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A FRACTIONAL·MILLIMJCROSECOND OSCILLOSCOPE 
UTILIZINO COMMERCIALLY AVAU:.ABLE COMPONENTS 

C. Norman Wbiningstad 

Radiation Laboratory 
University o£ California 

Berkeley, California 
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ABSTRACT 

Equipment for use with signal rise times slower than a ijrlllimlcrosecond · 

(10• 9 second, usually abbreviated mtJ.eec) is readily ·av~ilahie commercially. 

aecent advances in high-energy physics have directed attention toward research 

ln the fractional mJi&ec resion. The fundamental tools for such research are 

. sisnal generators and oscilloscopes. Suitable eianal generators are commercially 

available, but suitable oscilloscope systems are not. There are two unportant . I 

factors that account for the lack of such oecilloecopes. One h that contemporary 

abtplifiere are useless in the fractional-m~oLsec region. The second is that 

commonly used trigger circuits poa"esS too great a sensitivity of output timing to 

changes in input amplitude. 

Thb pa~.r describes an internally synchronized oscilloscope system utilizing 

,, 
\.' 
t 

\ 

l 

~~mercially available comp~nents. which provides less th~n Z% signal reflection \, 

at ·the eyoc: take-off point, and has less than 5 x 10-la second of sweep-timing change A 
. . . . . 1 

pel' percent change in input amplitude (for amplitudes in exc.ss of 30 trace widths). . \· 

.... ; ., 

\ 
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A Fll..ACTIONAL-MILLlMICll..OSECONO OSCILLOSCOPE 
UTIUZING COMMERCIALLY AVAILABLE COMPONENTS 

C. Norman Winnin&etad 

Radiation Laboratory 
University of California 

Berkeley. California 

September 1957 

INTRODUCTION 

With the advent of commercially available traveling-wave (T.W) type cathode­

ray tubes 1 (CRT) that possess reasonable deflection sensibilitiee and writing rates~ 
it has become feasible to have fr.actional-millimlcrosecond ·(mf.LSec) oscilloscopes. 

Because there are no commercially available amplifiers for such fast rise times. 

and because reasonably priced laboratory fractional•m.,.sec amplifiers are still in 

the distant future, the built•in sensibility and deflection factor of the TW CRT 

limit the vertical signal deflection. 

The major need that can be realized now is in the sweep a~d unblanldng·circuite. 

. A. The principle diaadvantages of ordinary sweep and unblanking schemes are: \ 
I . . 
\ (a) the lack of an internal syn~hronization system that abstracts only a small · 

I amount of energy from the signal to be observed. thus causing small df.stortion to 

( the si1n.a1. atid yet has a trigger sensitivity useful with a signal having an amplitude 

~ .... of a few tens of trace-widths; · i 
, ...... · . I 

(b) a slow starting time which requires long trigger pulses or hi(lh-amplitu-e 
\ 

impulses; \· 

(c) starting-time jitter; \. 
. v 

(d) the lack of a reasonably linear sweep speed faet enough to make use of t!le1. 

rise-time capabilities of the TW structure: 

(e) an. excessively long over-all time delay in starting the sweep and unblan.king 

that which forces the uee of bulky low·loes transmission llaes to delay the vertical 

signal. 

The first three above-mentioned sho.rtcominge are strongly interdependent, and 

,~ are influenced mainly by the design of the input stage of the sweep•an.d-unblank unit. 

The fourth is'mainly dependeut upon the design of the output stage, and the fifth h 

r;. a characteristic of the whole sweep-and-unblank unit and also involves the time of 
(.~ . 

fUght of electrons from the CRT cathode to the deflection structure. 

. .. - ' 

1Dwnout'a K1421P-; B.a~land's veraton of the TWti; and Edgerton. Oermeehausen, 

and 01'1er 1e Zi36. 

. ..... 

I • 

-·· '• 
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METHODS AND APPARATUS 

The above -mentioned problems have been reduced to the degree indicated in 

Table I. Utilizing commercially available parts throughout and fast .. circuit 

· ~onstruction techDiques, anyone 'Moth about $3000 can a.ow ha~e a fractional·mf.lsec. 

