
TC 241s ADDENDUM
::This instrument has been modified to include a fast

timing amplifier.

The following specifications/changes apply to the
timing amplifier.

2.OA SPECIFICATIONS

2.1.A PERFOIWANCE

INPUT AMPLITUDE RANGE 0 to f 1 volt linear signal; 0
to + 3.5 volts ac; maximum input (signal plus ac) +4.5
volts.

OUTPUT AMPLITUDE RANGE 0 to -5 volts linear into a 50
ohm load.

RISE TIME -10 ns with minimum integration and maximum
differentiation.

GAIN TEMPERATURE INSTABILITY <O.l%/'C, 0 to 50°C

2.2A CONTROLS

2.2.1A FRONT PANEL CONTROL

GAIN Six-position rotory switch selects gain factors
from 5 to 250 in a l-2.5-5 sequence.

2.2.2A INTERNAL CONTROLS

INPUT ,POLARITY Two-position slide switch selects
either positive or negative polarity preamplifier
signals for the timing amplifier input.

DIFFERENTIATOR TIME CONSTANT Four individual two-
position slide switches select differentiator time
constants of 10 ns, 20 ns, 50 ns and 100 ns. Switches
may be used in combination to provide intermediate time
constants, i.e., 50 ns and 100 ns IN to provide a 150
ns time constant. All switches OUT provides a 5 ns
time constant.
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INTEGRATOR TIME CONSTANT FOUK individual two-position
slide switches select integrator time constants of
10 ns, 20 ns, 50 ns and 100 ns. Switches rn%j, be used
in combination to provide intermediate time constants,
i.e., 50 ns and 100 ns IN to provide a 150 ns time
constant. All switches OUT provides a 5 ns time
constant. The rise time is approximately 2.2 times the
selected time constant.

2.3A CONNECTORS

2.3.1A FRONT-PANEL CONNECTORS

OUTPUT Lemo type connector provides shaped timing
output pulses with a full-scale linear range of 0 to -5
volts (-7 volts maximum) when terminated into a 50 ohm
load. Rise time and decay time selected by the
DIFFERENTIATOR and INTEGRATOR switch settings.

INPUT BNC type connector accepts either positive OK
negative polarity input signals. The input impedance
is 5O~ohms dc-coupled, and the input is protected to
54.5 volts absolute maximuni.

2.4A MTAL POWER REQUIRESENT (excluding preamplifier)

+24V. 45 mA; +12V, 135 mA
-24V, 45 mA; -12V, 115 mA

TC 241s ADDENDUM



preamplifiers with serial numbers greater
than 2000. It is~ also directly compatible
with standard Aptec, Canberra, EG&G Ortec and
PGT preamplifiers.

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

If there are any que regarding the
compatibility of the connector of
this instrument, the TENNELEC
Marketing Department for assistance.

* * l * * l * * * WARNING * * * * * * * * * *
*
* Improper connection to the
* connector may permanently damage
l amplifier andfo; preamplifier. TRNNELEC *
* assumes no liability for such instrument *
* damage. *
* *
***********************
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.
1.0 ,XNTRODUCUON

The TENNELEC TC 241 ie a high perfotinance, economical
apectro6copy a?plifier in a eingle-width NIN module.
Thi low noise and high cQuiitrate characteristics of the
TC 241 are ideally suited for eemiconductor detectors,
proportional counters, and ecintillation detectors.

The TC 241 incorporates  iour act ive integration
networks which gener~ate very symmetrical pseudo-
gaueeian unipdlar eignqle. Switch oelectable peaking
timbe of 1, 3 and f5,ueeC a,lloV the TC 241 to match the
eignal proceseing ‘r@&uifemen’fs of, m’o’st detectors. The
symmetry of the pulse-@h&ping network optimizes the
s i g n a l ’ - t o - n o i s e  rh~tio w h i l e  a l l o w i n g  e x c e l l e n t
countrate capability (See Fig. 1.J).

A  ~gated baseline resto.r;er ~(BLR) w i t h  a u t o m a t i c
threshold and restorer rate circuits provides superb
high countrate performance without degrading ultimate
resolution.

Fig. 1.1 Typical Resolution VB Countrate
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2.0

2.1

T h e  e x c e l l e n t  dc s t a b i l i t y  o f  t h e  T C  2 4 1  e l i m i n a t e s
spectrum broadening caused by dc shift of the amplifier
output and insures superior performance.

A unfpolar  delay opt ion a l lows the  unipolar output  to
be delayed 2 usec for  gat ing appl icat ions .

SPECIFICATIONS

PERFORMANCE

PULSE SSAPING Active shaping networks produce pseudo-
gauseian shaped unipolar pul,s,es with selectable peaking
timee* (t ) of 1, 3 or 6 Use-C.
the 1.0% fevel equals 2.8 t

Unipolar pulse  width a t

-0.78 t
Bipo,lar pulse  peaks*  a t

s
a n d  c r o s s o v e r *  o%urs.‘at 1 . 3 6  t B ipo la r

cross0 er is delayed by 0.32 ‘tp fro& ‘the u&olar peak.

GAIN RANGE Continuously variable from x5 to x750.

INTEGRAL NONLINEARITY 1 f0.05S over 0 to +lOV output
range for 3 usec peaking time.

