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TENNELBC, INC. warrants that the products or components
manufactured by it shall be free from defects in material or
workmanship fork a period of two years from the date of delivery
to purchaser. If such product or component is determined to be
defective by TENNELEC, its sole warranty obligation shall be
limited to either replacing or repairing such defective product
or component or allowing credit therefor, at TENNELEC's option.
Such warranty is further conditioned upon the purchaser's giving
prompt notice of any such defect and satisfactory proof thereof
to TENNELEC's customer service manager, thereafter upon
TENNELEC's approval, the purchaser shall return such defective
product or component to TENNELEC's factory at Oak Ridge,
Tennessee, all transportation charges prepaid. TENNELEC shall be
responsible only for transportation charges incurred in returning
sucn product or component to purchaser. All customs, brokerage
and duty charges shall be at the expense of the purchaser.
Damage in transit due to inadequate packaging will be repaired at
purchaser's expense. Any repairs or replacements by the
purchaser without TENNELEC's approval, any willful abuse or any
evidence that the product or component was not properly used and
maintained, would automatically void this warranty.
TBNNELEC makes no warranty whatsoever in respect to products or
components not manufactured by it but instead the applicable
warranties, if any, of the respective manufacturers thereof shall
apply. Likewise fuses, batteries and input transistors in ultra
low-noise amplifiers are specifically excluded from this
warranty.
THIS WARRANTY IS IN LIEU OF ALL OTHER WARRANTIES, EXPRESS OR
IMPLIED, STATUTORY OR OTHERWISE, INCLUDING WARRANTY OF
MERCHANTABILITY AND FITNESS.



The -1 connector on this instrument is
directly  compatible only with TENNELEC
preamplif iers  with serial  numbers  greater
than 2000. I t  i s  a l so  d irect ly  compat ib le
with standard Aptec, Canberra, RGLG Ortec and
PGT preamplifiers.

If a TENNELEC preamplifier with serial number
less than 2000 is used, then a model ADT 1
PREAWP POWER ADAPTER must be used.

I f  there  are  any  quee

ex

cgarding t h e
compatibility of the PREAWP connector of
this instrument, please con c the TRNNELEC
Warketing Department for assistance.

+*******tWARhlING*+********
*

z I m p r o p e r  c o n n e c t i o n  t o  t h e  I,,,:pha z
t connector may permanently damage
l amplifier and/or preamplifier. TRNNRLEC *
* assumes no liability for such instrument l
* damage. l

t *
* * * * * * e t * * * * * * * * * * * * * * *
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1.0 INTROWCTION

The TENNELEC Node1 TC, 246 ‘combines a high .perf ormance
spectroscopy (,SLOW) alapllfier with a general purpose
timing (FAST) ,ampl.ifier ins a single-wi:dth NIM module.
The FAST/SLOW AHPLIFIER is ideally suited for
applications whi:ch require both timing and energy
information from the detector: signals~.

The SLOW AWPLIFIE~R incor o r a t e s  a  f i v e - p o l e  ( t w o
complex-con jugate-pair anB one real)  active ~filter
network to generate a near-gausaiaa shaped unipolar
pulse which optimices the signal-to-noise ratio while
allowing excellent count rate capability. Switch-
selectable peaking times of 1, 3 and 6 usec allows the
TC 248 spectroscopy amplifier Tao be matched to the
signal processing reguireme’nts’ of most detectors.

A  gatecl b a s e l i n e  r e s t o r e r  (BLR) w i t h  a u t o m a t i c
threshold and restorer rate ~.circuits provides superb
high count rate performance without degrading ultimate
resolution.

The excellent dc stability of the TC 248~ s’pectroscopy
amplifier eliminates s.p$Warn broadening caused by dc
shift oft the amplifier output.

A unipolar delay option all,ow~s ,,tbe,~ slow unipolar output
to  be  de layed  2  usec f or  gat ing  app l i cat ions .  A
convenient slide-switch allows a normal (prompt)
unipolar output when theYdelay is not required.

The FAST AHPLIFI,ER: incorporates. CR-RC shaping to
pro~duce a  h i g h  i~pitial.,~sl,op.rr uqipolar p u l s e  f o r
accurate timing measurements ant, low constant f r,actions.
Independent differentiator and integra,tor time constant
switches allow the pulse decay time and risetime to be
custom-tailored to the experiment.,
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2.0 SPECIFICATIONS

2.1 PERFORMANCE

2 .1 .1 SPECTROSCOPY AHPLIPIBR

PULSE SHAPING Active ehapi.ng networks produce paeudo-
gauseian shaped unipolar pulses with selectable peaking
times* (t ) of 1, 3 or 6 usec.
the 1.0% fevel eguals 2.8 t

Unipolar pulse width at
Bipolar ,pul@e peaks* at

0 . 7 8  t  a n d  c r o s s o v e r *  o&&re a t  X.3,6 t
cross&er i s  d e l a y e d  b y  0,32 ,t

Bipolar
prompt

uni@olar peak.;

GAIN RANGE ContinuousSy var:$abh f ram ~5~ to x750.

INTEGRAL ,NONLIWEARI’PY s &:O.Oq% over 0 to +$OV output
range for 3 usee’pebking tiiie.