-;~;'"f)s'ci'lt 0 scope • 

' ' TABLE I 
-:::t:.~=::"==e:::-:-~-::a.."'=:!.:":.~.;=.,~~..=::..r..:--tt:.":!"t~::::;:.·;,~~.'i.""r.;t:::~~·.:J".l:li::~!i.'U;r-'U;'.'~.:t':.t.."":!~t:.l-.::'~:.lt--;;:., 

, .. Oscilloscope - assembly characteristics 

. No~·--- Item -··--·--------------·----~---·--- .. ···-v-a:rw;--------.. -··----·urlit& ........ _ ........ . 

. ;. .. :· 1 .. -~ 

. :·:t-::·:!1-~::··.-:.,~~· \~ ' 
.,.:~'·. ": . 

i. · ... 

i, 4 
i 

)5 
r 
i. 
i 

6 

7 

Fastest observed rise time with ~eglitible 
over shoot (a function of both the pulse 
'generator and the TW CRT) • 

Total vertical signal delay ca,~e to allow 
sweep start and unblank (normal signata 

·appear on useful ~rt of sweep) 

Nominal vertical signal reflection due to 
the internal synchronization take-off 
system 

ve·rtical·eensitivity-- .- ,,.,:.,,·, .. 
Sensibility (wtth single-sweep spot visibility) 

Maximum sweep speed 
(consia~.nt with linearity rating below) 

Sweep linearity at the screen (variation in 
·spot velodty averaged over any one in six, 
compared with the average of the six) 

'· 

3/8 

< zz 

2 

32 or 
0.8 

Z/3 or 
14 

:t:5 

mf.Lsec 
uo-9 sec) 

mf,Lsec 

i 
I 

v/cm \ 
v/spott 

I 

mttse~~cm 
psec(s~ot uo- 2 ,ec:) 
. . 

psec/%sf · Sweep jitter (for lo/o change ln 30 or more 
spots of input-step amplitude, or about 25 
v, at maximum sweep speed). 

5 O.Or 
1/3 or 

1 
spot/%si# , · 
V spot/ HI spot 

\ '; 

Maximum repetition rate (limited by 10 kc 3 I l 
dissipation in sweep output stage) (10 cps) \ ! 

8 

=--==--=::""o:::""='"-'"=:M:o:=.-·~""'"·'"'"""'-'">-'"'"''''''''''""'-"'"·'"'"'·"'"'-'"'''""''-'-··M.~·-·.'-«'-'' •>« ""'"~'" :".-' < .<.< ·.'~~-:;;:,t"'·"-'·''''" .-.. ~;,·:."¥'"'" '"'''""·: ,,.,,;,.-.'"'"'-"'"''"'"'··'''""''·'·>· .. ,C.·,, jr-• ,) ...... . 

The general scheme shown in the block diagram, Fig. 1 was worked out in 1 .. 

detail for use with the Dumont K1421Pl1M CR.T. The characteristics o£ the Kl4Zl ;\ 
\ 

are listed in Table 11. ..,., 
., 

'' \ 
I 
I 

\': . 
\1 . 

\ 
\ 
\ 

\ 
\ 

\ 
\' 
\ 
t 
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TABLE U 
.::=..=::=..::=:::.:..:;::.:.::.:-M:::•.:.::.:::.:.::=;::.::;.::::::=.::.::=.~:::..:=:.::::.::=,:..:=-:.::.:,-::,:-_""';,::,:";""..::.."":,~:.;::;:::·:.:..:-.;,.=:;:·0 ·,~ ':.;.:.::.::~ ·~-,;:::• .:.::-:;:!:; :::;:.-:.":".;.'!.'::,.-:-... --;.~:·;;.:;..--;:,;:.::"".:' ..::::;:.::., ••;::: !: ',:. ',',7:":,~.~.::~.;..,-,::.~ Oo :=--•,: .::::·- o 0 ' 

.: .. Manufacturer's Data:· K 1421P~11M TW CRT 

·No. Item Value Units 
~-~------.- --~~ -------.-----····--............ ..; .......... -··-- ._,. ..... ~ .. --.... -.. - ............ ···~ ..... ~ . ~- .. . 

