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ABSTRACT

Nowaday, in the world have an important problem is “Energy Privation” and
energy is a necessity to live .Then it’s found some technology to find a way to be
alternative energy is “Energy harvesting” let’s take this technology to build an
energy floor, it works by impression from walking. Its aim is harvesting energy for
environment to this energy that it is able to use. This project has aim to design the
structure and do experiment by piezoelectric (PZT) and electromagnetic circuit that
this floor will be worked from impression force by walking that this experiment is
studied from designing this floor.
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NNFUA 4.1 wud PZT2 dwdenuiiagaudaiiulseq 22, 33, 47 uF fiingendn

PZT1, PZT2, PZT3 uazuandniulusniulsequaasAt insie PZT udagsaiiaiiuanynse
| s o/ J 1 L7 9 1 123
Tumswasuwlamdsnunalundssmilaih sty ull PZT ssdiujuionty

2. MINAFBY PZT 2 67 WUNITFBINTEUaLS LY
nmsvaaoinszIinsuBsy 15 afadluuuiiuganaass ludisaan 10 uniisn
wse V lu C lagiinas Discharge Waawn Enerey A Capacitor #fi1 22, 33, 47 uF ¥n1S
nnad 10 ade wuiniindesd

80
70 T
60
_ MPZT 12
3 s0
2 40 WPZT 113
2
Sl N ; # PZT 203
o L8 M | N o8 D E B R wezrow
PZT PZT PZT PZT PZT PZT PZT PZT PZT PZT PZT PZT  PZT PZT PZT PZT PZT PZT  MPZT 34
112 13 1ug 2u3 214 3ua 1z 13 14 213 214 3u4 2 13 1la 213 214 3ia
PZT
22 uF P a7 uf

:l = ar ni 1 A 2 i s ] = 19 o
JUN 4.2 neviifFeuiiisundanunn Capacitor PZT 2 1 W1uisasidsansuaudavuiui

NAMARBINUT PZT2 FrueesiBeenssuadivunuiy wuimdsnuiladags
1 a 1 = ! 4 = o A 1
N1 PZT1 MIEIU95L389NI8RaADUNIN 91n5UN 4.2 nsvidTeurilsunasaiuian
Capacitor 989 PZT1 ¢ PZT2 (Jusiilindssrugean woruudneasiSoansyuawdiun
. @ 4 o YVal 1 A 8
wiuiy PZT fduq vililienfigslusie
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4.2.2.2 5282 Gap NoWMBeU G1 = 10 mm S¥8¢ Gap NauWEeU G2 = 3 mm
22l PZT 4 i Tunmsveasaiiavndn PZT urazdilimdausenuniueogals uway
a . ] 1 " o &
e Capacitor #1499 Tnsudsssnifunsnaassdes fill fe

1. MIVAFBY PZT 1 61 AUNITS89nTELA
Mnmsnaaesnszimswmdou 15 adwaduvuiiugemaass lutienan 10 Sunide
w31 V lu C Tnedinns Discharge wdwn Energy if Capacitor ien 22, 33, 47 uF ¥imns
yeaes 10 A%y wuihiindeded

—
o

(u))

Lo A B VR < U ¢ - T - Y < )

WAL

0 - h_._‘.aaﬁm m.}..m____x._a.__
PZT1 PZT2 PZT3 PZT4 PZT1 PZT2 PZT3 PZT4 PZT1 ' PZT2 PZT3 PZT4 pZT
22uF 33uF 47uF

4 - ) a . o

JUN 4.3 naiSeuiiisundsauiien Capacitor 984 PZT 1 ¢

INgUN 4.3 Wud PZT 2 Swdsanusnnndr PZT1, PZT2, PZT3 lufufiulsey 22,

33, 47 pF fAnge wazuanseiulue capacitor g PZT usagsiianuanunsalunis
< [ @ a0 w 2/ "o Y
wWasuuamaanunalundsendwih sy wi Pzt wilugufeniu

2. MINAFBU PZT 2 $7 WIUITTINTEUALAIVUIUAY
vInmMsvaseansinswdey 15 afsaduuuiiuganases lugaana 10 Juitin
uss VT € Tnefinas Discharge udn Energy fifn Capacitor fieh 22, 33, 47 pF s
neaes 10 ads wuihilndeded
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BPZT 112

(w)

8 PZT 113

WA

HPZT 1Ua

HPZT 213

PZT 2lla

B PZT 34

PZT PZT PZT PZT PZT PZT PZT PZT PZT PZT PZT PZT PZT PZT PZT PZT PZT PZT
102 13 14 2u3 2l4 3.4 12 113 14 2013 214 304 W2 W3 104 203 2u4 3ug  PZT

22uF 33uF 47uF
o < o o : ) a Y @
JUT 4.4 nsmldSeuiisuwaaaruiien Capacitor PZT 2 61 Hi29esi3Banszuaudavunuiu

INWANITVAADINUIL PZT 2 fuI9siieenseia wdvunufumuimasnudiled
F1gandn PZT 1 frunsasiisnsuareusnn 9103U7 4.4 nswldSeudieundanuiien
Capacitor wes PZT 1 ¢ PZT2 ilushiilindssugeaniionuidneasiionssuandan

s 2 a dl o Val i A v/
AUy PZT fdue) vilvilimiigslusay

o 3 [ s i a at
4.3 T,ﬂiaﬁﬁﬁawutnuwmmuLLUULLumanQﬂn‘u
4 & w
4.3.1 WansVAEaUILEY Gap AUlASIESIINUNUNEI9TUY
= 1 v 4” o a o 4 1 - o =
WHUAAULUUNUALTANG 1Y NT282 Gap NeuWBEU G1 = 10 mm W&
AUVl svee Gap wdavBoulidn G2 = 2 mmuar 3 mm udldesadlaalauine
) da, X o & T = [ a W a d'
wssulwi Aiaty Taevimsveass 10 A53 wurdAeaes 15197 4.3 uazmsei a.q

i o d o =l
A19799 4.3 HERILIIAULARYUDINIINAADUTSEE Gap WauBay G2 = 2 mm

Vpp V max V- min

28.34 18.84 -9.50

M1590 4.4 UARUINLRAETBINIINARDUTEIE Gap WEIWMBEU G2 = 3 mm

Vp-p V max V- min

29.90 19.22 -10.68

[ [

PNNINAADUTEEY Gap  FenINUUIaNsaeafniinisnszirefuilsyaengs
wilpuilszer G2 = 3 mm seliuseduliiannndisser Gap wdamiioy G2 = 2 mm



26

a | | & ) Y = '
L‘UBQ"B’]ﬂLLﬁ\‘ﬁ%‘MTNLLNLﬂﬁﬂWQﬁBQﬂﬂﬂﬂLLUUiSH% Gap MaUMgyU G2 = 3 mm 1NNNNTEe
o = o 2/ = a L | < o ' & ] u
Gap veamBey G2 = 2 mm yiliieledidnnsaiinisiedouiuinndi dedanasonsasulniii
o a &
MnAYUU

4.3.1.1 MNAHBY PZT 1 61 H1U99s3eenseue

MInmanaaeInsEinsmisy 15 assmdluuuifuganaass lugianan 10 Furitin
use V lu C Tagilnns Discharge W& Enerey fifin Capacitor A1 22, 33, 47 uF ¥nns
vnaes10 afs wudladedeguil 4.5 wazgUil 4.6

S8y Gap feuwmdeu G1 = 10 mm S¥ue Gap vaandeu G2 = 2 mm uay G2 = 3

as

mm AUFIRU

100
L) e L TSR S ST T 15 S0 N 0 0
80 -
70 -
2 ®PZT1
& PZT2
o L
&
40 . mPZT3
i o up7TA
20 e
10 ~
PET1 PZIZ  PFT3  PITA4 PZT1  PZI2 PIT3  PZT4 PZI1  PZT2  PZT3  PZTA
22 33 & Capacltar(uF)

o < a o a - w = =l
3UN 4.5 nemlilSeuiisunasanuidn Capacitor PZT 1 67 Hu9950389n5e0aa G2=2mm

