Appendix

Typical 1960 SE-amplifiers
Data of the valves used (ECC83, EL34)

Audio Precision plots of some of the measurements

on the amplifier described in this paper
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Two diagrams showing typical SE-amplifiers from the late fifties.

The upper, from a TELEFUNKEN tape recorder, 1960, could deliver 3 Watts at 10%
distortion to the speakers and the lower, from a REVOX tape recorder, 1957, could provide 5
Watts at 10% distortion. Both have adjustable tone-correction networks in the NFB path.

The only share low output power with a modern high-quality SE amplifier as the one

described.
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S = 11 mA/V
Ve = 250 V _
EL 34 Ve — 25V|L = |k = B
Class A final | VE:_ = ~]35V Igz = 15 7 11w
amplifier VF — A% e =
s W, = 25W
Vb — 375 V ]amin = ZX 75
Rpl)= 470 Q | lymex = 2X 95 | Rpa = 4 k02
Rk £l 130 Q 1 min  — 2)( 11.5 Wp — 37 W
Vga = 0 V pmax = 2X22.5 i 2 g,
EL 34 ' . g
e | V= 63V[V = 45V [Lwn = 2X 30 /o0,
pentada Iy = 15A} RN = P Tamar = 2% 120f Rue = 3.4 kQ . Q ol
Class AB . = —38V min = 2X 44iW, = 5 W AN
pusipol Vo= 0V {fme = 2x 5 T
e Vie = 800V |lumia = 2X 25 Octal
amplitier b = 400V Flomax = 2X 91 |Raa= I KO
Vo = -39V Igzmin = 2x 3|W, = 100 W
R = 750 Q !gzmax = 2X 19
Vp = 0V
FL 34 Allgemelne Daten | Kenn- und Betrlebsdaten Grenzdaten
BCA7 General Data Characteristics and Typical Operation Maximum Ratings
Helzung Betrlebsdaten ‘ Ugkalt = 2000 V
Endpentode Heating Typical Oparation Ua = 800V
Verwendung Ur= 63V Eintakt A Qa {Ug~ = O
. = 25 W)
fir Kraftverstirker Ir =154 Class A (U 0
N Indirekt Up = 26 265 V Qq (Ug,n >
e indirect Usg = 20 250 V ~ 215 W
Power Pentode Ry = 2 0 ke Ug,kali— 800V
‘ u -
for Power Amplifier Ugg = 0 ov & ‘2: \‘IJV
Kapazitatan Ug, = =145 -185V Qg =
Capacitances Ip = M 100mA | Le = 180 mA‘
I, =~ 10 149ma | Bgp = 07 M2
i- Ceing =155pF | ¢ - g0 11 mav| Rgg = 05 Maw
a6 Coasg = T20F | g . 4 5k@ | Uk = 100V
y . Cagg < 1WOPF 1 5 L 30 20k@ | Rre = 20kKQ
Corf < WOPF |y = 03 87 Vert |
& % Cer = WPF | yo _ g “w | * KLAundAB
' = 10 10%
Oktal Uggn New (= 50 1) LSRN
Kolben Nr. 23 = 065 05 Vst ‘
Bulb No. 23 . Bgg, = 1 1

Data of the EL34 taken form from the Philips pocket-book 1958 and the Siemens pocket book
1964, the only data available to me at that time. The next pages from Philips gives a little more
detailed information of the valves.

While numerous application notes from various valve manufacturers on optimising push-

pull stages exist, no such are to the best of knowledge given for SE-stages.
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ECC83

A.F. DOUBLE TRIODE

Double tricde intended for use as A.F. amplifier.

QUICK REFERENCE DATA
{each umnit)

Anode current

Transconductance

Amplification factor

Ia 1.2 mA
S 1.6 mA/V
u 100 -

HEATING: Indirect by A.C. or D.C.; series or parallel supply

Heater voltage

Heater current

DIMENSIONS AND CONNECTIONS

Base: Noval

F 120605

REMARK

Vg 6.3 12,6 V
I¢ 300 150 mA
pins 9-(443) pins 4-5

Dimensions in mm

max22.2

max55.6

Tzitges

With V¢ applied to pins 9 and 4+5 and the centre tap of the heater transformer
connected to earth, the triode section connected to pins §, 7 and 8 is the more
favourable section of the tube with respect to hum.
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ECC83

