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::ete::-. ?=i::ia=y ctjec~ives cf s~ch devices, a=e ~c 

o~her coin-like cbjects, as well as between differeri~ 

_; common cc·in sensing netted e:::plcyed by previc:..:.s 
devices is the use· cf a senso:- coil whose i.?::pedance is 
changed J:::y the nea::::-:Cy presence of a :net al object suc!"l as 
co:.::. Or;e ~i-"Pe o: di.sc:-i::t!~aticn ci:-cui-:. usi.ng suc:i. a 
senscr coi.l is a bridge circuit whi.ch includes standard 
impeda::ce ele~ents in addition to the coil. Passage cf 
the coin near the coil then causes the balance point 
cha::ge. Another type cf de~ection circuit uses the ccil 

c: a~ cscilla~~= C
.: ,..._,,; ..... -------· cf a ==::-: 

a 

nea::- the coil causes f:-e~..:ency at which the cscillat::r 
resonates to shift. ay measuring ~he frequency shift it 
is possible to detect the presence cf a coin. 
F~rther::ncre, the ~agnitude of the frequency shift will 
depe~d on such things as the size and material content 
(e.q., iron, copper, er silver etc.) cf the coin. 
Therefore, standard frequency shift "signatures" f::r valid 
coins can be ascertained allowing the circuitry to 
discriminate between denominations cf valid coins. and 
between valid coins and other objec~s. 

A proble~ wit~ sensor coils cf the type described 
a~cve, however, is that the change in impedance (and 
frequency shift) is dependent upon beth the total ~etal 
nass of the coi~ and the par~icular material out cf Nhich 
the coin is made. This mear.s the sa~e i~pedance change 

(e.g. copper) coin or a s~all, high response ~aterial 
(e.g. iron) coin. 

v jj 

\/ p .. 1} 

I 11.3 'I~ 
./ r+ \'. 

I! 

ii ,, . 
.I 
-~ 



I 

I 
I 

/ 

( 

~ 

7 ) / ..J .J. 

-c;.;.-

=l - - -
--~""' 

·r::e presen~ . . . 
l:"l"'·le:-:-:..:.:-n ::.s a c:::in 

ecplcys senscr cci:s e:ectrically connected in series a~= 

.-es part of an csci:lator C .: -.-~,.; ... -- _....,_ ..... T!":.e cc:.ls a:::e 

physically positioned so t!":.at a ccin to be detected ;asses 

secr~ential:y t~ro~gh t~e t~o coils. ~he co~ls ara spaced 

apa:::t at approximately the diameter cf the largest coin 

accepted as valid by the sensor (e.g., about 2.4~ c~. (.9& 

inches) for a U.S. qi~ar~er). A coin passi~g t~rough the 

first coil changes the i~pedance cf the coil so that t::.e 

frec;:uenc.y cf the cscillatcr cutput increases. :'he 

resulting frequency shift will be maximum when the co::.n is 

at t::.e center of the coil. As the coin exits the first 
coil and e~~ers t~e region :etween t~e ~we coils, the 

oscillator frequency decreases and then increases again as 

the coin passes through the second coil. Thus the coin 

passage produces tN'O peaks cf maxi:::::u:i frecr~er.c~l ~; .t=+-
S.a.•-• -

separated by a local minimum. Th.e frequency at the lccal 
minimum will be very near t::e steady-state value for a 

small coin since t!'le coin will have a very small e!fect. on 

either coil when in the region between the t~o coils. A 

larger coin with the same material content, on the other 
harid, will still af:ect both coils to some extent so t~~~ 

the oscillator frequency at the local mini~um will be 

greater tha~ in the case cf a small coin. The p:::ese~~ 

invention therefore allows discrimination between large, 

lcw respcnse material coins and small, high response 
material coins. Also, since the coin passes thro~gh t~e 

coils Nhere the magnetic field is strongest, ~ore 

sensitivity is obtained for a given a~ount of power. 

It is there!cre a~ cbject cf the present 
inve~ticn to be capable c~ distinguishing bet~een large 

j 
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Figure 1 is a sc~ematic of oscillator circ~it 

accordance with the present invention. 

Figure 2 shews an exemplary frecr~ency signature. -

Figure 3 is an electronic schematic showing the 

monitoring circuitry fer tracking the frequency cf the 

cscillatcr circuit. 

Figure 4 is a scher::atic of a:i. exemplary optical 

ccin detector. 