130
130
150
100 -
9% -
5 N ' pT1
E
70 g
? : Erard
&0 1
& % §§ #PIT3
40 ?'s o PITa
an
1o - ﬁ E RO——
M E LR mB i B 0B m
PITY P2Y2 OPER PIYE PIT1 PITE O MITR PRYE PIYY OPITX PETI 9274
2 33 a7 capacitor{uF}

a =~ [ a . w = =
UM 4.6 namlUSuliisuwdsauiie Capacitor PZT 1§ shunsasiSesnseuad G2=3mm
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ANGUA 45 warguil 4.6 wud PZT3 iwdewiigandn PZTL, PZT2, PZT4 Ty
Capacitor 22, 33, 47 WF wasdi Gap wdunduu 3 mm wfindeugning Gap wiumbey
2mm @ PZT1, PZT2, PZT4 fawdsnulndifeeiuusd Gap vdundau 3 mm il
W& gN T Gap ey 2 mm e

4.3.1.2 PZT 2 67 l1U29951589n 2 uaudauuiu

Mnmsnaaesnseiinsmieu 15 adsadluuuituganaass lugianan 10 unitte
wss vV lu C Tmefinnsg Discharge W& Energy fifin Capacitor 3if1 22, 33, 47 uF N3
vnaes10 ade wuiiliodedguil 4.7 uay sUil 4.8

¥8% Gap NEWWBEU G1 = 10 mm Sz8Y Gap NAWMBEU G2 = 2 mm Uag G2 = 3
mm AIUEIRY

100
9%
80 -
70 “}
|
=& 4 ] ? ® pZT 12
E 50 # | = # PIT 1113
2 ol
40 ?é § 2 PZT 1014
7 £
30 i i # PZT 2ii3
55 3 = 5, ?  mPzT2u4
- - £ A !%;:
#] t o B ]
Mo R 4 wulw - S N N ST
{ & - : 1
o .E pos ' iéi l = l
PIT PZT PZT PIT PIT PIT PZT PZT PZT PZT PZV RIT PZT PIT PZT P PIT PZT
12 183 1M 23 2Ua 34 iz 13 16ia 203 264 34 1z 143 104 23 204 308
22uF 33uF 47ufF Capacitor

U 4.7 nsmiguiiisundanuiien Capacitor PZT 2 1 duasesiSeanssuaudamunuiu

G2 =2 mm
35
30
25
®pzT 12
=
;m ®PET 13
5 15  PZT 114
W PZT 23
10+ # PZT 24
5 % PZT 3ila
0 - ; e I R L MR
PZT PZT PZT PZT PZT BZT PZT PZIT PIT PZT PZT PZT
1liz 13 1h4 203 284 3i4 1z 163 1l4 2U3 204 3i4 iz 143 14 203 2la 384 "
22uf 23uF ATuF Capacitor

= =l = [ A . o [l 1Y @
JUN 4.8 nsmUSeuLisunasuiien Capacitor PZT 2 §7 H1un995i538an selaudounui
G2 =3 mm
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PNHANTNABDINUIT PZT 2 AINIUINDTS8INTERARAIVUIURUNUI NS 19U L i)
| ' w 1 al | 1% o al o Y} a
AN PZT 1 MINUNISLIBINTEUAABUYINUIN 9NFURN 4.8 nslTeuiisundasnuiian
Capacitor ¥8e PZT 161 PZT2 \Judfilindsnugegadioniundnnsdsanssuandun
(YY) o ° Yal 1 A [%
NNUAURY PZT fduq vililimigslusae

4.4 HANIINAADIVBIAULUU Type A
4.4.1 NANINARBIIDTH No Load
4.4.1.1 Msvadauiiszes Gap 5 mm

-] s 1 -] n‘ s cl! =l [ o
INSNARBINUYANARDNTWIWAN TagvinisitAeuiiunumdndsiiaiaiusiv
o 2 =l o ' ° ]
917U 1000, 3000 waz 5000 sev udUAsuS UKl manAllaotis iy 4, 5, 6 67 @4
' o 5 o ' & aa ' Y W ol el &
WU UIUTARIANINTULAETIUIURIRANTAANN dvdanalrusanulwiAladunnTuly
Mefazui 4.9 uazgUn 4.10

nTuuaaINIsTULiBU Vp-p fisees Gap 5 mm 989
UIUUUIVANUAZIIUIUIAAIN

400
350

W
(=]
(=}

g 25
) 0 i dmagnets
o 200
8 B 5magnets
—g' 150

100 W 6magnets

w
o

[=]

1000N 3000N 5000N

U 4.9 nywliUSeuiiieu Vp-p fiszay Gap 5 mm



300

250

200

Voltage Max (V)

nILEAINITIUTBULIBY Vmax N15882 Gap 5 mm ¥84
FUIURUMENLAZIILINIAAIN

® amagnets

% 5magnets

# 6magnets

1000N 3000N 5000N
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= = <
JU 4.10 A ilTeuliiBy Vmax #isses Gap 5 mm

4.4.1.2 mavasauiiszes Gap 10mm

o s = -y o ‘J L2 C'! =
wymsnaaeivyavanensTannsuunuing Tnevinmsieusunumandad
P~ v o 1% = o i 4 o
Hlansuriudaruan 1000, 3000 waz 5000 5o watAsuTwauLdmEnldlneiis 1w 4,
s 1 4 i a!' i o e't’ o
5, 6 /1 uAlN1sWaYUTEEY Gap Wuseey 10 mm SIWUINIIUIUIAAINLINTULALEIUIY

' e ' v ) av v & '
udimanifidunn svdenalduseiulihildfiuindu wissee Gap

ussulivdlaunnludae fgui 4.11 uay U 4.12

darunduagia

500

400

nIMNUENINISUIBULEU Vp-p Mi5282 Gap 10mm va9
FTUIUIMANRAZINUIUINAIN

300

200

# amagnets

Voltage P-P(V)

B smagnets

100

& 6magnets

1000N 3000N 5000N

U 4.1 nsmliUSeuidiou Vp-p fiszes Gap 10 mm
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Pu]
nIMUENINITUTBUNBY Vmax #5282 Gap 10 mm ¥4
UIULUNANAZINUIUTAEIN

350

300

250

200

¥ dmagnets
150 -

B 5magnets

Voltage MaX(V)

100

% 6magnets
50 -+

1000N 3000N 5000N

i = ] s A
JUT 4.12 nsmiiiBuidiey Vmax vosusivan 5 fiisyey Gap 10 mm

4.4.2 namaiuwdseludafiuys:g

ipsnmnnassiishuan wuiiissee Gap 10 mm Wusgey Aliussduninniian
szby WhmsvaapsivyavaaenesBidninsunuind Tagvinnisnalufiyavaass 10 ass
melusgegin 15 Jurfiudhmemmdsnuitssanludufivussy Tnsmawdsusunu
wiandafiaansusiuiisinau 1000, 3000 uay 5000 seu udUABLS WILLMENTIHTAei
$wau 4, 5 6 M FawuiduauueainuntunagSuausimEniidsann ssdaals
LLiquulwﬁﬁﬁlﬁﬁmﬂﬁulUﬁaEm'awaﬁiawé'wmﬁazaumﬂ‘luﬁ"aLﬁuﬂisqﬁmmﬂ%’ulﬂ Fagu
4.13 thnaanuteynsuiusiegUi 4.14 uagaumtuseguil 4.15




Energy(mJ)

Energy in Capacitor

M amagnets

® Smagnets

# 6magnets

1000N 3000N 5000N

N(uauvaaan)

{ a o d o !
JUM 4.13 nymlidSeuiiundsauludussaiduiuunaindigeg

9

Y03iudn 4, 5, 6 fisuE Gap 10 mm

Energy(mJ)