N O I S E  L e s s  t h a n  3 . 0  uV r e f e r r e d  t o  t h e  i n p u t  f o r  6
uaec peaking  t ime, unipolar ehaping and maximum gain;
typi~cally l e s s  than  3~.2 uV for  ga in  g rea t e r  t han  100 .
;$;l;;otypically less than 5.0 uV for gain greater

.

TEMPERATURE INSTABILITY

UNIPOLAR

Gain 1 f0 .oia/“c, 0 to soot
DC Level I il0 uV/OC, 0 to 50°C

BIPOLAR

Gain 1 fO.Ol%/OC, 0 to 5ooc
DC Level, I f30 uV/OC, 0 to,50°C

WALK s A.3 nsec over a 5011 dynamic range for 3 usec
peaking time.

* M e a s u r e d  f r o m  t h e  l e a d i n g  1.08 o f  m a x i m u m  s i g n a l
amplitude.
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OVERLOAD RECOVERY Unipolar output recovers to within
2% of rated output from x300 overload in less than 2.5
non,-ov~erload.ed pulse  wid ths  a t  maxim,um ga in ,  Bipolar
output redovers to within 2% of rated output from x300

over load  in  l e s s  t han  2 .0  non-ove r loaded  pu l se  wid ths
at maximum gain.

SPECTRUM BROAD#ING (Unipolar) ** Typically less than
10% FWHM for ~a ‘~ Co,l.33 MeVgamma liner at 85% of rated
output ,  3  usee peaking t ime aad incoming ra te  of  1  to
100 kcps.

SPECTRUM SHIFT (Upi: alar) **
t y p i c a l l y  l e s s  th,an %42% for ~e~8Cop~?~i~“aV ‘~~~~~
l ine  a t  05% of  ra ted  outp.ut, 3  usec peaking  t ime and
i n c o m i n g  r a t e  o f  1  t o  ,100 k c p s .

OPERATING TEMPERATURE 0 to 5O’C

2.2 CONTROLS

2 .2 .1 FRONT PANEL CONTROLS

COARSE GAIN Six-posit ion rotary switch selects  gain
factors from 10 to 500 in a l-2-5 sequence.

FINE GAIN Ten-turn precision potentiometer with linear
calibration from 500 to 1500. The dial numbers should
be considered as~multfpliers operating on the COARSE
GAIN se t t ing , w i t h  5 0 0  a n d  15~00 c o r r e s p o n d i n g  t o
mult ipl iers  of  0 .5  and 1.5  respect ively . The FINE GAIN
control extends the total gain range from 5 to 750.

POLE-BBRO (P /Z)  15-turn screwdr iver  ad jus tab le  cont ro l
for  cancel la t ion of ,  preampl~ifier decay t imes from 35
usec t o  i n f i n i t y .

POS-NE,G T w o - p o s i t i o n  t o g g l e  s w i t c h  s e l e c t s  e i t h e r
pos i t ive  ore negatives po la r i ty  .preamplifier s igna l s  fo r
the  ampl i f i e r  i npu t .

BLR-P/E T w o - p o s i t i o n  t o g g l e  s w i t c h  e n a b l e s  t h e
b a s e l i n e  r e s t o r e r  i n  t h e  B L R  p o s i t i o n . The P/Z
p o s i t i o n  d i s a b l e s  t h e  b a s e l i n e  r e s t o r e r  f o r  a c c u r a t e
po le - i e ro  cance l l a t ion  adjustment.~

‘**Results may not be reproducible if measurements are
made with a detector which exhibits a larger number of
slow-risetime ‘signal components.
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2 .2 .2 INTERNAL CONTROLS

PEAKING TIRE F o u r  ind iv idua l  three -pos i t ion  s l idePEAKING TIRE F o u r  ind iv idua l  three -pos i t ion  s l ide
switches (accessible through the module% elide ehield)switches (accessible through the module% elide ehield)
s e l e c t s  u n i p o l a r  p e a k i n g  t i m e  off 1, 3  o r  6  usec.s e l e c t s  u n i p o l a r  p e a k i n g  t i m e  off 1, 3  o r  6  usec.
Bipolar peaking time equals 0.78 of selected unipolarBipolar peaking time equals 0.78 of selected unipolar
peaking time.peaking time.

NGTE: All four PEAKING TIME Plwitchee MUST be
set to the ‘same pasition for proper operation
of the amplifier.

UNIPOLAR DELAY OPTION When. installed, a two-position
s l i d e  s w i t c h  (acceeaible’ ‘thrbugh t h e  m o d u l e ’ s  s i d e
shield) se~lects either prompt (OUT) or a 2, usec delay
(IN)  for  the  unipolar  output .  The bipolar  output  is
unaffected by the unipolar delay selection.

OUTPUT IMPEDANCE I n d i v i d u a l  t w o - p o s i t i o n  s l i d e
switches (acceseible. through the module’s side shield)
select& an output impedance of either <l ohm o,r 50 ohms
fo,r the UNIPOLAR and BIPOLAR out
output  -current  is  l imited to  5cr

uts . The total peak
,mA, ,for either the

UNIPOLAR and BIPOLAR:outputrr, ,,when operated in the <l
ohm position. All, outputa are short circuit protected
in either OUTPUT IMPEDANCE position.

CONNECTORS

FRONT PANEL CONNECTORS

INPUT B N C  c o n n e c t o r  a c c e p t s  e i t h e r  p o s i t i v e  o r
negative polarity input signals. Then input risetimes
must be lesca than the ‘aeleoted ,peakinq time with decay
time8 of 35 ueec to infinity.  The input impedance is
100~0 ohms dc-coupled (500 ohms pulse),’ and the input is
protected to f25V absolute maximum.

