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(57) ABSTRACT 
(72) Inventor: MING-FENG LIN, Taichung (TW) A Switch includes a first Switching member and a latch circuit. 

A first terminal of the first switching member is electrically 
(21) Appl. No.: 14/465,100 connected to a power Source, while a second terminal thereof 

is electrically connected to a loading. The latch circuit 
(22) Filed: Aug. 21, 2014 includes a first transistor and a second transistor which are 

mutually electrically connected. The first transistor is electri 
(30) Foreign Application Priority Data cally connected to the first terminal, and the second transistor 

is electrically connected to the control terminal. By inputting 
Sep. 16, 2013 (TW) ................................. 102.1335OO a trigger Voltage to the second transistor, the second transistor 

and the first Switching member are conducted, which makes 
Publication Classification the first transistor become conductive. After the first transistor 

becoming conductive, the first transistor provides electricity 
(51) Int. Cl. to the second transistor to cause latching effect, and to con 

HO3K 7/66 (2006.01) sequently keep the first Switching member conductive. 
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SWITCH 

0001. The current application claims a foreign priority to 
the patent application of Taiwan No. 102133500 filed on Sep. 
16, 2013. 

BACKGROUND OF THE INVENTION 

0002 1. Technical Field 
0003. The present invention relates generally to switches, 
and more particularly to a Switch which is energy efficient. 
0004 2. Description of Related Art 
0005 Between a power source and a loading, there is 
typically a switch installed to allow or disallow electricity to 
flow through. Conventionally, a Switch may adopt a silicon 
controlled rectifier (SCR) for unidirectional conduction, or a 
triode for alternating current (TRIAC) for bidirectional con 
duction. Take SCR for example, the electricity provided by 
the power source is allowed to flow to the loading when the 
SCR is conducted. Though, after the SCR starts conducting 
current, the current consumed by the loading has to be main 
tained higher than the holding current of the SCR, otherwise 
the SCR becomes nonconducting, and the electricity is then 
cut off as a result. 
0006 SCRs can operate normally if applied to conven 
tional illumination devices which use a tungsten filament to 
emit light, because the current consumed by a tungsten fila 
ment is always higher than the holding current of a SCR while 
illuminating. But since light-emitting diode (LED) consumes 
much less current than tungsten filament, which is also much 
less than the holding current of a SCR, LED illumination 
devices are usually provided with a pseudo loading circuit, 
which consumes additional current to keep the SCR working. 
However, pseudo loading circuit performs no function other 
than consuming energy, and it still consumes energy even 
when LED is turned off, which is unnecessary and wasteful. 
If the holding current of a switch can be effectively reduced, 
a LED illumination device would no longer need to be pro 
vided with a pseudo loading circuit. It is obvious to see that 
Such device would be more energy-economical, and its manu 
facturing cost would be less, too. In addition, the trigger 
current required for a SCR or a TRIAC to conduct current is 
higher than tens of mA, and since energy-saving has become 
a key topic nowadays, it would be preferable to find a way to 
lower the required trigger current. 

BRIEF SUMMARY OF THE INVENTION 

0007. In view of the above, the primary objective of the 
present invention is to provide a Switch, which requires less 
energy to operate. 
0008. The present invention provides a switch provided 
between a power source and a loading, which includes a first 
Switching member and a latch circuit. The first Switching 
member has a first terminal, a second terminal, and a control 
terminal, wherein the first terminal is electrically connected 
to the power source, and the second terminal is electrically 
connected to the loading; the control terminal controls con 
duction between the first terminal and the second terminal; 
the latch circuit includes a first transistor and a second tran 
sistor which are electrically connected to each other, wherein 
the first transistoris electrically connected to the first terminal 
of the first Switching member, and the second transistor is 
electrically connected to the control terminal of the first 
Switching member. When a trigger Voltage is provided to the 
second transistor, the second transistor and the first Switching 
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member are conducted to make the first transistor conductive; 
after the first transistor becoming conductive, the first tran 
sistor provides electricity to the second transistor, which 
keeps the second transistor conductive. 
0009. Whereby, the switch could reduce unnecessary con 
Sumption of energy. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

