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DESCRIPTION

Demonstration Circuit 1459B is an energy harvesting
power supply featuring the LTC3588-1/LTC3588-2.
The LTC3588 integrates a low-loss full-wave bridge
with a high efficiency buck converter to form a com-
plete energy harvesting solution optimized for high
output impedance energy sources such as piezoelec-
tric transducers. An ultralow quiescent current under-
voltage lockout mode with a wide hysteresis window
allows charge to accumulate on an input capacitor
until the buck converter can efficiently transfer a por-
tion of the stored charge to the output. Four output
voltages are pin selectable with up to 100mA of con-
tinuous output current. A power good comparator
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LTC3588EMSE-1
LTC3588EMSE-2
Piezoelectric Energy
Harvesting Power Supply

produces a logic high referenced to VOUT on the
PGOOD pin when the converter reaches the pro-
grammed VOUT, signaling that the output is in regula-
tion.

The LTC3588EMSE-1/LTC3588EMSE-2 are available
ina 10-lead (3mm x 3mm) MSE surface mount pack-
age with exposed pad.

ALY, LTC, LTM, LT, Burst Mode, OPTI-LOOP, Over-The-Top and PolyPhase are registered
trademarks of Linear Technology Corporation. Adaptive Power, C-Load, DirectSense, Easy
Drive, FilterCAD, Hot Swap, LinearView, pModule, Micropower SwitcherCAD, Multimode
Dimming, No Latency AX, No Latency Delta-Sigma, No Rgyse, Operational Filter, PanelProtect,
PowerPath, PowerSOT, SmartStart, SoftSpan, Stage Shedding, SwitcherCAD, ThinSOT,
UltraFast and VLDO are trademarks of Linear Technology Corporation. Other product names
may be trademarks of the companies that manufacture the products.

TABLE 1

PERFOﬁmﬂnCE Sum mﬂﬂv LTC3588E MSE' ] Specifications are at Tq = 25°C

SYMBOL PARAMETER CONDITIONS MIN MAX UNITS
VIN Input Voltage Range 43 18.0 v
VOUT 1.8V | Output Voltage Range D0=0,D1=0 1.71 to 1.89 V
VOUT 2.5V | Output Voltage Range D0=1,D1=0 2.425 to 2.575 vV
VOUT 3.3V |Output Voltage Range D0 =0, D1=1 3.201 to 3.399 v
VOUT 3.6V |Output Voltage Range D0 =1, D1=1 3.491 to 3.708 v
PERFOﬁmﬂnCE Sum mﬂﬂv LTC3588E MSE'2 Specifications are at Tq = 25°C

SYMBOL PARAMETER CONDITIONS MIN MAX UNITS
VIN Input Voltage Range 14.0 18.0 vV
VOUT 3.45V | Output Voltage Range D0=0,D1=0 3.346 to 3.554 V
VOUT 4.1V | Output Voltage Range D0=1,D1=0 3.977 to 4223 v
VOUT 4.5V | Output Voltage Range D0 =0,D1=1 4.365 to 4.635 v
VOUT 5.0V |Output Voltage Range D0 =1,D1=1 4.850 to 5.150 v
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LTC3588EMSE-1/-2

OPERATING PRINCIPLE

Refer to the block diagram within the LTC3588-1/-2
data sheet for its operating principle.

The LTC3588 is an ultralow quiescent current power
supply designed specifically for energy harvesting
and/or low current step-down applications. The part
is designed to interface directly to a piezoelectric or
alternative A/C energy source, rectify and store the
harvested energy on an external capacitor, bleed off
any excess energy via an internal shunt regulator,
and maintain a regulated output voltage by means of
a nano-power high efficiency synchronous buck reg-
ulator.

The LTC3588 has an internal full-wave bridge recti-
fier accessible via PZ1 and PZ2 that rectifies AC in-
puts such as those from a piezoelectric element. The
rectified output is stored on a capacitor at the VIN pin
and can be used as an energy reservoir for the buck
converter. The bridge is capable of carrying up to
S0mA.

When the voltage on VIN crosses the UVLO rising
threshold the buck converter is enabled and charge
is transferred from the input capacitor to the output
capacitor. A wide (~1V) UVLO hysteresis window is
employed with a lower threshold approximately
200mV above the selected regulated output voltage
to prevent short cycling during buck power-up.
When the input capacitor voltage is depleted below
the UVLO falling threshold the buck converter is dis-
abled.

