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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, express
or implied, with respect to the accuracy, com-
pleteness, or usefulness of the information
contained in this report, or that the use of
any information, apparatus, method, or process
disclosed in this report may not infringe pri-
vately owned rights; or

B. Assumes any liabilities with respect to the use
of, or for damages resulting from the use of any
information, apparatus, method, or process dis-
closed in this report.

As used in the above, "person acting on behalf of the
Commission" includes any employee or contractor of the
Commission to the extent that such employee or contractor
prepares, handles or distributes, or provides access to, any
information pursuant to his employment or contract with the
Commission.
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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California. :




UCR L-3585
Instrumentation Distribution

UNIVERSITY OF CALIFORNIA

" Radiation Laboratory
Berkeley, California |

Contract No. W-7405-eng-48

A 40-MEGACYCLE SCALER
Michiyuki Nakamura -
" November 14, 1956

Printed for the U.S. Atomic Energy Comfnission

L]



-2- UCRL-3585

A 40-MEGACYCLE SCALER -
Michiyuki Nakamura
Radiation Laboratory

University of California
Berkeley, California

November 14, 1956

ABSTRACT

A fast scaler is describéd that employs a fast flip-flop circuit of
unique design. With techniques applied to fast trigger circuits, this flip-
flop circuit has been triggered at a rate higher thaﬁ 50 megacycles i)er
second and h’és a double-pulse resolution of 20 millimicroseconds. A 40-
megacycle scaler, with a scale of eight and employing this fast flip-flop as

a ba-éicv element, has been built at this Labératory.
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A 40-MEGACYCLE SCALER
Michiyuki Nakamura
Radiation Laboratory

University of California .
" Berkeley, California

November 14, 1956 ..

“

INTRODUC TION

‘The search for fast scalers has gone on for many years. Fast
scalmg circuits have been devised in the past, but in general they have .
been quite complex in their structure and have left something to be desired
in the v)ay of stability. Seme of the techriiques used in the past are discussed.

-The use of '"peaking!" coils in the -plate circuit of flip-flops vhas‘ex-
tended the switching-speed range of some flip-flops. Cathode followers
have been used to decouple the opposmg grid input circuit from the plate
circuit, and switching speeds haye been appreciably 1ncreased._ Clamping
the' plate swings and the grid swings of a flip-flop to narrow limits has also
apprec1ab1y increased switching speeds Circuits embodying the above tech-
nlques either s1ng1y or in comb1nat1on soon approached their limits in sw1tch—
| 1ng speeds These limits were on the order of 30 Mc.

Very fast sw1tch1ng speeds can be attained by the use of secondary-
emission type tubes of hightransconductance. The ma1ndrawback with cir-
cuits using secondary-emission type tubes is the problem of stabilizing the
drifts associated with these tubes. _ v '

A circuit that has fast switching speeds is described. Fast switch-
ing is attributed to high-gaivn, low-output indpedan_ce, and to clamping tech-
niques. The clafnping techniques also costribﬁte to the stability of the

circuit.
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DESCRIPTION OF CIRCUIT AND CIRCUIT OPERATION

Figure 1 shows the basic cifcuit of the fast flip-flop. The action of
the circuit is described by reference to ¥Fig. 1. As an init.ial condition,
assume that V3 is cut off and that V1 is conducting as-indicated. The trig-
ger pulse, applied at the cathode of V4, is transmifted to the grid of V1,
tending to cut V1 off. The ,currentAﬂowing through Zkl(Rkl plus the reac-
tive impedance of Lkl) decreases, creating the derivative polarity conditions
indicated. This derivative condition causes the grid-to-cathode polarity of
V2 to become more positive. This action tends to 'boot s.trap"'the cathode

voltage of V2 upward toward E This action is transmitted to the grid of

bb*

V3, which tends to make V3 conduct. The current in Z tends to increase,

creating the derivative polarity>ac1foss ZkZ as indicate,dlfzk This action tends
to cut V4 off, ‘allowing the cathode voltage of V4 to fall. As the cathode voltage
of V4 falls, the grid of V1 is further cut off. The entire action described |
above is regenerative, and the action is compieted when V1 is cut off and V3
is conducting. | ' '

In retrospect, addi1‘:iona1 comments mayvb‘e’ made concerning the
aétio'ri of the circuit. The action across Z, » |