0010. The present invention will be best understood by 
referring to the following detailed description of some illus 
trative embodiments in conjunction with the accompanying 
drawings, in which 
0011 FIG. 1 is a circuit of a first preferred embodiment of 
the present invention; 
0012 FIG. 2 is an oscillogram showing that the voltage 
waveform of the loading has delay angels due to the Switch of 
the first preferred embodiment of the present invention; 
0013 FIG.3 is a circuit of a second preferred embodiment 
of the present invention; 
0014 FIG. 4 is a circuit of a third preferred embodiment of 
the present invention; 
(0015 FIG. 5 is a circuit of a fourth preferred embodiment 
of the present invention; 
(0016 FIG. 6 is a circuit of a fifth preferred embodiment of 
the present invention; 
0017 FIG. 7 is an oscillogram showing that the voltage 
waveform of the loading has delay angels due to the Switch of 
the fifth preferred embodiment of the present invention; and 
0018 FIG. 8 is a circuit of a sixth preferred embodiment of 
the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

(0019. As shown in FIG. 1, a switch 1 of the first preferred 
embodiment of the present invention, which is adapted to be 
installed between a power source (not shown) and a loading 
(not shown), includes a latch circuit 10 and a Switching mem 
ber, wherein the latch circuit 10 can be triggered to turn on the 
switching member, and electricity provided by the power 
source can be allowed or disallowed to flow to the loading in 
this way. 
0020. The latch circuit 10 includes a first transistor Q1 and 
a second transistor Q2, wherein the first transistor Q1 is a PNP 
bipolar junction transistor, and the second transistor Q2 is a 
NPN bipolar junction transistor in the first preferred embodi 
ment. The Switching member is a transistor (third transistor 
Q3), which is also a NPN bipolar junction transistor. 
0021. A collector of the third transistor Q3 (i.e., a first 
terminal of the switching member) electrically connects the 
power source and an emitter of the first transistor Q1, whilean 
emitter of the third transistor Q3 (i.e., a second terminal of the 
Switching member) is electrically connected to the loading, 
and a base of the third transistor Q3 (i.e., a control terminal of 
the Switching member) is electrically connected to an emitter 
of the second transistor Q2. At the same time, a base of the 
first transistor Q1 is electrically connected to a collector of the 
second transistor Q2, and a collector of the first transistor Q1 
is electrically connected to a base of the second transistor Q2. 
The base of the second transistor Q2 accepts a trigger Voltage. 
0022. With the aforementioned circuit structure, when the 
power source provides positive Voltage, and the trigger Volt 
age inputted into the base of the second transistor Q2 is higher 
than a total amount of Voltage at the bases and the emitters of 
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the second transistor Q2 and the third transistor Q3, the sec 
ond transistor Q2 and the third transistor Q3 conduct to allow 
the electricity provided by the power source to flow to the 
loading. Meanwhile, the collector of the second transistor Q2 
draws current from the base of the first transistor Q1, which 
makes the first transistor Q1 conductive. Once the first tran 
sistor Q1 is conducted, the collector of the first transistor Q1 
provides current to the base of the second transistor Q2 to 
keep the second transistor Q2 conductive. Whereby, the first 
transistor Q1 and the second transistor Q2 has latching effect, 
which keeps the third transistor Q3 conductive (between the 
collector and the emitter thereof) even when the trigger volt 
age is lower than the total amount of the Voltage at the bases 
and the emitters of the second transistor Q2 and the third 
transistor Q3. As a result, the switch 1 performs the same 
function with a SCR. 

