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31/2DIGIT SINGLE CHIP A /D CONVERTER

GENERAL DESCRIPTION

The MMC 7106 and 7107 are high performance
iow power 3—1/2 digit A/D converters containing
all the necessary active devices on 3 single CMOS ?
C. Included are seven-segment decoders, display dri-
vers, reference, and a clock. The MMC 7106 is de-
signed to interface with a liquid crystal display (LCD)
and includes a backplane drive; the MMC 7107 wil
directly drive an instrument-size light-emitting diode
(LED) display.

The MMC 7106 and MMC 7107 bring together an
unprecedented combination of high accuracy, versa-
tikty, and true economy,

The versatiity of true differential input and refe-
rence i5 useful in all systems, but gives the designer
an uncommon advantage when measuring load cells,
stran gauges and other bridge-type transducers.
And finally the true economy of single power supply

operation (MMC .7108), enabling a high perfor-
mance panel meter to be built with the addition of
only 7 passive components and display.

FEATURES

® Guaranteed zero reading for O voits input on al
scales.

® True polarity at zero for precise null detection.
® Direct display drive — no external companents re-
quired —LCD MMC 7106

— LED MMC 7107
® On chip clock end reference.

[ L‘cx’u power dissipation — typically less than 10
m

® No édditional active circuits required.

ABSOLUTE MAXIMUM RATINGS

Supply Voltage (V)

MMG 7106 .. 15V

MMC 7107 ..o B
Supply Voitage V')

MMC 7706 ... ov

MMC 7107 ..o iiiann e =R
Analog Input Voltage (aither input) INote 1} ............ . ... 0 0titiesersesssseses VoV
Reference Input Voltage leither input) ............... ... ... .. ooowwssweseeeseeeees VitoV
Clock input

MMOE 2106 ..o e Testto V'

MM 7107 e Gnd to V'
Power dissipation (MMC 7106 Note 2, MMC 7107 Note 1)

CEraMIC PACKBIE .. .o\ tretiiiit it e e e e e e L 1000 mW

Plastic package .........vvieie e, N bt ieanrenraenrinns eaeenens 800 mW
Operatin% TOmPEraLUrE L, e ettt e e e Cw+70°C
GLOrage TeMPErBLUNE ..\ttt ittt it e e —65°CtoB85°C

Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the
device. These are stress ratings only and functional operation of the devices at these or any other con-
ditions above those indicated in the in the operational sections of the specifications is not implied. Ex-
posure to absolute maximum rating conditions for extended periods may affect device reliability.
Nate 1: Input voltages may exosed the supply voltages provided the input current i imited to + 100 uA
Note 2: Dissipation rating assumes device & mounted with all leads soldered to printed circuit board
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CONNECTION DIAGHRAM
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ELECTRICAL CHARACTERISTICS (note 3)

MHC 107 with LED Ohspiay
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VALUES ‘
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX
Zero Input Reading Vi =00V -000.0% 000.0 +000.0 | Owgitat
Full Scale = 200.0 mV - { Rading
Ratiometric Vin = Viger 899 | 889/1000 1000 Digital
Reading Vag = 100 mV Reading
Rollover Er];ror Difference
n reading for equal positive _ _ - :
Full Scaig)
Linearity (Max, deviation Full scale = 200 mV '
from best straight fine fit) | or full scale = 2.000 V ~1 +.2 +1 Counts
V' Supply Current _
(Does not include V=0 08 1.8 mA
LED current for 7107 :
V' Supply Currest
{7107 only} 08 - 1.8 mA
Analog Common Volitage 25 kil between
[With respect to Pos. Commen & Pos. Supply 2.4 2.8 32 Y
Supply)
7106 Only
Sk{mpk Segment Drive ®
oitage . -
Pk-—~Pk Backplang Drive VitoV =8V 4 3 6 v
Voitage (Note 4)
7107 Dnly V=50V
Segment Sinking Segment voltage = 3 ¥/ 5 8.0 mA
Current
fExcept Pin 19)
Pm 19 anly 10 16 ma

Note 3 Unless otherwise noted, spacifications apply to both the MMC 7106 and 7107 at T a = 25° G,
Fage = 48 kHz MMC 7108 is tested in the circuit of Figure 1, MMC 7107 is tested in the cir-

oust of Figure 2.

