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Need
wireless power Rx

Understand
physical design limitations:
- X, Y, and Z limits of coil
— Estimate interface gap

Will
current
catalog part
work?

Yes

Pick following parameters:

— Power needed at load

— Expected coupling coefficient
between Tx and Rx

— Allowable space for the Rx coil

v

Use circuit shown later to
run simulations for best
positioned case of Rx

Display load-line
curves

Are curves
acceptable?

l Yes

Create Rx-coil build
specification that can be sent
to magnetics vendor; and
create Rx custom BOM

v

Build and test prototype
on tester specified by Tl

End of coil
design
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R TN Rx LB ER— MM ME M.

1RIE WPC #ISERy 4.2.2.1 NERE, TIFEAE 8 FrnlliRi
BEM, W RGBSR L S HTNE, BEERATx Fik
MR IEI Rx BAEMN Tx AHRET S, EXFNR
BB, Tx F#ob TDK A5/ 50 X 50 X 1-mm #%E
iRl (PC44) . FIRESERBEERA, FER dZ X2 34
mm. AfE. ¥ Rx ZEMEAZER L, £/ 1-V RMS #
100 kHz WE L' S, A, FEEE Tx BHRONBAT, IXEL

Rx Interface
Surface

Rx Shield\

B 8 Rx &E®BRE (L' S) MENXEEE

Power Management

PR Rx Ze BB R Ls #HITIE.

WPC ¥SEHRIFEARMELRZETRN L' o L, WEM
B, SHXESHEEAENNTINIE Rx ABEEE—]
Bith, BFHEMRMEMNEERE, YEHEEHRESR
A, RxEBHEBRBESHEM. BREMMIN, Tx ZBEW
FPRANEFEE, SEXNER~4EFm, (S WPC #i5E'H
32114 INBAR) ZHAEESE T Rx LB RKMHRNE
R, BEd BREMBEMNEMEENSE— KBS, MREH
FEENRXEEREMEAEN, WEABBRARTE., BT
Qi TREN B RAEFM LA Tx LBEAFERATTHRE, AL
TARTEMERMER TEEAMNEL, BB RNEFIE L
LB Rx BEIRIE., EER, B 8 iRk EEWIH
EEORERE., YEREANUEN, HUEBETENNT 75
150 mT zE, MEBEXAZKE 155 mm, XHEK
&, BHERWE Tx LEMNHE 30-mT %35, ANZUEYES
BEM 20%.

AT TEER Rx LEERAIMEE, KR L ML BICNETS
ERSN, R 2 ENHMSBHT T EXER. SNEFRE
e, BHNRENSHEREZRGHN TR/ ERR. &
AR, RETWRITPAEANMRHb TS FIERELBEN
BHER, AL, SXPFAEERHETEEN, RENENFEARK
KRR ETIWRITAMBAS. & 1 FINERTFEEN
I RERY Rx 2.

Magnetic

Attractor Rx Coil

I

»

Spacer

d; = 3.4 mm

|—>|

Tx Shield

]
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Power Management

R2FARBORENED Rx ZEBRBRSH

Texas Instruments Incorporated

Rx COIL Rx COIL
WITH WITHOUT

PARAMETER | Tx SHIELD Tx SHIELD | BATTERY | MAGNET SUMMARY

Ls Included — — Standard L measurement

Ls_m Included — Included | Exposes the effect of the magnet
Ls_b Included — Included — Exposes the effect of the battery
o« mb Included — Included | Included | XPOses the effect of the battery

and the magnet together
Ls — Included — Standard Lg measurement
Ls b — Included Included — Exposes the effect of the battery

&3 BET AN UEZELERITAN

B, DREA R3IF[EENGFHEB

B R BB RE B NIHRAR, X2, L' Sb M

s | Lem | Lgb |[Lxmb| Lg | Lgb

FaRHE, (EESNF—IT Rx SEEE . )

Inductance (pH) 12.9

13.1 10.5 10.6 10.9 9.52

BEIR, EMNTEIMUL SHEALLEMRKL, FHIBE

Resonance (kHz)

90.15 89.63 100 99.72 98.15 | 105.02

RELER K E—FSE,
Rx &%l i 18

LR Rx LB M4 H—MEFIEREE C, M— D IFEIETR
BEC, A, XWPMEREMT —MEM Rx LB LK
B (ZRE 9) , HX/NWRTHBIRE WPC HSERIEH

WE,
FRITE C,, L' ¢, BIRIFEF A 100 kHz:

1

G = 2_ -,
(100 kHz x 2x)” x L

(6)

B 9 Rx £ BRI SR B i

EEITE C,, L, B, RBIERMEFH 1.0 MHz., TTEER

BAWEC,, RERAFER 71TE.
Cy = L )
(1.0 MHz x 27" x (LS - 1J
Gy
&wE mREHXAKRTF 77, HitEFZAOT.

21 x 1.0 MHz x Lg
Q:

R b
He, RA%LER DC BHE.

Rx XEHI AL ST

FEEFEREAN Rx BN, RITARFEBLAHEDH (1-V
HZ) LERERZLEM Rx B, N 7T BEERFME. X
MRS Q IERFHNAEIEREMSF. (1) TS
P (2) BSmE. RIGEREREITE,

C))

High-Performance Analog Products
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TERtid

B 10 B 7 Lo e — NN ECE B

T, HSHEXMT.

Vi A= AC BR, HIFF 19V EEZIEE

ZITREN.

Co NELRBHERBEE (A1 BEEXR
D o}

C, AN Rx BT A SKIEIRER.
C, AN Rx & BT AFBIEIRER.

Co AZIREHENAREBRR. 26V I, CB

100 nF) .
Lo AELRLEE (A1 8Y)
Ls ARPEE .,

NZEDH 10 pF.
V ATRXERBER.
A A BRI,
R AHAXRE.

“RENFENHEMIBERSENERFE ZRE IREN n 2
MOSFET Fim M EHEMK. HTEB=1TNIKEF.

1. B L R 19VAC ES.
2. NERHEMITE£HEERE, WHASERBSEHTUE.
3. BIER, THMIESRIR PR, SUERMEZE 110kHz BHELE.

B 10 A& SR E

Power Management

FFHE5RE B 200kHz.

B 11 BRT—NRBEAE. ZERE, FRNHEME
MBEM, FEARMIERE, Fla, 1A B, shixBERRE
R4 5.15V. Et, TIESRZENT 150kHz 1 160kHz Z 8, H
A—ANITRIEZH TS, RZIESBHEWPC HEH 110
F) 205 kHz SUESEE, MRGEZRSK, HETEBIRE.

