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SILICON LABS

UG163: Si1133/Si1153 Optical Sensor
Evaluation Board User's Guide

The optical sensor expansion board is designed to allow customers to evaluate the
Si1133 UV/ALS sensor and other Si1153 sensors. A list of these sensors and their ca- KEVIEEATURES
pabilities follows:

* UV/ALS Sensor
» Long-Range Proximity Sensor

» UV/ALS—SIi1133 sensor mounted with a demonstration light diffuser assembly.

* Long Range Proximity—Si1153-AA09 2X2 mm proximity sensing chip with an on-
die 940 nm bandpass filter for sunlight immunity. The Board demonstrates the use of
a 5 mm dia. lens and arrow-angle LED. * Gesture/ALS Sensor

« Sunlight Immune Proximity Module—Si1153-AA09, 2.85 x 4.9 mm proximity sens- [l e

ing module with an on-die 940 nm bandpass filter for sunlight immunity and an inte- ar.1d O.p.tlcal Sefwsors Programmer Kit
grated 940 nm LED. + Simplicity Studio compatible

* Proximity/ALS—Si1153-AA00, 2 x 2 mm light sensor chip. The Board uses a single
850 nm LED for demonstration purposes.

+ Gesture/ALS—Si1153-AA00, 2 x 2 mm light sensor chip. The Board uses three 850
nm LEDs spaced roughly 50 mm apart for demonstration purposes.

+ Sunlight-Immune Proximity Module Sensor

The optical sensor expansion board is designed to allow customers to connect to the

sensors using two methods:

« Silicon Labs EFM series of EVBs with an expansion ports. e.g. EFM32WG-STK3800
(Wonder Gecko) or EFM32ZG-STK3200 Zero Gecko Starter Kits

» USB connecitivity via the Optical Sensors Programmers Toolkit

Note: Simplicity Studio sample code will be available in Q2 2016.
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EVB Architecture

1. EVB Architecture

1.1 Board Block Diagram
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Figure 1.1. EVB Block Diagram (Silicon Labs Sensors Shown in Blue)
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EVB Architecture

1.2 System Block Diagram with an EFM32 Host
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Figure 1.2. System Diagram with EFM Host

1.3 System Block Diagram with a PC Remote Host
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Figure 1.3. System Block Diagram with PC Remote Host
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2. Board Setup and Use

2.1 SW1 Switch Configuration

It is important to note that only one of the sensors can be used at a time. That means only one of the 8 switches in SW1 should be
moved to the left at a time. Each of the first 5 switches selects a different sensor on the board. The sixth position selects a prototype
area, the seventh selects an external expansion connector compatible with the silicon labs postage stamp boards while the last is not
used.

It is important to note that whenever the user wants to switch between sensors the board must be reset and the software started. This is
because only the SDA SCL line is switched by SW1 and a sensor that has set up could be generating interrupts when you want to
switch to another sensor.

2.2 Board Setup for UV/ALS and the Optical Programmer's Toolkit
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Figure 2.1. Board Setup for UV/ALS and Optical Programmer's Toolkit Using a USB Port
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2.3 Installation and Basic Use of the Optical Programmer's Toolkit

1. Download and install Rev 3.2 or higher of the Silicon Labs Optical Programmers toolkit.

2.Once installed, launch the application using: Start >> All Programs >> Silicon Labs >> Si114x Optical Sensor >> Launcher
3. Select UV and ALS Demo, and then click on the UV_ALS_DEMO button, as shown in the figures below.

