Chapter 2 The Common Cathode Gain Stage with grounded Cathode (CCS+Cc)

2.1 Circuit diagram

Figure 2.1 Basic design of the Common Cathode Gain Stage with
grounded Cathode via C, (CCS+C,)
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2.2 Basic formulae (excl. stage load (R, )-effect)
2.2.1 gain G, (C; acts as a complete short-circuit):
v
G =——2 .1
Vi
gain G, in terms of g, and 1, becomes:
r,{ R
Gt=—gmt et
T t+R,
: (2.2)
R,
i A ——
Iyt + Ra
2.2.2 grid input resistance R,, input capacitance C; and input impedance Z; ,(f):
Zig (f)=Ry [ICi ot 23)
formulae for C;: see Chapter 1
2.2.3 plate output resistance R, , and output impedance Z, ,(f):
Roa=fit IRy (2.4)
Zoa (f): Roa I1Co.tot (2.5)
formulae for C,: see Chapter 1
2.2.4 cathode output resistance R, .:
Roc=tc¢lIRe
Lt tR, (2.6)
ct—
I+ py
2.2.5 capacitance C, for a specific hp corner frequency f; opi:
1
C.= 2.7)

n fc.opt Roe
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2.3 Derivations

2.3.1 Equivalent circuit for derivation purposes:

v.i

2.3.2 Derivations:

R.g

|

JRL

Figure 2.2 Equivalent circuit of Figure 2.1

With C, of a size that acts as a short-circuit for vg . in Byg, we can use all the respective

formulae of Chapter 1 with R, = 0, hence:

23.2.1 the gain G, and effective gain G become:
Gi=—8m.t (ra.t I Ra) (28)
Raeff =Ry IRL (2.9)
Gt.eff =~ 8m.t (ra.t [ Ra‘eff) (2.10)
2322 the grid input impedance Z; 4(f) becomes:
zZ . (f)=}——5 2.11)
i (F) 14+ 2jnf Ry Cj o
2323 the effective plate output resistance R, , ¢ and impedance Z, , ei(f) become:
R,.= IR
o0.a a.t a (2‘12)
= Zy, (f) =Rya [ Co.tot
R = IR
o.a.eff —fa.t a.eff 2.13)

= Zoaeff (f): Roaett [ Co.tot
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Roaeff |
Zo acff (f):‘ Py (2.14)
‘1 +2jnf R 4erCo ‘
2324 cathode resistance r.qs ! and effective cathode output resistance R, . become:
Ltet Ra eff
T, = - (2.15
c.teff 1+ i )
Roceff =Teteff | Re
Gt Ra.eff R
T (2.16)
Gt Ra.eff + Rc
1+
MCD symbolic evaluation “simplify” leads to
_ (ra.t + Ra.eff ) Rc
Ro.c.eff = 2.17)
Lt +Ryefr + (1 + 1y ) R,
2.3.2.5 cathode capacitance C, for a specific hp corner frequency f.:

The audio band B, spreads from 20Hz to 20kHz. To ensure a flat frequency
response in By (+0.1dB) as well as a phase response deviation of less than 1°
at f, = 20Hz the C, calculation should be based on a corner frequency f. . that is a

100" of f..
f,=20Hz
20Hz (2.18)
copt = 100 =0.2Hz
1
Co=r—F7"7 (2.19)
n fc.optRo.c.eff
23.2.6 total input capacitance C; and total output capacitance C, o

see respective equations and footnote” in Chapter 1 - 1.3.2.5

detailed derivation see Chapter 4 “The common grid stage (CGS)”
see footnote 2 in Chapter 1



The Common Cathode Gain Stage with grounded Cathode (CCS+Cc) 19

2.4  Gain stage frequency and phase response calculations

Figure 2.3 Simplified® equivalent circuit of Figure 2.1 - including all
frequency and phase response relevant components

2.4.1 gain stage input transfer function T; (f) and phase ¢; (f) - including source resistance Rg
and an oscillation preventing resistor Rg,<<R,:

see Chapter 1 - 1.4.1
2.4.2 gain stage output transfer function T, (f) and phase ¢.(f):
see Chapter 1 - 1.4.2

2.4.3 gain stage cathode transfer function T.(f) and phase ¢(f):

T.(f)= Roceft 1 (2.20)
R —
o.c.eff 2inf Cc
m| T, (f
o, (f)=arctan [T ()] (2.21)

Re[ T, (f)]
2.4.4 fundamental gain stage phase shift @g(f):

0G.¢ (f)=-180° (2.22)
2.4.5 gain stage transfer function Ty (f) and phase @ (f):

Tiot (()=Ti(£) T, (f) Te(f) Gy (2.23)

¢ tot(f) =0 i(f) +o¢ o(f) + P (f) + (pG.t(f) (2~24)

“Simplified” because of footnote 2 of Chapter 1. In addition: The simple C. and R, . network after
the +1 amp V1, works correct the shown way only in the frequency range of f; ., minus one
octave. In lower frequency ranges than that the gain of the whole gain stage will reach the gain of
a CCS gain stage with the same components but without C,. But this frequency range lies far
outside Bogy.
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2.5 Example with ECC83 / 12AX7 (83):

D [

b
i

Figure 2.4 CCS+Cc example circuitry

2.5.1 Triode bias data:

—3
I g3= 1210 AV g3=370V V, g3 = 250V
2.5.2 Triode valve constants:
-3
Eamm = 1.6-10 ~-S Mgy = 100
—12 —12
Cgcg3= 16510 °F Cgagy= 1610 °F

