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1. 

AC/DC TRANSFORMERLESS VOLTAGE 
CONVERTER 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to devices for transforming 
voltage. In particular, the present invention pertains to an 
electrical device which reduces and converts an alternating 
current input voltage to a direct current output voltage. More 
particularly, the present invention is directed to a device 
which efficiently converts high voltage alternating current 
into a lower voltage direct current for use in a dual input 
voltage CATV settop terminal or other electronic apparatus. 

2. Description of the Prior Art 
Nearly all electronic circuits today require one or more 

sources of stable dc voltage. The most common method to 
perform a voltage transformation function is using a mag 
netic mutual coupling or transformer to transform an alter 
nating current impressed on a primary winding and using the 
magnetic circuit to induce a reduced or increased alternating 
current on a secondary winding. The secondary voltage is 
then rectified to produce a dc voltage. 

Another popular method is to use a switching regulator. 
The advantage of the switching regulator over a conven 
tional voltage transformer is that very little power dissipa 
tion occurs. The active switching element used in a switch 
ing power supply is either completely energized exhibiting 
a low conducting voltage drop or completely deenergized. 
Both of these attributes cause little power dissipation mak 
ing the power supply inherently efficient. Switching regu 
lators can also be coupled directly from a rectified power 
line with no ac power transformer. Switching regulators 
typically are small, lightweight and efficient dc power sup 
plies. 

Switching power supplies and power supplies relying on 
transformers, however, have associated problems. The most 
notable problem in switching power supplies is the mani 
festation of noise both in the power supply output and that 
induced back into the power source due to a high switching 
frequency. Furthermore, as the input voltage increases, an 
additional burden is placed on the individual component 
specifications used in the switching power supply. For power 
supplies using conventional transformers, higher input volt 
age levels typically require a more robust transformer con 
struction yielding heavier weight, more steel and additional 
windings to perform the voltage transformation. 
To use either of these methods of power conversion in an 

electrical apparatus that is manufactured to meet the 
demands of a worldwide market, the power supply must 
have an adjustable input since the input voltage level may 
vary in dependance upon a particular country where the 
device is sold. In the United States, the ac mains power 
supply is 60 cycles, 120 Vac. However, in other countries the 
frequency may vary to 50 cycles and the input voltage level 
may be as high as 240 Vac. For a particular manufacturer to 
design and build an electronic device to meet these demands, 
a compromise must be made in terms of expense and 
performance to meet the dual voltage input requirement. To 
design a dual input voltage power supply with either of the 
above methods leads to undesirable limitations. 

It is therefore desirable to find a new power conversion 
technique for electrical devices that obviates a heavy and 
expensive transformer while ameliorating the negative 
attributes of a switching power supply. Accordingly, there is 
a need for a voltage device which is inexpensive, highly 
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2 
efficient, and manifests little undesirable interference while 
performing voltage conversion. 

SUMMARY OF THE INVENTION 

The present invention converts a high voltage ac input 
source into a lower voltage dc output particularly suited for 
CATV settop terminals with dual input voltage require 
ments. The invention uses the frequency of the ac input 
source to switch a darlington transistor pair on and off to 
alternately reconfigure a combination of storage capacitors 
and blocking diodes to perform energy storage and effect 
voltage division. The dc output voltage of the circuit will be 
approximately one half of the peak ac input source voltage 
at no load. 

Accordingly, it is an object of the present invention to 
provide a means for reducing a high voltage, ac power 
source into a lower voltage, dc output supply at one half of 
the peak input voltage. 

It is a further object of the invention to provide an 
inexpensive and simple means for reducing the rectified dc 
output of a high voltage ac input source by 50% for use in 
CATV settop terminals or other electrical apparatus which 
require a dual source voltage input. 

Further objects and advantages of the invention will 
become apparent to those of ordinary skill in the art after 
reading the detailed description of the preferred embodi 
ment. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of a dual input voltage CATV 
settop terminal incorporating the present invention. 

FIG. 2 is a simplified electrical schematic of the present 
invention with mechanical switches represented shown in a 
charging position. 

FIG. 3 is a simplified electrical schematic of the present 
invention with mechanical switches represented shown in a 
discharging position. 

FIG. 4 is an electrical schematic of the present invention 
showing the preferred embodiment. 

FIG. 5 is an electrical schematic of the present invention 
showing an alternative embodiment. 

FIG. 6A is a plot of the voltage measured across nodes 
L1-N. 

FIG. 6B is a plot of the voltage measured across nodes 
a-N. 

