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ABSTRACT

Piezoelectric is a type of materials that can convert the vibrational energy into
electrical energy or vice versa. This material is widely applied in various applications
especially the transducer, actuator and sensor such as energy harvester for replacing
or prolonging the batteries in wireless sensor node, ultrasonic transducer and
biosensor. For these applications, the piezoelectric is operated at its resonant
frequency to achieve the greatest performance. Therefore, the resonant frequency of
piezoelectric material is the most important parameter required whether to design or
fabricate the mentioned devices, which is generally measured by analyzing the
impedance of piezoelectric material while oscillating in each frequency. Since the
commonly used devices for measuring the resonant frequency have the complicated
profile, large size and more expensive, therefore this thesis aims to propose the design
and realization of the handheld devices with low profile, compact size and low cost.
The fabricated devices operate with different techniques of resonant frequency
measurement. For the electrotechnical impedance technique, a device is mainly
composed of three parts as Wien Bridge Oscillator, Microcontroller Oscillator and a
completed chip (AD5933). On the other hand, the electrical oscillation technique, a
device consists of two circuits as Pierce Gate Oscillator and Colpitts Crystal Oscillator.
Both of devices are validated by measuring the resonant frequency of piezoelectric
PZT metatrail in five shapes, and comparing their performance to impedance analyzer
(type Bode 100). Moreover, this thesis also presents the using of Pierce Gate Oscillator
to measure the resonant frequency of quartz disc of crystal oscillator. As the results,
this device can be fabricated as the biosensor.
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Mode 41 22 03 51 32 61
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2622.6 4220.3 1366.4 1790.1 1845.9
2622.7 4220.1 1366.5 1791.1 1845.7
2622.5 4219.8 1366.3 1790.9 1846.0
2622.2 4219.7 1366.2 1791.0 1846.4
2622.4 4219.9 1366.0 1790.8 1846.2
2622.2 4220.0 1366.3 1790.9 1846.0
2622.1 4220.1 1366.6 1791.1 1845.9
2622.2 4220.0 1366.4 1791.1 1845.4
2622.2 4219.9 1366.7 1791.0 1845.8
2622.3 4219.9 1366.5 1791.3 1845.9
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B 26200 4220.1 1366.6 1791.2 1846.0
AVG | 262221 | 421999 | 136636 | 179098 | 184593
sp | 02231 0.1553 0.2134 nigpag 4Gy pag
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3.2 mATANTTIATIEDUNUALY (Impedance Analysis)

v & ¢ v o ' P v w =
Tudetazdunsuszgnmanslunisaddygrudieg delilumstuiagiislonas
' ' w o ' Y -l o o w ad 1 '
'l't':'lu'iﬂmau'[makaas"lun'\smumusmumnﬂiamae]mﬂ'[-nmiﬂﬂ 3.8 fanquiifinarain
1aqmﬂhwuauwuﬂwquﬂwmwné’uwm wnedadlotedyyrumudiviiumiuidy
Noa mmmusmumnﬂsaumuiwauwaﬂ Fudumadiadatuildluiniesiiaseiduiuaud
il

Y Input
i
mn

Output

Dropout
Voltage

GND
U7 3.8 ndnmseuAnduiiuend
3.2.1 299583 9dyeyrauled (Wien Bridge Oscillator)

29958398ty 1uled Wien Bridge Oscillator Lf]u'msﬁw%'ua%'wﬁ’mmm
jUlel (Sinewave Generator) ag1d1elnensly Op-amp wiledia [33-38] msu'n 3.9 uay
mm'smj'summt‘mlmmammwmumumnaums Frequency Cut-Off faaun1s# 3.1

Rb RI

_ Output

b T
1'-—-]—{'\2M——1 R1 l—-

GND

zﬂﬁ 3.9 2995 Wien Bridge Oscillator V{ugw

Cut-Off Frequency F= 22RC (3.1)
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f-'] g o o 1 ] d
NNFUN 3.10 wanmannisyiuvessruuleunduegnienuseneulume
Y ‘ . i o O A
8319818 (Amplifier Gain) nass 4 wazReaulynisUoundunisay (Negative Feedback)
i - 4 (5] 4 o
ndes B uar E AermmRanainvesdygauiinansasinves ¥, wardysinteundy

Vin A » Vout

B

3U# 3.10 Block Diagram ¥9438UU

Feedback Error E=V,, — BV (3.2)

Output Voltage Vou = AE
Vo = AWV = PV o) (3.3)

V
Transfer Function A= Vi’
A
A =

' e i V; (3.4)

IINAUNTT 3.4 §19M51v81850 NI 1 (AB > 1) 2evi1lH Pole vo9
Transfer Function ag’ﬁa%’wmm S-Plane vhlviszuugiduarliiindoygyed ﬁsg‘dﬁ 3.11a

