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¢opMHpoBaTenb HMnynbCOB C ynpasnReMOH 3aAepmKOH 
HaHoCeKYHAHOro AHana30Ha 

On1-1caH CABOeHHblH ¢opMHPOBaTenb HMnynbCOB C BblAeneHHOH 
ynpasnReMOH 3aAepmKOH C waroM 1 HC B AHana30He AO 63 HC. 
3neMeHTbl 3aAepmKH BblnOnHeHbl Ha nonoCKOBblX ne4aTHblX nHHHRX, 
a KOMMYTHPYIOU\He 3neMeHTbl - Ha BblCOK04aCTOTHblX TpaH3HCTO­
pax. 5noK 0Tn1-14aeTCR ManoR 11HynesoR" 3aAepmKoR - 6,5 HC, 
ManblM co6CTBeHHblM "rynRHHeM" - 2,5 HC, KOMnaKTHOCTblO 1-1 He 
Tpe6yeT nOACTpoeK. 

Pa~oTa BblnonHeHa B na6opaTop1-11-1 BblCOKHx 3Hepr1-1R OHRH. 

npenpHHT 06beOHHeHHoro HHCTHTYTa gaepHhlX HCcneaoBaHHA, Ily6Ha 1979 

Basi ladze S.G., Nguyen Tkhi Sha 13 - 12833 

Pulse Shaper with a Controlled Delay_ of Nanosecond 
Range 

A double shaper of nanosecond pulses which contains 
a digitally controlled delay circuits is described. 
A range of delay variations is 63 ns, a step is 1 ns. 
A delay line is realized on printed strip lines, switch 
elements are ultrahigh frequency transistors. A control 
delay circuit have minimum proper delay time -6.5;.ns, 
time slewing of shaper is 2.5 ns. It does not require 
tuning. In a single CAMAC module two identical shapers 
are placed. 

The investigation has been performed at the 
Laboratory of High Energies, JINR. 

Preprint of the Joint Institute for Nuclear Research. Dubna 1979 
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3a AeCRTHneTHe, npoweAWee c MOMeHTa noRBneHHR nepBblX 
pa3pa60ToK nporpaMMHo-ynpas11ReMoR HaHocet<YHAHOH nornKH, 
co3AaHO i-iecKonbKO ¢yH.K4HOHanbHo nonHblX cHcTeM HaHoceKYHAHblX 
6110K0B c 41-1¢poBblM ·ynpas11eH11eM 11 - 41 11 HaKon11eH onpeAe11eH­
HblH onblT HX npHMeHeHl1R B 3Kcnep11MeHTe. Heo6XOA11MO OTMeTl1Tb, 
4TO HaHOCeKYHAHble 6110K11 C 411¢POBblM ynpaB11eH11eM He 3aMeHl11111 
rl011HOCTblO CBOl-1 aHci110rH C PY4HblM ynpaB11eHl1eM.· <ho MOmHo· . 
o6cRCHHTb HeCK011bKHMl1 np11411HaM11: 

1. 6110KH C 411¢POBblM ynpaB11eHHeM 3Ha411Te11bHO c11omHee 
CBOHX aHa11oroB C py4HblM ynpas11eH11eM,H, ·C11eAOBaTe11bHO, CTOl1-. 
MOCTb HX BblWe, OHH n0Tpe611RIOT 6011bWylO MOIJ\HOCTb, 6011bWe no 
ra6ap11TaM 11· MeHee HaAe.mHbl. 

2.. -5110K11 C 411¢POBblM ynpas11eHl1eM ycTynalOT CBOHM aHa11oraM 
no HeKOTOpblM samHeHWl1M 311eKTPH4eCKl1M xapaKTepl1CTl1KaM. Hanp11-
Mep, ¢opM11poBaTe1111 11Mny11bCOB HMelOT 6011bWYIO Be11114HHY co6-
CT seHHoro llry11RHl1R 11 1-1 3aAepmKH * no cpasHeH11110 .c 1-1x TpaH-
3HCTopHblMH npoTOTl11JaMH, a. 6110Kl1 3BAepmK11. 11MelOT B' HeCK011bKO 
pa3 6011bWYIO Be1111411HY Ha4a11 bHOH /HynesoR/ 3aAePmKl1. 

