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ES5108 3 1/2 Digit
ADC with serial output

Features� Multi-function measurementsystem:� Analogto digital converter.� Shortcircuit beeper.� Frequency counter.� Frequency counter, auto range from 2KHz to
20MHz� Low batterydetector.� DisplayholdandMax/Min.� Triplex LCD display.� Full 3 1/2-Digit Display.� Annunciators—Hold, Max/Min, KHz,

MHz, Low-bat,Continuance.� 1 annunciatordrivepin for unit display.� 3 decimalpoint driverswith 3 independent
controlpins.� Polaritydriver.� Displays"OL" for inputover range.� Providesserialdataoutput.� Guaranteedzeroreadingwith zeroinput.� Truepolarity indicationfor precisionnull detec-

tion.� Convenient9V batteryoperation.� Low noiseA/D converter:

� Differentialinputs,1pA biascurrent.� Differentialreferencefor ratiometricohms.� On-chip voltage reference, ���
	�	����� C
drift.� Low linearityerror.

Description

The ES5108is designfor 3 1/2-Digit Digital Multi-
meter which combinesan integrated A/D converter,
MAX/MIN, hold, shortcircuit beeper, low batteryde-
tector, a frequency counter, andserialdataoutput.
A ’HOLD’ input allows the ES5108to hold the cur-
rentA/D readoutor frequency readout.The frequency
counteris auto-rangingfrom 2KHz to 20MHz over a
fivedecaderangewith KHz andMHz annunciators.
Short circuit beeperwill soundwhenever the readout
is lessthan30 after enablingthe short circuit beeper.
This featureis usefulin detectingshortcircuitswithout
watchingtheLCD.
TheES5108provides3 independentdecimalpointdriv-
ing pinsfor themanufacturerto determinewhich deci-
mal point or unit is display, the3 decimalpoint drivers
arebuilt-in ES5108.

Application

Digital panel meters,digital multimeters,thermome-
ters,capacitancemeters,pH meters,photometers,etc.
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Block Diagram

� � � � � �� � � � � � � � � � � � � �� � � � � � �� � � � � � � � � � � �� � � � � � � � �
� � � �  � ! � � � � � � � � � � � " � � #� � �� � ! " � � $� � � � � � !

� � � � � �� � � � � � � � � � % � � �
� � � � � � �� � � � � � � � �� � � � � �� � " & �� � �

' ( ) * + � � � � �� ( � � � � � � � � � �
! � � � � �� � � � � & � " & �� � & � � � �

� & � � � � � � � � �� � � , & � � � $� � & � � � �
� � �- � � � � � $� � � � � � � �

- & . . � �� � � � � � � � � �* � � � � � �
� & � � � � � �! � � � � �

� �  ! � �
� � � , & � � � $� � " & �

" � �  % � � � / �

- . � � ! � � � �- . � � � � ! � � �0 1 2 3
4 5 6 7 � & � � � � � �! � � � � �

� � � � � � �" � � � �! � � � � �

� � #� � � � % � � � � � � � � � - � �
� % 8 % 89 9 9 � � � & � � � � � � � � � � � �� � � " � � # � � � � � ! " � � $

- & . . � �
� � � � � � �" � � � �� � � � � � !" � �  % � � �� � � " � � � � � �

2 July4, 2002

www.DataSheet4U.com



  

� � � � � � � � � � � �
CYRUSTEK CO.

ES5108 3 1/2 Digit
ADC with serial output

Pin Assignment
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2 SSOP-48pin
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Pin Description

PinNo. Symbol Type Description

1 VREF- - Low differentialreferenceinputconnection.
2 VREF+ - High differentialreferenceinputconnection.
3 DGND - Pull high to V+ all LCD segmentswill beactivated.
4 OSC3 - Crystaloscillatorconnection.(RC)
5 OSC2 - Crystaloscillatorconnection.(input)
6 OSC1 - Crystaloscillatorconnection.(output)
7 INT O Integrationstatusflag.
8 FREQ/VOLT I Frequency counter/voltagemeasurementselectpin. Connectingto V+

will enablethefrequency counter, connectingto TEST1or openwill ex-
ecutevoltagemeasurement.This pin is internallypull down to TEST1.