Two internal rails, CAP and ViN2, are generated from
VIN and are used to drive the high side PMOS and
low side NMOS of the buck converter, respectively.
Additionally the VIN2 rail serves as logic high for out-
put voltage select bits DO and D1. The Vin2 rail is re-
gulated at 4.8V above GND while the CAP rail is regu-
lated at 4.8V below VIN. These are not intended to be
used as external rails. Capacitors should be con-

nected to the CAP and VIN2 pins to serve as energy
reservoirs for driving the buck switches.

The buck regulator uses a hysteretic voltage algo-
rithm to control the output through internal feedback
from the VouTt sense pin. The buck converter charges
an output capacitor through an inductor to a value
slightly higher than the regulation point. It does this
by ramping the inductor current up to 250mA
through an internal PMOS switch and then ramping it
down to OmA through an internal NMOS switch.
When the buck brings the output voltage into regula-
tion the converter enters a low quiescent current
sleep state that monitors the output voltage with a
sleep comparator. During this operating mode load
current is provided by the buck output capacitor.
When the output voltage falls below the regulation
point the buck regulator wakes up and the cycle re-
peats. This hysteretic method of providing a regu-
lated output reduces losses associated with FET
switching and maintains an output at light loads. The
buck delivers a minimum of 100mA average load
current when it is switching.

A power good comparator produces a logic high ref-
erenced to VouT on the PGOOD pin the first time the
converter reaches the programmed VouT, signaling
that the output is in regulation. The PGOOD pin will
remain high until Vout falls to 92% of the desired
regulated voltage.

2
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LTC3588EMSE-1/-2

QUICK START PROCEDURE

Using short twisted pair leads for any power con-
nections, with all loads and power supplies off, refer
to Figure 1 for the proper measurement and equip-
ment setup.

Follow the procedure below:

1.

Before connecting PS1 to the DG1459B, PST
must have its current limit set to 50mA. For
most power supplies with a current limit ad-
justment feature the procedure to set the cur-
rent limit is as follows. Turn the voltage and
current adjustment to minimum. Short the
outputs terminals and turn the voltage ad-
justment to maximum. Adjust the current
limit to 50mA. Turn the voltage adjustment to
minimum. The power supply is now current
limited to 50mA.

Initial Jumper, PS and LOAD 1settings:
JP1 =0 PS1 = OFF
JP2 =0 LOAD1 = OFF

Connect PS1 to the VIN Terminals, then turn
on PS1 and slowly increase voltage to 2.0V
while monitoring the input current. If the cur-
rent remains less than 5mA, increase PS1 to
17.0V.

Set LOAD1 to 100mA. Verify voltage on VOUT
is within the VOUT 1.8V/3.45V range in Table
1. Verify that the output ripple voltage is be-
tween 40mV and 90mV. Verify that PGOOD is
high (VOUT). Decrease LOAD1 to 5mA.

Decrease PS1 to OV and move the connection
for PS1 from VIN to PZ1. Slowly increase PS1
voltage to 2.0V while monitoring the input

current. If the current remains less than 5mA,
increase PS1 to 17V. Verify voltage on VOUT
is within the VOUT 1.8V/3.45V range in Table
1.Decrease PS1 to OV, swap the PZ1 move the
lead connections to PZ2 and repeat the test.
Decrease PS1 to OV and move the connection
for PS1 from PZ2 to VIN.

. SetJP11to1. Increase PS1to 17V and set

LOAD1 to 100mA. Verify voltage on VOUT is
within the VOUT 2.5V/4.1V range in Table 1.
Verify that the output ripple voltage is between
40mV to 90mV.

. Set JP11to 0and JP2to 1. Set LOAD1 to

100mA. Verify voltage on VOUT is within the
VOUT 3.3V/4.5V range in Table 1. Verify that
the output ripple voltage is between 50mV and
90mV.

. SetJP1to1andJP2to 1. Set LOAD1 to

100mA. Verify voltage on VOUT is within the
VOUT 3.6V/5.0V range in Table 1. Verify that
the output ripple voltage is between 60mV and
110mV.

. Decrease LOAD1 to 1mA. Turn off PS1 and

insert a 1K ohm resistor between the positive
lead of the PS1 and the VIN turret. Turn on
PS1 and while monitoring the voltage on VIN,
increase PS1 until the voltage on VIN is 3V be-
low the voltage on PS1. Verify input voltage,
VIN, Ve 0f 19.0V o 21.0V.

