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Gas Chromatograph Uses Varactor Bridge
Flame Detector Amplifier for Enhanced Performance

By Harry Gill, Perkin-Eimer Corp.

Currenl amplifier circuit hased on paramelnc (varactor bridge) op amp increases

gas h itivity, stability, and dy ic range. New design
furnishes 5 x 10 1 amp MI scale output for recorder and integrator drive.

Electronic engineers have no monopoly on sophisti-
cated instruments for measuring the different com-
ponents of an unknown input. Cas chromatographs,
which have evolved as rapidly since 1950 as micro-
wave spectrum analyzers, enable research chemists
to separate tenths of microlitres of any vaporizable
sample into its individual constituents, and to mea-
sure the quantity of each sample-constituent with
better than 2% accuracy.

Not all gas chromatographs find their way into
research laboratories or advanced chemical plants,

Chranl: wmage 1957, s introduced into the gas chromatograph.

vidual vintages,

on the chroma-
(cgrams may be related 1o differences in refative quality of indi-

as motorists convicted of dangerous driving can fre-
quently testify. Many police departments use these
instruments for qualitative measurements-of blood-
borne alcohol. In other novel applications, the gas
chromatograph can distinguish vintage wine from
last years’ crop; detect from a sample of “minced
earthworms” that pesticides wash into the soil and
stay there (vide, Rachel Carson’s SILENT SPRING);
sniff the noxious fumes in an automobile’s exhaust;
or bolster an Englishman’s conviction that teabags
prevent Americans from ever tasting a civilized
cup o’ tea.
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» Industry’s lowest input bias current

» Very low bias current drift with
temperature

» Unique integrated guard buffer
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The Prefixes Used with Sl Units
2= e N S [ | Scientific
( /NF50fAEL{EEZE50aA ) Prefix Symbol Meaning Notation
exa- E 1,000,000,000,000,000,000 10'®
[ peta- P 1,000,000,000,000,000 10" ]
= SXAEMEAEE tera- T 1,000.000.000,000 10'2
Ha :_FEE, )\ J giga- G 1,000,000,000 10°
DL mega- M 1,000,000 108
kilo- k 1,000 108
hecto- h 100 10°
deka- da 10 10!
— — 1 10°
deci- d 0.1 16™"
centi- ¢ 0.01 10°¢
milli-  m 0.001 103
micro- 0.000 001 10°°
nano- n 0.000 000 001 10°°
pico- p 0.000 000 000 001 10"
[femro- f 0.000 000 000 000 001 10 ”’]
7 atto- a 0.000 000 000 000 000 001 10—
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Figure 112. Effective Input Bias Current vs. Relative Humidity : ’
Figure 19. Vos Long-Term Drift
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CL T SriE | RTOM @250 | RTOW/ @ 60c

[4 k TRy i fz 12.8 uV/rtHz 13.5uV/rtHz
Rsuunt OGHL ZHZE) Vo — - L 18 uV/rtHz 64uV/rtHz
RSHUNT

JBUK i FLIT e 7 Iy Re ~f 700 nV/rtHz 2.4 uV/rtHz
SR AT 75 (NSD) 22 uV/rtHz 66 uV/rtHz
AN 75 (RMS) 195 uVrms 585 uVrms
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Table 7. Recommended Cleaning Procedures for Different Solder Paste Material

Solder Paste Type Solder Paste Part Number Recommended Cleaning Procedure’

RMA AIM RMA258-15R 15 min clean time in an ultrasonic cleaner with fresh IPA, followed by 1.5 hours
of bake time at 125°C

Water Soluble SAC305 Shenmao 1.5 hours clean time in an ultrasonic cleaner with fresh IPA, followed by 1.5 hours
of bake time at 125°C

No Clean SAC 305 AMTECH LF4300 3 hours clean time in an ultrasonic cleaner with fresh IPA, followed by 3 hours of
bake time at 125°C

! Bake time was not optimized and was set equal to the cleaning time.

N
» UG-865N BT Bx0E 5FeF ANALOG
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APPLIED VOLTAGE (V)

BENT INPUT PIN:
PIN 2 FOR INVERTER
PIN 3 FOR FOLLOWER

INPUT SIGNAL

EaU

TO-99
PACKAGE

PC
BOARD
[
125 i i 10
—
100 Saamit 8
= IsRC
75 6
50 \ \ 4
A Moy
25 =\ Ve v 2
0 rJ 0
-25 -2
-50 -4
-75 -6
-100 -8
-125 -10
0 20 40 60 80 100 120 140 160 180 200

ELAPSED TIME (Seconds)

Rogers 4350B

CURRENT (fA)

