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Certified Tube Performance Report™

Detailed laboratory quality analysis of performance under actual operating conditions present in your amplifier

Tube Type: 2X Mullard EL84 / 6BQ5 (vintage)

Test Date: Specified Reference Amplifier: Dynaco SCA-35

Notes: Hammond OEM branded pair of Amperex EL84/6BQ6. Good cosmetic condition.
Codes: Tube 1- rx4-delta-3G3 Tube 2- rx4-delts-1L4

Conclusions and Recommendations:

Not recommended for use as a matched pair
>>Curve Tracer shows pair is out of match by 7% at full operating voltage. (Proper match is less than 5%)

Both tubes test strong with no leakage currents or shorts. Operating parameter curves are normal. Life test is 98+%. Noise and
microphonics are good. ** See recommended bias setting section

Details of Tube Parameter Test Results

Tube Type: EL84/6BQ5 (vintage) Tube 1 (if matched pair) Tube 2 (if matched pair)
Manufacturer’s Section A Section B Section A Section B
Test Parameter Test Result Result Result Result
Specification
Plate Volts Ep Vdc 300 300 300
DC Plate Current Ip mAdc 15 14.5 14
AC Plate Current Ip mAac 92 92 90
Screen Volts G2 Vvdc 300 300 300
Screen Current IG2 mA 22 23 21
Bias Volts G1 Vvdc -14 -14 14
Test Signal Volts (MAX) RMS 28.2 24.4 24.4
Mutual Conductance uMhos 11300 11550 11500
Mutual Conductance % 100% 102.2% 102.0%
Life Test (% uMhos after
10% heater voltage 100% 97% 98%
reduction)
Grid #1 Leakage uA 0 0 .01
H/K Leakage mA 0 0 0
Plate Resistance RP Ohms 40000 38560 37720
Tube Gain Mu N/A 126 124
Heater Voltage eF vdc 6.3 6.3 6.3
Heater Warmup Time Sec 11 12 12




Curve Tracer Testing Results
Performance Curves and Tube Matching Under Full Operating Conditions

In order to accurately measure a tube’s operating parameters under ‘real-world’ conditions we perform curve tracing at voltages and
loads that duplicate the tube’s actual operating environment.

The plate voltages and load resistance used to plot the curves below have been set to either the manufacturer’'s data book
recommendations or to the actual operating voltages and plate load of the target amplifier whenever that information is available. The
traces are positioned on the screen such that the target amplifier's indicated operating voltage and optimum plate current is exactly at
the center of the display. This allows quick comparison measurements when matching tubes.

TUBE 1
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Ultimate Bias Setting

By close examination of a particular tube’s performance curves over the tube’s actual operating range, it is possible to find the optimum
bias voltage when the plate and screen voltages, output load and maximum output current are known. The target amplifier’s indicated
operating voltage and optimum plate current is set exactly at the center of the display. This allows quick identification of the optimum
bias voltage and current.

TUBE 1 TUBE 2

The operating curves above measure the characteristic of each tube throughout its operating range to further refine measurements in
order to find the optimum bias settings for each individual tube in the above specified reference ampilifier.

Tube 1 Tube 2 Recommended Bias Setting
For Pair*

Manufacturer’s | Optimum | % Optimum | % * This is the recommended bias setting

Bias Recommended | Indicated | Change | Indicated | Change | When adjustment can only be made for each
. channel pair, or for all tubes.

Setting
Grid 2.8V
Voltage 35V 27 22% .29 17% (curves indicate tubes are best adjusted
Vdc equal mid-point bias)
Plate 28 mA
Current 35 mA 27TmA 22% 29 mA 17% (curves indicate tubes are best adjusted
mAdc equal mid-point bias)
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Noise and Microphonics Test

The spectrum analyzer graphs below show each tube’s noise and microphonic output.

Noise tests are performed by placing the tube in a high-gain, high-bandwidth amplifier stage with a 100 kOhm low-noise metal film
resistor terminating the control grid(s). 6BQ5 acceptable noise level is below -55 dB across entire spectrum

Microphonic tests are performed by subjecting the tube to a white noise signal at 100 dB sound pressure level while in the noise test
fixture. 6BQ5 acceptable noise level is below -45 dB across entire spectrum.
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most power output applications.

