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The Kansas Geological Survey does not guarantee this document to be free from
errors or inaccuracies and disclaims any responsibility or liability for
interpretations based on data used in the production of this document or decisions
based thereon. This report is intended to make results of research available at the
earliest possible date, but is not intended to constitute final or formal publication.
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*GO0D ENOUGH FOR GOVERNMENT WORK®* Box
constructed bw Rich Dalle-Mollesr Dept. of Chemistru
University of Kansass for the Kansas 6901091c31 Surveydys
Geochemistry Section

GENERAL DESCRIPTION

The box has been desidned to serve as an interface between
the scanning monochromator attachment of the Survev’s
Inductivelys Coupled Ardon Plasmz (ICAP) Srectrometer and anwv
standard 10 millivolt strir chart recorder.

The box allows both scanning and fixed wavelength
measuremnent to be made. It provides twelve switch
selectable dgain settinds and continuously adJjustible signal
offset control,

Two switch selectable filters are srovided to a3id in the
reduction of PMT shot noise contributions.

CURRENT-TO-VOLTAGE TRANSDUCER

The current to voltade (I-V) transformation is rerformed bw
an orerationazl z2mrlifier *current follower®. This circuit
has three arrarent advantades over the s1npler *drorring
resistor® circuits.

1. There is no rossibility of loading the sidgnal
source,

2, The amrlifier’s resronse time is not diminished
at high sensitivities.

3. The potential of the a2node is held constant:»
inderendent of the sidnal, increasing the linearity
of the resronse us signal.,
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GAIN STAGES

This section is comrrised of two amelifiers, The first
amarlifier is the same as the I-V transducer, This amrlifier
has 3 battery of six €2in settindg resistors which can be
switched sindly into slace to rprovide dains of 1, 2.5s 5y

0y 250y and 500, The second amplifier rrovides 2 dgain of
either 1 or 10, The combination therefore» sravides dasins
of %1y x2.5» x5y %10y %25, x50y %100, %250y %500y %1000,
x2500» and x 5000,

The least sensitive (x1) would reauire an input current of
100 uAmrs to give 2 full scale (10 aV) outrut to the strie
chart recorder, The other sCcales rrovide increased
sensitivity 1in Frorortion to their sssisned values of dain.

OFFSET SECTION

The offset is denerated as 3 current and is sent directly to
the sidgnal inrut of the box. This allows the full dunasaic
rgnselof the box to be utilized even when offsetting larde
sidnals.

The offset is dgrossly adiusted bw a3 3-rosition switch which
selects full scale offsets of 150 uwAmes (x1)y 1.5 uAars
{x10)sy and 15 uvAmrs (x100). MWithin ezch rande, the offset
is fine-adJusted bw 2 10-turn helirot. The offset
adJjustment extends below =zero current so that zero maw be
accurstely set. (For exameler on the 150 uAar scaler the
offset may be adJiusted over z rande extending fros -15 uAmrs
to +150 uvAmrs).

FILTER SECTION

Two filters are provided in the box. The first (corresp-
ondind to the ‘out® rosition of the filter switch) is an
active 3-role filter with "Bessell' ture response having 2
maximum undamred freauency of about 2 Hz (-3Db et, about 10
Hz)., This filter is essentially ‘invisible® when the box is
used with a recorder of ren resronse of a2 half a second or
slower, It should howeversy rrovide the strir chart recorder
with functionslly clean sisgnals i.e.» there should be no
signals rassed wunattenuated from the box to which the
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recorder cannot resrond.

The second filter is a rassive single-role (R-C) filter with
a nominal time constant of I seconds. This filter
corresponds to the *in® rosition of the filter switch. This
filter is provided to dreatly attinuate signal noise in
cases where freauencs resronse of the sustem is not critical
e.8.» cuantitative measurements at fixed wavelength.

Note that it will oot be rossible to scan srectra 2t anw
reasonable sreed when this filter is engsadged, The recorder
rpen will take about 12 to 15 seconds to settle after anv
change in signal intensity when using this ortion,

DIVIDER/*OQUTPUT BUFFER SECTION

Since this box is intended to be used with 10 aV full scale
recorderss and since the orerational asmrlifiers used in this
box are sbout 10 V, full scale devicess it was necessary to
divide the outrut of the active filter section bw 1000 to
make the divices comratible., This is accomrlished wusing 3
resistive voltade divider. 8ince the divider is suscertible
to logding errors if too much current is drawn from it, @
low input current amrlifier is provided between the divider
and the actual outrut line. This so-called buffer amrlifier
will provide sufficient current to drive any common strir
chart recorder without any change of loading the divider and
causing error.