#=2 Optical Sensors Programmer's Toolkit Launcher Version 3 u

Si115% Main Panel | Sil15x Control Panel | Sil14x Main Panel | Silldx Control Panel |

View EVB
[ UV/ALS - UV and ALS Demo |
Choose EVE
—————————————— 5i115x Multifunction EVB ------------------
Prox/ALS -- Simple Prox Demo
Long Range Prox/ALS -- Long Range Prox Demo
—————————————— Miscellaneous EVBs ------------------- - Launch
5i1153-0DFM Postage Starnp (via Sensor Toolstick) UV_ALS_DEMO

5i1153-M01 Postage Stamp (via Sensor Toolstick)

Select EVB

Select and View Documentation Choose Document

Documentation Path

Select or Search HEX File Search VI

Flash EVB

HEX File Path: Erase EVB

Figure 2.2. Starting the Programmer's Toolkit and UV/ALS Demo
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Sil15% Main Panel | 5i115x Control Panel | Silldx Main Panel | 5illdx Control Panel

Select EVB

[UV/ALS — UV and ALS Demo

J uvi; 00

Lux: 23.0

View C Code

Launch
UV_ALS_DEMO

Select and View Documentation

Documentation Path

Choose Dacument

Select or Search HEX File

HEX File Path:

Flash EVB

I
670

Show Gid[#]  Show Xlsbelfg

Xmin X max ¥ min ¥ max

@ Auto @ Auto @ Auto @ Auto

© Manual 0 © Manual 50 ) Manual 0 ©) Manual 100

cHE  cHiE @ eE

Figure 2.3. UV/ALS Demo Showing Measured Values and Raw Data Transferred on the 12C Bus
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2.4 Using the Si1150 Control Panel in the Programmer's Toolkit

Sil15% Main Panel | $il15x Control Panel | si114x Main Panel | Sil14x Control Panel I
|
S Windor 55 4 kit Mode[]
pothumbelsiizs <] R |
Measuremen Integration Signal
Photodiode Time Range Mean Std Dev Accumulate  Right Shift
cHo [ALS =] [Uvshiw( v| (4363 | [Low ~| 0 24 [1sample v | [Noshit |
CHL [Als | [MedWht | [d2.g2 ~| [Low ~] 284 61 (32sample = [Noshit ~|
CH2 [Als  +| [Med R v [d2g1 | [Low ~] 167 15 (64 sample ~| [20it -
CH3 (LS +| [MedWht ~| [d2.g7 | [Low -] 282 26 [1sample ~| [Moshift ~|
CH4 [Disabled +| [NoPD(1f ~| [244us =] |Low -] 0 0 [1sample ~| [NosShift ~|
CH5 [Disabled +| [NoPD (1t | [244us ~| [Low ~] 0 0 [1sample +| [NoShift +|

Figure 2.4. Si1150 Control Panel in the Programmer's Toolkit

The layout of the control panel mimics the programming registers described in the Datasheet. For example the parameter table allows
the creation of up to six measurement tasks, each of which can be coupled to proximity ranging LEDs (or not). Each measurement task
can be coupled to specific sensing photodiodes and associated integration time and range.

2.5 Simplicity Studio

Simplicity Studio will not include sample code to support the current evaluation board until Q2 2016. Users of this EVB can add their
own code to Simplicity Studio projects.
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3. The Five Sensors on the EVB

3.1 UV/ALS

The Si1133 is sensor is mounted with a demonstration Teflon light diffuser assembly. The light opening behind the 1.6 mm diameter
diffusor is a 0.8 mm diameter circle. The small size is preferred for the operation of the UV measurement and is an advantage for the
customer.

— ©1.600

Top
@0.800 ——_

@ 1.600
O.1mm Teflon

| bl

|
\l\O.IQmm glue (or what

Side you used before)

Bottom

UNLESS OTHERWISE SPECIFIED: MAME DATE

DIMENSIONS ARE IN mm DRAWN

TOLERANCES .
FRACTIONAL + CHECKED TITLE:
ANGULAR: MACHt BEND

TWOPLACEDECWAL & NG APPR Tpémm_Teflon_Diffuser

THREE PLACE DECIMAL * MFG APFR.
INTERPRET GEOMETRIC QA
PROPRIETARY AND CONFIDENTIAL TOLERANCING PER:
COMMENTS:
THE INFORMATION CONTAINED IN THIS MATERIAL
DRAWING IS5 THE SOLE PROPERTY OF SIZE DWG. NO. REV
SILICON LABS. ANY
REPRODUCTION IN PART DR AS A WHOLE FINISH
WITHOUT PERMISSION 15 NEXT ASSY USED ON