Noise and microphonics are marginally within good performance levels for both tubes.

Tube 1 has notable microphonics above 1000 Hz indicating control of screen grid movement. This should not be a problem in
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Using Curve Tracers to Evaluate Vacuum Tube Performance

Why

Vacuum tube curve tracers are rare compared to tube testers. They are complex, expensive laboratory type instruments,
and require considerable training for proper use. However, the added effort is well worth it. Unlike tube testers that can
only show simple characteristic such as transconductance at only one operating point, curve tracers show you all
operating parameters across all operating conditions — all at once.

Only a curve tracer can properly perform tests such as matching a pair of audio tubes, or determining if a power tube is
capable of providing it's full rated output power in a particular amplifier, or determining a tube’s optimum bias point for a
given circuit design.

For repair work a simple test on a tube tester to find out if a particular tube is serviceable (good or bad) is sufficient. That’s
what they were designed to do. But when you need detailed information about a tube’s performance under actual
operating conditions, a curve tracer is the only practical way to find it. That’'s what curve tracers were designed to do.

When it comes to tasks like matching tubes, a tube tester’s single point comparison of transconductance, plate current or
other parameters can be very misleading. Correctly matching tubes is greatly simplified when you can see the
transconductance, plate resistance and plate current graphically represented over the tube’s entire operating range of
plate and grid voltages. Additionally, with a curve tracer, detailed A-B comparisons between two tubes can be made
visually with the throw of a switch.

Curve tracers can also provide an extremely accurate evaluation of a tube’s condition through direct comparisons to the
performance curves published in manufacturer’s data sheets.

We currently use two curve tracers:

A Tektronics 576 manually operated tracer. It has been modified especially for audio tube curve tracing with the capability
to plot transconductance and amplification factors over a wide range of grid, plate and screen voltages — up to 1,500 volts
at up to 220 watts output.

A uTracer model 3+ fully computerized (software driven) tracer. It has also been modified allowing us to precisely
duplicate the operating conditions of any amplifier (up to 480 volts and 50 watts per tube). It can simulate the exact grid,
cathode and plate circuit conditions found in your amp, allowing us to test your tubes in their true operating environment.

How

In most graphs the vertical scale is the plate current, the horizontal scale is the plate voltage — just like the curves in a tube
manual. Each curve in the set or “family” shows a plot of the plate current from zero to maximum operating volts on the
plate for a fixed value of grid bias. The combined family of curves displayed show the plate current for grid bias from zero
to maximum in graduated voltage steps.

The graph of curves lets you measure the plate current at any plate voltage for any given grid bias and compare them to
datasheet values. A measure of the change in plate current for a change in grid bias is the transconductance. Graphically
this is displayed as the distance from any given curve to the next one at a fixed plate voltage (the vertical lines on the

graph).

The transconductance in micromhos is determined at any given plate and grid voltage by counting the number of divisions
between two curves at a fixed plate voltage and multiplying by the scale factor.

The change in plate current for a change in plate voltage at a fixed grid bias is the plate resistance. The slope of the

curves indicates the amount of plate resistance. Curves with a sharp upward slope show a low resistance since the plate
current goes up quickly with plate voltage.
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Zeroing in on transcendence and linearity

From the spacing between the curves you can see how linear the transconductance (gain) is over the range of operating
points. The family of curves should show uniform spacing of the curves one to another. While this is useful, you can
measure the tube’s linearity more directly on a transconductance plot.

By plotting the grid voltage on the horizontal axis against the plate current on the vertical axis, a transconductance curve
family is produced. Each of the curves is now a vertical line of varying height representing the plate current for each value
of grid bias at the selected operating voltage. You simply “connect the dots” of the tops of the lines to visualize the
transconductance curve.

With this type of plot you can see where the transconductance is most linear in relation to grid bias. The optimum bias
point will be in the most linear area of the curve.

The absolute value of the transconductance can also be determined in the same way as with the plate current curve
family. Simply measure the number of divisions of vertical distance from one line tip to the next and multiply that times the
scale factor set on the curve tracer. By adjusting the peak plate voltage up or down you can observe the values and the
linearity of the transconductance at any plate voltage (and plate current) for comparison.