09NV 1 (AB = 1) ¥l Pole va4 Transfer Function
agviuduIumnm yilviszuuatiesingauasiindaye i Oscillate o ﬁagﬂﬁ 3.11b

I8NT1VEITINUINNTY 1 (AB > 1) 28vhlH Pole ves Transfer Function
Har21v04 S-Plane viliszuulsiiafioniindyeyies Oscillate wuugoen faguil 3.11c

)
x
el
k-3
a¥

(®)

>
(>
>

(©

o
3\11{1 3.11 NARNDUAUDIVDITEUU
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o 14 ] @
93U 3.12 uansliiiudruvesdnsversuesssuy (4) \Ju2933 Non-
" ] - o o =
Inverting Amplifier uazduveaieulumsdoundunuvau (B) 1Wu299s Band-Pass Filter ¥4
v al ' v - - a = [ - -
gaulinudaunsarulfieigaissnudideand lusesluies Sawnsaiady

dyguaudla

Output

31151' 3.12 d@UsEnouYaINaT Wien Bridge Oscillator

Rl ”Cl

High Pass Filter
Vin —

4|

LS

R1=R2.CI=C2

121]14 sseJ MO
<
LE g —_—

31Jﬁ 3.13 2495 Band-Pass Filter 1u2935 Wien Bridge Oscillator

: O = ; "
977995 Band-Pass Filter AaguM 3.13 Usznauluse High-Pass Filter uaz
5 J s ar 4 4 o Ve =l -
Low-Pass Filter aopynsuiuludnwuz99s Voltage Divider Fawvinlvidtyayinivioaniiueuna
° ' ) et 18 '
yarnIdgyg vt viednsveisves B Alldnnan 1



22

'
R1
/s
Vin Cl
¥ Voul_
g |8
s Zp
Rl =R2
v . Cl=€2

zﬂﬁl 3.14 MANNIIYINIUTD193 Band-Pass Filter

- ° v < 1 -l " W
NFUN 3.14 Amuala99s Filter Maaoadlan Cut-Off Frequency winfulag
o ] o v o ) : 1 o L J
Amualian R1 = R2 uag C1 = C2 9y Mons19818909d7u29954WINNAY 1/3 Aaun1sn
3.8 wavannsausuanudlamenisuiuan R1 uas R2 wisuriu

1

Capacitor Impedance Xy= (3.5)
- 2nfC
High-Pass Filter Impedance Z = JR}+ X,
Xo =R,
Z, = \[iRl (3.6)
Low-Pass Filter Impedance Z, =R, | X,
Xo,=R2
(3.7
Zp= ﬁRz
Band-Pass Filter Gain v, =V, A
Ve =V 22
Zy+2Zg
1
V.==V
oul 3 m (3.8)

J J i s 1l o o t 4
Inaun1sh 3.8 wenass B fidnsrveremindu 1/3 lunisvinliszuu
¥ ar e - - - -‘1 ° L3 ar [
Oscillate w3pdnT1veEsMYINIY 1 NelWiiamsiadssingauualnsavirlameiuimun
dnsEIeveInaes A v 3
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mnn'ﬁmﬂaaawuiﬁtymmgﬂhﬁﬁ‘lﬁa1n1wsfflﬁmmiﬁﬂﬁagﬂﬁ 3.15
ernifnussdunnasenlu Op-Amp vilAaeiueiinitlifeentstu amsoudlyldde
NUSUSRIIVEILANAINEIINRIAANTT Oscillate ud? ansailaenluliflaenisiden
gunsal Rb 1uldTansdazuil 3.16 FapuantiveslanzAeguugiiuusdunsaiuainam
Fruvu efinszualvaruasilivaaialumasalnoudu Amudumiugetu vl

nswevanaala

Micsig ®n e 9 e @ HED

Pmﬂpeaca-li—armonlcs

Chl 5.0V ¢ 0.000us W 200us / Chl 0.000%

o'

;Uﬁ' 3.15 dygyI0aM993 Wien Bridge Oscillator Midnsuensviniu 3

— Output
Cl || Prevasiesal)
R1 R2 C2 [
| y [

31J1'r|' 3.16 viaonalWldlane Rb dwmiuuiuanswene
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265 = =

Micsig wun b= SD 120K WER

(1 4

Ch 5.0v 0.000us * M 200us / Chl 00000

o
31]'5!' 3.17 dfyey1auaIn995 Wien Bridge Oscillator fivsudasvenvanas

ué’amn‘lﬁé’mmmﬂ‘lﬁﬁﬁqﬂﬁ 3.17 ué’umv‘hmsdmﬁ’mmwmﬁtiﬁﬁu
'Jaqmu'[wnaqmsmn-m'rmnﬁ'uwm LavAav ATy 1e8NNINI9RS Rectify Way 2993
Average ma'lﬁ‘lu'[ﬂ'sﬁmﬂmataasmumu.auwaﬁm'umﬁ’mtg'\mwﬂamnﬂammmu‘[uma
Analog to Digital Converter n1elululasnoulnsaiaes wioussedyyranaudidn