Figure 5 shows t~e sensor housing and shield 

Fig~re 1 is a sche~atic shewing the physical 

arrangement cf the two sensor coils la and lb and t~eir 

incorporation into an exe~plary oscillator c1rcu1t. The 

coils la-b are designed to be placed in the coin's path so 

that the coin will pass sequentially through each coil. 

It is expected that a typical coin-operated meter 

employing the'present invention will have the two coils 

la-b mounted within a coi~ chute so that an inser~ed c~:~ 

will fall through beth coils. 

In order for the monitoring circuitry described 

below to knew when a ccin is about to enter the senscr 

coils, some type of coin detector should be placed in t~e 

coin path just in front of the sensor coils. Figure 4 

shows in schematic fc=::l an optical coin detector 

cc~pr1s1ng a light emi~ting diode 01 and a ~hctctransist=~ 

TR :o. When a coin er other object blccks ~je light 

e~it-:ed :r~~ diode Dl fr~m reaching phototra~s:st~r 

l 
! 
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• ~o... .; .-;... .,,,,.., .. __ .... pr::"J"ides a cc in 1~etec~ 

tje a.:.ode Dl is 

ccnstant voltage 

pulsed I • o • • ,....,t:J,.,.. .. .-.- .. -::a ' .• !-'--...i..v1,,,....;..·_....,, ___ ~ 

.. I " I ... 

~~- 1C" •~ r--~- -­-!:"~"""" --- ..... - ... --- --

ccnse~:e pc~e=. :~e -·--, .. ·--·· ---·-----1 
t~e asse=ticn c: CNCTC~ a~te= a ~ulse has been applied ~-

.::..:..ode Jl. 

T~e osci:la~cr circuit~y shown in Figu~e : 

comprises the sensor coils la-b, capacitor CF, capacitor 
c ~os;s~~~ Q ~;~~ g~;" "~"-;"v=~~;~g a~p1i~icr ~, 
~I -- - '"-"'-"'- ·~I ••-'::2•• ..._._., ........... -•• -- --•• ••• ------ ... -1 

and high gain inverting amplifier A2. R5 and R~ are 

included in Figure l to represent series losses in t~e 

coil and parasitic lesses, respectively. The senscr ccils 

a=e electrically ccnr.ected in series so as to provide a 

feedback path around the cascaded amplifiers Al and A2. 

3ecause amplifier A2 is inverting, the signal fed back 
through the sensor coils is phase shifted iaoo . 
Alternative embodi~ents ~ay employ any number of cascaded 

a=pli:ie~s as lcng as t~e~e is an odd nu=~e~ cf 
. . 
:..::v"e:-s:c::s 

to provide the iaoo phase shift. The result is an 

oscillator circuit which oscillates at a certain resonant 

frequency depending on the values cf L and CF where L is 

the total inductance of the sensor coils. The resistor 

Ro and capacitor C0 are included to stabilize the 
amplifier delay over the intended operating temperat~re 

ra~~·· It ha~ been found that temperature stability is 
also enhanced by potting the coils la-b with a suitable 
(and preferably low less, e.g., non-carbon based) ·petting 

compound. Using temperature stable capacitors and a very 

temperature stable resistor (Ro) also enhances stability 

ever the operating temperature range. 
In one specific err~odiment, the following 

co~pcnent values were used: 

CF - .0022 F 

C:i - 220 pF 

?:; - 400 ohms 
L - 2~00 H 

- ~ ... -· 
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t~e ~ag~etic fie:d ~reduced by t~e se~scr ccils :a a~d :t 

::ul tila~.{er coins s...:.c:i as the W. S. qt:.a=-:c::-. 7his a::::· .. ;s 

~he operaticn cf t~e sensing device (as described be:c~) 

to better distinguish between bulk and multilayer coins. 

The basic principle cf cperaticn is as fcllc~s. 

Referring to Figure l, the resistor labeled RL is 
intended to represen~ lesses introduced to the coil sensor 

~1 insertion cf a coin into the coil core. These lesses 

generally result fro~ eddy currents induced in the coin. 

With no coin in the coil, the value of RL is effectively 

infinite (nc losses) and the effective value cf RL 

decreases with the i~sertion o: ever more lossy coins ln~c 

the ccil ccre. The decrease in the effective value cf 

R~ causes an increase in sensor operating frequency in 

accord with the following discussion. 

