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[ 5 7] ABSTRACT 

A semi-conductor switch interrupts the ?ashtube cur 
rent, thereby terminating the ?ash when a blocking 
voltage is applied to its anode. The blocking voltage is 
derived from a capacitor. If the capacitor has not suf~ 
?ciently recharged following a previous- ?ash, the 
semi-conductor switch is not completely blocked caus 
ing it to burn out. Therefore, a transistor is provided 
whose emitter-collector circuit short-circuits the igni 
tion capacitor when conductive. The base of the tran 
sistor is connected to the charging circuit for the ca 
pacitor furnishing the blocking voltage in such a man 
ner that the transistor remains conductive until the ca 
pacitor charging current has decreased to a predeter 
mined current. . 

11 Claims, 1 Drawing Figure 
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ELECTRONIC FLASH UNIT HAVING 
PROTECTIVE CIRCUIT FOR FLASH 

TERMINATING SWITCH 

BACKGROUND OF THE INVENTION 
This invention relates to electronic ?ash units. In par 

ticular, it relates to such electronic ?ash units wherein 
the ?ash is automatically terminated when the quantity 
of light falling on the-?lm of an associated camera has 
reached a predetermined quantity. The present inven 
tion is particularly appropriate in the above-described 
electronic ?ash unit, when the termination of the ?ash 
is accomplished by use of a semi-conductor switch 
means having an anode-cathode circuit connected in 
series with the ?ashtube. Terminationof the ?ash is 
then achieved by applying to the anode of said semi 
conductor means a blocking voltage furnished by a ter 

, minating capacitor. The blocking voltage is applied in 
response to a signal generated by a light measuring cir 
cuit. 

In the electronic ?ash unit as described above, the 
terminating capacitor must be re-charged after each 
?ash termination. Of course it must be re-charged to a 
predetermined voltage which is the required blocking 
voltage for the semi-conductor switch. However, re 
charging of the terminating capacitor to such a prede 
termined voltage requires a predetermined time inter 
val. If the ?ashtube were to be ignited prior to the 
elapse of this predetermined time interval, the termi 
nating capacitor would ‘not be fully charged. In this 
case, when the light measuring circuit furnishes the sig 
nal indicating that the ?ash is to be terminated, the in 
sufficient charge on the terminating capacitor would 
cause a voltage less than the blocking voltage to be ap 
plied to the anode of the senii~conductor switch, 
thereby causing it to remain conductive. Under these 
conditions. namely when the semi-conductor switch is 
partially conductive (in the region between the blocked 
and the fully conductive state), maximum power is dis 
sipated in said semi-conductor and the semi-conductor 
will probably be immediately destroyed. ' 
The above-described conventional electronic ?ash 

units further have the disadvantage that, in general, 
they have an indicator lamp connected to the ignition 
circuit for the ?ash tube. Speci?cally, the indicator 
lamp glows whenthe capacitor furnishing the main 
?ash energy is charge to a predetermined voltage. It 
can thus happen that after a relatively short ?ash this 
main capacitor is still suf?ciently charged to cause igni 
tion of the glow lamp, thereby indicating to the photog 
rapher that the ?ash unit is ready for operation prior to 
the time that the terminating capacitor has reached the 
voltage necessary for blocking the terminating semi 
conductor switch, Under these circumstances, the pho 
tograp'her may initiate a ?ash, thereby possibly destroy 
ing the semi-conductor terminating switch, or in any 
case. not achieving the correct illumination of the ?lm. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to prevent the 
destruction of ‘the semi-conductor switch and the possi 
ble early ignition of the glow lamp indicating circuit 
readiness for operation, as described above. 
The present invention thus resides in an electronic 

?ash unit having ?ashtube means for furnishing a light 
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2 
?ash upon receipt of an ignition signal. The electronic 
?ash unit further has ignition circuit means connected 
to said ?ashtube means for furnishing said ignition sig 
nal upon external activation. First switch means having 
at least a ?rst electrode are connected to said ?ashtube 
means for terminating said light ?ash upon application 
of a ?rst predetermined voltage to said ?rst electrode. 
Terminating capacitor means are provided for furnish 
ing a capacitor voltage. Applying means apply said ca~ 
pacitor voltage to said ?rst electrode upon receipt ofa 
terminating signal. Light measuring means furnish said 
terminating signal. The improvement of the present in 
vention comprises additional circuit means intercon 
nected between said terminating capacitor means and 
said ignition circuit means for inhibiting the operation 
of said ignition circuit means until said capacitor volt 
age is equal to said ?rst predetermined voltage. 