OPERATING PROCEDURE

1. FPlug the box into =an outlet as close as rossible
(rhusicallw) to the outlets wused for the strir chart
recorder and the ICAP. This will tend to minimize
‘ground loor' currents flowing throush the eauirment.

2, Turn the box and strier chart recorder *on® and let them
warm up for about 5 minutes.

3. Before hooking the box output to the strir chart
recorder inruts short the recorder’s + and - inruts and zero
the recorder. This should be the onlw time wou will find it
necessary to use the zero knob on the recorder. From now on
use the offset adiust on the box to adiust the rpen rosition.

4, Hook urp the photomultirlier tube (PMT) input and 10 wmV
outeut.,
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3. AdJust the baseline as necessary with the offset control
on the boxs and wou’re ready to go!

It is suddested <that wou start the day with the offset
switch in the "1* pasitiony and the dain switch at °"500°

(x1). This should 3llow wou to find *zero' auickly and
rrecisely.,

The reason for zeroing the recorder prior to hookind ur the
box is that if the recorder ®zero® circuitry is very far off
zeros wou will have to nullify that offset using part of the
box’s outrput rande.  Doing so will liwmit the box’s outrut
rande and msy cause clirring of orherwise on-scale reaks.

The box’s offset circuitry does not effect it‘s outrut

randes a2nd mavy thus be used with no sacrifice (and no
clirping).,



SPECIFICATIONS
D-15-100

INPUT VOLTAGE AND FARGUENCY
103125 VAC AT 50440 Mg

OUTPUT YOLTAGE
14.85 — 13.15 voe

OUTPUT CURRENT
100 mA
AeaULATI
UNE & LOAD 005™
TEMPERATURE COEPFICIENT
oozve
HOISE AND AiPPLE
Tmv AMS
TRANSIENT RESPONSE
2 imec
OUTPUT 1MPEOANCE @ 2 Xz
200 Mrthonme

OPERATING TEMPERATURE RANGE
~28°C 10 -11°C

STORAGE TEMPERATURE RANDE
“28°C 10 -85°C

SHOAT CIACUIT PROTECTED
YES

D-15-100
DUAL OUTPUTS

NOY
Lkl

8
F—i—] ’
B 5
b g
NOTES:

1. FIVE PINS GOLO PLATED
0.040 DIA X 0.20 LG

2 TWO MTQ INSERTS
8440 X 0.1 OF

B e et S e

e

Co 182 7 v
- Linear Integrated Circuits

NG

Solid State
Division

CA3140BT CA3140AT C
CA3140BS CA3140

7S YT
Monolithic Silicon

CA3140S

Features:

kY
1

8-Lead TO-5
With Dual-In-Line
Formed Leads

The CA3140B, CA3140A, and CA3140 are
integrated-circuit operational amplifiers that
combine the advantages of high-voltage PMOS
transistors with high-voltage bipolar tran-
sistors on a single monolithic chip. Because
of this unique combination of technologies,
this device can now provide designers, for
the first time, with the special performance
features of the CA3130 COS/MOS opera-
tional amplifiers and the versatility of the
741 series of industry-standard operational
amplifiers. ’ .

The CA3140,CA3140A ,and CA3140 BiMOS
operational amplifiers feature gate-protected

‘MOS/FET (PMOS) transistors in the input

circuit to provide very-high-input impedance,
very-low-input current, and highspeed per-
formance. The CA3140B operates at supply
voltages from 4 to 44 volts; the CA3140A
and CA3140 from 4 to 36 volts (either single
or dual supply). These operational amplifiers
are internally phase-compensated tp achieve
stable operation in unity-gain follower oper-
ation, and, additionally, have access termi-
nals for a supplementary external capacitor
if additional frequency rotl-off is desired.
Terminals are also provided for use in applhi-
cations requiring input offset-voltage nulling.
The use of PMOS field-effect transistors in
the input stage results in common-mode in-
put-voltage capability down to 0.5 volt beiow
the negative-supply terminal, an important
attribute for single-supply applications. The
output stage uses bipolar transistors and in-
cludes built-in protection against damage
from Joad-terminal short-circuiting to either
supply-rail or to ground.