1 

z 

3 

4 

5 

6 

7 

. Accelerating voltage (cathode to deflection 
section) 

Post-accelerating voltage (deflection section 
to screen) 

Post-accelerating spiral resistance 

Electrostatic-£oc11sing electrode voltage 

Control-grid extinction voltage 

Vertical-deflection eensltivity (TW) 

:Vertical £leld (min) 

10 

35 

150 to 
400 

4.2 to 
5.6 

75 to 
125 

70 to 
100 

3/4 

kv 

kv 

meg 

kv 

v 

v DC per 
in 

in 

•>d,8 Vertical-clefleC:tion system ~~.nalinpedance 50 ohms 
·.~~~· .. : 

9 

10 

11 

12 

. Horiaontal-deflection sensitivity 

Horiz.ontal field (min) 

Writing ability (time per spo.t-width to allow 
photographing a f!ngle transient. in plco 
eeconds. or 10"' seconds) 

spot size 

245 to 
305 

3.5 

z 

0.006 

v DC per 
in 

in 

psec/ spot 

in 

This scheme should work well with a TWll-type CR.T. Modification of the out­

put staae will be required for use with the ZZ36 CR. T. 

The method used for abstracting energy from the· signal for internal synchronizing 

purposes is a refinement of that used in ordinary oscilloscopes. A resistor is utilized 

to provide isolation from. and to limit the loading of, the signal channel. The 

,~esi.stor is connected by a lead about l/8 inch long to the center conductor of the 

signli,l coaxial lead by baserting the resistor through a hole in the outer conductor. 

The ohmic size of the resistor is determined by the permieeihle per-unit loading 

ol the signal coaxial cable, and by the characterlstic impedance of the signal cable. 
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The resistor is chosen for low _end-to-end capacity and ·is arranged to have a 

, reasonably small radial capacity to ground. One effect of an uncompensated 

capacity &I!ISOCiated with the resistor would be a serious reflection OU the signal 

cable, owins to what amounts to an excessive capacity per unit length, -over a : z 
short length of the' cable. This effect can be compensated by increasing the 

... inductance or dec rea sins the capacity, per unit length, over a short distance, in 

.the region of the resistor's contact to tho center conductor. Within the rise­

time limitations of presently exbting TW CR.T•e, appropriate compensation may 

·be :readily obtained for the capacity effects of ordinary 1/2.-w composition 

re~istors. One convenient me~od of obtahuug compensation ia to use the constant-. 

size loner conductor of a standard signal cable, but to use a foU-section outer­

conductor. Figure Z shows drawings of the take-off system. By observing the 

reflection from the sync take-off section due to a ~arge (1000-v) fast-rising "step" 

. function. one can adjust the outer-conductor geometry to reduce the reflection 
I . 

·,'.to _th_e order of a percent. It ie 11ot practical to go much beyond this point, because 

'" ··~:.~~re is a resistive di:&continuity due to the shunting effect of the sync take-of£ . 

\resbtor. Although it is true that suitable series resis~nc.1e could also be used-to 

!,~ompensate for the shunt effect, the series resistors wouid introduce extra 
~. ' 

4Lttenuation (possibly a problem when passing the signal through matty TW CRT units 
1. . 

i\11' series) and greatly complicate the construction of the unit. It is not unreason-

able to keep the shunt-resistance reflection down to the order of a percent, and hence 

this problem is usually not serious enough to warrant compensation. 

Ia. a system as described above, the shunt resistance is on the order of 

thousands of ohms. The impedance level of suhablf. fast circuitry is on the order 

of a lew hundred ohms at most. Thus the take-off resistor can be considered 

conveniently as a Norton equivalent-current source, as far as the sweep and un­

blanklng io.put circuitry is concerned. The resulting current level is on the order 

of tens of milliamperes, with an input of a few teDe of spot-widths. The sweep and 

un.biank outputs required by the TW CRT are-.each on the order of amperes. 

The system then must provide a large gain, saturadoD in a prescribed 

manner at the required output level, and an input amplit\lde and rate threshold . 

