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Design and Implementation of Sensor Signal Conditioner and
Compensation System
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Abstract: The intrinsic error of non-linearity output and temperature drift for pressure sensor has a strong impact to the entire system ac-
curacy when using pressure sensor to build precision sensor system. Under normal circumstances, in order to solve the precision of the tra-
ditional sensor, often take the board compensation method,the compensation algorithm is complex for development, causing large volume
and big power consumption for sensor system. Through the study of nonlinear principle and compensation method of resistance type sen-
sor, design and realize a single chip disposed by high precision sensor with work scope of —65 ~ 125 “C ,on this basis , realize the calibra-
tion software compensation algorithm of signal disposal and software of calibration. Based on the above research,the single sensor signal
conditioning compensation system with signal conditioning chip as the core is constructed , and the sensor system of single chip compensa-
tion is tested. The measurement shows that a good linearity performance of output versus the measured pleasure is observed at temperature
range from —55 ~ 125 C, the total error is less than 6%o, meeting the requirements of measurement precision. High integration of the sin-
gle chip design also meets the requirements of miniaturization, low power consumption, high precision, and provides a new technical
means for signal disposal compensation.

Key words : piezoresistive sensor;signal conditioner chip;temperature compensation ;compensation algorithm

0 3 WMH G AT RAT RS S BRI ESE R g

FEBH L s BT R R ity AeRmp s o (R i TR AR R A U R R, T LA I
158 5 T/NEAL 8 A e o Sy s, RIS BAFTEAR A  7EfR KRR B BRG] 1%
TR R SRR NS MR R e T PRSI E

T

Y5 B 81 :2014-07-17 & @ B HA:2014-10-23 [ & H R B 18] : 2015-05-20

BEEWE .+ =17 8 751308010601 ,51308010711 ) 5 kB T 5L 4x (9140A08010712HK6101 )

EE R WI(1978-) 5 1 WF90 05 1) oy e BOBOBOR B SR U it I 3, WL P90 5L BRSO 1) O SoC B3 (IR A RGBT,
VLSI %1,

P £& AR Ik : http ; //www. enki. net/kems/detail /61. 1450. TP. 20150520. 1513. 005. html



190 - R AR KR 05 &

by B R PR 28 14 3R TR RS, — R M A
TEAEAT ZR G A, LAFRE ) P PG 2R ARG B L B 48
HIME T TR AT 43 Ry B A R R A B
R M 3 R R A S A, BEL 3 30 3 AT
PRI, SR FH ER IR I v BEL 1) Oy 2 A7 % P i 42 P 3 e
3% AL b =X e EL % a2 5 3 g AR 2 A5 B
(BRI SRy ST, O HL B A T B 1 728 A H BHL 2 30—
FRLR AL AR FME T AR R 152 2  HE LU JE R 4¢
AR IR BE TR R 1 R R T X R B
SRR BB A5, X A SRt A b 2 B A 7 Ak A B
A7, EEA LRSI | AR S R 2 )
T BIRIKAEAME Y 7 I N R AN T E kAT
S22 L TRE T L2 A R o B SR e R A 11
By e R R A i, R 4R BUIR 2 T H AT I 8K
e W LK 129 T RGeS P AL B A R

X2 0 s BEL A i M 7 s A Bl s, B T —
Tl (4 2R 2R E A 90 F BEL JeS e e 2 L R 5
ZOEF ARG SRR A, DL R B AL IR 15 5
PRI R A% 30 o A o R AL SR i TR
LB S L A ) T A T B M S B8, DT SI2 3 1 % T L
8 SRS IR VR Rl 2 % 8 R B M Wl R S
TAL AR RGE = SR U ARTFE /R R B Y &
K.