NOISB Less than, 3.0 uV &me @fT*rad to t?i$ input for 6
usec peaking time, ,unipolar~ m?8@g and lsaximuin gain8
typically 1,ee.s thank 3.2 uV~ tat’& j?Qt’ gqin g,reater than.100.. Bipolar  typica l ly  lee~rj”tHaii 5.0’ uV rmS for  ga in
greater than 100.

TEMPERATURE INSTABILFiY

UNIPOLAR

0 to  zsooc
0  to  50°C

BIPOLAR

Gakn L &oo.m/Oc, 0 to 5ooc
UC Level m,&30 uV)@C, 0 to 50°C

WALK & i.3 neec- ovCFa §Otl~dynami& range for 3 usec
p e a k i n g  t i m e .

OVBRLOAD ?RSCOVBRY b&$pdlat’ o&put reoovers t o  w i t h i n
2% of rate? ;gutput f ram x300 .overload. in less than 2.5
noti+verldaded puls&%i&h& at ma~ximup gain. Bipolar
output recovefd to witihin’?% of rated oiutput from x300
overload in less thank 2.0~-iibn-overloa~ded pulse widths
at maximum ga&n.

*Measured from the lcadirig 1.08 ‘of maximum signal
amplitude.
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SPECTRUBBROAD#ING (UnSpolax!)** Typically less than
108 FWEM for a' C01.33 neVqamxtalincat85a of rated
output, 3 uaec peaking time and incoming rate of 1 to
100 kcps.
SPECTRUB SHIFT (Unipolar)** pe&F position 'shifts
typically less than 0.02% fork a .~ Co 1.33 MeV gamma
line at 85% of rated output, 3 usec peaking time and
incoming rate ,of 1 to 100 kcps.

2.1.2 TIRING ANPLIFIER

PULSE SEAPING CR-RC shaping networks produce high
initial slope unfpolar 'pulses with independently
selectable diff,erentiation and,integratfon time
constants of 5, 10, 20, 50 and 100 nsec.
RISETIME -10 nsec with minimum integration and
maximum differentiation.
GAIN RANGE Variable from 5 to 250 in a l-2.5-5
sequence.
TEMPERATURE INSTABILITY

Gain I *o.le/oc,'o~ to 58oc
OUTPUT AMPLITUDE RANGE Oto-Svoltslinearintoa 50
ohm load.

2.2 CONTROLS

2.2.1 FRONT-PANEL CONTROLS

2.2.1.1 SPECTROSCOPY MPLIFIER '~
COARSE GAINS Six-paaltion rotary switch selects gain
factors from 10 to 500 ira l-2-5 sequence.
FINE GAIN Ten-turn precilicn potentiometer with linear
calibration from 500 to 1400. ~The d&al numbers should
be conszdered as multipl,iirs spMrthq on the COARSE
GAIN setting, with 500 aiki% 1500 ,corrhs~ponding to
multipliers of Ob5 and::1.5 respectively. The FINE GAIN
control extends the total.'qa%nranqe from 5 to 750.

**Results may not beg rcproduo&blesif measurements are
made with a detector which exhibits a larger number of
slow-risetime signal components.
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2.2.1.2

2.2.2
2.2.2.1

POLE-XERO (P/E) 15-turn rcrewdriver~adjustable control
for cancellation of?preamplifier dcca-y tines from 35
uixec to infinaty.
POS-NEG Two-position toggle switch eelects either
poeitive or negative polarity preamplifier s.ignals for
the amplifier ‘input. .
BLR-P/Z Two-pos'ition toggle ,&witch enables the
bareline restorer in the BLR position. The P/E
position disables the bareline restorer for accurate
pole-zero cancellation adjustment.

TIWING AWPLIFIER
GAIN Six-position &tory switch selects gain factors
from~ 5 to 250 in a l-2.5-5 eeguence.
INTERNAL CONTROLS
SPECTROSCOPY AWPLIFIER
PEAKING TIME Four individual three:poeition elide
switches (accessible through the aide shield) relectr
unipolar peaking time.of l., 3 or 6 u8ec. Bipolar
t;iting time equals 0.78 of selected unipolar peaking

.
NOTE: All four PEAKING TIME ewitches MUST be
eet to the same position for proper operation
of the amplifier.

UNIPOLAR DELAY OPTION When~ initalled, a two-position
slide switch (accessible throiqh tbe side shield)
select8 either prompt (OUT) or a 2 umec delay (IN) for
the unipolar output. Th&:b$pe&ar output is unaffected
by the unipolar delay @election.
OUTPUT IUPBDAWCE, In~divi~dualz;,two-poeition  slide
rwitches (accee'rxble throughh:.the~~r$de shield) txelects
an.~~put.:i~mpedrnce~~~~,)t~.ther  <d ohm or SD ohms for the
UNIPOLAR and BIPQLA& :o~tp,@tr:~, The t$al.peak output
current is~lirited~to 5U,,mA,.foreither the UNIPOLAR
and BIPOLAR output&:?:w~bcn, operated in the <l ohm
position. Allou~tputr are txhort circuit protected in
either OUTPUT IWPEBANCEposition.



2.2.2.2 TIHING AHPLIFIER
INPUT WLARITY

-5-

Two-position slide switch (accessible
through the side shield) selects either positive or
negative input polarity~for the timing~amplifier.

