C45, C46 (model 900), C36, C45

(model 910) and C34, C37 (model 950).

Note that the only reason for including these capacitors is to make the 900 series receivers sound
like the old 800 series receiver, which had very poor audio quality.
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PCB Artwork. Detectaids Model 900

110 mm
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Detectaids 968 Series Supplement.
Model R925BAF Ultrasonic Receiver with Audio Filter.
Models T888 mkII, T98B8BX and T98BU Ultrasonic Transmitters.

Design and Pre-production Development.

Introduction

This document describes additions to the 988 series range of
instruments, designed to improve performance in situations

where receiver — transwitter pairs are operated in conditions of
high ambient noise. This improvement is obtained by eguipping
the receiver with an audio filter: dezigned to select the
modulation component of the transmitted signal. Modifications to
the transmitter are also required because the existing 888 series
transmitter does not have an accurately defined or stable
modulation freguency.

Mote on Nomenclature.

This document introduces transmitters into the 988 series range.
Consequentlys the letters R and T have been added to the madel
designations,., The basic receiver thus becomes the R988 and the
basic transmitter the T988. The new receiver is identical to the
earlier R950 except for the inclusion of an audio filter module,.
It is therefore designated R9366F. The new transmittiers are the
TE8@O mkIi the T988X and the T28&GU. The T888 mkiIl is electrically
idaentical to the earlier model 888 but incorporates production
changes. For the 79688, X and U refer to versions having either
crystal controlled or variable modulation freguency.
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Model R958AF

This madel retains all of the earlier capabilities of the R9%8,
but provides the user with an additional, switch selectable,
audio filter and UU {volume unit) meter. When the filter option
is selectedsy audio from the detector is re-routed through a
bandpass filter before being presented to the volume contrel and
audio output stage. The filter is tunmed to the transmitter
modulating frequency (977Hz in the prototupe) and therefore helps
to isolate the transwmitter signal from background noise. The
panel meter is also switched to moniter audio level at the output
of the filter, the signal being taken from a point which is
independent of the volume control setting. The meter sensitivity
is thus controlleds; from the user’s viewpoint, by the setting of
the HF gain control as before.

Bandpass Filter

The filter used is a second-order multiple feedback path filter
(MFPF) based around an operational amplifier. This tupe of
filter uses no inductors and is therefore inexpensive to
manufacture. Appropriate design equations are given in figure
Al. For these equations to hold truey the op-amp must have a
high open loop gain and a very high input impedance. Host
pipolar op-amps Ceg. 741} are therefore not suitable. The
circuit performance will also be degraded by poor component
tolerances and it is recommended that 1% metal film resistors and
2.5% polustyrene film capacitors are used.

NHote that in the process of filtration, the signal is first
attenuated by the resistor network comprising Ra and Rb and then
re-amplified by the op-amp. Inspection of the design equations
reveals that this attenuation-reamplification process becomes
more extreme as @ is increased. This can easily lead to a
situation in which the op-amp is operated with very high gain,
giving rise to attendant noise and instability problems, gain-
bandwidth product restrictions: and the additional difficulty
that the design equations break down when the amplification
required bhecowmes comparable to the open loop gain of the
anplifier. For this reasons very high values of @ are not
practicable. The open—-loop galn of the op-ampy at the desired
frequencys should always be 51gn1f1tantlg greater than 2832

For the prototype, a centre frequency (fo) of 977 Hz was chosen.
This corresponds to 1MHz/ 1824 and is therefore a convenient
transmitter modulating frequency. A gain of unity (A=1) was
selected since no additional audioc amplification is required. A
number of calculations were then performed as follows:

Call filters have fo=977 Hzy A=1)

G [N Ra . Rb Rc
ay 20 18 nF 325949 488 651899
b 26 4.7 nF 693569 868 1367618
) iz 18 nF 195576 681 391139

d? iz - 4.7nF 416686 1456 832211
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Single stage Multiple Feedback Bandpass Filter.

