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A dissipative quartz crystal microbalance oscillation circuit design for
liquid phase detection
MIAO Chunhai, WANG Yi, GUO Xing

(Science and Technology on Vacuum Technology and Physics Laboratory, Lanzhou Institute of Physics, Lanzhou 730000, China)

Abstract ; Due to the special characteristics of the liquid phase environment, the conventional quartz crys-
tal microbalance (QCM) cannot completely describe the physical properties of the liquid phase by only
relying on the resonant frequency f. The introduced new parameter, dissipation factor D, can relatively
completely characterize the mechanical properties of the solution and the adsorption membrane, so it is
important to study the dissipative quartz crystal microbalance based on the dissipation factor D ( QCM-D)
is of great importance. In this paper, the QCM oscillator circuit is combined with the dissipation factor
D. By using parallel capacitance compensation and automatic gain control technology, an oscillator cir-
cuit suitable for QCM-D and corresponding system debugging and experimental verification schemes are
designed, which can stabilize the oscillation at 80% concentration in glycerol solution.

Key words : dissipative quartz zrystal microbalance (QCM-D) ; dissipation factor D; oscillator circuit

0 37

BET 28 M Saverbrey A 3, 7 3 A K P
( quartz crystal microbalance , QCM) R HAK A . 5 R
TR | B T S I M ) A5 A 4, B AT AR Ohy TR A SR
IS FH BRGNS 1 AL TR A T H
SRTE, 78 PM, A I 90k 5 A Ak
FAVAARRG I ) b R H B4 TR R A ARG T

s HH#A:2021-12-28; f&[E B #5:2022-03-11
ESTWE H#H 4 FF 442 (%5 :21JRTRAT43)

P4 R e SRR I 25 33 22 45818 31 T 32 1%
{ELH Hir QCM F8 i FH 75 22 ] Ik 3 2 SCAH PR 458 -5 W 1k
MR BRSSP 250, DR R R0RA #1581 BHL e d K T
SURIEREE , A [R] 9 9 W3R 58 BHLJE /MBS — 2 X
155 QCM FEIRAHHME LIRS E TAE . [, e
SR T B S o R 285 L 2 00 3 R AT A R 37 ) 2
M A7 280

Sl Sk, T8, 30%. — A A TiAniem 69 A4 R B 3 fh R R P 3k 35 w3301 [T ] 21 T4 K,2022,19(3) :60 - 65.
MIAO C H, WANG Y, GUO X. A dissipative quartz crystal microbalance oscillation circuit design for liquid phase detection[ J].

Space Electronic Technology, 2022,19(3) :60-65.



2022 4F55 3 #Y

ARG 55— P T ORI 9 FE FCBY A 5 b AR R P IR v B B3 -6l -

FAITIE TR R QCM iz LS 2253
W i v P R B RH PR IR v FL o 3 I 7 P B
T A SR R, BT QR A8 i v HL A S
ARG WD s R R G
P o DO AR K F R 25 00 7 R R R
PRPERE I B A R A L, AR E— i
JE L RERSAEAT QCM 7R AR R IR , (FURAF AR
PRAEBEFANTEIZ (A L A AN S8 38 S (], 3o
EARAFAERRF R o B PR IR 57 v I AR A 9
PRAGRLGTRRE R S AR BIUE TESE R IRAE T, P2 7H
AR R R BRI R 1 2 B BT AT
A RTERE , (FURAR IR T 2O i A L A T A M

WA QCM RIS B B R R f IFA RS
MR B o A S, s 52 W% R IS4 9 9 2 T ) 52
1 DAL TR T S U A 4 3 I R
Rodahl &8 A H TFERA ¥ D S, SR
WL BRI R, SRR £ — Rl RERE AT
SERE AN IRV VR B R O R AR B R
FYIHSAL