Energy in Capacitor

i 1000-1000

B 1000-3000

B 1000-5000

1% 3000-3000

B 3000-5000

B 5000-5000

1000-1000  1000-3000  1000-5000  3000-3000  3000-5000  5000-5000
N(@WwAaIn)

4 =i . o < o ! o
U7 4.14 nsmiilSsuiisundanuludszidiuauseainseg synsui

Yosuslngn 4, 5, 6 fitszey Gap 10 mm

21
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Energy in Capacitor

16

14

i 1000//1000

# 1000//3000

Energy (mJ)
(o]

% 1000//5000

% 3000//3000

B 3000//5000

# 5000//5000

1000//1000 1000//3000 1000//5000 3000//3000 3000//5000 5000//5000

N(FwuvnaIn)

P~ W w a o ' W
JUN 4.15 nsmlSsuiisunassuluiuseaiidauuaainmingeg aui
' =3 v
VOGN 4, 5, 6 MINTTEE Gap 10 mm

4.4.3 NANITVUIUUALIUNTUVDIVAAIN
o Y ' o < a =& aa v @ el
v snmaasiunaapsasivan lasvinisidsuiinuimdnddiasnwusius
419U 1000, 3000 kag 5000 seunvuIukAvaynsu lasdenldudvman 6 & warseey
= o | g v Y i a
10 mm iisaniudiliussiulnianniigaainnisnasesiiiiuin

4.4.3.1 N132UNIUVDIVARIN

M3vaaIn 2 Suneynsuaniiaunisi Load 2 Meefu Fadumsmuainudiu
v 1 i3 a o IJ
VIYANINADIa 3 BNNdAllANNLSIUAIgUR 4.16
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Voltage(V)

500

W 1000-1000

¥ 3000-3000

# 5000-5000

Vp-p(V) Vmax

-100

-200

=
3UN 4.16 n9IMN50UYNTUYBIVAGIN

4.4.3.2 MIYUILYIIVARIN
msthunan2duinauy Fatdunisananuiurssganaasnastinndsual il

o oAy Yo ow as L ) v ow o
wseiu Jerlndiuiunaandaladanilamiandeiu fagui 4.17

Voltage(V)

-100

o B s

250

200

150

& 1000//1000

¥ 3000//3000

# 5000//5000

m Vrms(mv)

-50

=
3UN 4.17 nsmin1sounsuvesunaIn




4.4.4 NANISNAAB9I9359 Load

34

sgvinsveassiuyanaaeesulvan taevihnisdsufunumdndadlaiaiusiu

o 4 o , a
Hduau 1000, 3000 wa¥ 5000 58ULNBYIINITIT Power Maximum ﬂ@ﬁ‘qﬂ‘lﬂﬂﬁﬂﬂﬁﬁlimé‘ﬂ

Wsuunuindwuiiunaindiuau 5000 seuaziiusaiuliuazindsiiganda 1000 uag 3000
s A
IDUMIFUN 4.18

Voltage RMS(V)

nsuanInsilSsuisunseaulWinvasunann 1000
2000ua% 500059V

s 1000N

-4~ 3000N

el 5000N

500 1600 1500

g 2000 AED0 3000
2UY Touk o ZURAS LUl )

Resistance(Ohm)

4000 § -~
3500 ¢

3000 |

Current RMS(mA)
— N ]
w o u
o (=) (=]
o o o

1000

gﬂﬁ 4.18 nsvaLswuliihuauAaIn 1000, 3000 UAy 5000 saU

AsvuansnIsilsauisunszualWiivesunana
1000300018 5000594

sl 1000N

el 3000N

zzvde 5000N

500 1000 1500 2000 2500 3000

Resistance(Ohm)

3Uﬁ 4.19 nsmvaaussiulwiesuaain 1000, 3000 waz 5000 saU



nTuanInsUSeuisunaelWinvesunaln 1000
3000 wag 5000 sau

\W s 1 00N

, . \L\N’ =i 3000N
. - e 5000N

0 500 1000 1500 2000 2500 3000

Resistance(Qhm)

Power RMS(mW)

31]‘5'1' 4.20 nymvesiasiiiuesvaaIn 1000, 3000 LA 5000 seU

4 ar
4.4.5 NaN1TNAADIIATINUNRINY

35

VAABUUIITAUNGNUTY LTC -3588-1 Fudanthaussfuiedmaviiu 3.3 v 1§
s U 5 dl o :: !J o
mLﬁUUizﬁ} 22, 47, 220 wag 2200uF Iﬂﬂ‘wmaaunm;mflmaaaLtu'ammammmuﬂswm
2vsifiundsnuliuswiuierdnnesnin wazmaInITiIuresasesnday (Operated

Time) uamadesUit 4.21 TneidenTvan 10000 wldwuinsaidusamsned 4.5

d o i -] v as o
A15199 4.5 IUNN A5 AUNASIIY LCT3588-1 a1y

Capacitor | 22uF | 47uF | 220uF | 2200uF

1000N 1 1 3 9

3000N 1 1 1 i

5000N 1 1 3 5




36

Uppil)= 3.68U Umaxill = 3 .5au Upnzll= 1.740

[HEBED 2 .aou Time Z0.090ms

fg‘lJ‘ﬁ 4.21 FRYeYIuLaRIYI Operated Time

WUNNTIIUYARIA 1000 Uag 3000 seudidaiivuseqiirdos Snaudaudesifies
1AT1299AUNFIUAINI TR gUT 4.22 Ul 5000 seudinaudivass 29asiiu
wasuansavhlaluragiing uazrirndnasslurasivdessgun 4.23

e e P Mt g . b

(1)="3 .36 Urmslll= 2. 15U

Time Z00.09ms WHE40 .6

gﬂﬁ 4.22 drya1auans Operated Time ¥89Aa7A 1000, 3000 58UAUAITMNITHUNSIY
nAAiuUsEy 220 pF
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Uppill= 4.95U maxll= 4,98l Uprmsili= 2 .05y

[LH 1=

.00y Time ZO.00ms o

3UM 4.23 dygyauuans Operated Time ¥84%0@20 5000 S8U MUATSMQTAUNG 1L

1000

Time(ms)

400
200

AFLAUYTE] 220 WF

Operation time

1900
1200 -

800 -

W 22uF

¥ 47uF

1000N

8 220uF

# 2200uF

UL IAAN

E‘Uﬁ 4.24 n351uana Operated Time

4.5 NANITNARDIVBIAULUY Type B

iesnuansnaassluwuIR eI s wuLivgn 6§ s Gap 10 mm way
dwuvaain 5000 seurdurrildussduluiinunn Fairdunldlunisvaassiuganmaass
LUIUBY LAYNISTAABUILNAABULNENIIUTIATUBIYANARBILAY LU YBLAULS LIMENT
dntuluravasendustisls Tnavhmsvaassiviloutugauuis

4.5.1 HAN15MAAB929350 No Load

NAABUNSEEE Gap 10 mm Wiwin 6 f uagduINIAaIn 5000 SoU Nudwaly

Flaguit 4.25



100

NTINUEALTINUVDIYANAADILUIUDY

80

60

Voltage(V)

40

20

Vp-p(V) Vmax

Vrms(V)

JUN 4.25 N5UAAIUITINUTBIYAVNABILLIUDY

4.5.2 wanaiiundssnludauiulsezq

38

o o " A o, o v
Lu@\‘]"ﬂ']ﬂﬂqiﬂﬂaa\?’ﬂ@Qﬁﬂﬂﬂﬁﬂ\iLL'U'JC’N WUIMIEYE Gap 10 mm Wussosnl

W3WULNINNBNTEEY AYINIINRaeIUgANaaeIINRsBIAnInIuUNIUANE Taevhnsnalud

yanaaee 10 S maeluszozian 15 Junfiudihmanindsuiazanlusiviseg 220
2 o ' g v o = il fay a =
JudonduIuIAaIN 5000 F8U LazkdwANTlY 6 f Fawudndrussiulwinady 16.366

