PULSE -SI GNAL GENERATORS This invention relates to pul se signal generators.
It has been previously proposed to enploy, for generating pul ses of
vari abl e duration, a pulse signal generator in which a plurality of

stages of delay gates are connected in series with one anot&@%ds&@(b{/ .
a

transmit an input signal with a time delayl Such a pul se gener at or
may, fog«exanple, conprise, as shown in block diagramformin Figure 1 of

t he acconpanying drawi ngs, a delay circuit having a plurality of stages of
delay gates [err] to [err], a pl uwﬁﬂmﬁopl exers M to [err],
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In a delay circuit of the construction shown in Figure 1, control

20 signals S; to S¢ output_ted from the latch circuit 1 serve to control the
operations of the multiplexers M, to M,, respectively, whereby each of

the signals received from input terminals IN, INB is delayed by a
‘predetermined time. Consequently, the disadvantage arises that fixed

b‘ delay amounts are accumulated and increased due to passage of the
25 signals through the n multiplexers between the individual delay gates
and an output terminal Q,, thereby prolonging the minimum f‘orm'able pulse
duration. In addition, there is another disadvantage in that delay
errors caused by the multi’.plexers M, to M, are integrated in accordance

with an increase in ‘the number of multiplexers through which the

- 30. signals pass, hence impairing the monotony of the delay characteristic.
In an attempt to solve the above problems, that is to enhance

both the precision and monotony of the pulse duration and also to

Ji

reduce the minimum formable pulse duration, differential amplifiers
DA,, DA,, DA3 .... each comprising a pair of transistors Tr can be
35 connected to delay gates Gbl, Gb2, Gb3, respectively, as shown in
Figure 2 of the accompanying drawings, and outputs of the pairs of



2 transistors Tr constituti ng-the differential anplifiers can be suppl.i ed
to a cascode-anplifier 10, thereby switching on or off a pair of
differential anplifier transistors 10a,7 10b which constitute the

cascode anmplifier 10. In this construction, resistors Rl, R2 are 5
connected to output termnals of tl transistors 10a, 10D,
respectively. Accordingly, when switching circuits SW, SW, SWB ... are

sel ectively actuated in accordance with a given del gﬁ}; condition to opeFate
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Consider an exemplary case where the output of the delay gate Gb,
in the circuit configuration of Figure 2 is selected when the switching
circuit SW, is at a high level ("H"). o

20 In this state, if the terminal IN is switched from a low level
("L") to a high level ("H") in response to a pulse fed to the input
terminal, then the base voltage of a transistor Tr;; of the_' differential
amplifier DA, is switched from "L" to "H" after elapsing of the
propagation delay t:Lme of the delay gate Gb,. Subsequently, the base u

25 . voltages of transistors TR.A, Try; ....Tr,; of the differential
amplifiers DA,, DA; .... are switched sequentially from "L" to "H". The
~base voltages of other transistors Tryp Tryy ... Tr,, of the
differential amplifiers DA,, DA, ... are switched from "H" to "L".

At the time of state transition of each transistor Tr, a current

30 f_'of charging the capacitance of the base-emitter junction of the
transistor Tr flows in the amplifier 10 cascode-connected to the

.transistor Tr, so that such current appears as noise in the output
signals OUT and OUTB. '

For example, when the output is transmitted to the cascode

35 amplifier 10 after the switching circuit SW, is selected upon passage
of the input pulse through the n stages of delay circuits, if another
pulse is fed to the input terminal then that other pulse flows in the
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S|gnals OUT and- OUTB. For exanpl e, when the output is transmtted to the.
cascode 35 anplifier 10 after the switching circuit [err] is selected
~upon passage of the input pulse through the n stages of delay circuits, |if
another pulse is fed to the input termnal then that other pulse flows in
t he 3 resistors [err] via the parasitic capacitance of each transistor
Tr. Congequently, noise is induced at points C and CB and is thereby