ARSCEE AU AR s P SRR LA 1, i E
FTWRARPREE T, B 7] I 3R OGR4 3 5 FE i
TR ELRL A D S AR BOR P (QCM-D) ik 795 HRL 6 o
I A 2l 48 45 458 ] S AR S DR AR B 358 BHLJE 3 Ry
MERT, - HAE 2 35 32 TR IR 1 E 5 220 B o3 BT 2
HH A L AN A, A 2000 S 1 A v A X i
PRAT A ARNL 1 B 5 Fie Ji % 4R 355 P 6 R AT 552 30 I 3
PABSIEERE

1 QCM-D T/EEHIE

HRAEZE M Saverbrey 03, 4 SURHERE T A7 92 4
FRIFME — 2 WIPE I A, A 3 b AT AR A 1 8 4
i A SHEEYIBUR R A Am ARG R

-2f5
y= (1)

o fy RN A HE AR AIE IR w, o, SR A
YEIARR BT IR L R RE . RIS T Sauerbrey 2402
JRBREY) QCM =228 FH TR PREE T o i ARG
A AR BRI

1985 4F Kanazawa Fll Gordon #E 5 1! T Kanaza-
wa-Gordon 28301, 247 1A TR T 4 1 0 Ak o
INF, IR A A 28 AL e AF 5 AR WO AR 1 B2 py A
B AAE—E MR, I (2) iR

172

Af = —f(w’;pp) (2)

FEHLIN + D (I BEE i Rodahl 578 1996 4 4
BRI AR — R RN R RE S
SEAERER 0 HLp ), =k (3) FR
D= 1 _ Edissipated (3)
Q 27mE, .
M4 Kanazaw FI Rodahl 7 fy Jy 2l ) 2
A AR R R — )2 W B e 5E,  HLRE B A —
JERE AT AR TE 55 KB RARET , p ke e vmp 50 7R
FEE )5 B R B By BRI E AR B L p, Ry A RN
AL A B B8 FE R E  py by oy 53900 3R WA Y
R RSO N (4) 20(5) i

2

1 Yl Ui i@
AN=——|h +— =2h|— 4
(e L vy o] L8
1 Y Uil 77fw2
AD=~ - My on (—) 5
ﬂ-fp([hq 51 ! 51 /"('1% + n?wZ] ( )

EZTI
S5 = [ SRR SEERIE
1

MK (4) n]F W WOAH IR £ 5 32 2
FUFE 3 AEBIY hyprew FE7m A0 T i AR 3 THT I B 786 B 11
Jﬁﬁ%ﬁ%ﬁm%&f%ﬂg,zhf(%) %

! e+

71~ W2 o6 5 RS P 288 5 224 YA AR 1 i A A A /N
R MV BRI 110 T2 8 DR 2R Ay AR 3 T A A A 174 S
i, MEN(S) al s, #EHL A 7 D A5 e R 2% 2 A
TRV 2 BE AN b BE AR 5 I B R 2 TR) Y g A
JBT, AN 2 W% o6 6% 55 o B0 5% W 5 7 YRR P o A b 3
JIN, BEBSRERCR 1 D D) == SR A0 W R 5 1) 26 i 45
2EVET 3 A W T RE R S R R ) S R AR
A, AU BEUEAAFIT 55 W o A [& AR e 1 pd Ui F
P00 T EL AT LABIF ST 08 i A B3 Tl 22 1
JIFE R AR AR

RHFEHL N F D 1 77 7% 1 Rodahl F1 Hook
LS 2004 S LAY HEARE R SRS T SR
i LSBT, R IR I T iR, HL U A

u=Ae(7"/T)sin(21Tﬁ) (6)
T NEFRIE B, ORI TRR . FERR T D
1
= (7)
FERLIH T D 55/ WA W o i 6 1 L T
R 1 1% BY DI SR A AE —E O G 2R, a2 FE N 1
D {0 REMSAS H IX BEE B .