It is thus seen that the ignition circuit remains inoper 
ative until the proper blocking voltage for the ?rst (ter 
minating) switch means is available. I 

In a preferred embodiment of the present invention, 
the ignition circuit meanscomprise an ignition capaci 
tor which furnishes an ignition voltage when charged. 
The additional circuit means then comprise delay cir 
cuit means which delay the charging of said ignition ca 
pacitor means to said ignition voltage until the termi 
nating capacitor means furnish a predetermined capac 
itor voltage corresponding to said ?rst predetermined 
voltage. Speci?cally, the predetermined capacitor volt 
age may be slightly less than said ?rst predetermined 
voltage. ‘ 

ln a further preferred embodiment of the present in 
vention the terminating capacitor has an associated 
charging circuit which furnishes a charging current 
thereto. The voltage across a portion of the charging 
circuit is applied to the base of a transistor whose emit 
ter-collector circuit is connected to the ignition circuit 
and, speci?cally, short-circuits the ignition capacitor 
when conductive. Thus the ignition capacitor remains 
discharged until the transistor of the additional circuit 
means becomes non-conductive. The base of the tran 
sistor is connected to the charging circuit for the termi 
nating capacitor in such a manner that the transistor 
becomes non-conductive when the capacitor is almost 
fully charged. 

It is a particular advantage of the above-described ar- ' 
rangement that no photographer initiated ?ashtube ig 
nition nor an accidental undesired ignition of the ?ash 
tube can take place until the terminatingcapacitor is 
charged to the proper blocking voltage. Further, if as 
in another preferred embodiment of the present inven 
tion, the indicator lamp indicating equipment readiness 
is connected in parallel with the emitter-collector cir 
cuit of the transistor of the additional circuit means, 
then no indication can occur that the equipment is 
ready until the terminating capacitor has been properly 
charged. 
The novel features which are considered as charac 

teristic for the invention are set forth in particular in 
the appended claims. The invention itself, however, 
.both as to its construction and its method of operation, 
together with additional objects and advantages 
thereof, will be best understood from the following de 
scription of specific embodiments when read in con 
nection with the accompanying drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The single FIGURE is a schematic diagram showing 
a circuit of the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

A preferred embodiment of the present invention will 
now be described with reference to the drawing. 
The voltage source for the electronic ?ash unit is la 

belled G] in this FIGURE. It charges the main storage 
capacitor C l and the terminating capacitor C2 through 
a diode labelled D. The charging of terminating capaci 
tor C2 is accomplished through a charging circuit com 
prising resistors RI, R2 and R3. Resistors R1, R2 and 
R3 thus constitute charging circuit means for terminat 
ing capacitor C2. More speci?cally, resistors R1 and 
R2 form voltage divider means having a voltage divider 
tap which is connected to the base of transistor labelled 
T,. Transistor T, is herein referred to as additional cir 
cuit means, and more speci?cally, as third switch 
means. Although it is illustrated here as being a transis 
tor, it could readily be replaced by a thyristor or other 
switching element. The controlled circuit of the third 
switch means, namely the emitter-collector circuit of 
transistor T, is connected in parallel with second switch 
means labelled 8,, in the FIGURE. The switch means 5,, 
is the synchronous contact operated in conjunction 
with the camera release. Contact 5;, when closed, and 
the emitter-collector circuit of transistor T, are both 
connected in parallel with an ignition capacitor C3, 
thereby short-circuiting said ignition capacitor when in 
a conductive state. While so short-circuited, ignition 
capacitor C3 of course cannot charge. The voltage 
across resistor R2, which of course is the voltage at the 
base of transistor T,, is a maximum for maximum 
charging current through terminating capacitor C2. 
When this current has decreased suf?ciently, that is 
when terminating capacitor C2 is almost fully charged, 
the voltage at the base of transistor T, becomes suffi 
ciently small to block said transistor, thereby allowing 
capacitor C3 to charge. 
Capacitor C3 has one terminal connected to ground 

through the primary winding of an ignition transformer 
Z, while its other terminal is connected to the common 
point of resistors R4 and R5. The other terminal of re 
sistor R4 is connected to the cathode of the above 
mentioned diode D, while the other terminal of resistor 
R5 is connected to ground. The synchronous contact 
8,, as well as the emitter-collector circuit of transistor 
T, are connected in parallel with resistor R5. Thus, 
when transistor T, becomes non-conductive and switch 
8,, is open, capacitor C3 will charge through resistor R4 
and the primary winding if ignition transformer Z to a 
voltage determined by the voltage divider ratio of resis~ 
tors R4 and R5. An indicator lamp S also connected in 
parallel with resistor R5 will light when the voltage 
across capacitor C3 is almost equal to the ignition volt 
age. Thus, when indicator lamp S lights, not only is the 
ignition capacitor suf?cient charged, but also the ter 
minating capacitor is fully charged. 