DIPPERENTIATOR TIME CONSTANT ,Pour individual.two-
.position slide sw:it$hes ~(a~dbs~sible through the
side shield) select differentiator'time constants of
10, 20, 50 and 100 nsec. Switches may be used in
combination to provide intermediate values, i.e., 50
and 100 nsec IN to provide a 150 nsec time constant.
All switches OUT ptov.idc a 5 nsectime constant.
INTEGRATOR TIME CGNSTABT Four individual two-position
slide switches (accessible through,the side shield)
select integrator time constants of 10, 20, 50 and 100
nsec. Switches may be used in combination to provide
intermediate values, i.e., 50.&N 100 nsec IN to
provide a 150 nsec time constant. All switches OUT
provides a 5 nsec time constant. The risatime is
approximately 2.2 times the selected time constant.

2.3 CONNECTORS
2.3.1 FRONT-PANEL CDNNECTDRS
2.3.1.1 COMMON

INPUT BNC connector accepts either positive or
negative polarity ingut ,sig,nals which are applied to
both the spectroscopl~'and~+timing amplifiers. The input
signal risetimes should be lerr than the selected
timing channel integrator time 'constant and the decay
time should be within the,range of 35 urec to infinity.
The input impcdantiels ;SUDhms dc-cou~pled, and the
input is protected to f3.5 volts ac a~bsolute maximum.

2.3.1.2 SPECTROSCOPY ANPLIFIER
UNIPULAR BNC connetitor prov~idW ,&-restored (0 fS mV1
unipolar shaped output pulses- with' a~full-scale range
of 0 to +lOV (tll.SV m~aiititim). the UNI:poLAR OUTPUT
IMPEDANCE switch selects an output impedance of either
<l ohm or 50 ohms for both front- and rear-panel
UNIPoLAR output' conreotors: The total peak output
current is'limitid to~50 mL in the <l,oha position.
Both UNIPDLAR connector,6 are inott ckcuit protected in
either UNIWLAR ,OUTPUT IWPEDANCE position.
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BIPOLAR BNC connector provides ground referenced (0
f10 mV) bipolar shaped output pulses with a full-scale
r a n g e  o f  0  ,to +lOV (*ll.S.V maxia~um),~ The BIPOLAR
OUTPUT IMPEDANCE swit@ sp~l&lf;e. an output impedance of
either <1 ohm or 50 ohms ‘for both front- and rear-panel
BIPOLAR output connectors. The  to ta l  peak  output
c u r r e n t  i s  l i m i t e d t o  5 0  ;mA~in t h e  <l o h m  p o s i t i o n .
Both BIPOLAR connectors Or, qijort cir.qait protected in
either BI,PGLAR OUTPUT IW~PEDA#CE posi,tion.~, ,,. ,.I

2 . 3 .1 .3 TIMING, AWPLIPIER

OUTPUT Lemo type conne’&orl provide,s, shaped timing
output pulses with a full-scale linear range of 0 to -5
volts (-7 volts maximum) when ,te.rminated into a, 50 ohm
l o a d . Risetime a n d  de.@ay t i m e  aele.,cted b y  t h e
INTEGRATOR and DIFFERRNTIATGR switch~ settings.

2 .3 .2 REAR-PANEL CONNECTORS

2 .3 .2 .1 COMMON

INPUT Refer to INPUT of Sec. 2.3.1.1.

PREAMP A O-pin Amphenol 17-10090 type connector
a c c e p t s  s i g n a l s  f r o m  TEN,&EEBC ..preamplif iere a n d
provides power to TENNELEC or other commercially
available preamplif iere.

l * l l CAUTION� l l l 1

The ‘LorrEanjp‘] .odn,nector onthis instrument
i s  directly aom atible:‘onl$ with TENNELEC
preamplif ierr w P,
than 2Q~O;O.

th rerialq&bere g r e a t e r
It  is al~so ,dir:ectly compatible

with standard Aptec, Canberra, EGCG Ortec and
FGT preamplifiers.

If a TlSNNlU$C,.  preamplifier. with serial number
les6, than 2000 .ir:$scd, then, a .model ADT 1
PRBAWP pGWER ~i%DAp$ER murt,~ be used (See Sec.
3 . 2 . 1 ) .

I f  t h e r e  a r e  a n y .  q,y
compat ib i l i ty  oft tbr,
this~ instrument, plea
Marketing Department

eg‘arding t h e
coanector o f
tkie TBNNELEC

ooe.
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2.3.2.2

2.4

2.5

**et****l ***********W~ING
*
l Improper connection to_v

the 1-i
connector may permanently da&age

l amplifier and/or preamplifier. TENNELEC
no liability for such instrumentl aclihmes

* damage.
*
l * i,* * l c l  ****c************

PREAMPLIFIER PIN ASSIGNMENT,-,,---,,-;---,---,,--,-,-----,
PIN t DBSCRIPTION-----------------i--i--------
,1 : ,, :,#)W&Rm

f
* i SIGNAL GRD
: 'PREAIIP OUT

J
t ,+12v
I TEST

t
: -24v
: +24V
I FNANmN
: -12V

SPECTROSCOPY ARPLIFIER
UNIPULAR Refer to UNI-POLARaf Sec. 2.3..1.2.
BIPOLAR Refer to BIPGLRR of Sec. 2.3.1.2.
POWER REQUIRERENTS (excluding preamplifier)