B 11 Rl BESHER

20

18

16

14

12

VRect (V)
=

=== 115 kHz
125 kHz

“===140 kHz

\\\5-_-“-_>

=150 kHz |
130 kHz == 160 kHz
135 kHz

\— 175 kHz

1-A Load-
Step Droop
S— =
IS
S~ AQEé
QA'
(¢-~ i \‘
~-X 1 :
A\ 4
Ping Voltage \i
1-A Load
Operating Point
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Load Current (A)

Analog Applications Journal

302012
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Power Management

B 250 fSz

HITBASE, ARANEENS, ME 1w (1) Bk
M (175kHz) THERSF[EE. (2) EEITESRMLR
REENAMBARBEE T,

Apl, BIREBEA ~5V., EBTEAM Voo, Bk, o
MURIE Qi #ERGFH B . MRIZAMETEERERERT
VU\/LO' J”\Uﬂﬁlé 5£E£j]o

MRZRAGHELH D 1A, WE 11 F, 140-kHz RELER
T, BIEA 6V, ABINEEN ~1 V., EXNXFERFEHTD
. EREN 7V BEIM 140-kHz fig%k. BEITITRAR
HEREKR, ERANBRLEMREEZE, BETEMETT
NEZHNEHBEBENST 5V, MRETF 5V, BREHEDS
FZEX—KFE, BT QIRERGEHNRRMNRE, Ribi#imx
MERASmESTELEN., XMoo DURINER SR T8k
FERSRTESHTRATN TR HIABSE T,

HIR, FRLBETRRLEEZENBE. 2F Rx LEXE
REMEGER. A, RMNEW, EFESTXERZNE
ATHRAHEHETEZRON, URETFEZET Rx 285
iz 7.

it

AEFTEMNTUEREENETERERRE, HELER
BRGH Tx &EBRit. BR, BRAMTBMRENORE, BF
FREBF R TTAR N — LS R, FHRDENERIE
BN BHEBRITHE, TRUBME KRR, 3A]
MEMN—ENETTE. TRULEEER KB EMEL —
FEH Rx 4B,

KARFIXENSE 2 &0, BABFEANBAREEHZES Rx
ZE. SRERXES 1 BONAN—ETENER.

High-Performance Analog Products

www.ti.com/aaj

Texas Instruments Incorporated

SEM
MR T BAXEZHEN, SUEHRBRIMIEwww.ti.com/lit/
litnumber T # Acrobat® Reader®> . f FIERR TI Xi#k%
SE EARMIEHUE R “litnumber” . T TETHIHH,
XGE XEmS
1. TETBERKE, (REERLTLENHER.
H1, 182012 £ 3 B1.1 AR (E
%) . THEHMUA. Available: http://www.
wirelesspowerconsortium.com/downloads/
wireless-power-specification- part-1.html

2. AL TEBHARES T FREBRAEN
2y FIETF CGEMRAETY (201 £5F
1ZE) , E&. BillJohns.coeoviiiiinininn. SLYT401

H% Pk

www.ti.com/bgtesla
www.ti.com/product/bg500210
www.ti.com/product/og51013A

ZHCT177
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Interface (Data Transmission)

RS-485 #iEE R T B W T k3 ixit

{E#&: Thomas Kugelstadt,

EINES (TI) & L7
TRENEFERH— T EAL, 0NTH
RS-485 N A&t —RIFBIBR R MRBE
WIhakss, Flan, BELTEMERM

10000

B 1 &4 KESHEERNXR

DL, BT —RBHBURAKEHKE
(1200m) MIZBEEE ML, HFRIT—HER
g, EFMRGHFERNBIEERFAR

5% Jitter

1000

N\

18E. M 10 kbps £/ 200 kbps, F~—ME.

mRETRZENEEAAZE (GPD) FIF4£/
100

\ 10% Jitter
Conservative \
isti N

Characteristics

BE, BHTASHELZBRBORAHLE
BESEE . FUbsIdE M T R B 7 A
Bz EKIEEBRE,

Cable Length (m)

10

(SEZHR 1) P, S KESEIBEEERHN
ITECFE MR, NBEA 1200m (4000&R)

MERAEHEKE (B 1) . #FAZKER. 1
®H 120-Q. AWG24 ERE#HENEK L (UTP) B9
HEEITREMHESE, FEIALESZRER
h—3 (6dB) .

100

1k 10k 100 k

Date Rate (bps)

1M 10M 100 M

7 RS-485 HAXEH, X T EEEL, WEHE~MEHHE
BESNB—MERITHh4RRIT. BR HZESEHMNE
3, %i:FATx%%%KEFHﬁﬂXIZ&?X#?FEIHX, A% M

LEIEFENRR,

AT EKE—REZEENFRIERNTEERME, HAI2
MBER—DFRI %5, B2 BT —1NRGEHWE. A
FERNTHHUBEEERPBEE, ZPABLABLHAD
MmImlkEs, SIMRARBERESREREREZRAELE

B2 WEEFNIThUgRZEY R

2%, HEEE-ITRBTRIMREFBINEGIEE. 1255
%’JLJH&ETBQPH%D%EIEPZ&%%E’JEIXEJ]%%%D&HS(M%&J\ BT
BESEE S ¢ ER=E (EIPOR-E)) -y

AR E BN FESAEEE 3 imEik BEEFIE 4 Fr
R ERAEE ML, A THRERNTXTY, BRAX
EHERX LBEMBLRNENENENEHETEX., BidHE
RIREBERE Res TUEMXIMITIE, HEZFREREN
R RER, FE— DR TFEEVMASRE Vs > +200 mV

XCVR 1 XCVR 2 XCVR n Half-Duplex Repeater XCVR n XCVR 2 XCVR 1
[ cTRL | [ cTRL | CTRL [ CTRL |
:::L::L::L::L:: "'L'J"J"J"' aepfefeejefafajayepafae’ "I'"I'"I'"I'"""I'"I'"I'"l'" "'L"L"l"'L" aepfefeejefafajeyepafae’ ajapefafeejefafajysfafa’

&‘ AQ—< A& v EAQ: A& Y
/5_ |
< Bus 1 > | Bus 2 >
Analog Applications Journal 302012 www.ti.com/aaj High-Performance Analog Products
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Interface (Data Transmission)

BB AR IF B IR Vis.

TEAT-BEMREBEHNINEETIREF (LLLNEFR
S, BHZRE3Z) | BEMERE T IZT AR TIEIE.