Lilasmoulnsawaadne fagud 3.18

N
Input
o
l I (]
Average Rectify T &
ADC 2
| O1‘§ < —
c 23| IN4148 2
I R
Microcontroller 1 o A
GND GND

?Jill 3.18 299sUuUdy e Inueamagaduus iy

yanmsnaasslaensuiuaauiumuiteuiuauiiuandeulusunsuli
lulasmeulnsaiaessruAimud wisuiusiuAuseiy ua-'ﬁﬂmuusw‘futﬂawuqﬂﬁﬁusaﬁu
umqmqmwuwmflumm'\uaé’uwaa Tnevierfuiitleameiia ussduildainnisuiu
mmnmsﬂw 3.19 mmu'lmﬁuanvmuﬂmunun's’wlﬁ‘lﬂmnmianLﬂﬂvuauwuﬂw
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Micsig stop ) o zxux _ o® W)

sl 1.0V ¢ M 100ns

o

J s o o - -
JUM 3.19 us9UIINNITIANAIND 2kHz D4 dkHz

F g [ ] . o Vv '
Tunsmeaesil nMedideldnelsasasvaianaasaieldadsdyyuddly
v a w - - y - v a o w4 w
dafeledaguil 3.20 299sarilansdiu Aedruvesesainmiud nawnsauiuldand
Fuyuusuale wazeasulasusunagauasdrygaliidunsediy

s e ees ssseas R sas@aaw =eses

TR RN
T R
CE R

fah

T
ELE RN
L
abcde

3U# 3.20 veiAnAaD¥I39s Wien Bridge Oscillator
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M7 3.2 uaneimuiduiissiisulfnmaianisinisiuan 20 a
reiielausiazusiu niouAnadouazAndowuunmnsgiu wuindianasenegi 1 Hz fins
nsvaedeyaeguseana 3 Hz uasAfldertiesnitnisindredafaeiniesiinesiduiiunud
iesnfunsiieeiainn Resistance ity

< v o d o v . . "
A15197 3.2 Jeyaruddunesveiieledieasas Wien Bridge Oscillator

4184 1301 1705

2613 4184 1303 1705
2613 4182 1303 1705
2615 4183 1303 1705
2613 4184 1303 1704
2613 4184 1302 1704
2613 4185 1303 1706
2613 4184 1303 1705
2613 4184 1304 1705
2612 4185 1304 1703
2614 4185 1303 1705
2611 4184 1302 1705
2612 4184 1303 1705
2613 4183 1303 1706
2613 4184 1303 1705
2613 4184 1304 1705
2613 4185 1302 1704
2613 4184 1303 1706
2613 4183 1303 1705
| 2613 4184 1303 1705
AVG |  2613.00 4183.95 130290 | 170490 | 1
SO 07947, ~ 0.7591 0.7182 0.7182
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3.2.2 dyuwadenlulasroulnsaiaed
- EEI | - Y i
Buduitnhengadesnliiieslulasreulnsame i sedyyu

a 4 J J 1 W =l J - s
wdsufinwdaneg iuludvianiels wazdsuueundgavasdyaanduusiumeens
USuupdygrundninnsiaussiuanasounisluga Analog to Digital Converter el

lulnsnoulnsaians fagui 3.21

OCR \
[¢)
Avetams Rectfy T b
ADC I‘
_I_—Lfg IN4148 $ =
Microcontroller | |
GND GND

= w o
JU# 3.21 mydamudduriesnslulasaeulnsaiaes

arldndnnsadneAuizildasas Wien Bridge Oscillator Tudnediu udaxld
- = = v '
dygraugudmdsunnlilaseoulvsaneiloonse [39]) Fwzliodueiin duithidesnisegann

[ - W . =l -
unAavan (Carrier Frequency) %zuuauwagﬂqmqﬂmsﬂw 3.22

Micsig Run e ne 120000 132 )
[Carrier Frequencv \
\ ‘Unexpected Harmomcs |
11 3 -
Chl 2.00 ¢ D.000us * W 400us / Chl 2.760U

U 3.22 dygradmasuanlulasreulnsaaes
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msadennuiainlulasreulnsamesiuarerdsluga Timer Counter
meluredlulasroulnsameiiluimaiidyyiu lnsidonldlulasaoulnsaiaod 8dngy
Atmel Atmega328p Uusasauarindyaras uarldluga Timer Counter 1 vuin 16 On
melulilasnouinsaeiifushaidgygnlasandeninun CTC Wusuiuanud fgui
3.23 uagannIaduIuANAliINaNNST 3.9