INP

INM

RS232iM 1

FPGAJE {7 # B
11 N S

X \ 4 X L

B A {554 fe ek e hb
B BIAMYE b | RV VDDF
YS! 2 A3 BHN bIO

I I I I

v

|4w@%1 | |4@$$2 | |1ﬂ@%3 | P
AMP+
AMP-

1 ZEHigt

IR 5 PR AR — P S RE AR S, A 1 15
SVREEAR RIS Y ML 5 T AR UE S
FHUS ARG, A — R AR A A X s B St 0 A T T
FMERTTE . REBTTIAZ LR SR S S LS
TSI, 28 A T i T V% R A 1) e A6 il
S TE S R PR FH — B 2 a5 VB RS R e R ) M B
AR PERMEAR S A AR

TN AL RS A 5 VR BN Y, O IV 2R 48 Y IV A
R DDA LA, R R 2 SR AT R AR,
i 1d FPGA 38 {5 b i 4k RS232 RS A Hie 45 5K,
i 138 AR O BRI SERE AR . 78 TAERREEIRE A% )
T AT PR T A U B 2R A R R R M
(L, PRV AP Gl 2 4004 BT e 10045 R by =
FEANRLEE T A2 A5 O A% R o AR A A ME B, B R
RS AU B N FLASH FE6g#s

AR RGN | TR, IR R G
&7 LA HL RS232 38 {5 4 11 FPGA {5 #idk (55
PEFRAME RS DL R R BELAR A, Hoh A7 23 0 (55
PAEEO A R D R I A (5], 12 2R G0 AT [ ) X 22 A Uk
AIEAT A RN , A R B v T AR

|VDD

VDD
BIAS

IRO GENERATOR
DAC HKA2910

CLKIM
OSCILLATOR
TEST

() e al

CURRENT ANAMUX
SOURCE

ISRC— I A—l | A=1 1 FSOTC

TEMP
SENSOR
oV
F F F 176
F F s S TEMPERATURE
S S i; (o] LOOK UP
O|E T T POINTS FOR
T T C OFFSET AND
: SPAN.
C
INTERNAL
FLASH
6144 BITS
oA A AL
BDR
OP-AMP
: AMPOUT
| vss

Bl AMZRAZHE

(1) He BHAR T AR
H T P BELAL S BAT DUARE T ol P S e
ARt T BE I 56 2 4 i, b SR P 4 R B 1 o T

T R BN i, X T 2 A 1) s g i e e A0
HEE, BT, 2 BT SUi it R Ee
P L A S 5 b, B DAy 2 00 e R, 2R A SR



%6 1]

B WIS — bR a5 SR B M R G B B S - 191 -

I Ao i e LR A I ) o 5 A A A PR P A
REAS I 45t 45 ) i DA AR Il 25 52 3 3R 5% I B 45 5%
Mt B S R AR R R N R R RS
TR SR T T AR B TR ) AR T
PEE I, B s A% 2 DR SR A P L L1 o 55 T 2 17 2l
AR RS0 AR TR T B B R BN, )R 2
BT WY TR T = i AR RS ) RS SRR, T
P43 BT nl 45 FH 2 SRR R S U ST 4 1 FR BELA%
JEER A TR R AR TR B LR W s, i EL e R
PREGIN T T2 Xl A 2k 15 2t B Rl AL
DRI e L TR T VR R P R AR R 1 22 5 R
IR, (EAHL IR 1 B FH 32 3 T 129,

Y R G0 A HE O B B EOR R B R
FHX o 1 S AR R R BB S 2 B
FPGA i 5 165 He | 5 20 v 11 3 15 56 4y %5 g o JH 1Y
RS232 H3 FHlAR A, ol B S Bl T 5,
YETE {5 A B A0 5 FPGA WS A RS232 9K 3l &% | FL Y 58
He SR BCE FLASH JTAG #2510 DL K% 9K 3 %5 455 e