FIG. 6G is a plot of the voltage V measured across the 
first transistor Q1 and the second darlington transistor Q2. 

FIG. 6D is a plot of the voltage across the first capacitor 
C1. 

FIG. 6E is a plot of the voltage across the second capacitor 
C2. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The present invention is described with reference to the 
drawing figures where like numerals represent like elements 
throughout. 
Shown in FIG. 1 is a CATV settop terminal 15 employing 

a conventional single input voltage power supply 17 in 
series with the present invention 19. The CATV settop 
terminal 15 may process a plurality of audio, video and data 
programs conveyed separately over a coaxial cable or other 
means (not shown). The function of the CATV settop 
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terminal 15 does not require discussion and is beyond the 
scope of the present invention. For operation, the CATV 
settop terminal 15 requires a source of power. One external 
connection 21 of the CATV settop terminal 15 provides a 
connection to a utility receptacle 23 over a 3 conductor cable 
25. As shown in FIG. 1, an ac mains power supply 27 
provides the power for the CATV settop terminal 15 func 
tions. The ac mains power supply 23 is typically accessible 
in a subscriber's home via the 3-prong female utility recep 
tacle 23 having a line (black) connection L, a neutral (white) 
connection N and an earth (green) connection G. To connect 
the settop terminal 15 or other electronic apparatus (not 
shown) to the receptacle 23 requires the 3 conductor cable 
25 which is either permanently connected to the settop 
terminal 15 or is detachable usually having an IEC 3-prong 
female connection molded onto one end of the cable 25 to 
mate with an IEC 3-prong male chassis-mounted connector 
21 on the settop terminal 15. The mating connector at the 
utility receptacle 23 depends upon the country of use. Within 
the settop terminal, a fuse FU is provided to protect the 
household wiring in the unlikely event of a short circuit. 

Electrical schematics illustrating the dc voltage converter 
19 of the present invention are shown in FIGS. 2-4. The dic 
voltage converter 19 is located within a power supply 
section of the settop terminal or other electrical device (not 
shown) which requires a voltage reduction from an ac mains 
power supply and rectification to dc. Simplified diagrams 
showing the charging and discharging cycles of the voltage 
converter 19 are shown in FIGS. 2-3 respectively. 

Referencing FIG. 2, the simplified voltage converter 19 
includes a first and second capacitor, C1, C2, one blocking 
diode D1, and a double-pole double-throw (DPDT) switch 
S. A first set of form-c contacts c2, c1, c3 and a second set 
of form-c contacts c5, ca, c6 of the switch S alternately 
reconfigure the circuit from a capacitor charging mode 
shown in FIG. 2 to a capacitor discharging mode shown in 
FIG. 3. Those familiar with this art recognize that the 
isolated form-c contacts for each respective pole of the 
switch Stransition simultaneously, 

Referring back to FIG. 2, at node a, the blocking diode D1 
rectifies the high voltage ac source 23 (shown in FIG. 6A) 
input into a dc voltage (shown in FIG. 6B). When the 
converter 19 is charging, the first set of form-c contacts 
c2-c1 of the switch S couple the cathode of the blocking 
diode D1 to the positive terminal of the first capacitor C1. 
The second set of form-c contacts c5–c4 couple the negative 
terminal of the first capacitor C1 to a common node b 
formed by the positive terminal of the second capacitor C2 
and the positive output O of the converter 19. The charging 
period of the first and second capacitors C1, C2 is deter 
mined by the line frequency and is defined by the positive 
portion of the alternating current cycle (shown in FIG. 6D). 
The blocking diode D1 effects the charging of the first and 
second capacitors C1, C2. It is well known to those skilled 
in the electronics arts that in a dc circuit, capacitors coupled 
in series block current, each having a portion of the total 
voltage impressed across each capacitor while capacitors in 
parallel have equal voltages. Therefore, if the contacts of the 
switch S are never broken, the first capacitor C1 would 
charge to capacity and ultimately block any current output. 