1. EELREBHE, BTV, WAL O R E KA H
HASHEF. A, APRAREZREKIRITHEEH,

2. BTk, w1 EAREIBERBAMEINL, XS RXT &
Hof, X TMAEMAERE, MNMESIEHE A
=, FHCEREIEE DR,.

3. ERITEMBEEE R, x Cp.
MR BN BB EBREFEES.

DUETZ B ik BB Bty i AR 2

4. EEfMAREEERE, DR, I8 RFEL 2, XCVRour

B 3 Fil A — ™ A PR SRR A U % =% B R4 o

Texas Instruments Incorporated

REREL 2 PRBRASOERINGHEIRES. B8R,
DR, #U8CER, LHRIEERE RPU FI5 R BUREIAL (RX,)
BEd DUE RX, RIFECERE,

XMBRATRARLZE, R-C NEEEBUATHESKEMN
REGFSHEERER., B, BEMABBIXIREBRSHNT
M, B3R R kR,

A, BMABEEEATEONE, §l0. RS-232 F| RS-485
HIERE XU RIS E IR RS485 MK EEEER PC 5
& RS-232 #=HIHIRRA9 RS-232 ik A,

F-MEMRENAKRTEEERNTETUEREME
B, BBE—FERAENE IS M E 6 A R AR
(Schmitt) itk e, KM FES . KERNZAEZER

(7]
L e+
o
j‘u

B 4 FIFH— 8% 25 F 5% S e AU I 4% =5 B R

High-Performance Analog Products
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REREEANR B4, FEZESKRSHEXARNH, R
&, RIEE RN BIRAFS, MTERERIEIRTL T
HIEEENEEEKE.

TERT B RAFEF FAB[ONEZTIF (LA NEF
&S, BENE4) | TRUBEMIEARHETERE.

1. EELEREHRE, BT Ve, WAFESRHA RS H
HAS. ERER C, ABZTERE, K RBaHH AMRE
s UERESBRESERBELT,

2. 2z, B 1 BIM—MEA, EIRX1HE AREF, HRiE
5t Cp MR, FRUEIENRS DR,.

3. HRZHETAHE (Vg > 200 mV) B, RX, HHEER
&, HIRz) DR, dihm, @it Ry X C, EBFEHR. &
MERITER/NEEEE (R, x Cy) . UFERKBIEFER
IE Vecimay MR/NERABAZBRENBE Vi, mn BT, EIRETEL,
BEEENBEARISEBEER tome. BNEBH 30%. i
M, BAA Cy,=100Pf A, Ry AERBAEN

1.3x¢t |
RD _| PLH(max)

) ‘CD XA (1= Vayg, (iny / VCC(max))‘.

Analog Applications Journal 30 2012

www.ti.com/aaj

Interface (Data Transmission)

4. IRIBIEIRATE (tp) SEBREIBRALEFRAT B AIXTEL BN, FE
KRS BERE, MERLEBESEINSSES. BE
MESEEX®REFBARRNNFTERAXT T, BMNRIL
BB HHRERFSS. ATERNAEERETRES
2. FULBEBRVIATREEARS, EE—BENESEH
ToJge., W —EXF, IMNBEERIPEHEBEFRL
2 REZE 200 mV Wb, EEERBERNEER—NEX
SEF,

5. ENEBLRE, RO Ve < 15V, BZHNIE (t,) A9 Voo
> 15V, WA, B% 2 MENEEEEHN Vop = Ves> +200
mV, zf&., EESHR Vo = Ves > +200 MV,

9N, XCVRo A FREBZ 2 iUk 28 a9 B s HOR 7S,
B g R ITTEURE R BEWMRFI A 10 kbps, BEEE
FEIRA— LR UL ZME A 100 kbps WM EAIEIRER,

ATEEER, BERAL, PRRJITRBEEHEEIRER
BEX—EEAR. B2 T LEEFANE (PRHFHTE
NAGE) f, METRZEMKREBBME (GPD) RER
W, X GPD M RBRMABRFBEBENTLATE, MRF
KiEHERE, ENSXR4~EBIR., SRARSLEER
BT HEGBEN, SSRFRIL TR KRB,

2 B TRBTTHSEHIBHENBET SRR FIERA
oy, B2, BmPY%RnNs, YREANRSE. EhHRpEH
TEAMEETRLZ 1 FRL 2. B, BNREELNTEE
e, B 5 B 7 RiEXMEEN—DRARER, F15H
THHRERE BOM)., BEEFEAFRNEZIREMN RS-485 WA
#B BMARBER—DERNRELE Vo, HEETE
BIE SRR 33V BIE (ESILE6) .

High-Performance Analog Products

17



Interface (Data Transmission)

it

hagkaR T IS &Y AR E D BLEKS. B
By RGN, PRIWE—DLBLNRENS—
NELT G, XET MAER KA EE R EHRE
RIFEFASFMinEEMRR. B2, HPEIHIED
BAEKRER, EUTMMEENENETAMLE, X
B, NEBREEDENwONBESE BRNDARK
B>k DAY BB fE =R

Sk
1. 2006 £ 1 A 1 BRI AR TIATSB-89 "TIA/EIA-
485 AR FRIER” | MIuEHiAE. www.global.ihs.com.

B 5 WRE W I hikss

T 1PURESHEMEE

Texas Instruments Incorporated

DESIGNATOR FUNCTION DEVICE/VALUE | SUPPLIER
U1, U2 Isolated half-duplex transceiver |1SO15DW Texas
U3 Dual Schmitt-trigger inverter SN74LVC2G14DBV | Instruments
Rpy Pull-up resistor 4.7 kQ
Res Fail-safe resistor 348 Q
Ry Termination resistor 120 Q
Rp Delay resistor 10 kQ )
- Vishay
Cs Storage capacitor 10 pyF
Cg Bypass capacitor 0.1 uF
Cp Delay capacitor 100 pF
Dp Discharge diode 1N4448
R P b

www.ti.com/interface

www.ti.com/product/partnumber
{£/ 1SO15. SN6501 5 & SN74LVC2G14 R &2 Lt fy

“partnumber”

First Isolation

Barrier

33V

Barrier

I
Second Isolation |
L LLLE |

Viso2=3.3V

|
I
|
o
I
I
|
|
I
|
I

& 6 WfE & RiREIT

_ 0ApF  0ApF
Viso1 = MBRO0520L IZ L l ZI MBRO0520L Visoz =
33V 3Mpa vee | L | L[ vec ppl3] 1:11 33V
10 uF - - DI 10 pF
SN6501 SN6501| +=|% i
1 3.3V 1
—1P1GND GND D1
MBR0520L MBR0520L
——10 uF 45 45| 10 pF—
L I
L
ZHCT178
High-Performance Analog Products www.ti.com/aaj 302012 Analog Applications Journal
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Rz A sheY f A

& : Arun T. Vemuri,
PEMES (T) BRI ER TN
ElS

B 7 {2 758 RN BE 54

Amplifiers: Op Amps

B 1 {# F [E iK% A IBFE 4K H) ADAS

EBERNBEERSY AR, fl.

