Ray Fautley shows
how to design reliable
voltage doubling
power supply circuits
with the aid of lock-up
tables.

in the diagram, is useful for providing

high voitages at low currents.
The term *symmetrical’ is used as the diodes
and capacitors are connected in a symmetrical

T he symmetrical voltage deubler, shown

... fashion, looking rather like the bridge-rectifi-

o er circuit. There is no direct connection
between the alternating input and the de out-
put. (Another type of voltage doubler circuit is
the commeon-temminal circuit where the ac sup-
ply and dc output have a common terminal,
and 30 is not *symmefrical’.}

Alternating voltage is applied to the two rec-
tifier diodes D and D). When point X is pos-
itive, diode D conducts but D, is cut off.
Current through D, charges capacitor Cy to
approximately the peak of the transformer sec-
ondary voliage. During the next half cycle
point x will be negative with diode ), con-
ducting and D, cut off.

Current through D, charges capacitor Cpg,
again to approximately the secondary peak
voltage.

As the two capactiors C, and Cp are con-
nected in series, so are the voltages across
each of them. The two voltages — being of
suitable polarity — add, providing nearly twice
the output voltage of a single diode half wave

;- rectifier. This is logical because the voltage
"¢ doubler is really just two half wave reciifiers

in series.
Source resistance is shown as resistor R,.

Voltage doubler design procedure
The procedure for designing the symmetrical
voltage doubler is similar to that used for the
rectifier circuits described in my previous arti-
cles.

1) Specify required dc output voltage at
full load Ege(igad) In vOIs.

2) Specify required maximum foad current

Volta
doubli

3

4)

5)

)

7

8)

{3c(1oady In AMIPS.

Specify maximum ripple voltage
acceptable, Vi ymg in volts.

Specify the ac mains supply voltage
Viritrms) In volts.

Specify frequency of the mains supply f
in hertz.

Determine the value of equivalent load
resistance Ry,
E,
RL = de:
I de(load)

where £, is the design value of the dc
output voliage. It is the required voltage
across the load Egg10aqy. added to any
voltage drop across the diodes.

As this type of rectifier is mostly used
for obtaining a high voltage ai low
current the diode voltage drop can be
ignored, so,

R = Ed.’.'(l'oad)
, =
[dc(load)

Determine the average current f,
through each diode:

{=Licqoad

Determine a value for the source
resistance of the supply R,. As only high
resistance loads — iLe. high voltage and
low current — are to be considered, the
predominant resistance will be that of
the transformer windings. So,

v f-(rms)

!

Used for providing high
voltages at low current,
this circuit produces
nearly twice the voltage
of a single-diode half-
wave rectifier.

ANALOGUE DESIGN

ge
Y

However, as it’s likely that the
transformer winding resistance are not
known, assume R is about 2% of Ry 5o,

R =R, ><—2-—-
160
9) Calculate the ratio of R;to By as a

percentage,
R,
—£ x100%
R

1) Determine the percentage ripple voltage
from the specified maximum ripple and
dc output voltage:

Vr(nns)
V% = —"m)_ 5 100%
de(foad)

11) From the Tabie 1, determine the value
of X required to provide the percentage
ripple voltage V% in step (10) above,
for (Ry/R Y% calculated in step (9).

12) Calculate the value of capacitors C, and
Cp in the circuit diagram.

X(10%
C,=Cp=C=2""CyF
A 8 2R, W

13) Find the nearest standard, or available,
value for C, and Cg, close to, or just
above, the value calculated in step (12). If
the practical value of C is different from
that in step (12), call it Cy and determine
a new value for X (call it X;) from,
X=2xfC R, or with C in microfarads,

2nfC\R,
10°
14) From the figures in Table 2, determine

the value of ¥ for X in step (11), or X in
siep (13), and (Ry/R1)% in step (9).