9 V+ P Positivesupplyvoltage.:
10 CONT/-/MHz O LCD segmentdrive. (Continuity., polarity, MHz)

11 B4/C4/DP3 O LCD segmentdrive. (B4, C4,decimalpoint3)
12 KHz/F3/E3 O LCD segmentdrive. (KHz, F3,E3)
13 A3/G3/D3 O LCD segmentdrive. (A3, G3,D3)
14 B3/C3/DP2 O LCD segmentdrive. (B3, C3,decimalpoint2)
15 HOLD/F2/E2 O LCD segmentdrive. (DataHold, F2,E2)
16 A2/G2/D2 O LCD segmentdrive. (A2, G2,D2)
17 B2/C2/DP1 O LCD segmentdrive. (B2, C2,decimalpoint1)
18 MAX/F1/E1 O LCD segmentdrive. (Max, F1,E1)
19 A1/G1/D1 O LCD segmentdrive. (A1, G1,D1)
20 B1/C1/BAT O LCD segmentdrive. (B1, C1, low battery)
21 COM1 O LCD commondrive#1.
22 COM2 O LCD commondrive#2.
23 COM3 O LCD commondrive#3.
24 FREQ-in I Frequency counterinput pin.
25 DINT O De-Integrationstatusflag.
26 ANNUNC O Squarewave outputat the LCD backplanefrequency, synchronizedto

COM1. ConnectinganLCD segmentto ANNUNC pin turnsit on;con-
nectingto backplaneturnsit off.

27 DP1 I 1st decimalpoint selectioninput for voltagemeasurement,internally
pulled-down to TEST1.

28 DP2 I 2nd decimalpoint selectioninput for voltagemeasurement,internally
pulled-down to TEST1.

29 DP3 I 3rd decimalpoint selectioninput for voltagemeasurement,internally
pulled-down to TEST1.

30 RESET I Resetinput pin. Connectingto V+ will cancelboth MAX/MIN and
Hold functions.

31 MAX I MAX input pin. Pulseto V+ to enableMAX function.
32 HOLD I Hold input pin. Connectingto V+ for hold function.
33 LB O Low batteryflag. Pull high if low battery.
34 BZOUT O Piezobuzzeroutput.Driving a buzzerat 2.5KHzaudiofrequency.
35 BZINS I Buzzercontrolslave input.
36 CLK I Externalclock input pin for serialdataaccessing.
37 SDO O Serialdataoutputpin.

continuedon next page;
;
;
<
This tableis for ES5108F
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;=;
; continuedfrom previouspage
PinNo. Symbol Type Description

38 BZINM I Buzzercontrolmasterpin.
39 EOC O Endof conversionindicator.
40 V- P Negativesupplyvoltage.Connectingto batterynegativeterminal.
41 VINT - Integratoroutput.
42 VBUFF - Integrationregisterconnection.
43 CAZ - Auto-zerocapacitorconnection.
44 VIN- I Analoglow input signal.
45 VIN+ I Analoghigh input signal.
46 ANA-COM O Setthecommon-modevoltagefor thesystem.
47 CREF- - Negativecapacitorconnectionfor on-chipA/D converter.
48 CREF+ - Positivecapacitorconnectionfor on-chipA/D converter.

Note:
1. -/MHz for ES5108S

Absolute Maximum Ratings

Characteristic Rating

SupplyVoltage(V+ to V-) 12V
AnalogInputVoltage(eitherinput) V+ to V-
ReferenceInputVoltage(eitherinput) V+ to V-
Clock Input DGND to V+
PowerDissipation(plasticpackage) 800mW
OperatingTemperature � � C to >@?�� � C
StorageTemperature AB�DC � C to EF��� � C
LeadTemperature(soldering,10sec) GD?�� � C

Electrical Characteristics

Parameter Symbol TestCondition Min. Typ. Max. Units

DC CharacteristicsZero In-
put Reading

– HJILKNMO�P; �DQ , full-
scale=200.0mV

-000.0 RS�D����; � +000.0 Digital Reading

RatiometricReading – H ILK = HUTWVYX ,HJTZVYX =100mV
999 999/1000 1000 Digital Reading

Linearity (Max. deviation
from beststraightline fit)