BAEBIATFHE (UPA) F1E RN
(BSD) &, RGRHFHBEKRKE
EMEREER, REERRIK

EK) . REEUENERIRIE SEIZ:‘;I +
SRANEERR, NTSKIRNY) s(t)
HHEN. YEUELRS, HE
Bhieg, FEit, SERAEmE N:(itS)e

., B—MENELNER., KX

Analog

Gain =K

Digital

Analog-to- Bandpass
Digital
Converter (BPF)

(ADC)

Threshold = L

|
|
|
I
|
|
L»  Filter
I
|
|
|
|
|

BaErd, ZEELFLRL I

MRFFEERE,

B R NEE

INRERERNSRBRREE RS (ADAS) ER— B ER

MBEN A, REAEFHBEREAIMENE LBERE—RES
REFHBER, RERKBAEDGERHFERNBER. BFK
BB ) (TRfTRIE) BT IHEIYEMNES. NhAEHE
BRBE. FHWEER, AFRNSRRAERXEHRHDE.

EHEIEREM R ENERRLE 4 M2F, B, 81MEN
FLEERE—MERSE,
EBERSASRABNRGT FERNFRFE—RATHR

FERHIBER ARBERSEXRMNBERERNBE
EXRHFERE, FEEXBERERSFNERERNREE
%‘%—%?)‘l%ﬁ%ﬂE%ﬁﬁEﬁ

1 BT BTAEREEEANMEEESH, TI PGA450-Q1
E—RERERBERERRESATR, EFT UPA B4
ENA.

BEREENZEREINERESs (1) WEFHIR, B 1A
TRINEXBFE n (1) ASNEPIR R MR 5 S8 A R /Y
M, HE5IE (t) X, WEIRHES ut) SHBKREHBIE
& KK, REBE— MRS (ADC) HEFh. HFL

B AM S & —MHBIEK A (BPF) IR&RE Eh. 1ZIBK R
TEATHER E’anﬂﬁ%tt ELREENESy () SEHE
L tb&, URNENIENFE. BPF E‘JFE ﬂ — Mk
A= HEESHRAET MNHTIER. B2, AXA

TIIEBER, ?iiﬂ]%%?iifﬁllﬁa@iﬁﬁ%a Iltls, %JU#%TZSE’BG%E
EEE (L) RERE, BA, BATMEER L Ve

Analog Applications Journal 302012

www.ti.com/aaj

BRI
RGBT AENBREE I —RIFEME TN IEE R, 3
FEZR (SPL) kiR, SPL AITERZENT .

SPL = 20log O[I;rmsj (1)

ref

HA, P 5 RMS FBE, M Py HEEFE, ®BHBERE
#4320 pPa, B 0.0002 pbar.

RSB ENE = EREER SPL, BUR THHE| LMY
BEE., HAIFEFIENRE, FEREBSRRLLAIXE.
1

peoc—,

d

H p AFEEAH. T d fJWZ!SE'H%E’i%%E’JEE%‘ ft’_’;*ni&%‘
BEFISEIE A T30cm BEEAY SPL, HiZE., FAX—ES
7, BMNETLOTEREEES xf9 SPL.

DP30_rms _ X

30’ )

Px_rms

H x ARESBIMEZEMNES, FE x > 30 cm.
b, x BEEAY SPL 4.

SPL, = SPLy, —2010g;, (%)

High-Performance Analog Products
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Amplifiers: Op Amps Texas Instruments Incorporated

W2, BERMNERBERIYEIES, &

o B 2 AL B (R B 8

R MR ER, REEERE, EEHE—
k. B, BFSSNYEBSRIE—HH 08
. FrEEEE SPL aThUBE AR 3 MR 07 ||
BItE. REFTRABAETRRL, FERE | \
o HESWEFRE. WIR, TIRKOSPLS | F \
PR SR EENES SEL. BAER, SPL | g 05
RS x BEL., RIEMER 2, BEAFRE | 5 .4 \
ERBTMG S AEEHA——AMNEREEY | 3 \
. —RMNPEEIRE, RIESRR 1 fRE | g 03 \
B U 0 B0 o 9 7 PR LT SR AN T € o2 \
SPLecny 0.1 \
Pecho_rms = Pret X 10 20 . (€))
° 0 100 200 300 400 500 600

BERERTSERIMNFERERIEES, & Distance (cm)
$T R B R BERA R (OB, 1 yPa B

FHEOVE, HERYIREER 0dB. Fit, FAIIER 5M10

RATTRUEFHRRE 4. 57 6 AEhHER 7 (MATEKR) |
6. TTRUBIL dB Fomb AL R SUE - V/uPa. o o7 g

MUTEBE RS ENEE, TER 7 JUEEA.

30
ox x 100-1ox”

RxSensitivity_dB = 2010g,, (%), (5)
a
H Yecho_rms = Kpref X (8)
ij‘; y A V/uPah BAMBERIREE. HEN 5 TME Heh B (K) G EE.
7R 8 kM, HMEVARILEBMNES x BN, BUEBET

YWMhzwﬁﬁﬁﬁﬂgﬁﬂ. ) ﬁ;fgfﬁ.WW@ﬁﬁ,@ﬁﬁ@@k.ﬁ%wﬁ%w,@
BARIEZ )N

2 R\, BREFIMNBEESYRIEESBNEEETX RES
HEREBRNT.

«30cm FEE AT A5 SPL= 106 dB

o TR YL=1.3 dB/m

o AR =0 dB

o UL R BUE=-85 dB

2x
SPLecho = SPLtransmitted -20 lOgIO (%) —2ox — S‘PLatbsorbed by object» 3)

2x e
SPLtransmitted720 1OglO (%J —20x - SPLabsorbed by object +RxSensitivity_dB

+1
Yecho rms = Pref x10 20 &P)

High-Performance Analog Products www.ti.com/aaj 302012 Analog Applications Journal
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B 3 —/NFIaEBE S R RIE EIRE S K

Amplifiers: Op Amps

180
160 | Transr.nission s

140

120

100 | Ringing

80

ADC Counts

60 |

_, Echoes ~ "’

Echoes measured
with object at
different distances:
1.5 ft
2.5ft
3.5ft
4.5 ft
5.5 ft
6.5 ft

40

20 -

/ Threshold

~~

Time (ms)

S EFEHR

A— /MR, NOEEREMNEENIRE, SHEED %K
SO BB INTE. B, HENENME, EIRLEEREN
BMAESAHU = sit) + n(), Efs (t) ABKES, fin)
HEANABRERE, HEIEN, EIRE SIRIEA (R = 0w
B, FESWEBRERR, MEFAE RS REEEITAER K
ESRRENENMAENEFE. EFHEN, —FEANGER
HEAR. FRXMAAN, HEENEREL. Fie, 8
FENEAHEXN, BERA, 25, BELIH[EHE
MmN, XFAENEAREL, FAESKRENTINZE
T, BEBEAN. BEEYE, BEEMEERK, KX
WA, BHEBIT, BEIEFRES).