3. 6110KH C 41-1¢pOBbiM' Ynpas11eHHeM 11MelOT, KaK n'p~B1-1110, Ka­
Ha11bl ynpasiieHHR BCeM11 napaMeTpaM11, 4TO peAKO Tpe6ye;CR 
B YC110B11RX KOHKp~o. 31<cnep11MeHTa'; -HO C:03AaeT 6011bWYIO 
¢YHK4110Ha11bHylO H36blT04HOCTb 11 npHBOAl1T K. Heon'paBAi3HHOMy 
yc11omHeHHIO annapaTypi,1.. . . . 

B 3Kcnep11MeHTe; pea11'bHO He06XOA11Mo' peryi111poBaTb TOnbKO Te 
riapaMeTpbl 61101<0B, KOTOPblttnoABepiKe~bl 'A'peR¢y TaKOH ,Be.fll1411Hbl, 
~TO OH cnoco6ei-t noHH311Tb 3¢¢eKTHBHOCTb perncTpa~1111;. 111160 Te 
napaMei'pbl, . C noMOU\biO KOTOPblX MeHReTCR CTPYKTypa yci-aHOBKl1 
/Hanp11Mep",' AJlR 113MepeHl1R 113¢¢eKTa11 11 11¢oHa1.'/ .' PeuieH11e 3a-. 
Aa411 · Cyll\eCT seHHoro ynpolJ\eHHR HaHoceKYHAHblx 11or114ecK11x 6110K0B 
C 411¢poBblM ynpas11eH11eM 11em11T, B11A11MO, Ha nyTl1 nepeXOAa OT 
ynpas11eH11R sceM11 napaMeTpaM11 K ynpas11eH11io T011bKO Ha116011ee 
4aCTO 113MeHReMblMl1 11111-1 Aame K ynpas11eHHIO T011bKO _TeMH napaMeT­
paM11, KOTOpble Heo6XOAl1Mbl AJlR KaKoro-111160 KOHKPeTHoro 3Kcne-

*4TO Bbl3BaHO nepexOAOM Ha 11HTerpa11bHble cxeMbl. 
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p11MeHTa. MacwTa6bl /11 speMH C03AaH11H/ cospeMeHHblX 3KCnep11MeH­
TanbHblX ycTaHOBOK TaKOBbl, 4TO CTaHOBl1TCH BblrOAHeH OCYU\eCT-
811Tb cne411anbHYIO paapa6oTKy' He)t(en11 TepHTb Ha 1136blT04HOCTl1 
yH11sepcanbHOH annapaTypw w11p0Koro np11MeHeH11H. Paapa6oTKa 
6noKa B HaCTOHU\ee speMH o6XOA11TCH np11MepHO 81.leTBepo AOPO)t(e 
ero CT011MOCTl1, no3TOMY Aa)t(e 20%-HaH 1136blT04HOCTb CTaH0811TCH 
HeonpaBAaHHOH np11 1.111cne OAHOTl1nHblX 6noKOB B ycTaHOBKe CBbl­
we 20. BTOPWM nyTeM CYU\eCTBeHHoro ynpOlJ\eHl1H nporpaMMHo-yn­
pasnHeMblX 6noKOB HBnHeTCH peweH11e npo6neMbl AY6n11py10ll\ero py1.1-
Horo ynpasneHl1H 11 11HA11Ka41111 HHa1.1e, 1.1eM cnoco6oM aseAeH11H 11x 
11HA11Bl1AYanbHO B Ka)t(AblH 6noK. 

np11MeH11TenbHO K cpopMl1POBaTenHM HaHoceKYHAHblX 11MnynbCOB 
cKa3aHHoe oaHa1.1aeT OTKaa OT 411cppoao11 peryn11posK11 nopora 
11 An11TenbHOCTl1 BblXOAHOro 1-1Mnyn bCa, a TaK)t(e 11 CKn101.1eH11e opra­
HOB PY4Horo ynpasneHl1H 11 11HA11Ka41111 COCTOHHl1H CTaTycHoro 
per11cTpa -'-. XoTH sen111.111Ha nopora cpa6aTwsaH11H 11 Anl1TenbHOCTb 
BblXOAHOro 11Mnynbca BeCbMa Ba)t(Hbl C T04Kl1 apeHl1H 3cpcpeKTl18HOCTl1 
BblAeneH11H cosnaAeH1111 ,1 5 1

