1 CASCODE CIRCU TS This invention-relates to cascode circuits. It has been
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duration, a pulse signal generator in which a plurality of sta@b&;oﬁ‘dé}agg
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20 In a delay circuit of the construction shown in Figure 1, control
signals S, to §; outputted from the latch circuit 1 serve to control the
operations of the multiplexers M, to M, res-pectively. whereby each of
the signals received from input terminals IN, INB is delayed by a

\,/ predeternined time. Consequently, the disadvantage arises that fixed

25 delay amounts are accumulated and increased due to passage of the
gignals through the n multiplexers between the individual delay gates
and an output terminal Q,, thereby proloriging the minimum formable pulse
duration. In addition, there is another disadvantage in that delay
errors caused by the multiplexers M, to M7 are integrated in accordance

- 30  with an increase in the number of muitiplexers through which the
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
reduce the minimum formable pulse duration, differential amplifiers DA,,

35 DA,, DA3 .... each comprising a pair of transistors Tr can be connected

to delay gates Gbl, Gb2, Gb3, respectively, as shown in Figure 2 of the
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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"). '

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 time of the delay gate Gb,. Subsequently, the base
voltages of transistors TR, Try ....Tr,; of the differential
amplifiers DA,, DA, .... are switched sequentially from "L" to "H". The
'base voltages of other transistors Tr,,, Tr,, .... Tr,, of the
differential amplifiers DA,, DA, ... are switched from "H" to "L".

At the time of etate transition of each transistor Tr, a current
for 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

amplifier 10 after the switching circuit SW, is selected upon passage

of the input pulse through the n stages of delay circuits, if another

¢



35 anplifier 10 after the switching circuit [err] is selected upon
passage of the input pulse through the n stages of delay circuits, if
anot her . 3 pulse is fed to the input termnal then that other pulse flows
in the Yesistors [err] via the parasitic capacitance of each transistor
Tr. Consequently, noise is induced at pointg C and CB and is thereby

super posed on the output waveform of the cascode anplifier 10. As a 5
result, the anplitude of the signal obtained fromthe output term nals OUT
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-

the output circuit 188 G#RdbeFasanfrRp @Pm& when &y finpyf; signal

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
20 5 of the accompanying drawings, due to the generation of such noise the
amplitude of the signal becomes different from its normal value so as
consequently to cauée 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
25 duration to be changed, the plurality of stages of delay gates are
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,

neys differential connection circuits DA, to DA

ney fOr transmitting the

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

for

the output circuit 10, and switching circuits SW, to SW,,,

selectively operating the delay gates Gb, to Gb,,,
A required number, e.g. 128, of such delay circuits are connected
in series with one another, and the switching circuits SW,, SW,, SW,

35 .... SW ,, are selectively actuated in accordance with a given delay

condition to opefate one of the differential amplifiers DA,, DA,, DA3
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operating the delay gates [efr] to [err]. A required nunber,
e.g. 128, of such delay circuits are connected in series with one another,
ching circuits [err] 35 .... [err] are selectively actuated

e wth a given delay condition to operate one of the

anplifiers [err] :... [gerr], whereby the input sign5¥
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seriggpFerngctirns, pesendy mongreblem. However, the delay-circuit

connecting wire 22 at each turned portion 23, that is where a delay
circuit at the end of one stage is connected to a'delay circuit at an
end of another stage, is longer than that in any other portion.
Consequently, the wiring capacitance at each turned portion 23 becomes
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.

