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Introduction

The STEVAL-ISV008V1 and STEVAL-ISV018V1 demonstration boards are based on
STMicroelectronics’ photovoltaic products SPV1020, SPV1001N30 and SPV1001N40.

These boards are designed for innovative distributed PV panels and their size is suitable for
most junction boxes available on the market. Each PCB uses three of the SPV1020 solar
boost MPPT regulators, whose outputs can be connected in parallel (STEVAL-ISV008V1) or
in series (STEVAL-ISV018V1).

Details on the SPV1020 device can be found in the product’s datasheet, and in application
note AN3392, both available at www.st.com.

The SPV1001N30 is used as a high efficiency bypass device between the input and output.
It automatically turns ON when the SPV1020 is OFF due to an input voltage lower than its
UVLO.

The SPV1001N40 is used as a high efficiency bypass device at the output stage of each
SPV1020. It automatically turns ON when the SPV1020 is OFF, offering a low impedance
path from Vg1 to the output rail Vo1,, as shown in Figure 5.
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1 Output parallel and series (bottom and top view)
connections

Figure 1. STEVAL-ISV008V1 (output parallel Figure 2.

STEVAL-ISV008V1 (output parallel
connection) bottom view

connection) top view

Figure 3. STEVAL-ISV018V1 (output series  Figure 4.

STEVAL-ISV018V1 (output series
connection) bottom view

connection) top view
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AN4217 Connections

2 Connections

2.1 Input and output connection example

The following figure shows how to connect STEVAL-ISVOx8V1 to a distributed photovoltaic
panel and load.

Please note that although the illustration below refers to the STEVAL-ISV008V1, the input
and output connections are the same for the STEVAL-ISV018V1.

Figure 5. STEVAL-ISV008V1 input and output connection example

PV panel
‘ PV+

@ Vout+
=
fm
7 PV-

PV+
~
O]
g
S
m = PV-

PV+
9 Vout-
g
& PV-

SPV1020 and SPV1001N30/N40 at thr bottom side
IS7] Doc ID 024010 Rev 1 3/22




STEVAL-ISV0x8V1 parallel and series connection AN4217

3 STEVAL-ISV0Ox8V1 parallel and series connection

The output pins of different SPV1020 devices can be connected both in parallel and in
series. In both cases, the output power (Pgyt) will depend on light irradiation of each panel
(P\n), application efficiency and by the specific constraints of the selected topology.

The objective of this section is to show how the output power is impacted by the selected
topology.

Examples with three PV panels are presented and the results can be extended to a larger
number of PV panels.

When the SPV1020 is on (light irradiation generating V;, =2 6.5 V)

Equation 1
Poutx=1Pinx[ x = 1..3]

When the SPV1020 is off, system efficiency will depend upon the drop of the bypass diodes
(D1, D10, D12, as shown in the STEVAL-ISVOx8V1 schematics see Figure 17 and
Figure 18):
Equation 2
Poutx = MNep Pinx [x =1.3]

In the case of panel completely shaded:

Equation 3
Poutx= 0

3.0.1 STEVAL-ISV008V1 parallel connection

This topology guarantees the desired output voltage even if only one of the panels is
irradiated. Output voltage of the STEVAL-ISV008V1 is limited to the SPV1020 maximum
output voltage, which is 40 V.

Figure 5 and 6 show details of the parallel connection topology:

Figure 6. STEVAL-ISV008V1, panel Figure 7. STEVAL-ISV008V1, component
connections for output parallel configuration for output parallel
connection connection
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AN4217

STEVAL-ISV0x8V1 parallel and series connection

The output partitioning (R3/R4, R9/R10, R16/R17 in the STEVAL-ISVOx8V1 schematic) of
each of the three SPV1020 devices must be in accordance with the desired Voyr.