M==

L

O
/ Output
—
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=( %RC
Inng Ra ’%w \
m Rb

Design Procedure: |
1) Choose centre frequency fo and overall gain A.

2)Select Q@ from Q=fo/w , where w is the
bandwidth at the half power (-3dB voltage) points.
3)Choose C on the basis of availability of high-
tolerance capacitors (eg, 2-5% polystyrene).

4)Calculate resistor values as follows:
Q

Ra= 206 CA
Rb= Q _ _ARa
27 foC (2Q2-A) 2Q%-A
__Q _
Re=—2—= = 2ARa

To discover the paramefers of a given filter, use
the following equations:
__1 Ra+Rb Ao Rc

2wC+ RaRbRc 2 Ra

fo

Q- 1/(Ra+Rb)Rc'
2 RaRb Fig Al
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The G=28 filters have an input attenuation factor of 886 (58dB>.
They will be noisy and prone to instability in practice. The
R=12 filters have an input attenuation factor of 288 (49dB),
which is still large but tolerable. Filter (c) was therefore
selected for development since its @ is adequate for the present
purpose and it has a smaller feedback resistor than filter <(d).

Budio Filter and VU Meter Module.

Figure A2 shows the circuit of the new module incorporated into
the R958AF. It consists of a practical implementation of the
bandpass filter described in the previous sectiony feeding into
an audio level meter circuit. HNote, in the practical filter,
that the virtual earth at the non—-inverting input of the op-amp
is taken to a paint at half the supply voltage.

The op-amp used must not only fulfil the filter requirements of
high gain and high input impedance, it must also be capable of
operating from the available supply rail of (nominally) 8VU. The
choice of op~amp is therefore critical. The original circuit was
built using a CA3138BE CMOS op—amp, but was not unconditionally
stable. Four integrated circuits, from two production batches,
were tried and all exhibited momentary instability at switch off.
This instability was apparently layout independent and could not
be cured without degrading filter performance. The problem was
completely cured by using a CA3I148E op~amp. Three ICs from two
batches were tried and all performed correctlu. Other candidate
ap-amps were the LF355 (2 ICsy 2 batches), ADOPAY (2 ICs, 2
batches) and the TLO9ICP (3 ICsy, 2 batches)>. The LF355 and the
ARDOPB? showed a tendency towards momentary instability at switch
on. The TLBYICP performed correctlu in all cases. 0Of the above
devicesy the CA314BE is the least expensive.

The VU meter circuit consists of a one-transistor amplifier
{TR16) feading into a voltage doubler or diode pump <(D4,D5).
Meter sensitivity adjustment is provided by UR3. TRI? and its
associated base network is provided in order to prevent C354
charging current, at switch on, from flowing in the meter. At
switch ons €55 charging current turns TRI? on momentarilyy, thus
bypassing C54 charging current to ground.

RISBAF Production Details.

The complete circuit of the R938AF is given in figure A3.
Physical wiring and PCB layout is given in figure Ad4. Hote that
the existing R958 component designations are unchanged. Hew
components begin at RS9, 046, D3 and TR16. C36, which was
originally wired directly accross the meter terminals, is now
moved onto the filter board and increased to 1uF. This capacitor
was deleted from the production R958, but is now essential to the
proper operation of the UU meter circuit.
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Switching the filter into operation is accomplished by means of a
three-pole two-way switch $3. 353a terminates the detector
circuit in R59. S3b powers the filter and VWU meter circuits.

S$3c diverts the audio take-off point to the output of the filter.
There is no need to switch the filter input. There is also no
need to switch the VU circuit ocutputls; gsince this circuit has no
effect unless it is powered.

The audio feed to the filter is taken from a patch, on the wmain
circuit boards which was originally provided for 034 (deleted).
Hote also that there are two patches for supply decoupling on the
filter board. These patches; designated C58a and C58b allow the
board to be used in situations where there is not sufficient off-
board supply decoupling. In the R958AF application, only C58a
{@A.1ufF)> is required. @& larger decoupling capacitor is
undesirable in this case, because it may give rise to a spark,; on
closure of S3by and the instrument will then no longer be
intrinsically safe.