UNIPGLAR BNC connector provides dc-restored (0 &5 mV)
unipolar shaped output pdisee with a full-scale range

o f  0  t o  +lOV (+ll.SV m a x i m u m ) . The UNIPOLAR OUTPUT
IMPEDANCE svitch selects any output impedance of either
<l o h m  o r  5 0  ohme f o r  ,both fr~ont a n d  r e a r  p a n e l
UNIPOLAR output connectors. The total  peak output
current  is  l imited to  ‘50 mA in  the  <l ohm posi t ion.
Both UNIPOLAR connectors are ehort circuit protected in
either UNIPOLAR OUTPU’P’ IM:PE~DANCE position.
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BIPOLAR BNC connector provides ground referenced (0
ilO mV) b ipo la r  shaped  ou tpu t  pulees wi th  a  fu l l - sca l e
r a n g e  o f  0  t o  +lOV (+ll.JV m a x i m u m ) . The BIPOLAR
OUTPUT IWPEDANCE ewftc.h ,eelec$e an ou,tput impedance of
either <l ohm or 50 ohms for both front hnd rear panel
BIPOLAR output con~nac$ore,. T h e  t.otal p e a k  o u t p u t
current io,,limited, to, 50 mA ‘in the <1 ohm poeition.
Both BIPOLAR connectors hre. ehort  circuit protected in
either BIPOLAR OUTPUT IMPEDANCE position.

2 .3 .2 REAR PANEL CONNECTORS

INPUT Refer to INPUT of Sec. 2.3.1.

UNIPOLAR Refer to UNIPOLAR of Sec. 2.3.1.

BIPOLAR Refer to BIPOLAR of Sec. 2.3.1.

[PREAHPI A  9-pine Amphenol 1 7 - 1 0 0 9 0  t y p e  c o n n e c t o r
a c c e p t s  signals fr6m T E N N E L E C  p r e a m p l i f i e r s  a n d
provides power to TENNELEC~ or other commercial ly
available preamplif iere.

* * * * a”TION * * * *

aon,nector o n  ,&his i n s t r u m e n t
compatible only with TENNELEC

p r e a m p l i f  iera w i t h  s e r i a l  numbara g r e a t e r
than 2000. I t  is a l s o  di.rectly corpatible
with standard Aptec, Canberra, EG&G Ortec and
PGT preamplifiers.

If  a TENNE&BC preamplifier with serial number
less  th@n 20.00 ~L,s ueed, then a  model  ADT 1
PREAWP POWER AtiAPTER must be used (See Sec. . .
3.2.1).

I f  t h e r e  are a n y  ,que r e g a r d i n g  t h e
c o m p a t i b i l i t y  ,of conne~ctor o f
thiti instrumtint, the TENNELEC
Marketing Department for aseistance.



* l *
*
*
*
*
*

*
*

* * l

Improper
connector
amplifier
as8u~mes no liability for $uch instrument *
damage. *

*
l  * * * * * * * * * * * * * * * * * * * * * * * *

PREAMPLIFIER PIN ASSIGNMENT---------------------------
SPIN : DESCRIPTION----------------_----------

I, 'PGWERGND
: SIGNAL GND
I
:
: TEST
: -20.7
: +24v
t PHANTOM

9 : -12v

2.4 POWER REQUIREMENTS (excluding preamplifier)

2.5

+24V, 49 mAt +12V, 65 mA
-24V, 30 mAt -12V, 75 'mA

OTHER INFORMATION
WEIGHT Shipping 5.0 lbs~ (2.3 kg)

(Net) 2,.5 lbg (1.2 kg),
DIMENSIONS Standard eingle-wide NIM module (1.35.x
8,714 in.) per TID 20893 (Rev).
INSTRUCTION MANUAL One provided with,each instrument
ordered.
ACCESSORY INCLUDED One model ADT 1 PREAMP POWER
ADAPTER.
WARRANTY One year.
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3 .0

3.1

INSTALLATION

POWER CONNECTION

The TC 241, AMPLIFIER, requires a NIM-stanBard bin and
power  supply ,
o p e r a t i o n .

euch a,8 t,bc TENNELBC T83/TC 911, for
The bin ‘provides mechanical moun,ting and

power supply ,dietribution. Always turn OFF the bin
power supply when inserting or removing any modules.

All TENNELEC NIM modules are deeigned 80 that it is not
possible to overload the power supply, even with a full
complement of modules in then bin. Since this may not be
true when the bin contains modules other than those of
TENNELEC desf~gn, the power eupply voltagee should be
c h e c k e d  a f t e r  a l l  m o d u l e s  h a v e  b e e n  i n s e r t e d . The
TENNELEC Bin and Power Supply provides power supply
teet  points  on the bin control  panel  for  monitoring the
dc  vol tage  leve ls .

3.2 PREAMPLIFIER CONNECTION

3 .2 .1 ORIGINAL TENNELEC PREAMPLIFIERS (Serial Number t2000)

c o n n e c t o r  o f .  thfe a m p l i f i e r  i s  N O T
with TENNELEC preamplifiers with

serial numbers less than 2000. A model ADT 1 PREAMP
POWER ADAPTER is required.