According to the topology:

Equation 4

Vout = Vout1 = Vout2 = Vout3

lout = fout1+ lout2 + lout3

According to the light irradiation on each panel (Py) and to the system efficiency (n), output
power is:

Equation 5
Pout = Pout1+ Pout2 + Pout3
Poutx = Voutx * loutx[x = 1..3]
Pinx = Vi * linx [ x =1..3]

Therefore:

Equation 6

Pout =Vout(|out1 + lout2 + Iout3) =T|Pin1 +T] Pin2 +”r| Pin3

Each SPV1020 contributes to the output power providing loyTx according to the irradiation
of its panel.

Moreover, the desired Vot is guaranteed if at least one of the three PV panels provides
enough voltage to turn on the related SPV1020.

Figure 8 shows the power conversion efficiency when Vypp = 12 V and lypp ranges from 1
A to 8 A (in steps of 1 A). Power ranges between 36 W and 288 W.
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STEVAL-ISV0x8V1 parallel and series connection ANA4217

Figure 8. Power efficiency versus output voltage
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Figure 9 shows the MPPT efficiency (*) when Vyypp = 12 V and lypp ranges from 1 Ato 8 A
(in steps of 1A). Power ranges between 36 W and 288 W.

(*) MPPT Efficiency = P\n/Pmax;

P\ is the power measured at the input stage of the PCB; Pyax is the maximum power the
PV panel can provide.

Figure 9. MPPT efficiency versus output voltage
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STEVAL-ISV0x8V1 parallel and series connection

3.0.2

Figure 10.

STEVAL-ISV018V1 series connection

This topology provides an output voltage that is the sum of the output voltages of each
SPV1020 connected in series. The following information shows how the output power is
determined by the output series connection.

Figure 10 shows a detail of the series connection topology:

STEVAL-ISV018V1, panel Figure 11. STEVAL-ISV018V1, components
connections for output series configuration for output series
connection connection

In this case, the topology constraint implies:

Equation 7
lout = lout1= lout2 = lout3

Vout = Vout1 + Vout2 + Vout3

In the case where the irradiation is the same for each panel:

Equation 8
Pin1=Pin2=Pin3
POUt= 3 * POUtX [X = 1 .3]
Poutx = 1— Pout
Poutx = Voutx * loutx = Vout1 * Jout
So
Equation 9

Voutx = lVout
3

For example, assuming, Poyt = 90 W and, if desired Vot = 90 V then
Voutx =30V

Lower irradiation for one panel, for example on panel 2, causes lower output power, so
lower VoyTo due to the IgyT constraint:
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STEVAL-ISV0x8V1 parallel and series connection AN4217

Equation 10

Poutx

VOUt X=
lout

The output voltage (VgoyT) required by the load can be supplied by the first and third
SPV1020 but only up to the limit imposed by their output voltage resistor partitioning
(R3/R4, R9/R10, R16/R17 in the STEVAL-ISV0x8V1 schematics).

These examples show various scenarios as shown in the STEVAL-ISV0x8V1 schematics.
Assuming the following conditions: R3/R4 limits VoyTx to 40 V and the desired Vo1 =90 V.
Example 1:

Panel 2 has 75% of the irradiation of panels 1 and 3:

Equation 11
Vout2 = é *Vout1 = é *Vout3
4
Pouti= Pout2 = 30W

Pout2 = % Pin1=22.5W

Pout= Pout1+ Pout2 + Pout3 = 82 .5W

Vout 1 =Vout3z = i =32.6V
0.92

Two of the SPV1020 devices (first and third) supply most of the voltage output due to lower
irradiation on panel 2.

Note: SPV1020 is a boost controller, so Voy1x must be higher than Vyy, otherwise the SPV1020
turns off and the input power is transferred to the output stage trough bypass diodes (D1,
D10 or D12).

Example 2:

Panel 2 has 25% of the irradiation of panels 1 and 3:
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AN4217 STEVAL-ISV0x8V1 parallel and series connection

Equation 12

Vout 2 = l *Voutl = 1_ *Vout3
4 4
Pout! = Pout2= 30W
Pout2 = l Pini= 7.5W
4

Pout= Pout1 +Pout 2+ Pout3 = 67 .5W

Pout _ 67.5
low= 22 =222 = 75A
Vou 90
Vout1=Vout3= =40V
0.75

Vout2 = ﬁ =10V
0.75

In this case the system is at its limit. A lower irradiation will impact V11 and/or Vo3
which are already at the limit (40 V) imposed by R3/R4 partitioning.