super posed on the output waveform of the cascode anplifier 10. As a result,
the anplitude GesistersiRymaR, Bir dhacpaTasskiq [capesitarie Ofr eAGhatzamistex frand
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stages of delay gat@g Egf 'e kGen from Figures 3 and 4, when an input signal is
applied, noise N having an amplitude of 12 mV or so is generated in the
vicinity of 800 ps. As shown in a waveform chart represented in Figure
5 of the accompanying drawings, due to the generation of such noise the
20 amplitude of the signal becomes different from its normal value so as
consequently to cause a time delay t at the position of inversion of

the signal polarity, thus inducing jitter.
In the pulse signal generator of Figure 2, to enable the pulse
U duration to be changed, the plurality of stages of delay gates are
25 connected in series with one another to delay the input signal by a
predetermined time.  As shown in block diagram form in Figure 2, one
‘delay circuit comprises a plurality of stages of delay gates Gb, to

Gb,,,, differential connection circuits DA, to DA_,, for transmitting the

n+1

signal through the delay gates Gb, to Gb,,, at a predetermined timing to

30 the output circuit 10, and switching circuits SW, to SW,,, for
_ selectlvely operating the delay gates Gb, to Gb,.,.

A requlred number. e.g. 128, of such delay circuits are connected
in series with one another, and the switching circuits SW,, SW,, SW,
ese. SW,,, are se_lectiirel& actuated in accordance with a given delay

35 condition to operé.te one of the differential amplifiers DA,, DA,, DA3
eeee DA 4, wher_eby the input signal (supplied via an input buffer
circuit) is delayed by a predetermined time with extremely high



[err], differential connection circuits [err] to [err] for transmtting the
signal through the delay gates [err] " to [err] at a predetermined timng to
30 the output circuit 10, and switching circuits [err] to [err] _for
selectively operating the delay gates [err] to [err]. A required nunber,
e.g. 128, of such delay circuits are colinected in series with one anot her,
and the switching circuits [err] .... [err] are selectively actuateq;in
accordance with a given delay 35 condition to operate one of the
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Consequently, the wring capacitance at each turned portion 23 becopes 20
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end of another stage, is longer than that in any  other portion.
Consequently, the wiring capacitance at each turned portion 23 becomes
20 far greater than that at the other (straight) portions. bringing about
the disadvantage that the delay time linearity is deteriorated at the
turned portions 23. |
According to the invention there is provided a pulse signal
generator comprising:
25 a plurality of stages of delay gates connected in series with one
another for delaying input signals supplied to input terminals;
first differential connection circuits _interposed between the
respective delay gate stages so as to transmit, at a predetermined
timing, the signals passed through the delay gates;
30 first and second input lmes for supplying output s:Lgnals of the
first differential connection clrcults to a cascode amplifier; and
second dif‘f‘_erential conne.ction-circuits' éach comprising a pair of
transistors arranged to be supplied with the same input signals as
those fed to a pair of transistors of a __sorrssponding said first
35 differential connection circuit, each second differential connection
circuit being connected to said first and second input lines in such a
manner that 'output.s of the transistors thereof become inverse in

polarity to outputs of the transistors of the corresponding first



generator conprising: 25 . a plurality of stages of delay gates :
connected.in series with one another for delaying input signals supplied to
input termnals; first differential connection circuits interposed between
t he respective delay gate stages so as to transmt, at a predeterm ned
timng, the signals passed through the del & gates; 30 first and
second jpput lines for supplying output signals of the first differential
connection circuits to a cascode anplifier; and second differential
connection cir 8ifferentiol eennsetiomgiecyidir of transistors arranged to be
supplied with the sasgridfRgltoSh Prarérrda fiRafe b8 tHeOi/enRidn Ofthé IARSE Hn@r S
of a corresponding said first 35 differential connection circuit,_ each

second differ eAEFIY IRRHFedingh ofi theirulse; signgd Sroeraten grearepnected tona
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to receive a vol.tage signal produced by the
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outg?_g.t transistors respectively; and a |oad connected to collectors of the
difrerential anmplifier transistors so that the collector voltage thereof is
changed in 15 accar deat econhedtadhdobasblechprsnpf tther dbfferehtidla amplifierhe
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differential anplifier transistors respectively. enbodi ment of the
i nventi on HescAreRrdanse yithithepRassuwoltase ddereof:

the bases of the signal output transistors being connected to the
collectors of the differential amplifier transistors respectively.
An embodiment of the invention described in detail below provides
a pulse signal generator which is capable of reducing a minimum
20 formable pulse duration while suppressing the occurrence of jitter,
even in superhigh-speed operation.
The invention will now be further described, by way of
~illustrative and non-limiting example, with reference to the

accompanying drawings, in which:

— 25 Figure 1 is a circuit block diagram of a first previously
proposed pulse signal generator;
' Figure 2 is a circuit block diagram of a second previously
proposed pulse signal generator; _
Figure 3 is a waveform timing chart of voltages produced in the
30 pulse signal generator shown. in Figure 2;
- . Figure 4 is a wavef‘ofm timing chart showing characteristic
portions of the waveform timing chart of Figure 3;
kS Figure 5 is a wayef‘orm chart for use in explaining a time delay

caused by noise;
35 Figure 6 illustrates a pattern of arrangement of delay circuits
as shown in Figure 2; '
Figure 7 is a circuit diagram of principal components of a pulse

" signal generator according to an embodiment of the invention;



a phlse signal generator which i's capable of reducing a mni num 20
formabl e pul se duration while suppressing the occurrence of jitter, even in

super hi gh-speed operation. The invention-will now be further- described, by
way of illustrative and non-limting exanple, wth reference to the
acconpanyi ng draw ngs, in which: 25 6 Figure 1 is a circuit block

diagram of a first previously proposed pul se signal generator; Figure \’2 S
a circuit block diagramof a second previously proposed pul se signal 'f‘
generator; Fi gur Eigures8aisnavesvwafors i timing chart off veldiagegesropucaduwhen ian t he
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circuit diagram thereof. This embodiment is' concerned with a circuit
for outputting a delayed signal. _

15 . As shown in Figure 7, the pulse signal generator comprises a
plurality of delay gates Gc,, Gc,, Geg ..... connected in series with
one another. A firéi differential connection circuit and a second
differential connection circuit are interposed between each adjacent
pair of the delay gates Gc,, Gc,, Gc3 ..... . Each pair of first and

20 second differential connection circuits can be the same as the others,
whereby only the pair designated 31 (the first differential connection
circuit) and 32 (the sécond differential connection circuit) in Figure

7 will be described. _
The first differential connection circuit 31 comprises a pair of

25 transistors 3la, 31b connected in a mutually differential manner, and
a switching transistor 31lc turned on at a predetermined timing selected
by a selector 33. The circuit 31 Serves to transmit input signals to
output terminals OUT and OUTB via a cascode amplifier 34.

The second differential connection circuit 32, which serves to

30 _reduce the noise described above, comprises-a'pair of transistors
Tr32a, Tr32b connected similarly to the first differential connection *:
circuit 31, and a tfansistor'TrSZc-which corresponds to the switching |
transistor Tr3lc and is connected to the pair of transistors #
Tr32a, Tr32b. The transistor Tr32c is kept in an off-state with its

'35 emitter and base being connected directly to each other.
The first and second differential connection circuits 31, 32 are
connected to input lines Q and QB of the cascode amplifier 34 in such



circuit diagramthereof. This enbodinent is concerned with a circui t for-

outputting a del ayed signal. 15 As shown in Figure 7, the pul se

- signal generator conprises a plurality of delay gates [err] ..... :
connected in series wth one another. A first differential connection
circgit and a second differenti al connectidn circuit are interposed between
each aq%acent pair of the delay gates [err] ..... . Each pair of first and
20 setond differential connection circuits can be the sane as the others,
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Tr32a, whose hasgs ALE BufitEChi&ihe! 8reasderabhpblariby ditanvespert To3éach s
connected to the I nput |ine

O o 0 e as s Loneh . S0 ot g il AR FrEJA°ES Tl

correspondi Ng deeneRdls DN hung, INBhetHer 8rdisis torsTwiithbase volteges exvitchad éramput

line QB whil eat %w level ("L") to a high level ("H") and the same number of the
transistors with base wvoltages switched from "H" to "L" are both
connected to one input lj.ne. It therefore follows that, at the time of

20 state transition of the transistors, the charge/discharge currents
relative to the junction capacitances of the transistors cancel each
other out. Accordingly, as graphically shown in a characteristic
diagram represented in Figure 8 and an enlarged characteristic diagram
represented in Figure 9, none of the above-mentioned noise N appears at

25 the output terminal CB. Consequently, it becomes possible completely
to prevent the disadvantage of the occurrence of the delay time At
described above with reference to Figure 5, thus suppressing the
generation of jitter.even in the event of input of a random pulse to a
superhigh-speed delay line.