TENNELEC Proamplifier
( Serial Numbor < 2000 1

Fig. 3.1 Original TBWNELBC Preamplifier Power Connections
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3.2.2

The ADT 1 PREAHP POWER ADAPTER should be ph s i c a l l
m o u n t e d  t o  t h e  am p l i f i e r ’ s  r e ar  p an e l
connector (See Fig. 3.1).

~fiTmF~ :

The preamplifier’s power cable is then connected to the
ADT 1 adapter., As with ~the original TENNELEC
configuration, th.e pr~eam,plif ier’s output: signal is
‘present in the power cable and no e~xternal BNC cable is
required  f rom the  preampl i f i e r ’ s  output  to  the
amplif ier’a input. The amplifier’s front panel PCS-NEG
switch should be set to match the preamplifier’s output
signal polarity.

TENNELBC PREAMPLIFIERS (S,erial Number >2000)

The PREA?lP connector of this amplifier is directly
cornpawEd with TENWELEC preamplifiers with serial
numbers greater than 2000.

The preamplifier’s uo~wer cable is directly connected to
the amplifier’s PREAMP connector. The preamplifier’s
output signal is present in the power cable and no
external BNC cable is required from the preamplifier’s
output to the amplifie~r’s input. ,The amplifier’s front
panel POS-NEG switch should be set to match the
preamplifier’s ,output signal polarity,

3.2.3 OTHER PREAMPLIFIERS

The PREAMP connector of this amplifier is directly
corn pawe with standard Aptec, Canberra, EG&G Ortec
and PGT preamplifiers.

The preamplifier doable is directly connected to
the amplifier’s oonne~ctor. The preamplifier’s
‘output signal, s connected to the amplifier’s
rear panel INPUT connector with a BNC cable. The BNC
cable should be spirally wrapped with the preamp power
cable to reduce noi,se pickup.
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4.1.2 TEST SYSTEM SETUP
Set the TC 241 controls a6 followe, then insert into
the NIM bin such that the int~ernal controls are
accessible.

COARSE GAIN lO,O
FINE GAIN 1.00
P/X Fully CCW
POS-NEG
BLR-P/Z 3:
PEAKING TIWB (PCB) 3 usec
UNIPOLAR DELAY (PCB) OUT

Set the Tail Pulser controls as follows:

4.1.3

PULSE HEIGHT
RELAY

lO,.O
OFF

POL +
DIRECT OUT/EXT IN DIRECT OUT
OUTPUT 5v
ATTENUATION 5x10

Set the Oscilloscope controls as follows:
CH AVERT SENS 5 Volts/Dlv (dc-coupled)
CH B VERT SENS 5 Volts/Dlv (dc-coupled)
VERT DISPLAY MODE CH A
HORZ SWEEP 2 usec/Div
TRIGGERING POS EXTERNAL

Connect the DIRECT OUTPUT of the TC 812 to the EXTERNAL
TRIGGER INPUT of the oscilloscope with a BNC cable.
Place a BNC tee on the front panel INPUT connector of
the TC 241 and connect a 50 ohm terminator on one side
of the tee. Connect a BNC cable between the TC 012
OUTPUT and the remaining side of the BNC tee.
TEST SYSTEM OPERATION
Apply power to the NIMbin' and set the Digital
Multimeter (DMM) for 200 mV dc,,full-scale. Connect the
DMM's negative lead to the GND (ground) test point of
the NIM bin. .Touch.the DMM'a positive lead to the
center pin of the TC 241% UNIPOLAR connectort the DMM
should indicate 0 f5 mv. Repeat for BIPOLAR connectors
the DMM should indicate O&l0 mV.
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. 3 . 2 . 4 GENERAL PRECAUTIONS

When an external BNC cable longer than ten feet is used
to connect  the preamplif ier  output  to  the ampli f ier
input. the characteristic impedance,of the cable should
m~atch the impedance of  the preamplif,ier output.  All
T E N N E L E C  p r e a m p l i f i e r s ,  c o n t a i n  5 0  o h m  s e r i e s
t e r m i n a t i o n , th.erefore 5 0  o h m ,  R G - 5 9  c a b l e  i s
recommended.

To minimize electrical noise ptckup when external BNC
signal and/or high voltage cables are connected between
the preamplifier and NIM bin (containing the amplifier
a n d  h i g h  v o l t a g e  p o w e r  ~supply), t h e  c a b l e  lengtha
should match the preamp power cable length and be
spirally wrapped with the preamp power cable.

3 .2 .5 HIGH VOLTAGE DETECTOR BIAS

It is recommended that the detector high-voltage power
supply be mounted in’~ the same NIB bin as the amplifier
to reduce ground-loop noise pickup. The high-voltage
cable between the H.V. supply and the preamplif ier
should be spirally wrapped with the preamp power cable.

4.0 OPERATING PROCEDURES

4.1 FIRST-TIME OPERATIONS

Users  wi l l  f ind  i t  he lpful  to  fami l iar ize  themselves
with the TC 241 AMPLIFIER by conducting a few simple
t e s t s .

4 .1 .1 EGU IPMENT REQUIRED

1 . NIN Bin and Power Supply (TENNELEC TB3/TC 911 or
equivalent).

2 . P r e c i s i o n  T a i l  P u l s e r  ~(TENNELEC T C  8 1 2  o r
equivalent).

;., Oscilloscope (TEKTRONIX 465 or equivalent).
. Digital Multimeter (FLUKE BOlOA or equivalent).