X, =

15) Determine the transformer secondary
voltage Vsems) required, from the value
for ¥ in step {14),

v _ Edc(!gad}
sec{rms) — ﬁx Y
_ 0707 X E ot
¥
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;7™ Determine the peak voltage, or PIV, that
each of the rectifiers must withstand,

PIV=21Vectpeaty

=24 2XV e trms)

=2.828V seqqrmsy -

17} Find the value for Z from Table 3 for
0.5X (or 0.5X ) where X was found in
step (11) or X in step (13), and for
(RJO.5R )%, where (R/Ry Y% was found
in step (9),

7= I(rms}
1,

18) From the value of Z found in step (17),
determine the current through each
rectifier diode from fymg=/%Z.

19) Determine recurrent peak current Kpeak)
through each rectifier diode. From Table
4, for 0.3X (or 0.5X,) and (R,/0.5R )%
. find W, which is Jipeqy/l,- Next find
i I(peak) from !OXW.

20) Determine initial switch-on current /.
As capacitors € and Cp are initially
discharged, the load on the rectifier
dicdes will be nearly a short circuit at
the instant of switch-on, limited only by
the source resistance R As a result,

{on= scc(;seak}/Rs-

This very high current flows for only a
very short time, but the rectifier dicdes
must be capable of withstanding it. If
suitable devices with such high pulse
ratings are not available, the source
resistance R must be increased by
adding an external resistor R, where R
is shown in the circuit diagram. The
value of Ry, to limit the switch-on

current to an acceptable lower value
lon(ry is determined in step (28).

21) Decide on a suitable rectifier diode type.
The device must have a/l its ratings
equal to, or greater than, the following,

PIV or 2xvs€c(peuk}
(sometimes Vzpa), see step (16)

Enitial switch-on current or /5,
(sometimes /ggpq), see (20)

Average current or [,
(sometimes Iriav)); see (7)

22) Determine rms ripple current I g,
flowing through capacitors C, and Cp,

I c(rms)=Vl[(1 (rms)z)—(l dc(loa{i)z)l
for fymg) see (18} and for /¢(0aqy Se€ (2)-

23) Decide on the specification for
capacitors Ca and Cp. Each capacitor
must have ratings equal to, o~ g=fer
than, the following, '

Capacitance C and Cg see (12) or (13)

Working dc voltage V'2><Vsec(rms),
see (15)

Ripple current Iy(mg), see (2 2)-

24) Total transformer secondary cutrrent
Liirms) cOmprises two currents, one in
each rectifier, which must be summed

by,
iems=V [T+ gy D1
N2 rney= L 414 ey

Table 1. Finding the value of X for the voltage

doubler design.
V%  (RgR)%

0.1 0.3 1.0 30 5.0
a1 1780 1594 1428 1279 1210
0.2 863 772 691 618 585
0.3 561 506 456 411 390
0.4 418 375 337 302 286
05 332 299 270 243 - 231
0.6 280 250 224 200 189
0.7 238 214 193 174 165
0.8 203 183 165 149 141
0.9 183 185 148 133 126
1.0 163 147 131 120 114

2.0 80 72 64 58 55
3.0 52 47 42 38 36
4.0 39 37 35 33 32
5.0 30 27 24 22 21
6.0 24 22 20 18 17
7.0 20 18 17 15 14
13 12

2.0 14 13 12 11 10.7
10 13 12 " 10 9.6
20 4.8 4.5 4.3 4.0 3.2
30 2.3 2.2 21 2.0 2.0
40 11 1.07 104 102 1.01

For iy see step 18.