+24V, 45 laA; +12V, 135 mA
-24V, 45 mA8 -12Vz 115 mA

OTHER INFORMATION

OPERATING TENPERkTURE 0 to %l°C

DIMENSIONS Standard fingle-wide NIM module
8.714 in.) per TID 20893 (Rev). _

l ***
*
*
l
l
t
l
*

****

(1.35 x

INSTRUCTION MANUAL One provided with each instrument
ordered.
WARRAESTY One year.
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3.9 INSTALLATION

3.1 POWER COBBRCTION
;~

The TC 248 FAST/SLOW, A%PLIFI&requfreq~ a ~NIW-standard
bin and power supply, such ae the ,TRtjBELEC TB3/TC 911,
for operation. The bin provides mechanical mounting
and powers eupply dislzribution. zAlwayo turn OFF the bin
power supply when inserting or removing any modules.

';,,.
All TENNELECNIB modules~ared&.gn,ed sothatit ie not
poesible to overload the power rupply, even with a,full
complement of mo~dules in~the~bin..S.incethis maynotbe
true when the,bin contains moduleq other than those of
TENNELEC derign, the power eupply voltages should be
checked after~.all ,moduleq have ~becn inserted. The
TENNELEC Bin and Power Supply provides power supply
test point6 on the bin control panel for monitoring the
dc voltage levels.

3.2 PREABPLIFIER 03BNECTION
3.2.1 ORIGINAL TENNELEC PREAMPLIFIERS (Serial Number <2000)

The yi conn,ector of thi'e amplifier is NOT
direct Y campatt~bk  .with~~~EI$C pre,amplifier~e with
serial numbera leers than 2,000. An optional model ADT 1
PKEABP POWER~ADAPTER i$ required.

Fig. 3.1 Original TENNELEC Preamplifier Power Connections
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The ADT 1 PREAUP POWER ADAPTER shoul~d be p
mounted  to  the  ampli,fier~.s~r,ea~r-panel
connec~oc (See Fi~g. 3.1). ,:

The.’ preamplif ibr% power cable ,$s : then connected to the
AbT 1~ ada.pte~r.
configuration,

As w i t h  ttie~ Y:briginal TE#NELEC
th,C preatiplif~ier~*s ou tput  sig,nal i s

present in the power ,cabl’C; and .no~extcrnal~ BNC cable is
reguireci f r o m  t h e  p r e a m p l i f i e r ’ s  o-utput t o  t h e
amplifier’s input. The amplifier’s front-panel PDS-NEG
switch should be set to match’~tbe preamplifier% output
signal polarity.,

3.2.2 TRNNELBC PREAWPLIFIRkS (Sari& Nuu@er >2OOG),

is  directly

numbers greater than 2008.’

,The preamplifie
thl atipllf ier’d’

1.e is directly connected to
fitbr;.~~ ‘Tin preampkif~ierQe

out,put s i g n a l
elrternal Bloc ca

the power cable and no
d f roml’ the preamplif ieros

output to the ampli~f ier’% input. ~The ampl i f ier ’ s
front- panel PGS-NEG switch should be set to match the
preamplifier’s output signal polarity.

3.2.3 OTRER PRBAWPLIFIERS

‘The PREAWP co~nne#$of ~,df’thi.a atiplifier is  directly
corn pawe with stand&d -l@t&ri Cahb.e!rra, EdLO Ortec
and PGT preamplifiers.

The preamplifier
the amplifier’s
output signal s

cable is” di’rectly ounnected to
(ionnectw, The, preamplifier’s

~~donkectedto’~the hmplif ier’s
rear-panel INPUT connector wit@..p .%bbC Cablo, The BNC
cable should be’ spiraify ~wtspped .wi%h ~the preamp’power
cable to reduce noise pickup.,, ;(
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3.2.4 ,~ GBNFiRAL PRECAUTIONS
: :
When an external BNC cablelo,ng+,r  ‘than. tenfeet is wed
to’connect the preamplifier output to the amplif ier
input, tbe characteri&+ ~ilqip@anoe+ of $8 qa,ble should
match t,he impedarke of; the preampl,ifirr~  output.  ~11
TEWNELEC preaaplif iek~k co,nkain ‘5’0 ohrn~. .series
t e r m i n a t i o n ,
recoxqenged.

,t@itief6~ib,  ,i ,$O o:b,?r~ R G - 5 8 ‘  c a b l e  i s

.To ~minimiae ele&riccl’ noi&’ pi&up’:‘when ‘external BNC
signal and/or high voitage dhblei are @onnecteE between
the preamplifier and NIM bin (coniaini’ng the amplifier
and  h igh  vo l tage .  pcwer eupp&#,,, the  :.cable ~lengths
ehould ‘match the pkcamgi pbwer cable length and be
spiral,ly .W,raPpad with the preamp,~powrr cable.

3.2.5 RICE VOLTAGE DETECTOR BIA& ,~

It is recommended; tha~t,,the &etector 1 high-voltage power
eup@y be mounted in .:t)@ ‘#a&&WIE “bin ::a@ the ‘amplifier
to EQducC ground,-loop noi@up&ohup..~ The lhigifiir-V~oltage
ida,bl.el: between the E.V. s~~P;p&y :a$’ th:e pream&if ier
@hould be :ipirqlly wrappi@ w$th, the, preamp pow+ ‘cable.