2
Shielded 50 ohm cables with BNC connectors.
BNC tee and 50 ,ohm terminator.
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Connect BNC cables fro? the UNIPOLAR and BIPOLAR
output8 of the TC.241 to ,&i&e Channel A and Channel B
v e r t i c a l  i n p u t s , r&pectiVeJy,  o f  t h e  o o c i l l o e c o p e .
Turn the,,RELAY poyer’of the ,.TC 812 to the ON position
a n d  ~aQjust t h e  osctllpr~ope t r i g g e r  c o n t r o l  f o r  a
stable d i s p l a y . Adjust  the  TC 241 P/Z control  for
proper  compensat ion  ,(refer to  Sec .  4 .2 ) .  Return, the
oscilloscope vertical,  and horizontal controls to their
i n i t i a l  s e t t i n g s , Swit,ch t h e  osc.illoscope t o  t h e
blternate~,,display mod& Positive unipolar and bipolar
ehape:d pul*es shoul,@ b e  p r e s e n t  ( S e e  F i g .  4 . 1 ) .  N o t e
the time relationshfp of, thti,.upipolar .peak to both the
b:ipolar peak land bipolar s*ro-crossing. Switch the TC
241 BLR-P/Z cotitkol to the BLR poeition; the unipolar
signal should not change,

jo~:..i i i i i i i i .._. 1

t i i i if i/i i i I
Fig. 4.1 TC 241 Linear Output Pulse Shapes

F o r  instruments with the WIPOLAR DELAY OPTION.,
posit ion the unipolar s$gnal peak around the center
vertical gratictila lina. ‘: L)rpStch the UNIPOLAR DELAY
c o n t r o l  t o  ,the I N  poeitiotii N o t e  t h a t  t h e  u n i p o l a r
sig~nal is delayed by 2 usac, while the bipolar signal
remai.ns, prompt. Return the UNIPOLAR DELAY control to
the OUT position.

Change all four of the TC~241 FEARING TIME switches to
the 6. usec position. The unipolar signal should now
peak at 6 usec.
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4 . 2

Reduce the TC 241’8 COARSE GAIW to 50. The maximum
amplitude of both the unipolar and bipolar signals
should decrease to 5.0 volts. Increase the TC 241’s
FINE GAIN control to 1.500 (fully CW). The maximum
amplitude of both sfgnale should increase to 7.5 volts.

POLE-ZERO (P/Z) CANCSLLATION

Accurate setting of the P/Z control is essential for
good reso lut ion  at  higb~ count  rates  in  unipolar
o’peration and for ‘co~rrect operation of the BLR circuit.
With bipolar  operat ion, accurate  se t t ing  i s  not
important regarding. resoltition, but is important if
quick recovery from he.avily. overloading signals is
required. The adjustment prodedure is as follows:

Using a detector and a radioactive source as an input,
observe the UNIPOLAR output signals of the amplifier on
an  os c i l l o s cope  w i th ’  ‘ a  t r i ggered  sweep . The
oscilloscope MUST ,be de-coupled to the amplifier.

P/Z CON,TROL TOO FAR

g 0.2 CLOCKWISE

p
3 0

3

p/Z CONTROL ~CO~RRECTLY  SET

P / Z  CONTROLTOO F A R

mSEC

Fig. 4.2 P/2 Control Adjustment
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A8juot the amplifier gain so that t,be hightst, energy
peak produces~ an amplifier output .of approximately 9
volts. Adjust the source strength, and/or spacing from
detector to ‘prqvide a count ‘rdte between ~2,000 and
l.O,QOO c p e . Jncrease t h e  oscill~acope v e r t i c a l
sensitivity to 100 mV/Div.

Compensatiqn is accomplished by turning the P/X control
for flattest possible’ bdseline (See Fi.g. 4.2).

A second method of setting the control is to increase
the ‘sw’eep *peed so that the pulse duration occupies
approximately 2 cm of sweep. Then, looking at the
baseline (which will be f,uiiy) about one pulse width
from the end of the pulse, adjust the P/Z control for
minimum baseline smear.

NOTE: Oscilloscopes such~ pe the TEKTRONIX
Rode1 465 an8 475 will ov~@:load with a 10
v o l t  i n p u t  s i g n a l  w h e n  t h e  v e r t i c a l
sensitivity is set.for 100 mV/Div or less.
The Rcsist~or Bridge/Diode. Limiter ahown in
F i g . 4 . 3  i s  r e c o m m e n d e d  t o  p r e v e n t
o v e r l o a d i n g  t h e ,  osdillosoope (thie
bridge/limiter is also used for amplifier
linear,ity measurement). The FROH GENERATOR
OUTPUT conndctor pie not tise~ii when connected
as an qscilloacope overload limiter.

Fig. 4.3 Resistor Bridge/Diode Limiter
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4.3

4.4

4.4.1

AMPLIFIER NOISE

The typical equ,ivalent noi~e,,refer,red to the input vs
amplif ier,  gain for,  unipolar ‘and bipolar shaping is
shown in Fig. 4.4 and Fig. 4.5 respectiv,ely.