• sen111.111 Ha 11x APeCicpa a coapeMeHHblX 
6noKax npeHe6pe)t(11Mo Mana. 3aAaH11e 11 nOAAeP)t(~H11e 3cpcpeKTl1BHo­
ro nopora per11cTpa41111 3Ha411TenbHO 3KOHOMl14Hee OCYU\eCTBnHIOT­
CH 411cppOBblM peryn11posaHl1eM BblCOKOBOnbTHoro HanpH)t(eHl1H n11Ta­
Hl1H, T.K. a 3TOM cny1.1ae OAl1H KaHan aHanoro-411cpposoro npe-
06paaosaH11H MO)t(eT 06cny)t(11BaTb 6onbwoe Kon111.1ecTso <1>3Y. npo­
rpaMMHoe )t(e ynpasneH11e aaAeP)t(KOH cpopM11posaTenH npeACTasnH­
eTCH cosepweHHO He06XOJ:111MblM, T. K. COKpalJ\aeT 3Ha411TenbHOe 
Kon111.1ecTBo speMeH11 no noA6opy 3aAep)t(eK 11 noasonHeT KOHTpo­
n11posaTb 3cpcpeKTl18HOCTb per11cTpa41111 B XOAe 3Kcnep11MeHTa 
CHHTl1eM KPl1 BblX 3aAep)t(aHHblX cosnaAeHl1H. 

CxeMbl ynpasnHeMOH 3aAeP)t(Kl1 AO HaCTOHU\ero speMeHl1 CTpo11n11 
C 11cnonb30BaH11eM KOMMYTl1PYIOU\11X 3neMeHTOB B B11Ae pene 16 ,71 

n1160 11HTerpanbHWX cxeM 3Ml1TTepHo-cBH3aHHOH nor11K11 -
3Cn 'i.3 ,s.9 1

• nepsoe peweH11e AaeT MeHbWYIO HynesylO aaAeP)t(Ky, 
T.K. co6cTBeHHaR aaAeP)t(Ka MexaH111.1ecKoro nepeKnlOl.laTeflR co­
cTaanReT 0,3 7 0,4 HC, OAHaKo TaKaR cxeMa HeYA06Ha 113-3a 
6onbw11x ra6ap11Tos, MeHee HaAe)t(tta, AaeT HaBOAKl1 Ha aHanoro­
Bble cxeMbl no w11He n11TaH11H 24 B. HeAOCTaTKOM nepeKJ1104aTeneC1 
Ha 11HTerpa!lbHblX cxeMax 3Cn HB!lReTCR Ha nopHAOK 60flbWaR se­
f111411Ha co6CTBeHHOH 3aAeP)t(Kl1, 4TO He no3B0!1ReT Aa)t(e np11 np11-
MeHeHl111 npcneAOBaTefl bHo-napannen bHblX KOMMYTl1PYIOU\11X CTpyK­
TYP ' 3 .9 / ** AOCTl14b HyfleBOl1 3aAeP)t(Kl1 MeHee 15 HC. B on11-

* 3Tl1 <PYHK'-11111 MO)t(eT 83RTb Ha ce6R HeKl1H 4eHTpaf11130BaHHblH 
6noK py1.1Horo ynpasneH11R. 

* * CoKpalJ\alOU\11X 411Cf10 nocfleAOBaTeflbHO BKfll04eHHblX Knl04eH AO 
ABYX,HO ycnO)t(HfflOU\11X cxeMy 11 Aew11cppaTOP c11rHaf10B ynpasneHl1R. 
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CblBaeMOH cxeMe AnR 4ene11 KOMMyTa41111 11cnO!lb30BaHbl csepXBblCOK0-
1.laCTOTHWe TPaH311CTopw c nonocoCi nponycKaH11~ ~3 rr1..1, 06ecne-
1.111aa10ll\11e 3aAeP)t(KY 3neMeHTa KOMMyTa41111 ··0 ,6 HC, 4TO Aa)t(e np11 
nocneAOBaTenbHOH CTPYKType /6 CTyneHeH KOMMyTa41111 YABa11sa10-
ll\l1XCR 3fleMeHTOB 3aAeP)t(Kl1/ AaeT HynesylO 3aAeP)t(Ky, cpaBHl1MYIO 
no Befll1411He C 3aAeP)t(KQH B TYM6nepHblX 6noKax *. B Ka4eCTBe 
3neMeHTa 3aAeP)t(Kl1 Bbl6paHa nonoCKOBaR ne4aTHaR, !111 Hl1H / 11311 r-
3a r11 c waroM 1 MM/ c sonHoBblM conpoT11sneH11eM 110 OM, 06ec­
ne1.111sa10ll\aH AOCTaT04HYIO nonocy nponycKaH11H IAo6poTHOCTb -10/, 
11MelOU\aH ManbIe ra6apl1Tbl /yAeflbHaR 3aAeP)t(Ka ~ 0 '35 HC/ CM 2/' He 
Tpe6y10ll\aH AOnO!lHl1TenbHOro TPYAa np11 MOHTa)t(e 6noKa 11 noA­
CTPOHKl1 /OTHOCl1TenbHWH paa6poc 3aAeP)t(Kl1 MeHee 1%/. 