The results of the transconductance test are highly dependent on the grid bias and plate voltage — showing why no two
single point “tube testers” will ever give you the exact same value of transconductance.

To show the tube’s variation from the data sheet’s published transconductance value, you simply use the same voltages
and currents given in the data sheet. Then you have the real answer to what condition the tube is in. For a good tube the
curves should look very much like the data sheet and be very close to the values printed on its graphs. A bad or week
tube will show low plate currents and weak transconductance. A “leaky” tube will often show lines sloping downward
compared to the data sheet’s curves.
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Reference Data Sheet

6BQ5-8BQ5S
PENTODE

FOR AF POWER AMPLIFIER APPLICATIONS

DESCRIPTION AND RATING

The 6BQS is a power-amplifier pentode designed for use in the audio-fre-
quency power-output stage of television and radio receivers and in high-fidelity
amplifiers.

Exceptfor heater ratings, the 8BQS isidentical tothe 6BQS.

GENERAL

ELECTRICAL
Cathode-Coated Unipotential 6BQ5 8BQ5
Heater Voltage, ACor DC........ocoviiiiiiiee 6.3 80 Volts
S R, 06 Amperes
Heater Warm-up Time* . e 11 Seconds
Direct Interelectrode Ca pac1tancest

Grid-Number 1 to Plate, maximum ... 05 ppf

T e s e O e A e R B e R R 108 ppf
MECHANICAL
Mounting Position-Any
Envelope-T-6172, Glass
Base-E9-1. Small Button 9-Pin

MAXIMUM RATINGS

DE SIGN-CENTER VALUES
Plate Voltage ... e e enea ea e enea ean caenen enn eueeaneseneeneneeenenee 300 VOIS
Screen \'oltaze Ll AN E R T 300: Vokts
Negative DC “Grid-Number 1 V olmge .............................................. 100 Volts
Plate Dissipation... SR O S iR e Wafts
Screen Dissipation (C ontmuous) .......................................................... 20 Watts
Screen Dissi pation (Peaks of Speech and ’\fusu:) ............................. 4.0 Watts
DC Cathod e Current. .. e een e e 03 Millia mperes
Heater-Cathode \'oltage

Heater Positive with Respect to Cathode...........ccccoceeeeeeeeee.... 100 Volts

Heater Negative with RespecttoCathod e.................... 100 Vol
Grid-Number 1 Circuit Resistance

With xed: B s R R P 03 Megohms

With Cathode Bias..........ccoorviocriicoie e e e 1.0 Mgohms

Design-Center ratings are limiting values of operating conditions applica ble to a
bogey tube of a specified type as defined by its pu blished data, and should not be
exceeded under normal conditions.

The tu be manufacturer chooses these values to provide accepta ble servicea bility
of the tu be in average applications taking responsi bility for nermal changes in
operau'ng conditions due to rated supply voltage variation (For an AC power source,
117 volts plus or minus 10% is accepted USA practice.), equipment com ponent va fia-
tion, equipment control adjustment load variation, signal va riation, environmental
conditions, and variations in tu be characteristics.

The equipment manufacturer should design so that inifially no design-center value
for the intended service is exceeded with a bogey tu be in equipment operating at
the stated normal supply volta ge.

The tubes and arrangements disolosad herein may be covered by patents of General Eleotrio Company or ofhers. Nelther
the disolosure of any Information herein mor the sale of fubes h Qeneral Electrio Company oconvey s any Nosnse under
patent olaims oovoma combinations of tudss with ofher devioas or slements. in {he adsence of on express wrlien agree.
ment fo the frary, © al Eleotrio C y assumes no Radliy for pafent infringement arising out of any use of the
fudbes with ofther devioes or elemenis by any purohaser of tubesor ofhers.