Referring now to FIG. 3, at the ac zero crossing, the 
form-c contacts of the switch Stransition, reconfiguring the 
circuit for the duration of the negative half of the alternating 
current cycle (shown in FIG. 6A). The first set of form-c 
contacts c1-c3 couple the positive terminal of the first 
capacitor C1 with the positive terminal of the second capaci 
tor C2. The second set of form-c contacts cal-c6 ground the 
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4 
negative terminal of the first capacitor C1 thereby placing 
the first and second capacitors C1, C2 in parallel, discharg 
ing the first capacitor C1 into the second capacitor C2 and 
producing a continuous filtered, dc output O to downstream 
regulation 17 or a load R. (shown in FIG. 6E). The moment 
of switching occurs at each zero crossing of the ac mains 
power supply 23 waveform. 
The preferred embodiment of the present invention is 

shown in FIG. 4. The preferred embodiment replicates and 
automates the switching function of the mechanical switch 
S by adding to the circuit a second and third blocking diode 
D2, D3 and a high speed, high current, npn darlington 
transistor pair formed by a first and second transistor Q2. 
Q2. To control the switching of the darlington pair Q2 
Q2, a first small signal npn transistor Q1 along with a first 
current limiting resistor R1 coupled to the base 31 of the 
small signal transistor Q1 monitors the ac Zero crossing by 
coupling the small signal transistor R1 and the emitter 33 of 
the first transistor Q1 across the input terminals L1, N. The 
collector 35 of the small signal transistor Q1 is coupled to 
the base 37 of the first darlington transistor Q2 through a 
second current limiting resistor R2. The small signal tran 
sistor Q1 is turned-on and sinks current through a third 
resistor R3 during the positive portion of the input waveform 
(shown in FIGS. 6B and 6C). During the negative portion of 
the input waveform, the small signal transistor Q1 is turned 
off (shown in FIGS. 6B and 6C). 
The darlington transistor pair Q, Q2 when turned-on 

effectively reconfigures the circuit by shorting the series 
combination of the first capacitor C1 and the third blocking 
diode D3. To improve switching speed, a fourth resistor R4 
is coupled between the base 37 of the first darlington 
transistor Q2 and the emitter 39 of the second darlington 
transistor Q2. To prevent emitter 39 breakdown of the 
darlington transistors Q2, Q2, a fourth diode D4 is placed 
in parallel across the fourth resistor R4. A third current 
limiting resistor R3 is coupled between the common node a 
formed by both collectors 41, 43 of the darlington transistor 
pair Q2, Q2 the cathode of the first blocking diode D1 and 
the positive terminal of the first capacitor C1 to the base 37 
of the first darlington transistor Q2. The cathode of the 
second blocking diode D2 is connected to a common node 
c formed by the negative terminal of the first capacitor C1 
and the anode of the third blocking diode D3. The cathode 
of the third blocking diode D3 is connected to the common 
node b coupling the speed-up resistor R4, the emitter 39 of 
the second darlington transistor Q2 and the positive termi 
nal of the second capacitor C2 forming the positive output 
O of the converter 19. Coupled to the common input/output 
bus N is the emitter 33 of the small signal transistor Q1, the 
anode of the second blocking diode D2 and the negative 
terminal of the second capacitor C2. 
The preferred embodiment as shown in FIG. 4 operates 

similarly to the simplified charging mode shown in FIG. 2 
and the simplified discharging mode in FIG. 3. For each 
cycle of the ac source line frequency, the small signal 
transistor Q1 turns-on and turns-off. The cyclical turning on 
and off of the small signal transistor Q1 controls the dar 
lington transistor pair Q2, Q2, which conversely reconfig 
ures the circuit to allow the first and second capacitors C1. 
C2 to be charged during the positive portion of the ac 
waveform by the halfwave rectification of the first blocking 
diode D1. During the negative portion of the ac waveform 
at which small signal transistor Q1 is turned-off and the 
darlington transistor pair Q2, Q2 are turned-on, the first 
capacitor C1 discharges into the second capacitor C2 
thereby providing a continuous filtered dc output 0 to the 
load R. 
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During the positive half of the alternating current cycle 
(shown in FIG. 6A), the first diode D1 conducts. Current 
flows into the circuit charging the first capacitor C1, passing 
through the third diode D3 and charging the second capaci 
tor C2. Since both the first and second capacitors C1, C2 are 
coupled in series, each capacitor receives the same charge Q. 
as follows: 

QFCCVc and Equation 1 

where Q equals the charge of each capacitor in Coulombs, 
C equals the value of capacitance in Farads and V are the 
Volts impressed across each capacitor. Since the peak line 
voltage during the positive half of the alternating current 
cycle is impressed across the series combination of the first 
diode D1, the first capacitor C1, the third diode D3 and the 
second capacitor C2; if both capacitors have the same 
capacitance value, C, then the voltage across the series 
combination is divided equally by the number of capacitors. 

