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User manual

Getting started with the Qi-based wireless power receiver optimized for wearable
applications up to 2.5 W using STWLC33

Introduction

The STEVAL-ISB043V1 is a Qi-based 2.5 W wireless power receiver evaluation board based on the STWLC33 and suitable for
wearable applications.

The STEVAL-ISB043V1 provides a complete kit, which includes the STWLC33 IC, firmware, layout and tools.

The device is powered by the RX coil attached to a 1.3 mm thick plastic fixture.

The STWLC33 firmware gives you the flexibility to modify parameters and settings to ensure proper STWLC33 use in the final
application.

Figure 1. STEVAL-ISB043V1 evaluation board
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Getting started

1 Getting started

1.1 Board overview

The board features:

. STWLC33 evaluation board for wearable applications using Wurth coil 760308101309
. Up to 2.5 W output power

. Operates as voltage source

. Foreign object detection (FOD)

. I2C interface for communication with the host system
. Parameters and features adjustable via NVM memory
. Cost-effective 3-layer PCB

. 10x6 mm application area

. Complete kit (IC, firmware)

. RoHS compliant

111 Board configuration and test points

. TVOUT: power output

. TPGND: power output ground

. TPHONE: optional power output with back-to-back transistor isolation from TVOUT
. TSCL: I2C clock line

. TSDA: I2C data line

. TINT: interrupt output, open drain, active low

. TGND: digital interface ground

. TVRECT: test point to touch VRECT voltage

1.2 STWLC33 NVM configuration

The STWLC33 NVM configuration differs from the default configuration in STWLC33 samples due to the small-
sized receiver coil with limited output power (2.5 W).

The STEVAL-ISB043V1 evaluation board original NVM content can be restored by loading the file below:

s-00: 3E 14 19 28 OE 3C 09 05 OF 27 89 07 26 00 00 3D CO 07 81 02 14 OF 00 00 00 O
0 00 00 00 00 00 00
s-01: 3E 14 09 28 09 3C 09 05 OF 27 89 07 26 00 00 3D CO 07 81 02 14 00 00 02 04 O
0 00 00 00 00 00 0O
s-02: 2A OA 0A 00 00 FF 00 14 00 59 00 00 00 00 OO 0O 00 00 OO 00O 00 00 0O 00 00 O
0 00 00 00 00 00 00
s-03: 00 16 00 01 02 03 00 00O 0O 00 OO OO 0O 0O OA 05 00 00 OO 00O 00 00 0O 00 00 O
0 00 00 00 00 00 00
s-08: SA 01 02 00 00 00 00 OO 0O 00 OO OO 0O 0O OO OO OO OO OO 0O 00 OO0 0O 00 00 O
0 00 00 00 00 00 00
s-0B: 01 OA 00 02 OF 0OC 40 OD 03 00 00 00 00 00 00O 00 40 10 02 05 06 09 OE 00 00 O
0 00 00 00 00 00 00
s-0D: 80 02 07 00 20 00 03 55 D2 0A Al 07 23 0D 05 27 27 29 35 OF 74 A0 21 00 00 O
0 00 00 00 00 00 00
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Important:
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GUI: I2C register access

Most fields in the GUI application correspond to a single I?C register (for further details, see STWLC33 datasheet
on www.st.com).

This section details the more common complex operations.
The Registers tab contains three sub-tabs related to Rx mode I?C register controls.

Through the Interrupt registers sub-tab, you can monitor the following registers:
. Status_Rx

. INT_Rx

. INT_Enable_Rx

. INT_Clear_Rx

The GUI directly reads or writes the target register.

The Interrupt clear button is a more complex operation which first writes the INT_Clear_Rx register and then
writes 1 in the Clr_Int bit in Com register.

Figure 2. Interrupt registers sub-tab

7]

Registers | o Configuration (NVM) | NvM |
Interrupt registers | Setup & measurement registers | Qi - Prapristary packets |
Interrupt register Interrupt clear [Interrupt enabl
Interrupt status L register - address 34h, value 0xC0
T I Overcurrent. ™ Overcurrent

[ vours | veecrs [acmiss [xrowos| - [ otps [ ows | ops |

1 1 o o o o o o Write I™ overvoltage I~ Overvoltage
Interrupt latch L register - address 36h, value OXED " o o
[“voure [ weecrv [acwse [meowr| -~ [ oer [ owr [ oer | Red | I™ Tx data received ™ T data recelved