E3#EA T U EREFZENMS. ZEETR T AEEERYEE
B RRIEZEA], TI PGA450-Q1 WHEEERA— MK 2B BT IE
EEIE. ZERE R T —MUENEESTR.

REZMARHENTRITERNLEEN, BEFERMRS:

1. UREETRERFERDEFES. UEHESEHEXR
FREEIRKT., WREER 3 MNURENERE (WE 3 P
=) . WiZRS=H 6 MuUsgmBA. B ITEHDPE
AHNERBYEREEARS (ADAS) ki, BRRERAZH
TRNERBTERNVE, RAGRRITNURETERREEAT
FERUFELEFNE. Fl, MR—NEEFE 10 MY
BNTRUNE BARURFTEFHES X 60 MIBHIE.
RXEIEINT SRR, BABRRERAEZNFHEZE.

2. EEHREAMRAE LRRFERRE RRVE &
= R TER. REIERRRESNERE, MUEY
BREENNE., XHEEEEE—THRENARNIE. %
AR RPBES N WABIEN ERXHF.

Bz, JRHEAENIERSE, TEMTEFRNER
ZHIB A,

B HE

UREEEERETHREAMNRE SXMATEFNE
2. BERETEEESRERERSL. RERFATHE
BE, XEYESFESR A EATRN.

Ao, HE 1 BNME, EFLERZRAESA ult) = s
+ n (), MRESE—RIERIE f() THIEZRRH, H
HEITEWT .

s(t) =S xsin(2rnf,t), (€))

Hrp, s »pEKESHE. B, 772X 10 GHTHAES
#9 RMS &

KS
SI'I‘(IS _ﬁ (10)

IR, IM—ESNMPEE I, NfitESikiEE
LB (8] R
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Amplifiers: Op Amps Texas Instruments Incorporated
iR IR R AR (BPF) My () BT IXRR A

y(®) = f(BPF) - { f(ADC) - K[s() + n(D)]}, (11)

Hr, f(BPF) & BPF MIEIFIEEASREL. Mf(ADC) 4 ADC MEMLERE. RIEEIEESHEENEN t, =0 (BFE AKFHEL
SEBFERARE) . Wy < L. teg <t < toeer T Yltopee) = L. FFE tend KFFE AR SHOPIG oD AR, WIS
B topee BPIRMNBIMAENGFE. BAS, "RNOTUERER—IEEHE, FRAITEHEARG, " BEEZXNEE, F#MT

MFIAARER12, FRECh— 1 BEE, NTBRE &N EFARIBS
1 1 1
N(t) = Next (B + My (B +EnADC(t) + EQ(O +§anF(t) (12)
TEEXWMT.

K= As1E 5

N =2 MEDERFE

N ormpy = IR AR R TS

N apcy = ADCHBRIEF
qy=ADCE1t

N gpry =BPFITEEZFIR =

BNREHEHBIBAEMRARERE, B, BIOVMBREENRFARED ASTIYENETHZSH.
EHEROM2RAAER1E, BPFEHEN.

y(t) = f(BPF) - {f(ADC) — K[S xsin(2nf.t) +n(t) ]}

(13)
= KSxsin(2nf,t) + f(BPF) — [Knext(t) + KNy (D + Mape (D +a(t) + nBPF(t):l.
RI\FER9, BPFIREMRMSH
I L 2 2 2. 9 2
Mrms = \/6 X f_ X l:(Knext) + (Knamp) +NMapc T4 +Mppr :|a (14)

He, Q4 BPFHIREEE. f, 4 ADC REEME, MABREIHN RMSE., FEHER 14 FIR-EFN RMS, HRI% 6.6
KIERBAERT, FrEREN.

1 f 9 2
L= 6.6\/6 X f—c X [(Knext) + (Knamp) +Mapcs +a° + nBPFz}.
S

TR AT INERTN .
1 f 2 5 Mapo” +a° +Nppp”
L=6.6K faxé ><\/next + Mamp + & . (15)
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AR, BMTUMATER 16 EEEEHE. B4 BT
T 1E R E E S A A9 2 BRI AL .

FEAXMTEN—THELRE ENFEFHE-—ITBALK
B, MR—NERHH 10 NTHARKNE, ATLHTMH
10 MAABIEEY, BLAANMENTRRETE FHE
BIFERBLDT 6 &, FER, WRBAAHFEE K XX, HE
I 16 EAFBREME T —FEDEELE.

7iER 15 BET —MBERERNNNIFIIE. —RTE .
FETNAREDMHERERN. HTRESTH—HERT
R, EA-TRENER ERENERSHTRAE. THY
AR ERE RSN ENESEE N FZAL . REFTRNBERE,

& 4 {5 ElE B {E 40 12 ] #iE

Amplifiers: Op Amps

FREBEMEERTREA, NEIEVANBILIEGEESHE
FE, FRRNEFVARNESHREFTLIZRE. HIE. &
FERAXMAAERRER, b #EE BPF BR. &E, A7
REVERNRENREYE, ESNRESAERERREBAT
EEHE.

<L
amplifier.ti.com
www.ti.com/product/PGA450-Q1

180
— [<— . .
160 - Transr.mssmn ' Echoes

‘Ringir_ig'

100 -

80 {1 -

ADC Counts

60 |

40 |

Echoes measured
with object at
different distances:
1.5 ft
2.5ft
35ft
4.5 ft
5.5 ft
6.5 ft

/ Threshold

Time (ms)
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PO bt

B} 3 In3eR 073, 1

& : Jose l. Quinones,
=N ES (TI) LRI

ElE]

# DC Bikins . BEASEE (WREMKEIES, MIEHM
HELEE) . TMERDAEH MK RN EEEEORE.
BE W%%iﬁgﬁ,wﬁﬁﬁﬁx§ﬁgﬁﬁﬁﬁiﬁ
o & m R, REBERNT AR ESGEE R B E

R, N ELHDENRERRE, EE,
gHEE/JILﬁaé_K%E/IILE/J ﬁ?‘_ﬁﬁ*ﬂi

DR E R AL

BT AR FNRED. THIEZT-ERFREIEME
WMV, MRTM, BARMN T XL RIS 3
DRI EEEFEFREETE, EXLRE, HILHMDIARF
M, PHDXEMBERI MEFRELERSR. NE
REEBHLHDIA, TRESHERTENER.

