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A method for generating short electric pulses, comprising the steps of generating a control pulse, feeding tr
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rge storage effect of

the bipolar transistor, and differentiating the output signal with the steep switch-off side so that short primary pulses are generated.

An electric pulse generator Is also disclosed.
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ABSTRACT OF THE DISCLOSURE

A method for generating short electric pulses;- compri-sing. the steps of generating a con-
trol pulse, féeding- the control pﬁlse td :\.a, blpolar transi-stor, Which subsequently emits an
output signal with a steep switoﬁ-off si-deby é:xpl_oiting the charge storage effect of the

bipolar transistor, and differentiating- the output signalﬁdth the steep switch-off side so

that short primary pulses are generated. An electric pulse generator is also disclosed.
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Electric Pulse Generator and Method for Generating Short Electric Pulses

BACKGROUNDOFTHE INVENTION

[0001] The invention relates to an electric pulse generator for generating short
electric pulses aswell as a method for generating short electnc pulses.
' [0002] Famihar electrlc pulse generators as well as methods for generatmg r short
electric pulses are generally based on the use of so-called step recovery diodes (SRD), the

rapid switch-off behawor of which 1s exp101ted among other things to generate short elec-
tric pulses. One disadvantage here is the -dlfﬁcult and relatively technically complex
separation of the stimulating signal and the generated s1 gnal since a step recovery diode is
a two-—port element. Moreover the level of the selection srgnal must range in the order of
magnitude of the desired output level since a passwe step recovery diode does not allow
signal amplification. Due to thefew techmcal applications of step recover diodes they

are additionally relatively difficult to procure and are aCcordingly expensive.

' SUMMARY OF THE INVENTION

[0003] It is the object of the finvention to provide an electric pulse generator as

well as a metho.d for generating short electric pulses, both being inexpensive, reliable and

- diverse in their use.

[0004] The electricpulse generator with which the above-described and pre-

sented object 1s achieved is charactenzed in that the followmg features are prov1ded a

selection device to generate a control pulse, a tran31stor circuit or step with a bipolar tran-
sistor to which the control -p-ulse 1S fed and which subsequently emits an output signal
with a steep switch-off side by explomng the charge storage effect of the bipolar transis-
tor, and a differentiation circuit or device, to which the output signal w1th the steep

switch-off side 1s fed and which sub.sequently emits short primary pulses.
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[0005] When using a fast, ,'h.igh frequency bipolar transistor for the transistor de-
vice, short pulses having pulse widths elearly below 1 ns to below 90 ps can 'be achieved
at amplitudes of a few volts. To be able to exploit the charge storage effect of the bipolar
transistor the following should be noted: '

[0006] The fast blpolar tran51stor ‘which 1s preferably operated 1n the common
emitter circuit, is initially dlrected by means of a sultable control signal briefly into the
state of saturation so that both the baseemltter diode and the base collector diode become

conductive. The base collector space charge region, Wthh 1s flooded this way with mi-

~ nority carriers and is hence of low 1mpedance abruptly becomes high- -impedance after a

brief period of delay when shuttmg off the transistor mput signal, in the present case the
control pulse leadlng to an abrupt 1nere_a.se in the -collector voltage. In relation to the tran-
sistor input signal generated by the .Selection circuit, the switch-off side of the transistor
output signal 1s clearly steeper, whereili the polarity .ef the steeper switch-off side de-

pends on the transistor type (NPN or "PNP) that 1s 'used, thetransistorbase circuit and the

' correspondlng polarity of the control srgnal

[0007] Apart from the emltter circuit, Wthh 1S preferred In this case due to the

~ high transistor current gam,. for the bipolar transistor of the transistor step also a collector

circuit or a base circuit of the bipolar transistor are possible.

[0008] The prevrously descnbed electnc pulse generator accordmg to the inven-
tion 1s generally used to generate electnc pulses Wlth brpolar parts. Frequently, however
a pulse 31gna1 with purely monopolar parts 1s desu'ed so that accordmg to a preferred em-
bodiment of the invention, a chppmg. devlce 1S prov1ded which 1s arranged downstream
from the differentiation step and-to whrch is fed the s}hdrt primary pulses, wherein prede-
termined pulse portions are removed fro;l'rr the short primary pulses and a short pulse sig-
nal is emitted. In particular such a Clipping device may be provided which emits a mo-
nopolar short pulse signal. o ' ‘

|0009] For the de31gn of the chppmg dev1ce a vanety of poss1b111t1es 1S avallable
Pursuant to preferred embodlments of the mventlon, it is, €.g., provxded that a Schottky
diode,
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- preferably having a low case capacitanoe which is added sorially into the line, 1s used.