F T BT PN 2 FiR
FPGA

RER/E o . il
WA | FEL [€ FLASH
T B | D
DATA
Py e JTAG
RS232IK B &% CTRL
TX [T DIO
‘/ I/
RX |
. <J
B 2 FPGA #f3 43k & % 8
(2) MU AR

fg R IR T T — KRB IR A
LS, BB E 22 B Z, REAH MR .
DE AR T N OE L E Y O
(PGA) A EREEERY 16 {12 SIGMA-DELTA DAC |5
P B 8 ORI Y CMOS I B 1% JE#% LA K
BN 1138 5 FECT 1 2 48 1K FLASH 770 25 4 A
PRI R PR, U AR A R T AR 0 A 2D 2R
R, FRBEAESE BT LR R 1 ms B
K5I, /£ FLASH (4 Hidik 25 3 DU 75 45 i DAC 1Y
AMEAE, R Z SRR IR R 80 (OTC) A & 2 i
J& Z AU (FSOTC ) 43t — Bk B M, I L FH 24~ 1R
FLBYZE AW A% (OFFSET) Al i F2 ( FSO) #244k m BiIE
RMEIR M

SO R 1R PR 3 3 % R B AL S S TR TR S R
) ) AT X 2 A TS R it i R A T A 2, L S
MR E 3 s, FESRN . Bk G5 HITE N
RS KLY (3 £ IRO J4%8 ) ; SR 5, #1716 4> STEP
B AT S AR 4 25 O ; B J5 34T PGA Ha il 5 R N RS

DAC 558N, 1t B2 A 22 0 38 5 477 H 9 5 4% J2%
PEAYfL | B9 % FSODAC I FSOTCDAC i {H 52
W ES 54 DAC 628 1 s,

(b> Ji
A3 SHEFREZRAEGA
1 1

FSODAC(

65 535
AA x R,

RISRC * RFTC

FSOTCDAC
RFTC

OFFTCDAC] N
65 535

IROCODE < PGA + OFFTCDAC (1)

560 65 535

X H ,FSODAC MF7f#7E FSO DAC #1116 i %L
48 ;FSOTCDAC W17 -fitifE FSOTC DAC ¢ 16 13 %L
i ; OFFTCDAC “NA£fi#ifE OTC DAC H1iY 16 1 507
19 LA #5513 ; OFFSETDAC M 17 1#% 7E OFFSET DAC
T 16 7 80T 5 9 LUAF 5 i ; IROCODE A 7 fiff 1
IRO DAC (1) 3 v 5 i e LIFF 7 ; RISRC . RFTC
R, A LS P 0 3 55 FLBH s AA S A% S 0N H U T
(R H A9 2B V,, RV 5300 oA e 6 ) e 5

SR A T RABEEIR A5 5 1B F
D5 ELYRUETT ¥ TF OC B 25 L R R TH BR R | b 2 ik
KHE 16 112 SIGMA-DELTA B BRSO i 4 i v Ji 15
THHEAR e B R B AL RS 1A T W PR AR | 2 il =
W R HL B R BT T 4 2 OCEER R . 2ds loR
FMRTHFE BT AR 5 5 HHLS B B iUy 2 mA, &
ORSE 2 mmx2 mm, TAERETEHE-65 ~125 C,

(3) it

F A [ 14 s L A% J25% g 7 6 b, L L 58 0088 % i 1
LV B AE SR E AR K2 5 T LA 5 SR A5 A 1l

VOUT =V X

[V x PGA +



- 192 -

HRHLE AR S LR

05 &

FHRG T BEEA TR A2 PR AR i 20 56 B0 1)
T RE R FAME S B T S TR A
X T A A P T AT I ML TS ERCH A
B A 3 A o I AR N ALY A ) R B3 e AR S

TESEATREUERT , T 50 B 1500 % a8 i 38 3 () G
B SRS Tl i AR SRS F IR R T AR
TR HEAE R T AT, A2 S8 43 0l it I £ /N R R B
KIE ST, T4 A PGA (A0 4 48, 3H5 PGA
M3 25, ZF R I B2 09 KL IH £ 22 IRO (FSOTC LA f OFF-
SETTC RIWIHAME" ), 240 ofie 00 3 488 J LA s 8 i ik
SN SR /INFI R R 3 D PGA (A Hul 4 i
BA(E I T 1 S5 A2 R A e S R e o A T ROE M,
e 20 7 R SIR B2 05T Y9 OFFSET Al FSO A,