AXAF, BAMRE
SHIEFAE, WL HDEFETES.
TI DRV8818%) M EH K |

SRECAZWNAN AT LEFRAE
SRR (F0
THHBMNT ) R

Fib, 4 "8 BhOETEHBSEBEE S
(b)) . Fib, RETRIAE, holRREss
DRMER,

Texas Instruments Incorporated

VKV

1 BRTENDRATE BNERSHRR/HEMRLEE, H
FRIGHRIA—NERSH. RS ANE, BRIEFE BEX
MFIRTIE, DAERA—NNT f, ITHER, FHAKRT I,
RPHREFE DL, Tﬁé§1§5L1~$§ FRERDMH.

BHIAXMIERL, DRESNEFEIETENTW. REFL
k., XR—NEMNEA, BXRAREZMA. BFEMH

REILBIEUEMEF AT ER B, %E:}Eﬁﬁfg. BHE
KR BEREREAL. BEX-RUNNE, P#DAET BT
Wil f, TR R RIREN— R TR R P 156/ X ih 2%
T

RAHERMNE, TeEFEHBIEL "Dt BoPRILDEE
ik, R, NESHEFRNEREEFEEREDIEEDXELET
REZBEEHHBRMENERER, RAGSHRESSIES
®. TANDEH. FHiLE MREESMEAFERDHDIA,
MR BIAFE R IZEIE AR RE R, DAEHHMESKREE

i, ATARMERBRRIOBTRGZHDEL, FEHERNH
TRESUTHEXRER,

o3&/ RS =

AT ELHDEMNEIRREMNEEZRNAL BArE L7 U

B 1 WRIERS

Bt 3k B AR/ B A 2%

1 1
W E 1.4 AlPhase |
Step Angle: 1.8°/step
= AN
—_— [=
E1.0 5 P00 A
= & \
(]
“g’ 3 100 —
S 05—~ \
50 N
fs
0~ 0
100 200 300 400 500
Speed (r/min)
I | | |
0 0.5 1.0 1.5
Step Speed (kHz) (full step)
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B ERRE SR EE. KEHIREIMEME AR 3R X
WL HEDEERS, REAAXATERREAR N ENR. &
—NEEWLH# (SPS) MR, AT~ E—MIEH D HEER
T IhEE. R—PEMEEN=R, ATFEAHMMRTE -
ENdR, HTEREXZFHENE, ARRLFE S EHEX
BIAERE (dv/dt). X—IREEMIEMEE, BNk ERER (8=
fE5. B2 B3 7T —MAR9E T HUIE 58 A9 INE K 2 76 B AL
KE, F#ERT DK NEE B iRE RS RE.

SPS RBMNAEHRENENSHE, DK ENPHEE,
IR SPS ER R RE, LIMPUZERA MR, RIEE R
BOIRHRINE, #HEHFRERXS.

timer _ oscillator

SPS_timer_register = ———,
SPS

HHSPS_timer_register A—A 16 AT . ©EIFER RS~
AEEE BT BOPMErERIK. M timer_oscillator A—
BE, RSBk FEMNETER.

Mafiza R Rk, AARESAEE. ATHE
BEMITEIR, RINBRENSIRSSEIIEE 8 MHz T,
FHEZEM DAL HIERE Y 200 SPS. RiIBZAER, BFEA
M f# SPS_timer_register % T 40000, 4, ERFREIT
BFE] 40000, E/&=4£—X "$#" b, XE=4£5F 200
Fiow A9 E BT =8 B4 L & 200SPS MR sh sk .

XMEMHERREN, BFE— KT, FEENSKRHEE
THT WA LAY TR H R SREREEXE
IBHAT— "S#t" EFORZET, THEBLFER

!

m
0

|
\

B

AR

-
&

& 2 BB hniE T F2 A K

Acceleration
Rate

<+—Target Speed —»

General Interest

EXMEEHLEFTEZRDISH. (1) SPS ERUMEK,

(2) SPS EZWUREE., MEEMESXA NS,
FEW, SPS BRMAMME, HEHKRK, MiNEEihs%t
SBREXE. MEXENFRNEFHZIR NS, EN R
REGEERRNAES SPS ESVHNRWREMRRE, B, &
R s8R B9 R TAR S5 A2 /7 (ISR) B —/MFSE i 2 Y B e 23t hn
HHISPS, MM EMEE.

FERAENEMLHE (SPSPS), HE YR SPS BEHREMNED
RE, RWEMBEER, MBBILHEMN 1 kKT SPS A, N
FRAMEERRQEEHLIEAR (fhK) mEEEREM ISR,

Blgn, HNEFEE K 1000 SPSPS A, ik E [ 200SPS F
9. FEEEAMEIN 1. EEHIAE 1200SPS. A4, MEE
ER#RAY ISR FEIFA 1000 K.

FI—FhERRE, MEECHBIARARERE, RE SPS B
HAMEE AN 2, MBEEREI—ANEIF, MEEEREEN ISR (EAA
7 500 K. BRI 200SPS B, FE 1 FHRIKE
1200SPS., MEMEZFEEXLNMNTAN, BERNMIENHHE
TFe, #E)IEW, HTIEE| 999 SPSPS HUAEFA MR, &b
TERE—FTE.

DREMMITEZ B HTNE, BAENERRET JRUA
AHABMNDETERE. Bl WRERERENEDL
FEURNMERESE, WHERTEHIERMEEEN
#2049 ISR.

BR, REM SPS ENBARRT, FEKREZE. R
BAEALERAZNAE, XMEREETESRARS
ISR #HAAFHER™EF SPS BRARE. wFERTI
MSP430™ H CPU =77 16 MHzZ FHIKIF, — KRBz

A

<4—— Starting Speed

Acceleration-Timer Interval

Speed
Increase
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B 3 hnizE/ R

<4——— Target Speed ——»

Texas Instruments Incorporated

«—— Starting Speed

I\ Acceleration Rate /I
| (same as |

deceleration rate) -

Stopping Speed — >

HFERZ) 500 us, £ER. ISR EMHIABMN®ARES 2000
R, XFREFETEBEEBA KN, MEERZXKXF 2000
Bf, BIERAT 1 HIEE

EDEBHEIAA, BHETRAMERRITE., AFZITE
BOER M. 8 TE IR K T I =% A9 B (8] 8] R R0 4 8 R oK)
RENZTZEH#HTHNNEE, INEAXLETE, HE
X SPS BEMBHEMAT BIREE NI, —BXE BizE
B, MR,

BELESMEIEELA - EEERHEINHMIELHER
Broh. BN, BIME—NDREBLEELENMEREER.

B 3 BR7T—MINE/RBETRE, Hb, INEFNEEEENIR,

o] DAE AR X FRE R,

B
FRRAL, EREEVRBETREDKEUTSEE. DA
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REENBEREE, REEEXIHZIKEELES @%, E]
FEEEBRMENBARTENMES #HEN, ERSEH
e ME/BESEEB/IELETAMNEHESE. TLW R
FIHRFNETR, RIS HEBRITREE DR EFEL, X—
REXREE, NELHEMEEHEIRIE number_of_steps.