2 QCM-D #f=3% M E& %I
P 1%, QOM-D AR 45 g hy St 47 3
A I R B 55 L KO R B i B BB G



" 62 - Zs ) L P A

2022 4E45 3

FPGA $EHI 5 F A ML Fr A W5 A TR AR
5 AL T P A B A AT SRR 1) T AV TR R AR 2
I 7 v Ul A O i AR AT R AR E iR 7 5 154D
TR A o iR 5 PR i B WO L SRR R
P B R A L B B B S R A S
L E A G g LA AL B A AL IR IR B A6 TS
AT R B AR A R . QCM-D #ik 37 L
JRERE AN 2 fros, AR SCHEF ARG R S5 A
FEHLA -+ D 1t th QCM-D A4 3% H i &8 43, Xt
WA QCM-D ¥E LI R A% (R REE T T A 5B, Pk
PEEE T AT

——
o IR
o]

)

WA
)
@

[ tem  —{rreeammiot— s

1 QCM-D EARZEH
Fig. 1 Basic structure of QCM-D

B2 QCM-D ii% i gk BB E
Fig.2 Schematic diagram of QCM-D oscillation circuit

2.1 FBESEAFHME

AU AR SE R B RS AN P 3 T R AL
A BRI 2R S — AR S S, LA
A C), HASHE C, MM R-F il
7 G2 I 2 A L 2 RN SR Sy e A L R AR A
AN — A5 B A S B I HR I L A5 o — 2R Bl
S AHE R, (C, FTL, R, 52 HUARBEAS A £ 5
A A BT A PR35 BELTE AR AR OS2 0

o

||
Il
R, o L,

B3 HAFEERMER Butterworth-Van Dy (BVD) H IR E!
Fig. 3 Butterworth-Van Dy (BVD) circuit model of

quartz crystal

AVETIABIA S 30 G, i (8) firsl .

1 1
G, = R, -jloL, —— (8)
R+ (wl, -1)2[ ( “’C"‘)]
wC,
G,, WS AUETR A A=t (9) =0 (10) Fral .
Re{G,| = 1 R, (9)
R+l - )
1 1
Im{G, | = 5| @L,, - (10)
R +(wLm— ! ) ( “’C‘")
oC

7

[

w1 _ _
—ins_ LmCmHT’Im{Gm} _OsRe{Gm} _Rm,zj]“‘

SO R A B BRI R , IR A 0 A L Al L, TT 4
RUNHFH R, , REGEIRIIEN o, o

SHFSF 2% BE A S I R R, A 90 i A 11 S B
a4y 6 s (1) Brsil .

G:Gm+GozR1f+jw5CO (11)
G, NFRS LI, G IARNL ] R
¢ =arctan(w C,R,,) (12)

X (12) AT LA W B A Cy XA Y 5 i Fif
£ R, BIHEIRIMHE K, X AHAG B IPGEIRIE o, B
PARRZE, HIAHA IR R, i 4 Fos, —
MRS C, 7E 20 pF 247, X LR HR €, =20 pF,
A IR S P AR BT R, R Q.Y
IERIA R 10 MHz B, @ (A JLEE , A 30 AR IR
BHE C, WM AR R /N, LA 520,
MAEZS A 9 RS Z) i Ik ZE WA R, AT 3k
FJLEEZEEFT Q4 R, 5000 I, Bt T
30°, AHO AR, (145 4 77 FiL B AN Tl 2 A 47 T A
el HMELIGE IR , X T BT = 403 30 MHz, # 8 L2 C,
SIERHM IR B E 2, R T WA T QCM-
D & % FoL B R AH AL 25, 5 SR U T 2 R
FL B AR AR I T IR FEL S RS2 T

90

80 [
a 2
70 ; o
60 -7
7
<50 2
& o
S 40 2
0p 2
4
20F o
/
10}
/
0
0 500 1000 1500 2000 2500 3000 3500 4000

RO
B4 C,=20pF Bf,0 5 R, HIXFE
Fig.4 When C, =20 pF, the relationship between
the ¢ and the R |