—12
Co.tot.83 = Cac.831 Cga.83 Cotot.g3 = 1.93x10 °F

2.5.3 Circuit variables:

R, g3 = 100-10°Q R, g3 = 1.6:10°Q

3 6
Rg = 1-10"Q Rp = 1-10Q

12

- 9
Cytray.83:= 10107 °F

Cin.g3:= 10010 F

2.54 Calculation relevant data:

frequency range f for the below shown graphs:

2.5.5 Gain G; and effective gain G .4 :

Ggs = - R, 837a 83
83 = “8m83 ..
Ryg3+1ag3

Vg.83 =2V

1, g3 = 625:10°Q

—12
Cycg3=033-10 °F
6
Ry g3 = 110°Q
R =22 1039
gg.83 T <47
9

Cout§3 = 10010 F

f:= 10Hz,20Hz.. 20000 Hz
h := 1000Hz

0
Gg3 = —61.538 x 10
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G83e = 2010g(|G83| )

1 1\7!
Rog3eff=| o+
¢ Rigs Rp

Ry 83.eff

Gg3eff = Mg3 o . .
Ry 83.eff* Ta.83

Gg3.eff.c = 20log( | Gg3 e )

2.5.6 Specific resistances:

T ( L, j‘l
a.83 =
8 Rags

R ; L1 -!
0.2.83.eff =
.83 Ragieff

831 Ry g3

T =
c.83 1+ pg3

R (L, 1 j_ !
0.c.83 =
o83 Regs

Ta.83 * Ry 83eff
1+ Hg3

1 1 \!
Ry c.83.eff= ( i j

To83eff Ros3

Te.83.eff =

2.5.7 Capacitance C,:

o"’)
_
g|e

fo = 20Hz

1

B O —
27§ optRo.c.83.eff

2.5.8 Specific other capacitances:

Citot.83 = (1+|Gg3|) Cga.83+ Coc.83* Cstray.83

0
Gg3 o = 35783 x 10" [dB]

R, g3 off = 90909 x 10°Q

0
Gy off = —59:259 % 10

0
Gg3 off o= 35455 x 10" [dB]

3
Ry, g3 = 38462 % 10°Q

Ry a g3.0fr= 37037 % 10°Q

ro g3 = 1.609% 10°Q
0
Ry o g3 = 802222 x 10 Q

ro g3fr= 1:519% 10°Q

0
Ry ¢ 83 0= 779:198 x 10" Q

. opt = 200 107 Hz

C, = 1.021x 107°F

=172
Cirorg3 = 111712107 °F
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2.5.9 Gainstage frequency and phase response calculations:

Figure 2.5 = Figure 2.3

Z1(f)y = —— ! 2(f)= ————— !
2jm-£Cip g3 2j 1 FC ot 83

1
1 1
zz(f){— + 7]
Ryg3  Rgegs+Z2(1)

e Im(Ti(f))
| ” T
)

3+ Z2(f

Ti(f) =

(Z2(0)+ Ry g3) { Rg+Z1(H) + [R o R
g gg

T, ()= 20»10g( |Ti(f)|)

0 20
-0.25 _ lle
—_ 8 o, 10
8 TieD-05 ) WA
= S deg 5
-0.75 0 S8
,I 75
10 100 1»1f03 110" 110 10 100 1<1f03 110" 110
[Hz] [Hz]
Figure 2.6 Transfer of i/p network Figure 2.7 Phase ofi/p network
1 1
B — zZ4() = ————
2jm£Ch 11,83 2jm£Coyt 83
[; N 1)1
Z3(f) Z4(f)+ R R
T (f)= O 24O+ Ry — iin( Ty )
© —1 Ry + ZA(f) 9,(f):= atan) ———-=
R | S— Re(Ty(f)
0283 % 736" Zamr 1
L

Ty, ()= 20-log( | To(£)])
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0 20
~0.25 [T _ Ll
= 8 10
g ToeD-0.5 5 %D
S deg 5
-0.75 0 =
-1 -5
10 100 1-1f03 110" 110 10 100 1-|fo3 110" 110
[Hz] [Hz]
Figure 2.8 Transfer of cathode network Figure 2.9 Phase of cathode network
R
c.83.eff
Ty(f)= | ——= Im(Te())
R I S 0o(D)= ata
0.c.83.eff 2jm£C, Re(Tc(f))
T, o(£):= 20-log( | T (f)])
0.01
2
0.005
g Tee® 0 Zéu @
<, deg
-0.005 —
-0.01 0 s
10 100 1-1fo3 110" 110

10 100 110 110" 110
f

[Hz]

Figure 2.10 Transfer of o/p network

Tior.83(5) = Ty(F) To (£)- T (F)-Gg3

Tiot,83.0(F) = 20-log( | Tyoy g3(F)])

[Hz]

Figure 2.11 Phase of o/p network

0G.g3(f):= —180deg

Otot.83(0) = 0i(H) +¢ () + 0. () + ¢ G g3(F)
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2.2.10 Frequency and phase response plots:

36
35.8
P 35.6
2 Tiot.83.4H
= 35.4
352
35
10 100 1-10° 110 1-10°
f
[Hz]
Figure 2.12 Frequency response of the whole CCS+Cc gain stage
-160
7 -170
g) P10t.83D §
= dee 150 =
- [T
-190
10 100 110° 110" 110

f
[Hz]

Figure 2.13 Phase response of the whole CCS+Cc gain stage
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