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Sunmary

Orders of Magnitude faster data acquisition
conpared to a Digital Oscilloscope

>10 spectral/second to disk ... for >30 m nutes

2-GHz effective sanpling rate (0.5-ns sanpling
i nterval )*

100 tinmes higher data rate than a tinme digitizer
for:

Better statistical accuracy
Lower detection limts

End- of -scan dead tinme <1 ms ( <1%idle tine )

Preci si on Enhancer* transfornms the 8-bhit ADC into
a 12-bit ADC ... for 16 tines greater dynamc
range

Record I engths up to 262,000 data points
at 0.5, 1, or 2-ns sanpling intervals

for flight tinmes up to 524 ns

Sunms up to 65,535 records in each spectrum for
| nproved signal -to-noise ratios

Real -ti me DSP data conpression* reduces storage
file size by nore than a factor of 10

W ndows NT software provides data acquisition,
control, display and anal ysis

* Patents pending



Synopsi s

Feedi ng the output of a chromatograph to an

El ectrospray Tine-of-Flight Mass Spectroneter (ES TOF-
M5) requires ultra-high-speed data acquisition at the
output of the TOF-MS. A chromatograph run typically

| asts for 30 mnutes, and contains mnmultiple peaks, each
having a wdth of the order of a few seconds. To

I dentify the nolecules in the various conponents of
over |l appi ng chronmat ograph peaks the TOF-MS nust record
a mass spectrumas frequently as every 0.1 second.

Flight tinmes for the ionized nolecules in the TOF- M

range from1 to 100 ns, and peak wi dths are about 3 ns.
Thus, digitization of the detector output requires
0.5-ns sanpling intervals and record | engths of the
order of 256 k sanpling points.

The dom nant source of error is caused by ion
statistics. Therefore, circa 200 records nust be
sunmed or averaged every 100 ns to reduce the
statistical error. This requires a data acquisition
rate that is orders of magnitude beyond the
capabilities of a digital oscilloscope.

As illustrated in Figures 1 and 2, the FASTFLI GHTa
Digital Signal Averager was specifically devel oped to
accommodate the extrene data rates in the

Chr omat ogr aph/ TOF- MS application. The anal og signal
fromthe TO--MS detector is anplified by a w deband
preanplifier and then sanpled at 2-ns intervals by an
8-bit ADC. A single record is forned by up to 262, 000
sanples follow ng the Trigger Pulse. As each record is
bei ng acquired, the Averager Menory adds that record to
the sumof the previous records. The dead tine between
records is <1 nms. When the last record in the spectrum
I s being added, the sumis witten to the Qutput Buffer
Menmory for transfer to the supporting conputer while
the next spectrumis being acquired. Thus, the dead
time between spectra is also <1 ns.



Unconpressed data rates are typically >5 MB/s and the
file size froma 30-m nute chronmatograph is

>10 GB. Consequently, data conpression is required to
reduce the data flowto fit the capacity of a state-of-
the-art conputer. The Digital Signal Processor
acconpl i shes data conpression (typically a factor of
14) by adaptively detecting peaks above the background
fluctuations. It rejects background in favor of
preserving the peaks in the stored spectra. Background
points in the vicinity of peaks, and every 200'
background point are preserved to all ow background
subtraction in the conpressed spectra.

The sum of the peak areas in the TOF spectra is used to
plot the live chromatograph spectrumin Figure 3.
During acquisition, the TOF-MS spectrum for any point

I n the chronmatograph can be displayed as in Figure 3.

Di splay, control, data acquisition and analysis via a
personal conputer are inplenented by software that runs
under W ndows NT.

In addition to controlling the input offset voltage,
the 12-bit DACin Figure 2 is used for the Precision
Enhancer. At the end of each record, the DAC is
pseudo-randomy stepped to a new value. The step size

Is 1/16 of the ADC LSB and the steps range over +8 LSB.
As a result the 8-bit resolution of the ADC is
transfornmed to 12 bits when circa 256 records are
sumed. This inproves the accuracy and dynam c range
by a factor of 16.

The Trigger Qutput is synchronized with the 2-ns cl ock
in the digital signal averager, and is used to trigger
the acceleration pulse in the ES TOF-MS. A single scan
forns a record for 2-ns sanpling. For 1-ns sanpling, a
first scan is conpleted with sanpling at 2-ns
Intervals. Then the del ay between the 2-ns cl ock and
the Trigger Qutput is increnmented by precisely 1 ns,
and a second scan is taken. The results of the two
scans are interlaced to forma conplete record with
1-ns sanple intervals. For 0.5-ns sanpling, a 0.5-ns
trigger offset is used and 4 scans are interlaced to



forma conplete record.

sanpling rate of 2 GHz.

A thorough statistical

anal

ysi s shows that

This provides an “effective”

“effective”

2-GHz sanpling achieves the sane infornmation rate as

“true”

but at a fraction of the cost.
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Figure 3. The Live Chromatograph and TOF- MS

Di spl ay Provided by FASTFLI GHTa During Dat a
Acqui si tion.
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Figure 1. The FASTFLI GHTa Digital Signal Averager
Applied to Data Acquisition with an El ectrospray
TOF- M5 Receiving the Qutput of a Chronmatograph.
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