CTC Mode, Timing Diagram
l 7 OCnx Interrupt Flag Set
]
i [ [ _ ¥ 1
TONTn / / / / %%%
A . .
e e S N

- ) ° . s
JUN 3.23 wann13viauees Timer Counter Tululaspoulvsaiass

FC'LK

F,,6 =——CLK
ok " 2N(1+TOP) (3.9)

F,-x = Output Frequency
Fex = Main Clock

N = Prescaller
TOP = Variable

Ygymanmsadeanudininluga Timer Counter fi Amuazideniinetul
wihriuluusiazduiidesninfunisusuanuiitheaunat fsaunistreiu Tnedleumuan
Wuaududrvzviliauinsvesusassulsivinfu ﬁ’auam’[ugﬂﬁ 3,24 et muaaui
winwiru 16 MHz way Prescaller Wiy 64 unu X wameaud Output dIuunY Y wans
ﬂ'numa*uaqmmfﬁu‘i‘ry’uﬁp’uq
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Step Frequency vs Frequency

1000
900
800
700
600
500
400
300
200
100

Step Frequency (Hz)

0 2000 4000 6000 8000 10000 12000
Frequency (Hz)

= o - ' P
31]“ 3.24 aﬂi"ﬂ'ﬁL“uﬂaQﬂ']']umuumagﬂ'l"luﬂ

& vi o d & 0 o v da o ' & 5 v o q v
szwulainudlonudgeiuagyilviauinlivluusasduneuiunie Rt
' o cala o v oo - - o -l
liawnsalslunmsingunsaindiaungala \esnniinnuaviduadiluaudgs waluns
oS - ol o - do v tal q °
naaesil Welemhunldlunisneasssziimuddunesagiussan 2 kHz $aannsAuin
v v ° ) - ' -l
Jenuzyn vlamuasidualuguanufiuszanu 30 Hz
o £ 1 -‘ 5 1
ynmsnaasslaslilulasmeulnsamesuiuAmuannigalugegauazeiu
[ L7 -3 ar v 1 v a -l - 1 3 vu‘: -
Ausamufiulilusmnys wdmausuigaigaiiegingaiululasaoulnsaiasilanmmd
v - & oo v - ) W v oo v g o v
1ol% arudtusziduainuddunesveadslenuiuiin usenunialaainleasi Welv
3 ar 4 1 @ v v o J
Lulpsaeulnsaaeiuiumnuiiuuy Sweep awiiuldindygruildszadeiunsmainiaios
- ‘o = o -l | - - ¢ - v - o0 v v
AnswiduiuaugRIgun 3.25 wiliasanilmiudeniuetinduunsnune Favirlvinsdu
- - aa v & - - '
vaafislenimudduieauiiueundgaligann

Micsig stop ——3%— o axim_ o)
D
.o i N 100ns
o

z‘l.lﬂ 3.25 UWSINUNNTIANAINUD 2 KHZ 03 4 KHz
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d U ql n.J v A U v - o : [ n‘:
#15199 3.3 waneaAuddunesieuldanmaianisiatisiuiu 20 A
1 1 1 v 1 1 A 1 1 d 1 Id
sowie ausasueu WIDUAINANLALANUVLAUVUNINT U wmflﬂ'mmu‘lﬁﬁmmastﬁumagw
- dd o ' v Y a v a - fa  a .
Uszunod 30 Hz wasdaiAnuNanInNIIN15IAD1909n8LIAT B ILATIZ VD UNLAUY

o o o) : .
A13199 3.3 Teyamudduneveiielysiees Microcontroller Oscillator

POLTE: A St SIS TS TR VTS S

2450.9 4032.26 1288.66 1689.19 1543.21

2500.00 3906.25 1358.68 1666.67 1602.56
2403.85 3676.47 1329.79 1602.56 1582.28
2403.85 4032.26 1329.79 1666.67 1562.50
2450.98 4032.26 1288.66 1644.74 1562.50
2358.49 4166.67 1237.62 1602.56 1562.50
2450.98 4032.26 1288.66 1666.67 1602.56
2450.98 3787.88 1250.00 1666.67 1562.50
2403.85 4032.26 1237.62 1689.19 154321
2358.49 4032.26 1250.00 1666.67 1562.50
2500.00 3906.25 1237.62 1562.50 1562.50
2450.98 3676.47 1250.00 1562.50 1562.50
2450.98 4032.26 1225.49 1666.67 1543.21
2358.49 4032.26 1237.62 1712.33 1543.21
2403.85 3906.25 1250.00 1623.38 1582.28
2450.98 4032.26 1237.62 1666.67 1562.50
2450.98 4032.26 1237.62 1666.67 1562.50
2403.85 4032.26 1329.79 1689.19 1562.50
2450.98 3787.88 1250.00 1666.67 1524.39