From basic electrical engineering principles, ~~e 

expression for the input voltage to a~plifier A1 given a 

sinusoidal output from amplifier A2 at radian frequency 
w is: 

Vi~~~ Voutz *(1/(1 +Rs /RL - w2 LCF +jwL/RL +jwCFRs)) 

wherein RL represents the losses due to the inserted 
::::--.. 

coin and Rs represents the series resistance of the coil 

with inductance L. The phase angle bet·,,;een the in.put a!"'.d 

cutput is then: 

Arctan (-(wCF RsRL + wL)/(RL +Rs -w2 LCF RL)·. 

Referri!".g to the temperature stable components Ro and 

c~ in Figure 1, the combination of these components 
closely approxi~ates a fixed delay D set by the ti~e 

consta!".t cf C:; * R; seconds. At radian frecpency w, a 

I 
~ 
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so, t.!'le ~o-:.al phase st::~ a=ound ~te :ccp w::: Ce - ..... - .... . .__._;:::;t=, 

-2?:. radia::.s, 

arcund the locp is: 

71.rct:an (-(we, RL Rs .... wr..) / (R!. + Rs -w2:.. CF R~)) -wC-?i=-:2?i 
or: 

-(wCF RsR1. "'"WL)/(Rl ""-Rs -w2LCFRL) =Tan (wD-?i). 
Since the tangent function repeats every Pi radians: 

- (wCF Rs RL -r wL) /(Rs + R!. -w2·LCF RL ) = Tan (wD) . 
In practice, the phase angle wD is kept very s~all sc t~e 

tangent is closely approximated by the angle and t~e 

approxi~aticn becomes: 

- (TJCF Rs RL + wL) I (Rs + R1. -w2 LCF R!. ) = wD 

er 

Si!nplification and solving for the cpe::-ating freq-.:e:-:cy w 
yields: 

W = ( ( 1 + Rs /RL ) /LCF + l/CF DRi_ + Rs /LD) 1 I Z • 

In practice Rs is kept very small compared to RL so 

further simplification yields an approximation of the 

operating frequency w as: 

W = (l/LCF + l/CF DRL + Rs /LD) 112. 

Thus; with no coin in the sensor, RL is 
effectively infinite and the operating frequency is 

deper.dent en L, CF, and D, which are nearly constant 

ever the operating temperature range by design, and on 
Rs which is a fun·ction only of temperature and the 
te~perature characteristics of the coil ~aterial (copper) 
which is kr.own. Hence, under the condition of no coin ,_ 

the sensor, the temperature can be inferred from the 

operating frequency, ~hich will all6w the sensor control 

l 
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sense:- ccil.s ~Nil.: ca~se -t::ie f::-ecr...:.ency ::f SE?1SCt:':: 't~ 

dec:::ease to a local ,,.. 
coils, and increase to a maximum again as the cci~ passes 
thr~ugh ccil lb. These positions are indicated i~ Fi;~=e 
2 by the labels MAX~ , MI:-i, and M.AX2 , respect:ively. 
Th~s, by measu:::ing the f:::equency cf SE~SOUT as t~e coi~ 
passes through the sensor coils, frequency values for t:~e 

positions MAX1 , MI~, and MAX2 may be ascertained. 
These three frequency values constitute a signature which 
~ay then be compa:::ed with standard values stored in a 
table to deter:ni~e if the coin is valid and, if so, its 
denc~inaticn. Figure 2 shows an exe~pla:::y signat~re ~~e=e 
oscilla~or frequency is plotted versus coi~ position 
(equivalent to time). 

Next, the monitoring circ~itry will be described 
with reference to Figure J. The monitoring circuitry 
basically comprises two counters, a coil counter and a 
reference counter. The reference counter is driven by a 
crystal oscillator at a fixed frequency while the coil 
coun~e·r is driven by the SENSOUT signal from the sensor 
oscillator 15. After initializing the two counters, t~e 

operation of each is triggered by the SENSOUT sign~l. 
After the coil counter has reached a predeter::iir:ed va:. :~e, 
the reference counter is stopped and its contents read. 
The reference counter contents are then inversely 
proportional to the frequency cf SENSOUT. 