25) Transformer volt-amp, or VA rating Ty,
is,

TVszsec(ms)ﬂl(nns)

This determines the size of ihe
transformer,
26) Transformer requirements:

Volt-amp rating Ty 4, see step (25)
Primary winding Vi), see (4)
Secondary winding Viecems) see (15)
Secondary current fiymg, see (24)

Table 2. Finding the value of Y.
X (RJ/RY%

S 0.1 0.25 05 1 15

3 080 059 059 058 058
1.5 066 065 064 064 063
2 077 076 075 074 074
3 093 092 082 081 0980
4 1.04 103 1.03 102 1.01
5 113 112 12 110 1.09
8 119 118 117 116 1.15
7 125 124 124 122 1.20
8 1.3t 130 129 1.27 1.25
9 1365 134 132 1.30 128
10 139 138 136 134 1.32
15 151 150 148 144 142
20 162 1.81 159 154 152
30 177 172 1688 162 157
40 178 177 173 165 1.860
50 182 1739 175 1.67 161
60 184 181 176 1868 181
70 1856 182 177 188 1862
80 18 183 178 169 182
20 187 183 178 189 182
100 188 184 178 189 182
200 191 185 178 170 1863
30 192 18 {179 170 1.63
186 179 171 1.63

0 193

2 3 4 5 6 7

0.58 057 057 056 055 055
063 083 0863 062 082 061
073 073 072 071 070 085
089 088 087 087 086 085
1.00 098 0987 08 095 094
108 1.06 1.03 1.3 1.02 1.00
114 112 106 1.88 1.07 1.03
118 116 114 112 109 1.08
124 12t 118 115 112 1.08
127 124 121 147 113 1.09
131 127 128 1.1g 115 110
139 133 127 122 1147 113
147 138 131 125 119 1.5
1.1 142 134 127 121 1.18
153 143 135 128 121 147
154 144 135 128 122 1.17
155 145 135 128 122 147
155 145 136 129 122 1.17
1.55 145 136 129 122 1.7
156 145 136 129 122 .47
186 1.45 136 129 122 117
156 146 136 129 122 117
156 1486 136 129 122 1.17
1.57 146 136 1.29 122 117

8 1D 13 20

054 053 05t 049
080 059 056 054
0689 068 066 0.862
085 083 077 07
083 089 081 074
0.98 094 083 075
.01 097 084 075
102 098 08 075
1.04 099 085 (.75
1.05 1.00 085 @75
1.066 101 086 075
1.08 102 08 075
110 103 087 075
1.1 103 087 075
111 103 087 075
112 103 087 075
112 103 088 078
112 192 0388 0.78
112 103 088 0.76
1.12 103 088 (.76
112 104 088 0.76
112 104 088 0.76
112 1.04 088 0.76
112 1.04 088 (.76
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“27) When a suitable transformer has been

chosen, measure the resistance of both
windings. If the measured source
resistance,

prr
s(m) Rsec

is less than R, calculated in step (8), then
an external resistor,

R ext=R s_R s(m)

must be added, see (28), to limit [, to
the value found in (20).

28) If an external resistor Rey was found
necessary in (20) or (27) to be fitted
where R, is shown to limit switch-on
current to a lower level £, 5, its value
will be,

VS&C

- {peak)

Re,rr - F} - Rs
on(L}

29) Power dissipated in Ry, if used, is
given by,

P=[1 z(nns)Z]XRe,xt

A suitable resistor should have a power
rating of about twice the value of P, for
reliable operation.

30) If R,y is used, the regulation of the
supply can be improved by adding a
shorting-out device, as recommended for
the bridge rectifier circuit described my
article in the September 1996 issue.

Voltage doubler design example
Finally, here is a worked example for the voli-

10
V.%=

,

Lrims_ 1009
deifoad)

=20 100%=1%
1000

11) The value of X for V,% and (R/Ry)%.
i.e. V%=1 and (RyR}%=2 from Table
1is found to be 125,

12)
X0 L 125x10° uF
2rf xR, 2m x50 % 10%
= E;ﬂ: 39.8uF

13) The nearest standard value above
39.8pF is 47pF, so,

X i =211:f><C 1XRL
=2mx50x47x10-5x10%=148

14y From Table 2, the value of ¥ for X, and
(RJR1)%, i.e. X;=148 and (R /R Y%=2,
is found to be 1.56

15)
0.707 % B pouy

Vsec(rms) = v
_0.707 %1000

L.56
=453V rms

16) PTV=2.828V o c(rmsy=2.828453=1281V

17) From Table 3, the value of Z for 0.3X)
and (Ry/0.5R; }%, i.e. 0.5X=0.5x148=74
and (R /0.5R )%=2/0.5=4, is found to
be 2.46.