¢ ' W a a_ a Y =
laduagAwdsnuaie 2,95 Uaaga AN 4.6

M1 4.6 wanmasayanludiiulszquesnnaaniuuauou

2.9537858

0.29536

16.366

0.8246357

4.5.3 NAN1SNNABI29957 Load

YNINAARINUNARBIASRAMEN TaavinisiUaeusiunuwandelainnusiuil

[ [l LY o - [ 2
911U 5000 SOULNIYEN 6 @7 stey Gap 10 mm Wan1N1su Power Maximum

Transfer vosganaaensdidntysuunuing tethanldiseudiouiuyamaaoauds



Voltage RMS(V)

Voltage

; ey 2vQ

0 500 1000 1500 2000 2500 3000

Restitance(Ohm)

39

Current RMS(mA)

= @ 2
JUM 4.26 nymlveaussdulniivesuaain 5000 soUIBIYAMARBILYIUDY

Current

\‘\
\

&
W hd

0 500 1000 1500 2000 2500 3000

Resitance(Ohm)

JUP 4.27 nsmivesnszualniivessaain 5000 seuvesyAMAADILUILEY
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Power

-
S

Power RMS(mW)
(=] o
o [==] e
Pty
i,
oA
H/
%4

Rl

o
I

o
—

0 500 1000 1500 2000 2500 3000

Resitance(Ohm)

3UT 4.28 nsmlvesrnasliiiuesunain 5000 souTeIYAVIARBILLIUDY

mnwamimaawawmwmaaaLz,u'mqLLa WUIUBY wmwwmaammmﬂw
Lmﬂulw“ﬁmmnm’mﬂmamLLmuaumﬂm'nJiumm 3-4 1917 Luaqmﬂuumaﬂmlmﬁawm
NARBIULIINEINUULTULAS IdAenusunATLIe 1924330 mm \Wurureiiuseannnis
Lwaﬂmizm&ﬂﬂmmm uaziasumsiuvaaInTiuU LR U R uULLN T aUE U Tae
91daANAUYBIYAAIN 5000 TauTiRuURnuIENTUAE19B IR UTEIN 160-2000 S
1maaﬂwumammmu 3000 wag 4000 59U mevinn1snageumilauiuiun1sAaeeY B9YA
Va8

4.6 N1INAFIUYAANNNUUURNUTDUTY
4.6.1 Namiwﬂaaamsﬁ No Load
naApUszaY Gap 10 mm usinin 6 f1 wudriinaidustaguit 4.29



ATHLEAINISIUSIUEULSIAU WY I3 LI NYRE20
3000 uaz 4000 SaUNWUUURAUTBUTY

250

200

Voltage(V)

50

Vp-p(V) Vmax Vims(V)

W 4000

i 3000

JUi 4.29 nsmlitGsuiiisuusedulrvasdautaan 3000 uag 4000 sou

d a o ay
NANUUVURAUUBDUUU

4.6.2 HaNIITUIULATIYNTNVYDIUARIN

n3anINsUSEUIs uLssnUlWivasIuIuTRaIn
3000 wag 4000 sUNHUUULNUTRUTLLUUIUIYBYNTY

Vp-p(V) Vmax Vrms(V)

# 4000-4000
B 3000-3000
e B 6000//8000

# 3000//3000

41

U7 4.30 nawliSguiiisuussiulnuesdaueanin 3000 ua 4000 SEULUUTLIUEYNTM

d U o ‘I\’
VWUUUNUUBUUY



Energy (mJ)

4.6.3 wanaiundsluiafiudssy

ntanInIsIUseufisuLs Ul UassuILIRa99 3000
waz 4000 seuiiuuuunulisuiunuuvwIueynsy
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LTC3588-1

Ly N8

FEATURES

w 850nA Input Quiescent Current (Qutput in
Regulation - Nu Load)

= 450nA Input Quiescent Current in UVLD

= 2.7V 1o 20V Input Operating Range

= |ntegrated Low-Loss Full-Wave Bridge Reclitisr

= Up to 100mA of Ouiput Current

= Selectable Output Vollages of 1.6V 2.5V, 3.3V, 3.6V

= High Efficiency Integrated Hysteretic Buck DC/DC

= |nput Protective Shunt - Up to 25méA Pull-Down at
Vin = 20V

* Wide Inpul Undervoltage Lockout (UVLO) Range

= Ayaiiable in 10-Lead MSE and 3mm x 3mm DFH
Packages

APPLICATIONS

® Piazoelectric Energy Harvesting

= Electro-Mechanical Energy Harvesting

w Wirgless HVAC Sensors

u Hobile Assel Tracking

= Tire Pressure Sensors

® Battery Replacemant for Industrial Sensors
= Remote Light Swilches

= Standalone Manopower Buck Regulator

Piezoelectric Energy
Harvesting Power Supply

DESCRIPTION

The {TC73588-1 integraies a fow-loss full-wave bridge
rectifier with a high efficiency buck converter to form a
complete energy harvesting solution optimized for high
oulput impadance energy sources such as piszoslectric
fransducers. An uitralow quiescent current undervaltage
fnckout {UVLD) mode witha wide hysteresis window allows
charge fo accumulate on an input capacitor uniii the buck
converter can efficiently transfer a pertion of the stored
Ccharge 1o the output, In reguiation, the LTC2588-1 enters
a sleep state in which both input and output quiescent
currents are minimal, The buck converter turns on and
off as needed to maintain reguiation.

Four output voitages, 1.8V 2 5V 3.3V and 3.6V, are pin
selectablewith up to 100mA of continuous output currens;
however the oulput capacitor may be slzed t¢ service a
higher output current burst. An input protective shunt set
a1 20V enables greatar energy storage for a given amount
of input capacitance.
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TYPICAL APPLICATION

100mA Piezoelectiic Energy Harvesting Power Supply
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LTC3588-1

ABSOLUTE MAXIMUM RATINGS (uste 1)

Vi
Low impedance Source ~0.3V to 18y
Currant Fed, lsy = DA .25mal

PZ1, PZ2.. — OVt Vin
00.01.... .,-{3 ZW 0 ELesser af {Vigo + 0.3V o1 6]
CAP... -{Higher of -0.3Y or {Vix— 6V} fo Vig
Ving...... -~0.3V to [Lesser of {Viy + 0.3V} or 6V

Ly ‘t.f,,.‘ s an internal 20V damp

¥ Fort « Tovsand Dty Cycle < §%,
Asotuts Madrum Conteuous Cutrent » Sm&

VOUT oo~ 0.3 f0 Lesser of (Vi + 0.3V or 6V
~0.3V to Lesser of (Vour + 0.3V} or 6V
.250mA
. 350mA

Gparatmg Junction Tempemture Range

{Notes 2, 31.... . e~ 80 10 126°C
Storage Temper&mm Rznge ...... -85 to 150°C
Lead Tempmre §50§denﬁt} 10 sec;

MSE Only.... st ... 300°C

?lﬁ CONFIGURATION

0P ViEW

T v
gl
t{afm
| 7]
e MSE PACKAGE

1BLEAD PLAGTIC $AESOP

DO PALKAGE
TH-HBAD {3mum i« By FLASHE 06N
= SHE Mg e AT B e TGN
[$t0 m.,momu 5 GN: BEST BE BURDEREDTH MR

Fawic + LISE Bg  AT0N B o YT
EXPOSEDMALE PN 1E) 15 GING, MUET SE SDLDEREL 10 1CB

ORDER INFORMATION

LEAD FREE AMISH TAPE AND REEL PART MARKI NG~ PACKADE DESCRIFTION mﬁm mu
UCHIBEDOAMFE | (TCISBHECDI/TRFEE | LIKY 0o G e Plste DN | 40CR0 1B
UTISENOD1PEF  |LICHABIOD-1TRPSF | LY 10-Load {denm « o) Plaste DFN | 40°C o 126
CTCIRETENSE-1#PBF | ICASSBEMSE 1#1RESE | DK 10-Load Plastic shSTP (ATt 125
UCISESIMGE-#PBF | [TC3S8BIMSE ATRPGF | VKK 0-Lasd Plagtc SA1S0P arCi it

