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TYPE 647 

NOTES 



INTRODUCTION 

A. 

TYPE 647 

The Type 647 is an oscilloscope main frame, designed to accommodate a 

10 series vertical plug-in and a 11 series horizontal plug-in. 

Specifications 

1. Vertical Amplifier 

a. 

b. 

F, 

g. 

a. 

b. 

Cc. 

a. 

b. 

Sensitivity, 150 mv/cm (75mv/cm each side). 

Risetime, 5.5 nsec +7% (6.4 nsec with a Type 10A2). 

Bandwidth, DC to -3 db down at 64 mc, +7% (DC to 50 me with 

a 10A2). 

Inputs, pins 5 and 7, blue ribbon connectors. 

Input impedance, 938Q each side. 

Input signal current, 1.66 ma/em from 93Q source to 93Q input. 

Overall gain about 33. 

Horizontal Amplifier 

Sensitivity, 347 ya/em. 

Maximum calibrated deflection rate, 10 nsec/cm. 

Bandwidth, DC to -3 db down at 3 mc. 

CRT (Type T6470-31) 

Accelerating potential, 14 kv. 

Graticule area, 6 x 10 cm. 

Internal edge lighted graticule. 

Vertical deflection sensitivity, 5 v/em, +7.5%. 

Horizontal deflection sensitivity, 15 v/cm, +7.5%. 
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4, — Unblanking 

a. 

b. 

Cc. 

DC coupled sweep unblanking. 

Multi trace chop blanking. 

Unblanking for EXT HORIZ INPUT. 

3. CALIBRATOR 

a. 

b. 

C. 

d. 

e. 

lke, +.1%. 

0.2 mv to 100v peak-to-peak square waves and 100v DC. 

5 ma peak-to-peak square wave through a current loop. 

Duty factor 0.5, 40.1%. 

Output impedance, 50Q to .2v, varying to 4k Q above .2v. 

6. Power Supply 

a. 

b, 

d. 

e. 

About 185 watts (with 10A2 and 11B2) at 117v. 

Voltage ranges (regulation ranges): 

95 to 122v AC 190 to 244v AC 

100 to 130v AC 200 to 260v AC 

106 to 137v AC 212 to 296v AC 

Power line distortion requirement, 1% or less. 

Regulated outputs: +100v, +15v, -15v, 175v. 

Unregulated supply, +300v. 

A Trace Finder compresses the display, both vertically and horizontally, 

by about 50%. 

A power output connector (J101) provides regulated supply voltages for 

operating external devices and provides external Single Sweep reset. 
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E. Environmental Characteristics (Operating) 

1. Temperature 

a. -30°C to +65°C continuous when not tipped more than 20°. 

b. ‘If operating at -30°C, allow 30 minutes for stabilization. 

c. At maximum altitude, maximum temperature is limited to 55°C. 

2. Altitude, 15,000 feet. 

3. Vibration, 0.025 inch peak-to-peak, 10-50-10 cps (4 G's) for 15 

minutes on each axis. 

F. Environmental Characteristics (Non-Operating) 

1. Temperature, -65° to 75°C. 

2. Altitude, 50,000 feet. 

3. Shock, 20 G's, one-half sine, for 11 msec. Two shocks each direction 

along each of three major axes (total of 12 shocks). 
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G. Block Diagram 
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ll. VERTICAL AMPLIFIER 

A. The vertical amplifier provides the driving voltage for the vertical deflection 

plates. 

1. Input ins 5 and 7, blue ribbon connector), 150 mv/cm, push-pull. 

2. Output (CRT deflection sensitivity), 5 v/cm. 

3. Voltage gain nominally set at 33 (maximum gain, 42). 

B. Block Diagram 

1. The vertical amp is a DC coupled push-pull amplifier. 
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| | 

TYPE 64/7 VERTICAL AMPLIFIER | B-647-0050 
BLOCK DIAGRAM 2-17-'64 di 
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C. Basic Circuits 

1. Delay line and equalizer network . 

Input EF. 

Driver amplifier. 

&
 

ow
 

RO
 

Output amplifier. 
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TYPE 647 VERTICAL AMPLIFIER 
DELAY LINE AND EQUALIZING NETWORK 

1. | The Delay Line is a counter spiral wound 140 nsec cable. 