SR AR AR 55 ~ 125 CHITE P, 20 4%
AR EE T BAMEE R B B R — TR R EOR B E PR
TAE, ELEAMELLSCE, T DAk PR A RIS o 1 X T %
JEES A TRLIE 103X 28 5 T M R 8K, IR AR
PIAF B BIESNRE T AMERE, AR T
BT /N Tk 2 G AR PR E P R A
FH P AT AR i R F A RS R R PR S B vk 2 — A T 8K
PRAb B, HSCHE Ah BE O R T AR LG it e 18
ALY NERUN: N N =y €T Y (SR G &% 57 = N ]
BH A3 RS GE i R R FLASH A26 ot

SERUE T AN R

2 EWMEREHSH

TR AL E T 6 AN EEAME A KR -55 T,
-40 C .0 T 25 € 80 THI125 T,

TG, BRI RCHERE S B kG AR S 5
H PN R 3% () e BHL A% e — R A R R R g0 4 Y
R Il A SR A T U B R A0 D AR e AN [
(A TR TRLEE AT B AN R, SR, it
LA B LR, 1.5 T m b PrA Mz S5, O
PG BBEE S AGE  NERRY FLASH f7f s

KeHESE T e i TAEE IR B B A R
Sk T AR R R Y TR P X e AR R A T 4 A Sl kb
2 o AR S VRN ZESEA TR MEE R 23 R FH R oA O B 2 ek
PRGN Y TR A 1 ms B A LR R e o —
A 8 B i B B AR AR A % R 5 14E ) FLASH
fEft e ny ik, B S8 S A7 N FLASH Hr X 7
RE S 4 1> DAC BYAME: R 8L, g AL 1Y 16 bit
DAC 1, 2 4 AT ADL A8 1 A% 8% i H1 55 v )
JEiRZ%E,

AMEZ G I RS TR R EE T, NI /INE T 10
kPa B 5 K H 77 120 kPa i 14 AL H B0 248 0 5045 21 0
#1,

K1 AR EAMEE XA

10 20 30 40 50 60 70 80 90 100 110 120

=55 0.5 0.859 1.223 1.587 1.952 2.316 2.680 3.045 3.409 3.772 4.137 4.5

-40 0.5 0.860 1.224 1.588 1.952 2.316 2.680 3.045 3.409 3.774 4.137 4.5

0 0.5 0.861 1.226 1.590 1.954 2.318 2.682 3.046 3.410 3.773 4.138 4.5

25 0.5 0.864 1.229 1.593 1.957 2.320 2.684 3.048 3.411 3.774 4.137 4.5

80 0.5 0.864 1.228 1.593 1.957 2.320 2.684 3.048 3.411 3.775 4.138 4.5

125 0.5 0.864 1.228 1.593 1.957 2.320 2.684 3.048 3.411 3.775 4.138 4.5

TGS R AL .