Gonsalt LT Markating for pats specified with wider cpetating tempreaturs Tanges. “The tmperature grad is identdied by 4 lsbel on the shipping contanur

Foot enie information on lead free part marking, ga to: bt Paswlineacconyladfron/
This product is cnig offerad i ftays. Formors nframation g5 1, Rt/ linezscompacKagingi

e
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LTC3588-1

ELECTRICAL CHARACTERISTICS 1he o denotes the

specifications which apply over the fulf aperating

junction femperature range, sikerwise specifications are for Ty = 25°C. {Nole 2] ¥y = 5.5V unless ofherwise specified.
SYMBOL PARAMETER CONDITIONS Hin e MRX | UNITS
Vig Input Vokage Range Low impadancs Soutcs o Yy L] 18.0 W
e Y i}aiesm Cureant
IVLE Y = 25 Mot PGOOD 450 700 n&
mmm Slewping V=4 ast 1500 nk
Buck Enabled. Stesping Vg = 18Y 7 23 P&
Buck Enabled, Hot Slesping lawy = OA {Rofe 4} 156 0 A
Viran Vigy Unideevoitage Locknut Theeshold Yy Ri
e * 139 Gurput Selactsd; 1 <0, DB =0 PR T T TR ¥
25V Qutput Selected; 01 = 0 DB < 1 . 37 404 430 ¥
33¥ Output Salectad: D1 = 1, DG =0 & &0 ans 537 ¥
3BV Output Selacted, 07 =1, 00 = 1 e 473 505 5w | ¥
Vi Falling
1.8V Ounput Sefectnd, 09 = 0, DD | 266 287 Joe v
2.5V Output Selscted; D3 = 0. DE - & 266 287 am ¥
3.3V Qutpat Sslwcted, Y = 1. 00 # | 34 3E7 iw ¥
JEV Dutpt Sebpeted; 01 = 4, D0 =1 .87 4 428 ¥
Vear Wy Shhurd Ragukitor oltage bo = T 180 200 3o ¥
Ty Thanmiums Prowctive Shunt Cormest 1ens Duration Pt mA
irtugnai Bridge Ructifier Loss (RS ) 30 40 450 my
[Vozy =Npzal ~ Vind
Insarna Bridga Rectifier Reverse Vapvense = 18Y 20 n&
§ iasrnad Bridgs Fectifiar Fawscse Inpyenge = WA Vouy 30 ¥
Braakdown Voltige
Veur Reguiated Outpul Vokage FEV Qutpat Selected
Sleup Threshold . 1812 189 ¥
Walke-Lp Thrashiold LS Al . ¥
L5V Dutpat Sebected
Shep Thrashold . 2512 2578 ¥
Wale-Lip Thrashold W 2425 2488 d
3 Dutput Selected
Shap Thrashold - 342 3w ¥
Waike-Up Thrashold LA B ¥
3BV Dutput Selected
Saep Thrashald L] gtz 308 ¥
Waks-Up Thresholi o 482 3588 b
PGOOE Falling Theeshold As a Parvernape of the Selectd Vngy 83 a2z E
o Gtgiut Ouiesoer Current Ve = JEV () 15 nk
irEak Buck Peak Swite Curtent 00 250 L mA
lpore Available Buck Output Current 100 A
" Buck PAOS Switch On Besistance 11 i
P Buch NIEOS Switch Tin-Rasistance 13 o
Hax Buck Duty Oyeke 100 %
Vs an DYDY Enpus High Yokags . 12 ¥
Vion psy DIVD1 Tnpr Low Voltage L 04 Y
brn ony DYDY Input High Durrent 10 né
o on 00T inpit B Glrrent 10 né&
2ME

LT e
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LIC3588-1

TYPICAL PERFORMANCE CHARACTERISTICS

Bridge Leakage vs Temperatire Bridge Frequency Response 1.8V Output vs Temperature
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LTC3588-1
TYPICAL PERFORMANCE CHARACTERISTICS
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LTC3588-1

Pin FUNCTIONS

PZ1 (Pin 1} input connection for piszosiectric element or
other AC source (used in conjunction with PZ2).

P2 (Pin 2}: Input connection for piezoalectric element or
other AC source {used in conjunction with PZ1).

CAP (Pin3): Infernal rail referenced to Vi to serve as gate
drive for buck PMOS swiitch. A 1uF capaciter should be
connected between CAP and Vi, This pin is not Intended
for use as an external system rail.

Vi (Pin 4): Rectified input Voltage. A capacitor on this
pin serves as an eneryy reservolr and input supply for the
buck regulator. The Viy vollage is internally clamped to a
maximum of 20V (typical).

SW {Pin 5} Switch Pin for the Buck Switehing Regulator,
A 10uH or larger inductor should be conpecied from SW
10 Vout.

Vour (Pin 8): Sense pin used to monitor the output volt-
age and adiust it through internal feedback.

Yz (PIn 7): Inteenal low voitage railto sarve as gate drive
for buck NMOS switch. Also serves as a lagic high rail for
autput voltage select bits DO and D1. A 4.7uF capacitor
should be connected from Viyz 1o GND. This pin is not
intended for use as an external system fall,

D1 {Pin 8): Output Voltage Select Bit. D1 should be tiagd
high to Vigz or fow to GND 1o select desired Voyr (see
Table 7).

DO {Pin 8): Output Yoltage Select Bit. DO should be tied
high to Vigg or fow to GND to select desired Vour (see
Tabie 13.

PGOOD (Pin 10): Power good ouiput is jogic high when
Vour is above 92% of the target value. The logic high is
raterenced to the Vgyr rail

GND {Exposed Pad Pin 11): Ground. The Exposed Pad
should be connected to a continuous ground plane on the
second layer of the printed circuit board by several vias
directly under the LTC3585-1.

BLOCK DIRGRAM

I
WTERAL B
CENERATION

I

Y3REN
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LTC3588-1

OPERRTION

The LTC3588-1 is an ultralow quisscent carrent power
supply designed specificaily for energy harvesting and/or
low currentstap-downapplications. The partis designed to
interface directly o a piezoelectric or alternative A/C power
source, rectify a voltage waveform and store harvested
energy onan extemal capacitor, bleed oftany excess power
via an internal shunt regulator, and maintain a regulated
output voltage by means of a nanopower high efficiency
synchrenous buck reguiator.

Internal Bridge Rectifier

The LTC3588-1 has an internal full-wave bridge rectifier
accessibie via the differential PZ1 and PZ2 inputs that
rectifies AC inputs such as those from a piezoelectric
element. The rectified output is stored on a capacitor at
the Viy pin and can be used as an energy resenvair forthe
huck converter. The low-loss bridge rectifier has a total
dropofabout400mV with fypical plezo generated currents
{~10pA). The bridge is capable of carrying up to S0mA.
Une side of the bridge can be operated as a single-ended
DC input. PZ1 and P22 showld never be shorted together
when the bridge is in use.