30 - In the embodiment of the invention described above, the delay
gates for delaying an input éignal are connected in series with one
another in an  arrangement to form a plurality of stages. A first

N, _ differential -connectioh circuit is interposed between adjacent delay
gates so as to transmit the signal, and a second differential

35 connection circuit having the same construction as the first
differential connection circuit is also interposed between the adjacent
delay gaf.es in such a manner that, at the time of state transition of

the transistors, charge/discharge currents . for the junction



transistor Tr32b is connected to the input line Q 10 In the pul se
signal generator according to this ertbodi nent, the nutually correspondi ng
ones of the transistors of the first and-second differential connection
circuits 31, 32 are connected to the input lines Q and B of the cascode
anplifier 34 in such a manner that the r&spective outputs becone of inverse
polarity wth respect to each 15 ot her, as nentioned above, so that "when
pul se signals are fed to input termnals IN and INB, the transistors th
base vol t ag&8Pasiitergesd of r She atrasdisiars| cangel) eagh joheyh ouby el Thusy thend t he

sane nunber effirdeh@ihé aRsjusbed SFoM tFRrRDREe an0lliegifs pulkd CoQshal | OffomHtht0 "L
are both cogne,ct ed to ﬁ_ge i({;put Li ne. It therefore follows that, at the
tinme of 20 PEEINRARE (EPIHE % nCHY OF 1FONETAET High Femprkably high precisiopye
currents rewath whet futther | advantage ofpgredtapceathantinghaher aciratpref ehacel

each ot her di nglLy qraphj cal |y i hagacteristic
di agram ?ep?g}éseentdéﬁ 8i&{n%;ll'—“i g%beag&gtﬁgﬁénygnﬁasr"’ gg%@%r gcg:f%ibﬁset :;'g %ﬁeezi’ﬁf‘gm
r epr esent ed superPogition®dn thmpaii signaladfdpeisecdertiyad fronicherde/dpseharge at 25

the output tgrfinRal rdBthe RARILARE ¥ tHe DRSOIRIIHODD tihf'caeﬁrpéfetet%w to

prevent the di sadvantage of the occurrence of the delay tine [err]

descri bed afbBWsiffen ¢aesirdns shei finesd differgatial, fobeestignt pir@dter ati on
of jitter econsdolently v gntterf ik Mpabcéd by IMPAEPN Ay $andch PulsePEighatih- speed
del ay I'g e. 30 . én. t he errb‘io%gi g?nt %f. t he ipvention descri',beg above,
the del @ gates Fof8etQyihid SRTTHTUPIRTR FAREAR OF chriedSFRde iATEWY &2- wi t h
one anot her Ther acaszpdeangeirenitt 037 oris a ¢fifectdviet y iof greapdy. imprdvingt

differenti al i (o] I L odiSed NLET e ;ace I gat es
S0 as Tt 1 SRELREFiaats Wl orliied ChET RS otBlbu R fIBRCT QP HeOn'
circuit hafmbrfiimenfe of sEhee inventden fheyRdn Bigurene first differential

connection Circurh dhe Sdstdde NBiReROS8Y, DA WRGH LR Fi3dre ORN! titebade GRLLS 1N
such a ggnner t hat , qiré%he, time of state transition of the ' transistors,
char ge/ 07 scHEPFESt U PRt &8 9O8Pectere o) thotursiion of cHheagmMisHRR it he

transi st or s teansdetore Ichl anlietheoabllectdhies, attiransistoreTt630e required for

form ng-an out puty,Pylge of ANBlansiEQUP T8 is connected to a junction of the
emitter of a transistor Tr62 and the collector of a transistor Tré64.

