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ABSTRACT

Sense of smellis important because it informs information of the environment
around us. For example, some unusual odors imply dangers or some specific odors
imply the quality of the food that we eat. However, human sense of smell has
limitations since it depends on age, gender, health, experience, and etc. Thus an
electronic device for measuring odor concentration using QCM  (Quartz crystal
microbalance) sensor was developed in this project. Due to the fact that the resonant
frequency of a QCM sensor varies in accordance with the weight of the odor molecules
adsorbing on the sensor surface, the frequency shift can be converted into the change
of measured odor intensity. A reciprocal frequency counter which can realize both high
temporal resolution and frequency resolution was implemented on an FPGA (Field

programmable gate array) board to measure the frequency shift.
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Researcher Theory Reference
G.M. Dyson et al. Molecular vibration [Dyson1938]
J.E. Amoore et al. Molecular shape [Amoore1952]
J.T. Davies et al. Diffusion pore [Davies1959]
B. Rosenberg et al. Piezo-effect [Rosenberg1968]
L. Turin et al. Nose as a spectroscope [Turin1996]
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2.3 [WuwasIanauYian Quartz crystal microbalance
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3.1 lasead19vaasasianauiiaanuuy

‘:“, o di L ﬂ. 2/ .
lulassuilasinisesnuuuiniesianaulasld QCM (Quartz Crystal Microbalance)
Wuees wslvaunsaianauldludasiaay Iﬂﬂﬁiﬁﬁaﬁ%’ﬂaﬁaLLaﬂﬂugﬂﬂ 3.1

Odor molecules
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B “ e
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|

QCM Sensor

Circuit*

Af

Reciprocal

frequency Counter NEROA

Nios [ CPU

Text dgta

7

Computer

*QCM Sensor Circuit is an Oscillator Circuit with a QCM Sensor

U7 3.1 lassaievesveuniasinnduiieonuuy
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QCM Wulgesazgniinegivisatesadiaines Lﬁaimaqaﬂumﬂ?{u'iumn’lmaam
fuafuiires QCM Wulred agvinldaanudslouuuduesdyyiaie1innueieas
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LUU A8 29357AA21UAWUY Direct frequency measurement Wag 29953ATNARUY
Reciprocal frequency measurement ag14lsinu ’Luﬂimmmwuﬁuwﬂmaaﬂiﬂ 199770
ATMAWUY Reciprocal frequency measurement Welildniuay Laamaam’luwamma
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CPU witovinnsUszananawasdeddeludinoufinneslugy text file shuntsdoatsuuy
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138131 Nios I

3.2 uata FPGA ild
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Counter Nios Il CPU asuu FPGA thuilaglduasa FPGA 1 DEO-Nano ¥8euiem Teras IC
Fauandlusui 3.2 lae vosa DEO-Nano ilnmandfsil

- Altera Cyclone® IV EP4CE22F17C6N FPGA
- SpansionEPCS64

- 32MB SDRAM

- 2Kb 12C EEPROM

- On-board 50MHz clock oscillator

TR8YNN1598NLUUATIaMLAG18aNWL73 Quartus I Web Edition 14.1.0.186 vitauuu
s8UUU{UR Windows 7 Professional 64 U
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g‘LJ*?i; 3.2 Ua5m DEO-Nano [DEO-Nano User Manual]

3.3 N1399ALUUNASINATINALUY Reciprocal frequency counter
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: - 23 Gate
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= A - doyaFiFuay
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5U# 3.3 2935 Reciprocal frequency counter #ilaaniuy

U

9112493 Reciprocal frequency counter filaaanuuulugui 3.3 dygrudunniu
dyarauntlannain QCM Wuwas fiaud 20 MHz ntudyuildgiiuesmsaud
wlinruivszana 1L MHz andudaaiuegldiansiineesiewSouiisusudygyia
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3.4 N152aNKUU CPU 98919959aAM8ALUU Reciprocal frequency counter aduul
FPGA