Our copending Application No. 9126210.5 (Publication No. GB-A-2
251 994), from which the present application was divided out, provides
a pulse signal generator comprising:

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; |

first and second input lines for supplying output signals of the
first differential connection circuits to a cascode amplifier; and

second differential connection circuits each comprising a pair of
transistors arranged to be supplied with the same input signals as

those fed to a pair of transistors of a COrresponding said first
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30 first differential connection circuits interposed between the
respective delay gate stages so as to transmt, at a predeterm ned tim ng,
t he signals passed through the delay gates; first and second input |ines
for supplying output signals of the first differential connection circuits
to a caScode anplifier; and 35 secgnd differential connection
circuits each conprising a pair of transistors arranged to be supplied with
the sane input signals as those fed to a pair of transistors of a
correspondi ng &ﬁifdréﬂtﬁal connbetiohf elrent t Al eachnseminidodi tferentiinl mhcmnond
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i nvention ther e circurt for use in a pul se signal
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connected transi st Of&dr@ing ¢5VEHel bRékent lihventidr ahbre Nangovided @ castddege
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and
a load connected to collectors of the differential amplifier
transistors so that the collector voltage thereof is changed in
accordance with the base voltage thereof’;
20 the bases of the signal output transistors being connected to the
collectors of the dif‘fez_‘éntial amplifier transistors respectively.
Arrangements descfibed in detail below accomplish the following:
(1) the 'pxjovisio_n of a pulse signal generator which is capable

of reducing a minimum formable pulse duration while suppressing the

~ 25 occurrence of jitter, even in superhigh-speed operation; and
(ii) providing that a current-to-voltage conversion speed is not
lowered despite any large stray capacitance which may exist in a
current-to-voltage converter included in a cascode circuit.
The invention will now be further described, by way of
30 illustrative and non-limiting example, with reference to the
e accompanying drawings, in which:
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
35 proposed pulse signal generator;
Figure 3 is a waveform timing chart of voltages produced in the

pulse signal generator shown in Figure 2;



(ii1)-providing that a current-to-voltage conversion speed is not |owered
despite any large stray capacitance which may exist in a current-to-voltage
converter included in a cascode circuit. The invention will now be further
descri bed, by way of 30 illustrative and non-limting exanple, v‘\‘nth
reference to the acconpanying drawi ngsg in which: Figure 1 is a ci rctut

bl ock diagram of a first previously proposed pul se signal generator; Figure
2 is a.circuit block diagramof a second previously 35 proposed pul se

si gnal generator ;Figugeir® 3si a avawaﬁtﬁ-ﬁnoruniﬂg‘ri ¢iare hahbwirig Vedragesigtnduced

in the pulse o3 naI ener at or, Figure 4 is a .
waveform ti R b %’ﬁ‘a?? @ﬁoﬁvﬁé‘oﬁ%a %’{%FF%‘(Q" 8? %ﬁ"f%ri’ of the waveform !
timng chart of Migure %;smgavefc&ml@aa:tvm:'eﬁse rinc fxplaining us bimen delay

expl ai ni ng qql,L8% e}lg%ecaused by noise; 5 Figure 6 illustrates a .
pattern of arran%errent of delay circuits as shown in Figure 2; Figure 7 is

a circui ® di agr afigpre @ Atlyssratesnpopasiesn of arpaREsEeny. ghdelgy rrirsuins

accordi ng tqsogno@beﬂqallgam |2qned copendl ng Application No. 9126210.5
(GB-A-2 251 994); s a,wavef &e?tim'ng?chat of

vol t ages producec}?’\ﬁﬂ’éﬁ7 A gb“q%ﬁbtﬂn% an, Of RTLRGIRAS CPRPOpERts; of 4 pu}se
gener at or slxignal gekemptoe a¢cordiggrte dir sbozevwarcioned copemding Applicasionv Ng

char act eri sty e,&5h Oof Figure 8; 15 Figure 10 is a
circuit di agﬂroé gegég%cﬁacﬁicg ﬁ)’accor ding to an enbodi ment of the

present IOnvent i orFlEHn%i &riiga wavafoymapiningdbart figolkagepepraduped when a

charact eri stguis@finplie LA8GHARE tef Yhd rﬂﬁ.sé:'sggﬂﬁ Keneratdy! stiowh! S Figure
generator acgcording to our above-nentioned 2 copendi ng Appl i catlon No.