0023. As shown in FIG. 2, if the power source is an alter 
native current (AC) power source, by inputting a control 
signal which has the same level with the trigger voltage V1 to 
the base of the second transistor Q2 at a predetermined timeT 
after a Voltage waveform of the power source passing a Zero 
crossing of each positive half cycle, the third transistor Q3 
becomes conductive; even if a voltage level of the control 
signal is Zero, the third transistor Q3 is still conductive, unless 
the Voltage of the power source drops to Zero. In this way, a 
voltage waveform of the loading provided from the emitter of 
the third transistor Q3 has a delay angle 0 in each positive half 
cycle, and the delay angle 0 can be modified by change a 
length of the predetermined time T. 
0024. It is worth mentioning that, since the third transistor 
Q3 is kept conductive by the first transistor Q1 and the second 
transistor Q2 after the second transistor Q2 is triggered and 
before the Voltage of the power source passing the Zero cross 
ing, the Voltage of the power source doesn’t automatically cut 
off when the positive half cycle approaching the Zero cross 
ing. In other words, unlike general SCRS, current consumed 
by the loading is not necessary to be maintained higher than a 
holding current. Therefore, even if the loading connected to 
the third transistor Q3 consumes very low current, the third 
transistor Q3 can be still conductive and allows the electricity 
to flow to the loading. 
0025. In practice, the first transistor Q1 and the second 
transistor Q2 can be small signal transistors which only 
require working current of microamperes, and the third tran 
sistor Q3 can be a power transistor. In this way, current of the 
control signal inputted to the second transistor Q2 can be only 
several microamperes, and it is already Sufficient to trigger 
the third transistor Q3 and to consequently make it conduc 
tive; no additional amplifier circuit needed to amplify the 
current of the control signal. Therefore, the switch 1 provided 
in the present invention is much more energy-economical 
than conventional SCRs. 

0026. As shown in FIG. 3, a switch 2 of the second pre 
ferred embodiment of the present invention has basically the 
same structure with that of the first preferred embodiment, 
except that the switching member is a SCR instead. With a 
latch circuit 10 formed by the first transistor Q1 and the 
second transistor Q2 which are small signal transistors, the 
current of the control signal inputted to the base of the second 
transistor Q2 only needs to be several microamperes to trigger 
the SCR and to consequently make it conductive. 
0027. The third and the fourth preferred embodiments are 
respectively shown in FIG. 4 and FIG. 5, wherein the switch 
of each said embodiments is provided with three resistors 

Mar. 19, 2015 

R1-R3 to perform the same function with the first and the 
second preferred embodiments. More specifically, the design 
of the third preferred embodiment is based on the first pre 
ferred embodiment, while the fourth preferred embodiment is 
based on the second preferred embodiment. 
0028. In the aforementioned preferred embodiments, the 
switch is unidirectional conductive; a switch 3 of the fifth 
preferred embodiment which performs the function of bidi 
rectional conduction is shown in FIG. 6, which is also based 
on the first preferred embodiment. In addition to a first 
switching member which is the third transistor Q3 as an 
example, a second Switching member which is a sixth tran 
sistor Q6 as an example is further provided. Moreover, in 
addition to the first transistor Q1 and the second transistor Q2. 
a latch circuit 20 further includes a fourth transistor Q4 and a 
fifth transistor Q5 which are electrically connected to each 
other to control conduction of the sixth transistor Q6. The 
switch 3 of the fifth preferred embodiment further includes a 
first diode D1 and a second diode D2 to prevent reverse 
conduction. 