Ao

cPU drufiifiuasauasuu Altera Cyclone IV FPGA #3831 Nios Il CPU 98A09%1n13

1 dlﬂﬁl 1 2/ Aﬂ' 1 o 1
ganuuuRulUswNINAYeI1 Quartus I Tnald Tools 17931 Qsys lunsimvuaunegas CPU kaz
fesdunisviierusiegues FPGA Aisndudwmiunisadie Nios It CPU wasantufiviinizaing

Frudnualukunw block diagram ¥4 Nios Il CPU Wievinusinfivdiuresisasidneadely
I: System Contents AddressMap i3 | Interconnect Requirements 4

4 0 System:rios_system Path: dk

Description

End

. 3 ‘Use C... MName Clock
A |7
X | & 'E cpu {Mios [T (Classic) Processor | ik |. ox0s00_as00 |oxo400_sz22
el IR ! @& sdram SDRAM Controller | etk | o=0200_g000 loxnzzs sz
_ | =@ | B0 jtag_to_fpga_bri. |JTAG to Avalon Master Eridge (clkc |
~ ™ '@ onchip_sram -Chip Memory (RAM or ROM). muitiple oultipls |muitiple
= l v |El onchip_sram_2 |on-Chip Memory (RAM or ROM} clic multiple \mu2biple
v | ¥ @ jtaguart i]TAG UART el 0x0400_5108 [0x0400_§10ZF
= [ F2 | B wart |UART (RS-232 Serial Port) clic ' 0x0400_35000 |0%0400_501%
i [Fi] ‘E sysid ?Svstnm ID Peripheral clk 0x0400_5100 |0x0400_5107
1] @ data_rcp_1 PIO (Paraliel IfC) clk 020400 3070 io;g-ws_sog
l )] @ data_rcp_2 P10 Paralel 1/0) dk 0=0400_50d0 |2x0400_s0d£
& | B data_rep_3 IO [Paraliel 1/0) clk | 0x0400_50c0 10x0400_50c%
‘ & B data_rcp_4 ngnw 110} ke ! oxpa00_s0b0 0x0400_50BE
. 73] | B flag_rcp ‘FT.O {Paraliel 1/0) | clk *’ 0x0400_50e0. {0x0400_S0es
¥ '@ data_dir_1 PIO (Paraliel 1/0) : kdk ||| 0x0400_5020 |0x0400_S0a£
Fi |B data_dir_2 [PIO (Parafiel 1/0) { ‘clc i 0x0D400_5050 |0x0400_s082
I3 B data_di_3 PIO (Paczhel 10} i ek h 0x0400_5080 j0x0400_s508%
] E data_dir 4 PPIO (Parallel 1/0) ik | oxo400_s070 {0x0400_5072
7 '@ flag_dir PIO (Paraliel 1/0) ' !dk I ox0400 sos0 jox0400_s085
7 B accin_1 PIO (Parallel 1/0) J |clke i 0x0400_5050 |0x0400 5082
il @ accin_2 P10 (Paralel 1/0) f |d|z | Q%0400 5040 0x0400_s04%
7 B accin_3 P10 (Parallel 1/0) ik { 0x0400_5030 oxaq00_soss
| # ® accin_4 [PIO (Parallel 1/0) |dk ' Ox0400_5020 |oxna00_s02£

sUTl 3.10' n1598nUuu Nios Il CPU w1w Quartus It Tngld Tools Qsys

gﬂ‘f/’i 3.11 wHun I block diagram ¥4 Nios | CPU
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Wovhniseenwuvdiuniduasauisass Nios Il CPU @SS sudesseluavdunisdeu
T,USLm'mmua:Jmiﬁ'muﬂadrﬁ"n CPU Tagadunis@sulAnniw C sulusunsy Nios Il EDS Tagld