B 6noKe KAMAK eAl1Hl14HOH w11p11Hbl COAeP)t(l1TCH ABe 11AeHTl14Hble 
cxeMbl c o6ll\11M KaHanoM ynpasneHl1H. Ha p11c. 1 np11 BeAeHa 6noK­
cxeMa OAHoro cpopM11posaTeflH 11 KaHana ynpasneH11H. OpraHos 
py1.1Horo ynpasneHl1R 11 11HAl1Ka41111 COCTORHl1R 6noK He COAeP)t(l1T. 
LleHTpanbHOH 1.1acTb10 cxeMbl HBnHeTcH yaen ynpasnHeMoH aaAeP)t(Kl1. 
0Ha 11 MeeT coficT BeHHble BXOA 11 BblXOA /ypoBHl1 NIM, An11Tefl bHOCT b 
BblXOAHOrO c11rHana pasHa An11TeflbHOCTl1 BXOAHOro/ • .QnR pafiOTbl 
C <1>3Y 11MeeTCR BXOA cpopM11posaHl1H 11MnyflbCOB C peryn11pyeMblM 
noporoM /noTeH4110MeTp Ha nepeAHCH naHeI111/. BblXOAHble 11Mny!lbCbl 
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P11c. 1. 6noK-cxeMa OA­

Horo <POPMl1POBaTenH 
C ynpaB!lHeMOH 3aAep)t(­
KOH 11 KaHana ynpasneH11H. 

*Oco6eHHO C y1.1eTOM COeA11Hl1TeflbHblX Ka6ene11 B CTOHKe, A0-
6aBI1HIOU\11X 2 7 3 HC. 

5 



I/OH. 

8btX . .} 
• I -,r 

-SB -58 

P1-1c. 2. np1-1H4HnHaI1bHaR cxeMa R4ei1KH saAeP)l(KH H ee BblXOAHOro 
¢>opM1-1posaTe11R;TpaHs1-1cTOpbI -TH·T6 - KT370; T7-i-T9 - KT315; 

AHOAbl - KA513. 
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P1-1c. 3. np1-1H41-1n1-1a11bHaR cxeMa ¢>opM1-1posaTe11R; HHTerpanbHaR cxe­

Ma - K500Im116,TpaH3HCTOPbl - KT370, AHOAbl - KA513. 
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MOryT cTaHAaPTH30BaTbCR no AnHTenbHOCTH /OAHOBHnpaTOP - OB/ 
1,1 CHHMaT bCR co BToporo ¢>opM1-1poBaTenR BblXOJ:IHblX. YPOBHeii. 

Ha p1-1c·. "2 np1-1seAeHa np1-1H41-1n1-1anbHaR cxeMa· OAHOii .R4ei1KH 
ysna saAeP>KKH /Tl -;-T3/ co BXOAOM ynp-asneHHR /ypoBHl-1 TTJl/, 
KaHanoM sanpeTa BblXOAHOro l-1Mnynbca /T7, T8/ 1-1 nepBblM ¢>op­
Ml-1POBaTeneM BblXOAHblX yposHeii /T4-;- T6/. C KonneKTopa T5 
CHHMaeTCR AH¢>¢>epeHLIHPOBaHHhli1 HMnynbc AnR sanycKa OAHOBH6pa­
TOpa. OcTanbHaR 4aCTb cxeMbl ¢,OPMHposaTenR noKa3aHa Ha pHc.3. 
Y3nbl 3TOi1 4aCTl-1 cxeMbl 6nH3Kl-1 onHcaHHblM B pa60Taxl10,11 1

, ---­

~1cnonb30BaHo CMet11eH1-1e n1-1TaHl-1R l-1HTerpanbHOi1 cxeMbl, Ha KOTO­
po~ peanH30BaHhl npeAyc1-1n1-1Tenb 1,1 OAHOBH6paTop, Ha +0,8 B 
MR o6ecne4eHHR Hynesoro ypoBHR BXOAHOro nbTeH4Hana. Co6-
CTBeHHOe 11 rynRHl-1e 11 ¢>opMl-1POBaTenR 3Ha4HTenbHO CHH>KeHo 3a 
c4eT 1-1cnonbsosaH1-1R cxeMbl K500Jln116. 