The 4r,st two factors are required in order to provide outputs that are substantically 

1 
1. A. D. Lewis and F. H. Welle, MUUmicroseconci Pulse Technl~ (McGraw-

Hill, New York, 195• ), p. 31. 

"' 

I 

\ 
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independent of the manner in which the input exceeds the thresh_old, and the thres­

hold is necessary to allow the sy&tem to have a high gain and yet be able to tolerate 

&_reasonable noise level. Although high-gain overloading amplifiers co11ld be used, 

eontemporary trigger circuits p"Z"ovide a eyatem with a shorter total delay time. , In 

typical regenerative trigger devices, a time delay with respect to a normal input 

trigser signal is aseociated with the appearance of the 10% to 90"/o portion of the 

initial rise of the ot1tput signal. This time ie in excess of the simple transit time 
. - . 

~rough the tacuum tube(e) involved. The time delay may be from 3 to 30 or more 

;timea the transit time (typically lmJieec); however, the jitter with a constant t'nput 

amplitude h reasonably small. The difficulty arises from the fact that the input 

capacity of the trigger stage is charged at a rate dependent upon the input- signal 

amplitude. With a representative input step function, the charging process con­

tinues during the regenerative period of the trigger device. The time delay assoc­

iated with the regenerative process depends etrongely upon the input charge-~me 

-program during the regenerative build-up. Thus a change in input ... slgnal amplitude 

changes the time of firing of the trigser. In addition. if the input signal rises slowly, 

the firing time ia later than wlth a step input. The specifications adhered to for 

the present design. were: (a) for pW.ses of the same shape and of tens of spot widths 

high. a change in amplitude of one spot width should not ehange the timing more than 

.a f ceatha:sof a spot width; (b) for input signals with rise tune·s up to 10 times the 

TW CRT's rise time, but riaing at least a few tens of spot widths, the signal should 

appear after the beginning of the useful portion of the trace. (The idea is that for 

slower signals, one would not mind putting an additional delay in the vertical signal 

path. or using slower oscilloscope, as a signal that slow does not require the 

ultimate capabi~ities of the fractional-mtJ.sec TW CRT). 

Figure 3 shows the input-etage system used. in simplified form. The rise­

time requirements of the current amplification staae are not too restrictive, since 

the available trigger stage has a time delay and output rise time of a few mJi&ec. 

The current-gain stage utilizes ·a transformer-driven. grounded-grid amplifier. The 

use of an input transformer has the advantage of allowing convenient trigger polarity 

char&ge, as well as providing a current gain from the syo.c take-off resistor to the 

gr.ounded-grld amplifier. The input resistance of the grounded-g~i'd stage is nominally 

lO ohms. It was found that best results were obtained with a 2:1 turns ratio, which 

r_efiecta nominally 80 ohms from the sync take-of! resietor to ground. With higher 

or lower turns ratios. the balance between capacity and leaKage reactance was not 

so favorable for the given core, grour&ded-grlcl amplifier, and trigger stage. A 

tapered-line impedance-transforming eystem was considered, and a simple version 

constructed. As was expected, the impulse response of the trigger stage is so 
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slow that in order to preserve sensitivity, the input tapered line would be pro­

hibitively long, both in phyaical size and in time delay. Because the grounded­

grid stage does not have to handle lal'ge signals, and because its transconductance 

ie' a fuftction. of plate current, the grounded-grid stage is opel'ated at zero bias, 

and the plate current and plate voltage are limited by dissipation. There is another 

transformer between the plate of the grounded-grid stage and the trigger stage. 

This second transformer h an inphase Z: 1 step-down unit, providing further current 

gain. Both ferrite-core transformer units provide considerably less than Z-m.,.sec 

riee times to step-function inputs. 