The operation of the monitoring circuitry is 
controlled by an appropriately programmed ~icroccmpute~ 
~Cl. The cc~puter MCl has in its ~emery a tab:e o~ 

' i 
i I·. 
: .·-
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~ulse to di=de Dl, .:.:ldi.ca-=es ::::a:: a CO.!.:'l :s ~-....,_,,,_ - - o--.o­---"-"' ...... _ . ...., -··---

::c:-::ally he:d i:l a low-pc#,re:i- sta~C.by s'tate. T:ie 
,.,..- I I • I 

~cni~or.ir.g c:r-::"..:.:.t.::-y is designed so t!"lat 1...!pc~ t.he 

assertion o~ C~DTCT, the com~uter MCl undertakes certa!~ 

s::a=::up cperaticns for t~e ~cnitcri~g circ~i::ry such as 

tu~~ing en t~e c~ystal cscillatcr 25 and engaging the 

power supply so that the sensor oscillator 15 begins to 

operate. stabilization cf t~e crystal and senscr 

oscillators, the computer MCl asserts the signal CLSENSCR 
which clears the coil counter HC393. CLSENSOR also passes 

through XOR gate Gl3 to clear the count synchroni~ing 

latch ~CHl and lead all ones into 4-~it reference counter 

HC191. Tr.e microcomputer at this time also loads all ones 

into an i~~e=nal 16-bit =e:erer.ce cc~nt which is rega=ded 

by the conputer's progra::uning as cascaded with 4-bit 

counter HC191. The internal 16-bit counter and 4-bit 

counter CN91 together thus for.n a 20-bit reference counter. 

After SENSOUT from the sensor oscillator has gone 

through one cycle, the sensor ready latch LCH2 is clocked 

to the reset state by the least significant bit (QAl) cf 

the.. coil counter CN93. Resetting latch LCH2 drives its 
output signal SENSORDY lcw which then enables the 

reference ccunter CN91 to start counting dcwn, driven 

crystal oscillator 25 after passing through a freqt:.ency 
doubling circuit comprising gates GlO and Gll. In a 

preferred e!:'.bodiment, the frequency cf the crystal 

oscillator 25 is on the order of 4 MHz so that counter 

C~91 is driven at 8 MHZ. The 4-bit cutpu: of the 
reference cc~~ter CN9l (SO, Sl, 52, a:id SJ) is ::-ecei· .. :e:: 
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C~93 (QA:) clccks t~e sensor ready lat~h LC~2 to t~e. set 

state which disab:es f~rt~er cou~ting cf t~e refere~ce 

counter CNl91. The cu~put SENSCaDY of the senscr ready 

latch LCR2 is monitored by co~puter MCl and, when 

·. 

becomes set, the contents cf· the reference counter CN91 is 

ready. The reference counter contents at t~is ti~e a~~ 
inversely proportional to the frequency of SENSO~T. By 
taking sequential readings in t~is manner after being 

triggered by a signal frcm the optical co~n detector, tHo 

fre~~ency r.axi~u~s a~d a lccal frequency ~ini=u~ c: 

SENSCUT may be obtained which correspond to t~e coin being 
at the positions labeled M.AX1 , ~:N, and MAX2 in Figure 

1. The resulting signat~re comprising the three frequency 
values may then be compared with previously stored 

signatures corresponding to valid coins to deter:nine the 

validity and denomination of the coin. 

The following table gives the component part 
n~ers and component values for the embodinent described 
in .figure 3. 

Reference No. 

Rl 
R2 
Cl 
C2 
03 
C4 
C5 
GlO 
Gll 
Gl3 

Description 

4. 7l< 
4.7K 

Thiif flm1ii1rm~~r .1 F 
10 F 
. 1 F 
. l F 
.1 F 
Part Ne. 74HC86 
Part No. 74HC86 
Part No. /.;HC36 
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?3.=-= """ -.;HC3 6 .. '"" . I 

:-iC:9l ?a=~ ~;c - 4-:!ClS ' I -
? 3. :--: ~10 -.;HC74 . 
Pa:.--: \!'- .., • ::r~" ....... i "'T •• ..... I '"I 

HCJ93 ?a::--: No . ; ~HC39J 

:::-epea~able ::es:.:.l ts :o:: eac!:. cc-.:.:1, a~y a:n.bier.-:. l=sses :::~e 

since those lesses co~~ribute to cha~ges in the i~~eda~ce 

of the coils and changes in cscillaticn frec;r~ency. 

~7~ient :asses ~ay be caused by a~y ~etal in fair:y =:~se 

proxi~ity to the coils (a few inches). Thus, in order fer 

the device to function properly in a variety of different 
e:wironr.ients, it is desira.bl.e to shield the senscr coi.::.s 

from nearby lossy materials. In a preferred er:tbodirnent, 

therefore, the sensor ccils la-b are shielded frcm sych 

materials by a metallic housing. Figure 5 shows the 

sensor coils la-b wrapped around oppcsite ends of a 

plas~ic bobbin 60 and series connected by segment lC. 