1 1 1 [] [] [] [] 0 i

{45 I~ ACmissing [~ AC missing
Interrupt enable L register - address 38h, value 0x00
I~ WRECT C [~ VRECT E

| voure | vrecr e | ac_mis E [ x RovD E | — | ore [ owE [ orE | Read |

[ [ [ [ [] [] [] 0 Write I~ vour ¢ [~ vour £
Interrupt dear L register - address 56h, value 0x00
[vourc [ weac [acmsc [ramc] — [ owec | owc | omc | Read Clear interrupts Enable interrupts

o o o o o o o o Write

12 speed o r
Connect 12C bridge Initislize params from NVM Software resst * '
| © 1otz € 06 | @ cyergectronics, Prague 2017 5 M,,L
| The 12 bridge is connected. |Bridge status: Idle [ |Bridge firmware version: 18072017 | 4

The Setup and measurement registers sub-tab (see Figure 3. Setup and measurement registers sub-tab) con-
trols registers and measurement values.

VOUT_set or ILIM_set modifications are immediate.
The default values are loaded automatically from NVM after wireless operating standard detection.

Changing the output voltage must respect the overall system design (coil selection, transmitter types etc.).

The Power transfer termination consists of two steps:
. writing the EPT register;
. writing 1 in the S_EPT bit in Com register.

AD conversion results provide immediate VRECT and VOUT voltages and, during power transfer, die tempera-
ture and output current.
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RXID and PRMC_ID registers become active after wireless standard detection and provide an easy-to-read self-
ID (either Qi ID or PMA ID).

Figure 3. Setup and measurement registers sub-tab

5
Registers | Qi Configuration (v | NvM |

Interrupt registers  Setup & measurement registers | Qi -Proprietary packets |

[VOUT_set register [IDs and versions

VOUT: 5.0V '
Register value: 0x0F Chip ID: 33

Firmware major revision: 1

Firmware minor revision: 3

[ ILIM_set register AD conversionresults Read versions and IDs
VOUT: 4850mV.
Input current mit: 0.84 write
Register value: 0x07 WRECT: 8026mV
4 RXID: 00 010203 00 00
J Rea Die temp: 38 deg C
Read RXID
R Tout: 4mA
[End power transfer | Read AD conversion results
d power transfer packet value | PRMC_ID: 0x0018

@ {nknown (Ox00)% Read PRMC_ID

" Charge complete (0x01)
" Internal fault (0x02)

€ Over temperature (0x03) Frequend

" Over voltage (0x04)

Reead ping fr Ping frequency: 130kHz
" Over current (0x05) ead ping frequency g frequency:
© Battery failure (0x06)

" Reconfigure (0x07) Read current frequency Current frequency: 129kHz

" No response (0x08)

Terminate power transfer

12C speed ' o7
Corneet 2Crdae | ivalize params from v Software reset | & 100¢z O 400k /4

© STMicroelectronics, Prague 2017 to.quamarted

| The 12C bridge is connected. |Bridge status: Idle [ |Bridge firmware version; 1807.2017 | 4

The Qi — Proprietary packets sub-tab allows sending any Qi packet and, in Qi 1.2 only, receive the response
from the transmitter (both pattern type or data type responses are supported).

Figure 4. Qi — Proprietary packets sub-tab

&
Registers | Qi Configuration (NvM) | Ny |

Interrupt registers | Setup &measurement registers Qi -Proprietary packets |

xpected response from the transmitter | [Proprietary packet priority
(% Hore, 1+ Normal Pricrity normal means that the Proprietary packets have lower priority than CEP or Rx Pwr.
 pattern  High Pricrity high means that the Proprietary packets have higher priority than CEP or Rx Pur.
 Data

Proprietary packet header |18 hex Send proprietary packet Warning!

The packet header determines its length automatically.
Proprctary packetpayioad 01| The GUI does not check the packet length vs the header value!

esult of data reception from the transmitter

FSK demodulator status: Read transmitter response
Number of data received:

Expected format:

Data received from the transmitter

12€ speed ' <73
Convert 12C e | Initaliee params from Software reset | & 100z O 400k /4

© STMicroelectronics, Prague 2017 fo. quamariod

| The 12C bridge is connected. |Bridge status: Idle [ |Bridge firmware version; 1807.2017 | 4

14 GUI: NVM configuration access

1.4.1 Qi NVM configuration

The Qi configuration tab contains manufacturer and device identifiers sent over the Qi protocol.
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GUI: NVM configuration access

The tab contains also default values for the VOUT voltage, Input current limit, OVP clamp threshold and Inter-
rupt enable registers.