The trigger stage (shown in Fig. 4) is a modified Moody3 circuit. The shunt 

diode shorts out the dynode to-grid feedback path. Thus the regenerative path h dis­

abled until the sianal supplies enough positive signal through the series diode to 

shut off the shunt diode. This arrangement has proven to be quite stable. The 

adjustment ie checked once a month just to be certain the tri·gger has not drifted 

away from the moat sensitive point. It has never drifted to a bee-running condition, 

and the drift away from the most sensitive point has never been enough to fail to 

trigger with a Z-v input step applied to the sync take -off system. The minimum-

step trigger for the system il typically 0.5 v. The time-delay characteristics of 

the complete system are shown in Fig a. S and 6. The ''light pulser n4 referred to 
-10 in the figul'es furniehes an electrical output of perhaps less than 10 sec duration. 

The advantage over the Moody design lies in increased sensitivity, but the price 

paid for this is a smaller output current, and slower starting time. The original 

Moody circuit required a 6-v step signal at the trigger input, and the output was 

juat under 1 amp, with a delay and rise time of about Z m~oLsec. The modified version 

requires about a 100 mv etep at the trigger input, and the output is eomewhat under 

1/3 amp, with a delay of about l m.,.sec and a rise time of S m.,.sec (at a nominal 

500-ohm output-impedance level). The trigger-stage output transformer delivers 

aboU:t +1/Z amp at a nominal lZS·o~ impedance level. 

The tube types used in the driver stage (shown in Fig. 7) were selected on the 

baais of their ability to provide output currents of Z amp each, with a relatively 

small grid base. The grid input system is a lZS·ohm conetant-K transmission line. 

3Moody, McLusky, and Delghton, MUUmicrosecond Pulse Techniques, Electronic 

Engineering 24, 214•9 (195Z). -
4ouentin A. Kerns, A Generator of Fast-lUsing Light Pulses, to be published. 
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·~ · · The lble may be terminated in either a 1Z5-ohm resistor, or a lZS-ohm trans­

mission line, allowing convenient monitorina of the trigger-stage output. The 

grid-liae output is about 70 v with no filament power applied to the dletributed 

amplifier, and 40 v when grid current loads down the line in normal operation. 

The grid-line delay is about 1.3 m.,.aec. Figure 8 shows the wave forme involved 

up to this point. The anode line delivers the current output of both tubes to the 

load: l. e~, there ia no reverse anode-line termination. This is permhsable 

because by arranging the load impedance down the lineae a harmonic progression, 

,. 

· .there are nominally no reflections. 5 The section of the ·une between the tube• is 

no~inally 66· ohms, and is made up of Z eectiQnl in order to provide the same 

time delay as is built into the grid line. The load for the driver unit ie the unblank 

tub.e and a SO-ohm coaxial liae to the sweep output stage, reeultlag ia a net 33 ohme, 

when the load is driven through the 1: 1 polarity-inverting transformer. The 

adjustment of the .distributed-amplifier lines h noncritical, as a result of the 

-highly nonlinear operation of the u1dt. The driver bas an output rise time of about 
. .. 

2. DiJ.Ls.ec, and a duration of up to 50 mv.aec. Shorter durations may be obtained by 

putting a clipping line in place of the lZS-ohm termination on the driver-stage grid 

line. 

The unblank stage (shown ln Fla. CJ) consists of a single grounded-cathode 

pentode. The output current is about 1 amp into a US-ohm coaxial liBe. The 
sweep and u~tblanlt chaBsis ie located physically cloee to the TW CRT's cathode and 

grid connec:tione, in order to keep the length of the uablank transmission line short, 

thus minimizing the unblank time delay. Because the TW CRT's cathode-grid 

potential level ia usually high (-10 KV), a special transmiseioa-line coupling cap._ 

acltor6 was developed to allow the un.blank stage to be at ground potential. A 

•lm!liar arrangement allows the unblank pulae to return to ground, so that the pulse 

can be terminated: (1) in a resistor for normal operation; (Z) ln a Jshorted stub 

for special cases where Uftblank times shorter than the driver gate width are desired; 

or (3) ia a 12.5-ohm cable, allowing monitoring of the unblank signal. The time· 

required for the T W CR. T to unblank (the time required to go from just perceptible 

trace to full bright trace) is about 1 mv.sec. 

50inzton, Hewlett, Jaeberg, and Noe, "Distributed Amplification", Proc. IRE~ .. 
956-67 (1948). 