Lowes t  equ iva lent  in,put no i se  re su l t s  when ,  a  h igh
COARSE GAIN and low FInE,,GAIR.ate used to’produce the
same overall gain; ~Fot example, with unipolar shaping
and a 3 uaec p,eaking, t~ime, a COAR8C GAIN ,of 100 and a
FINS GAIN of 0.750 result fin ,an overall '&din of 75 with

an equivalent input noise ~of ,4.8 uV, while a COARSE
GAIN of 50 and a FINS’ GAIN of 1,500, although still
p r o d u c i n g  a n  o v e r a l l  g,ain o f  7 5 ,  r e s u l t  i n  a n
equivalent input noise of 6.2 uV.

PEAKING TIME CONSIDERATIONS

The optimum peaking time, for,  a.  particular system
depends on the detect’or ~characteriatics and counting
ra.te. A  g e n e r a l  ,disc,useioh.:of p e a k i n g  t i m e
requirements is presented be&w1 consult the detector
manufacturer for specific shaping requirements,

GAS PROPORTIONAL DETRCTGR

T h e ,  r e q u i r e d  pealcing t i m e  f o r  a  ,gas p r o p o r t i o n a l
de’tector de ends on the. charge~:collection time of the
d e t e c t o r , wri ich his kelat~ed to’the physical size (both
the outer electrode and center wire), fill gas and high
v o l t a g e . Genera l ly ,  .a larger  de tec tor  wi l l  have  a
slower collection time.

Correct pole-zero compensation is not possible because
o f  t h e  p e c u l i a r  c h a r g e  c o l l e c t i o n  c h a r a c t e r i s t i c s ,
resulting in .either an undershoot or back porch on the
t r a i l i n g - e d g e ,  o f ,  a  u,n,J .lar shaped s i g n a l .
shaping is recommended &ause it reduces thi?e%f
without degrading detector resolution.
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Fig. 4.5 Bipolar Noise vs Gain and Peaking Time
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GERRANIUM DETECTOR

Unipolar shaping, an& a speaking 4ime of 3 or 6 usec
general ly  wi l l  g ive  best ’  sesults fo r  germanium
d e t e c t o r s , d e p e n d i n g  e n  t h e  d e t e c t o r  s i z e ,
configuration, and counting rate.

A peaking time of 6 usec is preferred for applications
requiring~ ultimate Low-countrate resolution, while 3
usec is preferred at high-countrates. Resolution as a
function of countrat.e~,at :3 and 6,usec peaking times for
; dypical intrinsic germanium detector is shown in Fig.

A performance crosafover occura above 80 Reps with
3’.&ec peaking time providing better resolution.

1..

TC241
y%M--t~uuvuru

I
---mu* I

I
I

I I I1111
I lllllJ

I..

I I I
a

111

l.en I I I 1 I1111 I I
ml I IQ

I llllu.
2al aa ,M

Fig. 4.6 Resolution vs Countrate

SCINTILLATION DETECTOR

Scintillation detectors require a peaking time of two
to  three  t imes  the  d e c a y  t ime  cons tant  o f  the
scintillator (a 1 urec peaking time ie about optimum
for Np,l scin,tillators). Bipola,r shaping is preferred
because it reduoes the ef~fact of overload and detector
microphonics without degrading resolution.
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4.4.4 SILICON SURPACE BARRIER DETECTOR

Unipolar shaping and a peaking time of 1 or 3 usec *
ueually wil l  g ive best  results ,  depending on the i
detector capacitance and leakage current. Generally,
large area detectors are resolution*limited by their
fi& capacitance, thus benefit from a longer peaking

. Small detectors are resolution-limited by their
leakage current; which implies a shorter peaking time?

4.5 OUTPUT TERMINATION CONSIDERATIONS

The TC 241 allows individual~ly switchable output
terminations of either (1~ ohms ,or 50 ohms for both the
UNIPOLAR and BIPOLAR outputs. The TC 241 is shipped
with both OUTPUT IMPEDANCE switches in the 50 ohm
p o s i t i o n .

Series 50-ohm termination is recommended for general
applications and is requited for long cable lengths
and/or high noise environments. In extreme situations
series termination along with shunt termination at the
receiving end may be required, however, this reduces
the ‘signal amplitude at the receiving end of the cable

to 50% of the non-shunt-termination value. An in-line
50 ohm terminator or BN’C Tee and 50 ohm terminator may
be used for shunt termination.

The <l ohm termination is ,useful when driving several
instruments from the sam~e amplifier output connector.
T h e  optput s i g n a l  amplitu,de w i l l  b e  r e l a t i v e l y
independent of thee load impedanoe, which is not the
case with series 50 ohms termination. However, the
amplifier may oscillate when driven into overload.

5.0

5.1

5.1.1

ABPLIFIER TEST

NOISE TEST

EQUIPMBNT REQU IRBD

1. NIM Bin and Power Supply (TBBNELEC TB3/TC 911 or
equivalent).

2. P r e c i s i o n  T a i l  Pulser (TBNNBLBC T C  8 1 2  o r
equivalent) .

::
Oscilloscope (TEKTRONIX 465 or equivalent).
AC Voltmeter (HP400, RP340OA~ or equivalent).

5. Shielded 50 ohm cables with BBC ~co~nnectors.
6. BNC tee and 50 ohm ~terminator.
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5.1.2 NOISE TEST SETUP
Set the TC 241 controls as fellows, then insert into
the NIM Bin.