10. Turn off PS1 and LOAD1.

LY N



LTC3588EMSE-1/-2

+—

.LT

LT

C3588EMSE-1/LTC3588EMSE-2
PIEZOELEC';I;I& ENERGY HARVESTING

DEMO CIRCUIT 14598—-

CAUTION: 50mA MAX FOR 1 SECOMND

+ o+
= @
= -

p'Ul—c”

=g

0

:

JP2

LINGAR. (408) 4321900 5009

TECHNOLOGY WWW. Ilnect com

P

$vour

ﬂ

100mA

1Dﬂ ._
2

JP1

® LTC CONFIDENTIAL-FOR CUSTOMER USE OMLY

Figure 1. Proper Measurement Equipment Setup

LY LN



LTC3588EMSE-1/-2

Z

] v I

=)

L
1 40 | 133HS _ 0102 ‘6Z 1dy ‘Kepsiny :31va "SLYVd ADOTONHOZL ¥VINITHLIM 3N ¥O4 A3ddns
m NV ADOTONHOL HV3NIT OL AYVLIRAONd SI LINOHIO SIHL AE'9
m \ < " mmm.w _‘UQ . v HINDISIA| FONVLSISSY ¥O4 ONINIINIONS SNOLLYIMddY ADOTONHOAL %01
A3 ONOMA | 3728 yaqr FINONT VNI LOVLNOD "ALITIGVITIY ¥O JONVWHOHId Z0%0
A1ddNS Y3IMOd ONILSIAYVH ADH3INT J1¥LO313073Id LN24ID 193447 ATINVOIINDIS AVIN LNOAYT GHVOS LINKID :s10310edeg
‘QINOYddY 3LNI¥d ANV NOLLNLILSENS ININOJWOD NOILYIIddY
¢-ISIN388GEILT/ 1-ISINI8BSEILT ALYNHIS :TTLIL .a3iogHo|  TYNLOV IHLNINOILVAIAO 1EVITIY ONV ¥3d0¥d AJEA BW\.._‘F\ g
AU 951 JOWI0ISNT JOI-EUBPILO P OL ALITIGISNOASTY SHINOLSNO FHL SNIVIATY L1 '4IATMOH
MO esNn BiIsnD Nﬂm__%wmm.wo%_wﬁ AD0TONHOIL 07 N30l o1 v0113dS O3NS HIWOLSND SLI3 LYHL LoD cov0
0061-2£p(80p) :auoud g:—J ‘ ‘ STYAQUAAY | vN9IS3q OL L¥0443 1538 V 3AVIN SVH ADOTONHOZL ¥VaNIT SuyQ -si03sisey
5£056 V2 ‘seydjN ) :pajou ssajun
‘pNIg AULEDOW 0£91 ON LOVNINOD JOI1ON H3INO1SNID
= i _. 0 o SONIL1IS ¥3dnr
b b 0 0 1a
83 NG [ASTY ALY | ASV'E| AOZ-APL 2-ISIN3885€EILT g-865¥100
aNo ANYEACE|ANST | A8'L | NOZ-AST L-3ISINI88SEILT v-8657100
1NOA « NIA « kn ATAN3ISSY
* =
13
® i@y o0 o0a Yo
aoooad
= J d,
3 zdr | e |
@
ane (1do) = - v
S ! =
E £0%0 (1do) 01zL ©
(Ldo) [ T la_ od AS9 o aNo
Ass | T %02 o] aoood ane ALy e Asz
Juszy _[va[ T 90¢L 2] 53 ocr”“ ngg —
g A9 z9—T— AN
4082vH | == | (140) AE'9 any 19
92 9 N6bZ 4n00L g 1NOA ZNIA T €9
§0 — . | |
63 +A Hd |_| THEZZ 060881 dvo b 1 €3
® ° " SEE——{ms zd  1zd [T ®
YwoolL 3 NIA «
1NOA Ty
[£| 13
¢Zd 1Zd