6 . 
Q. A. Kerns and F. A. Kirsten, "A Transmission- Line Coupling Capacitor for 

Mllllmlcrosecond Uee", to be published. 
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The 50-ohm coaxial line from the driver to the sweep output stage is used 

to provide a delay time to account nominally for the time of flight of the electrons 

through the TW CRT electron gun to the deflection structure. The exact timing may 
• • ~ f • ,-...,, 

be worked out on the basis that the unblanked portion of the trace should appear 

somewhat after the sweep start, such that the nonlinear start of the sweep will not 

be visible. There are cases, however, when it is desirable to deliberately un­

blank before the sweep starts, and continue to hold the unit unblanked at the non­

linear end of the sweep. Such a case can occur when employing external syn­

chronization and if the signal-path time delay is not well known (such as the time 

of flight of electrons through a photomultiplier); under these conditions the signal 

might not appear on the usual portion of the trace, and one would like to know if 

the eignal is early or late. 

The sweep output stage employs Z pentodee in parallel in a grounded cathode 

Circuit as shown in Fig. 10. The tubes .are mounted on a special subassembly which 

plugs into the coaxial connector, built into the CRT neck, for connection to the left 

hand horizontal deflection plate. Figure 11 shows the sweep mounted on the CRT. 

The right hand deflection plate should be returced to the deflection- structure shield 

through a suitable damping resistor or coaxial cable. The use of a coaxial cable 

allows convenient monitoring of the charging current to the horizontal-deflection 

plates. As a first approximation, this current should be constant, and hence one 

should view a nominally flat-topped pulse coming from the right-hand terminating 

cable. The sweep output tubes are operated near the emission-limited region. If 

all voltage sources (including the filaments) are regulated, then the sweep output 

stage supplies a quite stable constant-current pulse to the sweep deflection system. 

The horizontal-deflection plates (not a TW structure; conventional plates are usually 

employed) have about z pf uo·ll farad) mutual capacity and 3 pf each shunt-to­

ground capacity. The total capacity load as sean by the sweep output stage is about 

8 pf, including 3 p£ of stray capacity from the coupling capacitor to ground. The 

output capacity of each pentode (allowing 1 pf each for parasitic capacities) is about 
I I 

4 pf. T,b.~s. of the total emission current, about half goes to charge up tube capacities, 

and halt to the deflection system. Of the half delivered to the deflection system, 
I I ' 

about l;.j~ is actually used to produce a sweep (current delivered to the deflection-

plate~ m~tual capacity). With each pentode delivering about 1.5 amp o£ plate current, 

abobt 0.6 amp is delivered to the deflection mutual capacity, resulting in a sweep 
J I •ted o~ 1/3 m"oec per em, or 6. 7 psec per spot width. This represents the maximum 

'I . l . i 
I 

I 
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speed of the present circuit, and the sweep nonlinearity ie about 300/o. This sweep 

rate is fortunately faster than is consistent with the TW CRT's rise time. Consider 

·' ZO spot widths rising in 1/3 mv.sec, the rise should be dhplayed at 45° for conven­

ient viewing. This is a speed of 16.7 psec per spot width or about 1 mtJ.sec per 

em. Because this is considerably slower than the maximum rate, additional 

trimmer capacity could be added. This capacity can be used as a vernier sweep­

speed adjustment and to assure that a given speed may be attained, even though the 

sweep output tubes are aged or replaced with slightly interior unite. The fastest 

normal rate now used is Z/3 mJiLeec per em, which has So/o rate nonlinearity. 

Figure 1 Z shows the wave forms aasoci'!Lted with the output stages. The limitation& 

on linearity o£ the sweep output stage, when operated at its fastest rate, are the 

rise time of the "constant"·current output pulse, the "bottoming" of the pentodea at 

the end of the sweep, and the tendency of the circuit to ''ring 11• The rise time appears 

to be about 1 mv.sec, and the ''bottoming" b·e-comes serious when the plate voltage 

falls about 1400 v. The plate supply (1.8 kv) is about maximum for the receiving-