4.0

4.1

OPERATING  PROCEDURES

FIRST-TIN% OPERATIONS

Ueers will find. its h
with ,the TC ~240
simple test&

FA$@J
ful &o fa~miliariag. themeelves
+&PLIFIER by conducting, .a few

4.1.1 EQUIPnENT REgIrJREP e
1. WIWBin Andy Power *~p&~~~~~tWEL~8p2  TB3/Tc 911 or

2.
~eguivalent) t,
PrecirioB
eguivalent) .

Ta-il’.Pul’fdi’ (TEEW~RLE~C TC 8’12 o r

2
Oscillorcope (TEKTRGNIX 465 dr eguivalent) .
Digital Multimeter (FLURE 8OlOA or eguivalent).

2
Shielded 50 ohm cable6 with BNC connectors.
BNC tee and 50 ohm terminator.

7. BNC to Lemo Adapter.



4.1.2

4.1.3

TEST SYSTEM SETUP
Set thh TC 240 controQs l e follbwe,-then insert into
then ,NIfi bin such.that the intarql contcole are
acceerible.

CQiRSE GiiN
PINE GAfN

20
1.00

P/Z Fully CCW
POS-NE0
BLR-P/g
TIMTNG AWP GASN% 10
PBAKING TIilE (F'CB) ~ 3 u8ec
BNIPOLAR Dj!%AY (PCB:,,' :
TIRIN6 AMP IN~T'FQLARY@Y (PCB) iii:'
TIMING AMP DW'lsRBRliIAT@R-QCB) 100 neec
TIMING AMP INTeGRATOR (PCB) 100 neec

Set the i~i~'Pul~~~~,~o~&ti ir~Po&lower* ‘"
'

(dc-coupled)
(dc-coupled)

Connect the DIRECT OOTPNT eg .the TC 812 to the EXTERNAL
TRIGGER INpUT of the orcflloecope with a BNC cable.
Connect a BNC cable ,bedtie&;khe TC 812 ODTWT and the
INPUT of'the~?C 238 k@lif-iy; .,

TEST SYSTBM OPERATION '~~ '~'
Apply power td th,C' NISI;, l&itii and.: 8e.t the Digital
Rultimeter (DMU) for 200 mV dc fu&iroaPe. Connect the
Wl,"l~;y;nive 1eg.d to the t?#D.($round) teet point of

Touch khe -~Di@ '8.'pou&iJive leed to the
center
ehould f

in ok the TC 246% UNZPUfiAk conhector; the DMM
ndicate 0 f5 W. Rapcat tot BLPDLAR aonnector;

the DUU ehouldindicate O&l0 mV.
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Connect BNC cables from the UNIPi3LAR and BIPOLAR
output6 af the TC ,248 to the i Channel A @nd Channel B
vert ical  input,sfi, resp,ectivel,y,, of ,  the,  osci l loscope.
Turn the RELAY power of the TC 812 to the OR position
a n d  a d j u s t  t h e  o s c i l l o s c o p e  t r i g g e r  contiol f o r  a
s t ab l e  d i sp l ay . Adjust the TC 2:4,8 P/8, control for
pro er compensation (refer to Sec..?+,&. Return the
osc lloscope vertical and horirontal controla to theirf)
i n i t i a l  s e t t i n g s . Bwitch t h e  oscilloscope t o  t h e
alternate display mode. Positive unigolar ‘-and bipolar
shaped pulses should be prisq#-(8qe Pig. 4.1). Note
the time relationship of tbe:.~Wipola@ .gfeak to both the
bipolar  peak and bipolar  i.ero-eqgsaT$ng.  ..Switch the
T C  2 4 8  DLR-P/B con~~.$gl:,-t~o,,:~tBt  BLUR p o s i t i o n ;  t h e
unipolar signal rhould not;.ol$angq+

Fig. 4.1 .TC 248 Slow Liaear qutput Pulse ,.Shapee
I .~

F o r  i,nstruments .~~~h,tsc~~,q~~:r,R?L.~~:~DBL~Y  OPTION,
position the unipol~&c .riqn&l .&q@k~ around “the, center
vertical g r a t i c u l e  l i n e . “Switch the UNIPOLAR DELAY
control to the IN position. : ..Df&~~:.that thee unipolar
signal is delayed by 2 ,usec, while the bipolar signal

remains prompt,: Return the ~XWZP@A~ DELAY control to
the OUT position. !:’

Ch‘ange all four of 4&.,‘&,248. PRA&g T~WRswitches to
the 6 usec, pos~itiou. ~,z The,,,unipol:ir signal ‘sho.uld now
peak at 6uaeo. .
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Reduce the TC 248's CQMGE q+IN to 10. ~The maximum
amplitude of both the ungpolar and bipolar signals
.shoul&decrease to 5.0. vofts. Incraare;the TC248's
&~FINE GAIN controlto 1.500 (#u&&y CW),. The maximum
amplitude of~both &gnal@: shouJ.d increase to 7.5 volts.
Remove both cables be:twte& $he!:atipJ&firr% outputs and
;the ~oecillo~ope~r inpu$o. ..,:Plae$ a% PNc tee on the CH B
input of the ~orciL;Lo,sc+p.e and. oonnact a 50 ohm
terminator on one side of the tee. Connect a BNC cable
to the remaining sides of.the:~QWq tee.~:.Attach a BNC-to-
Lemo adapter $0 the rem+iaing end of ,the BNC cable and
connect to the TC 248 EIRZMGbMP OUTPUT.
Set the Oscilloscope controls as follows:

CR B VERT SENS 0.5 Volt/Dfv (dc-coupled)
VRRT DISPLAY RODE -C?I B
RGRIZ SWEEP 0.2.~usec/Div
TRIGGERING <'gosh EXTERNAL

Negative 2.0 volt ,fast-sbahd pulses should be present
(See Fig. 4.2). Reduce theTC 248's TIRING AWPGAIN to
5. The maximum amplitude of the timing signal should
decrease to 1.0 volts.

t.
Fig. 4.2 TC 248 Fast Ti@ng”O&uk Pulee Shape
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4.2 POLE-XERO ,(P/R) cAWCxLL;ATTqA 1.:~ ,~
Accurate, setting oft the’ P&Z co,ntroP..ie essential for
good resolutio’n’a~t high e~dunt~ra~tes~ ,fn unipolar
operatfon and for oozcPect .,o~INKiba.og-~‘the,.BLR  &rcuit.
With  b ipo lar  operati,on,
im

accurate  se t t ing  i s  not
ortant regerditig~ rei,oluttorP,~-But his. important if

gufck recovery’- frbm’~hea~irk~~y: oW&%t+ding eignaQs is
required. The adjustment *procedure 3s as.#ol+ows:

Using a detector, Andy a~ radfoabtivc source as an input,
observe the ppIP0LAR ,ou&put’ M.gn@ Bf’ -the ‘amplif ierT;;
a n  o s c i l l o s c o p e  wfwb ~, a  t’riggeted swe~ep;
oscilloscope MUST be dc-coupled to the amplifier.

P/Z CONTROL TOGO FAR
‘rlnruwlcr ~:”

Adjust: the"'-~ap~‘ ‘the highest energy
peak produces a ‘bf approximately 9
volts. Adjust the source strength and/or spacing from
detector to provide a count rate between 2,000 and
10,000 cpe. I,ncrease t h e  o s c i l l o s c o p e  v e r t i c a l
sensitivity to 100 -mV~Div.
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4 . 3

.j..
Compensation is accomp .ished, by t,urning the P/2 control
for  f la t tes t  poss ib le kaseline (See Fig. 4.3).

A second method of oetting,: the ~oontrol is to increase
the aweep &peed 80 that the pulse duration occupies
approximate.ly,  2  c,m o f  aVe.ep, T h e n ;  l o o k i n g  a t  t h e
baeeline (which, will be fuarry) about one pulse width
from the end of the pulse, ~adjust the P/K control for
minimum baseline ‘sme~ar.

NOTE: 08cillo@,copes  such ae the TBKTRONIX
!4odel~,465 and 475 will  overload with a 10
v o l t i n  u t s i g n a l  when~ t h e  v e r t i c a l
sensitivPty  i s  eet  for  100 mV/Div or  less .

~The Resietor Bridge/Diode Limiter shown in

~~,~;l~~4ding ,the ,oscil,loscope
ie r e c o m m e n d e d  t o  pr;;;~:

b r i d g e / l i m i t e r  16,~ al!?o ue,ed fOr ampli~fier
linearity measurement),,, The FROM ~.gEIJERA’POR
OUTPUT ‘connector is n,et uied when uonnected
a8 an “‘oscilloecope ovetloed limiter.

Fig. 4.4 Rerieto’r Bridge/Diode Limiter

ARPLIFIBR NOI&!

The typical equival,ant ,nofse preferred to the input v8
amplifier gain for unipolar and: bipolar rhaping is
ahown i n  F i g .  4 . 5  a n d  Pip. 4 . 6  reEpectively.
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Fig. 4.6 BIPOLAR NOISE vs GAIN and PEAKING TIME
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4 . 4

Lowes t  equ i va l en t  ~*nnpot moia~. r66ulte ,when aahigh
COARB~E GAIN and low,TINE 4AIN are we,d ~to: ,produ’ce the
6am overall gain. For ~,m~ple,,+-,with unipolar’ ,shaping
and a 3 ueec~ peaki~ng t&me~,! a. CQAR.6E GAiN of 100 and a
FINE GAIN of 0.750 r6eult .in~ an,~&erail gain of ,I5 with
an’ equivalent input’noioe,  of 4P8 uV, ivhile a COARSE
GAIN of 30 and~a FINN %AIN.. of 1.80,0, although~~6till
producin,g a n  o v e r a l l  g a i n  o,f 7 5 ,  r e s u l t  i n  a n
equivalent input. noiee of 8.2 uV6

pEAltIN% TIME aSIDERAT$ONS

The, o timum
depenB

peak ing  t ime  fo r  ‘~a par t i cu la r  eystem

rate.
8 on the detector characteri6tice  and counting

A  g e n e r a l  discu6sion .oif peaking~ t i m e
requirement6 ie preeented below? consult the. ,detector
manufacturer for specific 6naping requiremente;

4.4.1 GAS BROWRTIONAL ,~DETBCTUR

The required  peaking tinge for  a  gas  proport ional
detector dcpen~de on the charge colleotion time of the
detector,  wbich,,is related to tbs.physical sire (both
the outer electrode and center wire), fill gae and high
vol tage. Generally,,  a larger detector will  have a
slower collection ~fime.