—\

"VIRGIN” TEFLON INSULATED STANDOFF

ANALOG
DEVICES

AHEAD OF WHAT'S POSSIBLE™



20

- EETIREUIEE R T <
- BERAERMEINERMNIZILARRZ 2

NALOG ABMSI-1 EVALUATION BoARD o
i n-:u u-EBE &

+ i: IHEL

ANALOG
DEVICES

35 AHEAD OF WHAT'S POSSIBLE™



PSR FIZEIEES

. B - FFESEMER
» B—tREVMINE S R(RIPES
. B SESREREY AR N (B \j!/r i
BNC. SMAFIEHERLEER]17HY L 4

" gll;\lc I%ﬁ&

» RLRFMEHPTFE)EBRIFHVKRE. KDABM S (i )
- 3L DB i (%

| ANALOG
* DEVICES



Bas

- EHRRE RS BES TR |

U

PCBIIR AR

T
A R oL I H A o
2R Sk I A AR
bR R T

PR EEHERE

» YREMNEFEMRTITFZIAR |, SHFIRIEFAIRE

37

IR 278 55 B i
ANEAHREETIEE,; BMtE
ﬁﬁﬁ PTFE / Rogers 4350B .4} JFi #1
{8 FHPTFE 44 2 . 25 5, = [7) %l e 45 /3
A

SR AR

EENEERA )

ANALOG
DEVICES



ANALOG
DEVICES

AHEAD OF WHAT’S POSSIBLE™

CEEFNEFES

ENSINL

38



HBEREE CEITRIR

> BRI G R AT R IRIR
* BIISMAERIEEE S TIRE. FSERFER
B eI
- 4T
= <10fARBIE , 10GQIS[H
= 500pAlIESEE
= FFil
- FIFIADUM3151fFE
» YR REEER AR
- ADA4530-1

(L] 7]

T¥}
Je
zo
<0

Power ()—'— Power

= 2455 #ERADC - vene] 1o

= AD7172-2 | . '
= FFUSBZEOEIISDPIEZEPC maro——— i | | = A8 _Iszictaor 44
= {EEEAYEEE : OVDCEIA | o i :

= ADP7118, ADP2442, ADP7182 i Serreiresceeesn e |
= NERDL e

" %Eﬁﬁﬁ] )\/Eﬁ]tlj %‘% Triggerin ©

Triggerout O

ANALOG
DEVICES

AHEAD OF WHAT'S POSSIBLE™

39



HBEREE CEITRIR

- SOF PP R B B B R AR PR ERR
- HYSCRRRIRmR I

10G resistor P ower Input Triggers

5, £ 8 FR-4 board
ki ﬁ | [Evasprcsiz e, o
a a S
input Signal [ ;B‘nii‘z}iﬁ,?e ADASE0 % e % SDP and USB
1 Rogers 4350B
— [ s board Isolation
) ADC
USB S MA
Computer I n pl‘It
Transim p_edance Shield ANALOG
40 Amplifier DEVICES

AHEAD OF WHAT'S POSSIBLE™



CN-0407 : B RHE CZHIRMNEES

[ L i =
ANALOG [: ircuit N ote CNO0407 EVALUATION SOFTWARE ANALOG
Femtofmp Measmement Platform DEVICES
DEVICES CN-0407 g il
Tirra Deta ]
Devices Connected/Referenced Loy o z
_, | Femtoamperainput Bias Current . \ Y =. =
ADNAIE] Electrometer Amplifier . "‘ = :
ADT172-3 Low Po_wer, 24-Bit! 31.25 EPS, Sigma-Delta } HE Y Ty v X
ADC with True Rail-to-Rail Buffers - E480A A
= Ultralow Noise, High Accuracy, Voltage o e
ADM: 25 REfe"gnce i ’.\l 1] L ! " -
cimu“s Circuits from the Lab® reference designs are engineered and 36V, 1 A, Synchronous, Step-Down, = S Sempeng
f he L he tested for quick and easy system integration to helpsofve todays | ADP2442 DC-to-DC Regulator with External Clock s e
Rr?m t % ,a analog, mixed-signal, and RF design challenges. For more Synchronization =
e 149 i i L iSit 1 ! g, K
EIETENCe UESIONS  information and/or support, visit wiww.analog.com/CNG407. aoctare | 2100 Resistance, £15V/+12V/=5V, ”
= ICMOS SPDT Switch i - _ -
ADP7118 2_[) W, 200 mA, Low Noise, CMOS LDO § 1omaes o
Linear Regulator 4
_28V, —200 mA, Low Noise, Linear hane
AREn Regulator g
ADuM3151 | 375 KV, 7-Channel, SPisolator Digital o s 3
Isolators for SPI = .