STWLC33 automatically terminates the power transfer if the load is below a certain threshold for a certain period
of time. By default, this feature is eliminated by setting the lowest possible current and the longest possible time.

Note: Qi specification does not require this feature.
To maintain the Qi foreign object detection feature accurate, you must provide the correct values representing the

coil parameters and the mechanical setup.

The evaluation kit contains components with the correct values to be used.

If, for example, the coil is replaced, FODs have to be recalculated and updated; the affected parameters are
FOD_A, FOD_B and FOD_C.

Figure 5. GUI: Qi NVM configuration tab

7|

Registers Qi Configuration (NVM) Ny |

Qi low power [ ID packets setup
o 500 Manufacturer code - 2bytes (hex)
s 0D ctic
T I corecten NTC threshold o o0 16
FOD.A J1sa4 Basic device identifier - 4 bytes (hex)
Input current limit: 0.8A (0x07) ,—
'7J FOD_B ,E 00010203
' ‘ ‘ ‘ ' ' ' ! Extended device identifier - 8 bytes (hex)

lon 00 0000 00 00 00 00

[ Interrupt enable default values FOD_C ,mu— mOhm  0x019A
I Overcurrent
I Overvoltage
I overtemperature

I Tx data received

Please, separate bytes by spaces.

I AC missing
I~ VRECTUVLO
I~ voutuwo
{"&ave all configurations to W
12C spesd o ‘—
Connect 12C bridge_| Initalize params from NV Software reset | & o0dt 400k Y7
© STMicroelectronics, Prague 2017 el
| The 12C bridge is connected. |Bridge status: Idle [ |Bridge firmware version: 1807.2017 | 4
1.4.2 Generic load/save NVM access

The NVM tab allows the backup of the current NVM configuration into a file or loading a new one from a file.

UM2337 - Rev 1 page 5/22



http://www.st.com/en/product/stwlc33

UM2337
Y/

GUI: NVM configuration access

Figure 6. GUI: NVM tab

Registers | Qi Configuration (vi)  NVM

NVM opeartions log NVM content

[RD s-00: 2E 14 18 28 0 5C 08 05 0F 2789 07 26 00 00 30 CO 07 8102 14 OF 00 00 00 00 00 00 00 00 00 00 =-00: 3€ 14 19 28 OE 3C 09 05 0F 2789 07 2600 00 30 C0 07 8102 14 0F 00 00 00 00 00 00 00 00 00 00
D s-01: 3 1409 28 09 3C 09 05 OF 2789 07 26 00 00 30 CO0 078102 1400 00 020400 00 00 00 00 00 00 5-01: 3 1409 28 09 3C 09 05 OF 2789 07 26 00 00 30 CO 07 8102 1400 00 02 04 00 00 00 00 00 00 00
D 5-02: 24 DA 0A 00 00 FF 00 1400 53 0 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 -02: 24 DA 0A D0 00 FF 00 1400 53 00 00 00 00 00 00 00 00 00 00 0 00 00 00 00 00 00 00 00 00 00 00
D 5-03: 00 16 00 0102 03 00 00 00 00 00 00 00 00 0A 05 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 5-03: 00 16 00 0102 03 00 00 00 00 00 00 00 00 0A 05 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
RiD s-04: 44 3D 15 78 15 90 15 05 15 2F 89 OF 66 19 1E 1F 00 00 00 01 14 15 00 00 00 00 00 00 0O 00 00 00 s-04: 44 3D 15 78 15 60 1505 15 27 89 OF 66 15 1E 1F 00 00 00 01 14 15 00 00 0O 00 00 00 00 00 00 0
RD 5-06: 35 03 00 00 00 25 6C 07 03 56 00 00 00 0 0 00 00 00 00 03 00 0 00 0 00 40 00 00 03 00 00 00 =-06: 33 03 00 00 00 25 6C 07 03 56 00 00 00 00 00 00 00 00 03 0 00 0 00 00 03 00 00 00 80 00 00 00
D <-07: 00 AA 10 00 00 00 25 50 02 63 25 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 =-07: 00 AA 10 00 00 00 25 50 02 63 25 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

RD 5-08: 94 0102 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 60 00 00 00 00 00 00 00 00 00 00 00 5-08: 94 0102 00 00 00 00 00 00 00 00 00 00 00 00 00 60 00 00 O 00 00 00 00 00 00 00 00 60 00 00 00

TEead R comar

Write NVM content
Save to file
Load from fle

Clear history
12€ speed ' <73
Convert 12C e | Initaliee params from Software reset | 10z C 400kt /4