9126210.5 (‘@B-A-2 251 994) will now be described with reference to Fi gurtJ
7, which is a .cirrRiguie d9agsa®m waveform timing chart showing characteristic

portions of the chart of Figure 8; _
15 Figure 10 is a circuit diagram of a cascode circuit according to
an embodiment of the present inventién; and
Figure 11 graphically shows an operating characteristic of the
cascode circuit of Fig'ure 10. .
A pulse signal generator according to  our above-mentioned
20 copending Application No. 9126210.5 (GB-A-2 251 994) will now be
described with reference to Figure 7, which is a circuit diagram
thereof. This pulse signal generator is concerned with a circuit f‘of
outputting a delayed signal.
As shown in Figure 7, the pulse signal generator comprises a .
25 plurality of delay gates Gc,, Gc,, Gey ..... connected in series with
one another. A first differential connection circuit and a second
differential connection circuit are interposed between each adjacent
pair of the delay gates Gc,, Gc,, Gey ..... . Each pair of first and
second differential connection circuits can be the same as the others,
30 whereby only the pair designated 31 (the first differential connection
circuit) and 32 (the second differential connection circuit) in Figure &
7 will be described.
The first differential connection circuit 31 comprises a pair of [
transistors 3la, 31b connected in a mutually differential manner, and
35 a switching transistor 31c turned on at a predetermined timing selected

by a selector 33. The circuit 31 serves to transmit input signals to



thereof. This pul se signal generat.or is concerned with a circuit for
outputting a delayed signal. As shown in Figure 7, the pul se signal-
gener at or conprises a 25 plurality of delay gates [err] .....

connectgg in series wth one another. A first differential connection
circuit and a second differential connectiop circuit are interposed between
each adj acent pair of the delay gates [err] ..... . Each pair of first

and second differential connection circuits can be the sane as the others,
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connected to the pal,lrhe %I siors

tran t 2c IS
kept in an off-state vvl{lﬁ's ?’ﬁctc’f’erdlgn%r%‘éééfégh%e&é%r‘felc é Iy to

each ot her 10Theohheatedatal 1sevsbrldneh RQf and: @B off tb@masspd@mmelifb&rtﬁ 3n s@h
are 10 conneﬁ]ggnﬁé}. 't:ﬂ@é“ou#b&\%s of ﬁi&dt%ﬁgtémﬁﬁif&r?gﬁ% and & fdtputdt dfn

su&h/a manner at outputs o transi stors Tr3la out put s of
t hetransi st or sthvrmswmosgﬁrraﬁeaﬂ‘ﬁé@ phEpkned o ron thed & qespectdye) cald gptors
beconme of nmut udekyme layaﬁlﬁ;eapg} ahtdnse p¥lapitggard to the transistors Tr3la

d Tr32a, wh b ted t t he .t t
Tr3la is connected AL HESERLP FRNETMRIPE RAA Pafclraesr hpadbasds are
connect ed 116 t lrennexqyetl tad eschQBtheds ther t:tdmeismdre’rrillaaxas cenrgcsed 1t8 ltheaimput
Tr32b Co”espoaghggo (18 PheOtHfla1s i THAN 1k Sithedtel! Ro! the WPRC18Me '@.1 N

I nput |ine
As for the other transistors Tr3lb and Tr32b corresponding to each

other, the transistor Tr3lb is connected to the input line QB while the
transistor Tr32b is connected to the input line Q.

20 In the present pulse signal generator, the mutually corresponding
ones of the transistors of the first and second differential connection
circuits 31, 32 are connected to the input lines Q and QB of the
cascode amplifier 34 in such a manner that the respective outputs
become of inverse polarity with respect to each other, as mentioned

25 above, so that when pulse signals are fed to input terminals IN and
INB, the transistors with base voltages switched from a low level ("L")
to a high level ("H") and the same number of the transistors with base
voltages switched from "H" to "L" are both connected to one input line.
It therefore follows that, at the time of state transition of the

30 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 the output terminal CB.