CAPACITANCES
Grid to all except anode Cg(a) 1.6 pF
Cg'(a') 1.6 pF
Anode to all except grid Ca(g) 0.33 pF
Cal(gr) 0.23 pF
Anode to grid Cag 1.6 pF
Cag* i.6 pF
Grid to heater Cgf max. 0.15 pF
Cg't max. 0,15 pF
Anode to anode Caa' max. 1.2 pF
Anode to grid other unit Cag' max. 0.11 pF
Grid to anode other unit Cga‘ max. 0.1 pF
Grid to grid Cg.gv max. 0.01 pF
TYPICAL CHARACTERISTICS
Ancde voltage \A 100 250 v
Grid voltage Vg -1.0 -2.0 V
Anode current I 0.5 1.2 mA
Transconductance S 1.25 1.6 mA/V
Amplification factor T 100 100 -
Internal resistance R 80 62.5 k@

2 “ ” January 1970



l ECC83

OPERATING CHARACTERISTICS

As A.F. amplifier, one unit

QOIpF

Yi Ra'ly,
G 7aeesz
+
Supply voltage Vi 200 250 300 350 400 V
Anode resistor R, 47 47 47 47 47 k2
Grid resistor next stage Rgv 150 150 150 150 150 k2
Cathode resistor Ry 1500 1200 {000 820 680 @
Anode current | I, 0.86 1.18 1.55 1.98 2.45 mA
Voltage g.ain Vo/Yi 34 37.5 40 42.5 44 -~
Output voltage (1= 0.3 nA) Vv, 18 23 26 33 37 VgmMms
Total distortion deot 8.5 7.0 5.0 4.4 3.6 %
Supply voltage Vp 200 250 300 350 400 Vv
Anode resistor R, 100 100 100 100 100 k2
Grid resistor next stage Rgr 330 330 330 330 330 k@
Cathode resistor Rg 1800 1500 1200 1000 820
Anode current L 0.65 0.86 1.11 1.40 1.72 mA
Voltage gain Vo/Yi 50 54.5 57 61 63 ~
Qutput voltage (Ig= 0.3u4) Vv, 20 26 30 36 38 VrMS
Total distortion deot 4.8 3.9 2.7 2.2 1.7 %
Supply voltage Vp 200 2350 300 350 400 V
Anode resistor Ry 220 220 220 220 220 K
Grid resistor next stage Rg- 680 680 680 680 680 k2
Cathode resistor Ry 3.3 2.7 2.2 1.5 1.2 k&
Anode current I, 0.36 0.48 0.63 0.85 1.02 mA
Voltage gain Vo/Vi 56 66.5 72 73.5 76.5 -
Cutput voltage (1g= 0.3 uA) Vo 24 28 36-- 37 38 VmrMS
Total distortion deot 4.6 3.4 2.6 1.6 1.1 %
January 1970 ” ” 3

40



ECC83

LIMITING VALUES (Design centre rating system)

Anode voltage Va, max. 550 V
Va max. 300 V

Anode dissipation Wy max. 1 W
Cathode current Ix max. 8 mA
Grid voltage --Vg max. 50 V
Grid resistor {automatic bias) Rg max. 2 M2
Cathode to heater voltage Vir max. 180 V
Cathode to heater circuit

resistance in phase splitting circuits Ryt max. 150 k2
REMARK

Microphony and hum

This tube can be used without spetial precautions against microphony in equip-
ment in which the input voltage Vi > 5 mV for an output of 50 mW (or 50 mV for
an output of 5 W) provided the average acceleration of the tube is not greater
than indicated in the section "Microphonic effect” of the "Application direc-
tions". In this case the disturbance level for hum and noise will be better than
~60 dB when the centre tap of the heater has been earthed, Rg < 0.5 MQ and

the cathode resistor is sufficiently decoupled.
L IRt
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PHILIPS [EL34

QUTPUT PENTODE |
PENTHODE DE SORTIE
ENDPENTODE

Heating: indirect by A.C. or D.C.;
ot gagallel suppéy oy )
Chauffage: indirect par C.A. ou C.C.3
alimentation en paralldle Vi= 6,37
Heizung: indirekt durch  Wechsele Ir= 1,54
oder Gleichatrom;
Parallelspeisung

Dimensions in mm S T YF 1

Dimensions en mm
Adbmessungen in mm

mox 98
max 112

WYy

-ﬁase Socket
Culot  OCTAL Support 5903/13
Sockel Fasasung
capacitznces g1 = 15,2 PF
Capacités =
Kepazltibten Ca = 8,4 7F
: Cagt ¢ 1,1 DF
Cg1f ¢ 1,0 pF
Cxr = 10 pF

Kemark When using & sinusoidal input signal care
should be taken not to exceed the maximum
admigsible Wgo.