GENERAL ELECTRIC

6BQ5

8BQ5
ET-T1535

Pagel
g33'9

BASING DIAGRAM

TERMINAL CONNECTIONS

Pin 1 dnternal Connection

Pin 2 -Grid Number 1

Pin 3 -Cathode and Grd
Number 3 (Suppressor)

Pin 4-Heater

Pin 5-Heater

Pin & -Internal Connection

Pin 7 —Plate

Pin 8 Internal Connection

Pin 9-Grid Number 2
(Screen)

PHYSICAL DIMENSIONS

8
MAX. T

i
o4 e

3

MAX, 2 %"
+3
=3z

ElA 64
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6BQ5
ET-T1535

Page 2
3.59

CHARACTERISTICS AND TYPICAL OPERATION
AVERAGE CHARACTERISTICS

Plate Voltage: s 5.5 5 5 seaassms 85 555 5§ 5 ¢ SOsiDesns s & 5 8 P S @mnse 55 5 ¥ 09 vnassmem b ¥ F §aase 250
Screen VOAGS: .« ¢ v v v o & 5 6.6 5 yommmsdumiss &% 6.6 6 wobsswmisms 5% § 58 GOmReRESA b8 5 8o e 250
Grid-Number 1 Voltage. . .. ..ottt i ettt ettt i iaanenasennans —-7.3
Plate Resistance, pproXimale . . . ... oottt i ettt e 40000
TrANSCONAUCTONGE o o 3 .6 o Lo REETRS 515 5 ¥ &5 SEAINEeE 05 04 3 SE0naamns 64 § ¥ 19 SUQuTeene s § ¥ § 5 11300
Plate. CURTent . muie v & 50 5 spavmwmmsms 5 5 5 & SamssEses 6§ 5 5 § QUi & 5 ¥ 5 08 Measss@ess & § ¢ ¥ saraeans 48
Screen Currentsan & 5.5.0% 5 ampiasimss 6o 5 S 9 0I5 & Famieaians 35 5 2 5 4ok G B 5. 8 Hes 5.5
Amplification Factor (Grid-Number 1 to Grid-Number 2). ............. ... c.iiiiieiiinnn... 19.5
CLASS A; AMPLIFIER

Plote VORGEE: . 5«55 ¢ eoinaiiia bt & 55 ¥4 54 Sonmsansd 53 55 1 Damsmmm: 2 250 250 250 250
Screen Voltagea ¢ s wwvsasmepas 5 5 555 25 euwamman 3 545 & 5 amesasy 250 250 250 210
Grid-Number T Voltage . «.«squwidi s s oo s csimsnes ws & 568 oo —-7.3 -7.3 —8.4 —~6.4
Peak AF Grid-Number 1 Voltage . . . ..., 6.1 6.2 4,95 4.8
Zero-Signal Plate Current. . .. . ... .. .. 48 48 36 36
Maximum-Signal Plate Current. . . ......... ...t 49.5 50.6 36.8 36.6
Zero-Signal Screen Current. ........coiiiiiii i 5.5 5.5 4.1 3.9
Maximum-Signal Screen Current. . ........... ..ot 10.8 10 8.5 7.3
Load: ResISFANCE:, ;e s tisniinsfiines 55 5w % 575 Subnsrbatiebndin 5 ¢ 5 6.6 & ndb ol 5200 4500 7000 7000
Total Harmonic Distortion, approximate. . ......................... 10 10 10 10
Maximum-Signal Power Output. . ... ... oo 57 57 4.2 43
PUSH-PULL CLASS AB; AMPLIFIER, VALUES FOR TWO TUBES

Plate Voltge:. « « 5 x o swimsmumsmns 155 96 o 6 samessasssomss s 6 %8 Sowmeoeissss o s § & o3 & siapaopoisie s 250 300
SN VoM QG @, .cse: s e msesmmssstiemsasmsorsesa o5 ot ikt vshsmssbubicsosinth 130 o Sssthn bbbt B 0 b PR3 250 300
Cathode-Bias Resistor. . . . . .. ittt et ettt e e 130 130
Pedk AF Grid-16-Gritd VOWEEE . . v v ivs o4 ¢ aumoaos s 55 % 88 ¢ Smimems s s 53 8¢ 8 Daesams 22.6 28.2
Zero-Signal Plate (CUITEAt o o ¢ ¢ 5555 5 9 5 55 stpmmmansn 5 5 58 56 59 @Oaii 5 & & © @ & S & 62 72
Maximum-Signal Plate Current. . . .. ... .. . i e 75 92
Zero-Signti] Screen: COMFONT . .....cocuue + « o a o 15 s w snsssionssis & & 5 & &% sibbanisnnds o8 s 0 § o o adbossiabass 7.0 8.0
Maximum-Signal Screen Current. . . .. ... . e 15 22
Effective Load Resistance, Plate-to-Plate. . . . ... ... ... e 8000 8000
TOtal HOTMONIC DISTOTHION .ucoxumusumm s o a6 33 orepiassmeneaimssve fins 5 1 S e ia-ion 516 4% 8 SHSEOIHNED 0 3 4
Maximum-Signal Power Output. ... ... . i i e 11 17
PUSH-PULL CLASS B AMPLIFIER, VALUES FOR TWO TUBES