35 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



transistor Tr32b is connected to the input Iine Q 20 In the
present pul se signal generator, the mutually correspondi ng ones of the
transistors of the first and second differential connection circuits 31, 32
are connected to the input Iines Q and QB of the cascode anplifier 34*”| n
such a manner that the respective output& becone of inverse polarity Wth
respect to each other, as nentioned 25 above, so that when pul se signals
are fed to input termnals IN and INB, the transistors with base voltages
swi t ched fr emem ihothel evemit ¢f Hhdutt of @ hanglom| pulee Yo' BI'Suparkiighhepeedndelannber

of the trangigiors with base voltages switched from"H' to "L" are both I
connected to one input line. It therefore follows that, at the time of
state transitionInftha@udee signal,geserator dersribad GROYR s thardplay gateht s

relative to fbheddlupﬁ{g aﬂ ﬁﬁﬂ@%ﬂgﬁﬂﬁ%i'eoéodnéétéd’ aNSserties SwitAnNGif) afé¢harot her

out. Accordi,n as n a characterj t C

rgpr esen? edllf’g“%l‘(j Z’lr?rérﬁ Egﬁ'éﬁ}lﬁﬁéﬁfaﬁfﬁsﬁ AI: ﬁﬁl‘sigg’aﬁgfﬁrb?ééent ed
in Figure 9,comm:_1ai dlh&xﬂbmyelnm‘;_tdsedaiétmxsedjxh@ppemiaydateheooas pot
term nal CB' mié %e’y l d ét se&%ﬁoﬁ?¥ez%ﬁ§féc}bl&nng&ml\egﬂ'tﬁitt 0

pr event t hd® vant age" o occUrrence ©

descri bed al!)gvmsm tihie ﬁe@ermw@$hgaﬁetse finss ﬁ;ﬁﬁ?@@é‘:iﬂg qanpeetdonr at i on

of jitter c1§cﬁ\£ef's id1sb hﬁévsayea%eev@eﬂtth@f ﬁdcéﬂ@%@lﬂ&"g%@eﬁ Qnfsuch a
superhlgh speed delay line. In the pul se si ener at or descri bed above,

the del 3} g@emeen ghale| &% e a"r?'“‘Pn;S’ t s&ptfhatragsl j(?&nﬁ’ cthy FrANSLPtareE. i ¢ h

one anot her charde/disc¢hargdJerints0 foar Ntie pliukediohy abasitagea of f ithet
differenti al

connecti on _ci rcwt is interpased pet acen gat es
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havi ng t he famingoastoutput eulss stikwealf.i from dhefhagemxmu te tihecend.ocarcbecui t
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H 22 tSIhgn,be A ?g’é{ fe&r g%' S sc earcggncturrglerllt?sdfc\;\ﬁ' ttpxe rceagg‘ul%abcl:é/ op Itgg
base-collector Junction of‘ each transistor constituting the first
differential connection circuit. Consequently no jitter is induced by

20 input of any random pulse signal. _

Figure 10 is a circuit' block diagram of a cascode circuit 37
according to an embodiment of the present invéntion. The cascode
circuit 37 is effective in greatly improving characteristics when
applied, for example, to the cascode amplifier 34 of the pulse signal

25 generator shown in Figure 7. o/

In the cascode circuit 37, as shown in Figure 10, the base of a
transistor Tr65 is connected to a junction of the emitter of a
transistor Tr61l and the collector of a transistor Tr63.

The base of a transistor Tr66 is conhected to a junction of the

30 emitter of a transistor Tr62 and the collector of a transistor Tréd.
Furthermore, n diodes Di, to DI, are connected as a load to the
collector of the transistor Tr65 (Tr66), and the base of the transistor
Tré1 (Tr62) is connected to the junction of the collector of the.
transistor Tr65 (Tr66) and the diodes Di, to DI,. The emitters of the

35 transistors Tr65, Tr66 are connected to each other and are further

connected via a constant current source to a power source VBB'



15 of greatly enhancing the accuracy of the pulse duration. In addition,
it al so becones possible to prevent superposition on the nmain signal of

noi se derived from charge/ di scharge currents for the capacitance of the
base-cotljector junction of each transistor constituting the first
differential connection circuit. ConsequentBy no jitter is induced by 20

I nput of any random pul se signal. Figure 10 is a circuit block diagramof a
cascode circuit 37 according to an enbodi nent of the present invention.