– full-scale=200mVor
full-scale=2.000V

-1 RS�P;[G 1 Counts

Roll-overError – A\H ILK = >UH I]K ^
200.0mV

-1 RS�P;[G +1 Counts

Common Mode Rejection
Ratio

– HU_W` = R 1V,HUILK =0V
Full-Scale=200.0mV

– 50 – a V/V

Low batteryflag – V+ to V- 6.6 6.9 7.2 V
Noise – HJILK M �DQ , full-

scale=200.0mV
– 15 – a Vp-p

InputLeakageCurrent – H ILK Mb�DQ – 1 10 pA
ZeroReadingDrift – HJILK M �DQ ,� � C cBdfegcU>@?�� � C – 0.2 1 a V/ � C
continuedon next page;
;=;

6 July4, 2002



  

� � � � � � � � � � � �
CYRUSTEK CO.

ES5108 3 1/2 Digit
ADC with serial output

;=;
; continuedfrom previouspage
Parameter Symbol TestCondition Min. Typ. Max. Units

Analog COMMON Voltage
(with respectto V h )

– 25Ki Between
Common and Posi-
tiveSupply

2.8 3.0 3.2 V

AnalogCOMMON Temper-
atureCofficient

– 25Ki Between
Common andHjh , � � C c TA ck?l� � C

– 60 75 ppm/� C
SegmentDriveVoltage – Hjh to Hnm =9V 4 5 6 V
BackplaneDriveVoltage – Hjh to Hnm =9V 4 5 6 V
Supply Current (Does not
includeCOMMON current)

– H ILK =0V – 1.2 1.6 mA

Frequency counterinput
level

– QWoqpsrtQWuwvyx{z Q h A|ED; C – – VQ oq}y~L�F�D����� DGND
+1.5

Input terminals:
BZINM, BZINS, MAX/MIN, HOLD, RESET, FREQ/VOLT, CLK, DP1,DP2,DP3

Input logic highvoltage – Q�h�A|ED; C – – V

Input logic low voltage
– DGND

+1.5
Pull down current – Q oq� = Q h – 5 – a A

AC Characteristics

Characteristics Symbol Min. Typ. Max. Unit
LCD displayfrequency ������� – 167 – Hz

Operatingfrequency � ���]����� – 40 – KHz
Buzzerdrive frequency ���������=� – 2.5 – KHz

FREQ-INWaveformRisingTime �w�F� – – 20 ns
FREQ-INWaveformFalling Time �w��� – – 20 ns
FREQ-INWaveformPulseWidth �W��� 17 – – ns

ClockDelayTime � � 1 – 5000 a s
DataSet-upTime �y��  – – 500 ns
EOCPulseWidth �w¡ ��� – – 10 ms
ClockPulseWidth � ��� 500 – – ns

MAX/MIN duration �W�=¢ 0.8 – – sec
MAX/MIN andHOLD Keys

Key debouncetime �w� ¡ � – 32 38 ms
Key hold time � ��¢ 50 – – ms
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3 Timing Waveforms
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Functional Description

1 Analog Common

The Commonpin is usedto set the common-modvoltagefor the systemin which the input signalsarefloating with
respectto the power supplyof the ES5108.In mostof the applications,VIN-, VREF- andCOMMON pins aretied to
thesamepoint, sothat thecommonmodevoltagecanberemovedfrom thereferencesystemandtheconverter. In some
applictions,VIN- maynot at thesamepoint with COMMON andthusa commonmodevoltageexistsin thesystem,The
high CMRR(86dbtypical) of theES5108cantake careof this commonmodevoltage.Nevertheless,it shouldbecareto
preventtheoutputof theintegratorfrom saturation.

TheCOMMON pin is alsousedasa voltagereference.It setsa voltageof around2.9 volts morenegative thanthe
positivesupply. TheCOMMON voltageof ES5108hasa low outputimpedanceof E�C�i typical.

TheanalogCOMMON is tiedinternallyto anN-channelFETcapableof sinking30mA.ThisFETwill holdtheCOM-
MON voltageat 2.9voltswhenanexternalloadattemptsto pull theCOMMON voltagetowardthepositivesupply.

Thesourcecurrentof COMMON is only 10a A, so it is easyto pull COMMON voltageto a morenegative voltage
with respectto thepositivesupply.

Whenthetotal supplyvoltageis largeenoughto causethezenerto regulate(>7V),theCOMMON voltagewill have
a low temperaturecoefficient typically lessthan �D��	�	W�Õ � C. This voltagecanbeusedto generatetheES5108reference
voltageandanexternalvoltagereferencewill beunnecessaryin mostcases.

