
10/06/2021 Philips 976B Amplifier  Page 1 of 9 

1. Summary 
Philips Model 976B. Serial No. 2260.  May 2021 
 
12AX7 microphone gain stage with volume pot to 12AX7 mixer stage, with PU input through 
volume pot to mixer stage.  Output of mixer stage to tone control and then to 12AX7 feedback input 
stage to cathodyne phase splitter.  6M5 push-pull output stage with common cathode bias.  Output 
transformer secondary with separate feedback winding, and floating 100V distribution.  6V4 full-
wave rectifier with two RC droppers.   
 
Very good condition.  Poor Philips badge on top grill.  Missing one 6M5.  Missing PU rear socket 
and screened cable to front panel pot.  Altered rear output connectors and not yet connected.  Cut 
power cables and disconnected fuse.  Otherwise untouched. 
 
Components 
Power Transformer ‘344.096’, ‘21x8’. 0-240-250V; 250-CT-250, 6V3 ~3A, 6V3 ?A. 
Output Transformer ‘TYPE 903’.  1 478 with VSNP stamp.   10kΩ PP (DCR=179+135Ω); 0-

300Ω-600Ω-1200Ω (50-70-100V); 2Ω F-FB. 
CAPs Ducon 24uF 300/525V   48   48   38 
 Ducon ET1B  48 
 Ducon High Seal   0417  0347  0427 
Pots IRC   
Tubes (all Miniwatt) 6V4  Miniwatt 8B     
 6M5   Miniwatt   M+ 8C (M+=EL80=6M5;  8=1958) 
 12AX7   Miniwatt 8D mC? Δ7L  (Philips Herlin  1957) 
 12AX7   Miniwatt       ??? Δ7L  (Philips Herlin  1957) 
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Issues: 
No power switch.  Old wax and electrolytic capacitors.  Mains wiring close to circuitry.  Floating 
speakers.  Spare 6V3 winding.  Not the best grounding.  Speakers use line transformers.  OT lowest 
tapping impedance is 48Ω between 50V and 70V taps (300Ω and 600Ω).  Feedback winding is 
4.1Vac nominal.  6M5 socket without pin 8 (no issue). 
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1.1 Modifications for Guitar Amplifier 
• Earth bolt hole – use cable restraint hole. 
• Mains cable restraint removal. 
• Combo switch/fuse/IEC added to rear panel. 
• Fuse added to PT secondary CT (0.16A Delay IEC127 5x20). 
• Choke (Wurlitzer 500407) added between VS1 and VS2 along with series 560 ohm. 
• Mains fuse changed to 0.5A slow blow. 
• 275VAC MOV across primary winding. 
• 1N4007 added in series with each rectifier plate for 6V4. 
• Improved grounding scheme. 
• Electrolytics and wax coupling caps replaced.   
• PU Volume pot replaced with dual gang and used as post-PI volume.  Only linear taper 

available. 
• Grid stoppers added. 
• 6M5 cathode 10Ω sense resistors added. 
• 6M5 screen stoppers increased to 390R PR01, and extra screen supply 4.2H choke filtering. 
• 354VDC min 1mA 90pF MOV added across each OT half-winding.  RC network removed from 

across PP. 
• OT secondary grounded and rewired for 8 and 16 ohm outputs using split f/b winding. 
• Output terminals replaced by two 2-pin speaker sockets – one for 8 ohm and one for 16 ohm.   
• MIC input socket replaced by shorting isolated ¼” input socket. 
• PU input socket replaced with 5-pin McMurdo socket from external metering of Cathode 

voltage and individual currents, and VS1/100. 
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2. Measurements 
PT and OT meggers ok.  New primary circuitry measures >2Gig. 
 
Voltage rail regulation.  Modified circuit. 
Rail 246VAC mains, 0.205A 

VDC, VACrms 
Idle condition 

 

VS1 303V,  5.06V (333V turn-on pk)  
VS2 296V, 0.29V    
VS3 286,   
VS4 281,    
Cathode 10.0 (26.9+25.1mA)  7.5W  
Heater 1 6.7V  
Power transformer primary DC resistance: 31Ω (BLU-BLK); 27Ω (RD-BLK). 
Power transformer secondary DC resistance: 180+189Ω. 
 
OPT 2Ω feedback winding is bifilar, so removed from terminal and split and reconfigured to 
provide single 8Ω winding, with 300-600Ω section in series (but out of phase) to give total 16Ω 
winding. 
 
OPT impedance measurement with EMU0404 and REW and calibrated rig. 
PP impedance: 21H at 50Hz, 170pF at 20kHz, resonance pk at 3.3kHz 
8Ω leakage = 21mH 1kHz 
16Ω leakage = 150mH 2kHz 
 
OPT frequency response measurement for 6M5 pentode Ra=40kΩ using balanced driver series 
resistance of 2x 39k, and secondary rated loads show: 
7.5Ω response: -1.5dB at 100Hz and +1dB at 60kHz; 0.68% 3rd harmonic at 100Hz 
15Ω response: -2.5dB at 100Hz and +2dB at 25kHz, resonance at 60kHz; 1.4% 3rd harmonic at 
100Hz 
 
6V4 with 630Meg and 1500Meg IR – so ok to use. 
 