Using the component values shown, the filter has a centre
frequency of 977 Hz and a 8 of 12. This corresponds to a
bandwidths at the half power points, of 81 Hz. Should
requirements change, the filter can be re-calculated using the
equations in figure Af. HNote that R68 is made up of three
resistors in series in this version. Additional patches are
provided on the board such that R&! may be made up from two
resistors in series if necessary. It is not normal practice to
adjust this type of filter, it is better to adjust the
transmitter modulation frequency. If filter adjustment becomes
necassaryy this can best be accomplished by padding C46 and C47
by egqual amounts. The bandwidth of the filter however, is large
enough that adjustment should be unnecessary even when the
transmitter modulation frequengu is fixed, as in the T988X.

The only production adjustment on the filter board is that of UR3
~ YU meter sensitivity., This adjustment should be carried out by
applying a steady modulated signal to the input of the receiver
(Ski> and rotating VUR3 until the meter reading remains unchanged
on switching the filter in and out. Such agreement howesver
cannot be obtained at all points on the scale because the VU
meter is non-linear and suffers from cramping at the bottom end.
UR3 should therefore be set so that agreement is achieved at
about 7@ - 882 of full-scale deflection. Note incidentallys that
when the filter is switched iny there is a short delay before the
meter registers. This is due to the clamping effect of TRI17Z.

' The delay period may be altered by changing (55 but if the value
of this capacitor is made too swmall, the meter needle will be
flicked onto the full-scale and stop as C94 charges.
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Models T886 mkii, T988X and TI08U.

The thres new transmitters can all be built using the same
circuit board. The 7888 mklIl is electrically identical to the
original T868® but, by implementing its circuitry on the T988
boards, the need to restock two types of transmitter board is
eliminated. The new board is also correctly drilled for the
current issue of transmitter case. FProduction details of the
7808 mkIl are given in figure AS5.

The T988X and U retain the ultrasonic oscillator circuit of the
T888, but use a different modulation system. The modulating
audio signal is derived using a CHOS 48688 oscillator and
frequency divider IC. This gives greatly improved modulation
frequency stability and a very wide range of possible modulating
fragquencies.

The T988X has its modulation frequency controlled by a quartz
crystal. This gives a highly stable audio signal which is
independent of supply voltage over & wide range. The unit may
therefore be used with a conventional {(Zn-Mn02) dispasable
battery and its modulation frequency will not change when high
pomeyr is selected or when the battery is nearly exhausted. The
disadvantage of the T998X is that its modulation frequency cannot
easily be altered. '

Production details of the T998X are given in figure Ab. Paltches
are provided for wire-ended HC33-u crystals (8.3 inch pitch) and
wire-ended HCi8/u crystals (8.2 inch pitch). Crysials of less
than 2MHz may be used, subject to size constraints, and the
appraopriate division ratio selected by tapping into the 4866
dividar chain. In the version shown; a modulatien frequentcy of
Q77Hz is achieved by using a IMHz crystal and dividing by 1824.
For other crystalss, it may be necessary to alter 06 and CV in
order to obtain satisfactory oscillation. 7To change the division
ratio, simply move Rid4 so that it connects to a different pin on
the 4868, A1l divider outputs are provided with patches on the
PCB. See figure A9 for details of the division ratios available.

The T9886U has its modulation frequency controlled by a free—
running RC oscillator. This allows the frequency of the audio
signal to be adjusted simply by means of a variable resistor, and
‘alloms the transmitter to be tuned exactly on to the peak in the
receiver audio filter response. The disadvantage of this
arrangement is that the audio frequency iz affected by severe
supply voltage fluctuations. For this reason, if the transwmitter
is to be used in conjunction with an audio filter, it is
recommended that only Ni-Cd, batteries are fitted.
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Froduction details of the T980U are given in figure A7. In the
version showny a modulation frequency of 977Hz is achieved bu
setting the RC oscillator to 31.264KHz and dividing by 32. The
nominal value for RI7P+URT is 2.69K in this case; and URT permits
the modulation frequency to be varied from 658Hz to 2KHz. Desgign
criteria ¥for the RC osciliator are given in figure A9, It is
recommended that Ri? is not reduced below 4.7K. Low values of
Ri7+UR? increase the susceptibility to supply voltage variations.