4.4.2

Correct pole-rero compensation i6 not poesibl~e because
o f  the  pecu l i a r  ,,o,har#e~. co l l ec t i on  charac te r i s t i c s ,
reeultlng in efth%,r an underehoot or back porch on the
tra i l ing-edge of,. a  unipolar shaped eignal. Bipolar
eha ing  is recomrea@W~‘~daUse i t  reduces  th ie  e f fect

Rwit lout degrading detector reoolution.

GEFMANIUH DBTECTOR ,,~
/’

Unipolar shap$ng and a pmk~ing time of 3 or 6 wet
g e n e r a l l y  will: g i v e  be@+ ~rerults f o r  g e r m a n i u m
d e t e c t o r s , d e p e n d i n g  o n ,  t h e  d e t e c t o r  size,
configuration, and counting rat+.,

A, Deaking* time of bu6e.o. $p.,pz#~erted ,fcir a@fcatlons
requiring ultimate lbw-aolMltiate,,-re6~o~uti‘on, while 3
wet i6~ pretertql eat hiqh,$xY!trate~.,  .,&solution a s  a
function of,countrate at 3 and 6 usec<peaking  time,6 for
; 7typical istr,inrirc~ germ6n+11 detector &6- rhown in Fig.

A parformbnce  crosrov6f ,eourf$ above 80 ltcpa with
3’ &ec peaking time Drovkding’ ‘bitter ’ reiolution.

.



4.4.3

4.4.4

4.5

Fig. 4.7 Resolution vd Count~rate~"
~GCINTILLATION UETECTOR~
8tciatillatboU dete&oy..re&$$& a pe&ftkg time of two
t,o~ three tim~es the, d,ecdy titie' constant of the
sciatillator (a 1 usec pe#&gti.meirr about optimum
for Nal scintillato#e)'.~ RiRolat sha.ping is preferred
because it reduces the aifict of 'Gveiload and detector
microphonlce without degI.ading rerolution.
SILICON SURFACE BARE(IER:ti&CK)R'

Unipolar shaping and-a peaking time of 1 or'3 u8ec
usually will give bmt:.Iesulta, .dzependiUg on the
detector capacitance ana)~leaM,ge cutre~at, Generally,
large area detector&are tikkruti~bn-YimiteU by their
high capacitance and,~~thur, ,bene#&t ,from a longer peaking
time. Small deticfofjo are rqj&~~~iQn-limited by their
leakage current, which ijm$lies a~ stiotter peaking time.

OUTPUT TsRnINATrON.CONBrPE,~~O~~ ;

with both OUTPUT
position.
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Ser,its 50-ohm, ~termina~t,&.on is ,recommended for general
aDpliCatAOn8 and ia req~uited for ‘long cable lengths
and/or high noise envQi&mSntlr. In extreme eituations
rrariee.,. termination alk@q w, ,tk ehu@t termination at the
receiving end may be rqqU red, Ihowever, this: reducest
the signal amplitude at the receiving ,end~ of the cable
to ,501 of .the’ non-eh~~ir?lm;~nrrtion value. An in-line
50, ohm terminator or RWC ‘Tee ,and 50 ohm terminator may
be use0 for shunt terminataon.

The <l ohm termination i&.,,u,@eful~ when driving eeveral
instruments from the ramc amplifier “output connector.
Xhe o u t p u t  ~@i,gna~l,~ a@ .J@u~de will,/ ,be rela~tively
inde~pencent of the ‘l& ‘;iw@edance, which ie’ n~ot the..# .I
case O’ith series 50~ ohm te:rmination. How~ever , the
amplifier .may oscillate when driven into overload.

5.0 CIRCUIT DBSCRIPTIOM ’

The TC 248 FAST/SLOW ‘&‘RLIF’IDR module containa a high
per formance  spectroscopy ampl i f i e r  and  a  genera l

purpoue timing amplifier which snare a common input.

T h e  epectroscopy amplifier c o n s i s t  o f  t h r e e  g a i n
stages, two active-f.ilter stdg’es, two ,~output’ driver
stages, ,and, an  ac t i ve ,  baBeline res to re r ,  (BLR) w i th
automatic ‘ttwes,~ol,d ~#nd’ ~r,&~~.~er: rate, eirouit8 :a&’ ehown
in the. TC ~240
function oft the .,:$,a ,“,‘yrl,,‘,‘E,“,f;:
re6ponre rerult dgaw~sian pulse shape.

Tran#i&ors Ql tktroirgfP’&k&&m a low-noise’input op-amp
Diodea D1 and D2 ~EQ&& ~’ ‘,stage with switch r,el gtab,l,e ,gaine of 20, 10, 4, or 2.

in@& protection, while diodes
D3 through D5 provide biaqing and overload limiting.