20 | 2500.00 4166.67 1225.49 1689.19 1602.56

AVG | 243268 | 396678 126706 | 165337 1564.72

SD | 44.2946 139.6683 408531 | 415821 | 210748
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3.2.3 la@ AT eviduniuaud (AD5933)

9 nnsAnwnuiniiledues Analog device Ju AD5933 [55] Fatuled
a ‘o el « . W - ot g p v ow
Jinsreviduiiuauduuy Complete Chip fagu 3.26 Fauduladniimuannsanaisiy
ad a fa o € L | = -
wadiiasevBuiuaudusazaeiuinuazBeauarUsEansnm (40 - 42]

U 3.26 Inledinszviduiiuaud AD5933

muluvesledimivilugaadrsdygalediuiummudld uazlugaudasen
pundenluainea uasiimheyssnanadmiviuniduiuaudegnisluiome fagud
327 Fufunninerledinld aunsadenulilasreulnsaaeslasnsildiilesnniduled
dndaguudn

MCLK AVDD ovDD
— —— —
e e
oDs
b CORE
OSCILLATOR (27 BITS)
d
"
L e - TEMPERATURE /)
DA INTERFACE SENSOR Zw)|
] ’,’
ADS933 /
REAL _|[IMAGINARY e
REGISTER || REGISTER .
I I 1
I 1024-POINT DFT ]
- L
ADC (= - ] O
(12 BITS) e e
vDDi2

o832

-O0—O
AGND DGND

Ui 3.27 laseairaneluvesled AD5933
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du-ﬁvv - Y aw - ow il e ‘a ¢«

dyanuiledsmiliduisluuilidnvasfvaiuieiesiiesziduiuaud Ao
o o @ = ) < 5 vouve o

Wudygragulainuiummiiuuy Sweep cn'mmmmnqaqmmqmﬂma’hmgﬂn 3.28

Micsig stor O S A K., S ...

Hi

pjil' 3.28 dygyaugulmiuuu Sweep AWl

° ar : 4 J ar 1 J v o =l
lunsneassaziiledimiusedsssiiotnfrnnuddunesvesiagiioly
a J U J i v 1] ] f  a
fagun 3.29 warldlulasroulnsaaadetun Fetoyasvgnasitunesadaynyiu 12C
3 ., ey

U 3.29 vesndSaguvesled AD5933

4
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1571471 3.4 uansArnmduResigwKaIn AD5933 ruau 20 afude
Welsusazuiy wiouAnatsuasandenvunnnsgiu wuirdimuazideaegil 1 Hz 13
nszedeyauszunn 2 Hz uasAiienlsfimnlndifsstiunisindndaneirioriinsey
Suiuaudinn iessnunsiiasisiaia Resistance way Reactance

P do v = v aa a - ¢
A13190 3.4 deyarudduipweniieledigleTinmesiduiiunud AD5933

2620 4220 1360 1845
2621 4220 1361 1844
2620 4220 1361 1844
2621 4221 1361 1844
2622 4220 1361 1844
2621 4220 1361 1843
i 2621 4220 1361 1844
2619 4220 1362 1844
2621 4219 1360 1843
2621 4220 1361 1844
2621 4221 1361 1844
2620 4221 1362 1845
2621 4220 1363 1844
2621 4220 1361 1844
2620 4220 1361 1844
2621 4221 1360 1844
2622 4220 1361 1844
=5 2621 4220 1361 1844
o 2621 4221 1361 1847
2621 4222 1361 1844
AVG | 262080 | 422030 | 136105 | 179515 | 18445
SD | 06958 | 06569 | 06863 | 06708 ‘| 08127
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3.3 maliansaun1alnifa (Oscillation Technique)

'lwaumxﬂumsdsvqnmemsas'mmsé’ua.,maumq‘lﬂﬁwanammah wailpiiay
Humsylieesbiaiosuazsiamsdumsiihiu (Resonate) Tasasdusznauiiviilinisdu
uumwnmaqmuiwu‘smu'lﬂﬁwmmaaeunaimamwn'umwwmanaqmuh way
1aqmu'['uLﬂmaqmmummnﬁ’uwm JoilWiagiiingAnssusemuinaliihaeandeaiy
AMAIING

Tumsiuanaiiiy Lﬂmmnﬁ:utuﬁmvﬂﬁmnmﬂﬁﬂﬁasLﬁuﬁ'turgwmmﬁﬁ"uﬁmtau
wazmideiilumanspszgndlifuasesilasaeulvsataesiifinineansa Sudenld
lulasreulsalaesidudituanud Tasldinadatusunuiadiisuiugiunaais 1 Jui
97nled Real-Time Clock DS1307 ms'd'n 3.30 Tawarldrmuininuasidongafs 1Hz

ua-'l'una'\'lun'mnummm 13um ﬂﬂﬂN w3ovuA1812 10 JuMi faranuuaniranlaun
w15 10 ﬂﬂz‘lﬂﬂ?’lﬂﬁﬁtaﬂﬂ‘ﬂ 0.1 Hz ﬂL'lﬂ']LﬂUFI"I 10 Fu