ANOJ3S | 404 XVIN VWS ‘NOILLNYD

iagram

icd

Schemati

Figure 2

LY N



LTC3588EMSE-1/-2

9-M9-NSZ ‘DI LNVS ININZ " LNNHS Zdriidr zZ | v
S-1-20-€0L-WINL O3 LINVS wwg ‘SNId € '¥3avaH zdriLdr Z | ¢
2-80€2 "XVYW-1TIN V1A 190°0 '134HNL 83'/3 z | ¢
2-1052 "XVYIWN-T1IN vIA 60°0 13HENL 093'63va'c3z3'L3 | 9 | |}
:ATTNO ddvOd OINTA ¥04 FHdVMAXVH
A3INIM61722070MOED AVHSIA Z0%0 ‘%L ‘MOL/L M6¥Z 'dIHD “SIY (1dO) 2¥'LH 0] ¢
40€2VH XX-d¥D WwIgL X WWOZ ‘AS'G '4¢¥'0 'dvOod3dNS (1dO) 90 0] ¢z
€3101SSEL6ZTVIN 'AVHSIA WWw'| | X WWZ'g '%0Z 'AGE '4n00L ‘10313 1V (1dO) 20 0|1
:SININOINOD 1LINDYHID d¥vOod ON3IA TVvNOolLLIaav
Z-3SINTS8SED 1T " HOIL HVANIT AlddNS ¥3amod (g -A19N3SSY) LN g
L-3SINF88SED LT " HOIL ¥VINIT ONILSIAYVYH ADHINT 21410313073 1d (W -AT9IN3SSY) LN
TNEZZ-0£05Sd T ' L4VHDTI0D WG X WWG ‘DWOBL 'YL “HNZZ "HOLONANI 17 L | s
1 -TINZ0LPE9LEMINE 'NIANA OAIVL 9021 ‘AE'9 %02 '4N00L "HGX 'dIHD 'dVD ) L | v
1MG/Pr0HSX8091LD MAL €090 ‘A€'9 ‘%0L AL "HGX 'dIHD 'dvD 129 L | ¢
1MG0LrOYSXS00LD MAL 2070 ‘A9 '%0L ‘4Nl "HGX 'dIHO 'dVO €D L | 2
V1 1YM922Aag0LzZL XAY 0LZL 'ASZ ‘%01 ‘4nZZ "YSX ‘dIHO ‘dVvD 1D L | 1
‘SININOINOD LINDHID d3HINO3Y
# Led ‘deinjoejnuepy uondiuasaqg Led _ so( - 9oUdIvjOY _30 _Eoz

Bill of Materials

LY LN



X-ON Electronics

Largest Supplier of Electrical and Electronic Components

Click to view similar products for Power Management |C Development Tools category:
Click to view products by Analog Devices manufacturer:

Other Similar products are found below :

EVAL-ADM1168LQEBZ EVB-EP5348Ul MIC23451-AAAYFL EV MIC5281YMME EV DA9063-EVAL ADP122-3.3-EVALZ ADP130-
0.8-EVALZ ADP130-1.2-EVALZ ADP130-1.5-EVALZ ADP130-1.8-EVALZ ADP1714-3.3-EVALZ ADP1716-2.5-EVALZ ADP1740-1.5-
EVALZ ADP1752-1.5-EVALZ ADP1828LC-EVALZ ADP1870-0.3-EVALZ ADP1871-0.6-EVALZ ADP1873-0.6-EVALZ ADP1874-0.3-
EVALZ ADP1882-1.0-EVALZ ADP199CB-EVALZ ADP2102-1.25-EVALZ ADP2102-1.8/5EVALZ ADP2102-1.8-EVALZ ADP2102-2-
EVALZ ADP2102-3-EVALZ ADP2102-4-EVALZ ADP2106-1.8-EVALZ ADP2147CB-110EVALZ AS3606-DB BQ24010EVM
BQ24075TEVM BQ24155EVM BQ2415/EVM-697 BQ24160EVM-742 BQ24296MEVM-655 BQ25010EVM BQ3055EVM
NCV891330PD50GEVB ISLUSBI2CKIT1Z LM2744EVAL LM2854EVAL LM3658SD-AEV/NOPB LM3658SDEV/NOPB LM3691TL-
1.8EV/NOPB LM4510SDEV/NOPB LM5033SD-EVAL LP38512TS-1.8EV EVAL-ADM1186-1MBZ EVAL-ADM1186-2MBZ