Furthermore, n diodes Di, to DI, are connected as a  load to the

20 collector of the transistor Tr65 (Tr66), and t;he base of the transistor .
Tr61 (Tr62) is connected to the - juﬂction of the collector of the
transistor Tr65 (Tr66) and the diodes Di, to DI,. The emitters of the
‘transistors Tr65, Tr66 are connected to each 6ther' and are further
connected via a constant current source to a power source Vee- :

25 When the transistor Tr63 is switched on, it follows that the e
collector current of the transistor Tr63 is increased. Therefore, the
potential difference between the emitter and the base of the transistor
Tr61 needs to be sufficiently large. Accordingly, if the base voltage
of the transistor Tr61 were fixed, the emitter voltage would need to be:

30 lowered. In contrast therewith, the present cascode circuit 37 is so
formed that the emitters of the transistors Tr65 and Tr66 are connected
to each other and, when the emitter voltage of tﬁe' transistor Tr6l is
about to be lowered, the base voltage of the t.ransist:or _Ti-65 is lowered
instead, whereby its collector voltage 1is increased. ~° More

35 specifically, the b'as_e-emitter voltage of the transistor Tr65 is
lowered at the above timing so as consequently to reduce the current
flowing in the transistor Tr65. Therefore, the current flowing in the



beginning to the end, can be controlled with remarkably high precision,
with the further advantage of greatly enhancing the accuracy of the 5
pul se durati on. In addition, it alse becomes possible to prevent
superposition on the main signal of noise derived fron1charge/d|scharge
currents for the capacitance of the base-c@ |ector junction of each
transi stor constituting the first differential connection circuit.
COnsequntIy nod*ltter i s induced by input of any random pul se signal

Figure 10 is aPdirges tDip| b Pidicaprestraste, theseldectr ofii thespransis “c&?@%de

circuit 37 i afbf @ehhced tbNlowireahbkY forwERMEOVbIEhgeN L AGHRELSY | the BASE
applied to the cascode anplifier 34 of the enbodi nent of  the i nvention
shown in Fi gureoltage of; the ¢ransdgeon Tréliils Hrreased dpiropartdoguheretn. tAe

base of a 15 atda305¢ StRE bl eni EtTOPHGEEA] (a3 FPedenBE IdfOhed kriddastsd Ther Of
a transistor Tr6l and tge coIJ(ect or ﬁ'{}lﬁaﬂ&ﬁt sistor Tr6 base of .a

transi st or 2Tr 685 AOCEATHE FUEgKIH 59 88y Y tRSLAURT 18 g}“bf’ A% PRETEting,
Tr62 and t he cohdreatothedéira transi stor Tr64. Furthernore, n diodes [err] to

err] are connectedgas. a t Jr 65
ETr 6%5) and the bas%{j}1 %}L g‘?r%%glggfgrgﬂ é)ij(sfggz";}%llslsc nnec%%@‘ﬁé’t Htly
junction of thgreasl tamachtanse, titchas hnen dhercapeckeretobB)e that ahlongi tigesis
[err] to [err] reqlfifedFok iker MEeH&B?'\&ﬁQ&g% TR badeOfas?hE capERREhEd 1O

each other and are ?urt her -connect via a constant current source to a
pover sourt® [8qd thezafore the ba%&ﬂlttalgé 15 dnsreassd immsdiatelyjn @peqrdgnce i ¢
follows that t@grcohl eFd10r Fur gkgét eaftidie {réﬁﬁ%bs'[&f thé 3 trandikebLagedl .

Ther ef or e, the ntial difference betyeen .t ter and th ase of the
T ctor T cabeamie sy, fn' Ui Ertsedts ekt o - abte PREyor | Trelhgang

vol t age of t hetarmedsors tvery Tméch Reseerf itha,int lac peeviicusly \prbp@egsﬂ wibrdud t nbed
to be 30 0 Y Lr.cuUkt._ 37
is so for ned }tl\ﬁgt tﬁ.‘eel ganélét ?(;elrtgg%)fi g?ﬁe"%?ﬂr ;cﬁglrét{l'grs L?.§§tgﬁ 3&%%% c%ag%iel%g“n
connect ed ¥ eafthet $ianal riespikre fhe (Rxistencecef \aoYt bapge oftray ccapagikanse or
Tr6l is about to berhOWBswRA opétitiBR 1Y Holvake d@éc:ﬁh@d tdb?@%pé&f’ﬁcxi@wi&