DA DRBHIEREL, WEDKEREMEELE, T8

EEREDS, TUWEXNER—NFEET—1 %8 Wsteps_
to_stopMIEERE. FH/\Fnumber_of_steps. /&, &
{1813 B Msteps_to_stop, HE = B4R,
ERFBRREEME, MES—EWNTT. RIEBFREER
7Eik Flsteps_to_stopIt#l (FismEZ ) KT, MAFS

WORIETT. BN, 10005 #HiE17RT, steps_to_stopiREH

800. Ak, BkBIE—MMELEEE, HEEFTESH
800, ULHFBiAFFiAmE, HEHFILETT.
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REFERGLENEE, BNBTERRTIIS
MiER (A 4)

B EEIAAE BAREEINRIFTA PR,
B2 DikiAR BiRE KA P HER.
f853: KEFIEEREINFIATA S HLER.
1854 KEF IR ERETE D

&5 REMFIERERAESHER.
EHFAERIFEERENDIEFLE (BR4) 2

—MIBAER, AXEFLEEREIAA (B
) HEE (BR5) SRELEETMUER
B, RABURTHILXEERNEREEER
BEZOANDH, B, WRDKENTRE
PrEZ#ER, WDk s REwR
EmMAENE, B MREMEDHNITE
MBHAZIZIEEE, WHITIZRDRE ) E
Pr&f BBl S K,

BERIF2NAEPRTE, NiZASHA, B
HEITT AR IR & {Rsteps_to_stop/hTF
number_of_steps. T BEATEJREINAIER
U, &It A RIS R Gk 730
PURSRAENR .

RABVHEFRANA —FAER. BTHBES
BRI E D, DELENINE/F DR
BEXE, EXMEEIIF, TEFSHR
#8920% AT TIAINE ., 60% A IMELIA
BRzTT, ER20%BUTDZIERE (ZIE
) . TRnumber_of_steps:A1000, ML
FURINEE TR 2001M ¥, RELILEILE
AL HERPELME, 25, DUXFEE
HIT6001H# . FERFE200M S HMITRE
HRETRE.
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N
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/ Starting Speed

<4—— Number of Steps —»

@ <+————Target Speed —————»

Steps to Stop

/ Starting Speed

< Number of Steps >

@ <+——— Target Speed —»

Steps to Stop

/ Starting Speed

Stopping Speed N
pping Sp \}

Stopping Speed N \

\
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< Number of Steps >
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IR, ERAXMEZEN, RREREES
DELRBERT, THATHAEDREHNITE
MERMOER. HESHTHFME. A
T ANEFRE AR > AR, B Dk &
SRR R FE A e Az b . XA TR A B R
2. RERILAFBEGEE. WREFEE
FMAEE, W UEAXMEERBRD
BIRE AR ERE TR,

B 5 ETH 4 L BmiE/ B L i

Deceleration
(20%)

Acceleration
(20%)

Running
(60%)

<4—— Reached Speed ——»

MRERELBNYARRELE, EAXME

SR DA SR — R R RS IR Starting

Speed

R SFEEINANER/ R X RS A

A

Dt BR, RITARBIUIVCERE, FREIE

v

Number of Steps

ORIz f TR b R A AR/ 2k .

it

WXL BIEIEMBE, BB SHDIANARITHIRE
By, REALSE+FE, WERJAEFHERIRAMEL, B
EMEMBELENBREFDARMNEHLIERTREFE
T, HTEETHDEMBRTENGTE, EBERLENA
THOERBEHEFN—LEELX ENEZRONE0E. 8
EFM Y DX NEMEE, Rt ARTUHREASRE
7. LB RMIEER,

IE/ BRSSO RLERIESE. 555 (X)) .
XA E L% — XM TDRVESISHINE SR, FEA—
MSP4304 1= 2%,
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MR TBAXEZHFE, FiEHBEwww.ti.com/lit/
litnumber T #Acrobat® Reader®>(ff, FATIXHES R EH
HHEY “litnumber” . AT TIETHIER,

B

1. "FIFHDRV8811/18/24/25& T H e # D
KIKFNEE" . fEF. Jose Quinones. Tk
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EOTREMTEE: F—HFRRRE!

{£&: ShreHarsha Rao,
I ER (TI) fit 58 15 K 7= dp L 42 2

RERZHEEERFNNFREMA AT ELFRIT MR
R, ERMEEXMIRNELRFNRDEHRERT B, BH
BEAEXTE., "Miy REMERRMY. MERAR
ARRNERAERAZ, FBIRMNRETAARBHLFRMSE
R -FFHNER. AXEEAT, FAMNAMEZA, 5
ERFIEEIR.

NAR=DZ—HNEEFINBER T MREREZA, HLIA
MRS RRXRARIRSNER, —PMELGTE, HERFHN
BELETMHHEREREN, BRI ARNKSR
B, RWRTENMRRRE, FURSRANFIA K, EFEA
ERBOEAT, ARROSEIANBAER, FERE
FROERE.

FIAMERRIERAF#R
HRELHNBRE, Gl FINMTREME, HMAEES
ROIRTIEE. MEFERNUNEENER, NET=5/1%
BB TV, REREYouTube BREE T HIERS!
*. BE MERGE-ATENBRME. BAREYES
ENMRG, TEXTBAEHERE, RITALF ORI
RigTheE, TR AEEMBEREHRENEERAER,

MR EANEAEA A RENEZBERIATNLAEE, 7
EMFHRE flm. Ba@Es. FEENERMELETH
HENE, BULAERETECHME/RAEE. SHAK
BRAMERARTREN, i REREDSEM. RER
HBEN, MERFRODSER., IRIMHESHRIYRIGEE
FERRELES. FRINAAGRESASERSE, UE
INEX.

A, MERREHRT A—MEE, FZAMERBHER
EHUHRXN . MRS RIREART DR RS E R AR, Flam,
AE-AMEEHEET, BEREATUEN BRI RS

Analog Applications Journal 302012

www.ti.com/aaj

THRMNERE., BT NEREFYR TR ERNRIENR
AR TREMNNET BERTRIBNESENE
N, EEFEFRPAXRISMERHAERTRES BNl
K, BHRIFRENBR G RE L TR AEIETTRE M |

1R RL 5 %5h28 (ERM/LRA)

FHR AR R B, Bl — M EREROEERE R
M (ERM) A/NE DRSS, 1% D3k 25 &8 R IR s FF 84 e
# FARETREIRS. MR REEDIEA NEHTRE
MO, EDAEEEEREAMNESE MERRMEEAE
ERERMELE., BTREEN, X5 +28%. 8
2. YIBERMATHMM Y RER AN, flm. HRE, ’E
B3 Sth BB BTk TR

ERMEZERMY, RELRNA E &M, BaitEiE
LRIA B0 % FUE I iE F AT a9 Af (e, HSEEIEE 550%1100
ms. DAFIENHFELNESEEZEM, ME— P EFEHE
RS R IREA (Bl Sd) . FERD100%1200 ms, AR
RAEREEMERIGEMF, DA RGR G &I TRERR
LIER,

ERMBYB — T E IR Dk A MEHE, BAETMIR
IRE., MRMAERBEFTRRESER, T DEBEX
NEE., B2, ERBNSWEER. MREAERERE. WA
BAHEFEIXFRE. A, ERMAMRERFEIREERS
REMBESARE., KapfRMikig, SREEHBERX.