2022 4F55 3 #Y

ARG 55— P T ORI 9 FE FCBY A 5 b AR R P IR v B B3 - 63 -

WS s  AERE P I — A C, 76 A Kifl
AR BER R E

U,

=~
pu— (‘} :E
=
1 IﬁAVAVA

i

ES5 BAEMEBE
Fig. 5 Capacitance compensation circuit

= (13) sl

Uu,-U
(Ui_UA)ij+ 2R A:UA(Gm+GO) (13)
;

I KU G, MO U, = AR (14)

U.
Uy =51+ GyR, - jwCR,) (14)

U' S ) 234 ), N A i
M Gy =jwC i, Uy =5, JFERHL AT BIAM:R, £158 dn

e 1
EIRGHH 0 =0, ,G, ZR*,ﬁ:
U, R,
U2—2(1+R7m) (15)

BERF C, WERMETR U B 16 PR AR R
A O ARG P 2 3535 B9 FE A 53
GO ERE, L, % C = C, 7, 61 13
S C, T BRI,

S CIS) AR 2 R, A 3 A Uy =
AT H R 5 R B EHTASS , 2 B
WL SRR, AUE S F A% I O
WA (16)

U R,

UO:UI_UZ:_z‘R (16)

BRI HL I £ LS R, A R, A 3 R RRE i
HL I AT PR ABTR
2.2 BEEhigEE SRS

Wk 6 Frs, £k i 5 5 A Z A — A s
a WO # AGC, LR TAEH R, AY(E S 16
RA, T U, BB, AGC BEHi LT 1H 22 1
IR, 1 2 IR LB R 2P ) 2R . 3% AGC Y
VR BEROA < — 7 1 oy S B i AR AR 1 B T AR
Te BT 5 55— 5 1, w5 ZEEK 1l 8 HLAE

PR AL RIS o 180° BB RCE, LA AL AT
A

AGC

CRYSTAL=

6 BN FIIRE B

Fig. 6 Automatic gain control oscillator circuit
2.3 HRIBKIEIT

ARSI B9 QCM-D ik 755 FRL B SR JH 3 0t
10 MHz (447 3% S A AL S % , 9k 32 I3 % 10 MHz,
HUBRRAN TG B0 YOI I, T BT s AR
DU ZE IR VB A A0 Y P I PR P i A 1 1L (H A A7
TERCERAERZE MG . SR, T 7E R U I A
AEGIA T BERBIARRS , (175 HL I 0 I 1 X LB R
P& o FTLAARSOR =B DL ZE 75 3 g e 4%, el
7 PR o AEARTE =B DLIE R il g8 e it 5 A G
AR SCHIT s BB A I, 28 1R S B H J 1A 35 0 3K
S IR AR T E A T A B

30K 150 nH 4.3 nH 330k
2 L L, s
11 Fo's 8 s ST 11
1T 1T
ndoal ol ol ] &
72nH¢ 33 nF 3nF 3 nF== 240 pF"

B7 =M RERTRIRKRE
Fig. 7 Third-order bessel bandpass filter
2.4 #EHETF D KK
A1 (6) F(7) ATHL, S AR B S A A FE 1K
W D B e 2 A 9 i iAS QCM-D JiRy5; L %
e, SRR TRE RS 5, A9 R S QCM-D
P2 L B BT T, A7 B b R R A SR el I 35 R 28 5 BRI
A B SR S B HL TR AR 5, FRad s 5 (6) A i 7
FIEIRIR £, ha0(7) 2T AR MFERLA T D /Y
B P, W&l 2 Fros  InA—m 3T 6 S, o
A BT AE 25 P S IR 1 A I TR R AR+
JU ms , FEW M R IUE ws, BRIt 2 3 FF OC Y 558
M)A 1 ws 22 A, DG/ 3 P[] 3k B 1) 52 0
FEUR, e T S A 38 I A7 AE Sl L A S LR, 2