| ower ed |nstead whereby its_  collector voltage i ncreased
Mre 35  specFf§ use §f malth‘é"a(‘}é%%l EFPT]SELONRy té{B% Eﬁan?h%mr?r i STROH #P%55

is lowered at kdirchb®\vA ArdTofE)bgAnpat %msgusemln,landt V. f.editea tHeevelvage i,
flownglnthetranglstor Tr 65. Thererg the current flowing in the
applied to the transistor 3 is at a high level WH" ., the base-

20 emitter voltage V,;, of the transistor Tr6l is varied by a value of

kT/q.I, (I,+ 2I)/I, under the following conditions:

V,=V- AV ... (1), and

U = V+ AV e (2).
25 | |
Consequ_ently .
[{v+ AV - (V = DV)}/2re x nre + AV]

= kT/q.1, (I, + 2I)/I, " . (3).
30 Therefore,
AV =1/(n + 1__).1§'r/q.1,, (I, + 2I)/1, cer (B).
* Since the transistors Tr63 and Tr64 are switched on and off, the
35 emitter voltages thereof are each varied by a value of

1/(n + 1).kT/q.1, (I, + 2I)/L,.

Accordingly, in the cascode circuit 37, a desired result is



9 n diodes [err] to [err] connected to the collector .of the transisstor Tr65
is also reduced to | ower the forward-voltage [err], whereby the base
voltage of the transistor Tr6l is increased in proportion thereto. As a
result, the base-emitter potential difference of the transistor Tr61 5 S

increased quickly so as imediately to t@use a flow of an operating current

therein. Since the emtter of the transistor Tr61l is given a suffici eﬁt}l y
great capacitance, it has been the case heretofore that a long time ig®
required fosttadned ibyg chhegiogi andrdisghergjeg Whetheagmoyrds Anescagaciutadee 10

and ther ef Of gl ligh lzgs%eoe\ilg.l,,,tggsp#t% LR R ASRA ol e Abardbilclc Apar Aaee Wi th

a fall of the emttér voltage of the transistor Tr ccordingly, in the
cascode ci reusht agmining gapapitescerinmthe ealdepkons,phethenhrarsipttr Trbast er
than in a paRyvireels) y proposed circuit in which the base voltage is fixed,

t hereby realising quicker transm ssion 15 of the signal despite the

exi stende of any large stray capacitance. The above operation will now be
descri bed nore speciCikT/al.Ly (B t+h2lhE,use of nmat henatical expressi d®3. The
transistors Tr63, Tr64 are switched on and off by input voltages [err] and
[err]. Wien the voltage VIN applied to the transistor Tr63 is at a high

| evel ("H')Thushe itadecofds posgibleertosoddhdgee [ @r Largsf erhancementi dporthgr6l is
varied by a,yaly gofs kJ{dd.[err] (lo+ 2I)/[err] under the follow ng

condi ti ons: l%lerin=€/- [err]hV . . L
(1), ankp [err] = i‘;nilafibsf r§o \the description given above with regard to the

(k %} [25 Cfnsmw@ﬁdzy ,Tlr{sj,E/ the | &dule] Yperaton dafr bé \BerfafmedX réltive [ €5 rt%l% :30
ferr err]. + ¢ err . . s : -
The?ef ore, %‘[@I"Fi‘it&?r i‘rélj 3 ¥'Lll]}'.-kffq?’}[‘%r'i’]anf’[setlpf'] Tebh) i, pigtteped ottt
... (4). Siagrenhd,talansicsmes LoTfBY imdhdrdpdlect®rsed thédutansistod Tf62, t he-
35 emtt | ar.e i val ue  of