10

Moreover transrstors preferably HF transrstors may be used 1 in the chpprng device.

[0010] As control pulses pulses having dlfferent pulse wave shapes may be used.

Pursuant to a preferred embodlment of the invention, however, a pulse that corresponds
substantially to a rectangular pulse and preferably has a pulse width in the nanosecond
range 1s used as the control pulse.

- [0011] In the differentiation device, In principle all known differentiation tech-
niques may he applied Pursuant to a preferred ernbodiment of the invention, however, it

1s provided that the drfferenuatron dev1ce has a planar circuit structure, preferably In a

" microstrip design. The function of the differentiation device here can be expanded such

15

that mn addition to the dlfferentlatron, a phase angle rotatron and hence an inversion of the
input signal takes place. To this end, in particular such a planar circuit structure may be
provided that leads to polarity reverSal o .'

[0012] Pursuant to a preferred embodiment of the invention, alternatrvely the dif-

ferentiation device may oompnse 2 transformer c1rcu1t In partloular it may be pos31ble

to desrgn the transformer olrcult as belng oounterwound thus causing a polarrty reversal.

20

30

[0013] It should bepomted out that in the transrstor step espeolally also a hetero-
structure bipolar transistor may be used as the blpolar transrstor

[0014] F 1nally, to further shorten the emrtted pulse signal, it is provrded pursuant
to a preferred embodiment of themventlon to include a plurality of differentiation de-
vices, which are separated by a -olippingdevice, respectively. Through this preferred em-
bodiment of the invention, the pulse .;Widths can be reduced even further; howe\}er in this
case, a decrease in the amplitude must be tolerated. ‘ '

- [0015] The method pursuant to the invention for generating short electric pulses,
with which the above-descnbed and presented object is achieved, is charactenzed in that
a control pulse is generated that the control pulse is fed to a bipolar transistor, which sub-
sequently emits an output signal w1th a steep sw1tch-off s1de by exploiting the aforemen-
tioned charge storage etfect of the brpolar transistor, and that the output signal with the

steep switch- off side is dlfferentlated so that short primary pulses are generated.
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[0016] Preferred embocliments of the method -sccording to the invention are re-
vealed in analogy with the previ'ous'ly described embodiments of the eljectric pulse gen-
erator according to the lnventlon . \ *

- [0017] Indetail, a vanety of possﬂ)llmes ex1st for demgmng and further develop-
ing the inventive electric pulse generator as well as the 1nvent1,ve method for generating
short electric pulses. To this end, reference shall be_ made to the dependent patent claims
as well as to the following del:ailed description of preferred embodiments of the invention

while referencing the draWings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] The drawings show:

Fig. 1 1s a basic circuit dlagram of an eleotnc pulse generator that is based on an
NPN bipolar transistor pursuant to a first preferred embodlment of the mventmn

Fig.21s a basm circuit dlagrarn- of a pulse generator that is based on a PNP tran-
sistor pursuant to a second pfeferrecl .embodiment of the invention, . '

Figs. 3a to 3d are various plsnar -implementa.tion PO ssibilities of the differentiation
circuit or device pursuant to different preferred ernbodiments of the 'invention; |

Figs. 4a and 4b are various 1mplementat1on p0351b111t1es of the differentiation cir-
cuit or device pursuant to dlfferent pret ferred embodiments of the invention, and

Fig. 5 is a basic cncultrdlagram fortheuseof a plurality of differentiation circuits

or devices that are separated by a clipping device, respectively, pursuant to another pre-

~ ferred embodiment of the invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0019] Fig. 1 shows a basic oircnit diagram of a pulse generator pursuant to a
first preferred embodiment of the in\:{fention. \The pulse generator comprises a selection
device 1 for generating a control -pulse which corresponds substantially to a rectangular
pulse having a pulse width 1 of several nanoseconds This control pulse is fedto a tran--
sistor circuit or device 2, Wthh compnses an NPN blpolar transistor in the emitter cir-

cult The transistor circuit or devwe 2is followed by a d1fferent1at10n Cll‘Clllt or device 3,

which, in turn, is followed by a chpplng dev1ce 4,

4
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[0020] It was addressed already- above that -the rapid bipolar transistor that is pro-
vided in the transistor circuit or dev.ice2 in the form ‘a‘:three-port element 1s beneficial in
that no further measures have to be ﬁtaken for separatin_g the input signal from the output
signal, which signiﬁcantly ~ reduces ' the circuit complexity compared to pulse generation