COARSE GAIN 500
FINE GAIN 1 . 5 0 0
P/X Fully CCW
POS-NEG
BLR-P/Z ;:
PEAKING TIM?, (PCB) 6~ usec

Set the Tail Pulser controls as follows:
PULSE HEIGHT 1.33
POL
DIRECT Ok-EXT 'Iv

+
DIRECT-OUT

OUTPUT 1V~
ATTENUATION 10

Set the Oscilloscope co&rob as follows:
VERT SENS 2 Volts/Div (do-coupled)
HORIZ SWEEP 1 usec/Div
TRIGGERING PO6 EXTERNAL

Connect the system shown in Fig. 5.1.

ENC TEE E 50 OHM TERMINATOR

Ati VOLtYiTEi

Fig. 5.1' Noise Test Setup
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5 .1 .3 NOISE FlEASUREMENT .

5.2 NONLINEARITY

5.2.1 EQUIPMENT REQUIRED

5.2 .2 NONLINEARITY TEST SETUP

Apply power to the NIM Bin and adjust the oscilloscope
t r i g g e r  c o n t r o l  f o r  a ,  s t a b l e  d i s p l a y . Adjust the TC ’ ’
8 1 2  P U L S E  BEIGET c o n t r o l  f o r  a n  aXact 1 0 . 0  v o l t  s i g n a l
from the TC 241 UNIPULAR output. The overall amplifier
ga in  (Ao) i s  ca l cu la t ed  f rom

A0 =
1000

PULSE BEIGHT Dial Setting

where  the  TC 812  PULSE HEIGBT dia l  se t t ing  reads
d i r e c t . A typical  PULSE HEIGWT dial  se t t ing of  1 .33
would indicate an over,all gain of 752.

Turn the TC 812 ‘RELAY switch to the OFF position.
Remove the cable  f rom the osci l loscope ver t ical  input
a n d  reconne,ct t o  .the ac-voltme~ter i n p u t . Read  the
output  noise (No) from the ac-voltmeter (for  an average
responding meter,  such as the AP40,O series,  the reading
must be multiplied by 1.135 to get the true rms value).
T h e  n o i s e  r e f e r r e d  Tao t h e  i n p u t  (Ni) i s  o b t a i n e d  b y
dividing the output’  noise (No) by the overall  amplifier
gain tAoI.

1 .

2 .

3.,

!:
6.

NIM BIN and Power Supply (TENNELEC TB3/TC 911 or
equiva len t ) .
P r e c i s i o n  T a i l  P u l s e r  ( T E N N E L E C  T C  8 1 2  o r
equiva len t ) .
oscilloscope (TEKTRONIX 465 or equivalent).
Resistor Bridge/Diode Limiter (See Fig. 4.3).
Shielded 50 ohm cables with B N C  connectors.
BNC tee and 50 ohm terminator.

S e t  t h e  T C  2 4 1  c o n t r o l s  a s  f o l l o w s ,  t h e n  i n s e r t  i n t o
the NIM Bin.

COARSE GAIN
FINE GAIN ::ooo
P/Z Ful ly  CCW
PGS-NEG NEG
‘BLR-P/E P/Z
PEAKING TIBB (PCB), 3 usec
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Set the Tail Pulser controls a6 fOl10W6:

PULSE REIGHT 10.0
RELAY ON
POL
DIRECT OUT-EXT IN DIRECT OUT
OUTPUT 5v
ATTENUATION 5

Set the Oscilloecope control6 a6 follows:

VERT SENS
HORIZ SWEEP
TRIGGERING

2 Volts/Div (de-coupled)
l.U6eC/DiV
NEG EXTERNAL

Connect the syetem as ahown in Fig. 5.2.

TAIL PuL8ER AYPLIPIER

BNC TEE & SO OWM TERMINATOR

RESlSTOR BRIOGE
DIODE LIMITER
(8.0 Pig. 4.3)

08CILLOSCOPE

- _ I
I

BNC TEE

Fig. 5.2 Nonlinearity Teet Setup

5.2.3 NONLINEARITY MEASUREMENT

A
Pp
ly power to the NIM Bin and adjuetthe oecilloscope

tr gger control for a stable display. With the diode
limiter OUT, adjuet the FINE GAIN control for a null
sig,nal on the waveform in Fig. 5.3. Switch the limiter
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IN and increase oscilloscope seneitivity to 5 mV/Div,
if possible. As the sensitivity is increased; improve
the null, using the FINE GAIN control as necessary. In
t r a v e r s i n g  t h e  l a s t  t h r e e  s t e p s  o f  o s c i l l o s c o p e
sensitivity, note that a. small null imbalance should
i n c r e a s e  p r o p o r t i o n a l l y  a s  t h e  s e n s i t i v i t y  i s
inc,reased. IF THIS ,DOES NUT OCCUR, IT INDICATES
INADEQUATE OVERLOAD CA,PABILITY OF TRE OSCILLOSCOPE.
The maximum usable sensitivity is the last step before
nonproportional response sets in.

Having reached maximup usable sensitivity, complete the
test by gradually reducing the pulser output to zero
while observing the change in null voltage (do not,
touch the ATTENUATOR).
results are as follows:

The interpretation of the

Since the generator supplies,bridge signal as well as
amplifier input signal, varying the generator output
s h o u l d  n o t  a f f e c t  t h e  n u l l  i f  t h e  a m p l i f i e r  i s
perfectly linear (this is very nearly the case with the
TC 241).