64 - i THA

2022 4E45 3 M

FAH S BRI, # B A TOIE BAb B2, NI
B A S A B AT AR/

3 QCM-D 1&gemliz

WK 8 o, A SCI Y QCM-D JIR37 i % 51
YK, g3 kiz QCM-D ik 37 v % 19 1 BE, % i
23°CTF B A 0 AR R AR T A ZLK , BB 10s R
£ QCM-D Fyf th 4313 , 3R 1% QCM-D 7E 6000 s A4
RSN & 9 Fr7R, #E 6000 s PN A 55 fi {4
IRIERSTE 7T He AN, SE 50 R Wi QCM-D B A
RAFEIRAE M. RIS, A5 5 Sy AR AE 7K TP
] 7 2 12105 s AR X (7) AT K Hr AR TE
A+ D H2.636 x10 %,

8 QCM-D #R3% Fa B L # &
Fig. 8 QCM-D oscillator circuit diagram

10°

9.938 7
9.9386f
9.9385¢}

9.938 4t

f/Hz

9.9383 |

9.938 2t

9938 1t

9.938

0 1000 2000 3000 4000 5000 6000

Time/s

B9 KRR EES
Fig. 9 Frequency stability in water

4 #Hig

ARICBERIFEHOI A1 9 i AR F QCM-D, 3
TR B S 45 4 WOR &R AGC il LR PR 45 BE
JERME AR I 114 ) 230, 52 0L A6 8 91 ) 91 12 i
1 1 T Bl 9 B I e A RN 18 T AR A 3
R SR A (1% QCM-D REAE HIE TA/R7E A B IR
AR b i% QCM-D gk TAE T 80% W LN —

VR X ACEE T O B S5 T 9 ) A
QCM, QCM-D HA7 ¥ QCM Hjfig iy [ i, i 18 F
WOARPR S R SRR b, i AR OFE R 7 D fig
J BRI 266 B 9 Jo | B DR A S ) LS
B, BRI BN T B 5 | A A B A0 4
Gy TAHET Gl T8 208 A7 AR R R A

S

[1] WAJID A. On the accuracy of the quartz-crystal microbal-
ance (QCM) in thin-film depositions [ J ]. Sensors and
Actuators A ;Physical ,1997 ,63(1) :41-46.

[2] PILLAI P S,BABU S S,MOORTHY K K. A study of PM,
PM,, and PM, 5 concentration at a tropical coastal station
[J]. Atmospheric Research,2002,61(2) :149-167.

[3] WANG Y,DING P F,HU R F,et al. A dibutyl phthalate
sensor based on a nanofiber polyaniline coated quartz
crystal monitor[ J]. Sensors,2013,13(3) :3765-3775.

(4] W4, Bty R &, 45 Wl 40 23 7 0 A8 1 T
WY QCM L ds [J]. 2 B2 ( A AR
f2) ,2005,44(1) .4145.

[5] PROCEK M, STOLARCZYK A, PUSTELNY T,et al. A
study of a QCM sensor based on TiO, nanostructures for
the detection of NO2 and explosives vapours in air[ J].
Sensors,2015,15(4) :9563-9581.

[6] EICHELBAUM F, BORNGRABER R, SCHRODER ], et
al. Interface circuits for quartz-crystal-microbalance sen-
sors[ J ]. Review of Scientific Instruments,1999,70(5) .
2537-2545.

[7] WESSENDORF K O. The Lever oscillator for use in high
resistance resonator applications [ C]//1993 IEEE Inter-
national Frequency Control Symposium,1993.711-717.

[8] BENES E, GROSCHL M, BURGER W, et al. Sensors
based on piezoelectric resonators[ J ]. Sensors and Actua-
tors A ;Physical ,1995,48(1) :1-21.

[9] FERRARI V,MARIOLI D,TARONI A. Improving the ac-
curacy and operating range of quartz microbalance sensors
by a purposely designed oscillator circuit [ C |//IEEE
Transactions on Instrumentation and Measurement,2018;
1119-1122.

[10] BERBT, i, B, 45 ML K 4% T 5% FL TR 22 LR i &%
B HRFSELT ] 23 AL TR, 2021, 18 (4) :85-90.