5 by means of a step recovery dlode Incldentally, 1t 18 true that apart from the collector
circuit or base circuit of the brpolar tranmstor whmh are likewise possible for the present
preterred embodrment of the 1nventlon the emitter c1rcu1t is better suited due to its tran-

“sistor current gain. \
[0021] To eXplmt the charge storage effect of the NPN bipolar transrstor, said
10 transistor is first directed for a brief perrod mto a state of saturation so that both the base
emitter diode and the base collector ;drode become conductive. Thus, the base collector
space charge region is flooded with minority carriers and is hence of low impedance.
When shutting off the transistor input signal, i.e. the control pulse coming from the selec-
tion device 1, the existing base collectOr space -charg‘e region of low impedance becomes
15  abruptly h1gh impedance agaln followmg a bnef perlod of delay, leading to a very rapld
increase in the collector. voltage In relation to the swﬁch-off side of the control pulse
entering the transistor, the swrtch-off side at the.output of the transistor or circuit device 2
is clearly steeper. - _ ' ' \ ' -

10022} A comparison withFig,,Z, which tllustrates a basic circuit diagrarn of a

20  pulse generator with a PNPtranSistofr that. complements the pulse generator described
here in the transistor circuit or device 2, reveals that the polarity of the steeper switch-off
side depends on the tr'ansistortype (NPN or PNP) that 'is used. Incidentally, the polarity
of the steeper switch-off side, as already 1ndlcated above depends on the transistor base
01rcu1t that 1s used and the selection of the transrstor

25 ~ [0023} Pursuant to _the preferr.ed_ embodrments of the invention 1llustrated in Figs.
1 and 2, the transistor circuit or device 2 is i’ollow.ed by a diffe‘rentiati_on circuit or device

3 and a clipping circuit or devi'ce4, respec.tively, the functions of which are as follows: '

[0024] The differenti.at_ion' circuit. or device 3fis_used to differentiate the output
signal coming from the transistor circnit or -device 2, said ontput signal having a steep

30 swrtch—off side, so that the drffcrentlatlon 01rcu1t or devwe 3 must primarily have high-

pass character Figs. 3a to 3d show various 1mplementat10n p0881b111t1es of the dlfferen—
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tiation crrcmt or device 3 havmg a rmcrostnp desi gn accordmg to preferred embodiments
of the invention. Contrary to the networks 5 and 7 shown in Figs. 3a and 3c, the net-
works 6 and 8 depicted in .Frgs_ . 3b and 3d, In addrtro_n to the differentiation, cause a phase .
angle rotation of the differentiatedinput signal by 1800 which corresponds to polarity
reversal. The networks 6,7 and 8 of Frgs 3b, 3¢ and 3d are hne couplers that have been
optimized for thrs purpose whlch can be desi gned 1nd1v1dually or as parallel connections
of several line couplers (mter.-fd,lgrtal coupler) depending on the desired coupling. The
dimensions of the networks 5,.-6, 7 and 8 with respect to line impedance, line length and
the coupling of lines influence the resulting palse W'idth and pulse amplitude. Since the
design and function of the networks 3, 6 7 and 8 shown in Figs. 3a through 3d are evi-
dent to those skilled in the art wrthout further explanatlons a detailed description is not
included here. It should only be por.;nted_out that. the networks 5, 6 and 8 have planar
structures with hines that are p-art:ially short-circuited against the signal ground, while this
feature 1s not provided in network 7 ' - '

[0025] Apart from the planar structures 5,6,7 and 8 shown in Figs. 3a to 3d also
transformer circuits 9 and 10 are smted as drfferentl-atron circuits or steps 3, as illustrated
in Frgs 4a and 4b, wherein a counterwound transformer circuit leads to polanty reversal.