Example 3:
Panel 2 is completely shaded.
In this case, the maximum Vg1 available is 80 V (VouTt1+VouTs)-

On the STEVAL-ISV018V1 application board, bypass diode (D4) around the second
SPV1020 allows lgyT to flow.

Figure 12 shows power conversion efficiency when Vypp = 12 V and ly,pp ranges from 1 A
to 8 A (in steps of 1 A). Power ranges between 36 W and 288 W.
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Figure 12. Power efficiency versus output voltage
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Figure 13. MPPT efficiency versus output voltage
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Figure 12 shows MPPT efficiency when Vypp = 12 V and Iy pp ranges from 1 Ato 8 A (in
steps of 1 A). Power ranges between 36 W and 288 W. In both cases all the three strings
have the same input power.

Figure 14 shows the output current versus input current when the input power to each string
is different. The configurations are:
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STEVAL-ISV0x8V1 parallel and series connection

Table1. Vi, =12V, Vo, =80V

Istring1 Istring2 Istring3
4 4 4
6 6 4
8 8 4

Figure 14. Output current vs input current
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STEVAL-ISV0x8V1 parallel and series connection ANA4217

Figure 15. STEVAL-ISV008V1 SPI connection

HCS

3PT CLK -

SPLDATA IN

SFI_DATA_OUT

-
bile]
SPI_CLK
SPLDATA DY | sPVIo20
— SFL_DATA_OUT

xcsz i -
XCs1 i
SCLE SPLCLE
MIZO SPL DATA IN it
st SPL_DATA_OUT

.
-

VOUT_max = 40V

Figure 16. STEVAL-ISV018V1 SPI connection
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In the STEVAL-ISV008V1 the SPI connection is accomplished by means of the J46
connector. Instead in STEVAL-ISV008V1 the SPI connection requires additional external
components not present in the STEVAL-ISV008V1. These additional components are
shown in Figure 16.

4
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AN4217 BOM
The STEVAL-ISV008V1 and STEVAL-ISV018V1 differ mainly in their output configurations
(defined by R22 and R23 for STEVAL-ISV008V1 and by R24, R25, R26 and R27 for
STEVAL-ISV018V1). The SPI connector J46 is available only on STEVAL-ISV008V1.
The following table shows the list of external components configuring the STEVAL-
ISVOx8V1; last column highlights the difference between STEVAL-ISV008V1 and STEVAL-
ISV018V1.
The application boards have been designed for PV strings providing Voc = 15V, Igc =9 A,
output voltage of each SPV1020 Voyt max = 36 V and Fgyy = 100 KHz.
Table 2. STEVAL-ISV008V1 and STEVAL-ISV018V1 component list
Notes:
[STEVAL-
Component Name Value Supplier Part number ISV328V1
STEVAL-
ISV018V1]
C1, C2,C3,C4,
C16, C17, C18, Bootstrap 100 nF MURATA GRM188R71C104KA01
Cc21, capacitors EPCOS C1608X7R1H104K
C24, C25,C26, C29
Input supply pin MURATA GRM31MR71H105KA8
C11,C37, C39 capacitor 1wk EPCOS B
P C3216X7R1H105K\
GRM32ER71H475KA88
C5, C36, C38 Input capacitor 4.7 uF '\égggz\ K
C3225X7R1H475K
Voltage sensing MURATA GRM188R71E221KA01
C9, C14, C22 capacitor 220 pF EPCOS C1608C0G1H221J
Compensation MURATA GRM188R71C223KA01
€8, C19, C27 capacitor 22 nF EPCOS C1608X7R1H223K
Voltage sensing MURATA GRM188R71E221KA01
€10, C15, C23 capacitor 220 pF EPCOS C1608C0G1H2214
Internal
reference MURATA GRM188R71A474KA61
€7, G20, C28 voltage 470 nF EPCOS C1608X7R1C474K
capacitor
C6, C12, C13, C40,
C41, C42
€30, C31, €32, Output capacitor 4.7 uF MURATA GF“v|32EFWK1 HATORASS
C43, C44, C48 ’ EPCOS
C33, C34, C35, C3225X7R1H475K
C45, C46, C47
D3, D9, D11 Noise filter on | grpgq60y ST STPS160U
supply pin
17 Doc ID 024010 Rev 1 13/22