Obgervation En cas d'un gignal d'entrée sinusoidal
faut faire ettention & ne pas dépasaer
la valeur maximum admissible de Wgo.

Bemerkung Bel Verwendung eilnes ginugférmigen Ein-
gangssignales muss darauf geachtet werden
dass der meximal zuldissige Wert von Wgo
nicht tiberschritten wird.

2.2.1958 9318 2856




EL34) PHILIPS

Operating characteristics class A
Caractéristiques d'utilisation classe A
Betriebadaten Klasae A
Vb = 265 265 v
Ya = 250 250 ¥
Rg2 = 2 0 kQ
l Vg3 2 o o v
Vg1 = =14,5 =13,5 v
| Ia = T0 100 mA
1g2 = 10 14,9 mA
| 5 = 9,0 11 mASY
| nE2g1 = 11 11
Hi = 18 15 kg
Eg = 3,0 240 kQ
Vi = cP 8,7 Vefr
+ Yo LH | B 1 L
dtot = 10 10 %
Vi (Wo = 50 mW) = 0,65 0,5 Vefr
Operating characteristics class B
Ceractéristigues d'utilisation classe B
Betriebsdaten Elasse B
Rgz = 1000 470 al)
Vgt = =18 =32 v
"'rgj, = J o I 0 i Ll
w = "0 &t e " 0o 2,7 22,7 Vert
Faa = - 3,4 4,0 - 2,8 3,86 ki
Vp = 425 425 400 35 378 50 ¥
Ya = 420 400 375 3o 3% 325 ¥
Ig = 2xi0 2x120 2x100 2x315 2x120 2x93 mi
Iz = 2x4,4 2x25 2x25 2x4,7 2x25 2x25 ol
Wo = 0 55 4% 0 44 36 W
dtot = - S & - 5 £ %
| T:I{:-:-mnn screen grid reslistor: non decoupled
Résistance de grille-écran commune; ne pes découplée
Gemeinsamer Schirpmgitterwideratand; m.ctl':t. entkoppelt

915 1489 “
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PHILIPS

EL 34
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PHILIPS

EL34
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Performance of the standard single-end pentode output stage according to recommendations

from the table. Note that distortion, d, exceeds 10% at 8W
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1W
no NFB

W
10 dB of NFB

Frequency response at
1W with and without NFB

46

0 dBr=2.962 V

A:AMPL
3.00 dBr

0 dBr

=10.004Br

10.000
12.500
16.000
20.000
25.000
31.500
40.000
50.000
£3.000
a0.000
100.00
125.00
160.00

200.00

A A:AMPL

CURSOR(1.0000kHz,
/A:FREQ 20020506 15:57

0.00 dBr)

10.000 Hz

LOG A:FREQUENCY

80.000kHz

SETTINGS( UN-WTD <10 Hz - 80 kHz GEN:SINE 214.9 mV )
AGEN FREQ AMPL A AGEN FREQ AMPL A AGEN FREQ AMPL A BRp

Hz -1.39 dBr 250.00 Hz 0.00 dBr 6.3000kHz -0.13 dBr
Hz -0.58 dBr 315.00 Hz 0.00 4dBr 8.0000kHz -0.20 dBr
Hz -0.19 d4Br 400.00 Hz 0.00 dBr 10.000kHz -0.31 dBr
Hz -0.06 dBr 500.00 Hz 0.00 dBr 12.500kHz -0.46 dBr
Hz -0.01 dBr 630,00 Hz 0,00 4Br 16.000kHz -0.73 dBr
Hz 0.00 dBr 800.00 Hz 0.00 dBr 20.000kHz -1.11 dBr
Hz 0.00 dBr 1.0000kHz 0.0C 8Br 25.000kEz -1.69 dBr
Hz 0.00 dBr 1.2500kHz 0.00 dBr 31.500kHz -2.69 dBr
Hz (.00 dBr 1.6000kHz 0.00 dBr 40.000kHz -4.32 4Br
Hz 0.00 dBr 2.0000kHz -0.01 dBr 50.000kHz -6.82 d4Br
Hz 0.00 dBr 2.5000kHz -0.02 dBr 63.000kHz ~11.27dBr
Hz 0.00 dBx 3.1500kHz -0.03 dBr 80.000kHz -19.844Br
Hz (.00 48T 4_.0000kHz -0.05 dBr