ANALOGUE DESIGN

18) fygumsy=loXZ=0. 1X2.46=0.246A o1 246mA

19) From Table 4, the vaiue of W for 0.5X
and (R,/0.5R, )%, i.e. 0.5X=74 and
(R/0.5R: Y%=4,is found to be 7.02. As a
result, /ey =l W=0. 1x7.02=0.702A,
or 702ZmA.

20}

_ Vsec{pmk‘) _ 1'414XI/.:;ec(rms}
on R_g - Rg
_ 1.414x 453 —39A
200

21) Diode 'ratings required:
PIV (Veryp)=1281V
Ton Upsp)=3.2A
Iy (Tpavy)=0.1A
For safe operation, two BYX38-1200
type diodes should be used in series for

each of the two diodes in the voltage
doubiler circuit.

22

Ic(rms) = \l[[;qms] - [Igc(foad)}

=4/0.246% —0.1°
=+/0.0605—-0.01
=+/0.0305 = 0.225A

23) Capacitor ratings required, Ca=Cg=C
C=capacitance=47uF
Viec(peaky=V DC(wiegy=Y2x453=641V
Lo(msy=Tipple current=0.225A

Table 3. To Find the value for Z.

age-doubler circuit. Assume that a supply of 0.5X (RJ/C3R)% -

1000V at 100mA is required, having an 0.02 005 0.1 0.2 05 10 2 5 10 30 100
acceptable ripple level of 10V rms. 1 180 180 179 179 179 178 177 177 173 170 166
2 203 202 20t 200 199 198 197 196 189 177 1867

1) Eaeoasy=1000V 3 219 217 216 214 213 211 210 203 195 173 167
. 4 D32 230 228 226 224 222 217 208 198 1.80 1.68
2) Lgeqtonty=100mA or 0.1A 5 043 240 236 232 227 223 219 2140 201 182 1.68
5 250 248 246 244 242 240 228 213 204 183 1.68

3) Vimy=10V rms 7 058 253 251 249 247 245 231 216 205 184 168
8 266 263 261 260 258 250 235 217 206 1.84 1.68

&) Voo =240V ms 9 273 270 268 266 264 257 238 218 207 185 1.68
pri(ms) 10 280 278 275 273 270 262 240 219 208 188 168

5) fs0Hz 20 330 320 317 2315 283 282 253 226 212 188 168
30 364 350 340 329 305 289 259 230 215 1.9¢ 168

6 40 391 372 355 340 313 282 262 232 216 1.90 1.68
Etoany _ 1000 50 408 3.87 368 348 322 293 264 233 217 191 168

R, = etlond) _ =10k 60 423 397 378 355 325 294 266 235 218 1.91 1.68
Letouy 01 70 435 403 387 360 327 295 267 236 2148 1981 188

80 445 440 2394 385 330 296 268 236 218 191 168

7 1o gc(10aay=100mA 90 452 418 3088 367 331 287 268 237 219 191 168
_ 100 462 423 402 369 332 208 269 237 213 191 1.68

8) LetR=2% of Ry.ie., 200 503 480 427 386 337 300 269 238 219 1.9t 168
. 300 520 478 433 388 338 300 289 238 219 191 168