8 July4, 2002
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2 Reference Voltage

For a 1000countsreading,theinputsignalmustbeequalto thereferencevoltage.As aresult,it requirestheinput signal
be twice the referencevoltagefor a 2000countsfull-scalereading. Thus,for the 200.0mVand2.000Vfull-scale, the
referencevoltageshouldequal100.0mVand1.000V, In someapplicationsthefull-scaleinput voltagemy beotherthan
200mVor 2V, but 600mV. For example,the referencevoltageshouldbesetto 300mVandthe input signalcanbeused
directly withoutbeingdivided.

Thedifferentialreferencecanbeusedduringthemeasurementof resistorby theratiometricmethodandwhenadigital
readingof zerois desiredfor Q�Ö]×ÙØM 0. A compensatingoffsetvoltagecanbeappliedbetweenCOMMON andVIN- and
thevoltageof beingmeasuredis connectedbetweenCOMMON andVIN+.

3 System Timing

The oscillator frequency is divided by four prior to clocking the internaldecadecounters.The signal integratetakesa
fixed1000countstime periodwhich is equalto 4000clock Pulses.Thebackplanedrive signalis derivedfrom dividing
clock frequency by 240.To makeamaximumrejectionof line frequency(60Hzor 50Hz)noisepickup,thesignalintegrate
periodshouldbe a multiple of the line frequency period. For 60Hz-noiserejection,oscillator frequenciesof 120KHz,
80KHz,60KHz,48KHz,40KHz,etc. shouldbeselected.For 50Hzrejection,oscillatorfrequenciesof 100KHz,50KHz,
40KHz,etc.wouldbesuitable.

For all rangesof frequency Ú �q Û� shouldbe100K i , Ü �� Ý� is selectedfrom theapproximateequationf ^ 0.45/RC.For
48KHz clock (3reading/second),Ü �� Û� =100PF.

4 Integrating Resistor

Theinput buffer amplifierandintegratorbothhaveclassA outputstagewith 100a A of quiescentcurrentandcansupply
20a A drive currentswith negligible linearity errors. The integratingresistorshouldbe chosento remainin the output
stagelinear drive region. It shouldbe noticedthat the integratingresistorshouldnot be so large suchthat the leakage
currentsof printedcircuit boardwill induceerrors.For a 200mVfull-scaletherecommendedintegratingresistorvalueis
47K i andfor 2V full-scaleis 470Ki .

5 Integrating Capacitor

Theintegratingcapacitorshouldbeselectedto maximizeintegratoroutputvoltageswingwithout causingoutputsatura-
tion. If theanalogCOMMON is usedasvoltagereference,aR 2V full-scaleintegratoroutputswing is satisfactory. For
3 readings/second(48KHz clock) a 0.22a F valueof Ü oÞ�fß is suggested.Whendifferentoscillatorfrequenciesareused,Ü oÞ�fß mustbechangedin inverseproportionto maintainthenominal R 2V integratorswing.

Theintegratingcapacitorshouldhavelow dielectricabsorptionto minimizeroll-overerror. An inexpensivepolypropy-
lenecapacitorwill work well.

6 Auto-Zero Capacitor

The auto-zerocapacitorsizehassomeinfluenceon systemnoise. A 0.47a F capacitoris recommendedfor 200mV full
scalewherenoiseis very important. A 0.047a F capacitoris adequatefor 2V full-scale applications. A mylar type
dielectriccapacitoris adequate.

7 Reference Voltage Capacitor

WhenVIN- is tiedto analogCOMMON,a0.1a Fcapacitoradequateto bethereferencecapacitor. If alargecommon-mod
voltageexistsandtheapplicationrequiresa200mVfull scale,a largervalueis requiredto preventroll-overerror. A 1.0a F
capacitorwill hold theroll-overerrorto 0.5count.
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8 TEST

TheTESTpin is tied to theinternallygenerateddigital supply. It’spotentialis 5V lessthan Q h . ThusTESTmaybeused
asthenegativepowersupplyconnectionfor externallygeneratedsegmentdrivers.