[11] KANAZAWA K K,GORDON ] G. Frequency of a quartz
microbalance in contact with liquid[ J]. Analytical Chem-
istry,1985,57(8) :1770-1771.

(12] Eul, R, A M, 5 A RO e A 4 R
R g R ()] A2 R 2412, 2016,29 (2)
297-300.



2022 445 3 1] CRARUE 5 — TP T TR AG I B A6 PR A 08 o A o R S 0 955 B - 05 -

[13] FU L,CHEN X N,HE J N,et al. Study viscoelasticity of [17] X3, £/, Z4EH, % BIER P Na* X4 Y iR IE i

ultrathin poly (oligo(ethylene glycol) methacrylate) bru- I B AR e RS s [T ], E B B R o, 2022, 42
shes by a quartz crystal microbalance with dissipation (1):213-219.
[J]. Langmuir; The ACS Journal of Surfaces and [18] RODAHL M, KASEMO B. A simple setup to simultane-
Colloids 2008 ,24 (12) :6100-6106. ously measure the resonant frequency and the absolute
[14] RODAHL M,HOOK F,FREDRIKSSON C,et al. Simulta- dissipation factor of a quartz crystal microbalance[ J]. Re-
neous frequency and dissipation factor QCM measure- view of Scientific Instruments,1996,67(9) :3238-3241.
ments of biomolecular adsorption and cell adhesion[ J]. [19] RODAHL M,KASEMO B. Frequency and dissipation-fac-
Faraday Discussions, 1997 ,10(7) :229-246. tor responses to localized liquid deposits on a QCM elec-
[15] REED C E,KANAZAWA K K,KAUFMAN J H. Physical trode[ J]. Sensors and Actuators B; Chemical, 1996, 37
description of a viscoelastically loaded AT-cut quartz re- (1-2):111-116.
sonator | J ]. Journal of Applied Physics, 1990,68 (5) . [20] RODAHL M,HOOK F,KROZER A, et al. Quartz crystal
1993-2001. microbalance setup for frequency and Q-factor measure-
[16] HJBE, E#HHE. R T2 Ui R Tkt R[], ments in gaseous and liquid environments[ J]. Review of
MRMTSE 50,2021 ,15(5) 454463, Scientific Instruments,1995,66(7) :3924-3930.

EERBN 8551997 ), 8,2 adB A MEFMRTE, R F @A TR EFHAK, E-mail;liaochunhai@ outlook. com

WM LT B € 2 W] L -1 A)

(AR T BOR) BT 1971 48, fy op FEHTR B R AT BR2S W] 94 22 23 6] JC 2 f SR WEFE BT 50, [N
NI RAT A F,

AT PN 75 00 w5 TL R T A IR S Rk B L R TT R | TR IS 80l 1 i 5 A L P G B3 5 T
PE RN TR T2 RbRE 23 6] 2l 5 BN R | T 25 R 25 25 [ F 1o 0 S LA St PLAE B
W5 SR B QTR AY  ACRFR ] o8 25 ] B 5 S BT TS K B 57 AR SC A BE AR A AT 5 X3l
AR A BT B R AR S LR TR F RO 2B R A 48 5 8 SR R P P SR X T 5

AR TR F 0 300 ) 3 0B 5 2 | o S R ) P 2 PR A B 2 ( CAJCED ) | A [ 391 1) 4 SR 1%
(CJFD) |\ SCRHE I TR e ( CSTI) 4 Seisit , B I 5 $dis ™ - EPl’ﬂllx—]" BRI 2 AR ) O AR )
PARZC P SCRHS TR ) (4R ) R 4555 5 2 MR R . AT MNAMATF RAT,

(ST HOR) A XUH T, Ad TFA R B, 247 < B30 12. 00 E\éi 72.00 Jt.

KA HL 15 1029 — 85613384 , /4 H.:029 — 85613222 , E-mail : kjdzjs504@ 163. com,,

A I - P 22 T 2RI 2 T 504 55 ] L TR ) B , 125 - 710000,