Hz (.00 dBr 5.0000kHz -0.08 dBr

CURSOR(1.0000kHz, 0.00 @Br)

0 dBr=2.975 V

A:AMPL
3.00 dBr

0 der

-10.004Br

10.000
12.500
16.000
20.000
25.000
31.500
40.000
50.000
63.000
80.000
100.00
125.00
160.00

20020506 16:06

A A:AMPL /A:FREQ

10.000 Hz LOG A:FREQUENCY 80.000kHz
SETTINGS( UN-WID <10 Hz - BO kHz GEN:SINE 703.1 mV )
AGEN FREQ AMPL A AGEN FREQ AMPL A AGEN FREQ AMPL A Ap
Hz 0.30 dBr 250.00 Hz ©0.00 &Br 6.3000kHz -0.04 dBr
Hz (.31 dBr 315.00 Hz 0.00 &Br 2.0000kHz -0.06 dBr
Hz 0.22 dBr 400.00 Hz 0.00 dBr 10.000kHz -0.09 dBr
Hz 0.14 dBr 500.00 Hz 0.00 dBr 12.500kHz -0.14 4Br
Hz 0.09 dBr 630.00 Hz 0.00 dBr 16.000kHz -0.22 d4Br
Hz 0.05 dBr 800.00 Hz (.00 dBr 20.000kHz -0.33 dBr
Hz 0.03 &Br 1.0000kHz 0.00 dBr 25.000kHz -0.52 dBr
Hz 0.02 dBr 1.2500kHz  0.00 dBr 31.500kHz ~0.B5 dBr
Hz ©.01 4Br 1.6000kHz  ©0.00 dBr 40.000kHz —-1.46 dBr
Hz 0.00 dBr 2.0000kHz 0.00 dBr 50.000kHz -2.66 dBr
Hz ©.00 d4Br 2.5000kH=z 0.00 dBr £3.000kHz -5.50 dBr
Hz 0.00 dBr 3_1500kHz 0.00 dBr 80.000kHz -12,87dBr
Hz 0.00 dBr 4,0000kHz -0.01 dBr
Hz 0.00 aBr 5.0000kH=z -0

200.00

.02 dBr



8W
no NFB

W
10dB of
NFB

Frequency response
at 8W with and
without NFB

0 dBr=8.004 vV

CURSOR({ 1.0000kHz,

0.00 4Br)

A:AMPL a A:AMPL /A:FREQ 20020506 16:01
3.00 dBr A 1 . iii: T Tt
Ag
¢ dBr
-10.00dBr T s . e
10.900 Hz LOG A:FREQUENCY 8G.000kHz
SETTINGS{ UN-WTD <10 Hz - 80 kHz GEN:SINE 612.3 mv )
AGEN FREQ AMPL A AGEN FREQ AMPL F:y AGEN FREQ AMPL A Ap
10.000 Hz -4.32 dBr 250.00 Hz 0.00 dBr 6.3000kHz -0.10 dBr
12.500 Hz -2.98 d4Br 315.00 Hz 0.00 dBr 8.0000kHz -0.16 dBr
16.000 Hz -1.8%5 dBr 400.00 Hz 0.00 dBx 10.0C00kKEz -0.24 dBx
20.000 Hz -1.22 4Br 500.00 Hz 0.00 dBxy 12.500kHz -0.39 4&Br
25.000 Hz -0.78 dBr 630.00 Hz 0.00 dBr 16.000kHz -0,63 4Br
31.500 Hz -0.47 dBr 800.00 Hz 0©.00 dBr 20.000kHz -0.99 4Br
4¢.000 Hz -0.28 dBr 1.0000xHz {.0C dBr 25.000kHz -1.56 &Br
50.000 Hz -0.17 dBr 1.2500kHz  0.00 dBr 31.500kHz -2.53 dBr
63.000 Hz -0.10 dBr 1.6000kHz ©0.00 dBr 40.000kHz -4.20 dBr
80.000 Hz -0.06 dBr 2.0000kHz ~0.01 dBr 50.000kHz -6.77 dBr
100.00 Hz -0.04 dBr 2 .5000kHz -0.01 dBr 63.000kH=z -11,35dBr
125.00 Hz -0.02 @Br 3.1500kHz -0.02 dBr 80.000kHz -19.93dBr
160.00 Hz -0.01 &Br 4.0000kHz -0.04 dBr
200.00 Hz -0.01 d&Br 5.0000kHz -0.06 dBr
0 dBr=8.160 V CURSOR(1.0000kH=z, 0.00 4Br)