AR M AR AL M HIREENS (LRA) | AT L5468
FHH, LUMERBMIRNIZE. HELERM, LRARARE
MAE., EEE—INREEHEZ THRESR, MNEMtamat
. LRARFAEE HIRMETZE R, B, e
B FTFERM,
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RIFEARNFE T, B ESERE H40E!
60 ms (E1) , #BLERMAEEASE (50Z!
100ms) EHF—L, @i HIREEIRIEHE T

Texas Instruments Incorporated

Bl 1 LRA HIBLAEI Z ZhATE] A 40 2] 60ms s

BE, T E SR E AR R FRUR .
B PR R IR

Start-up Time:
52.955 ms (90%)
22.99 ms (50%)

Accelerometer:

203 mVpp (100 %)
182.7 mVpp (90%)
101.5 mVpp (50%)

VDD =36V

55 (HD) B EEMN I HEES, B
I EE IR E NG ASW B E, B, 48
EEBR M ENBMNBEIRE, 50 PR AR R IR
HwWITMUEAARZIERENRIBE. £8
(piezo) HEMENf T KR EsEHA TN
HDfh % R 5%, 1R SERM/LRATR—HEEY
o

EBX EE

LEFBRNEINRFIHEMNEZENBER, ES
BT, MNIFERDY. EEREHREE
SEFTHRER. REARDNGIE &, BET
X H50E]150Ve,. BEESRN, EREBZEH
B, B, BEMNI50V, EBRRIEa

Time (20 ms/div)

NEAR, MBEHASOVH, NTJEF16224F, E5HEE
B, ATEERD, EERNEHNHRNERE/N, BRAFER, K
B AR R IR E SRR NERE /N,

EEEHRERRENEEREFNLEN, BERESHE. £
BEEERY, JRTZHRD. FEEHaTERRRE—
B RE ARFEL USRS (H2a) . EBEZH
AR T AL B — N BUARER R, IR AR X ] R K E R

B 2 ERXEHBZHHREL

Touch
Screen

(a) Vibration of screen only

Screen
Mount

Piezo Bender

MohFESHZEPCBLE, MMM BMNME &R (E2b) . EBIE
BRZEFGRTT. RRACHYIMERRES.

=t aitERR &SRR T S 7R
MARERILEER X5 TRMESR.

1. BaEHR. ATEHEBVMEY. EEREIHN[N2RE
EEE—M/NT15ms, LLERMIR3EI4E, 4HLLERM, BiE

((( D)

Actuator

(b) Whole-body vibration
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&l

AR B E AR M EE70ms, MG T ¥y 4 FIEE ERABRUSLEESORDEE. EbET
e —ATEEARERM RSN TECERT —AHE
LRARI MRS M., FATTUIEE], HEELRAMKT1.5G891E
EEEEMEE, EEREHES 4 TG, M EDiEE
MEE., AMESORDBERGRE, FEAEREAR
3. BAEMH. SERMAR, E&XEahERaIemes REETNHFRMOBRLR.

BB IR 7S

[

2. #RES. EBRRAEIENESHRE (ZHEL) | TR
FARMMERIRAS. KAEZHRR,

Bl 3 EERAERA A F R E A~14 ms

Start-up Time: Accelerometer: Vpp=3.6V
14.665 ms (90%) 236 mVpp (100 %) Differential Output:
10.145 ms (50%) 212.4 mVpp (90%) 208-Hz, 150-Vpp

118 mVpp (50%) sine wave, 80 cycles

Time (20 ms/div)

B 4 ERfEaaE (BEERER) HHEEES

Vibration Strength

Piezo Pulsing Piezo Direct Drive

50 175 300
Frequency (Hz)
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EBER R ETEE
REEBNEIHNRFABEES TIRERMZH, BRX
FREERVEAEAMETERM, A/NSLRA—H (Z0F&R1) .

it

HEb RS, FEXNEHHEMBTRRAMEENN
L. CRARERENBHNE, BHRENHERF
KYBMBRMRERIA. ENSHRLR, TH
BRARFEZRANMENR, X— o iFXN A
EXER, FERACHKEFERNRS. TUA—
ERRTEHRKRE (G0, FAREMME T35 =%
) TERMERRNE, Bz EBRMIERRRA
WEFLSINEEMENE, TRUERME RIRER,
BYHRSBHRENBEEBAEE.

Tl ERNHEELN BN (DRV8662) MEFM A
(DRV2665) EHE AR EERME, HTMNETH
FEMEeN LB —EFER. A%, TIRRME—
it KBITAR "BEE—#H WER.

LEES S
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B 5 FERNERAIMEF

3.5
- \ BW >150 Hz

~ 3 /
a N
g \\
S 25 N
) / N
% N
Q
g 2 //
o \
< /|
o 1.5 /
=}
g d
= 1
o
N
2
a 0.5

0

100 120 140 160 180 200 220 240
Frequency (Hz)

Bl 6 LRA BIINEsFHE

www.ti.com/haptics-ca 2
www.ti.com/product/DRV2665 20V BW=12 Hzl»
. RMS
www.ti.com/product/DRV8662 /
o
_E 7 1.5 VRms —» N
g 1 /// /—{\ \\\
§ // /(10 VRMS \\/
L— L~ 0.5 Vrus \\_’
/
f—
0
165 170 175 180 185
Frequency (Hz)
=1 5 RIRIERNBEHITNFE
PIEZO
ACTUATOR LRA ERM
USAGE (mAh) (mAh) (mAh)
Per 25 phone calls 2.685 1.497 3.540
Per 50 text messages 25.660 11.869 27.480
Per 4 hours of e-mail access 28.076 12.150 29.078
Crossword game (60 min) 1.094 0.487 1.150
DoodleJump game (30 min) 6.270 3.975 8.170
Shooting game (30 min) 24.976 31.7717 61.558
Total power 88.761 67.755 130.975
Discharge percentage of
1200-mAh battery T4% 56% | 109%
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