Plate VOlGGe. ..« - ¢ s soemssioisiomis o5 § 8 5§ ol SSE 65 565 38 500AEFEEESE T E 184 4 admmnaes 250 300
Scraeni VORAGE .o « o 5w srmmeisinme 655 5 5 568 2 SUpewaams 565 ¥ 6 & 9 SeEeims s & 55§ § § sosummmess 250 300
Grid=Number 1 Volage . .ccuuwmmms s 6 ¢ o 5 « o asmssmmanss & 5 @ s § 8 sesmvsemoniem & 6 5 & e —11.6 =147
Peak AF Grid-to-Grid Voltage . . . ... .o i i e e e 22.6 28.2
Zero-Signal Plate CuIrent. . . . o .« s e s o s o n o s nbesmommens £ 5 s o 5 & s oo o w8 o § Eysndion s 20 15
Maxinmum-Signal Plate Current: v . s v iusssvvscamamngsssis duavasvenss s e s iensses s 75 92
Zero-Signdl Screen CUIFERT: cov v 5 55 5 55 5 5 Coaemvins 83 5 5 5.5 # SEEweees s 5 55 § § 9 S 2.2 1.6
Maximum-Signal Screen Current. . . .. ... ... e 15 22
Effective Load Resistance, Plate-to-Plate . . . . .. ... ... ... ... . . i 8000 8000
Total Harmonic Distortion . : icsvmmnea 555 555 4 6armimsls 55 59 § S Lo0wens § 256 5 04 seumes 3 4
Maximum-Signal Power OUtput. . cuvcsssvsssvmummmnns s s s s ev smpens 556566 8 owawens 11 17
CLASS A; AMPLIFIER, TRIODE CONNECTION}

Plate VOGO 1 . v 5.5 vy s 5 5w g oo sossssmmseaismsn 55 5 @ oS s 56 5. 8 & s ite a5 & s 250
Cathode-Bias Resistor. . . ... it et e e e e e e 270
Peak AF Grid-Number 1 Voltage. . . . . ... ittt e e it 9.5
Zero-Signal Plate: CUFFent. < s s ssmsns =65 655 4oaime@en G s s 83 UMM mumes 8 s8¢ puesvwsnss e s s as 34
Maximum-Signal Plate Current. . ... ....ovioinvmiiiassossssssipasssassssssesesssaissssssss 36
Load ResSiStaNCe . . . . ittt e e e 3500
Total Harmonic Distortion, approximate. . . . ...ttt ittt it ittt canenns 9
Maximum-Signal Power Output. . .. ... . i e e 1.95

Volts

Volts

Volts

Ohms
Micromhos
Milliamperes
Milliamperes

Volts

Volts

Volts

Volts
Milliamperes
Milliamperes
Milliamperes
Milliamperes
Ohms
Percent
Watts

Volts

Volts

Ohms

Volts
Milliamperes
Milliamperes
Milliamperes
Milliamperes
Ohms
Percent
Watts

Volts

Volts

Volts

Volts
Milliamperes
Milliamperes
Milliamperes
Milliamperes
Ohms
Percent
Watts

Volts

Ohms

Volts
Milliamperes
Milliamperes
Ohms
Percent
Watts
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CHARACTERISTICS AND TYPICAL OPERATION (Continued)

PUSH-PULL CLASS AB; AMPLIFIER TRIODE CONNECTION, VALUES FOR TWO TUBES}

Plate VOOGE:: « s 5 commummns 555 55 s arsnmnes 5958 S avaesns 5 5 ¢ §9 5 apsess 558 § noseu 250
Cathode:Bias Resistor:: « & ;o v s 5 55 w5 anmmpmes 5 5 55+ S0msmmie s 6556 & Saemes 6 55 6 5 uEes 270
Peak AF Grid-to-Grid Voltage. . . .. ... .. it i i i 23.4
Zero-Signal Plate Current. . ... .. ... ittt e 40
Maximum-Signal Plate Current. .. ..ottt et et e 43.4
Effective Load Resistance, Plate-to-Plate. . . . .. ...ttt 10000
Total Harmonic Distortion. . . . .. .uut ittt ittt i i 2.5
Maximum-Signal Power Output. . .. ..ottt e e 34

300
270

28.