If contact 8,, is now closed, capacitor C3 discharges 
rapidly. furnishing rapidly increasing current to the pri 
mary winding of the ignition transformer. This induces 
a pulse in the secondary winding of the ignition trans 
former which is connected both to the ignition elec 
trode of ?ashtube labelled R, in the FIGURE and to the 
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4 
control electrode of the ?rst switch means, here a thy 
ristor labelled Tm. Thus the discharge of capacitor C3 
furnishes an ignition signal upon receipt of which the 
?ashtube ignites, thyristor T,,I becomes conductive, 
(?rst state of thyristor Tu) and the ?ash is created. 
During the light ?ash a light measuring circuit la 

belled LM in this FIGURE is operative. This light mea 
suring circuit may, for example, be a circuit as shown 
in the US. Pat. No. 3,033,988 to H. _E. Edgerton. Spe 
ci?cally, such a light measuring circuit is shown in FIG. 
1 of the Edgerton patent and comprises a light sensitive 
tube 61 and a capacitor SI, the charge on the capacitor 
increasing in proportion to the current through the 
light sensitive tube. The light sensitive tube is so 
mounted as to receive the light from the ?ashtube. In 
the case of a ?ashtube associated with the camera, the 
light sensitive tube or element would of course be 
mounted to receive a portion of the light received by 
the ?lm. Line 53 of FIG. 1 of the Edgerton patent 
would be connected to the gate of thyristor TV}. In any 
event, a light measuring circuit is operative during the 
?ash and furnishes the terminating signal when the so 
received quantity of light has reached a predetermined 
quantity. This light measuring circuit constitutes means 
furnishing a terminating signal. When the terminating 
signal is received, that is when the voltage furnished by 
the light measuring circuit has reached a voltage corre 
sponding to the desired quantity of light having im¥ 
pinged upon the photosensitive element, thyristor T,” 
?res. Reference to the FIGURE shows that thyristor 
T,” has a cathode connected to ground and an anode 
connected to one terminal of capacitor C2 whose other 
terminal is connected to the anode of thyristor Tu]. As 
stated above, capacitor C2 was previously charged to 
substantially the operating voltage furnished by source 
G1, the positive voltage appearing at the anode of thy 
ristor T”. Thus when thyristor Tw ?res and'one termi 
nal of capacitor C2 is thus directly connected to ground 
potential, a negative bias voltage substantially equal to 
the operating voltage appears at the anode of thyristor 
Tm, thereby blocking the same. (Thyristor T ,2 thus 
constitutes means for applying the voltage across ca 
pacitor C2 to the ?rst electrode (anode) of thyristor 
Tm. The blocked state of thyristor T”, is herein referred 
to as its second state.) The charge current from capaci 
tor Cl which prior to this blocking ?ow through thy 
ristor Tm, is now used to charge capacitor C2 in the op 
posite direction. The bias voltage applied to the anode 
of thyristor TU, thus decreases. It reaches a zero value 
and then continues in the positve direction until a value 
is reached which is approximately the same as the oper 
ating voltage. When the charging current is approxi 
mately zero, thyristor Tn blocks and ?ashtube Ra 
extinguishes. Capacitor C2 is now recharged through 
its charging circuit comprising resistors R1, R2 and R3 
in the original direction. The voltage appearing across 
resistor R2 during this charging of capacitor C2 causes 
transistor T, to be conductive, thereby short-circuiting 
capacitor C3 which is the ignition capacitor. Until ca 
pacitor C2 is almost fully charged, transistor T, 
continues to short circuit the ignition capacitor, 
thereby preventing operation of the ignition circuit. 
Also, since it is connected in parallel with the emitter 
collector circuit of transistor T,, the indicator lamp S 
cannot light. 
Thus, during the time that capacitor C2 charges any 

closing of contact Sk, whether accidental or intended, 
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remains ineffective. Only when capacitor C2 has 
reached a charge whereby the voltage across said ca 
pacitor would be suf?cient to block thyristor Tm, is 
transistors T, blocked allowing capacitor C3 to charge. 
Only when the charge of capacitor C3 is sufficiently 
high is the circuit again ready for operation, which will 
also be indicated by the lighting of lamp S. 
While the invention has been illustrated and de 

scribed as embodied in a ?ashtube unit using a series 
switch for terminating the ?ash and using speci?c types 
of switches such as thyristors and transistors, it is not 
intended to be limited to the details shown, since cir 
cuit and structural changes may be made without de 
parting in any way from the spirit of the present inven 
tion. 