Undervollage Lockout (UVLO)

When the voltage on Viy rises above the UVLO rising
threshold the buck convener is enabled and charge Is
transterred fromthe input capacitor to the output capacitor.
A wide (~1V) UVLO hysteresis window is employed
with a lower threshold approximately 300mV above the
selected regulated output voltage to prevent short cycling
during buck power-up. Whan the Input capacitor voltage
is depleted below the UYLO falling threshold the buck
converter is disabled. Extramely low guisscent current
{450nA typlcalj in UVLO allows energy to accumulate on
the input capacitor in situations where energy must be
harvested from low power sourcas,

Internal Rail Generation

Twointernalrails. CAPand Viyg, are generated from Viyand
are used to drive the high side PMOS and low side NMOS
of the buck converter, respectively. Additionally the Vi
rail serves as logic high for output voltage select bits DO
and D1, The Viyz rail is regulated at 4 .8Y above GND while
the CAP rail is requlated at 4.8Y below V. These are not
intended to be used as external rails. Bypass capacitors
areconnectad 1o the CAP and Vi plins to serve asenergy
reservoirs for driving the buck switchies. When Vi is befow
4.8V Vi is equal to Vi and CAP s held at GND. Figure 1
shows the ideal Viy, Viyo and CAP relationship.
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Figuee 1. 1deal Viy, Yoz and CAP Relationship

Buck Operation

The buck regulator uses a hysteretic voltage algerithm
1o control the output through intemal feedback from the
Vour sense pin. The buck converter charges an output
capacitor through an inductor fo avalue slightly higher than
the reguiation paint. 1t does this by ramping the inductor
current up to 260mA through an internal PMOS switch
and then ramping it dowr to GmA through an internal
NMOS switch. Thisefficiently defivers energyto thaoutput
capacitor. The ramp rate is determined by Viy, Vipur, and
the inductor value. if the input voltage falis below the
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OPERARTION

UVLO failing threshold befors the output voliage reaches
requlation, the buck converter will shut off and will not
be turned on until the input voltage again rises above the
UVLT rising thresheld. During this time the sutputvoitage
will be loaded by less than 100nA. When the buck brings
the output voltage irto regudation the converter enfers a
low quiescent current sleep state that monitors the output
voltage witha sleep comparator During this operating mode
foad currentis provided by the buck output capacitor When
the outputvoliage falls below the regulation point the buck
regulator wakes up and the cycle repeats. This hysteretic
methad of providing a reguiated output reducas losses
assoclated vath FET switching and maintains an output
at light loads. The buck dellvers a minimum of 100ma of
average ioad current when it is switching.

When the sleep compagator signals that the output has
reached the sieep thrashold the buck converter may be
in the middle of a cycle with current stilf flowing through
the inductor. Normaily both synchronous switches would
turn off @nd the current in the inductor would freewheel
to zeto through the NMOS body diode, The LTC3588-1
keeps the NMOS switch on during thistime to prevent the
conduction loss that would occur in the diode i the NMOS
were off. If the PMOS is on when the slesp comparator
trips the NMOS will tuen on immediately in order to ramp
dowin the current. i the NMOS is on it will be kept on until
the current reaches zerg.

Though the quiescent curtent when the buck is switching
is much greater than the sleep quiescent currant, it is stll
& small percentage of the average inductor eurrent which
resuits in high efficiency over most load conditions. The
buck operates only when sufficlent energy has been ac-
cumulated in the input capacitor and the length of ime the
converter needs to fransfer energy to the output is much
less than the time it 1akes to accumulate energy. Thus, the
buck operating quiescent current Is averaged over a long
period of ime so that the total average gulescent current
is fow. This {eature accommodates sources that harvest
small amounts of ambient snergy.

Four sefectable voltages are availabie by tying the output
select bits, D8 and DI, 1o GND or V. Table 1 shows
the four DO/DY codes and their corresponding output
voltages.

LTC3588-1
Table 1. Dofput Yoltage Seleclion
ot D Vour | Vous QUIESCENT CURRENT {hyaus)
0 ¢ 18V Hrk
4 1 25y G204
1 o 33V 8irk
{ i By (1Y o

The internal feedback network draws a smalf amount of
current from Yoyt as listed in Table 1.

Power Good Comparator

Apaower good comparator produces alogic high referenced
to ¥our on the PGOOD pin the first time the converter
reaches the sleep threshold of the programmed Vour,
signafing that the output i in regulation. The PGDOD pin
wilk remain high until Vuy falls to 92% of the desired
regulation voltage. Several sleap cycles may ocour during
this time. Additionally, it PGOOD s high and Vi falls below
the UVLD falling threshald, PGOOD will ramain high until
Vour falls to 92% of the desired reguiation point. This
aliows output energy to be used even if the input is fost.
Figure 2 shows the behavior Tor Voyr = 3.6V and no foad.
Att=758 Vi becomes highimpaedance and is discharged
by the quiescent current of the LTC3588-1 and through
servicing Voyr which is discharged by its own leakage
current. Viy trosses UVLOfalling but PGOOD remains high
until gyt decreases 10 92% of the desired reguilation point.
The PGOOD pin is designed to drive a microprocessor or
other chip 170 and is not intendad to drive higher current
loads such as an LED,
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Figure 2. PGOOD Dperation During Transition to UVLD
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OPERATION

The DO/D1 inputs can be switched while in regulation as
shown in Figure 3. 1 Wgyy is programmed to a voltage with
aPROOD falling threshold above the old Vo, PEOOD will
transition low until the new regulation point &5 reached.
When Yayr is programmed to a lower voltage, PGOOD
will remain high through the transition,

“lewrs 1 ROz = TD0mA
t a8 ' g ¢ |
D900 | | DIOGE || | D0
4 : - -
& | g
§ 1.) 18
5 y 5 e
= i gk
s : f%é gl | ! i
e OO e LOGICY
| - i |

#2408 BWII 14 W i
TIME sy
s

Figure 3. PGOOD Operation During DO/D1 Transition

Energy Storage

Harvested energy can be stored on the input capacitor or
thecutput capacitor. Thewidainput rangs takes advantage
ofthefact thatenergy storage onacapacitor is proportional
to the square of the capacitor voltage. After the output
voltage Is brought into requlation any excess energy is
stored on the input capacitor and Its voltage increases,
Wien a load exists at the output the buck can efficiantly
transter energy stored at a high voltage to the regulated
output. While energy storage at the input utilizes the high
voitage at the input, the load current is limited to what
the buck converter can supply. If larger loads need to be
serviced the oUtput capacitor can be sized to suppart a
larger current for sume duration. For example, a current
burst could begin when PGOGD goes high and would
continuoysly deplets the output capacitor untl PGOOD
went low,

T
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APPLICATIONS INFORMATION

Introduction

The 1TC3588-1 harvests ambient vibrational energy
thraugh a piezoelectric element in its primary application.
Coemman pieroelectric slements are PZT (fead zirconate
titanate} ceramics, PVDF (polyvinylidene fluoride) poly-
mers. or othercomposites. Ceramic piszoelectric elements
axhibit a piszoelectric effect when the crystal structure
of the ceramic s compressad and internal dipole move-
ment produces a voltage. Polymer elements comprised
of long-chain molecules produce a voltage when flexed
as molecales repel each other Ceramics are often used
under direct pressure while a polymar can be fiexed more
readily. A wide range of piezoelectric elements are avail-
able and produce a variety of ogen-clircuit voltages and
short-ciscuit currents, Typically the open-circuit voltage
and shart-circulf currentsincrease with available vibrational
energy as shown in Figure 4. Piezoelectric elements ¢an
be placed in series or in parallel to achieve desired open-
circuit voltages.

L] m n W
PENCURBENT fuy

e

Figure 4. Typical Piezoelectric Load Lines
for Piezo Systems T220-84-503X

The LTC3588-1 is well-suited to 3 piezoelectric energy
harvesting application. The 20V input protective shunt
can accommaodate a variaty of piezoslectric elements. The
low quiescent current of the LTC3588-1 enables sfficient
energy accumulation from piezoeleciric elements which
can have short-circult currents on the order of tens of
microamps. Piszoelectric elements can be obtained from
manufacturars listed in Table 2.

Table 2. Piezoelectric Element Manufaciurers

Advarced Carametrics rovadvancedcerametrics com
Figan Syatams -nw.yuﬁéﬁiﬁ
Maasuramant Specuities WO TS -5 LM
Pl (Physi instruments) e piusa s
REDE Tachnology Carposation v midecom
Morgan Tacheizal Geramics ARV MErgAneCnCE RIMICE COm

The LTC3588-1 will gather energy and convert it to.a use-
able output voltage to power microprocessoss, wirsiess
sensars, and wireless transmission components. Such a
wirgless sensor application may require much more peak
power than a piezoelectric element can produce. Howevet
the LTG3588-1 accumulates energy over a long period of
time to enable efficient use for short power bursts. For
continuous operation, these bursts must ocourwith alow
duty eyclasuch thatthe total outputenergy during tha barst
does notexceed the average sourca powes integrated over
anenergy accumulation cycle. For piezoelectric inputs the
time hetwean cycles could be minutes, hours, or longer
depending on the selacted capacifor values and the nature
of the vibration seurce.