© STMicroelectronics, Prague 2017 e ———

| The 12C bridge is connected. |Bridge status: Idle [ |Bridge firmware version; 1807.2017 |
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Qi compatibility

2 Qi compatibility

The STEVAL-ISB043V1 evaluation board wireless interface is fully compatible with Qi 1.2 (baseline power profile)

digital protocol.
Note: Due to the small-sized Rx coil, correct functionality with all Qi transmitters cannot be guaranteed.
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3 Configuration guidelines

3.1 Changing VOUT voltage: constraints

The power LDO supports the VOUT setting from 3.5 to 12.5 V; but, selecting VOUT properly is more complex and
involves other aspects in the system.

The STEVAL-ISB043V1 evaluation board is tuned to work well only at 5 V VOUT voltage.

Using a different output voltage may require different Rx coil and input resonant circuit capacitors but it has to be
considered case by case.

3.2 Input current limit

The power LDO is able to limit the output current. This limitation starts softly reducing the VOUT voltage even
before reaching the limit.

3.3 Minimal load

All wireless systems are designed to transfer power. If power is not being transferred, it becomes hard to maintain
Rx-to-Tx communication.

STWLCS33 is equipped with a dummyload circuit that increases the load by consuming the power when no output
load is present. Due to heat dissipation the dummy consumption is limited to tens of milliamps.

Even if this should be enough to maintain communication with most transmitters, it is recommended to always
apply at least 100 mA.

UM2337 - Rev 1 page 8/22
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4 Performance charts

The STEVAL-ISB043V1 evaluation board performance has been evaluated through the STEVAL-ISB042V1 evalu-
ation board in Tx mode and by a standalone Qi 1.2 BPP certified power transmitter. The overall system efficiency
is above 70%.

Figure 7. STEVAL-ISB043V1 evaluation board performance: power transfer efficiency vs output power
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The output voltage regulation is less than 2% independent of the transmitter transition from no load to full load.

Figure 8. STEVAL-ISB043V1 evaluation board performance: output voltage vs output power
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Schematic diagrams
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Figure 9. STEVAL-ISB043V1 c

z
H
g
S
3 anod
2 = HGX/AOL/%0LF/4U00L
a9 X0
<@ [
z3 %m ] aNod
g 5 2l =
55 E g anod ans anoL
3 2105eMENSS [ .
3 ZL =5 S o
g JH10£L02800 % £E0IMLS aN9d  ON9d
3 a oz o o o = =
N z z z
LoV HSX/IAQL/%O0LF/HML 29 © HGX/AQLI%OLF/ML
5080252050 anod R NS TTRGR
= 9 pie)
= ) anodL NI =g
W W
2 K 13sL008
3noHaL pacI e “T°T - =
O SO = = e} 1no £0IST14S/00L/PdD o
g % [
S X Beyjedo
g 1NOAL g . Y
m 2 20ISTHSMOLZD r—3rs
Ry E X
aned & £ = S 10ISTIS/IALNED
_— S =} —
° & HS! 0018 I4S/SNLI0AD 17
I_H H H_l NSO14S
€0 2o 10 - €3
LOFMAL T “°T1T °T S™LoTuA
O { TN MOST148/¥a0 aNod
o P @’ Lo3uA ] =
& _ T
R g g MOSZ 145600 [
3 3 3 %L ¥/08
3 5 N QOAH 2AO/N-INI
5 3 N
g g g 8 2] € INI
& & T GA A | oS LAONGS ~5—vas
el 5 g LSA 000198
- - - 5] € 108
vas 108 INI -
E £ 3 3§ g § g2 g
O 0 O 2 3 3 < 3 3 2
- - - = 1ol
o & | |T 2 12 8 |8
| 1l [l
s B = f 1 1l o
3 o |2 USXINOS/%OLF/HULY| MIXINOSI%OLF/AUZ | HGXINOSI%OLF/AuLY|Q

vasL T10SL  INIL

o 0O O

poy
N s B =
z n =

o[100k/ £1%

LND
YLXINOS/%0LF/4USGL
v

110080

1
—
—

¥vdO TN
ULXINOS/%0LF/uGL

[18LAAZLaS3d T2ov

| !A 210080

va

Cs4
cs3
cs2

100nF/+10%/50V/X5R
100nF/£10%/50V/X5R
100nF/£10%/50V/X5R

100nF/£10%/50V/X5R

JI0O13N
17
18]