General information on the CMOS 4868 IC is given in figures A8
and A9.
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4060 14-Stage (1/16384) binary ripple counter
with internal oscillator

+3T0+15v Q

TOP VIEW

i1 0 9 1 0 9 I 10 9
—A—d NC hC

lomee 3 390K J_ 0

IMHz T 33K 156K 41K E“ c o
 S— | >0 §= ]

22RC

o< 156 32 pf IN
I ISCHMITT TRICGER) (RC OSCILLATOR)
(XTAL OSCILLATOR Flg Aa

Note:

The CMOS 4060 counter has no outputs for divide by 2, 4, 8, and 2048.
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216 +32

+64
[ ? )¢ ! ) z z
14 ¢_|1J 0—12 O_H ¢—!l p—! '—l, ’—? ’
’ 9] N : ¢ ’ ¢ ¢
+16384 28192 +40% +1024 512 +256 128
im
"IN TN
300K |\ h A\
\\ \\ \
: 100K e \"': . mEf.)mer-z‘:;E
20K \& N
\;’; \ FOR C > 1000 pF
TN
3K
.31 10 100 1K 10K 100K IM
FREQUENCY, Hz
CMOS 4060
Internal Circuitry and external
components for astable oscillator. Fig A9
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Filter Module Components List.

FPart HMNo. Pescription RS Stock Ho.- /Hotes.
R&6Ba 180K 14 MF

b 91K 14 MF R6@ = 196K 1%

< 4K7 1% NMF
R&1 -£88 12 MF
RE2 398K 14 MF
R&63 188K
R&4 188K
RES 4K7
R&6 8zK
R&7 18K
R68 iK
R&9 , 688
RVE 188K
R71 i @K
UR3 478 I86-708 or equiv.
C36 1uF 63U rad. 164851
C46 iBnF 2.9% PS 113-489
C4v i8nF 2.97 PS 1i3-48%
C48 TuF Ta
c49 188pF PSS 113-263
CS5Ba B.1uF Cer. 124-178
C58b -
CS5i ' i @uF 250 ax. 184--938
cs52 1OuF 259U ax. 184-938
C53 188uF 6.3V rad. 193~-929
54 47uF 1BY rad. 183-941
C55 22uF 16U rad. 163-979
IC2 CR3148E
TRi6 BCiB9C
TRi? BCi187 _ .
D3 1H4148 ~ 1N914 etc. gen. purpose Si.
D4 0RA%8 7 AN143 etc. gen. purpose Ge.

DS 0A%8 7~ ART43 etc.



Transmitter Components List.

R1
R2
R3
R4
RS
Re
rR?
R8
RS

RI®

Ri1
Riz2
R13
R14
R135
Rié&
R1?

UR1

(o8
c2
c3
G4
C3
cé
cv
ca

TR1
TR2
TR3
TR4
RS
TRe&

Ic1

R
ha

T8086

680
688
568
166
1606
478
15K
15K
478
i35k
15K

B. 1uF
B. 1uF

2N3782
2N3782
BC187
BC1G7
BC167

T988X

SKe
4K?
2K?

@.1ufF
15pF
15pF

-

BCiav
BCi67
BCi18ay
BC477

CD4B608B

iMH=z

-alg -

ToeBY

5Ké
4K7
2K7

18K Lin.

8. 1uF

—

1588pF

-

BCi187
BC167
BC187
BC47?

ch4060E

Notes.
Rt - RS may be replaced

by a variable resistor
with an on—-off switch.

Select on test.
Select on test.

i6 Pin DIL socket.