Pierce Oscillator
—

DS1307

-

s

I Second

o a " -l
jU# 3.30 Emstuanudmslulasrauinsaas’

3.3.1 2499 Pierce Gate Oscillator

L -] L] a v -
Tuhdetazifunisusegniinasisresadaiameiunlilunsainmiud
b = - -1 w aa v ¢
duwosveaiioly Fnasiiursesdmivaiumuiluesainea laglindnmendilily
s o 4 J 1 -l e - -

msadedyarauinundufimuamiud fukumendiiiquanifiveadsledidnnin

| o v v ¢ o w | w

wulieatu Failleddmivadadygraainmendaiadalaeaniz 1y SN74LVCIGX04 A
= -t P v v 0w ot ¢l ' s
sU# 3.31 @aledilignaiiundmiulinuawzudnmendiinszudlvasiuei

5U# 3.31 107 Pierce Oscillator wo$ SN74LVC1GX04
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299ssTesadalameTUsznouluie Logic-Gate iiesiaidinn daudu Not-
Gate wazAadnyey 1 Output HIueleuazaLg Input cﬁ’qgtjﬁ 3.32 ieazyiliasasly
iles iansndusnu Logic Wan Tnediruiidusesvesianuieladumimunmuives
295 [43-46] Jsigudusesiannsoaremmdduibilduuy Real-Time

gﬂﬁ 3.32 29393 Pierce Oscillator

o w 1 ¢ v w o | ' -t
\osnndaguisly Wulsweidosldndarnlunsdusnniukumend 3
' ° sy v o o a4 a fa = . v
Liannsaileddrefuudulalasnss 9innsinlasliiniediiaseidufivaudiliniu
a o « - ) ca o val 1 < de v Vo o ot v
suiuaudvaaiisledyiwesminnldiiausvunnu 150Q Aeudduios negivoiudenly
= L4 -‘ 1 L
108 Not-Gate we$ HEF4069UB Miannsasnunszualst 10 mA uay Output iuuuy Push-
- o W <l
Pull Famnzauanlglunstusleunudsgun 3.33

3Uf 3.33 108 Not Gate HEF4069UB
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MsuTesNIsieyesadiametuilun1snau Logic lun laenssuass

' - o o - v w o o/ P 1 o val o & - v o o
‘I.uamumuiwqumnﬁuﬂmﬂmmUUs“qmm whludulinmaiuysegdnaumianguly
WRagUT 3.34 axdanali -ummmmmuﬂqua"unanauauwanmma‘ftymm Tasaunse
fualdeannauntsit 3.10 Taedl ¢ | Aomauifuuszqvesdisly waz C,,c, Wil

Wiy

——
1 0

Piezo

el

Charging

Discharging

Cl

Discharging

|| || l Charging

L2

GND GND GND

o W ° ” z
JUW 3.34 ¥anN15¥N91UYB995 Pierce Oscillator

= Sy (3.10)
LT C4C; :
J L " a 12 J J L3 = oa (-]
mammwsﬁ‘lﬁ Logic Gate Wumasieenun ml.{‘luqﬂnmmemmaa m
v - Y- T « - ) Y -l -
Indeygyru Output ug'ds'n'umuuwmmsuaunaummsumum‘sﬁumgﬂn 3.35 90199%
-l ] J v v 4 U v [} v ] o v
fuanoAudduneaulaenayinliauwivgaeal

MN-

Frquency
2.606KHz

———3 o 2w suze W

W

M 100us / Chl 1.2400

o

0.000us

;p.lﬁ 3.35 dyqy1uiDenaIN2993 Pierce Oscillator
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esndygaiildtidnwusdugulnd Steedinsuiuugsdyalidy
é’mrmmﬁmauunauiﬂuawmsn'l-uaaimanm'ﬂu'la-mmué’rgmm e Output svoanuudu
é‘mmwmsﬂﬁmaﬂuwmm‘mm‘lu'lwu‘lﬂa‘luiﬂsﬂauimaLaaﬂﬂ msthn 3.36 lnoazlv
e'fturmtuaamflué’fgtgm;ﬂﬁmauumsﬂw 3.37