2

48
52
10000
2.5
52

6BQ5
ET-T1535

Page 3
3.59

Volts

Ohms

Volts
Milliamperes
Milliamperes
Ohms
Percent
Watts

* The time required for the voltage across the heater to reach 80 percent of its rated value after applying 4 times rated
heater voltage to a circuit consisting of the tube heater in series with a resistance equal to 3 times the rated heater

voltage divided by the rated heater current.
t Without external shield.
I With screen tied to plate,

AVERAGE PLATE CHARACTERISTICS
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OPERATION CHARACTERISTICS

SIYIJAVITTIN NI (Z21) LN3I¥YND N33¥0S

39NL ¥3d ~ SLLYM NI

NOILVdISSIQ N3340S

Schenectady 5, N. Y.

N
A d
vsa

12| Page

6BQS5
ET-T1535
Page 6
3.59

w o w0 o w o
L] s o o™ = = L ~ © 75} ~ [a¥ o~ -
SIYIAAVITTIN NI (T1) LNI¥END 31V1d 3801 ¥3d - SLLIVM NI NOILVAISSIG 3Lv1d
o o o o =1 o o oA o~ o
L © [t ~ o\ o~ - - — ~ o © <~ P
i’ 2 T~ o
o I o
2 -1 >
» =
% 2 & H
= = 9 O “
ed S x H{ ey
Al [+ 4 o - «
w {4
\ @ - 2 b3 auR u
7 = S 1o ans @
w > © b o
O < " umm &
w \ " u o
o x o~ o~ [ a
L B N | 11
\{MEAT oM EnE =z ﬁﬂv
& umg
0wd 2 o
< +——
@ g D [2] Bmn S—
: . 83s,00° & =
v 1 N < =
= O Ty o 3 SHA > |
2\ i - = o = —
NEn [ w S a (=]
7] ﬂ . a ~ooHH =z
- 2 : ERTHH 9 RS
% : « o o HH T v
S o x o N HH S e
> -\ ol w N non ~FH = L
Dn\ (%] T - a OHH m N
2 ] () W W = w E
o g 3 T
Q i W ’ T} N
S o ; O
=) = oL -
3 = 2 2 23 &
o~
Namui &
0 = U 7S © =
z o 2 0
<) = =
< N it % Zz S U ud
o : -
b e
s , = v <
L ¢ = e
} = _ = 2 =
) €
N [TT] g o o
o. o o (8]
O -~
o = e 2 o =
was H ~ = - .r:u
1 w n [ 2 o S
H e .2 H 3 N S ; R AT
T J v~ o v [ =z = ]
HHEsd82 H S - &
unN b~ 1l - = o) Y
H1 D= S H ~| ” NwWHHN WJ ol
T o> _m W < a2 ~ S
HEa3s8 : < SEH 3
s 3 b > 5 SHHER L3 N ~
] < N 0 N % = - a5 ot \
11 nou b oy S HI “ =| ni o~
wmn BTN i n = 23 v “
aun N~ © \ a O a
Hl «« o v o - = 2 9 o
HH o wow ww 1 i s = = 1
] ] - < @ < wil u = -
] ©° ! G ety w wt =
I 0, Q v a < M .m.n_u %
i © ~i
TN | 1 T ta N rd i | o
I x 1 T Kl Lk 1 13 x
[ve] e o (] ~N @ ~ o
8 & 08 Hd g = &= B § & = °
IN32¥3d NI NOI1Y¥01SIQ JINOWYVH TVIOL SIIVM NI INdLINO 43M0d
©o w - [SaN ~ -~ [=) ~ w0 Ul < o« ~N - o

S11VM NI 1NdLINO ¥3M0d IN3283d NI NOILY01SIQ JINOWEVH V101