type pentode used. This ls safely short of the sparking point. No failures have 

occurred in the unblank or sweep output stages in 6 months operation. The screen 

voltage (900 v) ie the compromise that allows maximum current output, consistent 

with acceptable bottoming. The stability of the 'aetest sweep speed h a few per· 

cent change in 8 hr, and lese than 10% in Z months. The insertion of the usual 

damping resistors reduced the "ringing" tendency ito a suitably small value. Slower 

sweep speeds are presently obtained by inserting suitably equalized attenuatora in 

series with the coaxial cable from the driver. These consist of series and shunt 

~eslstora in a coaxial housing, arranged to give the desired attenuations and a 

nominal SO ohms impedance in and out. The shunt resistors have capacitors in 

series on the ground side for two reasons. The first is to prevent shorting out the 

bias on the sweep-output grids, and the second to provide a suitable time constant 

to effectively decrease the attenuation of the unit with time. This compensate,& to 

a good e-~tl,t !or the fact that the gate signal from the driver stage is not perfectly 

£lat-topped, but tends to sag with time. This sag is unimportant on fast sweeps (the 

sag· is small percentage-Wise over the short duration of a fast sweep, and the sweep 

output tube is heavily over-driven), but becomes significant with sweeps as slow as 

.. 40 psec per spotwidth, or about Z m~sec/ em. Figure 13 shows the sweep- stage wave 

forms. 

The single-ended sweep-deflection system used works out quite satisfactorily 

with the K14Zl CRT. Because the acceleration potential of the CRT ia 10 kv, and 



tJCRL .. 3'778 
· .. 
:;"' . 
! " .· . .· a~<f -th6 u•eful horizontal sweep voltage is about • 300 v, the astigmatic e££ect is 

' •. 

· : ·. '·~UI~e·.·smau. · 
' ... . .. 

· . " '· . < The co1iatructtou teehftlq\les utilized in order to reaU~ae the performance 

· .. 4uot~~ here ~requires that tllhe· socketa· be. dlepeneecl with. ~y clamping the 

· · .. " :·:,e·~ye:~ope of. the tube for firm support, one can make convenient connection to the 

·. )ead~· 0£ the tube by m.eaiUI 0~ the U&U.l.tube•80~ket pins, previously removed from 

· · the· aocket. · Judicjous arrangement of parts will allow removing lu'ld replacing the 
. ' ' . . •• I ·.· . . , • 

· · . ·. · tube• Witbout·damaalng tlue circuitry. Figure 14 showa a close .. up of such au 

· . ·.· .. ~- arrangemil.tnt •. Fljurtr 15 shows the ·complete unit from the rea~, and Fig. 16 ehowa 
.. ·.· ~ .. : . . _.:the ufttt {r~m the front. . . 

. . . ~ :' 

... :: ·• · ·: ·:: .. , ·: · ilie_ most critical a:dJuatmenta tnvolved aetu~g the. ~hunt re1utators tor the_ 

·trlgge~-·atase· potefttlals •. The best anode and screen voltage• are near the maximum 

·· • a.,;.itA~le; however .• the dynode aead euppreeaor poteotiab muat be a~Jilsted for high 

· . outp~t· cimsletea.t with aood rise time .and shut-off. There ia some tendency for the 
· · .-. ~= · ,·:t~ilaer stage to oeclllate near 300 Me When certabi potentials are applie~. · Although 

·,:uie oadllationa occur alter the normal sweep and stop after a few hundred m ~sec, 
':·::. ',; \t:&., are u~deairable a• they J:"eault in too long a.o. effective gate signal, which 

>.·.:~·: :.lf.l¢:reaae~,··tlUt dutt cycle,. thus unnecessarily Umiting the repetition rate. The 

·. ·:· p~e:sent :Unit worka well up to·a 10 kc repetition rate.' The limitation h imposed 

·· · by the: ac.reen diaa'ipatlon rating of,the eweep-output tubes. 

· This pat.tlcular circuit is certainly not the ultimate tha·t ia possible., 

<:onsiste·o.t with the·timttatiotie of ihe available TW CRTs. ·For example, transistor 

·· ~1-es~:achers woUld p;robably prefer a fac::tor-of-10 incree.ae in trigger sensitivity. 