- .e - > A o o 1 ﬂillﬁl 1 1 aa
tools nios ii software build tools for eclipse LWaNINITAIUIAAIAIUDNEAILIINAIUINASATRDE
LA¥YINNITUEAAIN UM TN 0 LAMINAULABLR LGOS

mu: freqhe. 2001.3; @ M.
ble flagi- 1, : ®

T Jewste
camscieste duplay ot e e

et Smariser M

EUﬁ' 3.12 wiheinnaslusunsuaes nios i software build tools foreclipse

s -«Jhmmmxww ™ O

B ¥ o -G SRR Bt & sl ‘ At AR T 2 Bt

C:] afdnldan CPU

U7 3.13 mhveiuanwar1fiduanldain CPU

3.5 n15lUsunsN299sfieanuuvadly SDRM

Wesanlurufauiavedusunsudiviinisaieilauiauinndt on-chip memory 984 Altera
Cyclone IV FPGA 4lavinnnslusunsuasuy SDRAM Memory ¥89Ua$a DEO-Nano unu laedl
wihgauImum 32 MB aefinadeusedoyauuy 16 bit fu Altera Cyclone IV FPGA
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DRAM_DQ[15..0]
DRAM_ADDR[12.0]
DRAM_DQM[1..0]

m DRAM_CLK
- DRAM CKE
DRAM_WE_N

Cycione= 1V DRAM CAS N

DRAM_RAS_N SDRAM 16MX 16

ORAM_CS_N
DRAM_BAO
ORAM_BA1

SUT 3.14 wnusensidensdesening FPGA uay SDRAM [DEO-Nano User Manual]

U

Toansldau SDRAM Sudusealdfumimuuninan dndeyeauiinuesdiunaiaineauas

U o)
'

v

a
CPU 8y -3ns tlawn3anmsitauioudiudy fadesiinisld Phase lock loop Tunsusudeyaeu

..... ﬂl_sdram .‘-. SOk - - - - - QB a o e e
2 pos o | AN B2 4 —————— Yo SN b ISR

kg, frequedcy 50 000 Wbz M (7T, _sjam_tk fspsnsen:
= AESEL |10 pgration 1iote emmal i~ AW v et 4 NN B ;
C Clk | Ratio] PF (dgliDC, (%) S Y SIE L), L SR b S
..... B 4 Sa:00 | 150,00 Ptk K. . . 1 ,,4
PLEL | estd Cy clore,DAE A"V AL & | @ L SN — I § A

gﬂ‘ﬁ 3.15 2995 Phase lock loop 714U SDRAM
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=
unn 4

NINAADILATNANITINAA D

4.1 wan151UsuNTN9959ANALUY Reciprocal frequency counter asuuUadn

FPGA
T
g
[anechandl Y LS9 0 p BU RS 0 9L 6/
=] Block3. baf 1] Compilation Report - onechanel
Tabl of ofContents _______A§ e &
B Flow Summary A 7} [Flow Status Successful - Tue Apr 21 20:10:41 2015
- Settings | Quartus II 64-Bit Version 14.1.0 Build 186 12/03/2014 51 Web Edition
- : Revision Name onechanel
=8 Flow Non-Default Global Settings Top-level Entity Name Block
= Flow Elapsed Time ‘FFﬂ!ﬂY Cydone IVE
R Flow OS5 Summary Device EPACE22F17C5
j;] Flow Log Timing Models Final
4] Analysis & Synthesis ‘Tota{ logic elements 3,879/22,320 (17 %)
. i Fitter ‘ Total combinational functions 3,500 /22,320 ({ 16 % )
Dedicated logic registers 2,186 /22,320 (10 % )
1 Assembler Total registers 2255
=i TimeQuest Timing Analyzer Total pins 50 /154(32%)
1 EDA Netlist Writer Total virtual pins 0
1 Flow Messages Total memory bits 142,848 /608,256 (23 %)
: Embedded Muitiplier 9-bit elements 0 /132(0%)
1) Flow Suppressed Messa
e ge Total PLLs 3/4(75%)