A:AMPL A A:AMPL /A:FREQ 20020506 16:11

3.00 dBr T R S R S T
0 dBr

1000487 157500 Hz 1OG A:FREQUENCY B0.000kEz

SETTINGS( UN-WTD <10 Hz - 80 kHz GEN:SINE 1.968 V )

AGEN FREQ AMPL A AGEN FREQ AMPL A AGEN FREQ AMPL A Ap
10.000 Hz -3.92 dBr 250.00 Hz -0.01 dBr 6.3000kHz -3.03 dBr
12.500 Hz ~2.67 dBr 315.00 Hz (.00 dBr 8.0000kHz -0.06 dBr
16.000 Hz -1.41 dBr 400.0¢ Hz 0.00 4Br 10.000kHz -0.08 dBr
20.000 Hz -0.79 &Br 500.00 Hz 0.00 dBr 12.500kHz -0.11 dBr
25.000 Hz -0.53 4dBr £30.00 Hz 0.00 dBr 16.000kHz -0.18 dBr
31.8%00 Hz -0.35 dBr 8§00.00 Hz 0.00 dBr 20.000kHz ~0.29 dBxr
40.000 Hz ~0.20 dBr 1.0000kHz ©0.00 dBr 25.000kHz -0.47 4Br
50.000 Hz -0.13 4Br 1.2500kHz 0.00 dBr 31.500kHz -0.86 &Br
63.000 Hz -0,07 dBr 1.6000kHz 0.00 dBr 40.000kHz -1.67 dBr
80.000 Hz -0,04 dBr 2.0000kHz 0.00 dBr 50.000kHz -3.50 dBr
100.00 Hz -©.03 dBr 2.5000kHz 0.00 dBr $3.000kHz -7.498 dBr
125.00 Hz -0.02 dBr 3,1500kHz 0.00 4Br 80.000kHz -15.76¢Rr
160,00 Bz ~-0.01 &Br 4,0000kHz -0.01 dBr
200.00 Hz -0.01 dBr 5.0000kHz -0.02 dBx
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LOG A:THD+N

CURSOR(1.0000kHz,

0.605 % )
20020506 16:45

1.00 % P
lw ...........................
no NFB

oo bbb
M N Dol N M T H T v |I
. %
0.200 20.000 Hz LOG A:FREQUENCY Z0.000kHz
SETTINGS({ UN-WTD <10 Hz - 30 kHz  GEN:SINE 216.0 mv )
AGEN FREQ THD+N A AGEN FREQ THED+N A AGEN FREQ THD+N A Ap
20.000 Hz 3.36 % 250.00 Hz 0.641 % 3.1500kHz 0.615 %
25.000 Hz 2.54 % 315.00 Hz 0.628 % 1.0000kHz 0.622 %
31.500 Hz 1.95 % 400.00 Hz 0.621 % 5.0000kHz 0.630 %
40.000 Hz 1.54 % 500.00 Hz 0.612 % 6.3000kHz 0.627 &
50.000 Hz 1.27 % 630.00 Hz 0.609 % 8.0000kHz 0.590 %
63.000 Hz 1.07 % 800.00 Hz D.606 % 10.000kHZ 0.508 %
80.000 Hz 0.921 % 1.0000kHz 0.605 3 12.500kHz 0.367 3
100.00 Hz 0.824 % 1.2500kHz 0.605 % 16.000kHz 0.175 %
125.00 Hz 0.744 % 1.6000kHz 0.606 % 20.000kHz 0.0742%
160.00 Hz 0.697 % 2.0000kHz 0.608 %
200.00 Hz 0.666 % 2.5000kHz 0.609 %
CURSOR(1.0000%Hz, 0.197 %
LOG A:THD+N A 20020506 16:34
1.60 % T T L.
i “Ap
W O S 000 01t
10dB of NFB
P TOPR P00 0k VL5 ISRV O 0 10551 TR T MOE W00 K05
0.0800% L HE S IS
20.000 Ez LOG A:FREQUENCY 20.000kHz
SETTINGS( UN-WTD <10 Hz - 30 kHz  GEN:SINE 6592.6 mV )
. . . AGEN FREQ THD+N A AGEN FREQ THD+N A AGEN FREQ THD+N A Ap
I)lstortu)n,lsi}ecplenC)f 20.000 Hz 1.22 & 250.00 Hz 0.211 % 3.1500kHz 0.203 %
. 25.000 Hz 0.899 % 315,00 Hz 0.205 % 4.0000kHz 0.207 %