ARk
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SHDEYZIRL
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Figure 6. 3.3V Piezoelectric Energy Harvester Pawering a Microprocessor
with a Wireless Transmitter and 50mA Load Step Response

PGOOD Signal

The PGOCD signal can be used to enable a sleeping
microprocessor of other circuitry when Your reaches
regulation, as shown in Figure 5. Typically Viy will be
somewhare between the UVLO thresholds at this time and
i load couid only be supported by the suiput capaciior
Alternatively, waiting a period of time after PGOOD goes
highvaould letthe input capacitor accumulata more energy
allowing load cursent fo be mairtained longer as the buck
efficiently transfers that energy to the autput. While active,
a microprocessor may deaw a small load when operating
sensors. and then draw a large load to transmit data.
Flgure 5 shows the LTG3588-1 responding smoothly to
such afoad sten,

Input and Output Capacitor Selection

The foput and output capacitors should be selected
hased on the energy needs and load requirements of the
application. In every case the Viy capacitor should be
rated to withstand the highest vollage aver present at Viy.
For 1G0mA or smaller loads, storing anergy at the Input
takes advantage of the high voltage input since the buck
can detiver 100mA average foad current efficiently to the
oufpul. The input capacitor shoutd then be sized to store
enough energy to provide output pover for the tength of
tima required. This may involve using @ large capacitor
letting Vi charge toa highvoltage, or both. Enoughenergy

should be stored on the input se that the buck does not
reach the UVLO alling threshold which would halt energy
transfar to the output. In general:

1 p: 2
FLoaptionn =5 "G (Vm ~Vigwworauume”)
Vv orars e < Vin = Vo

The above equation can be used ta size the input capaci-
tor to maet the power requirements of Tie output for the
desired duration. Here v is the average efficiency of the
Buck converter over the inpet range and Vi is the input
voltage when the buck begins o Switch. This equation
may overastimata the input capacitor necessary sinceload
eigrrent can deplete the ouipet capacitor all the way to the
imver PGOOD threshold. It also assumes that the input
sourcs charging has a negligible effact during this time.

The duration for which the regulator sleeps depends on
the tpad current and the size of the output capacitor The
sleep time decraases as the load current increases and/or
asthe owtputcapaciior decreases. The DC sleep hysteresis
window Is £12m\V around the programmed output voli-
age. ideally this means that the sleep time is determined
by the foliowing equation:
Z24my

tsieer =Cour *rm
i

i
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APPLICATIONS INFORMATION

This is true for cutput capacitors on the arder of 100uF
or farger, but as the output capacitor decreases towards
T0pF delays in the internal sleep comparator along with
the load current may result in the Vigyr voltage slewing
past the +12mY thresholds. This will lengthen the sleep
fime and Increase Vgyr npple. A capacitor less than 10pF
is not recommended as Yoyt ripple could increase to an
undesirable level,

it transient load currents above 100mA are required thena
larger capacitar can be used at the output. This capacitor
will be continuously discharged during a foad condition
and the capacitor can be sizad for an acceptable drop In
Your:
1L0ap ~lauck

Yoan

Here Vour, is the value of Yoyt when PGOOD goes high
and Vigy1- is the desired lower Bimit of Vour laycy is the
average current being defivered from the buck converter,
typloally logag/2.

A standard surface mount ceramic capacitor can be used
for Cour, though some applications may be better suited
to a low leakage aluminum electrolytic capacitor or a
supercapaclior. These capacitors can be obtained from
manefacturers such as Vishay, lllinols Capacitor AVX,
or CAP-XX.

Inducior

The buck s optimized to work with zn inductar in the range
of 10pH to 22pH, athough inductor values outside this
range may yield benefits in some applications. For typical
applications, a value of 103H is recommended. A larger
inductor wilt benefit highvoltage applications by increasing
the on-time of the PMOS switeh and improving efficiency
by reducing gate charge foss. Choose an inductor with a
DC current rating greater than 350mA. The DCR of the
inductor can have an impact on efficiency as it is a source

Cour ={Vour. — Vour- )

of loss. Tradeotfs between price, size, and DCR should be
evaluated. Table 3 lists several inductors that work well
with the LTC3588-1.

Table 3. Recommended Inductors for LTC3588-1

MAX | BAX ]

IMDUCTOR L | kpy | DCR | SEEmmm | MANU-
TYPE (]| (MR} | i) (LW <) | FACTURER
CORM2DIZADNP | B0 | 430 (0.8 3x3x2 | Somds
HOTAS-100M W O6W 0045 2Bx3Ix18 | Tk
EPLOMSI0BML | 83 | 350 (0361 28<3x15 | Cakmat
MIPZIO0L | 10 | 1000 (0.3 32,2510 TOK _
XLPROO-AB3ML | 30 | 400 (981

SiFTdsT 100} 500 | 9.2

Vinz and CAP Capacitors

A 1uF capacitor should be connected between Viy and
CAP and a4 7yF eapacitor should be connected betwsan
Vi and GND., These capacitors hold up the infernal ralls
during buck switching and compensate the intarnal rail
generation circuits. [n applications whare the input source
s fimited to less than 6V the CAP pin can be tisd to GND
and the Vi, pin can be tied to Vyy as shows in Figure 6.
An optional 5.6Y Zener diode can be connected to Yy o
clamp Vi in this scenario. The leakage of the Zenar dipde
below its Zener voltage should be considered as it may
be comparable to the gulescent cunrent of the LTC3588-1.
This circult does not requite the capacitors on Yy and
GAP. saving components and allowing a lower volfage
rating tor the single ¥}y capacitor.

Figure 6. Smallest Selution Size 1.8Y Low Voltage Input
Pieroelectric Power Supply
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Additional Applications with Piezo Inputs

The versatile LTC3588-1 can be used in a variety of con-
figurations. Figure 7 shows asingle piezo source powering
wi0 LTC3588-1s simultaneously, providing capability for
muitipie rall systems. This setup features automatic sup-
ply sequenciag as the LTC3588-1 with the lower voltage
output {i.e. lower UVLO rising threshold) will come upTirst.
As the piezo provides input power both Vyy rails will
initially come up together but when one output starts
drawing pawer, only its carresponding Vi witl fall as the
bridges of each LTC3588-1 provide isolation. Input piezo
energy wifl then be directed to this tower voltage capacitar
until both Vyy rails are again equal. This configuration is
expandable to any number of LTC3588- 15 powerad by a
single piezo as long as the piezo can suppart the sum total
of the guiescent currents from each LTC3558-1.

A piezo powered LTC3588-1 can aiso be used in concert
with  battery connected to Vi to supplement the system
itambient vibrationa! enerqy ceases as shown in Figure 8.
A blocking diode placed in series with the batiery to
Vin prevents reverse current in the battery if the pleze
source charges Viy past the battery voltage. A 9V battery
is shown, but any stack of batteries of a given chemistry
can be used as long as the battery stack voltage does not
exceed 18V, Inthis sstup the presenceof the plezo energy
harvester can greatly increase the life of the battery. if
the piezo saurce is removed the LTC3588-1 can serve a5
& standalione nanopower buck converter, In this cass the
bridge is untrsexd and the tlocking diode s unnecessary.