O

o
<

""-l'l

[ERRP U R —— |

HriLL

- e wn - = o= - 10D

- = e = e - 70D

page 10/22

1
>
Q

1

'
~

[v]

(3]

N

=

=)




UM2337

Bill of materials

3

6 Bill of materials

Table 1. STEVAL-ISB043V1 bill of materials

C1,C2, 10uF10V Capacitors Murata GRM155R61A106ME11#
C3,C4, X5R +20%
C5 CAP0402
2 2 C6,C7 1uF 16V X5R  Capacitors Murata GRM155R61E105KA12#
+10%
CAP0402
3 1 CBLA1 100 mm length | Ribbon_3_red_black_FE- | Any Any
=10cm MALE
4 1 CBL2 100 mm length | Rib- Any Any
=10cm bon_2_red_black_MALE
5 2 CBOOT 15nF 50V Multilayer ceramic capaci-  Murata GRM155R71H153KA12#
1, X7R £10% tors
CBOOT | CAP0402
2
6 2 CM1, 47 nF 50 V Multilayer ceramic capaci-  Murata GRM155R61H473KE19#
CM2 X5R £10% tors
CAP0402
7 1 CPAR 22nF50V Multilayer ceramic capaci- | Murata GRM155R71H222KA01#
X7R £10% tors
CAP0402
8 3 Cs1, 100 nF 50 V Multilayer ceramic capaci-  Murata GRM155R61H104KE19#
CS2, X5R £10% tors
CS3 CAP0402
9 1 CS4 Multilayer ceramic capaci- | Any Any
tors
10 1 Cx 100 nF 10V Capacitor Murata GRMO033R61A104KE15
X5R £10%
CAP0201
11 1 D1 CDBZ0130L- Signal Schottky diode Comchip CDBZ0130L-HF
HF 30V D0201
12 1 D4 PESD12VV1BL | ESD protection diode Nexperia PESD12VV1BL
12V SOD882
13 1 D6 Red LED0402 | LED diode Any Any
14 1 101 STWLC33 Multi Mode Qi/Airfuel induc- | ST STWLC33

CSP_9x6_400  tive wireless power receiver
um WLC53 Oc- | with transmitter function
ta

15 1 L1 11 uH Coail Wurth 760308101309
16 2 R1,R2 4.7k, 1%, Resistors Any Any
R0201
17 1 R3 Not assembled
18 2 R4, R7 25k, £1%, Resistors Any Any
R0201
19 2 R5,R6 100 k, £1%, Resistors Any Any
R0201
20 1 R8 750, +1%, Resistor Any Any
R0201

UM2337 - Rev 1 page 11/22
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21 1 R9 Any Any

22 k, £1%, Resistor
R0201
22 1 RCL 30, £1%, Thick film resistor Panasonic ERJ-PA3F30R0OV
R0603
23 1 S$1 diameter Plastic body Any Any
27mm, thick-
ness 15mm
24 1 S2 diameter Plastic spacer Any Any
27mm, thick-
ness 1.3mm
25 1 T CSP 2x3 500 Power MOSFET Texas Instru- CSD75208W1015
um pitch ments
26 1 T2 CST3C Small-Signal MOSFET Toshiba SSM3K35CTC,L3F

UM2337 - Rev 1 page 12/22
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7 Board layout

Figure 10. STEVAL-ISB043V1: top silkscreen
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Board layout

Figure 13. STEVAL-ISB043V1: copper layer 3
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Figure 14. STEVAL-ISB043V1: bottom silkscreen
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Board layout

Figure 15. STEVAL-ISB043V1: assembly drawing
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Freely available on www.st.com:

1. STWLC33 datasheet.
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IMPORTANT NOTICE - PLEASE READ CAREFULLY

STMicroelectronics NV and its subsidiaries (“ST”) reserve the right to make changes, corrections, enhancements, modifications, and improvements to ST
products and/or to this document at any time without notice. Purchasers should obtain the latest relevant information on ST products before placing orders. ST
products are sold pursuant to ST’s terms and conditions of sale in place at the time of order acknowledgement.

Purchasers are solely responsible for the choice, selection, and use of ST products and ST assumes no liability for application assistance or the design of
Purchasers’ products.

No license, express or implied, to any intellectual property right is granted by ST herein.

Resale of ST products with provisions different from the information set forth herein shall void any warranty granted by ST for such product.
ST and the ST logo are trademarks of ST. All other product or service names are the property of their respective owners.

Information in this document supersedes and replaces information previously supplied in any prior versions of this document.

© 2017 STMicroelectronics — All rights reserved
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