1 (n 51). cmegetare e gmiterF) fleess B neCPibmt e Fib2 18 el en e cui
37, a dissi ré@ebnr ashel temister voltage of the transistor Tr62 is about to be
increased, the base voltage of the transistor Tr66 is raised to
increase the base-emitter voltage of the transistor Tr66, whereby the
current flowing in the transistor Tr66 is also increased so as
consequently to raise the voltage applied to the diodes Di, to Di,. As
20 a result, the base voltage of the transistor Tr62 is lowered to bring
about a fast reduction of  the base-emitter voltage V., of the
transistor Tr62. Therefore, the transistor Tr62 is switched off
quickly, and thus delay due to stray capacitance can be greatly
diminished on the side relative to the transistors Tr62 and Tré4. o
25 Figure 11 is a characteristic diagram graphically showing a
comparison between the operation of the cascode circuit 37 shown in
Figure 10 and the operation of a previously proposed cascode circuit.
' In this diagram, a broken-line curve A represents the characteristic
obtained when one diode D is connected in the cascode circuit 37, and
30 a solid-line curve B represents the characteristic of the previously
proposed cascode circuit. '

As is apparent from Figure 11, the voltage change gx_'adient in the
cascode circuilt 37 can be rendered sharper than thaﬁ in the previously
proposed circuit so as consequently to ensure with certainty a

35 reduction of the signal delay caused by stray capacitance.

Attention is directed to our copending Applicétion No. 9412110.0

{(Publication No. GB-A- } which was divided



10 atfained by charging and discharging by the amount Q as set out in
Equation (5) bel ow, despite the existenc€ of any parasitic capacitance such
as wiring capacitance in the collectors of the transistors Tr63 and Tr64: 5

Q= CKkT/qg.[err] (lo + 21)/[err] ... (5H).
Thus, it becones possible to achieve a | alde enhancenent in the operating
speed. 10 Simlarly to the description given above with regard to

the trarfsistor Tr63, the same operation can be perfornmed relative go t.he
transi stor Tr@atast whel preseht tapplication sangy wirkey ipgludgsy ‘:i’f ecked P ent
lo al one Comaihgocjécgﬁéi rbift 405 RE@ebid Reth IdPereticer td IFGguréEhd0edrngr e,
dhe emtter voltage of the transistor Tr62 is urged to rise. 15 When t he
emitter voltadd.of the transistor Tr62 is about to be increased, the base
voltage of ‘the transistor Tr66 is raised to increase the base-emtter
%ol tage of the transistor Tr66, whereby the current flowing in the
transistor Tr66 is also increased so as consequently to raise the voltage
applied to the diodes [err] to [err]. As 20" a result, the base voltage of
the transistor Tr62 is lowered to bring about a fast reduction of the
base-em tter voltage VBE2 of the transistor Tr62. Therefore, the
transistor Tr62 is switched off quickly, and thus delay due to stray
capaci tance can be greatly dimnished on the side relative to the
transistors Tr62 and Tr64. 25 Figure 11 is a characteristic diagram
graphically showi ng a conpari son between the operation of the cascode
~circuit 37 shown in Figure 10 and the operation of a previously proposed
cascode circuit. In this diagram a broken-line curve A represents the
chardcteristic obtained when one diode D is connected in the cascode
circuit 37, and 30 a solid-line curve B represents the characteristic of
the previously proposed cascode circuit. As is apparent from Figure 11, the
vol tage change gradient in the cascode circuit 37 can be rendered shar per
than that in .the previously h



proposed circuit so as consequently to ensure with certainty a 35 .
reduction of - the signal delay caused'by stray capacitance. Attention is
directed to our copending Application No: 9412110.0 (Publication No.

GB- A- ) which was divided out of the present
“application and which includes clains di2ecte circuit

descri bed herein with reference to Figures 10ﬂmmmnﬁm‘iwnmAl MS 1. A
pul se signal generator conprising: a plurality*of®stlagds 6f delay gatéa'
connected in series with one 5 anot heEL&lE del ayi ng i nput signals supplied
to input termnals; first differential connection circuits interposed

bet ween the respectlve del a ate stages sg as to transmt, at a

predet er ni néd tifh setﬂ@“%f@%ﬁ?’éatﬁﬁs%@&"ﬁ#%ugh the del ay gates; first and
second input i nesmi:eanswmﬂ ytagesonlt peuaysg@ealaméctéaelﬂ@enés with one