Ultrahigh Sensitivity Femtoampere Measurement Platform

EVALUATION AND DESIGN SUPPORT

The EVAL-CNM07-SDPZ. provides a reference design for real-

Circuit Evaluation Boards world application by partitioning the system into a low-leakage o
CN-0407 Circuit Evaluation Board (EVAL-CN0407-SDPZ), mezzanine board and a data acquisition board. The input signal
Consists of Two Boards conditioning is implemented with the ADA4530-1 on the I
Low Leakage Mezzanine Board (EVAL-CN0407-1-SDPZ} mezzanine board. The ADA4530-1 is an electrometer-grade 4 |
Data Acquisition Board (EVAL-CN0407-2-SDPZ) amplifier with ultralow input bias current of 20 fA maximum at

System Demonstration Platform (EVAL-SDP-CS1Z)
Design and Integration Files
Schematics, Layout Files, Bill of Materials

CIRCUIT FUNCTIOM AND BENEFITS

The system functional diagram in Figure 1 is a precision analog
front end for measurement of current down to the femtoampere
range. This industry-leading solution is ideal for chemical
analyzers and laboratory grade instrument where an ultrahigh

sensitivity analog front end is required for signal conditioning analog-to-digital-converter (ADC) and is powered from a single

current output sensors such as photodiodes, photomultiplier 9V dc supply. The on-board supply generates all necessary

tubes, and Faraday cups. Applications that can use this solution voltages required to power both boards. The board connects to —4

include mass spectrometry, chromatography, and coulometry. 2 PC via the SDP-5 board (EVAL-SDP-C517) and uses digital |
isolation to prevent noise from the USE bus or ground loops
from degrading low current measurements. -6

85°C. A guard buffer is integrated on the chip to isolate the
input pins from leakage to the printed circuit board (PCE). The
default amplifier configuration is in the transimpedance mode
with a 10 Gf glass resistor and a metal shield that prevents
leakage current from entering any of the high impedance paths on
the board. In addition, the mezzanine board incdludes unpopulated
resistor and capacitor pads to allow prototyping with surface-
mount feedback resistors as well as other input configurations.

The data acquisition board uses an AD7172-2 24-bit X-A

AMPLITUDE (fA)

DEVICES

, 110.83spsSEE1209

MR ( BINTFES

41 www.analog.com/CN0407 SHE/EHGRE )

AHEAD OF WHAT'S POSSIBLE™




ANALOG
DEVICES

AHEAD OF WHAT’S POSSIBLE™

TR

izl E i

42



FEER R

> JERRESCRRASI# ERFTHEF

hf

E . =hf-O®
Emax
d
® THERELD : MRS HEE FIrEHR/\EEE

- (GRS
- JHEE ( BRRRARRINESSE )
> 5%

» (TARCERERITIRRET ? ANALOG

DEVICES
AD OF W%S POSSIBLE™

43



@3 - FIFADA4530-1456fMIS{KEE0 FARIEEIT

Simplified Diagram

ADA4530-1 ¥ &ZiH&ER

’ Photocurrent —»

’ N

I/ / h A Filtered Light In
\

I

1 | .0 ]

\ !

7’
N ——

=,

Vacuum Phototube

Vary cathode potential
to stop photocurrent

>

AD5791 20-bit Voltage Source

- (EFRREERRIIEEE

> TREH—ER

> I)\JE%EEI}IL

» HEIN— 1 SEREFRERAEBE (BLEEAL ) LINEzEE
» THEINREN Erax = d X Vsrop = hf — @

ANALOG
DEVICES

AHEAD OF WHAT'S POSSIBLE™

44



iR

45

MELER

0.8

0.7

=
o

o
)

MEASURED STOPPING
POTENTIAL

i

o
w

/

STOPPING POTENTIAL (V)
(=)
'S

0.2

/

/

0.1

4

o

450T

500T 550T
FREQUENCY OF LIGHT (HZ)

Ve v o S
THEFEOSTNE S 1.86eV

»

600T

650T

ANALOG
DEVICES

AHEAD OF WHAT'S POSSIBLE™



ANALOG
DEVICES

AHEAD OF WHAT’S POSSIBLE™

VAL ERS

46



BFA

> NEUERWERRNE , YiEHRER/ N ESNREX,

- AfEEhRERD | FREREBIIERERHNESHEERKES.

> JIESNRERK |, EKE B mas{t.
- IRIHERE RN ER R RS S —EIRFAIARE,

- TRmEE. . IBSR. BARKK. SSiFAsiamREIRRINIEIRE,

- IERRENRP. B S5RE0E | (ERESHIRIERRFIMZRFERE.
- ADIEESREE AN EF ST ERERN MR PIERES.

ANALOG
“ DEVICES



BRuE

» ADA4530-181imeREE 1T (http://www.analog.com/media/en/technical-documentation/data-
sheets/ADA4530-1.pdf)

» CN-0407 : BERBE $ZENEY S (www.analog.com/CN0407)

» FAF38® : UG-865 (http://www.analog.com/media/en/technical-documentation/user-
guides/ADA4530-1R-EBZ UG-865.pdf)

» MAZEIC : AN1373 (http://www.analog.com/media/en/technical-
documentation/application-notes/AN-1373.pdf)
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