0029. The sixth transistor Q6 and the third transistor Q3 
have the same structure. The emitter of the sixth transistor Q6 
(i.e., a second terminal of the second Switching member) is 
electrically connected to the collector of the third transistor 
Q3, while the collector of the sixth transistor Q6 (i.e., a first 
terminal of the second Switching member) is electrically con 
nected to the emitter of the third transistor Q3. The connection 
and operation between the first transistor Q1, the second 
transistor Q2, and the third transistor Q3 are basically the 
same with that of the first preferred embodiment, except that 
the first transistor Q1 is electrically connected to the collector 
of the third transistor Q3 through the first diode D1. On the 
other hand, the connection between the fourth transistor Q4. 
the fifth transistor Q5, the sixth transistor Q6, and the second 
diode D2 is also the same with that between the first transistor 
Q1, the second transistor Q2, the third transistor Q3, and the 
first diode D1. The base of the second transistor Q2 is elec 
trically connected to a base of the fifth transistor Q5 to accept 
the trigger Voltage. 
0030. When the power source provides positive voltage, 
inputting the trigger Voltage conducts the second transistor 
Q2 and the third transistor Q3; when the power source pro 
vides negative Voltage, inputting the trigger Voltage conducts 
the fifth transistor Q5 and the sixth transistor Q6, and the 
fourth transistor Q4 and the fifth transistor Q5 have latching 
effect to keep the sixth transistor Q6 conductive, wherein the 
trigger Voltage is higher than or equal to the total amount of 
Voltage at the bases and the emitters of the second transistor 
Q2 and the third transistor Q3, and the trigger Voltage is also 
higher than or equal to the total amount of voltage at the bases 
and the emitters of the fifth transistor Q5 and the sixth tran 
sistor Q6. 
0031. As shown in FIG.7, if the power source connected to 
the collector of the third transistor Q3 is an AC power source, 
by inputting a control signal which has the same level with the 
trigger Voltage V1 to the base of the second transistor Q2 at a 
predetermined time Tafter a voltage waveform of the power 
Source passing a Zero crossing of each positive half cycle, the 
second transistor Q2 and the third transistor Q3 become con 
ductive. On the contrary, if the control signal is inputted at the 
predetermined time T after the voltage waveform of the 
power source passing a Zero crossing of each negative half 
cycle, the fifth transistor Q5 and the sixth transistor Q6 
becomes conductive. In this way, the Voltage waveform pro 
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vided from the emitter of the third transistor Q3 to the loading 
has a delay angle 0 in each positive and negative half cycle. 
Whereby, the switch 3 performs bidirectional conduction as a 
TRIAC. 
0032 Similarly, the delay angle 0 can be modified by 
changing a length of the predetermined time T. The switch 3 
provided in the present invention does not require the current 
consumed by the loading to be maintained higher than a 
holding current, and even if the loading consumes very low 
current, the third transistor Q3 or the sixth transistor Q6 can 
be still conductive to allow the electricity to flow to the 
loading. In addition, the first transistor Q1, the second tran 
sistor Q2, the fourth transistor Q4, and the fifth transistor Q5 
can be Small signal transistors which only require working 
current of several microamperes, and in Such case, current of 
the control signal inputted to the second transistor Q2 only 
has to be several microamperes to trigger the third transistor 
Q3 and the sixth transistor Q6, and to consequently make 
them conductive. 
0033. The sixth preferred embodiment which is based on 
the fifth preferred embodiment is shown in FIG. 8, wherein it 
further includes six resistors R1-R6 to perform the same 
function as the fifth preferred embodiment. 
0034. In summary, the switches provided in the present 
invention are able to replace conventional SCRs and TRIACs, 
and it is not necessary to provide a pseudo loading circuit to 
a connected loading in purpose of maintaining the consumed 
current higher than a holding current, which effectively 
reduces energy consumption. In addition, by adopting small 
signal transistor to form latch circuits, the current of the 
control signals which inputted to trigger the Switching mem 
bers is lowered, and therefore current amplifier circuit can be 
omitted, which further saves the manufacturing cost. The 
transistors in the aforementioned embodiments are bipolar 
junction transistors; however, other types of transistors, such 
as MOSFET, can be also adopted in practice. 
0035. It must be pointed out that the embodiments 
described above are only some preferred embodiments of the 
present invention. All equivalent structures which employ the 
concepts disclosed in this specification and the appended 
claims should fall within the scope of the present invention. 
What is claimed is: 
1. A switch, which is provided between a power source and 

a loading, comprising: 
a first Switching member having a first terminal, a second 

terminal, and a control terminal, wherein the first termi 
nal is electrically connected to the power source, and the 
second terminal is electrically connected to the loading: 
the control terminal controls conduction between the 
first terminal and the second terminal; and 

a latch circuit including a first transistor and a second 
transistor which are electrically connected to each other, 
wherein the first transistor is electrically connected to 
the first terminal of the first switching member, and the 
second transistor is electrically connected to the control 
terminal of the first switching member; 

wherein, when a trigger Voltage is provided to the second 
transistor, the second transistor and the first Switching 
member are conducted to make the first transistor con 
ductive; after the first transistor becoming conductive, 
the first transistor provides electricity to the second tran 
sistor, which keeps the second transistor conductive. 

2. The switch of claim 1, wherein the first transistor and the 
second transistor are bipolar junction transistors. 
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3. The Switch of claim 2, wherein the first transistor is a 
PNP bipolar junction transistor, and the second transistor is a 
NPN bipolar junction transistor; an emitter of the first tran 
sistor is electrically connected to the first terminal of the first 
switching member, a base of the first transistor is electrically 
connected to a collector of the second transistor, a collector of 
the first transistor is electrically connected to a base of the 
second transistor, and an emitter of the second transistor is 
electrically connected to the control terminal of the first 
Switching member, when the power Source provides positive 
Voltage and inputs the trigger Voltage to the base of the second 
transistor, the second transistor and the first Switching mem 
ber are conducted. 

