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needm &n G>.mplUlel' with ~ faet r!aet1.m0 (time 10>etween the iO ar.1.d 90% pob.tte 
. . . 

pulocs to & level.sw:Kkient to trigger a cllscdmi~~tor or c:oinddence circuit. 

Wi~h v~ry high col.W.ting :r:stca, the baselins shift muse be minimized. Also in 

n;''helil'f p?etiiem.t-da.y experimettte, in which onl;"' one event of many is of interect, 
' . ' . 

Gain. 10 

Ricaetime i nsec 

50 ohms 

Ou.tpu~ polarity Negative 

M.aximum output amplitude ! V in 50 ohmB 

Delay t input to output 3 nsec 

.Equivalerilt noisa le.vel at input 50 v.V rmc 

Thexomal drift of output level 1 mV /'ftC 

.. 
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CIRCUIT DESCIUP.fiON 
:, 

The reccr.1.~ developme.rtt of ~ra.rASJi~tore v/ith gain-bandwidths gl'eat~r than_, 

i GHz ha.$ lced to the deafgn of sinr>.pl~ ·a.mplifiers wiih fast riiDetimaa( i The 

ZNZ&l57 'ii.tmed in this deaigai has a rnJ.t1hnum fT of i ·CUb at Xe: = 5 n1.A and 

V c = 6 V. · The circuit sch~matic diagram is shown in Fig. L ·. 

In. the quiescent condition~ Qi is conducting about 5 mA. and has a . 

coll<E:c~or-to .. emitter voltage. of· 3 V. TransiBtor QZ. is conducting approxfn>.ately 

2 ·mA and has 6 V acrollils it. With negative input· eignale the cu~rent in Qi · 

decre&C!Ji!So and that illl 02 increases. The zen~r diod~H~ were especially 

choeea'l eo that CR3 has a bl'oa.kdovm voltage of 6.2. V~ a value at which zener 

diodem eillliibit a low impedance. The iN959B (CRZ) ie a compromise between 

The iN753A (CR3) h quieacelrAtly conducting 20 rnA, which decrease~ as the 

current in 02 inc:reaaea. With zel"o c:\u·rent in CR3, ita i.mpedanc~ is veify 

la.rge, thelreby au.betantia.Uy ll!'educing the giruin of OZ. In thit!l way the amplifier 

the satur&ted. output is about 1.5 V. 

Without the diode CRi, the amplifier output baseline would have a large 

poQ~itiva temperature coefficient due p:rbnarily to the temp21"&ture de~endance of 

the b&®e-emittar junction of QL !nch:r.don of CRi is an: attempt to perform [lome 

ten'lpe:rature compensation. It&J effect is to hold the output de level chan~~"'~ 'lt"V·ith 

temperature to lees than 1 mV/°C •. Typically, over the temperature !range 25 

to n;,oc, the output level changes lelllll than ZS mV. The choice of a diode ~oF 

CR.i is a Uttle U.mated. A low forward impedance is required a.loll'llg with a low-
. ' . 

' 

'. 
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The trimm~r capa.cito:;: (G3) provides hiih-bequency corr.~.pen~a.tion. 

WUh the trhnm~r adju~ted for about Hl% over~hoot on the output pube, the ob-
.' 

~4:U''Ved rbetbne of th.~ ~mpliiler is about t.3 naec. However, the puls~ get?.erato:r 

~nd oacillo®cope have-~ combined rhetir.ac of about 0.8 nGec. The ficetirne of the 

arnpHfier alone then io about 1 rulec. 

'The closed-loop gain of the amplifier as determined by the feedba-ck 

resigtot> (R8) and the. serie~Z~ combination of R3, R4, and the dynamic resistance 

' 
of CRi~ is typically about U.. The open-loop gain h about 66. 

PERFORMANCE 

A H0wlett-Packard li5A pW.oe geA&erator and a Tektronix 661 sampling 

oscUloacope were used to obtaitl the pcrfoir:m~nca characteristics of the amplifiel". 

Thta rise anLd fa.U time of the amplifier output are sho'\VD. in Fig. z. Figure 3 

shows the an1plificer output aa the input voltage is changed from 1.0 mV to iOO m.V 5 

th.t:;n ~o 1.0 V. The overehoot on the s&tu.rated output pulse ia due to discharge of 

the capacity of ths zener diode CR.3. A plot o' the riBa and fall timea with ou,tpu.t 

t<i1.mpHtude is Ghown in Fig. 4. The :ri~e and. !aU times are both about 1 nocc up 

to an output ~mpUtuda of i.O V. A gain linearity curve iQ shown in Fig. 5. At 

~he 1.o .. v output amplitude, departure from linearity is lees than 10o/o. 

The noise level was mo&Gtu·ed with a Boonton Model-.9!B rf vol~met~:..~ •. 

which has a bandvlidth of 50 k.c to 500 Me, The equivalent noiGe level at the input 

was typtcally &bo~t 40 f.!.V. 
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a pleaetire to aclr-4>.owlcedge ~h~ viork of· Tor..'\ .Shlmizu who rt3.il.d.e the pr:tr"ted-ci:i"cuit 

layout.· ·A pl1otogra.ph of the layc11t i.e shown in .Fig.. 6. 
( . 
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*'l'hls wort,r;. was· ·d:.:ma. un.der the auepice'o of th.Cll u.s. l~omic E:n,~l"gy· Co:r:.~miaaion. 
. . . ' . . 

1... M. A. Schaff<er~ 

. ' ~ ' 

. ·.' 

i. 

Nuc, .• Instr. Methode 27e'.i72:(i96·~).~··· 
. --- . ., 

·,,, 

·· .. ,_:_: 

'·' 

,. ;, 

'.:-
'';. ·. '.' ~ ,' ' . ~ . 

', .'~· ... · . 

.. .. 

' 1 :.": i,• 

:: ~ 
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Jfig. 5. · ·cain 'linearity curva. 

Flg. 6. 'Amplifier layout •.. 
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Fig. 1. Schematic of the amplifier. 
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Fig. 4. Rise and fall time vs output voltage. 
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(a) (b) (c) 

Fig. z. Rise and fall time of the amplifier output. 
{a) Output pulse - horizontal sweep= 5 nsecl em; vertical= 50 m VI em. 
{b) Rise time - horizontal sweep= O. 5 nsecl em; vertical= 50 m VI em. 
{c) Fall time .:. horizontal sweep= 0.5 nseclcm; vertical= 50 mVIcm. 

(a) (b) (c) 

UCRL-11819 

Fig. 3. Amplifier outputs 
{a) Input voltage= 10 m V; horizontal sweep= 20 nsecl em; vertical= 20 m VI em. 
{b) Input voltage= 100 mV; horizontal sweep= 20 nseclcm; vertical= ZOO mVIcm. 
{c) Input voltage= 1.0 V; horizontal sweep= 20 nsecl em; vertica,l = 500 m VI em. 

ZN -4590 
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Fig. 5. Gain linearity curve. 
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Fig. 6. Amplifier layout. 




