February 21, 2000.

B+ Power Supplies

There have been several postings asking for B+ power supply
designs. | posted two simple schematics at:

http://www.eskimo.com/~ntsales/PDF _files/tubepsl.pdf
and
http://www.eskimo.com/~ntsales/PDF _files/tubeps2.pdf

One of the textbooks used by almost all Radio Engineering courses
in the 30’s and 40’s was:

Radio Engineering

by Frederick Emmons Terman
McGraw-Hill, various editions (3rd 1947)

For those who wish to build a tube power supply with tubes, this
is one of the best books around.

To give an idea of his book, | have scanned in two pages on
“Voltage-Regulated Power-supply systems--" from Chapter 11,
entitled: “Sources of Power for Operating Vacuum Tubes.”

(Copyright, 1932, 1937, 1947 by McGraw-Hill Book Company, Inc.,
New York)

Steven D. Swift
Principal Engineer
Novatech Instruments, Inc.
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reguire earelul attentinn to shielding snd the pencrous wse ol rlio-
Fremquency chokes wnd by-pasa condenzars,

11-11, Voltage-regulated Power-supply Systems—A nomber  of
svstenns huve been devised for maintaining the output of a power-supply
gvatern sonstant with varietions in supply voltage, or enfalinng in nad
impeslanee, or both, By far the most eommonly used serangement of
this typee 1 lusteated in Fig, 11-19." Hers tube T 08 & gasenus voltage
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Fia T1-1Te—Eehpmodiie diogrom of volbagerepulale:d powar opry.

regulator {ser Sec. 5-15) which produce? perosz s ferminala & constant
potentind Lhat ik uzl foe referenes pirpnzes and, in portioelse, oomainsin
the eathode potentisl of amplifier lube Ty al o fxed potential irrespeetive
of the input voltage &, applisd to the regudaior systemn. Tobe Ty 2
aperated as o dircel—coupled amplifier, the aatpmt of which s applicd
Lo the sontral grid of tube T, which control2 the output voltage.  The
pontrol prid of Ty ia at a potential #, that is a definite Fraction 7 Ka
ol the ontpat roltaoe L. determinel 1_:-:_.' Ll geldbing of p-'rh.'!nt:it:-m-::tr_'r ok
If pow Lhe resistance By in the plate eirewit of Ts iz losge 2o that the
amplification of the prid-vathode volisge of T I8 econsderable, then ss
F. — E; hecnmes leas than eut-off, the vollage on the grid of 7. ia rapidly
redueed.  This, in twn, ineremzes the voltage drop in T reducing the
ottt voltage,  Thus, the suipul vellage ia very =ensitive to eurrent
in &, wd chiz cureent i3 very gensitive to the changes in the differences
e £y, which in turn iz vory sensibive to the auipnt woliage, Aveeord-
ingly. the sver-gll hehavior is such that the voltage Bs iz maintained at a
value leas than the Gxed volusge By auch that & — Ej has o veloe (hal 8
nencly ponstant ancd juse lees than eut-ofl fur Tao Thia oeases the ontput
voltare By Lo be substantially sonstant sinee the ratio B/ a8 defer-
mined by the setting of potentiomeler P Anvthing that tends to alter

oy wellearpanised discussion of L design fastors and design proocluee involvel
iz veliaee-paralated gvetem af the trpe illstmed o Fug, 11-14 23 aeen by A, T
Tereskein, Waltnge Ropnduted Pewer Bopplise, Fooe LR, val AOL, po 47, Pabrsey,
1y Addisional inferransiom of valws in deelen 12 glvae by A, Ahase, Bnsia Theory
and Desigo of Bleetronicslly Begalased Pewrer Supplics, Proe, D25, vol, 38, o 475,
Jaly, 1845, ardd W, T, T Jr., Analvais of Voltage Repulatar Operntiv, Pree, LR E,
voul. 33, B 32, Januars, 10465,
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the output voltage By, such 58 & chonge in the load eurtent or a cliuope
in the sec line woltage, varics the grid-cathode voltuge £, — K, applied
to tube Ty in such o manner a3 to result in a modifiestion of the villuge
drop in T, that tenda to keep the autput voltage from chunging, Fer
exumple, a deerease in ontput voltage reaulting froin inereasing the lgud
current, or 4 decrense of the a-o line vollige, will reduce £y making che
cvntrol grid of 77 more negative with respect *o eathode than previously.,
This reduces the current through B.. rauzing the grid of 7, o asuma s
new potential more positive than previously,  This reduces the wnltags
trop in %% and tends to reatore the output vol laee to its origing vl
An vxamination of the virenit of Fig, 11-1% in the light of the ahii
digeussion revenls the factors thel qualitatively contribute to o LIl
performence in the vollage-regulater spatem: (1) The alability of the
culpub voltage can b oo geester then the eonstangy of the woltnge By
developed across the voltage-regulator tube, sinee this wollagy J2 asad
ns a reflerenee, (23 Tube Ty with its sssocisted load resistanoe &2, chaild
produce a3 high wn amplification as poasible of the grid-cathode volbarn
tia — Fa.  To achieve this, the resietanoe K, should be hiuh, of the asdes
of 0.25 to L6 megohms,  Tuhe Ty id generally o small snarp eul-of
general-purpose pentode. (33 Tube 2% should have low Tlate resistance,
& high transeonductenee, and en anode current rating cipual 1o the muxis
murn, owiput eurrent desired.  These requirements are EOmTen ]y '
b using a sufficient nuber of 243 or 6AST-G tubes in praradlel. :
In practice, the improvements realized by a volluge-Tepmlaned powe
supply eyslem of the type flustrated in Fig, 11-19 are considerable.
Under fypieal eondilions, the variation of auntput, villige with chan
i a-¢ line vollage, and also aay ripple wltage contained in the inpus
&yt the regulator, will be redueed by o fuctor of at leasi 23, und often.
b a factor of ever 100, a3 compared with the oikpul of the asme reclific
filter system without regulation.  Similady, the varation ja oty
voltage with chienge in load eurrent, corresponds typiewlly to an aquivalen
internal impedance for the output termingds of the vl e il bed
fyslem of less than 10 ochme.  Often valuea of the order of 1 ahm &
realized.  This low value of equivalant internp] impedance i mnind e
down to sero frequency and i3 to be compared with impedanees of Sh
order of 1MW) ohros or move typically enconntored af low Frenuemgi
in the eorrcsponding power-supply ayalem withoot voltage eulstion,
Thiz [ow impedanee is important nob only because it mules the onspn
voltage largely independent of load eurrent, bub also beeanse i el o1
the commen soupling and resulting regeneration introduecd at low
quensies in multistage awdio and wideo amplificrs when several stags
vecelvi: pnode power from a eommon source (see Sec. 6-15).



