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ES5116 3 12pvm with

hold and low battery indication

Features

e Guaranteederoreadingwith zeroinput
e Low inputleakagecurrent(1pA typical)

e Internal Referencewith low temperaturedrift
(60ppm /°C typically)

e Low noise(15uVp-ptypical)

e Direct LCD display driver-no external compo-
nentsrequired

o Differentialinputandvoltagereference

e Precisiomull detectionwith truepolarity atzero
e Internalclock circuit

e No additionalactive circuitsrequired

e Low BatteryIndication

¢ Display-Hold

Description

TheES5116s low powermonolithicCMOS 3 1/2 digit
LCD display A/D corverter It containsthe internal
clock, voltagereference,seen-sgmentdecodersl. CD
displaydriversanda backplanedriver. Theimproved
internalzenermeferencevoltagecircuit givestheanalog
commona smalltemperatureoeficient of 60ppm /°C
typically. The high accurag characteristicsof the
ES5116performvery low linearity error androll-over
error. The high inputimpedance> 10'2? Q) andlow
input leakagecurrent(1pA typical) give the ES5116a
goodapplicationin thefield of high impedancecircuit
measurementThe differentialinput andreferenceare
suitablefor measuringbridge transduceror ohms by
usingratio-metricmethod. The dual slopecorversion
techniqguemakesthe ES5116a good normaland com-
monmoderejectionratio. With asuitableoscillatorfre-
queng, theES5116hasa highrejectionof 50Hz,60Hz
and 400Hz line frequeng noise. With single power
supply a few passie componentanda LCD display
ES5116canbe built ashigh performancepanelmeter
Existing Display hold, low batteryflag integrationand
De-intggrationarefour additionalfeatures.

Application
1. Digital panelmeters
. Digital multi-meters

. Thermometers

2
3
4. Capacitanceneters
5. pH meters

6

. Photo-meters
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ARAKHAFK ES5116 3 v2pbvm with
CYRUSTEK CO. hold and low battery indication

Pin Assignment
1 QFP-44pin package
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ARAKHAFK ES5116 3 v2pbvm with
CYRUSTEK CO. hold and low battery indication

2 SSOP-48pin package

\5’{ = 1 = 8%
NC = = HOLD
NC = 03
cl = TEST
BI = = INTEN
Al H = DEEN
[ m F2 REFHI
Gl ; = NC
El = a = NC
D2 H o = REFLO
c2 o — CREF
B2 H < = C+REF
A2 H = COMMON
[ E INHI
E2 = F INLO
D3 H = AZ
B3 = BUFF
B = = INT
E3 = V-
AB4 = = LB
POL = = G2
gg — 24 25 ™ %%
Pin Description
| PinNo. | Symbol | Type | Description
T1 DEEN O | De-integrationstatusflag.
2 INTEN O | Integrationstatusflag.
3 TEST I Pull highto V+ all LCD segmentswill beactivated.
4 0s3 - Crystaloscillatorconnection.
5 HOLD I Hold pin, pull highto hold display
6 0Ss2 - Crystaloscillatorconnection.
7 0Os1 - Crystaloscillatorconnection.
8 V+ - Positive supplyvoltage.Connectingo batterypositive terminal.
9 D1 (0] LCD sggmentline.
10 C1 0] LCD segmentline.
11 Bl (0] LCD sggmentline.
12 Al 0] LCD segmentline.
13 F1 (0] LCD sggmentline.
14 G1 0] LCD segmentline.
15 El (0] LCD sggmentline.
16 D2 0] LCD segmentline.
17 Cc2 (0] LCD sggmentline.
18 B2 0] LCD segmentline.
19 A2 0] LCD segmentline.
continuedon next page. .
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...continuedfrom previouspage
PinNo. | Symbol | Type | Description
20 F2 (0] LCD sggmentline.
21 E2 0] LCD segmentline.
22 D3 (0] LCD sggmentline.
23 B3 0] LCD segmentline.
24 F3 (0] LCD sggmentline.
25 E3 (0] LCD sggmentline.
26 AB4 0] LCD segmentline.
27 POL (0] LCD sgmentline.
28 BP 0] LCD segmentline.
29 G3 (0] LCD sggmentline.
30 A3 0] LCD segmentline.
31 C3 (0] LCD sgmentline.
32 G2 0] LCD segmentline.
33 LB (0] Low-batteryflag segmentdriver.
34 V- - Negative supplyvoltage.Connectingo batterynegative terminal.
35 INT (0] Integrationcycle output.
36 BUFF 0] Integrationresistorconnectiorfor buffer output.
37 AZ — | Auto-zerocapacitorconnection.
38 INLO - Low analoginput signalconnection.
39 INHI - High analoginput signalconnection.
40 COMMON — | Setthecommon-modeoltagefor the system.
41 C+REF - Positive capacitorconnectiorfor on-chipDC-DC corverter
42 C-REF - Negative capacitorconnectiorfor on-chipDC-DC corverter
43 REFLO I Low differentialreferencanput connection.
44 REFHI I High differentialreferencanput connection.