(1) kG AL IRAR G 5 U i TR R e 3 Z5RiE

RAF, ATTE-55 ~ 125 °C AR 11 Rl PN S B08 i L A% /8%
e IR A R AR

(2) #h B2 R GEAR BN D FEAR | o o7 o 2R, A
=55 ~ 125 CHYIREEVL I, AN BE T A9 1 77 5 i
HL S O R FEAR — B 2R R4 WM E LT 6%

(3) A5 B B T3 BT S 0L, 358 A1 O A ] 507
i RAE A ILE TG BE v iz R B s T &
G0 (K B A0 Tt 1 2 IV

(4) TH B T T 150 T 1 A& R 14 i th
SER AMBERCR S 125 TR RIS AMERS B
T 6%, AN IEFE A B TSR 1E L2 75 i, T AR IR
At 125 C,

SR TR FE A B 5 5 TR B Fr B IR 1R 2 M
Y, BRIEAT B M A 1E i B A% 28 1) 1 B8 A% 152 25
i R AE S M AR ZRME | 2 0k RS IS A5 RS I A A S i
Z A2 R AP R ZRPE G R KGR AT IR B 6%, [A], 2R
FHA 5 VR B0 Fr AT fai A A0 B o B 53, 4 /N B AR R,
IREAR , X Fe 77 1 i T 4 b 7 P T D00 i S0 3k A 45
BRIz N T AT AR S EOE
MEERG T,

ARG PR T AT T RS, RGPk
RERRUE ML RO BE I R A %
W R G RK P B 45T TARE I PEA .

(T#:% 201 )



%6 1]

WSRO AE 22 SCR 38 iR TS - 201 -

H T —ATHEERMRELNE, £ —PH TR
2 A BRI LA 5 RIS .

(1) BFFE o0 A sAG ML, it ke 0 55 o IR 55
e SRR A [ AL

(2) JInaE XS SCR R 28 AL FEAL I A RIS . X SCRS A
AR R, JE T R GER R AL BRE Ty, AT
IS A SCAR B 3RS 1 ) T B9

S 3Tk

[1] o B LM PR Hi, % 2O REARZEART]. 3R
LR 2004 ,31(5) :61-64.

(2] SR, XUKPE R 45, 5%, ST B OCHR S 4k 1) 2 i) A]
FP A IRz 48 [ )] THSE L9 5 R i ,2003,40(7) -
934-940.

[3] XB 2 x\Zid. —FE B B HER SIS ()], A
HLT ARSI ,2008 ,44(31) :149-152.

(4] £ &R BREE, 5F. —Fhig e EHER T 254 ik
TESCH[T]. MK 23R B2 7, 2007,45 (6) 1953 -
958.

(5] whiRyt - BRIS 4eJehr - RBP4 s ) 2R R

SRR GIAERIF ST [ ], Bros Kop e i, AR R,
2011,28(2) :132-135.

(6] Z=Rhme, ol KO HT, 5. U RERTI SR
(). FRAERF 24 ASRFHF ML, 2004,25(4) :318-321.

(7] R S5 &30RIENBITIE[T]. BRG] ,2007 27
(10) :223-225.

(8] Mpfct. FEFRIHERMN h C & U R IR [T]. T IRHEER,
2009(7) :77-80.

(9] H#asg MRttt F. 25T Lucene (K SCEIHER T HAR IS
[J]. HEYLEA S & B ,2010,20(3) :80-83.

[10] JRiEZE B%EH & £ —FhIET Lucene A 304 30K
KAL[J]. BN ,2007,33(23) :94-96.

[11] RElIFE BB £ TR 510 dh S0 S0k R s H R X
HERITm[)]. hEE A E2H,2007,33(4) :45-49.

[12] BREA, ZEeth. shAH) H Y R LR [T]. KK
BHE KRR ,2013,34(5) :321-324.

[13] 2 B, BRWE, THE. shA NS St [J]. FBM
BT =Bk FHORBMEMT,2011,26(3) :92-95.

[14] HiEzE. — P R0 B9 A 3 e [ 1], A BT R oy
. ARBIERR 2006 ,26(2) :92-96.

(EBEH 192 R)

SEH

(1] B &4 #H,ZF &% SN EESHRES
AL R GE[ )] iR AL 5403 ,2009,24(S) :315-318.

(2] JHMy4 % 37 W, R T AR AR RS IR
W4 ShAS B A A T [ 1] AR 2442, 2007,28 (1)
172-175.

[3] X JERER, fjsehh. T HAEMEE RN EE K 15
MR RGBT )], AUERHAR 2011 (6) :39-42.

(4] SRAER, TG, 2 5T R i s B 4o SR 48
RGL[)]. PRV T A B 24 . HARFHFAT,2006,22(3) 55
-58.

