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Output Response Optimization of MEMS Microphones
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Abstract: In order to improve the nonlinearity and temperature drift of the output of the condenser micro-electro-me-
chanical systems (MEMS) silicon microphone, Based on the relevant algorithms of the current sensor output calibration
strategies, and proposes a novel calibration algorithm based on the Pade approximation is proposed and testified, which is
adopted in practical industrial application with high practicability. In a humidity environment with RH 50%, the accuracy of
MEMS sensor can be improved from 6%FS to 1.2%FS. Compared with the current mainstream polynomial fitting calibra-
tion algorithm with the same accuracy, the algorithm used in the paper consumes about 14% less computational memory.
The algorithm has great reference significance for the optimization of output response of other sensors or circuits.
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Pressure/kPa 9\%/%
K10 R AR R AR RS R 2k Fimem () = R™(0) (17)
FESFHZ AR i T RE S Im B RO R . R A FEACBY ARG b, ZE AR (1, 1B Pade 3T BLAY

PR T i R TT WA B 2 480 J T Gl % o — By A —
B LA R EOR A, 32 045 Y Bk ER (BB IR AR O, AR XE
WERR AU Tl R 1 . i R T ) B R R TR
Boid WG, BB, S EEG TR B Y AT

G HE T UK S [ 28 B8 X AR SCH B L T
W, HE B AR RGOS fhZk T AR RN

2 2
Taylor (P, T) = > > A,-P'- T’ (18)

i=0/=0

| Bt

AT LLE Y, 4 B 28 BT 9 R HE R AL
AN, TR (16) T DU Y, 2 1% 8% i o 0 2 {1 e
TIREE DR 2 HAT B S, 2R B R AT HE S,
SAEFEZ SAE A HE 5, R PO 28k, T 3
EE NS Ve e N T

FEARSCH, Pade ST LAY F TR 0ANF

N, N,

AP.T)=>>a, P-T (19)

B(P,T)= ijay-Pi~Tf (20)
A(P,T)
B(P,T)

— T, bo BUL. FFLL(T, 1) By Pade 3T BI5E R 75
BT AR S, ARG FE 58 0] DLk 3 5E 240 T84

C (21)

(P.T)=

out

R

BELe

halctad

HIZE UG T7k , I H Pade ST T HACFH R, T LA
ARG bk S AN B A 0 IR O HUL SR BE S e . 3R 3
RS HE RHEA AR, T LA Pade AR 224K, 413K 5
Ji .
WEE BRI X G O A T FIAL B, T AR
RS Pade(1,1)BiEIAREL

AR Bl
15.900 0

-0.636 0

2.244 32

-0.089 77

-0.04

0.018 60

N || AW =
<

—0.000 744 14
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AR R rE £, A 12 s
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PRk 2 AR LR 2] TR A ERET) . il R i 26
SV HL B AT AT Bk A R 2R Y 52 SR AR
FEAES .
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B AnE 13 i

% 8B AL RAFAE SR N, F vh 32 PR3 PR 3R 52 e 458
K ARSI B (R o B3 AT DAAE ek B8 RN 5 TR B e A
LI O T BEATAL AL B, an & 14 77 .

150

—
S+
h

100

Capacitance/fF
~J
i

50 B
25 B
0 -
_25 L L L L L L
0 25 50 75 100 125
Pressure/kPa

(b) YR JEH i 2%

Pade JT B A% i1 T 28

. = 10%
150 [ 100C e 150 H—e—20% .
——75C —A—30%
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AT LA AN TR PREE T B % A i 2 BT R &
LNERL , RE RS RO FEAR, i 15 BIARbF 19
G

R E RS o, MR LR a 20T 5%
SRR VERE BT T B AR . 0 ok et R R i v A
for R BSE A S A A TR Ok R AR IR R R Y
M. ARSI AN

_ |C Cideal max (22)
%= CFS-AT

calibration

0.006% T T T T
—&— Original Output
—A— Pade Preprocessing g

0.005%

0.004%

0.003%

0.002%

0.001%

Sensitivity Temperature Drift (FS/°C)