If TESTis pulledlow to Qàm all segmentsplustheminussignwill beactivatedandthedisplayshouldread-1888.For
suchoperation,thesegmenthasa constantDC voltageandmaydestroy theLCD displayif left in this modefor several
minutes.

9 Frequency Counter

The ES5108provides 2KHz to 2MHz five-decadeauto-rangefrequency counter. In the countermode,pulsesat the
FREQ-INwill becountedanddisplayed.Thefrequency counterderivesits time basefrom theclock oscillatorandgets
onereadoutpersecond.Thefrequency counteraccuracy is determinedby theoscillatoraccuracy. For accuratefrequency
measurement,a40KHz quartzcrystaloscillatoris recommended.
Thedecimalpointsareautomaticallysetto frequency mode.Seefollowing table:

FREQ-IN Decimalpoint Annunciator
0KHz to 1.999KHz DP3 KHz

2.0KHzto 19.99KHz DP2 KHz
20KHz to 199.9KHz DP1 KHz
200KHzto 1999KHz NONE KHz
2.0MHzto 19.99MHz DP2 MHz

20MHzor more DISPLAY "OL"

10 Hold, MAX and MAX/MIN

"Hold" functionwill hold thecurrentreadoutandconverteroperation.
"MAX" functionin ES5108Fwill displaythemaximumvalue.
"MAX/MIN" functionin ES5108Shastwo mode: MAX andMIN. WhentheMAX/MIN is pressedfor thefirst time, the
meterdisplaysthemaximumvalue. WhentheMAX/MIN is pressedagain,themeterdisplaystheminimumvalue. The
meterreturnsto normalmodeif theMAX/MIN is pressedmorethenoneseconds.

11 Serial data output

theES5108providesserialdataoutputfor usein connectionwith microcontrollers.During this operation,ES5108uses
CLK, SDOandEOCpins.Thefollowing is thetiming diagramof this connection.
TheEOCpin will bepulledHIGH at theendof conversionandthecontentof serialoutputdatabuffer will updatesimul-
taneously.
Thewaveformof EOCpin will goLOW assoonasCLK pin receivesclocksignal.OtherwisetheEOCpin will stayHIGH
andthengo LOW in 10ms.
Serialdataoutputformat:

D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 D0
LSB MSB

1. VoltageMode:

(a) D0(Polarity): ’1’ for ’+’ and’0’ for ’-’

(b) D1(MSD) : ’1’ for MSD = 1 and’0’ for MSD = 0

(c) D2 to D5 for 3rdLSD(from 0000to 1001).

(d) D6 to D9 for 2ndLSD(from 0000to 1001).

(e) D10 to D13 for 1stLSD(from0000to 1001).

(f) D14andD15 for decimalpointsbits : ’00’ for none,’01’ for DP1,’10’ for DP2,’11’ for DP3.

10 July4, 2002
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2. Frequency Mode

(a) D0(KHz/MHz) : ’1’ for MHz and’0’ for KHz.

Specialdataformat

Items D15...D6 D5 D4 D3 D2 D1 D0
Initial state(0000) Randomanddon’t care 1 1 1 1 1 1

PositiveOverflow(OL) Randomanddon’t care 0 0 1 1 1 1
NegativeOverflow(-OL) Randomanddon’t care 0 0 1 1 1 0

12 LCD Segment Drivers

The ES5108drivesa triplex LCD with threecommons.This LCD includes3 1/2-digits,threedecimal,pointspolarity
signandannunciatorsfor peakhold,data-hold,continuity, frequency andlow battery. Thefollowing figure indicatesthe
assignmentsof thedisplaysegmentsto thecommonsandsegmentdrive lines.

12.1 ES5108F

Pin No. COM1 COM2 COM3
10 CONT – MHz
11 B4 C4 DP3
12 KHz F3 E3
13 A3 G3 D3
14 B3 C3 DP2
15 HOLD F2 E2
16 A2 G2 D2
17 B2 C2 DP1
18 MAX F1 E1
19 A1 G1 D1
20 B1 C1 BAT
21 COM1 – –
22 – COM2 –
23 – – COM3

12.2 ES5108S

Pin No. COM1 COM2 COM3
3 CONT – MHz
4 MIN B4/C4 DP3
5 KHz F3 E3
6 A3 G3 D3
7 B3 C3 DP2
8 HOLD F2 E2
9 A2 G2 D2
10 B2 C2 DP1
11 MAX F1 E1
12 A1 G1 D1
13 B1 C1 BAT
14 COM1 – –
15 – COM2 –
16 – – COM3
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TheLCD waveformis asfollows
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á â ã æ