48KHz Transducer.
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ULTRASONIC SENSOR
'SE05B-40T, SE05B-40R

Shape and dimensions

High-sensitivity ultrasonic transmitter SEQ58-40T and re-
ceiver SEO5B-40R are designed for sending and receiving
ultrasonic sound through the air in the form of continuous

wave or pulses,

Applications

Burglar alarm systems
Proximity switches

Liquid level meters
Anti-collision doevicos
Counters for moving objects
TV remote control systems

Characteristics

Aluminum case

Stainless steel
mesh

11.0

0.8¢

2.5¢

Unit: mm

ltem Unit -40T -40R
Transmitting 1

sensitivity Sv aB* 1728 -
Receiving a1

sensitivity Mv a8 - -56:6
Resonant frequency 3

{transmitting) Frsv kHz* 40+1 -
Resonant frequency 4

{receiving) Frmv kHz* - 40+1
Directional angle 8% ° Approx. 20
Maximum input voltage Vrms 7 -
)mpedance n gggrox. 7A(§J|;zro:t.
Capacitance pF 1400£20%

Pulse rise time msec, 2.0 0.5
Maximum input voltage

for pulse operation Ve-p 60 -
Temperature range °c -15 to +65
Transmitting Approx. .
selectivity Qsv 70 -
Receiving : Approx.
selectivity Qmwv 60

*!' OdB = 1uBar/V/meter
*2 (OdB = 1V/uBar, measured with a shunt resistance of 47K,
*3 Frequency where transmitting sensitivity is maximum.

*4 Freguency where receiving sensitivity is maximum,
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Frequency response (transmitting) Frequency reponse (receiving) vs. shunt resistance ‘1
SEO5B-40T SEO05B40R
5 l =50 i i l
z ) _ 100k
> 20 Frav (0.6V) ® _.Eﬁ;__ N 47 .
= = : 10k !
:g "0 Frev (V) I‘ = | A 7k or !
+ ™ = .
§ / § 70 = o 3Ik9k
? ™\ N\
Z 0 N € e0 bl N i
g — 2 TNk N
g ol N\ I~
= 38 39 4 a1 42 3 39 40 41 a2 |
Frequency {kHz) . Frequency (kHz} I
Sound pressure, resonant frequency vs.input voltage| |Effect of parallel capacitance i
SE05B-40T SE05B-40R |
' 42 50 @ |
= T 42 a4 I 3
, 5 5QtFrs iy = N\ ”ﬂc@;v- .:_:-
i ¢ 40 T - = EDm~—ard Sensit;y =
30 =a a T = Uenc,, d:r B
& T I\ & 3 idlc T €
2ol b e LN g |t — .G
2 oL N @ 40 70 § !
D 1 | « |
i { 40 ]
0.1 ) !o ’ 0 1000 2000 3000 4000
Input voltage (Vrms) Parallel capacitance (pF)
. ) j
Pulse response (transmitting) Pulse response (receiving)
SEOQ5B-40T SE05B-40R
IREE
Lz
A1 12 [
~< 2,4 8.8 10N . g.{ I ,
: \ 3
| ;
Directional radiation pattern Angle indegrees | | Temperature characteristics
SE05B-40T 0 9 10 SEO5B-40R, 40T :
- - - E .
fre
£ +1 ! |
l !
58 -1
>
s+ '
0 e .
i _____i.._-
gg -40 -20 0 20 40 60 80

: ' , Temperature (°C) j
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Plastic connector - 400 Series - Assembly instructions

Preparadion of cables

_Max. {ZJ 8.6 fax. 12 B.6

Cable for S and K: 4 to 15 contacts Cable for S and K: 2 contacts + E

T

Plug S 400

/

cable clamp

Push and turn 90¢

15 mm spanner

HJ'J
!u
]

Tool | | Clamping cable with
12 mm spanner

Press to extract
ring

View from A
ot D 4 TwisTER
%: A b Socket D 400 Q“—" ””)
Contact block
forD400 A _ ling t 1mN
or54002 Max. couphing torque 1 m Contact block positioning

Contact block
forD4002Z
or S 400A

W.W. £ISCHER CH-1143 Applos Téléphone 021/77 37 11

INGENIEUR - MORGES Télex: 24259 fisch - ch