Note:

1. PinNo. of QFP-44pin package.

Absolute Maximum Ratings

Electrical Characteristics

| Characteristic | Rating
SupplyVoltage(V* to V™) 12v
Analog Input Voltage(eitherinput) VttoV-
Referencénput Voltage(eitherinput) VttoV-
Clock Input TESTtoV*
Pawer Dissipation(plastipackage) 800mwW
OperatingTemperature 0°Cto+70°C
StorageTemperature —65°C1t0160°C
LeadTemperaturégsoldering,10sec) 270°C
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AR F A ES5116 312 pvMm with
CYRUSTEK CO. hold and low battery indication
| Parameter | Symbol[  TestConditon [ Min. [ Typ. | Max. | Units |
ZerolnputReading - ViN = 0.0V Full- | -000.0| +000.0 | +000.0| Digital Reading
Scale=200.0mV
Ratio-metricReading - Vin=VREF, 999 | 999/1000| 1000 | Digital Reading
VREF:].OOITIV
Linearity  (Max.deviation - full-Scale=200mVor -1 +0.2 1 Counts
from beststraightline fit) Full-Scale=2.000V
roll-overError - —Vin=+Vin ~ -1 +0.2 +1 Counts
200.0mV
Common Mode Rejection - Vem=£1V,Vin=0V - 50 - uv/v
Ratio Full-Scale=200.0mV
Low batteryflag - V+ to V- 6.7 7.0 7.3 \%
Noise - Vin = 0V, Full — - 15 - uvp-p
Scale = 200.0mV
Input LeakageCurrent - Vin =0V - 1 10 pA
ZeroReadingDrift - Vin = oV, - 0.2 1 uv/°C
0°C<=Tpr<=470°C
Analog COMMON Voltage - 25K Between| 2.8 3.0 3.2 \%
(with respecto V) Common and Posi-
tive Supply
AnalogCOMMON Temper - 25K Between| - 60 75 ppmPC
atureCoeficient Common and
V+,0°C<=TA<=70°C
SegmentDrive Voltage - VttoV—=9V 4 5 6 Vv
BackplaneDrive Voltage - VttoV™ 4 5 6 \%
Supply Current (Does not - Vin=0V - 0.6 0.75 mA
includeCOMMON current)

Functional Description

1 Analog Common

The COMMON pin is usedto setthe common-modevoltagefor the systemwhich the input signalsarefloating. In most
of the applications,INLO, REFLO and COMMON pins are usually connected.It canremove common-modevoltage
concernsln otherapplications)NLO doesnotconnectwvith COMMON. TheES5116generatea commonmodevoltage,
which hasthe high CMRR (86dB typical.) Neverthelessit shouldbe careto preventthe outputof the integratorfrom
saturation.

The COMMON pin is also usedas a voltagereference. It outputsa voltagewhich is around2.9 volts below the
positive supply The COMMON voltagehasalow outputimpedancef 15 typically.

TheanalogCOMMON is connectednternallyto anNMOS which cansink 30mA. This NMOS will hold the COM-
MON voltageat 2.9 volts whenan externalload attemptsgto pull the COMMON voltagetowardthe positive supply The
sourcecurrentof COMMON is only 10uA, soit is easyto pull COMMON voltageto a morenegative voltage.

Whenthetotal supplyvoltageis largeenoughto causehe zenerto regulate(>7V) the COMMON voltagewill havea
low temperatureoeficientlessthan60ppm /°C typically. This voltagecanbe usedto generatehereferencevoltage.

2 Reference Voltage

For an1000countsreading theinputsignalmustbe equalto thereferenceroltage.As aresult,it requiresheinputsignal
be twice the referencevoltagefor a 2000 countsfull-scale reading. Thus, for the 200.0mV and2.000V full-scale, the
referencevoltageshouldequal1l00.0mVand1.000V In someapplicationghefull-scaleinputvoltagemaybedifferentto
200mV or 2.000V. For example,in the600mV full-scaleapplicationsthereferenceoltageshouldbe setto 300mV.
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ARAKHAFK ES5116 3 v2pbvm with
CYRUSTEK CO. hold and low battery indication

The differentialreferenceshouldbe usedduringthe measurementf resistorby the ratio-metricmethodandwhena
digital readingof zerois desiredfor Vin#£0, acompensatingffsetvoltagecanbeappliedbetweerCOMMON andINLO,
andthevoltageof beingmeasureds connectedetweenCOMMON andINHI.