BOM AN4217
Table 2. STEVAL-ISV008V1 and STEVAL-ISV018V1 component list (continued)
Input voltage
R1,R11,R18 partitioning 1.2 MQ VISHAY D11/CRCWO0603 1.2M
resistor
R2,R12,R19 Input voltage
partitioning 110 kQ CYNTEC RR0816R-114-DN-11
resistor
R3,R9,R16 Output voltage D11/CRCWO0603 4.3M
partitioning 3.9 MQ VISHAY 19% :
resistor °
R4,R10,R17 Output voltage
partitioning 110 kQ CYNTEC RR0816R-114-DN-11
resistor
R5,R13,R20 Compensation 1kQ CYNTEC RR0816R-102-DN-11
resistor
R6, R8,R15 Pull up resistor
(Note: R6 must 00
be removed if R7
is soldered)
R7 (optional) Oscillator Desend
R14 (optional resistor epending
R21 (opt!onal) (Note: R6 must | on desired
(optional) be removed if R7 Fsw
is soldered)
L1, L2, L3, L4 EPCOS
L5,L6,L7,L8 COILCRAFT
L9, L10, L11, L12 CYNTEC
MURATA
Phase x (x=1..4)
inductors 47 uH B82477G4473M003
MSS1278T-473ML
PIMB136T-470MS-
11
49470SC
D1,D10,D12 Bypass diodes SPV;801 N ST SV1001N30
. STPS15L6
D2,D4,D8 Bypass diodes 0CB-TR ST STPS15L60CB-TR
J35,J37,J38 ST SUPPLY SPV1020 ST SPV1020
Disconnect
6-pin . ed on
J46 SPI connector Connector Phoenix Contact MPT 0.5/ 6-2.54 STEVAL-
ISV018V1.
600W, 40V
D5,D6,D7 unidirectional | SMBJ36CA ST SMBJ36A-TR
protection transil
14/22 Doc ID 024010 Rev 1 17
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Table 2. STEVAL-ISV008V1 and STEVAL-ISV018V1 component list (continued)
Mounted on
STEVAL-
Output series ISV008V1;
R22, R23 connection 00 VISHAY CRCW251 2F?OOOZOEGH Not
switch Mounted on
STEVAL-
ISVO18V1
Mounted on
STEVAL-
Output parallel ISV018V1;
R24, R25, R26, R27|  connection 00 VISHAY CRCW251 2F?OOOZOEGH Not
switch Mounted on
STEVAL-
ISV008V1
Outout FASTON
J47, J48 P CONNECT
connector
OR
17 Doc ID 024010 Rev 1 15/22
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Schematic diagrams
STEVAL-ISV008V1 schematic

Schematic diagrams

Figure 17.
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Schematic diagrams

STEVAL- ISV018V1 schematic

AN4217
Figure 18.
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Layout guidelines

PCB layout is very important in order to minimize noise, high frequency resonance problems
and electromagnetic interference.

Paths between each inductor and its relative pin must be designed with the same
resistance. Different resistances among the four branches can be the cause of unbalanced
current flow among the four branches. Unbalanced currents could damage the chip or cause
poor MPPT tracking.

To reduce radiation and resonance problems it is essential to keep high current paths as
small as possible.

Large traces for high current paths and an extended ground plane under the metal slug of
the package help reduce noise and improve heat dissipation, as well as increase the
efficiency.