ç è è é è á
ç ê ê ë ì í î ì ï ð ë ñ ò ìâ ó ó
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ù úù û á ü äù û á ü åü ý è ü

Theannunciatoroutputis asquarewaverunningattheLCD backplanefrequency (ex. 167Hzfor �����]����� =40KHz.)Thepk-
pk amplitudeis equalto (V+ –DGND.)Connectinganannunciatorof theLCD to theANNUNC pin turnstheannunciator
on; connectingit to commonturnsit off.
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� � � � � � � � � � � �
CYRUSTEK CO.

ES5108 3 1/2 Digit
ADC with serial output

Test Circuit

C
R

E
F

+

V
IN

T

V
B

U
F

F

C
A

Z

V
IN

+

VREF-

V+

OSC3

OSC2

OSC1
100K

24K 1K

5

6

100pF
V-

VREF+

ANA-COM

9V

V
IN

-

+

-INPUT

ANALOG
1M

0.01uF

C
A

Z

R
IN

T

C
IN

T

C
R

E
F

-

0.1uF

TEST

BZOUT

BZINS

HOLD

DP1
DP2
DP3

RESET

44 45 43 42 41 48 47

3

46

1

2

9

40

4

32

35

34

31

30
29
28
27ANNUNCLCD DRIVER

LCD  DISPLAY

10 23 26

+ -

DGND

BUZZER
PIEZO

1nF

MAX

ES5108F
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� � � � � � � � � � � �
CYRUSTEK CO.

ES5108 3 1/2 Digit
ADC with serial output

Application Circuit

22MΩ

C
R

E
F

+

V
IN

T

V
B

U
F

F

C
A

Z

V
IN

+

VREF-

V+

24K 1K

V-

VREF+

ANA-COM

9V

V
IN

-

+

-INPUT

ANALOG
1M

0.01uF

C
A

Z

R
IN

T

C
IN

T

C
R

E
F

-

0.1uF

DP1
DP2
DP3

RESET

44 45 43 42 41 48 47

46

1

2

9

40

30
29
28
27

+ -

31

32

BZINS 35

TEST 3

DGND

PIEZO
BUZZER

34BZOUT

BZINM 38

10

LCD DRIVER

23

LCD  DISPLAY

26

6 OSC1

F
R

E
Q

/V
O

LT

A
N

N
U

N
C

(FREQUENCE)

(VOLTAGE)OPEN

C
LK

E
O

C

S
D

O

36 37 39

uC

1nF

4/8-BIT

HOLD

MAX

ES5108F
OSC25

Crystal

220pF

24Fin FREQ-IN

40 KHz 
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� � � � � � � � � � � �
CYRUSTEK CO.

ES5108 3 1/2 Digit
ADC with serial output

Packaging

1 QFP 48pin

12

48 37

1 36

25

2413

D

HD

e b

E

H
E

E
G

Seating Plane
See Detail F

L1

GD

DG

c

L
D 

A
1

A
2 A

Y
Detail  F

Symbol Dimensions in inches Dimensions in mm

A
A1
A2 + +

+ 0.004
- 0.002

+b 0.013

+ 0.004
-0.0020.006

0.10+
0.050.15c

0.33
0.10

0.05

0.102
0.10 Min
2.25 Max0.089 Max

0.004 Min
0.079 0.004

0.394 0.002+ 10.0+ 0.05D
E 0.394 0.002+ +10.0 0.05
e 0.030+ 0.006 0.75+ 0.15
GD 0.524 Nom 13.3 Nom
GE 0.524 Nom 13.3 Nom
HD 0.590+ 0.008 15.00+ 0.20
HE 0.590+ 0.008 15.00+ 0.20
L 0.067+ 0.004 +1.70 0.10
L1 0.098+ 0.004 2.50+ 0.10
y 0.006 Max. 0.15 Max

0 - 15 0 - 15

Note :
1. Dimensions D&E do not include resin lins.

E2. Dimensions G   &G   are for PC Board surface mount pad pitch design reference only.D

unit : inches/mm

ES5108F
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