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Dual Output Power Supply

Need a positive and negative power supply for your next op amp or other project?
Here is the answer.

The unique circuit shown in Figure 1 pro-
vides very nearly equal positive and negative
dc voltages with a common ground from an D1 +c D5
ac power transformer. Plus and minus out- 02 6

puts from an untapped transformer secondary

normally require plus and minus half wave { < 1 . e ’ {
rectifiers, but unless the loads are balanced Ié +§ + 11 /-L + 1N

there will be a net field in the core, which T1] RU Vi

might cause it to saturate. This double bridge + D4 D8 '
design prevents that from happening. D1 to 1 b
D8 form two bridge rectifiers. All capacitors

are electrolytic. If C2 and C3 are consider-
ably larger than C4, then V1 and V2 will be

>

QX0811-Murphy01

w

very close to the same at any load. Figure 1 —This schematic diagram shows the double bridge rectifier circuit.

This circuit can be used for op amps
and many other ICs, such as comparators
and function generators. It was designed by

Robert Dehoney, of IEEE, and verified by
extensive testing and measurements of test-

I
bench prototypes. +1 D5
- D2
How it Works o1 ca
In Figure 2A, when point A is more posi- % + Y . - +

p >

tive than point B by a large enough margin, + +! +! -
C1 charges through D2 and D3, C2 charges 1] RIS VI V2 gRL2
through D5 and D3, and C4 charges through _f D8 r
C2, D5, D8 and C3. During this half cycle, D3 c3
voltage V¢, follows V¢; since Ve, = Vg + T €
Ves = Vo, ®
In Figure 2B, when point B is enough (A)
more positive than point A, C1 charges
through D1 and D4, C3 charges through D7 Y
and D1, and C4 charges through C3, D7, D6 D1 +
and C2. During this half cycle, voltage V¢, c2
follows V¢, since V¢, = Vp1 + Ve, — Vg, D6
| C1 Cc4 |
L ° ° L
Design a Dual Output Power Supply % + +1v +1 -
For computerized design using these T R'—ﬁ Vi /L V2 ifu
equations, download HamCalc (version 103 ¥ D4 T
or later) and run the “Power Supply — Dual c3 D7
Output” program.! If you prefer to do the > +}(
math yourself, proceed as follows: QX081 Murphy02
(B)

!George Murphy, VE3ERP, HamCalc

“Painless Math for Radio Amateurs.” This

free software is available for download at Figure 2 — Part A shows the current path through the circuit when the top of the transformer

www.cg-amateur-radio.com. is positive. Part B shows the current path when the bottom of the transformer is positive.
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a) Specify desired voltage (E) to RL1
and RL2 and current |1 and 12 through each, rE—) | | (=RS 4t
where: vp || vs Hq +02- |cd
E is in volts IR > +€1- +C4- —>
RL1and RL2 are in ohms il 5% - . R LT ™ o oo
11 and 12 are in amps. || Fiq ‘O3~ 1~Eq g A
b) Calculate the values of RL1 and R2: —) | | |
RL1=E/I1 [Eq 1] DOUBLE BRIDGE POWER SUPPLY
RL2=E/12 L B NI —— 120 v. 60 Hz
where: TT'l]"ﬁfDl‘T‘(.“’ primary resistance. T.80 @
RL1 and RL2 are in ohms Trariformer ser_ogdﬁy cpeg circuit VOlth‘e 28.70 volts
e Tranformer secondary winding resistance. . 0.70 @
Eisinvolts d_C Positive power supply input capacitor Cl ve. 1470.00 uF
I1and I2 arg Inamps. i i Negative power supply input capacitor C4... 1470.00 uF
d) SpeCIfy the ac line fl'equenCy (F) In Blocking capacitors C2 and C3.......00:0:0. 5000.00 uF
hertz Pos. supply load resistance RL1............ 35.00 @
’ . . Neg. supply load resistance RLZ............ 35.00 Q
e) Specify allowable peak-to-peak ripple | "7 0" 33 457v. Vimin- 29.793v. Vi 31.635v. ILi- 0.904 amp
voltage of V1 (across R1) and V2 (across VZmax= -32.261v. V2min= -28.888v. V2= -30.498v. IL2= -0.871 amp
RZ)_ V1 ripple= 3.66V. V2 ripple = 3.37v. 08N Ahnnb03
LI 3 T 3 1 5 i =Niurp
f) Calculate the values of C1 and C4: EXSUEASEREL L Taing; 8.4
C1=375x11x 10°/F/R1 [Eq 4]
C4=375x12x103/F/R2 [Eq 5] Figure 3 — Here is the HamCalc printout for prototype number 1.