Note 4: Back plane drive is m phase with segment drive for off" segment, 180° out of phase for
00" segment, Frequency is 20 times conversion rate. Avecrage DC component is less than

50 mv.
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TEST CIRCUITS
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Figure 1. 7106 Figure 2. 7107

DETAILED DESCRIPTION
ANALOG SECTION
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Figure 3. Anslog Section of 7106/7107

1. AUTO-ZERO PHASE

happen. First, input tigh and low are disconnected from the pins and
nternally shorted to analog COMMON. Second, the reference capacitor 1s charged to the reference
woltage. Third, a feedback loop is closed around the system Lo charge the autozero capa:c-tor Caz ;o
compensate for offset voltages in the buffer amplifier, ntegrator, and comparator. 3nce the
comparator 15 included sn the foop, the A—Z accuracy 15 imited only by the noise of the system. In any

case the offset referred £o the mput s fess than 10 4V,

During auto-zerp three things
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2. BIGNAL INTEGRATE PHASE

During signal integrate, the auto-zero Ioc#:: is opened, the internal short is removed, and the internal in-
put high and low are connected to the differential voltage between IN Hl and IN L for a fixed tima. This
differential voltage can be within a wide common mode r‘anﬁe: within one volt of either supply, If, an the
cther hand, the input signal has no return with respect to the converter power supply, IN LO can be tied
to analog COMMON to establish the correct common-mode voltage. At the end of this phase, the po-
larity of the integrated signal is determined..

3 DEINTEGRATE PHASE

The final phase is de-integrate, or reference integrate. Input low is internally connected to analog
COMMON and input high is connected across the previously charged reference capacitor. Circuitry
within the chip ensures that the capacitor will be connected with the correct polarity to cause the inte-
grator output to return to zero. The time required for the cutput to return to zero is proportional to

the input signal.

Specifically the digital reading displayed is 1000 ( —g—é"—é )

DIFFERENTIAL INPUT

The input can accept differential voltages anywhere within the common mode range of the input amphi-
fier; or specifically from 0.5 volts below the positive supply to 1.0 volt above the negative supply. Ho-
wever. since the integrator also swings with the common mode voltage, care must be exercised to as-
sure the integrator output does not saturate A worst case condition would be a large positive common
mode voltage with a near full-scale negative differential input voltage. The negative input signal drives
the integrator positive when most of its swing has been used up by the positive common mode valtage.
For these critical applications the integrator swing can be reduced to less than the recommiended 2 V
full scale swang? with lictle loss of accuracy. The integrator output can swing within 0.3 volts of either
supply without loss of linearity,

DIFFERENTIAL REFERENCE

The reference voltage can be generated anywhere within the power supply voltage of the converter.
The main source of common mode error is a roli-over voltage caused by the reference capacitor losing
or gaining charge to stray capacity on its nodes. If there is a large common mode voltage the reference
capacitor can gain charge (increase voltage) when called up to de-integrate a positive signal but lose
charge (decrease voltage) when called up to deintegrate a negative input signal. This difference in refe-
rence for (+) or {-~} input voltage will give a rollover error. However, by selecting the reference capaci-
tor large enough in comparison to the stray capacitance, this error can be held to less than 0.5 count
for the worst case condition, See Component Values Selection below).

ANALOG COMMON

This pin is included primarily to set the common mode voltage for battery operation (MMC 7106) or
for any system where the input signals are floating with respect to the power supply. The COMMON
pin sets & voltage that is approximately 2.8 volts more negative than the positive supply. This is selec-
ted to give 2 minimum end-of-life battery voltage of about 6 V. However, the analog COMMON has
some of the attributes of a reference voltage. When the total su ply voitage is large enough to cause
ﬁ;ﬁ ezdear:‘e;e to regulate { > 7 V), the COMMON voltage will have a ﬁ;w voltage coefficient and low output
The limitations of the on-chip reference should also be recognized, however, With the MMC 7107, the
internal heating which results from the LED drivers can cause some degradation in performance. Oue
to their higher thermal resistance, plestic parts are poorer in this respect than ceramic. The combino-
tion of reference Temperature Goefficient (TC) internal chip dissipation, snd package thermal resis-
tance can increase noise near full scale. Also the linearity in going from a high dissipation count such as
1000 {20 segments onl to a low dissipation count such as 1111 {8 segments on) can suffer by a count
or more. Devices with a positive TC reference may require several counts to pull out of an overload
_cundmnn, rT]’!!’:‘_i is because overioad is a_low dissipation mode, with the three least significant digits
blanked. Similarly, units with s negative TC mag_cycla between overload and a non-overload count as
:;ﬁhﬁszgg alternately heats and cools. Al the problems are of course eliminated if an external reference