3 System Timing

The oscillatorfrequeng is divided by four prior to clocking theinternaldecadecounters.The signalintegrationtakesa
fixed 1000 countstime periodwhich is equalto 4000clock pulses. The backplanedrive signalis derived by dividing
oscillatorfrequeng by 800. To make a maximumnoiserejectionof line frequeng(60Hzor 50Hz,)the signalintegration
period shouldbe a multiple of the line frequeng period. For 60Hz-noiserejection, oscillatorfrequencieof 120KHz,
80KHz, 60KHz,48KHz,40KHz, etc. shouldbe selected For 50Hz rejection,oscillatorfrequencie®f 100KHz,50KHz,
40KHz, etc. would be suitable.

For all rangesof frequengy Roscshouldbe 100K 2, Coscis selectedrom the approximatesquationf~0.45/RC.For
48KHz clock (3reading/second;osc=100pF

4 Integrating Resistor

The input buffer amplifier andintegratoraredesignedwith classA outputstages.Theutputstageidling currentis 100
uA. Both of themcansupply 20uA drive currentswith negligible linearity errors. The integratingresistoris chosento
remainlinear drive region in the outputstage.It shouldnot be solarge thatthe leakagecurrentof printedcircuit board
will induceerrors. Therecommendethtegratingresistorvaluefor the200mV and2 V full-scaleare47K 2 and470K {2
respectiely.

5 Integrating Capacitor

Theintegrating capacitorshouldbe selectedo maximizeintegratoroutputvoltageswingwithout causingoutputsatura-
tion. For 3 readings/seconf8KHz clock,) a 0.22uFvalueof Crn7 is suggestedlf a differentoscillatorfrequeng is
used,Cryr mustbe changedn inverseproportionto maintainthenominal+ 2V integratorswing.

Theintegratingcapacitomusthave low dielectricabsorptiorto minimizeroll-overerror. An inexpensve polypropy-
lenecapacitoris re commented.

6 Auto-Zero Capacitor

The auto-zerocapacitorsize hassomeinfluenceon systemnoise. A 0.47uFcapacitoris recommendedor 200mV full
scale.A 0.047uFcapacitoris adequatdor 2V full scaleapplications A mylartype dielectriccapacitoiis adequate.

7 Reference Voltage Capacitor

Thereferencevoltageusedto ramptheintegratoroutputvoltagebackto zeroduringthereferencentegratecycleis stored
on Crer. A 0.1uFvaluecapacitoris acceptablevhenINLO is connectedvith COMMON. A mylar type dielectric
capacitotis adequate.

8 TEST

The TEST pin is tied to the internally generatedligital groundthrougha 50002 resistor Its potentialis 5V lessthanV+.
The TEST pin loadshouldbe no morethan1 mA.

If TEST s pulled high to V+, all sgmentsplusthe minussignwill be actived. It may destry the LCD displayas
keepingin this modefor severalminutes.

9 Segment Drivers

For 3 readings/secon(#8KHz clock) the BP frequeng is a 60Hz squarewave with a nominalamplitudeof 5V. The
segmentsaredrivenin the samefrequeng/amplitude.They arein phasewith BP whenthe sgmentshouldbe OFF, but
out of phasewhenON. Thepolarity indicationis "ON" for negative voltageinputs.
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ARAKHAFK ES5116 3 v2pbvm with
CYRUSTEK CO. hold and low battery indication

10 Integration Status(INTEN)

TheINTEN is anoutputsignalof thecorverter, it keepson "high" duringthe signalintegrationphase.

11 De-Integration Status(DEEN)

The DEEN is anoutputsignalof the converter, it keepson "high" duringthereferencede-intgyrationphase.

12 Hold

Whenthehold pin is connectedo V+ the corversionresultwill notbeupdate.The corversionis still freerunningduring
hold mode.

13 Low Battery Flag(LB)
Whenthe supplyvoltage(V+ to V-) is lessthen6.9Volt, TheLCD segmentof Low BatteryFlagis turnedon.

Test Circuit
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ARAKHAFK ES5116 3 v2pbvm with
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Application Circuit

1. ThiscircuitusesanalogfCOMMON voltageasreferencevoltage.\aluesherearefor 200.0mVfull scale,3readings/sec.

11

A

E%;i
O9T15S3
SR

EEEEEEEEEER
LBl L
-199 .9

Clock Frequency 48KHz (3 readings/sec)

(17 |

9 July 21,2003



ARAKHAFK ES5116 3 v2pbvm with
CYRUSTEK CO. hold and low battery indication

2. Thevaluesof this circuit arefor 2.000Vfull scale,¥eadings/sec.
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