BAmHEAWHE XAPAKTEPHCTHKH 5Jl0KA 

BxoA ¢>opM1-1posaTenR: 

nopor cpa6aThlBaH1-1R 
a/ HOMHHanbHbl~ 
6/ AHana3oH peryn1-1posaH1-1R 

Pa6041,1~ AHana30H aMnnHTYA HMnynbCOB 
Co6cTBeHHOe 11 rynRH1-1e 11 

HecTa61-1~bHOCTb nopora 

BXOA 3aAeP>KKl-1 
Ypos~ 

- 20 MB 
- 5-;-1QOO MB 

- AO 5, 5 B 
2,5 HC 

- MeHee 2 MB 

- NIM 
An1-1TenbHOCTb # - n~6aR, CBhlWe 2 HC 

BblXOA 3clAeP>KKH 
¢>POHThl BhlXOAHhlX HMnynbCOB 
HynesaR 3aAeP>KKa 
War np1-1pat11eHHR 3aAeP>KKH 
MaKCHManbHOe np1-1pat11eH1-1e 3aAeP>KKH 
TeMnepaTypHhl~ K03¢)¢>1-14HeHT 3aAeP)l(KH 

BblXOA ¢>opMHPOBaTenR 
¢>pOHTbl BblXOAHblX HMnynbCOB 
HynesaR saAep)l(Ka 
An1-1TenbHOCTb BblXOAHblX HMnynbCOB 

a/ HOMHHanbHaR 
6/ MaKCHManbHaR 

TeMnepaTYPHhlii K03¢)¢>1-141-1eHT 
AnHTenbHOCTH BblXOAHblX l-1MnynbCOB 

¢>yHKLIHH KAMAK . 

- MeHee 1 ,.2 HC 
- 6,5 HC 
- J HC 

63 HC 
.- MeHee 0,06%/°C 

- MeHee 1,8 HC 
14 HC 

4,5 7 80 HC 
- AO 1 MC 

- MeHee.0,15%/°C 

-R1-i-R6. Wl -;-W6 
WHHbl ABOH4Horo KOAa 3aAeP)l(KH 

a/ l-b1~ ¢>opM1-1posaTen b 
6/ 2-oi:\ ¢>opM1-1posaTenb . -R9-;-R14, W9 -i-W14 
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fon 3anpeTa 
a/ 1-wA ¢o~MHPOBaTenb 
6/ 2-oA ¢opMHposaTenb 

KoMaHAa 4TeHHR perHCTpa 
COCTORHHA 
KoMaHAa 3anHCH B perHCTp 
COCTORHH11 
0TBeT Ha '£ 1\JAF 
Ha4anbHb1A c6poc 

-RS, 
-RlG, 

- F' (1) 

- F(17) 
- X 
- z 

ws 
W16 

npH c6poce perHCTP ycTaHaBnHBaeTCR s Hynesoe COCTORHHe, 
cooTseTcTsyio1.11ee MHHHManbHoA 3a,QepmKe H no,Qa4e cHrHana 113a­
npeT" Ha npoxom.QeHHe HMnynbcos 4epe3 6noK. npH BKnl04eHHH 
nHTAHHR perHCTP YCTaHaBnHsaeTcR B e,QHHH4HOC COCTORHHe, 
COOTBCTCTBYIOIJ1ee MaKCHManbHoA 3a,QePmKe H no,Qa4e CHrHana 
"pa3pewCHHC 11

• 

T OKH, ncnpe6nReMblC 6noKOM 
OT HCT04HHKOB nHTaHHR 

-6 B 
+6 B 

-1 A, 
-0,8 A. 

B 3aKnl04CHHC aBTOPW swpamanT 6naro,QapHOCTb n.noxOHRH 3a 
none3Hwe o6cym,QeHHR H B.H.KaKyPHHoi1, B.H.MaKCHMCHKoso11 3a 
TeXHH4CCKYIO noMOIJ1b. 
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