[0026] Moreover the drfferentratron orrcurt or devices 3 can be designed at the
same time as drrectronal couplers or as duplexers for certam applrcatlons The two pulses
generated by the differentiation of the output s ignal coming from the transistor device 2
exhibit apart from differerrt 'polari:ty also different amplitudes, which can be attributed to
the different gradients of the switch-on side and/or switch-off side of the output signal of
the transistor circuit or device 2. . '

~ [0027] By means of the respeotlve ohppmg device 4, e. g., an individual pulse can
be extracted from the primary pulses emitted by the drfferentratlon circuit or devices 3.
Pursuant to a preferred embodrment of the invention, the chppmg device 4 1s 1mp1e-
mented as a Schottky drode whrch is added serrally 1nto the line, which clips the corre-
sponding pulse in accordance with the selected polarrty. When selecting the Schottky
diode, attention should be paid 'amorr-g other things to a.very low case capacitance in or-
der to prevent capacitive cross-talk of the chpped pulse -Also different vanatrons are

suited as clipping dev1ces 4, Wthh are based on the fast HF transrstors or rapid HF-

6
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sultable diodes and are mserted elther senally or In parallel into the output line of the dif-
ferentiation circuit or device 3. ' ' - |

[0028] Finally, as 1llustrated in the preferred embodiment of the invention shown
in Fig. 5, it is also provrded to mterlmk several dlfferentratlon devrces 3 and clipping de-
vices 4, i.e. to provide a plurahty of differentiation c1rcu1ts or devices 3 separated by a

clipping device 4, respectrvely Such mterhnkmg of several dtfferentlatlon circuits or

l devices 3 and clipping devices 4 leads to a decrease 1n the pulse w1dth due to multiple

dlfferentlatlon of the pulse signal. Due to the clipping devices 4 which generally have a
passive design, however, such a recurrent network also leads to a decrease in the pulse
amphtude ' |

[0029] The pulses created w1th the present - 1nvent1on are generally fed to a line,
such as a microstrip or a coax1al system with a deﬁned characterlstrc impedance. Ac-
cordingly, the output 1mpedance should be ad]usted to the characterlstlc 1mpedance of the
line. In relation to a 50 ohm systern pulse widths of below 90 ps and amplitudes of sev-
eral volts can be ach1evcd \

[0030] In relationto a Voltage amphtude of for example 5V, a 50 ohm system re-
sultsin a current of 100 mA and hence an mstantaneous power of 500 mW. Cornpared to
conventlonal pulse generatron by means of step recovery drodes which requrre a control
signal that corresponds to the output power, the control power of the pulse generator de-
scribed in the present mventlon is lower several trmes over so that it s, e.g., possible to

control several pulse generators in parallel by means of aTTL srgnal

What is claimed is:
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CLAIMS:

1. A method for generating short electric pulses, comprising the steps of generating
as a transistor input signal a control pulse, feeding the control pulse to a bipolar transistor
which is operated in a common emitter circuit and which subsequently emits an output
signal exploiting the charge storage effect of the bipolar transistor by initially directing
the bipolar transistor briefly into a state of saturation so that both the base emitter diode
and the base collector diode become conductive and so that the base collector space
charge region 1s flooded with minority carriers becoming of low impedance, shutting off
the control pulse after a brief period of delay so that the base collector space charge
region abruptly becomes high-impedance leading to an abrupt increase in the collector
voltage and to an output signal the switch-oft side of which is clearly steeper compared to
the transistor input signal, and differentiating the output signal with the steep switch-off

side so that short primary pulses are generated.

2. The method according to claim 1, including the step of removing predetermined

pulse parts from the short primary pulses so that a short pulse signal 1s generated.

3. The method according to claim 2, wherein to further shorten said short pulses
signal a plurality of differentiation steps are performed, wherein between two successive

differentiations a predetermined part is removed from the short pulse signal.

4, The method according to claim 1 or 2, including the step of using a rectangular

pulse having a pulse width of several nanoseconds as the control pulse.

J. The method according to claim 1 or 2, including the step of using an

heterostructure bipolar transistor as the bipolar transistor.

6. A method for generating short electric pulses, comprising the steps of generating
a control pulse, feeding the control pulse to a bipolar transistor, which subsequently emits

an output signal exploiting the charge storage effect of the bipolar transistor by initially
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directing the bipolar transistor briefly into a state of saturation which leads to a steep
switch-off side of the transistor output signal, and differentiating the output signal with

the steep switch-off side so that short primary pulses are generated.

7. The method according to claim 6, including the step of operating the bipolar

transistor in a common emitter circuit.

8. The method according to claim 6 or 7, including the step of removing

predetermined pulse parts from the short primary pulses so that a short pulse signal is

generated.

9. The method according to claim 8, wherein to further shorten said short pulse
signal a plurality of differentiation steps are performed, wherein between two successive

differentiations a predetermined part 1s removed from the short pulse signal.

10.  The method according to claim 6 or 7, including the step of using a rectangular

pulse having a pulse width of several nanoseconds as the control pulse.

11.  The method according to claim 6 or 7, including the step of using a

heterostructure bipolar transistor as the bipolar transistor.
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