The cascode ci r cui t @en shef frapsistori Ared cist Isyitehedoonngltcfaliowserthet i te

when appl i ed, 1186@&131:&1-&19 theh&ac%mﬂ%t% d'f'a 1‘§ru?t4‘e9£e& heni%%?&-es' apal

25 generator shown 1 n tEigure . casco circuit 37 hown I n
e

Fi gure 10, the BRi€Btiml @i aﬁ%qes'?eﬁwew G’Beleé"l&Eﬁan'(‘,q &he tbgse ‘ifuﬂtﬁ Fﬁ‘ﬁ‘séﬁt‘t"he

emtter of a trelisdedc U6 Bk surdiéimtlyllaogéd orAas‘oralﬁgl@I:ISifstcné b’éesazolug@
or Tr 66 ecte .to.a ncti.on

b f t ' t
a transi ot of TretRh £ ERRLSCRr 186 Sro ity thE PRl AL FRMOR APLHL PREH ¢
di odes [err] toldwered. ais coptnat chemewith, chel nreserhe cestddectircudt 37n¢s 80

transi stor Tr0odrhbd thae AMd Lii8eDA5Br the NSnl 13054 405l orheb drBZdornd

connected to the junction of the collector e tranhsistor
and the di odes §eeathiosherran, whea the emrifterovolthge o5 the txargister rﬂs-s

Tr66 are conneciylt!td B8ABwOLdR thNSag %ﬁﬁdg& faerufefﬁf&tﬁasebmfesaigrq%géﬁat
en e ransi st or r |1 S

current source to a power squrce

swi t ched o0 i t“?sGF?‘g’ws Whﬁﬁ?b-‘& hét%oI‘F‘LléFS'P cuPPHYRBeof 1% helheredfigdst or NH9RS3

is increased. sgeeiffcldy, t biee phﬁseném:alteﬁll izélatragacefbehweeﬂaﬁdietm Tiﬁsr iand
‘base of the, tran t e tob tl

ncSot i nal'y, | 1 FAOREOR ¥ Uhe 4ele "ERCRg 163 A QHALAGRENY ' HEEEE: the cumpent |

em tter voltageflewing ipethe Fomiﬁesmmﬁr@ﬁi Therefonen athe cheneny; ﬂlwitmdn the

present cascode, @ibged tid’to §1SQoxﬁﬁHc'E€&i do the (cBR1&Folt 6F $hef tddiSistor Tré5
transistors Tr65 and Tr66 are ‘tonnected to each other and, when the emtter

vol tage of 1he is #ispsreducedstoi kowssothe t fonyerd ovpltase Yie wheaebyy dhe abgseof
the transistor JhGggd ?f' e 'EFQ:sEEQtor P61 ?Qdmcr%eﬂi’ prgﬁo%n&?'éh%é&r As

voltage 1is increase More speclficall ase-emtter voltage
of the transi stdresuls fhe base-emitter potent1a1 dif erence of the transistor Tré6l

is increased quzckly so as immediately to cause a flow of an operating
‘current therein.

20 Since the emitter of the transistor Tr6l is given a sufficiently
great capacitance, it has been the case heretofore that a long time is
required for lowering the emitter voltage. The base has no capacitance
and therefore the base voltage is increased immediately in accordance
with a fall of the emitter voltage of the transistor Tr6l.

25 Accordingly, in the cascode circuit 37 of this embodiment, the
transistor Tr61 can be turned on very much faster than in a previously
proposed circuit in which the base voltage is fixed, thereby realising
quicker transmission of the signal despite the existence of any large

) stray capacitance.