0.000%

~50/10-50/50-50/90 25/10 25/50 25/90 100/10100/50100/90
TR H/(Cr%)
(a) REEHREERINL

calibration0 CidealO

CFS-AT
Hrp, C i B HEZ S5 LA 5 €, A FRAE Y HL 2R
(3 C o 770 O B RS HE 2 SR L 254 5 €, 2B
J1oh 0 B BRAR 0 HY 250 5 CFS 2y M H 28 19 728 30
Rl AT IR Y

285 M HESA 1: IR, Pade 3T 8L T 40 S (14 B HE AR A
T Db S P 2R A VAR TR R T P VAL S I
LA 15 s

TRV S 8 i+ T 28 P i s RS B N2 6 T

0.005% T T T

c

(23)

oy=

—A— Pade Preprocessing
—a&— Original Output

0.004%

= 0.003% -

0.002%

0.001%

Zero Temperature Drift (FS/°C)

0.000%

-50/10-50/50-50/90 25/10 25/50 25/90 100/10100/50100/90
IR IR H/(°C /%)
(b) FIR TR 2k

15 Pade JTAB) 55 JEUA i A 0T L&)

x6 RERNSMHERBE

R/ C NS B
&MBIE /% 0 kPa 20 kPa 40 kPa 60 kPa 80 kPa 100 kPa 120 kPa 130 kPa
-50 ‘C~10% ~1.000 00 -0.122 52 0.111 15 0.059 40 ~1.000 00 -0.775 01 ~1.000 00 ~1.114 67
-50 ‘C~50% 0.802 23 -0.089 92 -0.309 31 -0.187 52 -0.208 78 -0.382 28 -0.630 76 —0.856 41
-50 C~90% 0.150 87 ~0.198 99 ~0.262 24 -0.223 85 -0.23275 -0.333 10 -0.51175 -0.713 85
-25 C~10% 0.024 21 -0.184 78 022518 -0.204 61 -0.214 77 -0.292 46 -0.439 12 —0.622 44
-25 ‘C~50% 0.061 01 -0.105 05 ~0.140 05 -0.129 14 —0.145 30 -0.220 13 -0.358 97 -0.539 68
-25 ‘C~90% -0.030 95 -0.106 59 -0.120 62 -0.11113 -0.111 70 -0.144 51 —0.222 74 —0.345 21
100 ‘C~10% -0.021 28 -0.094 26 -0.107 36 -0.097 22 ~0.096 16 -0.126 20 -0.200 95 -0.319 87
100 ‘C~50% ~0.009 24 -0.080 43 -0.092 78 -0.081 92 -0.079 29 -0.106 92 -0.178 83 -0.294 88
100 ‘C~90% 0.020 41 -0.050 81 -0.062 86 -0.051 34 ~0.047 62 —0.074 09 —0.145 30 —0.261 42

6 R g R, H RS B T LU T 2 1.29%FS.
5 [l S A AT 1) B R L 12030 1kl e % D s 8
PEVEAT AL B, KRB TASHERS T . TRl & 58 2 10
LA mlobf 28 o 45 A ML SR 2 HF 2~5 ms, IR
AT FH 8 b g s ik 31 T BRAR ARG Y I i R
A S YR M B BT R 1.2 ms, KRS TR T
YEfe . BRI B REUS AT UBRHLEE T, KKK
IR T Tl 7 s £ A

5 it
AR S ELN L 2 5 MEMS ik 22 748 KU B HH AT

Petk , LBt g AR e e A B AR, S i T — bk
T Pade 3T LU AR IS V5 | 1250 0% 1 DRAIE 5 G B2 ) T2
B IROREEAR 1SRRI

I3 —J7 T, SR A UGE T T AL 28 5 MEMS fi
22 v WU B B, 0 T A 28 Y A2 Il R e A o
TEPRUE MRS SUR BUZ BRI T, %5k X RE SC LA
BORSHENRG E . X T S B (5 S A R R B
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