K2 may be thought of as aiding
the switching speed in the following manner. Not all the electrons con-
ducted by V3 flow through V4 because V4 is tending to cut off. These elec-
trons may now "concentrafe! on charging the capacitances associated with'
the plate circuit of V3 and the grid circuit of V1. | |

The action across Zkl makes the cathode of V2 a 1ow—iinpédance
discharge point for the electrons that had gone into charging the capaci-
tances associated with the grid of V3. The output impedance at the cé.thode

of V2 (Zout) is expressed as

S - Ui S L : (1)
out rp1 + rp2 +(p2 + 1) Zkl
where
rp1 = plate resistance of V1,
'rpZ = plate resistance of V2,

By = amplification factor of V2. .
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- Fig. 1. Basic circuit of fast flip-flop.
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- The voltage gain (without 1oad) at the cathode of V2 over the signal
applied to the grid of V1 is

o ey (e e Zyy) :
Gain = = s o (THE o D A (2).
pl " Tp2 T W2 k1

where
| Ry = amplification faétq.r of V1.
(See the appendix for the derivations of the above expressions for the out-
put impedance and for voltagé gain without load.) . ‘

Figure 2 shows the first binary circuit of the 40—megacyc1e scaler,
which was built at this laboratory. The swing of' the cathodes of the upper
tubes is clamped in order to decrease the switching time of the binary.

" Figure 3 shows the.setup used to test the rise time and fhe double-

pulse. and triple-pulse resolutioﬁ of the binary. The mercury pulser is
' capable of delivering pulses with very fast rise t-imes. The pulse length
is determined by the length of open cable shown extending above the pulser.
Double and trlple pulses may be produced by using various 1engths of cable
as indicated to delay the pulses, and by recombining them againintoa single
cable. The resistors shown at the junctions of the cables minimize the.
cable-impedance mismatches that the signals ''see'' as they approach the
junctions. _ | ‘

Figure 4 shows the 'input‘ triggers and the output waveforms of this
binai‘y. The sweep speed is 20 mpsec/cm and the vertical deflection sen-
sitivity is 5 v/cm. Figure 4a shoWs a single-pulse input trigger and '
Fig. 4b shows the output wa\./e‘form.} Because the oscilloscope is triggered 7
at a rate of 60 cps from the mercury puiser and because the beam of the
cathode-ray tube returns to the same ''zero" spot before each trlgger the
picture obtalned is as shown in Fig. 4b. _

Figure 4c shows the mput waveform in which the two input triggers
are 45 musec apart. Figui‘e 4d shows the output waveform. Figure e
shows the tri'ple-pulse input triggers, which are 23 musec apart. Figure
4f shows the output waveform. '

This binary has been triggeréd by an rf source at a rate of more
than 45 Mc. With optimum clamping and adequate driving signal, this

binary has been driven at a rate of 60 Mc.
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.+ Fig., 2. 40-Mc binary.
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VARYING LENGTHS OF

' o CABLE TO PRODUCE VARIOUS
: . DELAYS
60 v T
MERCURY | FFLII'(;P
PULSER
TEKTRONIX
SCOPE A 517A
TRIGGER *]
| | MU- 12769

Fig. 3. Diagram showing setup used to determine triple-pulse
resolution of flip-flop.
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(2) o),

i (d)
(b) '

Input (a) and Output (b) waveforms Input (c) and Output (c) waveforms
for single pulse : for double pulse

o B .

) Input (e) and Output (f) waveforms
for triple pulse input )

ZN-1671
Fig. 4. Input and output waveforms of 40-Mc binary (sweep =

20 musec/cm; vertical deflection sensitivity = 5 v/cm). The
photograph was made with a 5-sec exposure (300 sweeps).
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In the construction of the 40-Mc scaler, the binaries are followed
by a cathode follower and a stage of amplification to trigger the following
binary. Three binaries are used in this scale-of-eight scaler. 'Read-out"
is accomplished by use of a microammeter. Resét is done by' ‘connecting

the cathode of the upper tube through a resistor to the +300-volt line.
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'CONCLUSIONS