DRIVER 

B-647-005Ix 

2-|8-64 dl 

a. It provides a delay so the signal that triggers the display can be 

displayed at the beginning of sweep. 

b. The line delays both sides of the push-pull signal. 

c. Total characteristic impedance is 186Q (93Q each side). 

d. The line is terminated in the Type 10A2 in 186Q and in the equalizer 

circuit in 186Q. 
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kK 

e. There are no delay line adjustments. 

f. Delay line cable and container are Tek made. 

g. 0.01 inch wire is used with a DC resistance of 3Q per side. 

h. A shield allows the line to be wound into a smaller container 

without input-to-output coupling. 

LR400, LR401 compensates for a termination mismatch at low frequencies 

introduced by the 3Q wire resistance. 

The delay line responds to a step with a preshoot (anticipation bump) 

and a risetime characteristic (dribble up*). 

a. The preshoot consists of two or three cycles of near 200 mc 

information . 

b. The dribble-up has a time constant of about 6 nsec. 

c. The Phase Equalizer compensates for the preshoot . 

d. The Atten Equalizer takes care of the dribble-up. 

Phase Equalizer 

a. The Phase Equalizer network ** compensates for non-linear phase 

shift in the delay line that results in the preshoot . 

b. The network provides a linear bandpass with a non-linear phase shift. 

c. It corrects for phase shift without frequency attenuation. 

d. The 200 me signal that comprised the preshoot is delayed the 

same amount in the Phase Equalizer as the rest of the step is 

delayed in the delay line. 

See Nanosecond Pulse Measurements by C. N. Winningstad 

Pages 244, 247 - Radio Engineers Handbook, Terman. 
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5. Attenuation Equalizer 

a. The Attenuation Equalizer network** provides an overcompensated 

voltage divider to compensate for the dribble-up. 

b. R404, R410 (and R406, R411) form the divider with C404C (and 

C406C) providing the compensation. 

(1) C404C and C406C reduce the termination impedance at high 

frequencies. 

(2) L407, R407 compensates for high frequency under-termination. 

6. R416, R417 (and the vertical plug-in output) set quiescent levels for 

Q423, Q433 and the rest of the amplifier. 

a. R416, R417 equivalent circuit is 351Q to 8.9v. 

7. Dual 200Q VERT GAIN adj pots vary the amplifier gain from 0 to 42 (33 is 

optimum). 

a. 1414 compensates for transistor input C. 

8. The attenuator network and VERT GAIN pots become the 186Q output 

termination for the delay line. 

** See previous page. 



1. The EF stage provides isolation between the delay network and the 
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E. Input Emitter Follower 

Driver Amplifier. 
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2.  Q423 and Q433 are 151-127, selected Fairchild 2N2367 (or $6075) NPN 

silicon transistors . 

3. Stage voltage gain is .98. 
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4. Quiescent DC voltages (beam centered vertically): 

a. Q423, Q433 bases, 8.8v. 

b.  Q423, Q433 emitters, 8.2v (TP423, TP433). 

C. Q423, Q433 collector, 12v. 

5. Signal voltage at the delay line is 150 mv/cm push-pull. 

6. Signal voltage at the EF bases and emitters is about 100 mv/cm push-pull . 

F. DRIVER AMPLIFIER 

1. | The Driver Amplifier is a conventional emitter coupled push-pull amplifier. 

(Sv 
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J 
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2Xx10k =4.7 390.9 

\ 

oes 250mv/cem TO OUTPUT AMP 

TYPE 64/7 VERTICAL AMPLIFIER B-647-0053* 
DRIVER AMPLIFIER 2-19-64 di 
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2. Q444 and Q454 are 151-127 transistors . 

3. Stage voltage gain is about X2.5. 

a. Signal voltage at the collectors is 250 mv/cm push-pull . 

4, Quiescent DC levels (beams centered vertically). 

a. Q444 and Q454 bases, 8.2v. 

b. Q444 and Q454 emitters, 7.45v. 

c. @444 and Q454 collectors, 11.8v. 

5S. Five RC networks help retain transient response (provide HF peaking). 

a. Each of the networks have a different time constant. 

b. | The DAMPING adjusment can set the RC time of three of the 

networks to prevent ringing. 

c. R447, R457, and R448 set the quiescent current. 

6. As the TRACE FINDER is pushed, current to each transistor is reduced 

to 2.2 ma limiting the gain of the stage. 

a. Regardless of vertical positioning or signal amplitude, the trace is 

contained within the 6 cm vertical display area. 

b. The control is a spring return push button. 

7. The VERT CENT adj feeds push-pull current to the emitters allowing the 

calibrator to center the trace on the graticule. 