PROHIBITED.
APPLICATION DO NOT SCALE DRAWING SCALE: 33.3:WEIGHT: SHEET 1 OF 1

Figure 3.1. Teflon Diffuser
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Figure 3.2. Teflon Diffuser Holder

The Teflon used is Porex™ PM6M material. For fabrication of Teflon into convenient glue-on, contact:
Craig Carroll

Sales Manager

Marian Fort Worth

1501 Northpark Dr.

Fort Worth, TX 76102

(817) 332-6151 x167
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3.2 Long Range Proximity

The Si1153-AA09 2X2 mm proximity sensing chip with an on-die 940 nm bandpass filter for sunlight immunity. The Board demonstrates
the use of a 5 mm dia. lens and arrow angle LED.

The 940 nm filter on the die and external LED are selected to coincide with a dip in solar energy that occurs around 940 nm. One gets
the advantage of rejecting visible and IR light by a couple of orders of magnitude and operating in a safe area with minimal sun energy.

The lens is designed to give the sensor a roughly +5 degree field of view and so is the lensed LED chosen and mounted next to it on
the PCB.

@5
Shape half spherical
Diameter S mm o o
_ Material BKY glass (a plastic with very similar
) index of refraction will do)
Index of refraction 1.52 at 525 nm (property of BK7)
2.500 AR coating None
Size Tolerance +/-0.05 mm
Flatness ) not anissue. This is for fairly crude lensing
Surface quality Scratches should not be visible fo
the naked eye
Ordered from www.realpoo.cn
(bess@realpoo.cn)
UNLESS OTHERWISE SPECIFIED: NAME DATE
DIMENSIONS ARE IN mm DRAWN
TOLERANCES: .
FRACTIONAL* CHECKED TITLE:
ANGULAR: MACHt BEND
TWOPLACEDECIMAL + | NG APFR
THREE FLACE DECIMAL * MFC APPR 5 m m |e nS
INTERPRET GEOMETRIC QAL
PROPRIETARY AND CONFIDENTIAL TOLERANCING PER: COMMENTS:
THE INFORMATION CONTAINED IN THIS
DRAWING IS THE SOLE PROPERTY OF MATERIAL S‘ZE DWG NO REV
<INSERT COMPANY NAME HERE>. ANY e A
EEOOCINNPAT CRAAWIE | e aser
<INSERT COMPANY NAME HERE> IS
PROHIBITED. APPLICATION DO NOT SCALE DRAWING SCALE: 10:1 WEIGHT: SHEET 1 OF 1

Figure 3.3. Lens Used for Long-Range Sensor
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Figure 3.4. Lens Holder Used for Long-Range Sensor

3.3 Sunlight-Immune Proximity Module

A Si1153-AA09, 2.85 X 4.9 mm proximity sensing module with an on-die 940 nm bandpass filter for sunlight immunity and an integrated
940 nm LED is mounted on the board.

The 940 nm filter on the die and matching LED are selected to coincide with a dip in solar energy that occurs around 940 nm. One gets
the advantage of rejecting visible and IR light by a couple of orders of magnitude and operating in a safe area with minimal sun energy.

3.4 Proximity/ALS

The Si1153-AA00, 2X2 mm light sensor chip is mounted with a nearby 850 nm LED to demonstrate simple ALS and proximity measure-
ments.

3.5 Gesture/ALS

The Si1153-AA00 2x2 mm light sensor chip is mounted on the board, while the PCB uses three carefully spaced 850 nm LEDs for to
demonstrate gesture operation.
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Schematics

