
WHAT IS UNIQUE A3OUT TITE 8060A

I. 10 uV resolution and 201000 counts in
by solut,ions to nolse and llnearlty.

II. Metbod of galn changlng resultlng ln
and low noise.

A/D CONVERTER

nonollfhic CMOS, achieved

greatly inproved stability

III. Microcomputer control of A/D and acquisltlon of data.

I. 10 uV resolution has not been achieved ln nonolithlc CMOS
because of: 1. Noise problens, both 1/f and fhernal nolse ln the CMOS
switches. 2. Lineari ty problene.

Nolse problens were addresssed ln two areas: The input noise of
the buffer, lntegrator, and conparator, and the thermal noise of fhe
CMOS switches. The use of large lnput bransisfors waa very i.mportant
ln reducing the noj.se of the buffer and integrator op alnps. Low
resistance CM0S swifches were used af crlfical nodes to reduce thelr
contr ibut lon to noise.

In order to , reduce nolse to a leve1 allowlng a ndead quietn
display (no f l icker),  a digl fal  f i l ter was inplenented. This is a
software fllter in the progran nOM of bhe SM-4 Mlcroconputer. As
lmplemented, it is a recurslve fIlter wblch averages four succesive
readings. But, unllke analog fllfers, if responds to sbep changes
insbantaneously. Any input change greater than four counfs is
displayed imnedlately, and the averaglng then starts from the ne!.t
vaJ.ue.

To inprove linearity, the A/D converter actually resolves 80r000
counts at full scale, whlch glves 1/4 count resolutlon and reduceg
digltizing eror by a faetor of four. The nlcroconpufer dlvldes the
total count by four before routlng lt to the display.

II. Integrator galn change is key

BoLh a 200mV and 2 VoIt range of A/D conversion are necessary
for nodern full range multineters. To acconpllsh a dual range
converter a nethod of changing fhe L/p scallng had to be developed.
Convent,ionally, a tines 10 anpliflen would be enployed for the 200 mV
range. This was nob an acceptable solutlon because offsets would also
be nultiplied by 10 and therefore an addltlonal autozeno loop would be
required. By enploying a precislon reslstor R-10R network, the gain
of the integrator can be changed dependlng on whlch range is deslred.
For the 200 mV range, the lntegrator galn is 20, and for the 2 V
range, the lntegrator galn ls 2. This nade the ful} seale integrator
output swing plus or nlnus 4 volbs rather lhan the 2 volts lyplcal of
nost converters. By naking the resolution 200 uV per count aL the
output of the lntegrator, nolse perfornance required of the comparator
ls halved. A1so, sLnce the slope of the lnfegrator output ls doubled,
the speed and delay perfornance requlred of the conparator i.s halved.



Even with these inprovenents the design of the comparator was a
formidable challenge. The speed and galn required of the comparafor
exacted an unacceptable stabllity penalty. Thls was solved by
splifting the conparator into two devices. The flrst conparator has
the low noise and speed requirenent, but not quibe enough gain. The
second conparator nakes up for the galn deficiency. Alsor since the
second conparator does not need to be in the autozero loopr overall
galn in the loop is reduced, thus naking the loop nore stable.

III. The Microconputer

The A/D converter i.s controlled tbrough a four bit bidirectional
bus which connects to the syfen nlcrocomputer. The counb that is
proportlonal to the A,/D input slgnal ls read back through the same 4
bif buss. The najor advantage of fhls approach ls fhat the digital
circuitry required in the MAC is greatly reduced. The l' lAC has only a
12 bi t  counter ln place of the usual 16 bl t  counter (15 bl ts plus
sign) required in 4 1/2 digi t  L/D converters. The uC picks up
overflow carles fron the 12 bit counter to complete the count. A
further reduction ln MAC digllal clrcultry results fron its register
structure. The uC ellninates the need for an A/D state roachine and
the conplex bining circuitry usually found ln a slngle chip AlD
convertero .

By havlng ful l  conbrol  of  al l  the MACts funct lons, the uC can
nanipulate the LlO ln unconventional ways. By nodifylng the
conversion sequence, an A/D self check can be perforned. This check,
called fhe ratio test, uses bhe reference voltage for both phases,
Integrate and Read. Slnce the reference is used to reference i tsel f ,
the result lng count should be 101000, a perfect 1 to 1 rat io.  This
user select,able test is useful to verify MAC functionalit,y independent
of the front end components. AIso by changing lhe Read period
integrator gain fron the usual tines 2 to bines 201 a range equivalent
to 20 nill ivolts full scale can be obtalned. This ls taken advantage
of in ftre 8060Ats 300 negohn range, where the voltage across the
reference resistor can be as low as 6 mllllvolts. The uC can lock the
AlD lnto the AZ phase if it needs nore tlne to nanJ.pulate the data.
This takes place when a dB conversion is being calculafed. At eerbain
cardinal poi-nts, the dB conversion can take as long as 400
ni l l iseconds. This slows the total  conversion rate to 1.4 readlngs
per second, worsf case.

By wedding an A/D converter to a Microconputer, the performance
of a practical instrunent can be optlnlzed, combining the analog
processlng polrer of the AlD converter, and the digital processing
power of the uC. Ease of dafa nanipulatj.on and an enhanced feabure
set are the obvious benefits.