Output Amplifier 

1. The amplifier provides voltage drive for the CRT vertical deflection plates. 
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2. The circuit is an emitter coupled push-pull cascode amplifier. 
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TYPE 647 VERTICAL AMPLIFIER 3-647-0084. 
OUTPUT AMPLIFIER 2-20-64 di 

3. Q464A, Q464B, Q474A and Q474B are 151-127 transistors. 

4. Voltage gain for the stage is about 20. 

a. Signal voltage output is 5 v/cm. 

5. Q484 and Q494 are 151-121, selected RCA TA1938 silicon NPN transistors .* 

* Matched pairs. 
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6. Quiescent DC levels (beam centered): 

e. 

f. 

Q464, Q474 bases, 11.8v. 

Q464, Q474 emitters, 11.2v. 

Q464, Q474 collectors, 19v. 

Q484, Q494 emitters, 19v. 

Q484, Q494 bases, 19.5v. 

Q484, Q494 collectors, 56v. 

7. The parallel transistor pairs provide current drive to Q484 and Q494, 

8.  @464 and Q494 provide the 5 v/cm* voltage swing required to drive the 

CRT deflection plates. 

9, Feedback resistors R481, R491 apply 20% of the output signal voltage to 

Q484, Q494 bases. 

a. 

b. 

Cc. 

d. 

R480, R482 and R490, R492 form equivalent 1k to +10.7v. 

20% of the output signal voltage forms across Q464 and Q474. 

80% of the output voltage appears across Q484, Q494, 

Of the full output signal, taken across the collector loads, the 

voltage swing is distributed (20% - 80%) across the cascoded transistors . 

10. Separate emitter current returns and emitter coupling resistors for each 

push-pull pair of transistors (Q464A, Q474A and Q464B, Q474B) allow 

the transistors to seek their own operating points. 

a. 

b. 

Cc. 

Transistors need not be matched. 

About 26 ma static current flows through each transistor. 

C464 and C474 tie the emitters together at high frequencies, 

preventing an oscillation at about 500 mc. 

* Will vary 47.5% with CRT deflection sensitivity . 
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11. 

12. 

13. 

~14- 

High frequency peaking is provided in both emitter coupling circuits. 

a. C467 provides variable peaking. 

L469, L479 provide signal delay to match a delay present in base coupling. 

C484 provides variable high frequency peaking by reducing negative 

feedback at high frequencies. 
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HORIZONTAL AMPLIFIER 

A. The Horizontal Amplifier consists of two operational amplifiers that drive the 

Horizontal deflection plates. 

1. Output requirement is a push-pull voltage ramp 150v* peak-to-peak for 

10 cm. 

a. /5v* per side. 

b. CRT sensitivity is 15v/em* push-pull or 7.5 v/cm* each plate. 

2. Input sensitivity is 347 ya/cm per side. 

a. Standardized in all horizontal plug-ins. 

b. Inputs at pins 8 and 9 of the blue ribbon connector. 

3. Transimpedance gain is 216 mv/ua. 

Ae 
___o a A, “a 

i 

Where: A, is transimpedance gain. 

A, is output signal voltage. 
° 

4. is input signal current. 
i 

_ 7.5 v/em* 
b. AL =3q7 ya/cm 

,= 21.6 v/ma 

4. Total voltage gain of 11B2 Horizontal preamp and 647 Horizontal amplifier 

is about 7.8. 

_ 7.5 v/om* 
a. AYE 96 v/om 

A =7.8 v 

5. A TRACE FINDER switch provides the operator with a method of reducing 

the sweep by about one-half. 

* Will vary 47.5% with CRT's. 



-16- 

Type 647 

B. Block Diagram 
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C. Basic Operational Amplifier 
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1. Each operational amplifier has a current drive of 347 ya/cm. 

a. RT with a value of 7.2k is the equivalent collector load of the 

Horizontal Preamp. 

b. The hypothetical generator voltage is 2.5 v/cm. 

(1) 7.2k x 347 pa/em = 2.5 v/em. 

2. The HORIZONTAL GAIN adj (R377) tied between the two amplifiers can be 

considered a divider from which the feedback is taken. 

a. Measurements made with an instrument with a CRT deflection 

sensitivity of 7.2 v/cm had R377 set at 3.2k. 

b. Half R377 plus R378 forms R_ in the basic amplifier illustration (4.5k). 

3. Ry is the 11.8k R376 and Re is the 2.87k feedback resistor R371. 

4. Signal voltage at the junction of Ro and Re is | v/em. 

a.  2.87k x 347 pa/em = 1 v/em. 

5. Signal voltage at the amplifier output is 7.3 v/cm. 

a. Find the value of R, and Re in parallel. 