The MMC 7106, with its negligible dissipation, suffer from none of these problems. In either case, an
external reference can easily be added, as shown in Fig. 4. ho >
Analog COMMON is also used as the input low return during auto-2ero and de-integrate. If IN LO is
different from anslog COMMON, a common mode voltage existe in the system and is taken care of
by the excellent CMRR of the converter. However, in some applications IN LO will be set at a fixed
known vat;aga_ tpower supply common for instancel. In this apphcation, analog Common should be tied
?n tr:w same pont, thus remadving the common mode voltage from the converter. The same holds true
for the reference voltage. If reference can be corweniently referenced to analog COMMON, it should
be since Lthis removes the common made voltage from the referance system.
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Fig.4 : Using' on Externdl Reference

Withn the IC, analog COMMON is tied to an N channel F i
Lo ET that can sink 30mA or more of
hold the voitage 2.8 voits below the positive supply (when 3 load is trying to pull the commor?‘irr‘l:aegzstg

tivel. However, there is 10 uA of _ ¢
tive voltage thus over-ritgr‘:‘g the ﬁa-ndsglefrg'ea?]cgm t. 50 COMMON may easily be tied to s mare nega-

TEST

Cautior: on the MMC 7106, in the lamp test mode, the s ments have
re-wavel. and may burn the LCD display if left in this mode %r several min?Jt'g.ﬁmnt ¢ voltage (no squa-

1
b

v | Voo 'y j
ma FD+
MNE HHC DECMAL _______,_"'D—:— 0 1D
™ 70 LD T POINT J : DECPHAL
BEPAL POST SELECT W:m—: POINTS
| 1
b e — o+
557 L G |
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Figure 5: Smpte werter for Fied Decmnl Point Fapre 6; Exclusive ‘OR'Gade for Decmal Pont Drive
DIGITAL SECTION

Figures 7 and 8 show the digital section for the MMC 7106 and MMC 7107, respectively. in the MMC
7106, an nternal digta ground ia generated from a 6 voit Zener diode and a large P channel source
folower. This supply is made stiff to absorb the relative large. capacitive currents when the back
plane (BF) voltage is switched The BP frequency is the clock frequency divided by 800. For three rea-
dings /second thes s 2 60 Hz square wave with a nominal amplitude of 5 voits. The segments are driven
a the same frequency and amplitude and are in phase with BP when OFF, but out of phase when ON. in
at cases negligible d-c voitage exists across the segments.

Figure B is the Digital Section of the MMC 7107. it is identical to the MMC 7106 except that the regu-
lated sq:ﬂ and back plane drive have been eliminated and the segment drive has been increased from
2w 8 typica for mstrument size common anode LED displays. Since the 1000 output {pin 19)
must sink current from two LED segments, it has twice the drive capability or 16 mA.

In hoth devices, the polarity indication is .on” for negative analog inputs. If IN LO and IN HI are reversed,
thes iwication can be reversed also, if desired ,
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SYSTEM TIMING

TEST[MML 7104)
or GND {MMC 7%07)

E Egcg{l’%:‘:rtf;equ&ncy 's divided by four before it clocks the decade counters, It is then further divi-
dentograce (0 10 3 Gl% convert-cycle phasess. These are signal integrate (1 000 counts), reference
dentegrate 1D e counts} and auto-zero (1 000 to 3 000 counts). For signals less than full scale

gets unu portion of reference deintegrate. This makes a complete measure cycle of

To achieve maximum rejection of 50 Hz pickup, the signal int i
, i X egrate cycle should be a multiple of \
ggcsilatgr fr?‘equencaes of 200 kHz, 100 kHz, 66 72/’3.n kHz, 50 kHz,vdﬂ kHz etc. shrgcjdlpbg Dse?e?:c:é

te that 40 kHz (2.5 readings/second) will reject both 50 and 60 Hz lalso 400 and 440 H2)

COMPONENT VALUE SELECTION

1. INTEGRATING RESISTOR

Both the buffer amphfier and the int -

egrator have a class A output stage with 100 pA of quiescent

?rﬁ?gtijg hley can supply 20 pA of drive current with negligibie non-inearity. The integrating resistor

enough th arge enough to remain in this very linear region over the input voltage range, but small

IS N g that undue leakage requirements are not placed on the PC board For 2 volt full scale, 470 K}
€ar optimum and similarly a 47 KN for a 2000 mV scale.