Equation 2 

This can be shown as: 

Wea-Voit-We Equation 3 

Substituting for V and Ve: 

y - 22-22 Equation 4 
peak - c. t c - c. 

and solving: 

W ion 5 e 9. for each capacitor. Equation 

As discussed, during the discharging mode, the first 
capacitor C1 discharges into the second capacitor C2 and the 
load R. The dc voltage across the second capacitor C2 will 
be approximately one half of the peakac input voltage. V. 
as long as the capacitance values of the first capacitor C1 and 
the second capacitor C2 are equal. 
The capacitance of the first capacitor C1 may be slightly 

less than or equal to the capacitance of the second capacitor 
C2 so the voltage experienced during initial energization 
does not exceed V/2. If the capacitance of the first 
capacitor C1 is greater than the capacitance of the second 
capacitor C2. the initial energization transient may produce 
a voltage greater than V/2 across the second capacitor 
depending upon the load R. After the present invention 19 
has been in operation for several cycles, the voltage stabi 
lizes at Val2. 
An alternative embodiment for the present invention 19 is 

shown in FIG.S. A voltage monitoring circuit is added to the 
above described circuit. The voltage monitoring circuit 
includes a fifth diode D5 coupled in series with a third 
capacitor C3. The series combination is coupled across the 
line and neutral inputs L1.N with the anode of the fifth diode 
D5 coupled to the line L1 input. A voltage divider having a 
fifth resistor R5 coupled in series with a sixth resistor R6 is 
connected in parallel across the third capacitor C3 to create 
a calculated voltage drop depending on the input voltage. 
The cathode of a regulating fifth Zener diode D5 is coupled 
to the common node d formed between the fifth and sixth 
resistors R5, R6 and having the anode coupled to the base 45 
of a third npn transistor Q3. For this embodiment, the value 
of the Zener diode D6 is 10 V. Other Zener values will 
function with the proper fifth to sixth resistor R5, R6 ratio. 
The collector 47 of the third transistor Q3 interrupts the 
emitter 33 of the small signal transistor Q1. The emitter 49 
of the third transistor is coupled to the circuit common N. 
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6 
If the input voltage is less than 125 Vac or 130 Vs. the 

dc voltage across the third capacitor C3 will be approxi 
mately 184 Vdc or less. The voltage divider formed by the 
fifth and sixth resistors R5, R6 drops approximately 10 Vdc 
across the sixth resistor R6 producing approximately 174 
Vdc across the fifth resistor R5.The third transistor Q3 will 
remain off if the input voltage supply 27 is 130 Vs or less 
thereby preventing the Small signal transistor Q1 from 
turning-on which keeps the darlington pair Q2, Q2 fully on 
maintaining the circuit as a halfwave rectifier. For input 
voltages greater than 130 Vs. the third transistor Q3 
turns-on and permits the circuit to operate as described 
earlier. 

While the present invention has been described in terms 
of the preferred embodiment, other variations which are 
within the scope of the invention as outlined in the claims 
below will be apparent to those skilled in the art. 
What is claimed is: 
1. A voltage converter circuit for selectively converting 

alternating current from an alternating current power supply 
having a line and a neutral to direct current comprising: 

a first ac input for coupling with the line of the ac power 
supply; 

a second ac input for coupling with the neutral of the ac 
power supply; 

a positive dc output; 
a negative dc output directly coupled to said second ac 

input; 
a rectifier directly coupled to said first ac input: 
a first and second capacitor selectively coupled to said dc 

outputs; 
said second capacitor coupled across said dc output; and 
a switch for coupling said first capacitor with said rectifier 

in a first state wherein said first capacitor is serially 
coupled to said second capacitor and for coupling said 
first capacitor in parallel with said second capacitor in 
a second state. 

2. The apparatus of claim 1 wherein said switch is 
responsive to the ac power supply. 

3. The apparatus of claim 2 wherein said first state is 
defined as the ac power supply positive half-cycle and said 
second state is defined as the ac power supply negative 
half-cycle. 

4. The apparatus of claim3 wherein said switch comprises 
a first and second switch. 

5. The apparatus of claim 4 wherein said first switch 
comprises: 

first and second current limiting resistors serially coupled 
at a first electrical node, said first resistor coupled to a 
second electrical node at said rectifier and said second 
resistor coupled to said positive output; 

a protection diode having a cathode coupled to said first 
electrical node and an anode coupled to said positive 
output; and 

said first electrical node coupled to the base of a darling 
ton transistor. 