at 1W with and 31.500 Hz 0.682 & 400.00 Hz 0.202 &% 5.0000kHz 0.212 %

. 40.000 Hz 0.533 & 500.00 Hz 0.199 % 6.3000kHz 0.214 &
without NFB 50.000 Hz 0.435 % 630.00 Hz 0.198 % 8.0000kHz 0.206 %
Y 63.000 Hz 0.363 % 800.00 Hz 0.197 & 10.000kHz 0,184 %

Note: Different 80.000 Hz 0.310 % 1.0000kHz 0.197 & 12.500kHz 0.140 %

: 100.00 Hz 0.274 & 1.2500kHz 0.197 % 16.000kHz 0.0723%

vertical scales 125.00 Hz 0.249 % 1.6000kHz 0.197 % 20.000kHz 0.0319%

160.00 Hz 0.230 &% 2.0000kEz 0.199 % -
200.00 Hz 0.219 % 2.5000kHz 0.200 %
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LOG ASTHD4M A

EW
no NFB

CURS0R(1.0000kH, 3.5%

20.00 %

LoG

20020506 15:40

E.00 W

ACEN FREQ TED+N K

20,000 Hz
BEETTINGS( UN-WTH

20.000 Wz 20,94 %
45,000 Hz 15.72 &
J1.500 =z 15,60 %

40.000 Hz B.E63
30.000 Bz 6.84
63.000 Hz 5.68
#9.000 Kz 4.93
100.00 Hz 4.48
125,00 Hz 4.18
160.00 Hz 3.9%
200,00 M= J.B4

LOG A:THD4N A

8W
10dB of NFB

Distortion is frequency
at 8W with and
without NFB

Note = Different
vertical scales

o

LOG A:FREGUOEH

CT

210 Wz - 10 kiz

AJEN FREQ THO+N A

450,00 mx
3115.00 He
400,00 1Ez
500,00 He
£30,00 Kz
BO00. 00 Ha
1.0000ki:
1.2500kHz
L. 000k
1.0000KHE
1.5000kH:

1.76
.70
1,67
.64
i.63
3.60
.59
1.60
i.57
3,35
3.54

CURBSR{ L. 0000kKE=, 1.

2003050

& 1.1500kHz 3.52 &
L] 4. 0F00kHAN 3.30 %
§ 5.0000kHz 3.42 &
L] 6. 3000kHs §.35% %
§ B.0000kH: 2.BH W
L 10, 000kHs 4.3 %
§ 1I.500kHz 1.5 W%
i 18,000kNz 0.010 %
L] 20 .000kHz 0,340 W
¥

L]

Z0.000xHs
GEM:SIME 616.1 &¥ )

ACER FEEQ THD+E & Ap

10.00 % LI

B & |
§ 168:39

Ammmm P 1

0.500 W

AZEN FEED THD+H A

Z0.000 Ha
SETTINGSE| R-wTD

I0.000 Nz E6.45 &
25.040 He I12.10 %

31.500 Hz &.73
400400 Hr &.11
50.000 He 4.43
53,00 Ax 3.30
ED.000 Hz I.54
100.99 Bz 1.20
125.00 He Z.08
160,00 Az .91
I00.00 He L.BS

g e g e

LG A FREQUENCY
<10 Mz - 30 kEz

ACEN FREQ THDsH A

150.00 Wz
315.00 Hs
400,00 Wz
300,00 Hz
530,00 Wz
B00.00 HE
L.0000kR=
L.3500kHz
1.6000kH:
., 0N HE
1.5000kHz

.70
1.1T9
1,72
1.71
1.6%9
1.68
1.648
1.68
1.67
1.08
1.66

A g

20. 000kEx
GEM:SINE L1.%48 ¥ )

ARGEM FREQ THD#N A Ap

1.1500kNz 1.60 &
§.0000kH: 1.60 A
S.0000kN= 8,66 &
6.3000kH: 1.561 W%
0.0000kdz L. 47 &
10.000kHE 1.24 %
13.500kHz 0.%34 &
16.000kH G.5330 §
20,000kH: D,362 %
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CURSOR(63,000kEz, -96.6 deg)
LIN A:PHASE A-B  A:AMPL /A:FREQ 20020508 15:42
40.0 deg [T RO PO o s