The use of a series tube in the plate c:1rcu1t’ of a f11p flop has
apprec1ab1y 1ncreased the sw1tch1ng speed of the f11p flop The gam of
_the circuit is kept high while the output impedance of the circuit for '
vdr1v1ng the grid of the opposing tube is 1owered The fundamental con-
cept of the Eccles- Jordan trigger circuit is mamta1ned, and thereby the
design of the circuit is kept simple. Thga use of this binary in combina-
tion with the accepted practice of clamping' plate swings in-a flip-flop has
achieved fast switching speeds without the complexity usually associated
with other binaries of comparable speed. Clamping also lends stability,

which is lacking in many high-speed circuits.
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‘APPENDIX
The derivations for the expressions above for >volbtage gain (without load)
and the output impedance are shown. |
For der1v1ng the equivalent impedance of the upper tube c1rcu1t it is
helpful to analyze the behavior of a simple triode amplifier with a cathode
resistof as shown in F1g 5. ' v
From the equivalent circuit in F1g 5b; we see by. 1nspect10n that if

R_L= o, the open-circuit voltage AeL may be expressed as

R Ae]:_‘_z H("Aeg)’ ) T » (3)
since Aip = 0. The open-circuit voltage gain becomes

AeL/-Aeg = -pe - @

To determine the short-circuit current gain of the‘amplifier, let us

set RL = 0.> Then, Aip becomes o . .
’ Ai_=[p(-Be_ - B8i R)]/(R_+r1 ) (5
| p = lhl-deg - MR V(R ) (5)
“and clearing fractions, we have ‘ T
Al [r_+ (pt1)R,] = -pde . 6
| plrp t DRy ] = -pde . - (6)
From Eq. 6 we see that the short-circuit current gain becomes
‘Alp _ : —H . ) (7)
Ae T T [ FIR |
g Tp T LRy

The output impedance of the circuit is the ratio of the open-circuit
voltage gain, Eq. (4), to the short-circuit current gain, Eq. (7), which is
Ae . -
L =  r_+(p+1)R, _ , (8)
TR P J Rk : -
: ) P , _
Figure 6(a) shows.an amplifier ‘using a series tube as a plate load. The upper
tube circuit may be represénfed‘by an equivalent impedance o2 + (pz +1) 'Rku
as shown in Fig. 6(b). From Fig. 6(b), we see that the expression for the
current change Aip is
&y -Ae
: }*1 ( g)

A =
p rpl +rpz-l>(|.1.2 +1) Rk

(9)

The voltage change Ae‘p bevcovmés'
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Rk

(b)

MU- 12770

Fig. 5. Actual and equivalent circuits of a triode amplifier with
cathode resistor Rk' ’ : :
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Aep

rpl . Pd
Aeg - ’ . .
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+ ,(-Aeg) L kR
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Fig. 6. Amplifier circuit with a series tube as the plate load.
. (a) Actual circuit | |
(b) Equivalent circuit

. (c) Equivalent circuit redrawn

‘
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My + 1)Rk]. o | (10)
The equivalent circuit in Fig.. 6b is redrawn in Fig. 6¢c. The

voltage change at ey is

A1 R

Ae, = Ae - Ai R =Aip[rp +(H2+1 k]_ pk_...,

k p- p k
= A1p (rpz + }LZRk). . (11)

The expression for the voltage gain (with no load) at e, can be
found by solving Eq. (9) and Eq, (11) for Aek/Aeg, which becomes

hey ) -ul(r +u2 k) Caz
Aeg rp1+rp_ +(p2+1)R : e

For finding the short-circuit current gain, ey is held fixed. The

expi‘essibn for the current change through V1 (Aipl)‘is

. 1 g . .
Al = ———— . (13)
pl | rpl + Rk _
This change in current Aip_l lowers the grid of V2 by an armount
-p,Ae R
AL R = 1%k (14)
pl 'k rp1 + Rk -

The current change in V2 ((Aipz) becomes

A ) pzAllek ) HlszkAeg _ |
p2 _ rp2 rp.2 (rpl + Rk)) ;o (15)) ,

The net short-circuit current gain at the cathode '(ik) is determined

from Eqs. (13) and (15); it is:

Aly e U L 2
Aeg rp1+Rk N pZz pl + R
E '“1<rpz R ) (16)
r . ! .

o2 o1 TR
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The outptit‘in.nped\ance (Zbut':) at the cathode of V2 is the ratio of
the open-circuit voltage gain, Eq. (12), to the short-circuit current gain,
Eq. (16); it-is ' o

T + R

(r ) o
p2 pl X - (17)
+r o oy + DRy

z =

~out .

‘r.pl

Equations (1) and (2) are equivalent to Eqs. (17) and (12); in the
latter two, Zkl is replaced by Rk. "
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