2 INTEGRATING CAPACITOR

The integrating capacitor should be selected to give the maximum voltage swing that ensures tole-
rance huild-up will not saturate the integrator swing (approx. 0.3 volt from either supplyl. In the MMC
7106 or the MMC 7107, when the analog COMMON is used as a reference, a nominal 12 volt full
scale integrator swing 5 fine. For theMMC7107 with £5 volt supplies and analog COMMON tied to
supply ground, a +3.5 to 4 volt swing 15 nominal. For three readings /second (48 kHz clockd nominal
values for Cyyy are 0.22 uF and 0.10 uF, respectively. Of course, if different oscillator frequencies are
used, these values should be changed in inverse proportion to mentain the same output swing
An additional requirement of the integrating capacitor is it have low dielectric absorbtion to prevent
rollover errors. While.other types of capacitors are adeguate for this appfication, polypropylene capa-

citors give undetectable errors at reasonable cost

3. AUTO-ZERDO CAPALCITOR :
The size of the auto-zera capacitor has some influence on the noise of the system, For 200 mV full
scale where noise is very important.a 0.47 uFcapacitor is recommended.On the 2 volt scale a 0.047 pF
capacitor increases the speed of recovery from overload and is adequate for noise on this scale.

4. REFERENCE CAPRPACITOR

A 0.1 yF capacitor gives good results in most apg;lications. However, where a large common mode vol-
tage exists (Le. the BEF LO pin is not at analog C MMODN} and a 200 mV scale is used, a large value is
“equired to prevent roll-over error. Generally 1.0 ugF will hold the roll-over error to 0.5 count in this in-

rance,
5 JSCILLATOR COMPONENTS
For alt ranges of frequency a 100 k{1 resistor s recommanded and the capacitor & selected from the

enuaton | ‘«g-r?w For 48 kHz clock (3 readings /second), C = 100 pF.
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%mw;er:;ergcs V%TACEE@ full-scale output (2 000 couksl is: Viy = 2 Vg Thus, for
e B nput reequ to genergte cale o Q00 cou 8. Viy = & Ve IS5, the
T el anit'5 00 volt scaie, Viref shauid equal 100.0.mY-and 1.000 volt. respectively. However, in
many applications where the A/D+is comected to a transducen, there will exist B scale factor ather
than unity between the input e and the digital reading. For nstance, n 8 weighing system, the de-
si might like to have a full 5 & reading when the voltage from the transducer is 0.682 V. Instead
(ﬁwﬁn& e input down to 2000 mV, the designer should use the nput vdt% dregz and select

Ve = 3471V, Buitable values for integrating resistor and capacitor would be 120 kO and 0.22 #F. This
kes the system ﬂmwmawmdwamadmwnetmkmﬂammem o7
with +5 V supplies can accept input signais up to + 4V. Ancther advantage of this system ocours when
a digital reading of 2ero is desired for Vyy # Q. ‘ _ ]

Tempersture and weighing systems mtm a variable tare are examples. This offset reading can be con-
veniently generated by connecling the vdcge transducer between IN Ml snd COMMON and the varie-
He tor fixed) offset voltage between COMMON and IN LO.

7. MMC 7107 POWER SUPPLIES

The MMC 7107 is desi to work from 5 V supplies. However, if a negative sy B not aveili
ble, it cgn be generated from the clock output thﬁ 2 diodes, 2 cwaciﬁ?is. and ﬂmﬁﬁ
in fact, in selected applications no negative supply is required The conditions to use a singe + 5

supply are:
1. input. signal can be referenced to the center of the common mode range of the converter.

2. The signsl is less than & 1.5 volts.
3. An external reference s used.

To ai ) T

} ad Ve
j:u o
i +* 5 ¥
1af+
=10 %
d'_ww......’l?
¥
sy

7107 O
Fig1 7106 using the mternal reference Values Fig2 7107 using the internal reference. Vaues
shown are for 2000 mV full scale, 3 readings per  shown are for 2000 mV foll scale. 3 5 per
second, foating supply voltagel3V battery) second. INLO may bed to either COMMON n-

puts floa with respect to supphes, or GNO for
smgle ended inputs. (See discussion under Analog
COMMON}

Figd 7107 with Jeser dode reference. Since low T,
L Zerers howve broaskdown voltage B8 V. dode '
most be placeed across the total supply (10VL IN LD Fgd 7106/7107 Recorynanded
oy b o 10 mther COMMON o GNO for 2000 V hal scale
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