4. The switch of claim3, wherein the first switching mem 
ber is a third transistor, which is a NPN bipolar junction 
transistor, a collector of the third transistor is the first termi 
nal, an emitter of the third transistor is the second terminal, a 
base of the third transistor is the control terminal of the first 
Switching member; the trigger Voltage is higher than or equal 
to a total amount of voltage at the bases and the emitters of the 
second transistor and the third transistor. 

5. The switch of claim3, wherein the first switching mem 
ber is a silicon controlled rectifier (SCR); an anode of the SCR 
is the first terminal, a cathode of the SCR is the second 
terminal, and a gate of the SCR is the control terminal of the 
first Switching member. 

6. The switch of claim 1, further comprising a second 
Switching member having a first terminal, a second terminal, 
and a control terminal, wherein the first terminal thereof is 
electrically connected to the second terminal of the first 
switching member, the second terminal thereof is electrically 
connected to the first terminal of the first switching member, 
and the control terminal thereof controls conduction of the 
second Switching member; the latch circuit further comprises 
a fourth transistor and a fifth transistor which are electrically 
connected to each other; the fourth transistor is electrically 
connected to the first terminal of the second Switching mem 
ber, and the fifth transistor is electrically connected to the 
control terminal of the second Switching member and the 
fourth transistor; when the power source provides positive 
Voltage and inputs the trigger Voltage to the second transistor, 
the second transistor and the first Switching member are con 
ducted; when the power source provides negative Voltage and 
inputs the trigger Voltage to the second transistor, the fifth 
transistor and the second Switching member are conducted to 
make the fourth transistor become conductive, and after the 
fourth transistor becoming conducted, the fourth transistor 
provides electricity to the fifth transistor to keep the fifth 
transistor conductive. 

7. The Switch of claim 6, wherein the latch circuit further 
comprises a first diode and second diode; an anode of the first 
diode is electrically connected to the first terminal of the first 
Switching member, and an cathode of the first diode is elec 
trically connected to the first transistor, an anode of the sec 
ond diode is electrically connected to the first terminal of the 
second Switching member, and an cathode of the second 
diode is electrically connected to the fourth transistor. 

8. The Switch of claim 7, wherein the first transistor, the 
second transistor, the fourth transistor, and the fifth transistor 
are bipolar junction transistors. 
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9. The switch of claim 8, wherein the first transistor is a 
PNP bipolar junction transistor, the second transistor is a 
NPN bipolar junction transistor; the emitter of the first tran 
sistor is electrically connected to the cathode of the first 
diode, the base of the first transistor is electrically connected 
to the collector of the second transistor, the collector of the 
first transistor is electrically connected to the base of the 
second transistor, and the emitter of the second transistor is 
electrically connected to the control terminal of the first 
Switching member; the base of the second transistor accepts 
the trigger voltage; the fourth transistor is a PNP bipolar 
junction transistor, and the fifth transistor is a NPN bipolar 
junction transistor, an emitter of the fourth transistor is elec 
trically connected to the cathode of the second diode, a base 
of the fourth transistor is electrically connected to a collector 
of the fifth transistor, a collector the fourth transistor is elec 
trically connected to a base of the fifth transistor and the base 
of the second transistor, an emitter of the fifth transistor is 
electrically connected to the control terminal of the second 
Switching member. 
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10. The switch of claim 9, wherein the first switching 
member is a third transistor, and the second Switching mem 
ber is a sixth transistor; the third transistor and the sixth 
transistor are NPN bipolar junction transistors; a collector of 
the third transistor is the first terminal, an emitter of the third 
transistor is the second terminal, and a base of the third 
transistor is the control terminal of the first Switching mem 
ber; a collector of the sixth transistor is the first terminal, an 
emitter of the sixth transistor is the second terminal, and a 
base of the sixth transistor is the control terminal of the 
second Switching member; the trigger Voltage is larger than or 
equal to a total amount of voltage at the bases and the emitters 
of the second transistorand the third transistor, and the trigger 
Voltage is larger than or equal to a total amount of Voltage at 
the bases and the emitters of the fifth transistor and the sixth 
transistor. 