{ =
U 4.2 uaasmamislusunsuasasiioenuuuasuuuadn FPGA
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4.2 pan1sIndgyaandlunige ¥a9299fieanuuy

DS0-X 20024, MY52013457: Tue Mar 10 20:53.032015
1 1.00v/

Channgls
DC 10.0:1

feasiraments

Measurement Manu
<) Source ! Type. N Settings Clear Meas
: 1 Phase fi Srrant —

U7l 4.3 awiansAaImaninlenn QCM Sensor

DSO-X 20028, MYE2013457: Tue Apr 21 D1:23:25 2015
] 2 0 1.00%/ ;

cale Menu
Undo Fast Debug 4+ Channels Acq Mode
Autoscale All Mormal

a i oo o s
'E‘LIW 4.4 ﬂ?WLLﬂ@Qﬂ?ﬂl’]MﬂW?ﬁltﬂﬁ]’]ﬂ YUY



DS0-X 20024, MY52013457: Tue Apr 21 01:23:54 2015
1.00%/

A

uto:

scale Menu
ndo
Autoscale

lenu

Undo

Sut e

Ci U
EU‘W 4.5 AanLEnIA1AU

Fast Dabiug *D Channels

"
ol

£eq Made

Sy

09117

lormal

Landyaaudunn

.i‘-.r.-q Mada

MNormal

Channels
10.0:1

Measurements

FreqlZ)

DC AMS
Pk-Pk(2)

DC AMS - FS

.54V
Agilent

i Measurement s
Freq(2)

DC RMS

o ' dAdo v v o ¢ a ¢
EUW 4.6 ﬂ'lWLLaﬂ@ﬂTﬂ’nﬁJﬂVl'}ﬂlﬂﬂ'lﬂ EUU’{UU']MLQPIWEWWEN'J\TﬂimﬂL?ja'ﬁ
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4.3 Han1INAaadtasnINLEAINAIINNITNAADY

HaN1INNaad

AN UANNIUNTNLAAINA DN NN

v a ¢ A = ¢ v as =]
1120ARUNIALMDT LHand QCM RIUBILUINUINITN

@ X ° o et 5 el ' E e b a o w v
Wouundu vnstuiianadunan 159 Sundt Tagluseninsdutivennaunsslaiuilulng

HULRS LARIRInNS9n 4.1

1
=

d J
M13799 4.1 A1AUAYN

qAundifiuanenasannavtinasnauines

an(s) |rmudiEeuly (2] vants) |rudidedtu (Hz)] vars) |mwidiudeuld (Ha)| vas) prwaEeull (H2) | vants) |mawiiideuly ()
1 -13 37 139 73 79 109 96 145 -46
2 -10 38 126 74 74 110 93 146 -45
3 2 39 115 75 75 111 88 147 -48
4 1 40 130 76 85 112 89 148 -45
5 7 41 105 77 76 113 85 149 -41
6 7 42 95 78 71 114 86 150 -35
7 -8 43 89 79 63 115 87 151 27
8 -16 44 58 80 59 116 103 152 20
9 34 45 s 81 70 17 214 153 31
10 28 46 58 82 74 118 10 154 -46
11 -24 47 57 83 71 119 -39 155 -44
12 -23 48 58 84 77 120 -37 156 42
13 -18 49 62 85 98 121 -61 157 -41
14 -18 50 58 86 114 122 79 158 -44
15 -16 51 61 87 102 123 -74 159 35
16 32 52 62 88 86 124 -68

17 32 53 60 89 84 125 -53

18 -32 54 62 90 76 126 -58

19 -31 55 65 91 72 127 -59

20 -28 56 57 92 72 128 -58

21 20 57 52 93 73 129 -58

2 27 58 60 94 72 130 -54

23 -2 59 66 95 72 131 -56

24 -17 60 73 96 74 132 -59

25 24 61 73 97 72 133 -61

26 -34 62 72 98 79 134 -59

27 -30 63 75 99 78 135 -55

28 -30 64 73 100 74 136 -62

29 -25 65 81 101 82 137 -61

30 22 66 84 102 87 138 -61

31 -26 67 88 103 93 139 -53

32 23 68 106 104 86 140 -51

33 1 69 98 105 79 141 -47

34 261 70 91 106 81 142 -49

35 16 71 79 107 86 143 -53

36 173 72 74 108 87 144 -53
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ANSANUAYIVBIUBSA DEO-Nano dwsuladenu SDRAM [DEO-Nano User Manual]