30 The above operation will now be described more specifically with

- ' the use of mathematical expressions. The transistors Tr63, Tr6l4 are

_ switched on and off by input voltages Vy and V. When the voltage V,,
~ applied .to the transistor Tr63 is at a high level ("H"), the base-
emitter voltage V,, of the transistor Tr6l is varied by a value of

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



| owered at the above timng so as consequently to reduce the current

flowwng in the transistor Tr65. Therefore, the current flowng in the n
diodes [err] to [err] connected to the collector of the transistor Tr65 15
is also reduced to |ower the forward voltage [err], whereby the base {":
voltage of the transistor Tr61l is increased in proportion thereto. As's
result, the base-emtter potential difference of the transistor Tr61 is

i ncr eased qui ckl y so as imediately to cause a flow of an operating current
therein. 20 = Bincd Vhe enmitter of the transistor Tr6d..i $1)i wed a
sufficiently gr egt capac&ance it has been the case heretof orgzilhat a long 4
time is required Yfor | OviEY | ng the emtter voltage. The base’ ha

capaci tance and therefore the base voltage is increased i Mmediately in
accordance i |J of the emtter voltage of the transistor Tr61l. 25 g
Accordin Woﬁ&r?ﬁ éﬁé} cascode circuit 37 of this_enbodiment, the

transi st r Tr61 EEh DeDilirnéY onABrly2priehnreigt éd Whan in a previously
proposed circuit -|19r/\e{ng_crut hezabpge voltage is fixed, thereby realigjng

qui cker transnission of" the si gnal° despite the existence of any Iarge stray -
capaci tance. 30 The above operation wll now be described nore

speci fi cal | yhyvdrBrd he use of mathematical expressions. The transistors

Tr63, Tr64 are switched on and off by input voltages [err] and [err] Wen
the voltage [err] applied to the transistor Tr63 is at a high level ("H"),
the bast0 em tteAWH tAlre +[ &) KT/QfL} Kk, tralgkstor Tr6l is varied )a val ue

of 35 kT/q.[err] ([err]+ 21)/[err] under the follow ng conditions: 10
[err] =V - [err]V ... (1), and ",
[err] = V + [errPihce the transistors Tr63 and Tr6’-l are switched on and of .2 khe o/

Sﬁ;\_}sggufzt l(?égi%eﬁl /vloltaiésv the?ebf Vare (¥ach [ Ghfied }/@ CaX Wa?\\,g L?r rl Vi

Therefore, 1d(n ¢ 1; kT/apkr fJov*=2W/Ter + 1). kT/q.[err] ([err] + 21)/[err]
(4)15Si nce_{ Becdradngi ! Ahs tAE Scsiblle Te:ddusd g:nswft Ei?fé’ fo the

emtter vol tages th er eof - are each wvarie ue
desired result is attained by charging and dlschargmg by the amount Q

as set out in Equation (5) below, despite the existence of any
parasitic capacitance such as wiring capacitance in the collectors of
the transistors Tr63 and Tr6l:

20
Q = C.kT/q.1, (I, + 2I)/1, ' ... (B).
Thus, it becomes possible to achieve a large enhancement in the
operating speed. : )
25 Similarly to the description given ‘above with regard to the

transistor Tr63, the same operation can be performed relative to the
transistor Tr64 as well. If the transistor Tr6l4 is switched off, a
current I, alone comes to flow in the collector of the transistor Tr62.
Therefore, the emitter voltage of the transistor Tr62 is urged to rise.
30 When the emitter voltagé 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
35 a result, the base voltage of the transistor Tr62 is lowered to bring
about a fast reduction of the base-emitter voltage Vggo of the



1/(n + 1).kT/qg.[err] ([err] + 21)/]err]. 15 Accordingly, in the
cascode circuit 37 of this enbodinent, a desired result is attained by
charging and discharging by the amount Q as set out in Equation (5) below,
despi te*ghe exi stence of any parasitic capacitance such as wiring
capacitance in the collectors of the transigfors Tr63 and Tr64: 20 Q =