The per-mV unbalance of the null corresponds to an
amplifier nonlinearity of 1 niV/5V = 0.02% (a 5 mV
un,balance w o u l d  r e p r e s e n t  5  x  0 . 0 2 %  - 0 . 1 %
nonlinearity). Typically, the null shift with a TC 241
is less than 1 mV.

I I I I f I I I I

Fig. 5.3 Bridge-Balance Waveform.
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6.0 CIRCUIT DESCRIPTION

The TC 241 AMPLIFIER consist of three gain stages, twos
active-filter stages, two output driver stages, and an
active baseline Mstorer (BLR) with,~crutamatio  threshold
a’nd~restorer rate circuits a’s shown in the TC 241 BLOCR
DIAGRAE. The  overa l l  tray efer-ft P unction of the
ampl i f i e r  eynthesire~ an e sin t time response
resulting in a pseudo-gaussian pulse shape.

Transistora Ql through.~Qd ~form a low-noise input op-amp
~&age with switch sele~ctable gains of.2~0, 10, 4, or 2.
Diodes Dl and D2 provide input protection, while diodes
D3 through D5 provide biasing and overload limiting.

I n p u t - p o l a r i t y  s e l e c t i o n  Andy ,additional g a i n  i s
provided by ICl. Diode D8 provides overload limiting.

Fine-gain adjustment and additional sw~itch selectable
gain is provided by IC2. Diode D9 provides overload
l i m i t i n g .

IC3 and ICI form a four&p&e active integrator.

The signal from the integrators is differentiated, then
buffered by IC5 and transistors Q8 and Q9 to provide a
high-current BIPOLAR o,utput. Diodes D13 and D14,
provide overload limiting.

The integrated signal, is directly applied to IC6 and
transistors QlO and Qll to provide a high-current
UNIPQLAR output., Diodes ,020 and D21 provide overload
limiting.

Baseline restoration of .the UNIPQLAR output is provided
by traneconductance amplifier IC7: capaci tor  C51
functions as an output’ level memory. IC9 and IClO form
a peak ,detector for- the negative noise excursions at
the URIPOLAR, output,
threshold.

#iiCh determines the BLR gate
IC8 a~nd tran6ist,or 913 gate the restorer

current whenever the UNIPQLAR output exceeds the BLR
.gate threshold. An, additional, exponentially decaying
restoration ,curren.t ib,~provid& w’hen switch 69 is in
the BLR position, This addi,ti,onal current is disabled
with switch S9 in the P/Z position for accurate pole-
zero cancellation adjustment.
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9.0

SSIPPING DAWAGE

Upel, receipt of the:inetrument,: ,~examine it for shipping
damage, ~’ Dmmge clai,me shoul~d be f il.ed with the
c a r r i e r . T h e  c l a i m s  a g e n t  +bould r e c e i v e  a  f u l l
repo,rtr a  c o p y  o f  t h a t ,  xepwt .rRould b e  r e n t  t o
TE~NNELEC, Ino., P.Q. BOx~~D,~..~Qak. R i d g e ,  T e n n e s s e e
37830. The’ ,model ~‘nurber ,-a;nd serial number of the
i n a t r u m e n t  m u s t  b e  i n c l u d e d  i n  t h e  r e p o r t . Any
remedial  act ion taken by,,TRNN#T&7~ Inc,, wi l l  be  baaed
on the information conta,ined, in this report.

SERVVICING

In the event of a component ,failur,a, replacement may be
done in the field, or then iasfrumcnt ~may~ be returned to
our ‘plant for repair. There  wi l l  bye no  charge  for
repair8 t h a t  f a l l  w i t h i n t h e  warrantyr

WARRANTY

In connection w~ith TS.R~NEL,@C’e warranty, (inside front
cover), TtiNNELEC BU’ geatcl that if  a fault develops, the
cuotomer s h o u l d 9mmediately notify the TENNELEC,~ :I~ ~,,- ‘,
Customer Service W~anag,er. .!. $#e :@ay #be able to prescribe
repaira and send repl,acemen.~‘pa5,t8 which will enable
you to get the instruments operating sooner and: at less
expense than if you returned it.

Should return prove neceBr&y,, the TENNELEC Customer
Service Manager mu,& be knf.ormed~ ,in WRITING, BY CABLE
or TWX of the nature of the fault and the model number
and aerial number of the instrument. Pack  the
instrument well and ,&hip pRE$AID,and INSURED to
TENNELEC
~Tenneo& ?%I%

601,~ Oak: .Ridge Turnpike, Oak Ridge,
As rtatedintbe wr~rranty DAMAGE IN

TRANSIT WILL BE' R&&IRE@: AT TEE GENDER'S EXPENSE as
w i l l  d a m a g e  t h a t  o b v i o u s l y  r e s u l t e d  f r o m  a b u s e  o r
misuse of the instrument. ‘,

Quotations for repair of iuch damage will be sent for
your approval before repair is undertaken.
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*
*
*
*
l
*
*
*
*
*
*
*
* *

TENNELEC!S Quality Assurance Program
requires that each and every instrument
b e  f u l l y  ,aged, v i b r a t e d , and
electronically checked.

Should the user require a copy of  the *
Q u a l i t y  C o n t r o l  P r o c e d u r e  a n d  T e s t *
Record, please call the Customer Service *
Department  of  TENNELEC. Both model *
number and serial number are required. *

*
l  **************.***********

NANUAL REV. 0

S/81- Engineering and component improvements may be
made after date of printing.