6. The apparatus of claim 5 wherein said second switch 
comprises: 

a third current limiting resistor having a first terminal 
coupled to the line of the ac power supply and a second 
terminal; 

a first small signal transistor having a base, emitter, and 
collector, said base of said first transistor coupled to 
said second terminal of said third current limiting 
resistor, said emitter coupled to said negative dc output. 
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and said collector coupled to a first terminal of a fourth 
current limiting resistor; and 

said fourth current limiting resistor having a second 
terminal coupled to said first electrical node. 

7. The apparatus of claim 6 further comprising a voltage 
monitor responsive to input voltages greater than a prese 
lected level which inhibits operation of said switch. 

8. A voltage converter circuit for selectively converting 
alternating current from an alternating current power supply 
having a line and a neutral to direct current for use in a cable 
television settop terminal comprising: 

a first ac input for coupling with the line of the ac power 
Supply; 

a second ac input for coupling with the neutral of the ac 
power supply: 

a positive do output; 
a negative dc output directly coupled to said second ac 

input; 
a rectifier directly coupled to said first ac input; 
a first and second capacitor selectively coupled to said dic 

outputs; 
said second capacitor coupled across said dic output; and 
a switch for coupling said first capacitor with said rectifier 

in a first state wherein said first capacitor is serially 
coupled to said second capacitor and for coupling said 
first capacitor in parallel with said second capacitor in 
a second state. 

9. The apparatus of claim 8 wherein said switch is 
responsive to the ac power supply. 

10. The apparatus of claim 9 wherein said first state is 
defined as the ac power supply positive half-cycle and said 
second state is defined as the ac power supply negative 
half-cycle. 

11. The apparatus according to claim 10 wherein said 
switch further comprises a first and second switch. 

12. The apparatus according to claim 11 wherein said first 
switch comprises: 

first and second current limiting resistors serially coupled 
at a first electrical node, said first resistor coupled to a 
second electrical node at said rectifier and said second 
resistor coupled to said positive output; 

a protection diode having a cathode coupled to said first 
electrical node and an anode coupled to said positive 
output; and 

said first electrical node coupled to the base of a darling 
ton transistor. 

13. The apparatus of claim 12 wherein said second switch 
comprises: 

a third current limiting resistor having a first terminal 
coupled to the line of the ac power supply and a second 
terminal; 

a first small signal transistor having a base, emitter, and 
collector, said base of said first transistor coupled to 
said second terminal of said third current limiting 

15 

25 

30 

35 

45 

SO 

55 

8 
resistor, said emitter coupled to said negative dc output, 
and said collector coupled to a first terminal of a fourth 
current limiting resistor; and 

said fourth current limiting resistor having a second 
terminal coupled to said first electrical node. 

14. A voltage converter for connecting an alternating 
current source comprising: 

a rectifier; 
first and second capacitors; 
said second capacitor coupled directly across dc outputs; 
and 

a switch for coupling said first capacitor with said rectifier 
in a first state wherein said first capacitor is serially 
coupled to said second capacitor and for coupling said 
first capacitor in parallel with said second capacitor in 
a second state. 

15. The apparatus of claim 14 wherein said switch pro 
vides voltage across said series coupling of said first and 
second capacitors during said first state. 

16. The apparatus of claim 15 wherein said switch inter 
rupts current to said parallel coupling during said second 
State. 

17. The apparatus of claim 16 wherein said first state is 
defined as the ac power supply positive half-cycle and said 
second state is defined as the ac power supply negative 
half-cycle. 

18. The apparatus of claim 17 further comprising a 
voltage monitor responsive to input voltages greater than a 
preselected level which inhibits operation of said switch. 

19. A voltage converter for use in a CATV settop terminal 
for connecting an alternating current source comprising: 

a rectifier: 
first and second capacitors: 
said second capacitor coupled directly across dc outputs; 
and 

a switch for coupling sai' first capacitor with said rectifier 
in a first state wherein said first capacitor is serially 
coupled to said second capacitor and for coupling said 
first capacitor in parallel with said second capacitor in 
a second state. 

20. The apparatus of claim 19 wherein said switch pro 
vides voltage across said series coupling of said first and 
second capacitors during said first state. 

21. The apparatus of claim 20 wherein said switch inter 
rupts current to said parallel coupling during said second 
State. 

22. The apparatus of claim 21 wherein said first state is 
defined as the ac power supply positive half-cycle and said 
second state is defined as the ac power supply negative 
half-cycle. 

23. The apparatus of claim 22 further comprising a 
voltage monitor responsive to input voltages greater than a 
preselected level which inhibits operation of said switch. 

s: : c : 
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