4. Schematics

XA D21 OL

¥OW ¥4Md OL

£¥ oArowey g¥ 5 TH TTEISUI :SpTnb ubTsep pIeoq UO-PPE Y38 §E£003 UT

Zd 9 T SACWSI ‘gy TTEISUT

32830ad =3Tam 03 59 BacusH

IN

1 3
EL
4 vE0yWrE
S5A YOS -
T ey s [ FCERES
S 1y el
R LA
— n
a|ITns

HOH
o

T°d 998

0
£

T 105
T vas

I AN >

ax3 s

WoHd3T 6AE

JUOTINTOS @JBPUIIYTY
;opTnb ubTsep pieoq UC-PPE JIS GEQOI UT £°d 99§

:BT3ucy 3TnEIeQ

= oy fam o

AT EAS

ek

e i

01X o0z
dr

Port

ion

Interface to the Gecko EVB Expans

Figure 4.1. Schematic Page 1

>
©
c
o
=
>
o
o
(4]
cC
L
5
O
o
(]
(0]
c
C
[e]
o
=
©
S
[72]
£
[]
o
(]
Ke)
s
‘»




Schematics

UG163: Si1133/Si1153 Optical Sensor Evaluation Board User's Guide

Apiuny pue aimeJadwa |

aA
=0
<
5

La L0 gl BHIINI
i o6+ W Mv or e 7 e N& 88NNl

5] ol
edL
g
N = n
aah _; ELSIRES)
aan

-
(<]
(2]
c
[«1]
"
2
;=)
£
T 121SBI OZ| eIy oL " ]
R T m
S Bras M m
m oo el f
MWM w i .m
—— lnowaay &
¢ s s S
w— NNIA o & g
Sy cin ¥OS [ A g
snsh 58 E
P § 5% = 8
- e w_ms 5
c
©
L
Qg £
=
H
SAUIUMS aleuIAlY Uoums DZ| 04025 SA 98N (72}
—
_ = S
R o Wem < BT ZAHE9ELO0Y lﬂ %
W< s ; M % L 2
ml E S&TE »n
K -
asn m>nﬁm 5
N o @
c
[}
(72}
x
2
=
O
bl

vas
6B ¥ m_.v fubTy ET NI usyu pegjosTes £T andur w
12 =
- ot DAY ]
Tdams %05 oW g <> BxIvas =
) ada J— W< B8 vaS D oy _
X308 == g s H@ axavas
3dALOLOBd 105 = g - 2a Tova L N vaS
o FUNLSID 05 = 2y 2nl {oN
o STV 105 = o
WX0Hd 105 == aSMEA .
0 X0 105 = % o
D X0t ™ L ~
e = e BN TS a
dyeTasie w g3 T Ispup s us/is o - =l T
o ax371085
o= LS o]
108

o
9807105 @ o
,:i Es)
adn
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Figure 4.4. Schematic Page 4: Power Supply MUX and the VLED Up Converter

Note: Note that the up-convertor is only needed if the VDD is less than 3.3 V. It is provided here for convenience if the user wants to

evaluate operation with this convertor.
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5. PCB Layout
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Figure 5.2. Secondary Silk Screen
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6. Bill of Materials