where:

Cland C4areinuF
11 and 12 are in amps
Fisin hertz

R1 and R2 are peak-to-peak volts. Rp) | | (=RS : |}
g) Calculate the values of C2 and C3: vp )| [( vs T_—{c +C2- 4|~;:‘
C2 =C3 =3 x C4 (minimum) or 5 x C4 ; ( > +C1- +C4- >
| o 11 11 o
(recommended) [Eq 6] ¢ vl iz >l-—-J I . RL3 W2
where: el < P“ +03- e T
C2and C3 are in uF. —) 1 { { |
h) Estimate the required transformer sec- DOUBLE BRIDGE SOWER SUPELY
ondary voltage (TE) and current (T1): LTI .+ e et et e e e e e e e e e 120 v. 60 Hz
TE=2+E/141 [Eq 7] Transformer primary resistance............. 6.20 @
=18x(11+12) [Eq 8] Transformer seconday open circuit voltage.. 29.00 volts
where: Tranformer secondary winding resistance.... 0.45 @
AN Positive power supply input capacitor Cl... 1470.00 uF
TE isin volts Negative power supply input capacitor C4... 1470.00 uF
Tlis inamps_ Blocking capacitors C2 and C3.......000000n 5000.00 wuF
Pos. supply locad resistance RL1............ 35.00 @
Neg. supply load resistance RL2............ 35.00 Q
Desian N Vimax= 35.326v. Vimin= 31.260v. V1= 33,258v. IL1= 0.%50 amp
esig -?-tesd- d hould h - VZmax= -33.863v. Vimin= -30.376v. V2= -32.117v. IL2= -0.5918 amp
1. Rectifier diodes should have a rating V1 ripple- 4.07v. V2 ripple = 3.49v
not less than 1.4 x TE volts at TI amperes. Transformer minimum rating 96.0 VA QX0811-Murphy04
2. All capacitors are electrolytic.

3. C1 can be any value not less than the
calculated value of C1.

Figure 4 — Here is the HamCalc printout for prototype number 2.

Table 1
Prototype Bench Test Values
TRANSFORMER - 120Y. 60 Hz CALCULATED YALUES MEASURED YALUES
PROTATYPE PRIMARY | SECOWDARY | SECONDARY LOAD b &FE4 ez &FES ¥1 vz ¥1 ¥z
WINDING WINDING NO-LOAD | RL! | RL2 & & valts | K0P [ [ Riogle | [ Ripple [ | Ripple
DHMS DHMS YOLTS OHMS | OHMS volts yolts volts volts
#1 7.60 0.70 28.70 317 | 37 |-305| 34 | 322 27 |-308| 2B
3/ | 3K 1470
£2 6.20 D.45 29.00 5000 333 41 | -321) 35 | 328 | 25 | 315 26
#3 40.50 1.00 13.76 150 | 150 1000 184 | 0.70 | -180 | D.69 | 161 | 1.7 | 157 | 1.7
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4. C4 can be any value not less than the
calculated value of C4.

5. C2 and C3 can be any value not less
than 3 times the value selected for C4. (We
recommend 5 or more times the value of C4,
for minimum ripple.)