The CA3140 Series has the same 8-lead termi-
nal pin-out used for the *“741° and other

"DIL-CAN" B-Lead TO-S rail
S Suffix T Suffix {e)

range
H-1787 H-1528

-

BiMOS Operational Amplifiers

With MOS/FET Input, Bipolar Qutput

® MOS/FET Input Stage
{a} Very high input impedance (Z|y) — 1.5 TQ typ.
{b) Very low input current {1)) — 10 pA typ. at + 15V
(c} Low input-offset voltage (Vi0) — to 2 mV max.
(d) Wide common-mode input-voitage range (Vicr) ~

can be swung 0.5 volt below negative supply-voltage

Output swing complements input common-mode

{f) Rugged input stage — bipolar diode protected
® Directly replaces industry type 741 in most applications

Includes numerous industry operational

* amplifier categories such as general-pur-

pose, FET input, wideband (high slew rate)
Operation from 4-t0-44 volts

Single or Dual supplies

Internally compensated

Characterized for + 15-volt operation

and for TTL supply systems with

operation down to 4 volits

Wide bandwidth — 4.5 MHz unity

gainat+ 15 Vor 30 V; 3.7 MHzatS v

‘High voltage-foliower slew rate — 9 V/us

Fast settling time — 1.4 us typ.
to 10 mV with a 10-Vp.p signal
Output swings to within 0.2 volt
of negative supply

Strobable output stage

Applications:

Ground-refzrenced single-supply amplifiers
in automsbile and portable instrumentation
Sample and hold amplifiers

Long-duration timers/muitivibrators
{microseconds~—minutes—hours)
Photocurrent instrumentation

Peak detectors ‘® Active filters
Comparators

Interface in 5 V TTL systems & other
low-supply voltage systems

All standard operational amplifier applications
Function generators & Tone controls
Power supplies @ Portable instruments

Intrusion alarm systems

Trademark{s] Registered ® tnfarmation furnished by RCA is betieved to be accuraty and
fehiadle. Nowever, no responubiity 1s assumed by ACA for
-#s use. nor for any infringements of patents or other 1ights of

Marcais) Registradais)

. Printed in USA/5-T6

third parties which may result from o2 use No license i
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LM741/LM741A/LM741C/. LM741E operatlonal am pllfuer

“general description ! B

. .The LM741 series are general purpdsc operational
amplifiers which feature improved performance
over industry standards like the LM709. They are
direct, plug-in replacements for the 709C, LM201,

MC1439 and 748 in most applications.

The amplifiers offer many features which make
their application nearty foolproof: overload pro-

“}

.. tection on the input lnd output no Iatch-up when

the common mode range is exceeded, fas well as
freedom from osclllatcons,. e Y g bl

The LM741C/LM741E are identical to' the.
LM741/LM741A except that the LM741C/
LM741E have their performance guaranteed over

a 0°C to +70°C tamparaturo range, anstead of\
-55° Cto+125 C. wr

schemativc and connection diagrams (Top Views)
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Order Number LM741H, LM7‘1AH
LM741CH or LM743EH -

e Dual-In-Line Package
-
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0rdor Number LM741CN or LM741EN
See Package 20

dgr Number LM741CJ or LM741EJ
See Package 15
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Onior Number LM741F or LM74‘IAF

" Ses Package 3 5V
- Dusi-In-Line Pld(m

. N . * L ’
"+ Order Number LM741CD, LM741D,

LM741AD or LM741£D
' See Packege 2B~ | -
Order Number LM741¢N-14
See Package 22

Oﬂhr Number LM741J-14, LM74.‘IAJ-'I4

- LM741CJ-14 or LM741£+1_4 B
"7 See Package 16 '
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CA3140BT, CA3140AT, CA3140T

industry-standard operational amplifiers They
are supplied in either the standard 8-lead
TO-5 style package (T suffix), or in the 8-
lead dual-in-line formed-lead TO-5 style pack-
age “DIL-CAN" (S suffix). The CA31408
is intended for operation at supply volt-
ages ranging from 4 to 44 voits, for appli-
cations requiring premium-grade specifica-
tions and with electrical limits established
for operation over the range from —55°C
to + 1250C. The CA3140A and CA3140
are for operation at supply voltages up to
36 volts (+18 volts}). The CA3140 and
CA3140A can ailso be operated safely over
the temperature range from —55°C to +
1259C, although specification limits for their
electrical parameters do not apply when
they are operated beyond their specified
temperature ranges.

TYPICAL ELECTRICAL CHARACTERISTICS

CA31408BS, CA3140AS, CA3140S

NON=IN
INPUT

92CS-27794

Fig.1 — Functional diagram of CA3140 series.