Table 6.1. Si1133/Si115x-EVB Bill of Materials

Item Notin- Qty Ref Value Rating Volt- Tol Type PCB Footprint Mfr
stalled age
1 11 C1, C2, C3, 0.1 pF 10V | +10% X7R C0402X7R100-104K Venkel
C4, C7, C8,
C9, C10,
C11, C12,
C13
2 3 C14, C15, 47 uF 6.3V | £20% X5R CO0805X5R6R3-476M Venkel
C16
3 NI 1 c17 47 uF 6.3V | £20% X5R CO0805X5R6R3-476M Venkel
4 2 C18,C23 1 uF 10V | £10% X7R C0603X7R100-105K Venkel
5 3 C19, C20, 0.01 yF 10V | £20% X7R C0603X7R100-103M Venkel
C22
6 1 C21 10 uF 6.3V | £20% X5R C0603X5R6R3-106M Venkel
7 4 DOWEL1, 1 mm 91585A901 McMaster-
DOWEL2, Carr
DOWELS3,
DOWEL4
8 1 DS1 940 nm IR LED SFH 4046 OSRAM
9 4 DS4 ,DS6, SFH 4056 SMT, IR SFH 4056 OSRAM Op-
DS7, DS18 LED to Semicon-
ductors Inc
10 NI 2 DS9, DS11 IR 940 nm IR LED VSMB294008G Vishay
11 1 DS12 IR 940 nm IR LED SFH4545 OSRAM
12 2 DS13, DS14 Green LTST-C190KGKT Lite-on
Technology
Corp.
13 2 DS15, DS17 Red LTST-C190KRKT Lite-on
Technology
Corp.
14 1 DS16 Yellow LTST-C190KSKT Lite-on
Technology
Corp.
15 NI 3 DS20, DS21, SFH 4056 SMT, IR SFH 4056 OSRAM Op-
DS22 LED to Semicon-
ductors Inc.
16 NI 3 DS23, DS24, IR 940 nm IRLED VSMB294008RG Vishay
DS25
17 NO- 2 D1, D2 B0520LW 500mA | 20V Schottky B0O520LW-7-F Diodes Inc.
POP
18 1 D3 SP0503BAHT | 300 mW | 20V TVS SP0O503BAHTG Littlefuse
19 1 JP1 Socket 2x10 RA Socket | SSW-110-02-G-D-RA Samtec
20 NI 1 J1 FH12 FH12 FH12-6S-0.5SH(55) Hirose
21 1 J2 FH12 FH12 FH12-6S-0.5SH(55) Hirose
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Item Notin- Qty Ref Value Rating Volt- Tol Type PCB Footprint Mfr
stalled age
22 1 J3 USB-MICRO-B- USB Wurth
RA
23 1 LENS1 5 mm 5MM_half_ball_bk7 | Realpoo.cn
24 1 L1 47 uH 250 mA +20% | Shielded NR 3012T 470M Taiyo Yuden
25 NI 3 MH1, MH3, Mount Hole PCB MH-125NP SiLabs
MH4 Feature
26 NI 1 MH2 Mounting_Hole- PCB MH-125NP SiLabs
NP Feature
27 4 MH5, MH6, Mount Hole PCB MH-125NP SiLabs
MH7, MH8 Feature
28 4 MH9, MH16, 14702 HDW H542-ND B&F Fasten-
MH17, MH18 er Supply
29 NI 8 MH13, MH19, 14702 HDW H542-ND B&F Fasten-
MH28, MH29, er Supply
MH30, MH31,
MH32, MH33
30 4 MH27, MH34, 20486 Screw |NY PMS 256 0025 PH | B&F Fasten-
MH35, MH36 er
31 1 Mount1 8.25 mm High Overlay TBD Custom part
Lens Mount, at Penta In-
(0.5 mm dia dustries Inc.
lens)
32 1 Mount2 Si1133, 1mm Overlay TBD Various
high, Teflon
Mount
33 2 M1, M2 Si1305DL -086A | -8V P-CHNL Si1305DL Vishay
34 4 NUT9, 14702 HDW H616-ND B&F Fastner
NUT10,
NUT11,
NUT12
35 1 OR1 AS568-006S HDW AS568-006S McMaster-
Carr
36 1 OR2 AS568-010S HDW AS568-010S McMaster-
Carr
37 1 Overlay1 1.680" x 1.940" Overlay TBD Various
x 1/32"
38 NI 1 Overlay2 0.840" x 0.970" Overlay TBD Various
x 1/32"
39 4 PCB2, PCB3, PCB_PAD PCB N/A N/A
PCB4, PCB5 Feature
40 NI 12 R1, R2, R7, 0Q 1A Thick- CR0603-16W-000 Venkel
R8, R16, Film
R19, R20,
R24, R25,
R49, R50,
R51
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Item Notin- Qty Ref Value Rating Volt- Tol Type PCB Footprint Mfr