High current paths are highlighted by thicker lines in the Figure 17 and Figure 18.
Input and output capacitors must be close as possible to the device. Output capacitance
must be equally distributed among the Vg1 pins of the device. For example, refer to the

placement of C6, C12, C13, C40, C41 and C42 in Figure 19: STEVAL-ISV008V1 PCB
layout example (top view)

Boostrap capacitors (connected between Lx and CBx pins) must be connected as close as
possible to the related pins.

External resistor dividers should be as close as possible to the V|y gns @and Voyt sns pins
of the device, and as far as possible from the high current circulating paths, to avoid noise
pickup.

For an example of a recommended layout, see the following demonstration board
(dimensions expressed in mm):

Figure 19. STEVAL-ISV008V1 PCB layout example (top view)
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Figure 20. STEVAL-ISV008V1 PCB layout example (bottom view)

Figure 21. STEVAL-ISV018V1 PCB layout example (bottom view)
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Figure 22. STEVAL-ISV018V1 PCB layout example (bottom view)
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Please Read Carefully:

Information in this document is provided solely in connection with ST products. STMicroelectronics NV and its subsidiaries (“ST”) reserve the
right to make changes, corrections, modifications or improvements, to this document, and the products and services described herein at any
time, without notice.

All ST products are sold pursuant to ST’s terms and conditions of sale.

Purchasers are solely responsible for the choice, selection and use of the ST products and services described herein, and ST assumes no
liability whatsoever relating to the choice, selection or use of the ST products and services described herein.

No license, express or implied, by estoppel or otherwise, to any intellectual property rights is granted under this document. If any part of this
document refers to any third party products or services it shall not be deemed a license grant by ST for the use of such third party products
or services, or any intellectual property contained therein or considered as a warranty covering the use in any manner whatsoever of such
third party products or services or any intellectual property contained therein.

UNLESS OTHERWISE SET FORTH IN ST'S TERMS AND CONDITIONS OF SALE ST DISCLAIMS ANY EXPRESS OR IMPLIED
WARRANTY WITH RESPECT TO THE USE AND/OR SALE OF ST PRODUCTS INCLUDING WITHOUT LIMITATION IMPLIED
WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE (AND THEIR EQUIVALENTS UNDER THE LAWS
OF ANY JURISDICTION), OR INFRINGEMENT OF ANY PATENT, COPYRIGHT OR OTHER INTELLECTUAL PROPERTY RIGHT.

UNLESS EXPRESSLY APPROVED IN WRITING BY TWO AUTHORIZED ST REPRESENTATIVES, ST PRODUCTS ARE NOT
RECOMMENDED, AUTHORIZED OR WARRANTED FOR USE IN MILITARY, AIR CRAFT, SPACE, LIFE SAVING, OR LIFE SUSTAINING
APPLICATIONS, NOR IN PRODUCTS OR SYSTEMS WHERE FAILURE OR MALFUNCTION MAY RESULT IN PERSONAL INJURY,
DEATH, OR SEVERE PROPERTY OR ENVIRONMENTAL DAMAGE. ST PRODUCTS WHICH ARE NOT SPECIFIED AS "AUTOMOTIVE
GRADE" MAY ONLY BE USED IN AUTOMOTIVE APPLICATIONS AT USER’S OWN RISK.

Resale of ST products with provisions different from the statements and/or technical features set forth in this document shall immediately void
any warranty granted by ST for the ST product or service described herein and shall not create or extend in any manner whatsoever, any
liability of ST.

ST and the ST logo are trademarks or registered trademarks of ST in various countries.

Information in this document supersedes and replaces all information previously supplied.

The ST logo is a registered trademark of STMicroelectronics. All other names are the property of their respective owners.
© 2013 STMicroelectronics - All rights reserved
STMicroelectronics group of companies

Australia - Belgium - Brazil - Canada - China - Czech Republic - Finland - France - Germany - Hong Kong - India - Israel - Italy - Japan -
Malaysia - Malta - Morocco - Philippines - Singapore - Spain - Sweden - Switzerland - United Kingdom - United States of America
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