With 10dB of NFB s T —

LIN
o e O BT E T EE
-320.0deg L SMLLINMDE DN AN L LS 330N
20.000 Hz LOG A:FREQUENCY 120.00KkHz
SETTINGE( -270/+80 NOAVERAGE GEN:SINE 517.4 mv )
AGEN FREQ PHASE A-B AGEN FREQ PHASE A-B AGEN FREQ FHASE A-B Ap
Max shift 20.000 Hz -212.4deg  500.00 Hz -179.6deq  12.500kHz —-158.4deq
25.000 Hz -204.3deq  630.00 Hz -179.ldeg 16.000kHz —154.4deqg
-41.2° at 20Hz 31.500 Hz -198.4deg  800.00 Hz -178.7deq  20.000kHz -148.7deq

0 40.000 Hz -194.1lcdeg

+ 50.000 Hz -191.0deg
83'4 at 63 k}{Z 63.000 Hz -188.4deqg
80.000 Hz -186.4deqg

100.00 Bz -184.9deg

.0000kHz ~17B8.1ldeg 25.000k0z -141 6deg
.2500kHz -177.6deg 31.500kHz -132.2deq
.6000kHz ~-177.0deg 40.000kHz -120.0deg
.0090kHz -176.2deg 50.000kHz ~107.7deg
.5000kHz -175.3deqg 63.000kHz -96,6 deg
125.00 Hz -183.7deg .1500kHz -174.ldeq 80.000kHz -101.8deg
160.00 Hz -182.6deg .0000kHz -172.6deg 100.00kHz -~161.6deg
200.00 Hz -181.7deg 2.0000kHz -170.9deg 120.00kHz -164.3deyg
250.00 Hz -181.18eq 6.3000kHz -168.7deq

315.00 Hz -1BC.5deg 8.0000kHz -166.1ldeqg

400.00 Hz -180.0deg 10.000kHz -163.0deyg

W LD R D

CURSOR(1.0000kHz, -179.l1ldeq)
LIN A:PHASE A-B A-AMPL /A:FREQ 200205306 15:37

40.0 deg T
No NFB [T NSRS I
LIN
Max shift
0
-43.2" at 20Hz
0
+86.5" at 63 kHz
~320.080d oo e LOG A:FREQUENCY 120.00KHz
SETTINGS{ -270/+30 NOAVERAGE GEN:SINE 1.636 V1)
Phase shift from grid of
. . e AGEN FREQ PHASE A-B  AGEN FREQ PHASE A-B  AGEN FREQ PHASE A-B Ap
driver to output i.e. within = 557000 s -213.2d4eq  500.00 Hz -180.5deq 12.500kHz -160.0deq
25.000 Ez -205.8deg  630.00 Hz -180.ldeq  16.000kHz -154.4deg
the feedbach loop. 31.500 Hz -199.9deq  B800.00 Hz -179.6deg  20.000kHz -147.9dag

1 1 1 40.000 Hz -195.3deg 1.0000kHz ~17%.1ldeg 25.000kHz ~140.2deqg
Slnce the amphﬁer nverts -192.1deg .2500kHz ~178.6deq 31.500kHz -130.4deg

50.000 Hz
0 63.000 Hz -189.5de Hr - -

. ) -189.5deg 5000kHZ -177.9deq  40.000kHz -117.Cdeq

180" represents no phase [0000kHz -177.1ldeq  50.000kHz -10%.4deq

1
1
80.000 Hz -187.4deqg 2
1 100.00 Hz -185.9deyg 2.5000kHz ~176.3deqg 63.000kHz -83.5 deg
S}nft()flnlvvanied 125.00 Hz -184.7dey 3.1500kHz -175.1deqg 80.000kH= -101.8d8=ag
character. 160.00 Hz ~-123.6deg 4.0000KHz ~173.7deg 100.00kHz ~-159.9deg
200.00 Hz -182.8degq 5.0000kHz -172.0deqg 120.00kHz ~163.1ldeg
250.00 Hz -182.ldeg 6.3000kHz -169.9%deg
315.00 Hz -181.5deqg B8.0000kHz -167.2deg
400.00 Fz =181.08e~a 10.000kHz -164.0deg
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