(The bobbin 60 ~ust be plastic er some other non-lossy 

~aterial to minimize steady state parasitic lesses). 

The bcbbin 60 has a coin slot 61 sc that an 
inserted coin will pass sequentially through the sensor 

coils la-b. With the bobbin and coil assembly placed :n 
the metallic housing 50, the sensor coils will be shielded 

fro~ nearby materials housing 50, which, in a preferred 
e!nbodi~ent is constructed of zinc with a thickness of 

.,..~- . 
apgroxi::nately .1 inch. The sensor coils are enclosed as 

completely as possible and spaced approximately 1:2i c~. 

(.5 inch) from the housing in all di~ensicns. The 

material of which the housing 50 is made does cause losses 

that change the operating frequency cf the coil syste~. 

Those lesses are relatively small and fixed for a 

particular embodiment by the material and distance cf ~~e 

housing from the sensor coils. The coil will therefore 

cperate at a relatively non-varying frequency in ~he 

environ~ent intended. 
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inch) . E~clcsing ~he se~so~ c=ils :a-b :~ a shield c: 
~e==ite will di=ect t~e :::ajcrity cf ~he mag~etic flux 
thrcugh the shield 5:. wit~ virtually no eddy cu==ent 
losses, thus allowing only a smal: a:::icunt of fl~x to 
escape thrcugh the coin slot openings 61 to interact wi~h 
nearby lossy materials, including the housing 50. The 
shield 51 thus provides a very stable base oscillation 
frequency for the coil regardless of ether nea=by 
:::ate=ials so any significant changes in the oscillaticn 
frequer.cy can l::e utilized to i:::it==ove t:-:.e ability cf the 
sensor to identify a cc:~ passi::.g th=cugh t::.e asse:U:::l:z·. 

:•·~· 
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signal at a frecr..:.ency deper.d.ent en ~he i:npeC.a~ce of -:.::e 

,...senscr c~ils; a:1d, 

~eans fer ~easuring the frequency of the sensor 
signal as a co'in passes sequentially through the sense:::-
coils to obtain a signature for the coin which can be 
ccr.pared with characteristic signatures cf valid cci~s. 

2. The coin sensing apparatus as set fcrth in 
clai~ 1 wherein the sensor coils are spaced apart at 
approximately the diameter of the largest valid coin to be 
accepted. 

3. The coin sensing apparat~s as set fcrth in 
clai~ 1 wherein the signature comprises a first frequency 
~axi~um, a local frec;r~ency mini~um, and a second frequency 
~axi~um of the oscillating sensor signal corresponding tc 
a coin being within cne sensor coil, between the sensor 
coils, and within the other sensor coil, respectively. 

4. The coin sensing apparatus as set forth in 
claim l wherein the means for measuring the frequency cf 
t~:sensor comprises: 
~~::~ a fixed frequency oscillator; 

·· a reference counter driven by the fixed frecr~ency 

oscillator; 

a coil counter driven by the sensor oscillator; 
means for enabling the reference and coil 

counters simultaneously; and, means for stopping both 
counters when the contents of the coil counter has reac~ed 
a predetermined value, the contents of the reference 
counter then being i~~ersely prcpcrticnal to the freq~e~=~ 
of the sensor oscillator. 
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C!.a!:n 6 =ur~~er ccrr.;risi~g a c~i~ de~ectcr 

9310131 

....... --- " -

t~e c=mpute= when a coin is a~cut ~o pass through t~e 

coils and wherein ~he co=.puter is progra:r.i..~ed to ac~iva~e 

the fre~ency ~easuring ~eans upcn receipt of a signal 

from the coin detector. 

8. The coin apparatus as set forth in clai~ 7 

wherein the coin detector comprises a light emitting diode 

and a phctotransistor positioned so that a deposited cc:n 

will block light enitted from the diode fro~ reaching t~e 

phctct::ansistor. 

9. The coi~ sensi~g apparatus as set forth in 

c!ai~ 8 wherein the light emitting diode is pericdica:ly 

pulsed. 

10. The coin sensing apparatus as set forth in 

clai~ l wherein the sensor coils are shielded from 

external magnetic effects by a metallic housing. 

11. The coin sensing apparatus as set forth in 

claim 10 wherein the se~sor coils are spaced approxi~ateiy 

.5 inches from the housing in all dimensions. 

12. The coin sensing apparatus as set forth in 

clai~ 10 wherein the housing is constructed of zinc. 

13. The coin sensing apparatus as set forth i~ 

claim 10 further comprising a ferrite shield around the 

sensor cells. 