C.kT/qg.[err] (lo + 21)/[err] ... (5). Thus,
it becones possible to achieve a | arge enhancenent in the operating speed.
25 - Si'm tednsister thé2des ahepéfiors, JitNeNtrdmRYSLon (TRER egar dwi&hédneoff
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| o al one cones dinintished nntttte sidd eelaniveftd kke ttransissors TF652nd TTeélef or e,
thhe emtter voltage Eigx}tj@e 147 qgshs%gé 5@1:@31 ﬁcuaggﬂ. OgEAp?:‘icaﬁQy sh the

emtter voltage of the transistor out to be"iIncreased, ase
vol tage of thhe €9BpAsisgm betyem jthe r%ﬂ%@%l’-%“n%‘?%zﬁécﬁecb%’é;em tschQW“ in

vol tage of the f{@apnel M%dTE@opém&&b)bftHQ)t@UMM? prop¥éddl chdbddBecircuit.
transi stor Tr66_is al sg i ncreased so i\ conseqien ﬁ to raise the voltage

applied to the Ut dus figgrpm;  bapken-line gurve sentg (thecharagarighte of
the transi stor dbstaEined wmwemed dioddrD ig abtmsicted inashe casdedd ic@ncuiaf 37 tdfe

base- om (ter vOLAAIGulibboi®lend Do1sadrbnd A0S B RorlLORs ene BRLELASsesd e
TR o1 § 300, 2 Rpcdidity e JRLELA

transistor Tr62°1'S SW to's
capaci tancelfbanobef-hgrm\'lwu%hyrrpmmﬁe@l Qﬁﬁcwdﬁecétwétr elative to the

tranS| stors Tr62 andad rlﬁ%pdﬁb&k’t! ?rémlFiéur% PlhaEl?&F/SIﬂa%B'&xaﬂg@ E-&ﬁent in the
phically show n arjson between the operation of the cascode
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cascode circuitinlthet prévidusly ppopaselr Oigenit i Ste ag Uconseduent Py e BhsurehRith
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apparent from Fugilesilthal tddRe ¥ ohadiowh NANGErA1 84188 aidkraliCrorn in Figure 2.

In the pulse signal generator of Figure 2 equipped with a delay
circuit, the outputs of all of the delay gates G are supplied to the
cascode circuit 10 where current-to-voltage conversion is executed and

20 a voltage signal is outputted therefrom. In this case, therefore, a
great stray capacitance is existent in the emitter of each of the
transistors 10a and 10b of the cascode circuit 10. Accordingly, unless
such harmful influence of the sti‘ay capacitance is compensated, a
signal delay occurs in the cascode circuit 10 which can result in

25 failure in exact transmission of the pulse signal. However, by using
this embodiment, where high speed operation is possible despite the
existence of any great stray capacitance, the delay time can be
controlled with remarkably high precision so as consequently to ensure
high accuracy and fine change in the pulse duration of the output pulse

30 signal S,

According to the present embodiment, as described above, voltage-
to-current conversion is executed by a pair of transistors connected in
differential manner, to which a pair of signal output transistors are
further connected respectively, énd a voltage signal is produced from

35 the current signal generated by the voltage-to-current conversion
transistors via such signal output transistors. - Furthermore, the
emitter wvoltage variation in the pair of voltage signal output



cascode circuit 37 of this enbodi nent can be,rendered sharper than that in
the previously proposed circuit so as consequently to ensure with certainty
a reduction of the signal delay caused by stray capacitance. 15 The
cascode circuit 37 of this enbodi ment can be used in the pul se signal=7";:
generator shown in circuit block diagragpformin Figure 2. In the pul§§
signal generator of Figure 2 equipped with a delay circuit, the outputs of
all of the delay gates G are supplied to the cascode circuit 10 where

current -t o- ¢RbAsiGROFONECUELSYLelS ArEEHE CbhsaNGoltQge Ehetbl a0 chaBfell ihS
reat s capaclitance 1S ;