6. Select a transformer with a secondary
voltage somewhat higher than TE and a cur-
rent rating not less than TI.

7. When a suitable transformer has been
found, you may verify the design and pre-
dict the actual V1 and V2 voltages using the
HamCalc “Power Supply - Double Bridge”
program or an equivalent program.

Prototype Bench Test Results

Three prototypes were built and tested using
salvaged junk box transformers and capacitors.

Figures 3 and 4 are identical except for the
transformers. Unfortunately, there were no
capacitors on hand to allow C2 and C3to be 5
times the value of C4, so the V2 value is less
than optimum. Figure 5 indicates a situation
in which the capacitor values have a 5:1 ratio,
and where V2 is within a few percent of V1.

Table 1 shows the component values of
each prototype, the output values predicted
by the HamCalc program, and the actual
measured output values, assuming that the
values of all capacitors are exactly as marked
on the capacitor which, of course, never hap-
pens in the real world. Figure 6 shows how
an oscilloscope might show the output in a
perfect world.

This design is very flexible, limited only
by your tolerance for precision and the con-
tents of your junk box!

George Murphy is a retired industrial designer
and professional musician with no vocational
RF engineering experience. Licensed as
VE3ERP in 1960, his Amateur Radio hobby has
led to hiswriting many articlesfor international
Amateur Radio publications since 1985 and
wor |l dwide distribution of hisHamCal c software
since 1993. Georgeis an ARRL member.

Robert Dehoney is a retired professional
electrical engineer who worked for a defense
company developing HF, VHF and UHF sys-
tems, enjoys analyzing and constructing useful
circuits and has authored papersfor RF Design
Magazine.

Figure 6 — Part A shows the transformer
secondary current and the ripple voltage
on C2. During the positive current pulse,
the voltage on C2 increases a bit, and
during the negative current pulse the
voltage decreases. This ripple is riding on
the 40 or so volts dc across C2.

Part B shows the current into and out
of C1 and C4.The positive going pulse
is across C1.You can see the capacitor
charging for about 25% of the time and

discharging for about 75% of the time. In
both cases, RL1 =RL2 =220 Q.
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DOUBLE BRIDGE POWER SUFPLY
3 s | N Ot POl e b - S g L ok 120 v. 60 Hz
Transformer primary resistance............. 40.50 @
Transformer seconday open circuit voltage.. 13.76 volts
Tranformer secondary winding resistance.... 1.00 @
Positive power supply input capacitor Cl... 1000.00 uF
Negative power supply input capacitor C4... 1000.00 uF
Blocking capacitors €2 and C3.............. 5000.00 uF
Pos. supply load resistance RLl............ 150.00 @
Neg. supply load resistance RLZ............ 150.00 Q
Vimax= 16.433v. Vlimin= 15.733v. V1= 16.080v. ILl= 0.107 amp
VZmax= -16.350v. V2min= -15.657v. V2= -15.981v. IL2= -0.107 amp
V1 ripple= 0.70v. V2 ripple = 0.69v.
Transformer minimum rating 6.1 VA QX0811-Murphy05

Figure 5 —This HamCalc printout is for prototype number 3.

/:\ Viipple ON C2 ||
/ + \ 0.2 Volts/div
L T .t ---J__ Lo
~\ / :I\ A}
0 H‘\lHHHHHHHH«'HIHHHHIH‘{‘}H
\ 5! \
\~ R e ) o
\ / Secondary Current \ /
\ /‘k”’ 0.45 amps/div \ /
\/ T V
Time ——=
E C1 Current
] 0.45 amps/div

Lo
r i
Lo
L
L1
r 1
[
1+,
T —]
I
17

Ty,
_\j\\\ \\ﬁ‘\‘ T T } \y"’}‘ }}}} }}}} })}\ \\’\l
\ / \ L/ “ ,/
I -
v “I By v |2
] V1 vy
\ Vi ‘\
1 -
g 1N \
C4 Current +
0.45 amps/div £
QX0811-Murphy06 Time ——=

0B