Figare 7. Dual Rail Power Supply with Single Piezuand

Automatic Supply Sequencing

PRI SYRTERME T-A0-50IX

Figure 8, Piezo Energy Harvester with Battery Backup
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m O OFFUNE CIRCOATE MUST DESERVE THIS PACCALTION |
WHEN COMNECTING TEST EOUPYAENT TO THE CIRCUIT 10 MWD ELECTRSC
BMOCK. REPEAT: AN TIOLATION TRANSFORMER MUST BE COMMECTED
BETWEER THE CINCUMT INPUT 440 THE AG LIME IF ANY TEST EDUPMENT 8§

Figure . AC Line Powered 3.6Y Buck Regulator with
Large Output Capacitor to Support Heavy Loads

FARELE ARE PLACED 0"
ERORX 2 « & MANRESOINT
ST FIXTURES.

Figure 10. Electric Field Energy Harvester

Altemate Power Sources

The LTC3588-1 s not fimited to Use with piezoelectric ale-
ments bt can accommodate a wide variety ofinput sources
depending on the typeof amblent energy avaliable. Figure 9
shows the LTC3588-1 internal bridge rectifier connected
i the AC line in series with four 150k current limiting
resistors, This is a high voltage application and minimum
spacing between the line, neutral, and any high voltage
components should be maintained per the applicatile UL
specification. For general off-line applications refer to UL
reguiation 1012,

Figure 10 shows an application where copper panels are
placed nearastandard tiuorescent roomfight to capacitively

harvest energy from the electric field around the light
The fraquency of the emission wilt be 120Hz for magnatic
ballasts but could be higher if the light uses electronic
ballast. The LTC3588-1 bridge rectifier can handle a wide
range of input frequencies.

The LTC3588-1 can also be configured for use with OC
sources such asa solar panel or thermal couple as shown
in Figures 11 and 12 by connecting them 1o one of the
PZ1/PZ2 inputs. Connecting the two sources in this way
prevents reverse current from flowing in each efement,
Current limiting resistors should be used to protect the
PZ1 or PZ2 pins. This can be combined with a battery
backup connected to Vi with a blocking diode.

ka2 )
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Figure 11. 5Y to 16Y Solar-Powered 2.5V Supply with Supercapacifor for
Increased Output Energy Storage and Battery Backop
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PRCKAGE DESCRIPTION

DD Package
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PRCKAGE DESCRIPTION
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TYPICAL APPLICATION

Piezoelectric 3.3V Power Suppiy with LDO
Pust Regubstor for Reduced Quipot Ripple

ACHANCED CERBMETRICS PROBW IS
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Vishay Semiconductors

Thermal Characteristics
Tams = 25 °C, unless otherwise specified
Thermai resistance junciion 1o ambient ar Pk amt AN
duncrion demperaure T 195 b =2
Amizrd speraling fempeantiure range Tart - 6% bo 4 128 B
‘Storage femperatune range 1’:; - 63 4150 L+
13 Walld provded it siocirodes are kept at ambient temperalure
Electrical Characteristics
Tamn = 25 °C, unless otherwise specified
Paramaier Tast oanditian Symiiok [ e M. Unit
Flervorse Bomakaawn valtage Iy = 100 gl fpratnned) Vigmy 100 v
V=15V in as 13
V= EAV T80 % i 5 A
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Typical Characteristics
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For technical questions: within your reglon, pleass contact one of the foliowing:  Document Number B3062
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BAT46

Small Signal Schottky Diode

Features

For general purpose applications. @
This diode features very low tum-on

voltage and fast swilching. This device is
protected by a PN junclion guard ring RoHS
against excessive voltage, such as cowsmn
electrostatic discharges i;«;{né?‘
This dicde is also available inthe  S0D-

123 case with type designation BAT46W-V and in

the MiniMELF case with type designations LL46.
« AEC-Q101 qualified

« Compliant o RoHS directive 2002/85/EC and in

aceordance to WEEE 2002/96/EC
* Halogen-free according fo
definition
Mechanical Data
Case: DO-35
Weight: approx. 125 mg
Cathode Band Color: Biack
Packaging Codes/Options:
TRAO k per 13" resl (52 mm tape), 50 kbox
TAPAD k per Ammopack {62 mm tape), 50 kbox

IEC &1240-2-24

Vishay Semiconductors

Parts Table
Pard L oming cooe Typa Marking Remarks
BAT4E BATAG-TH or BATSE-TAP BATAG Tape and ResfAmmepack
Absolute Maximum Ratings
Tams = 25 “C, uniess otherwise specified
Fapetithe pesi reverss voltage VERu 100 hd
Forsatd confinlous currant i qmnt m
Rapetiitve peai forwards gurent (s re T pspg aso’ miA
Surge forwar curent Yy« 10me iFam 730" ma
Pawer desipation’) Tay & 80 70 Pra 1m0t e

) Vakd prosided that siectrodes are kept ab amblent tempensiure

Document Numbar 83662 Far techinicad quastions within ymrf rrghn. pm.-.e coetack w of ihe mmmg,

b ArDes io s O wis g Ce

ey, 1.7, 03-Aug10
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ms“ﬁ,m Legal Disclaimer Notice
WL VISR Y oI Vi shay

Disclaimer

ALL PRODUCT, PRODUCT SPECIFICATIONS AND DATA ARE SUBJECT TO CHANGE WITHOUT NOTICE TO IBMPROVE
RELIABILITY, FUNCTION OR DESIGH OR OTHERWISE.

Vishay Intertechnology. inc., its affiliates, agents, and employses, and al persons acting on #s or their behalf {collactively,
“Vishay™}, disclaim any and ail liability for any errors, inaccuracies or incompleteness contained in any datashest or in any other
diselosurs relating to any product.

Vishay makes no warranty, representation or guarantee regarding the suitability of the products for any particular purpese or
the continuing production of any product. To the maximum axtent permitied by applicable law, Vishay disclaims {} sy and all
liabiity arising out of the application or use of any product, (i) any and alf lisbility, including without limitation special,
consequential or incidental damages. and {i§ any and all implied wamanties, including warranties of fitness for particular
noa-infring 1t and merchantability,

it

Statements regarding the switability of products for certain types of applications are based on Vishay's knowledge of typical
requiraments that are oiten placed on Vishay products in generic applications. Such statements are not binding statements
about the suitability of products for a particular application. |t is the customer’s responsibility to validate that a particular
product with the properties described in the product specification is suitable for use in a particular application. Paramesters
provided in datasheets and/or specifications may vary in different applications and performance may sary over time. All
operating parsmeters, including typical parameters, must be validated for each customer application by the customers
technical experts. Product specifications do not expand or otherwise modify Vishay's terms and conditions of purchase,
including but not imited 1o the waranty expressed therein.

Except as expressly indicated in writing, Vishay products are not designed for use in medical, ife-saving, or life-sustaining
applications of for any other application in which the failure of the Vishay product could result in parsonal injry or death,
Customers using or selling Vishay products not expressly indicated for use in such applications do 5o st their own risk and agree
to fully indemnily and hold Vishay and its distributors harmiess from and against any and all claims, %iabilities, expenses and
damages ansing ar resuiting in connection with such use or sale, including attomeys fees, even if such claim aliages that Vishay
o its distributor was negligant regarding the design or manufacture of the part. Please contact authorized Vishay persannel fo
obtain written berns and conditions regarding products designed for such applications.

No fcerise, express or implied, by estoppel or oiiwewise, fo any infellectual property rights is granted by this docurnent or by
any condust of Vishay. Product names and markings noted hetein may be trademenks of their respective owners.

Material Category Policy

Vishay Intertechnology, Inc. hereby certifies that all its products that are identified as RoHS-Compliant fulfill the
definitions and resfrictions defined under Directive 2011/85/EU of The European Parliament and of the Council
of June 8, 2011 on the restriction of the use of certain hazardous substances in electrical and electronic equipment
{EEE) - recast, unbess aotherwise specified as non-compliant.

Please note that some Vishay documentation may still make reference to RoHS Directive 2002/095/EC. We confirm that
all the peoducts identified as being compliant to Directive 2002/05/EC conform ta Directive 2011/65/EL.

Ravisiare $2-Mar12 P Drcaament Number: 31000
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