stalled age
41 18 R3, R6, R17, 0Q 1A Thick- CR0603-16W-000 Venkel
R18, R23, Film
R27, R41,
R52, R53,
R62, R63,
R64, R66,
R67, R68,
R69, R70,
R71
42 7 R4, R5, R39, 10 kQ 1710 W +5% | Thick- CR0603-10W-103J Venkel
R44, R45, Film
R46, R47
43 9 R9, R10, 4.99 kQ 1716 W +1% | Thick- | CR0603-16W-4991F Venkel
R11, R12, Film
R13, R14,
R15, R21,
R22
44 6 R33, R34, 100 kQ 1716 W +5% | Thick- CR0603-16W-104J Venkel
R35, R36, Film
R37, R38
45 NI 1 R40 47 Q 1716 W +1% | Thick- | CR0402-16W-47R0OF Venkel
Film
46 2 R42, R48 47 Q 1716 W %1% | Thick- | CR0402-16W-47R0OF Venkel
Film
47 2 R43, R54 240 Q 1716 W +1% | Thick- | CR0603-16W-2400F Venkel
Film
48 1 R55 332 Q 1710 W %1% | Thick- | CR0603-10W-3320F Venkel
Film
49 1 R56 649 Q 1710 W +1% | Thick- | CR0603-10W-6490F Venkel
Film
50 1 R57 1kQ 1716 W +1% | Thick- | CR0603-16W-1001F Venkel
Film
51 3 R58, R59, 24.3 kQ 1716 W +1% | Thick- | CR0603-16W-2432F Venkel
R60 Film
52 2 R61, R65 2kQ 1710 W %1% | Thick- | CR0603-10W-2001F Venkel
Film
53 NI 4 ST1, ST2, 14702 HDW 8440B Keystone
ST3, ST4 Electronics
54 1 SWi1 SW DIP-8 0.025A | 24V DIP TDAO8HOSB1R CTS
55 2 TPV1, TPV2 TPV PCB N/A N/A
Feature
56 7 TP1, TP2, Black Loop 151-203-RC Kobiconn
TP3, TP6,
TP7, TPS,
TP9
57 NI 2 TP10, TP11 Black Loop 151-203-RC Kobiconn
58 1 U1 24AA024 1.7V 12C 24AA024-1/ST Microchip
59 2 U2, U3 ADG736BRMZ DUAL ADG736BRMZ Analog Devi-
ces
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Item Notin- Qty Ref Value Rating Volt- Tol Type PCB Footprint Mfr
stalled age
60 1 U4 Si7013 +4.2V Sensor Si7013-A20-GM1 SiLabs
61 3 U5, U6, U14 | Si1153-AA00 ALS/ Si1153-AA00-GMR SiLabs
prox
62 1 u7 Prox Prox/ Si1153-AA9X-GMR SiLabs
ALS
63 NI 1 us Ambient Light Prox/ Si1143-M01-GM SiLabs
Sensor ALS
64 1 U9 Si1132 UV/ALS | Si1133-AA00-GMR SiLabs
65 1 u10 Si1153-AA09- Prox/ Si1153-AA09-GMR SiLabs
GMR ALS
66 1 u11 TS3310 5V Power TS33101TD1022 SiLabs
67 1 u12 C8051F326- MCU C8051F326-SX0261- SiLabs
SX0261-GM GM
68 1 uU13 C8051F931 MCU C8051F931-GM SiLabs
69 4 WA10, Flat Washer #4 HDW 345 Keystone
WA11, Electronics
WA12, WA13
70 NI 4 WA17, Flat Washer #4 HDW 3358 Keystone
WA18, Electronics
WA19, WA20
71 1 WA21 0.1 mm thick HDW TBD Marion Fort
Teflon Worth, Tef-
lon is Por-
ex™ PM6M
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7. Corrections
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c9
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o KGA.
DS23

R1,2,7 NI
R8, R16, R19 install O R Resistor mux-bypass
R19, R20, R24 install O R Resistor mux-bypass
R25 install O R Resistor mux-bypass
R40 NI POWER

R49, R50, R51 NI vled sel

Ds9 NI alt LED

c17 NI extra decpl.
R3 install OR Resistor eeprom path
Ds12 install SFH4545

Wire JP1.20 to VDD

Wire JP1.19 to JP1.16

(FYI: Plastics that are screwed to PCB may melt in an oven).

Figure 7.1. Rework
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