5.6k x 2.83k _ 
(1) 8743 = 1.87k 

b. Cour Bor x 1 v/em = 7.3 v/em. 

6. The gain of the operational amplifier is 2.87. 

a. The usual gain formula A, = Re must be modified to consider the 
R. 

i 
output divider. 

_ 2.87k 13.67 
v. 7.2k *~ 7.87 b. A = 2.87. 
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7. A ccheck on the above calculations could be made by using the formula: 

e =[,R.xA 
ii Vv out 

Cout = 347 pa/em x 7.2k x 2.87 

Coup = 7 +2 v/em 

D. Horizontal Amplifier 

300v 

ee zsh 
amen ( NIT oy 15v | TO LEFT HAND 

DEFL PLATE 
2.87k O2-15 22k TP374 300v 

R360 
19.6k 

D361 p37! 100k ) ¢ +1 ¢—@ ® 

100v $453k 
15.7 : TP370 300v p396 Oy 

-75v oJ 

-75v Par 79 ~—— HORIZ 600uh O01 

: 6378 
\ 0360 2X 500k 2 8.8k 

cn 11.8k Sy TP394 | 100v 
100v -75y R596 a 

2.87k 0.2-1.5 8.2k © san 
loov 32.4k DEFL PLATE. 363 Q394 

40.2k ; - q3e3 = D362 10k > K+ —6 : TP390 = 
| -75v 

Md L__| TRACE 
= FINDER 

TYPE 647 HORIZONTAL AMPLIFIER 6-647-0031, 
SIMPLIFIED SCHEMATIC 2-25-64 dl 



Type 647 

-~19- 

Each amplifier has two fransistors and three diodes plus a tieing diode 

and two zeners. 

a. 

e. 

f. 

Q373 and Q393 are 151-122 selected Fairchild $5909 silicon PNP 

transistors. 

Q374 and Q394 are 151-124 selected RCA TA1938 silicon NPN 

transistors . 

(1) Selected for 120v BVepp. 

(2) Mounted on beryllium oxide heat sinks. 

D361, D371, D360, D362 and D363 are GE 1N3605 silicon diodes. 

D395 and D396 are Raytheon 6061 silicon diodes. 

D374 is a Motorola 1N3024B 15v 5% zener. 

D397 is a Motorola 1M20Z10 20v zener. 

The input to each amplifier at pins 8 and 9 of the blue ribbon connector is 

a current ramp, 3.47 ma peak-to-peak (for 10 cm). 

The output is a push-pull voltage ramp, 150v peak-to-peak . 

a. The output to the left hand CRT deflection plate is a negative going 

75v sawtooth from 100v to 25v. 

The right hand CRT deflection plate is a positive going 75v 

sawtooth from 3lv to 106v. 

With MAG ON, the excursion on both deflection plates is about 15v 

to 120v. 

Quiescent DC levels, Q373, Q393, Q374, Q394 (trace at the center of the 

screen). 

Qa. 

b, 

Q373, Q393 Bases, “By. 

Q373, Q393 Emitters, .65v. 

Q374 Collector, 50v. 

Q394 Collector, 7Ov. 
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10. 

11. 

12. 

-20- 

Prior to sweep, D360, D361 and D362 are conducting slightly. 

Q373 and Q393 are saturated with their bases at .15v. 

Driving current requirements differ for Q374 and Q394, 

a. Q374 requires more driving current during sweep at fast sweep speeds. 

b, A2.,2k resistor is used in Q373 emitter return to satisfy the current 

requirements. 

c. @8393 emitter is pulling Q394 base down during sweep so a larger 

emitter resistor can be used. 

During sweep, Q394 collector moves up as its base receives a negative going 

ramp. 

a. A fast rise capability is essential to assure linear sweep at fast 

sweep speeds. 

b. @394 must not be allowed to cut off as the feedbacl loop would be 

broken. 

c. The high current requirements to charge CRT deflection plate C is 

provided by the lower value (8.8k) collector load resistor and the 

600 uh inductor. 

Q374 is conducting heavily during sweep so a larger collector load resistor 

can be used. , 

C377 and C397 are speedup caps to prevent delay to fast portions of the 

feedback signal. 

As described under Basic Operational Amplifier, the HORIZ GAIN adj 

controls how much signal will be available for feedback. 

a. ¢378 provides high frequency peaking by reducing feedback at fast 

sweep speeds, 

The HORIZ CENTERING adj varies quiescent base current at Q373 and 

Q393 to center the trace. 