outputted thereffom |In this case her ef or e, fra z
oxi Stent | n SEREFIBRFE | 27 iyt ThACHOBTCtEflc SLHRY SYHIE8a oXastasitny Gherehy
cascode ci r ducteaking Ahheo gdadiging, ofinthes basarehi ti@rnpotenthal uetange ofn t¢he stray
capaci tance j t j l.ay, i hg, ¢ {Leuit 10
whi ch can ré)gz {g%”%’?%%i‘ &&Ef]?utr%lgg igflsltgggé’? ?c%g’%ggrnn%gs{lgh g’?e ? ﬁé&ggféals'i gnal . ;
However , 5by Conseayentlys desrddenthe exigdtenee lof gtnys great speaxiicepacitane®doi bl e
despi te the gXi sfiRR6L d¥f 2201 @EEYighbI DltpAPAThAARESy, it 186pBE1bidMCaN be

controlled with remarkably hi preci sion so as consequently to ensure high
accuracy and®eFfor® PRARTe oPRratian Rf switching; oh apd e ﬁﬁf“%l gigngd

si gnal [errlouthacotrinagstarst hpripresent chadgedi srendischargesofi bark apaag,
vol t age- to- K conversi s executed by a pair of transistors
connegt ed i r‘fggi;{l’f%g}r‘ Eht iq:\(fllr‘s nﬁﬁ% e ? l(’)ppv!\'/ﬁ|ss(':lhnga)£3 e ugi %jxr"é%l“eﬁﬁ? p‘(()f{ the

t ransi si@r s sgray fcapadidance Pneexesgtians pé ctheveurnrentrig-voltmge acpnversimml. i s
produced from 35 the current signal generated by the voltage-to-current
conversion transistors via such signal output transistors. Furt her nore,
the emtter voltage variation in the pair of voltage signal output 12
transistors is detected, and the base voltage thereof is changed in
accordance wth the detected emtter voltage variation, thereby increasing
the gradient of the base-emtter potential change in the voltage signal

out put transistors in accordance with the input signal. 5 Consequently,
despite the existence of any great stray capacitance in the emtter of a
vol tage signal output transistor, it is possible to perform proper
operation of switching on and off ‘the voltage signal

Y



out put transistors prior to charge or di scharge of the stray capacitance,
t hus sharply suppressing the harnful influence of the 10 stray

capaci tance on execution of the current-to-voltage conversion. 13 CLAI M5
1. AuLascode circuit for use in a pulse signal generator, the cascode
circuit Tonprising: 5 a pair of dififRerential | y conmected

transistors for converting a current change into a volt
of signal output transistors connected to collectors of ﬂ!ﬁmﬂmmmmmml y
connected transistors respectively so as gkAIMEceive a v tage si gnals
produced by the differentially connected transistors; a pair
differential anplifier transistors having bases connect ed to em tters

of the signal dutputh teagpedestaircuitesinrctusechiy; aamdlse |sdiguak oganerater.t ¢the

c8l l ectors of tct&gc‘ggg gelr&@t,lé—gm 2fdingt i er transistors so that the collector
vol tage thereof is changed._ in f accordance wi.th the base vol t age

thereof; th@ bases & pt"n‘e of; ‘b’rfé‘Pr?ﬂRlﬁHy {cPanRG tetl frangistags fGHn‘é‘?ﬁ"@d‘tt‘Eﬁ #he

collectors of tdueréht trarpat irdo anirﬂlltégeerchhﬁmm stors respect ively. 2. A
cascode circuit  subst ant

to Figures 10 and 1f 8f rft? 3%%%8‘!‘1?“ g 'Id‘?r}’g\?tf ‘;Sr%r EEcted 18 EShieckSls’ 'R

the differentially connected trans1stors respectively so as to receive
a voltage signal produced by the differentially connected transistors;
10 a pair of differential amplifier transistors having bases
connected to emitters of the signal output transistors respectively;
— and
a load connected to collectors of the differential amplifier
transistors so that the collector voltage thereof is changed in '
15 accordance with the base voltage thereof;
the bases of the signal output transistors being connected to the
collectors of the differential amplifier transistors respectively.

2. A cascode circuit substantially as herein described with
20 reference to Figures 10 and 11 of the accompanying drawings.