Without further analysis, the foregoing will so fully 
reveal the gist of the present invention that others can 
by applying current knowledge readily adapt it for vari 
ous applications without omitting features that, from 
the standpoint of prior art fairly constitute essential 
characteristics of the generic or speci?c aspects of this 
invention and, therefore, such adaptations should and 
are intended to be comprehended within the meaning 
and range of equivalence of the following claims. 
What is claimed as new and desired to_be protected 

by Letters Patent is set forth in the appended claims: 
1. in an electronic ?ash unit, in combination, a 

source of electrical energy; ?ash generating means con 
nected to said source of electrical energy for furnishing 
a light ?ash upon receipt of an ignition signal; ignition 
circuit means connected to said flash generating means 
for furnishing said ignition signal upon external activa 
tion; ?rst switch means connected to said ?ash generat 
ing means, said ?rst switch means having at least a ?rst 
electrode and having a ?rst state during said ?ash, for 
switching to a second state blocking said ?ash upon ap 
plication of a predetermined voltage to said ?rst elec 
trode; terminating capacitor means connected to said 
source of electrical energy in such a manner that the 
voltage across said terminating capacitor means varies 
as a predetermined function of time following termina 
tion of a ?ash; means for applying said voltage across 
said terminating capacitor means to said ?rst electrode 
upon receipt of a terminating signal; means for furnish 
ing said terminating signal at the end of a desired expo 
sure time; and additional circuit means interconnected 
between said terminating capacitor means and said ig 
nition circuit means for inhibiting the operation of said 
ignition circuit means until said voltage across said ter 
minating capacitor means is substantially equal to said 
predetermined voltage. 

2. An electronic ?ash unit as set forth in claim 1, 
wherein said ?rst switch means is connected in series 
with said ?ash generating means. 

3. An electronic ?ash unit as set forth in claim 2, 
wherein said ?rst switch means comprises a semi 
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6 
conductor switch means having an anode-cathode cir 
cuit connected in series with said ?ash generating 
means and having a control electrode connected to said 
ignition circuit means. 

4. An electronic ?ash unit as set forth in claim 3, 
wherein said ?rst electrode of said ?rst switch means is 
said anode and wherein said predetermined voltage is 
the voltage for blocking said semi-conductor switch 
means. 

5. An electronic ?ash unit as set forth in claim 4, 
wherein said ignition circuit means comprise ignition 
capacitor means for furnishing an ignition voltage when 
charged; and wherein said additional circuit means 
comprise means for preventing the charging of said ig-‘ 
nition capacitor means to said ignition voltage until 
said terminating capacitor means is charged to a prede 
termined capacitor voltage corresponding to said pre 
determined voltage. 

6. An electronic ?ash unit as set forth in claim 5, fur 
ther comprising charging circuit means connected to 
said terminating capacitor means for furnishing a 
charging current thereto; and wherein said ignition cir 
cuit means comprise second switch means responsive 
to said external activation, for initiating said light ?ash 
upon activation thereof. - 

7. An electronic ?ash unit as set forth in claim 6, 
wherein said additional circuit means comprise third 
switch means connected to said second switch means, 
said third switch means having a conductive state, for 
short circuiting said second switch means when in said 
conductive state. . 

8. An electronic ?ash unit as set forth in claim 7, 
wherein said third switch means comprise additional 
semi-conductor switch means having a controlled cir 
cuit connected in parallel with said second switch 
means and having a control electrode connected to said 
charging circuit means. 

9. An electronic ?ash unit as set forth in claim 8, 
wherein said additional semi-conductor switch means 
comprise transistor means, wherein said controlled cir 
cuit is the emitter-collector circuit of said transistor 
means and wherein said control electrode is the base of 
said transistor means; further comprising connecting 
means for connecting said base of said transistor means 
to said charging circuit in such a manner that the volt 
age at said base varies as a function of said charging 
current of said terminating capacitor means. 

10. An electronic ?ash unit as set forth in claim 9, 
wherein said charging circuit means comprise voltage 
divider means having a voltage divider tap; and wherein 
said connecting means connects said base to said volt 
age divider tap. 

11. An electronic ?ash unit as set forth in claim 7, 
further comprising indicator lamp means connected in 
parallel with said second and third switch means. 

* * * =|= * 