OT with 8Ω resistive load:  Cranked output to 9.0Vrms (10W), with VS1 sagging to 275V, and 
common cathode voltage increasing to 15.4V. 
 
OT with 16Ω resistive load:  Cranked output to 10.0Vrms (6W), with VS1 sagging to 275V, and 
common cathode voltage increasing to 15.4V. 
 
Frequency spectrum at 1W output in to 8R load is 200Hz to 15kHz -3dB with tone control at min; 
130Hz to 5kHz at max.  Sensitivity at 400Hz for 8W output in to 8R load (8Vrms) is 8.6mVrms at 
MIC wiper.  Gain from input to MIC pot top is 50x (290mVrms for 8V o/p).  Valves changed to 
both 12AU7. 
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3. Design Info 
3.1 Input stages 12AX7 
For the first two 12AX7 stages have a common 2k2Ω cathode bias; V1A-V1B; VS4 = 235V; 
Va=170; Rk=4k4; Vk=1.7V; Ia=0.4mA; RLdc=165kΩ.   

 
 
2x 12AX7 in 
301V VS1 290V VS3 287V VS4 
Input stage anodes: 220V and other is a few volts less 
Post tone anode: 188V 
PI ends: 52V and 236V 
All anodes are a titch high, so could reduce 2k2 to 1k8 for all cathode bias’, but initially just leave. 

12AX7 

4K4 
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3.2 Feedback stage 12AX7 
The feedback 12AX7 stage; V2A; VS3 = 250V; Va=150; Rk=2k2; Vk=1.4V; Ia=0.6mA; 
RLdc=165kΩ.   

 
 

12AX7 

2K2 
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3.3 Phase Inverter stage – 12AX7 in split-load (cathodyne) config 
VS3= 250V.  Rk=2k2.  Vgk=1.3V.  Vk=61.3V.  Va=192V.  Vak= 130V.  Anode current = (250-
192)/100k=0.6mA.   

 
 

3.4 Output Stage 
 
Class AB push-pull output stage, common cathode bias.  The 10KΩ impedance plate-to-plate OPT 
presents signal currents into each tube with a 5KΩ impedance with both tubes conducting, to 2.5KΩ 
load impedance at higher levels.  No pentode characteristic curves are available for 6M5, and 
similar EL41 curves are shown but at a lower 250V screen (actual screen is about 280V at idle so 
bias voltage is close to 10V). 
 
Idle conditions with VS1=300V, cathode = 10V, cathode current = 25+26mA, primary winding 
drop ~ 23mA x 135Ω = 3V, Vak~287V. 
 
As the output loading increases, the supply voltage VS1 to the output valve plates sags from about 
300V towards 290V.  Plate DC voltage will be lower than VS1 by an amount up to ~28V (ie. plate-
cathode sags to about 260V) due to OPT half resistance of about 135Ω with a peak current of up to 
about 0.1A, and cathode bias drop of 18V.  Screen voltage will vary from about 280 towards 265V 
under steady-state heavy load (ie. screen-cathode sags to about 265-18 = 245V).   
 
The maximum output valve bias current allowed is dependant on the maximum recommended plate 
dissipation – assume 75% of 9W = 6.8W:  Ibias(max) = Pd / Vb = 6.8W / 290V = 23mA, or about 
25mA of cathode current. 
 

12AX7 

2K2 
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3.5 Power Supplies 
 
The 6V4 is rated to feed 50uF with secondary winding resistance >125Ω from 250VAC, and 90mA 
loading for a 265VDC output, and has a hot switch peak current rating of 900mA, and a continuous 
peak current rating of 270mA.    
 
The effective series resistance is 30Ω x (260/250)2 +185Ω = 220Ω, which is fine.   
 
PSUD2 indicates a hot switched peak of up to 900mA, and a steady-state continuous of 240mApk 
at idle, which appears to be fine for cranked output.  The steady-state PT secondary CT current at 
idle is about 110mArms, and rising to 570mArms for a 10ms period for a hot switch event, which 
would allow a 200mA Fast IEC127 fuse to be used (min rating of 50ms at 2.75x rating multiplier). 
 
A 4.1H @ 30mAdc, DCR=380Ω (Wurlitzer 500407) choke is added in series with 560R dropper 
from VS1 to VS2 to reduce screen voltage ripple from 1.6Vrms to 0.29Vrms.  Screen current 
should be less than 20mA average, and 4mA for VS3-4. 
 
Full wave rectifier with 65mA hot idle load on 280V VS1.  Max anticipated continuous VS1 load 
current about 100mA, requires about 150mArms CT current.   IEC60127-2  0.16A Time-delay fuse 
chosen – as no 160mA F fuse available.   
 

Simulate period in PSUD2 20ms 150ms 600ms continuous 

Simulated RMS current  0.4A 0.22A 0.17A 0.15A 

Multiplier (based on 0.16A fuse rating) 2.7 1.4 1.1 0.94 

IEC60127-2 Time-lag T min limit multiplier 10 4 2.75 1 
 

Simulate period in PSUD2 10ms 50ms continuous 

Simulated RMS current  0.5A 0.3A 0.15A 

Multiplier (based on 0.16A fuse rating) 3.1 1.9 0.94 

IEC60127-2 Quick-acting F min limit multiplier 4 2.75 1 
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