TEST
CONDITIONS LiMITS
CHARACTERISTIC V=415V CA3140B | CA3140AlCA3140 UNITS
Vo= 15V
Ta = 250C
Typ.Value of Re-
sistor Between
i f
'/‘Sf:g"::'( :‘:':’:f:r Term. 4and 5 o 43 18 47 KQ
! 4 and 1 to Adjust
Max. Vio
Input Resistance Ry 1.5 1.5 1.5 REY)
Input Capacitance C 4 4 4 pF
Output Resistance RO 60 60 60 Q
Equivalent Wideband
BW = 140 kH
Input Noise Voltage en [ Rg=1M0 : 48 48 48 uv
{See Fig.41)
Equivalent tnput _
: f= 1kHz | Rg = 40 40 40
ise Vol VA/H
Noise Voltage  [=10kHz 1000 [ 12 12 1z |V
(See Fig.10)
Short-Circuit Current to w7
Opposite Supply Source Iom+ 40 40 40 mA
Sink  IoM™ 18 18 18 mA
Gain-Bandwidth
Product, {See Figs. 5 818) fT 45 4.5 45 MHz
Stew Rate, {See Fig.6) SR 9 9 9 Vius
Sink Current From Terminal 8
To Terminal 4 to Swing 220 220 220 pA
Output Low : :
Transient Response: '
Rise Time gL = ""0';9 . 0.08 008 | 008 us
Overshoot (See Fig. 40) | CL P 10 10 10 %
ing Ti R =2k
Settling Time | it 45 45 45
210 Vo-p, [Tomv CL = 100 pF 14 1.4 4 e
{See Fig.17} 10m Voltage Follower : ! )

“mejear

CA31408BT, CA3140AT, CA51u| - e A
CA31408S, CA3140AS, CA3140S

ELECTRICAL CHARACTERISTICS FOR EQUIPMENT DESIGN

AtV =15V, V= =15V, Ty = 25°C Unless Otherwise Specified
LIMITS
UNITS
CHARACTERISTIC CA31408 CA3140A CA3140
Min. | Typ. {Max.|Min.| Typ. | Max. | Min.| Typ. |Max

tnput Offset Voltage, [Viol] - 0.8 2 - 2 5 - 5 15 | mV

Input Offset Current, Jiol | - | 05 | 10| - | 05 [ 20 - | os 30 | pA

Input Current, || - 10} 30 | -~ 10 40 - 10 50 [ pA

Large-Signal R 50k | 100k | - {20k{100k| - |20Kkf1w0K]| - |wv
Votiage Gain, AQL % 100 = 36 T00 — 76 | 100 — B

{See Figs. 4,18)

Comman-Mode -2 [sof - | 32 {320 - | 32 |32 fuvv
Rejection Ratio, CMRR 56 ) — 75 5 — 5 %0 — o
{See Fig.9)

Common-Mode 155 _185 155
Inpur-Voitage 15w [ 1215 w | 2] e | 11|V
Range, VicR +125 +125 +125

(See Fig.20)

Power-Supply '
Rejection  AV|p/AV - 32 |00} - 100 | 150 — | 100 | 150 | av/v
Ratio, PSRR go| 90| -] 80 | - |72 | -]a

{See Fig.11)

Max. Qutput )

Voltage® vom* | 112{ 13 -~ | +12} 13 ~ | +12f 13 - v
(See Figs.13,20) VoM™ |- -14| -144] - | —14| 144 — | —14{144] -

Supply Current, 1+ _ 4 6 _ 4 6 _ 4 6 mA
{See Fig.7)

Device Dissipation, Pp - 120 180 | - 120 | 180 - 1120 180 | mW

tnput Current, |4 - 10 | 3] - 10 - -1 10 - | nA
{See Fig.19)

Input Offset _ 1.3 3 _ 3 _ _ 10 _ mv
Voltage Viga

Large-Signal _ v

kl - - | 100k - - {100k -
Voltage Gain, AgL4 20k 100 prom — o — -
(See Figs.4,18) 86 | 100 | -] -

Max. Output vomt | +19| +195] — - ~ - — — - v
Voltage,* Vom~— | -2t} -21.4] — - - - — - -

Large-Signal 20k | 50k - - - - - - - \;/Bv
Voltage Gain, AOL‘* 86 94 - - - - _ _ _

® AULVQ = 26Vp.p, +12V, ~14V and R = 2kQ2.

® AtR( =2k

A AtTa =-55°C to +1250C, V* = 156V, V™ = 16 V, Vp = 26V 5, Ry = 2 k2.

* ALVH=22V, V=22V,

& Atvp=+19V, —21V,and R = 2k{2.
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