differential n C|rcuts tQ | L r cond
differ en"%l alm%tgﬁﬁ g%& drpet & als n'p}’rpﬂ'g?dgg@% a*t zi&r te'?mqg‘ragsﬁm stors
arranged to be stﬂpﬁtl ddfﬂerlehtidde @&mtnupmusugtaalmtasmsedsbetmnt they pair
of transi St80sp shedtide q%ﬁggsgmd!s %eéasg d redt t@sﬁéﬂ&enua& ﬁ@aee&talﬁ@a

circuit, each second er ent connect i on cifcuit being connected to
said first &HeingecHiRisisnsde nRassed qhﬁ°‘§§’cﬁh9adﬁﬁﬁh§|at?§rat out puts of the

transistors t][ler ?Qfsd)&@d)%&cddeﬁﬂrﬁﬂ liheBOﬂ'd'r sﬁmymgl)uhapﬁﬁssﬂgmubaaf the 20
transi stQrs o orrespondi n rsj rential conne on circuit.

o' 21 AL et dRefe R TiaR R ettdnty Slnetife Jood maref SHELASPEL A 1 1
reference to Fi gaemd?difweﬂermﬁal lconzet dorp aimcuigs caelnicogprising a péimof se

si gnal gene or o,.clal I iC e h t _and
second mputq:il r}gg&%r eaq% ﬁgcf‘gd&% rguépic)laegc% l{naé%rrlfizll 2 irg’é& Q\A%Jaliﬁ af
conpri ses: those fed to a pair of transistors of a correspondmg said first

-

differential connection circuit, each second differential connection

15 circuit being connected to said first and secdnd input lines in such a
manner that outputs of the transistors thereof become inverse in
polarity to outputs of the transistors of the corresponding first
differential connection circuit. |

20 2. A pulse signal generator substantially as herein described with

reference to Figures 7 to 9 of the accompanying drawings.

3. A pulse'signai generator according .to claim 1 or claim 2, wherein
the first and second input lines are connected to a cascode amplifier .
.25 which comprises: u
a pair of differentially connected transistors for converting a
current chénge into a voltage change;
a pair of signal output transistors connected to collectors of
the differentially connected transistors reSpectively s0 as to receive
30 a voltage signal produced by the differentially connected transistors;
a pair of differential amplifiér transistors having bases
connec_ted to emitters of the signal output transistors. respectively;
and
a load connected to collectors of the differential amplifier
35 transistors so that the collector voltage thereof Iis changed in
accordance with the base voltage thereof'; '
the bases of the signal output transistors being connected to the
collectors of the differential amplifier tranéistors respectively.



a.pair of differentially connected transistors for converting a current .
change into a voltage change; a pair of signal output transistors connected
to collectors of the differentially connected transistor

as to receive 30 a voltage signal produced by the di ffill“ﬂﬁﬂ““"ﬁllll“}m
connected transistors; a pair of differentldl anplifier tranSist or's havi ng.
bases connected to enitters of the signal output transistors respectively;
and a | dad connected to collectors of the differential anplifier 35
transistors sol hat Atpidseciigeal gengratorRecPpingoto icdaimangirein sbeofidstice
with the base vt ageordicifpit LiheshagRs @bnidit@ed Rl a OWldddbad I ARF1LHiIRES

Jei ng connected to the collectors qQf the differential anplj.fier ansj stors
respectively. Substantialay.ag g’é”%’i"gﬁ%‘f”@@?fﬁt’”&PBrregﬁﬁﬂ}c&i E% ﬂt"ﬁ“’é‘f%ﬁh} T}A il
wherein the fi o$tthendccompanydngngusivihgsnes are connected to a cascode
anplifier s%bstanti ally as herein described with reference to Figures 10
and 11 of the acconpanying drawi ngs. 5 5. A pul se signal generator
accordi hg to cPai m 2 puliselsiignabgpoerates agcordingdto gipin Riwhichuincoopetatesy
as herein descii hadodd bipli9iF S06&ahei 1 WL Rerdndiiclivddl witherdierantiary! Ny

draw ngs. . )
Figures 10 and 11 of the accompanying drawings.
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