> ~_Output

3Uﬁ 3.36 N%U%’wiaﬁfgtmmlﬁtﬂué’rurmzugﬂé’lmé'uu

Micsig mun (”7" 1 o remum me™

\ﬁr'-\r-\

|
-
L —

o 0.000us * W 100ws /Chl 1.2400

o
;ﬂﬁ' 3.37 é’tymmgﬂﬁ'mﬁuumn Not Gate

Tun15MAaBa993 Pierce Gate Oscillator Megideldsiatasasuaiannans

J o a I ar J o L s = s
(Protoboard) {Wevinn15inAn AIguN 3.38 adanaldansesiliqunsaitos fmududou
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3.3.2 2435 Colpitts Crystal Oscillator
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Abstract—This paper presents a comparison between pierce
oscillator and impedance analysis techniques for measuring the
frequency of the quariz crystal. The QCM analyzer based on
plerce osclillator Is designed, realized, and then compared to the
Impedance analyzer (Type bode 100). The comparison Is focused
on accuracy and precision of measurement. The pierce osdllator
in a completed-chip is employed in the QCM analyzing device In
order to simplify the circuit of system. The frequency drift and
standard deviation (SD) values which are obtained from resonant
frequency measurement are studied In order to investigate the
accurate and precise measurement of devices. In the experiment,
an AT-cut quartz disc of crystal oscillator package HC49U is
unloaded and loaded while it Is being measured the frequency.
From the experimental results, the QCM analyzer based on
plerce osdllator and impedance analyzer have the approximate
accuracy and precision of measurement. The QCM analyzer
based on pierce oscillator has lower sensitivity due to the
frequency drift.

Keywords—Pierce Oscillator ; Accuracy and Precision of
Resonant Freq 2y M f

[. INTRODUCTION

In recent years, the quartz crystal microbalance (QCM)
biosensor technology is not only increasingly important in
various fields of work, but it also has received more attention
from many researchers due to its low cost, high sensibility and
high stability. Many QCM biosensors have been employed in
the works of medical diagnostics, agricultures, and
environmental monitoring [1-3]. The QCM biosensors
typically consist of an oscillating quartz disc with circular
electrodes on its surfaces, and a quartz driver circuit. When
the liquid or mass is adsorbed or placed into a quartz surface,
the oscillating frequency is decreased due to the characteristic
of piezoelectric effect [4]. As consequence of this, the
referential between resonant frequencies of a quartz disc with
load and no-load on its surface is utilized to recognize the
weight mass and viscosity of liquid or mass.

The popularity approaches for measuring the resonant
frequency of the QCM biosensor are gate oscillator and
electromechanical impedance techniques. However, both of
them present advantages and disadvantages depending on the

978-1-5090-3940-1/16/831.00 ©2016 IEEE

application. Since the AT-cut quartz discs with resonant
frequency higher than 1 MHz are commonly used in QCM
biosensor in order to detect the minimum mass [5-8], the
impedance analyzer which can measure high-frequency is
required. Even though the high-frequency impedance analyzer
can provide the high performance of measurement, it is
expensive, needs to be calibrated to prevent measurement
emrors, and consists of the complicated circuit. On the other
hand, the gate oscillator is cheap, low profile of circuit and can
measure the high-frequency, but it provides the lower
accuracy and precision of measurement.

The aim of this paper is to design and realize the QCM
analyzer based on gate oscillator (pierce oscillator). Then, the
fabricated QCM analyzer is investigated by detecting the
liquid load on the surface of oscillating crystal. The errors in
measured values of the fabricated QCM analyzer and the high-
frequency impedance analyzer (Type bode 100) are lastly
compared.

II. DESIGN AND FABLICATION OF QCM ANALYZER BASED ON
PIERCE OSCILLATOR

A. Conceptual System

The conceptual QCM analyzer is a handheld and
convenient device for both indoor and outdoor use, which
consists of the frequency measurement circuit, data logger,
and power management circuit as shown in Fig. 1.

In order to simplify the frequency measurement circuit,
the pierce oscillator integrated circuit SN74LCV1GXO04 is
employed for detecting the frequency of quartz crystal as
illustrated in Fig. 2. The frequency of quartz crystal through
the pierce oscllitor is going to be the Transistor-transistor
logic (TTL) square wave, which can be directly counted using
the internal timer counter module of microcontroller. To
prevent the false of frequency counting, the pulse waves from
pierce oscillerator are compared to the pulse waves with
calibrated frequency of 1 Hz from Real-time clock DS1037
while counting as shown in Fig.3.
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While the quartz crystal is being driven without based
clamp or case, the external vibrations will produce the false
results on frequency measurement, therefore in the Fig. 4 the
quartz crystal is clamped and covered 0 prevent the
disturbance of external vibration. Tn addition, the electrical
signal from pierce oscillator for driving the quartz crystal is
very weak which can casily be disturbed by the external
electrical field (noise), consequently the pierce oscillator
circuit is placed where closest with crystal oscillator as
illustrate in Fig.5.
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Fig. 4. Printed QUM case from 3D printer