https://www.x-on.com.au/category/embedded-solutions/engineering-tools/analog-digital-ic-development-tools/power-management-ic-development-tools
https://www.x-on.com.au/manufacturer/analogdevices
https://www.x-on.com.au/mpn/analogdevices/evaladm1168lqebz
https://www.x-on.com.au/mpn/enpirion/evbep5348ui
https://www.x-on.com.au/mpn/micrel/mic23451aaayflev
https://www.x-on.com.au/mpn/micrel/mic5281ymmeev
https://www.x-on.com.au/mpn/dialogsemiconductor/da9063eval
https://www.x-on.com.au/mpn/analogdevices/adp12233evalz
https://www.x-on.com.au/mpn/analogdevices/adp13008evalz
https://www.x-on.com.au/mpn/analogdevices/adp13008evalz
https://www.x-on.com.au/mpn/analogdevices/adp13012evalz
https://www.x-on.com.au/mpn/analogdevices/adp13015evalz
https://www.x-on.com.au/mpn/analogdevices/adp13018evalz
https://www.x-on.com.au/mpn/analogdevices/adp171433evalz
https://www.x-on.com.au/mpn/analogdevices/adp171625evalz
https://www.x-on.com.au/mpn/analogdevices/adp174015evalz
https://www.x-on.com.au/mpn/analogdevices/adp174015evalz
https://www.x-on.com.au/mpn/analogdevices/adp175215evalz
https://www.x-on.com.au/mpn/analogdevices/adp1828lcevalz
https://www.x-on.com.au/mpn/analogdevices/adp187003evalz
https://www.x-on.com.au/mpn/analogdevices/adp187106evalz
https://www.x-on.com.au/mpn/analogdevices/adp187306evalz
https://www.x-on.com.au/mpn/analogdevices/adp187403evalz
https://www.x-on.com.au/mpn/analogdevices/adp187403evalz
https://www.x-on.com.au/mpn/analogdevices/adp188210evalz
https://www.x-on.com.au/mpn/analogdevices/adp199cbevalz
https://www.x-on.com.au/mpn/analogdevices/adp2102125evalz
https://www.x-on.com.au/mpn/analogdevices/adp21021875evalz
https://www.x-on.com.au/mpn/analogdevices/adp210218evalz
https://www.x-on.com.au/mpn/analogdevices/adp21022evalz
https://www.x-on.com.au/mpn/analogdevices/adp21022evalz
https://www.x-on.com.au/mpn/analogdevices/adp21023evalz
https://www.x-on.com.au/mpn/analogdevices/adp21024evalz
https://www.x-on.com.au/mpn/analogdevices/adp210618evalz
https://www.x-on.com.au/mpn/analogdevices/adp2147cb110evalz
https://www.x-on.com.au/mpn/ams/as3606db
https://www.x-on.com.au/mpn/texasinstruments/bq24010evm
https://www.x-on.com.au/mpn/texasinstruments/bq24075tevm
https://www.x-on.com.au/mpn/texasinstruments/bq24155evm
https://www.x-on.com.au/mpn/texasinstruments/bq24157evm697
https://www.x-on.com.au/mpn/texasinstruments/bq24160evm742
https://www.x-on.com.au/mpn/texasinstruments/bq24296mevm655
https://www.x-on.com.au/mpn/texasinstruments/bq25010evm
https://www.x-on.com.au/mpn/texasinstruments/bq3055evm
https://www.x-on.com.au/mpn/onsemiconductor/ncv891330pd50gevb
https://www.x-on.com.au/mpn/renesas/islusbi2ckit1z
https://www.x-on.com.au/mpn/texasinstruments/lm2744eval
https://www.x-on.com.au/mpn/texasinstruments/lm2854eval
https://www.x-on.com.au/mpn/texasinstruments/lm3658sdaevnopb
https://www.x-on.com.au/mpn/texasinstruments/lm3658sdevnopb
https://www.x-on.com.au/mpn/texasinstruments/lm3691tl18evnopb
https://www.x-on.com.au/mpn/texasinstruments/lm3691tl18evnopb
https://www.x-on.com.au/mpn/texasinstruments/lm4510sdevnopb
https://www.x-on.com.au/mpn/texasinstruments/lm5033sdeval
https://www.x-on.com.au/mpn/texasinstruments/lp38512ts18ev
https://www.x-on.com.au/mpn/analogdevices/evaladm11861mbz
https://www.x-on.com.au/mpn/analogdevices/evaladm11862mbz