[5] wiR®, T B, REN. ETIEMSA S BN L R A
PR BRI [ J ] G AR 47,2003 ,16(2) :207-209.

(6] & o, skt 81 3. B0 ARG IR i AME i [ 1],
YIRS ,2012,36(6) :970-974.

[7] 3K BEZEE. FPGA FEIRE AMES RN & RGBT i
NI, BFEARR F,2013,39(4) :65-67.

(81 s x| #E. A T2 W4 A v 45 50 7 18 s ik it

R A3 BIXER,2002,23(8) :14-16.

[9] Lefeuvre E,Badel A,Richard C,et al. A comparison between
several vibration—powered piezoelectric generators for standa-
lone systems [ J]. Sensors and Actuators A, 2006, 126405 -
416.

[10] Fang H B,LiuJ Q,Xu Z Y,et al. Fabrication and performauve
of MEMS - based piezoelectric power generator for vibration
energy harvesting [ J ]. Microelectronics Journal, 2006, 37
(11):1280-1284.

[11] AR R AL AR AR e A BT 36 [0 ] AR RS H AR, 1991
(1) :40-43.

[12] PNEI, FREA. R IME IR KR ZEAME[ )] AR I
2002,8(3) :14-16.

[13] & 25 S A HLER P S e s IR B iR 22 M2 [ 1] AR
B FHi R ,2002(10) :97-99.

[14] Williams S, Thompson H, Hufford M, et al. An improved
CMOS ring oscillator PLL with less than 4ps accumulated jitter
[ C]//Proceedings of IEEE custom integrated circuits confer-
ence. [ s.1. ]:IEEE,2004 ;151154



AR B R E AN R B R B [H hh8E ..

(== RSN, HPE, Xk, #0155, SHAO Gang, TIAN Ze, LIU Min-xia, CAI Ye—fang
i i« LTl G 2 T SRR ST, B 76 %2, 710065

e HHEHLEAR 5 % e 1STIE]

B F 4 Computer Technology and Development

#, B0 2015(6)

SRS R BRRI. FEE XUk, 4895, SHAO Gang. TIAN Ze. LIU Min—xia. CAT Ye—fang — Pl a5 5 3 1y

A RGBT RSB DTS SC) - T AR 5 & 2015 (6)



http://d.g.wanfangdata.com.cn/Periodical_wjfz201506042.aspx
http://www.wanfangdata.com.cn/
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%82%b5%e5%88%9a%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%94%b0%e6%b3%bd%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%88%98%e6%95%8f%e4%be%a0%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%94%a1%e5%8f%b6%e8%8a%b3%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22SHAO+Gang%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22TIAN+Ze%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22LIU+Min-xia%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22CAI+Ye-fang%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Organization%3a%22%e4%b8%ad%e8%88%aa%e5%b7%a5%e4%b8%9a%e8%a5%bf%e5%ae%89%e8%88%aa%e7%a9%ba%e8%ae%a1%e7%ae%97%e6%8a%80%e6%9c%af%e7%a0%94%e7%a9%b6%e6%89%80%2c%e9%99%95%e8%a5%bf+%e8%a5%bf%e5%ae%89%2c710065%22+DBID%3aWF_QK
http://c.wanfangdata.com.cn/periodical-wjfz.aspx
http://c.wanfangdata.com.cn/periodical-wjfz.aspx
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%82%b5%e5%88%9a%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%94%b0%e6%b3%bd%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%88%98%e6%95%8f%e4%be%a0%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%94%a1%e5%8f%b6%e8%8a%b3%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22SHAO+Gang%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22TIAN+Ze%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22LIU+Min-xia%22+DBID%3aWF_QK
http://s.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22CAI+Ye-fang%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/Periodical_wjfz201506042.aspx
http://d.g.wanfangdata.com.cn/Periodical_wjfz201506042.aspx
http://c.wanfangdata.com.cn/periodical-wjfz.aspx