Pierce oscillator

Lig. 5. Fabricated QCM analyzer based on pierce oscillator

11, EXPERIMENTAL SETUP

To investigate the accurate and precise measurement of
fabricated QCM analyzer based on pierce oscillator and the
high-frequency impedance analyzer (Type bode 100), both of
them are tested measuring the resonant frequency of a same
quartz crystal. The AT-cut quartz disc of crystal oscillator
package HC49U in Fig.6 is used for experiment, which has a
diameter of 8mm and resonant frequency of 6 MHz. In the
experiment, the QCM analyzers are used to measure the
frequency of quartz disc which is unloaded and loaded with
the 2, 4. and 6 uf of distilled water on its surface.

Fig. 6. A quanz disc of crystal oscillator package HC49U



Fig. 7. Measurcment sctup of impedance analyzer (Type bode 100)
TV. RESULTS AND DISCUSSION

In Fig8, the electrical signal from pierce oscillator for
driving a quartz crystal is not the pure sine wave which 1s has
many harmonics. These harmonic waves drive the quartz
crystal in many vibration modes shape. Therefore, the
measured resonant frequencies from pierce oscillator are not
match to the measured resonant frequencies from the high-
impedance analyzer as show in Table.1, though both of the
pierce oscillator and the high-impedance analyzer are
measured the same quartz crystal. These problems are not the
core issue for the mass measurement, since the measured
weight mass and viscosity of liquid or mass obtained from
frequency drift.

To obtain the accurate and precise measurement of pierce
oscillator and the high-frequency impedance analyzer (Type
bode 100), the measured resonant frequencies and frequency
drift are analyzed. Fig9 shows the measured resonant
frequencies from pierces oscillator. While the quartz crystal is
unloaded and loaded with 2, 4, and 6 uf of distilled water, its
resonant frequency is dropped by 5995763, 5995319,
5994844, and 5994205 Hz, respectively, the measured
resonant frequencies are the average values, since they are
swing while the quartz crystal is loaded.
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Fig 10 illustrates the measurement results of impedance
analyzer. The resonant frequencies of quartz crystal are
obtained by using the impedance analyzer to measure the
impedance magnitude of quartz crystal. During measurement,
the impedance analyzer will sweep the frequencies with |
Vrms through a reference resistance S0€) to a quartz crystal.
As the graphs in Fig 10, the lowest point with minimum
impedance is the resonant frequency.

To compare the precise measurement of pierce oscillator with
the precise measurement of impedance analyzer, the measured
resonant frequency of both pierce oscillator and impedance
analyzer are plotted as the frequency drift in the Fig.11. As
can be seen, the interaction between measured resonant
frequency and quartz-crystal's proof mass of the two
measurement techniques are not the same. But their frequency
drift increasingly shifts in linear. Therefore, their precise
measurement is quite the same.

In addition, the accurate measurements between the
measurements of pierce oscillator and impedance analyzer can
be compared by considering standard deviation (SD) and
relative error of the measured resonant frequency. The
standard deviation value is obtained from the resonant
frequency measurement that implemented more than one time,
which is demonstrated in Table 1. From Table 1, The SD
values of impedance analyzer is less than the SD values of
pierce oscillator, consequently the impedance analyzer has the
better accuracy in frequency measurement. Even though, the
pierce oscillator has lower accuracy, it is usable because its
SD values or error are approximate to the SD values of an
impedance analyzer
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Fig. 9. The measured frequencies from QCM analyzer based on pierce
oscillator
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TABLE L. THE MEASURED RESONANT FREQUENCIES AND STANDARD
DEVIATION VALEUS
Unload 2 ul 4 uf 6 pt
Tmpedance | Moan (112) | 5995763 | 5995319 | 5094844 | 5994205
Analyzer g1y 0 19.0832 | 18.6024 | 102746
Relabve 0 0.000318 | 0.000310 | 0.000171
error (%)
Pierce Mean (Hz) | 6001179 | 6000786 | 6000484 | 6000244
Oscliistor 55 10985 | 280505 | 23.9915 | 15.0675
Relative 0.000183 | 0.000467 | 0.000399 | 0.000251
error (%)

V. CONCLUSIONS

The comparison between pierce oscillator and impedance
techniques for measuring the frequency of quarlz crystal arc
drawn in this paper. The QCM analyzer based on picrce
oscillator is designed and fabricated. The comparison is
focused on the accurate and precisc measurement of The QCM
analyzer based on pierce oscillator and high-frequency
impedance analyzer (Type bode 100), which is done by
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following the parameters of frequency drift, standard deviation
(SD) values and relative error, As the results, the accurate and
precise measurement of QCM analyzer based on pierce
oscillator is approximale lo the accuratc and precise
measurement of impedance analyzer.
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