InDut~-p’olarity eelect’on a n d  a d d i t i o n a l  g a i n  i s
provided by ICl. Didfc U9 provide6 o+&tload. limiting.~, . .
Fine-gain adji@tm’&t.’ a& addik%oRal ,switch selectable
gain ‘is providedby; I@. Diode;D9 Provides overload
l imit ing. 1
IC3 and ICI form “‘a~ ~fctkr-$oie ~hc+%ve ‘integrator.:

The rignal from,,the integratot#% ,d&ferentiated,  then
buffered by I+ antPtr,@nribtori  Q.9,. and Q9 to provide a
high-currenf~  DIPDL,w,‘.gCitp+%t.  biodcr Dl3 a n d  D 1 4
provide  .oveihad limit&g.
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The integrated signal is  directly applied to~IC.6 and
tra,naietors QlO a n d  Q l l  t o  ptovi,,de a  h i g h - c u r r e n t
VI&‘&&R output. Diode8 bZ&arid D21 provide overload
limiting.

Baeeline re$toratibn’~~~of: the ~DNIFf$LAR  output io ptovided
b y  transconductanca’  qnpi~if i e r  ICY, Cbpacitor C51
functip@ asp an outDut level matiory;~. ICO~Urd IClO form
a peak’.detector~  fox the ‘ne ative ‘&ire eicureions at
the UNIPCLAR out@&; tihi~c~. drterrines the BLR gate-1 ,/ ~_
threshold. ICE and trtif%ktor Q13 gate the restorer
current whenever the UNIPQLAR output exceeds the BLR
gate threshold. An additional, exponentially decaying
rea,t.oration~ current im proyiaed when owitch 69 is in
the’~ BLR position. Thie ‘~ rddY’tioiia1  current ie disabled
with switch S9, in~t~e’Sts’z’~~position  fork accurate pole-
zero cancellation adjustment.

T h e  t i m i n g  a m p l i f i e r  c o n o i e t  o f  a n  i n p u t  b u f f e r ,
monol i th ic  ampl i f ier  wi th  d i f ferent ia l  outputs ,  and
gain of x10 output driver etage.

Txansie’to,fP~ Ql5~ thto’ugh’ Ql8 f,oxnr a  h i g h  .input
impedance, low output impedanke buftet amplifier which
i#ol,ates the  tiqing ampl i f i e t  ,diff~ereutiator from the
i n p u t  oigual.

R e e d  R e l a y s  RLYl thtioug,h’ RLY4 s e l e c t  a n  i n p u t
attenuation factor of xl,,. x2, x5 or x10 depending on
the setting of the t.imiDgg:,aa@lifiir  6AIN awitch.,,
nonolithic vide~q ampl~if i e r -  Xl1 a m p l i f i e s  t h e
differentiated sisal a$iirFDpr,uvi’des both iuverted and
non-inverted outptltr..-Elc~~~~;-~,~~Y5  aud”RLY,6 ielect the
gain of, ~the video a:R ~dfiaf;, ICyby changing the emitter
resietance of the di fefautia.1 input “atage.

.p-. ,

Input polarity eelecti’%&iir accompliishitd .by choosing
the proper output rignal fiilda the~~video amplifier.

Transactors Q19 thkaughQ28 fox~y, a  g a i n  o f  x10 non-
i n v e r t i n g  o u t p u t  d r i v e r  &age.
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6.0

7.0

SSIPPING DAWAGE

Upon receipt of the inetrument, : examine it fol%bipping
damage. Damage claims “ s h o u l d  ‘ b e  f i l e d  w i t h  t h e
c a r r i e r . T h e  c l a i m s  a g e n t  s h o u l d  r e c e i v e  a ’  f u l l
rqportt a  ,copl ~Bf tha+; r:eport ,ahould b e  ,aent t o
TBNWELPC, Inc.,. P.0, Box’  2566, “tJak :R$dge, Tennessee
33831-2560.. The model num@er~~,&i~ ,‘eerial n~uiber of the

instru,ment, ~muet. be,,.,, in&l~ud~~,~i’n the~,~ r+port. Any
remedial action taken, y TBNN&BC, Inc.,  oil1 be based
on the information econ’ ain$d in this report.

SERVIC&NG

In the event of as con’~ne~t~:failure,, r~epiacemelit, may be
done in the field ‘or the.~‘~.~8~furnJ~t~~‘“~  be returned to
our  plant  for  repa ir . T@ara ~~will” be ng charge for
repairs that fall within the warranty ~period.

8.0 W@RANTY

In connection with TBRNELB& warranty (inside front
cover), TENpLEC euggeets that,if a fault develops, the
customer .should fhmediately ‘not.ify the TENNELEC
Customel: Service, W:anager. Se may,~: be able to ‘,ptescribe
repairs and eend replacement part& whfch will  enable
you to get the instrument operating sooner and at less
expense than .if you returned it.

w i l l  damage tha t  o,bvioualy resu l ted  f rom abuse or
mietuse o f  ihe instrum&. -.

Quotations ~for rapak of ,@,a@ damage will be sent for
your approval bef ose repair.~ in undertaken.
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l  * * * * * * * * * * * * * * t * * * + * * * * *
*

l
*

TENNELEC’S Quality hssurance Program re-
quires that each and every instrument be

*
l

~~~;~eaagea, vibrated, and electronically
.

l
*

*
Should the user require a copy of the

l
pplua$l;ty Control Procedure and Test Record,

call the Customer Service Depart-* ment  of  TENNELEC. Both model number and
l Serial number are require&
l

t*t**********************

NANUAL REV. 0

* * *
l
*

*
*

*
*
l

*
l
*

t

*

l l l

3/04 - Engineering end component improvements may
be made after date of printing.