: . Thi~ Cli.D. eollvettiefttly be .obtained :by inserting a distributed amplifier between the 

c:\w::r4:u'lt-amplifter etase and the triager stage. Sueh aa. ampllfler h easily within 

th~·e*ate of the art, 7 eioce it need only have a rtae-time of about Z m,_..sec or less 

'n order to-retain moat of .the present impulse-response speed. The PP.ice paid for 

· .the'_(actol'.:.of-.lO.:l.ncrease in trigger s.eo.sitivitY would be that the signal delay would 

··.have to b'e approximately doubled,· makiag the cielay cable 8 times as bulky. Higher 
.. '~. ,:,~ . 

-..r.e~tltio·n rate.& ~alld a more refined. sweep-speed adjustmeGt can be obtained, if 

.deelred •. by .modlf'lcatiou of the output portion of the syatem. 

' .. '1For. e~ple:. ampllfier type 2002, Flemins Radio Ltd., Caxton. Way, 

S_t_eveaage-Hette, England. 
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LEGENDS 

Fig •. 1. Block diagram of the sweep and unblank unit. 

Fig. 2. Internal sync take-off. a. Apprbximate equivalent circUit applicable to the ., . . 
, .......... , . flat top of step response. b. Physical arrangement. c. Test set-up. 

Fig~ 3. Input-current amplifier stage. For increased sensitivity when reflections 

are uaimportant (such as external sync), short "x" to ''y 11 ~ For r1egative 

eync • interchange "y" and "z". The ZO pf capacitor from 11z" to ground is to 

.prevent the sync take-off from distributing the de condition of the signal cable. 

F_ig. 4. Schematic diagram of trigger stage. 

Flg. ·s. Triggering delay as a function of signal voltage for input-pulse l>engths. 

:;·.:·~:.Fig. 6. Triggering delay as a function of signal charge for vadous input-pulse· 
~· . ~ . . 

·lengths. . , _ _. 

Fig. 7. Schematic diagram of driver stage. 

· · Fi·g. ~ •. Time and amplitude relatione for the input stages. 
~ . .. . \ 

Fig. 9• Schematic diagram of unblank stage. 

Fig. ·to. Schematic diagram of sweep-output stage. 

Fis. · 11. Sweep-output stage. ;4. Unblank input. ·b. Unbl~nk monitor jack 

. termination. c. -10 kv input. d. TW structure input. e. TW structure :output. 

f. · Dl'ive input. g. Power input. h. Release nuts !or sweep plug-in subchassis. 

h V6 and v7 sweep-output stage. j. Mounting block clamped to magnet-shield 

··flange. 

Fig. lZ. Time and amplitude relations for the output stages. 

Fig. 13. Drive and sweep relations. 

Fig. lf~ Main sweep chassis~ ·a. Sync take-off resistor •. b. Signal output for ll 

zntJ.s.ec delay to TW deflecti#,an$€J'y.~tem. c. Signal input. ~· VI, current amplifier 

stage. e. Vi., trigger stage. f. V3, driver stage. g. V4, driver stage . 

. h. Driver- stage output for 5 mJ.Leec delay to sweep stage. i. Driver- stage grid­

. t~tr · Hne monitor jack (terminated). j. VS, unblank stage. k. Unblank-output plug. 

1. Regulated filament input. m. Power-input sockets. 

·Fig. 15. Fractional·rilJAsec oscilloscope unit, rear view. a. TW output to termina­

.tion. b. Right.~.hand· horizontal deflection-plate output monitor. c. Signal input. 

d. Signal delay to TW input. e. Equalizer ·for sweep-drive signal. f. Sweep-delay 

line.· g. Unblank plug. · h. Main sweep chassis. 
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Fig. 16. Fractional m~sec oscilloscope untt, ·front view. a. Traveling-wave 
. ' 

cathode-ray tube. b. Sweep-output stage power-input plug. c. High-voltage 

power oscillator and control unit. d. +35 kv and -10 kv in-air high-voltage 

rectifier unit. e. Low-voltage power supplies and sweep-circuit regulators. 
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ZN -1775 

Fig . 11. 
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Fig. 14 
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Fig. 15 
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Fig . 16 