SignaiName _____|FPGAPinNo. _Description ___ vosStandard
'DRAM_ADDR[0] PIN_PZ |SDRAM Address[0] ' 3.3V
'DRAM_ADDRI[1] PIN_NS 'SDRAM Address[1] v
DRAM_ADDR[2]  [PIN_N§ SDRAM Address[2] o sav.
|DRAM_ADDR[3] PIN_M3 SDRAM Address[3] 3.3v
DRAM_ADDR[4] PIN_P8 'SDRAM Address[4] 3.3v ,
DRAM_ADDR]S] PIN_T7 'SDRAM Address[5] 33v |
DRAM_ADDRIS6] PIN_N8 'SDRAM Address(6] i 3.3V
|DRAM_ADDRI[T] PIN_TE  SDRAM Addressf 33V
DRAM_ADDR[8] PIN_R1 SDRAM Addresss] 3.3v
DRAM_ADDR[]  [PIN_P1 SDRAM Address[9] B v
DRAM_ADDR[10]  PIN_N2 SDRAM Address[10] 3.3v |
DRAM_ADDR[11] ~ PIN_N1_ v i
[DRAM_ADDR[12] _ PIN_L4 'SDRAM Address[12] R
DRAM_DQ[0] |PIN_GZ |SDRAM Data[0] N [33V
DRAM_DQ[1] _ |PIN_G1 __'SDRAM Data[1] o NNy
|DRAM_DQf2]} IPIN_L8 - SDRAM Data[2) i [3av
[DRAM_DQ[2] _[PIN_K5 {SDRAM Dataf3] _ : 3.3V
|DRAM_DQ[4] _PIN_K2. SDRAM Data[4] 3.3v |
[DRAM_DQ[5]  |PIN_J2 'SDRAM Data[5] B — 33V N
DRAM_DQ[6] PIN_J1 |SORAM Data[s] AN\
DRAM_DQ[7] PIN_R7 ISDRAM Data[7] 1 EEV R
'DRAM_DQ(8] PIN_TA ' M. 33v
DRAM_DQI9] . [PIN_T2 tafg] 3.3V
IDRAM_bat10} PIN.T3 . |SDRAMData[t0} . 33V
IDRAM_DQ(11] PIN_R3 SDRAM Data[11} 3.3V 1)
'DRAM_DQ[12] PIN_R5 'SDRAM Data[12] 3av |
\DRAM_DQ[13] PIN_P3 SDRAM Data[13] 20 [3:3v [ ]
IDRAM_DQ[14] PIN_N3 'SDRAM Data[14] —— 5

DRAM_ Daf15] PIN i1 SORAMDma1S) . . av __
I—I_J..R"_’!!'.LBAW] [PIN_M7 ‘SDRAM Bank Address[0] ‘
[DRAM_BAI] PIN_ME |SDRAM Bank Address{1] V. ¥
|DRAM_DQM[0] PIN_RS SDRAM byte Data Mask[d] : J
|DRAM_DQM[1] PIN_TS SDRAM byte Data Mask[1] 3.3V
DRAM_RAS_N _ iPIN_L2 SDRAM Row Address Strobe 3.3v
DRAM_CAS_N _IPIN_LT _;SDRAM Column Address Strobe 3.3V
DRAM_CKE ~ = SDRAM Clock Enable _olav g 4
DRAM_CLK . SDRAM Clock i3 v
IDRAM_WE_N \SDRAM Write Enable

~'SDRAM Chip Selest