R =R, x—e = O %2 _ 2000 400 535 486 437 388 338 300 270 238 219 19t 168

s 100~ 100 500 545 490 438 389 338 300 270 233 219 191 168

9) 600 551 4.03 438 2389 339 2300 270 233 219 191 188
R 200 00 =2% 700 560 496 433 390 339 301 270 239 219 191 168

R 10 800 567 498 433 290 339 301 270 239 219 191 1.68

900 570 4.89 439 390 330 301 270 239 219 191 168

1000 575 500 439 390 339 301 270 239 219 191 168
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24) sy 2 1ns=V20.246=0.348A, or
348mA Table 4. To Find the value for W.
0.5X (RJ/0.5A)%
25) Ty a=Veecmsyrms)=453x0.348 002 005 01 02 05 10 2 5 10 30 100
=158VA 1 370 370 379 364 362 360 360 359 358 357 348
2 480 457 455 453 452 450 428 420 408 372 351
26) Mains transformer ratings required, 3 550 540 533 530 520 510 500 467 433 400 355
Tys  volt/ampere rating  158VA 4 620 6.17 613 6.0 6.00 588 545 520 495 405 357
Virigms)  PFiInary winding 240V 5 730 695 690 685 680 675 651 580 500 410 3.62
Iims  secondary cuent  348mA 7 870 855 850 830 810 7.82 730 600 510 422 364
8 850 950 935 900 850 820 7.69 645 514 423 364
1 hope that the four simple procedures for 9 10.3 9‘33 9.60 9.50 gég ggﬁ ;;i ggg gg; igg ggg
S : 10 109 107 105 101 9 : . : . ! .
chc bt e el |20 190 150 18t 190 11 o4 7% 8 sm iz s
fﬁ;‘;‘;ﬁfﬂi‘gﬁ gg;’;laes;ﬁf:l to you as g (40 219 200 173 147 121 964 801 651 533 428 3.66
. 50 237 208 182 152 122 970 810 651 534 428 3.66
0 249 211 185 154 123 977 812 651 534 429 366
— - - 70 259 214 1885 158 124 9.84 B8.14 651 6534 429 368
Designing reliable rectifiers 80 267 218 194 157 124 990 816 651 534 430 366
Ray Fautley has produced three earlier 90 275 222 185 158 125 9.93 818 651 534 430 366
articles along similar lines to this one, 160 285 225 19.7 15.9 125 9.96 8.19 8.52 535 4.31 3.68
covering: 200 305 230 200 183 126 100 819 652 5368 431 367
300 316 233 205 168 127 100 820 653 538 432 367
) . 400 328 235 209 170 127 100 820 654 540 432 367
Full-wave bridge rectifier 500 333 238 210 171 {28 100 820 655 542 433 3.68
September 1996 issue, p. 691 B00 33.8 240 211 172 128 104 820 656 544 433 368
Half-wave rectifiers 700 342 245 21.2 173 128 101 820 857 546 433 3.69
December 1996 issue, p. 980 800 344 248 214 174 128 101 820 658 548 433 3.69
Full-wave rectifier with centre tap 800 345 258 215 175 130 101 820 659 552 433 370
February 1997 issue, p. 133 1000 347 27.0 218 176 13.0 101 820 680 556 433 370

Luxuriant editing!
SpiceAge interfaces
smoothly to almost
any PCB design suite.

Although we would like you to use
our own excellent Geswin

schematic capture program which & :

is purpose built for SpiceAge,
if you already have a schematic
program, there is a good chance

" Design: iprojsctisveiBas? s

iIF Format Spicesge

Program: Gesaca for Windows, Version 2,41
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+outvgrid -oukca

v=60.0080

ws=10.0|

cavgrid  v=1.000000
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that SpiceAge will work with it

better than any other circuit
simulator.

i When you iterate between a schematic and a SPICE-like simulation environment while refining your circuits, the

; simulation settings and precious details such as polynomial functions on components can be lost. So without
. Geswin, it was sometimes easier to write the simuiation netlist directly. However, SpiceAge’s circuit update button
only affects changes in the circuit built by the schematic and, because it retains all the previous information, you can
spontaneously iterate between schematic and circuit.

To hear more about this and other nice touches in SpiceAge, please contact:

Those Engineers Ltd, 31 Birkbeck Road, LONDON NW7 4BF.
Tel 0181 906 0155 FAX 0181 906 0969 Email 100550.2455@ compuserve.com
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