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1 Features 

 Valve Lighthouse™ Compatible  

Optical Tracking Integrated Circuit 

 Convert infrared light pulses to electrical 

envelope pulses used to track position 

 1MHz to 5MHz optical carrier frequencies  

 50Hz/60Hz ambient noise rejection 

 Standby-mode for low power operation 

 AVDD: 3.3V 

 Small Package Size simplifies industrial 

design of tracked objects 

o 3x3 WLCSP Package 

o 1.61mm x 1.61mm 

2 Applications 

 Lighthouse™ Compatible Object Tracking 

 Room-scale Virtual Reality Tracking 

 Virtual Reality Controllers 

 Tracking of Physical Objects in VR 

 Adding Lighthouse Tracking to  

VR Head Mounted Displays 

 Robotics Positioning 

 Volumetric Entertainment Systems 

 Optical Ranging 

 Optical Detection 

 Free-Space Optical Communication 

 Low Complexity, Low Computation 

Requirement Embedded Tracking Systems 

 Indoor and Outdoor Position Systems 

 
For the latest TS3633 information visit 
triadsemi.com/product/ts3633. 

 

 

3 Description 

Triad’s TS3633, in combination with a photodiode, 

converts infrared light pulses into a position 

indicating digital envelope signal. The TS3633 is 

compatible with Valve Software Corporation’s 

Lighthouse™ Tracking System. The TS3633 biases 

a photodiode, provides large transimpedance gain, 

noise filtering and envelope tracking. The ENVLP 

output of the TS3633 is a digital signal that tracks the 

envelope of the amplitude modulate infrared light 

that is incident on the photodiode. The device 

supports a dynamic standby mode that greatly 

extends battery life of wireless tracked objects. A 

Lighthouse-compatible tracked object contains 

multiple TS3633 ICs plus photodiode sites. 

Downstream electronics and software analyze the 

envelope pulse timing from each site to compute the 

position and orientation of a tracked object to within 

less than 1mm in a tracked volume spanning several 

meters. 

1 Typical Application 

 

 
Actual Device Size 
1.61mm x 1.61mm 

http://www.triadsemi.com/product/ts3633
http://www.triadsemi.com/product/ts3633
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4 Device Overview 

The TS3633 is a mixed-signal integrated circuit for use in optical position tracking applications.  Utilizing Wafer 
Level Chip Scale Packaging (WLCSP), it achieves a minimal footprint size for use in space-constrained 
assemblies.  The TS3633 provides pulse detection circuitry for use in room scale tracking/positioning for virtual 
reality gaming and other applications which require millimeter position accuracy.  The signal path is driven from 
an external photodiode which is AC coupled into the IIN pin.  The die contains several blocks to bias and sense 
the photodiode.  The IIN input is amplified through an integrated TIA and filtered to limit noise.  The preconditioned 
signal then drives into circuits used to generate the envelope output signal.  Figure 2 shows the block diagram of 
the TS3633. The TS3633 is available in a 9-bump WLCSP package.  

 

  

Figure 2: TS3633 Basic Block Diagram 

5 Bias 

 Bias Circuitry 

The TS3633 uses an internal bandgap reference and voltage-to-current (V2I) converters to create current bias for 
the internal analog circuits.  An external resistor connected to RBIAS is used to set the internal current bias.  The 
bias current will remain constant (within resistor and bandgap tolerance) over process corners.  Internal detection 
levels are derived from the bandgap reference. 

 Diode Bias 

The Diode Bias function provides DC bias to the optical detector diode.  It is designed to provide a reverse diode 
voltage of AVDD at a 0.0mA load and approximately 1.0V at a 2.0mA load. Diode biasing is specified at the 
DC_DET output pin. External circuitry connected between DC_DET and the photodiode will affect the bias voltage 
presented to the photodiode. 

Envelope

Detector

bias

TIA Filter

diode 

bias

STANDBY

IIN

DC_DET

AVDD DVDD

AVSS RBIAS

ENVOUT

AVSS

http://www.triadsemi.com/product/ts3633
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6 Signal Path 

 TIA & Filter Amplifier 

The TIA is designed to amplify an input current pulse, created by an optical detector diode, into an output voltage 
pulse.   A detector diode input load of 30 pF is expected for nominal operation.   Detector sensitivity will vary with 
diode input load and can also be affected by board stray capacitance at the IIN and DC_DET pins. The Filter 
amplifier is implemented using successive band limiting gain stages.  
    

 Envelope Detector 

The Envelope Detector is triggered by level crossings of the preconditioned input signal.  Envelope output, ENVLP, 
is asserted low during detection of light pulses incident on the external photodiode.  See Figure 3 for a simplified 
I/O diagram. 
 

 
 

 

 

Figure 3: Simplified TS3633 Input/Output Diagram 

7 Target Performance Characteristics 

 Absolute Maximum Ratings 

Parameter(1)(2) Notes/Conditions MIN MAX units 

Analog Supply Voltage (AVDD)   3.6 V 

Digital Supply Voltage (DVDD) Internally connected to AVDD - - V 

Analog Input Voltage  -0.3 3.6 V 

Digital Input Voltage  -0.3 3.6 V 

Junction Temperature TJMAX Maximum junction temperature  150 °C 

Storage Temperature, TSTOR Storage temperature range -40 150 °C 

Soldering Information: infrared or convection (30 sec) Peak body temperature (reflow)  260 °C 

 
(1) All Voltages are specified with respect to GND = 0Vdc 
(2) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings 

only, which do not imply functional operation of the device at these or any other conditions beyond those indicated under 
Recommended Operating Conditions. Exposure to absolute-maximum-rated conditions for extended periods may affect device 
reliability 

http://www.triadsemi.com/product/ts3633
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 ESD Ratings 

Parameter Notes/Conditions Value Units 

V(ESD) Electrostatic Discharge Human Body Model (HBM), per ANSI/ESDA/JEDEC JS-001-2014 (1) 2000 V 

(1) JEDEC document JEP155 States that 500-V HBM allows safe manufacturing with a standard ESD control process. 

 Recommended Operating Conditions 

Over operating free-air temperature range (unless otherwise noted). 
 

Parameter Notes/Conditions MIN TYP MAX units 

Supply Voltage (AVDD) Operating voltage 3.0 3.3 3.6 V 

DVDD For bypass purposes only, Inter-tied to AVDD  3.3  V 

TAMB
(1) Operating temperature range 0  85 °C 

(1) The maximum power dissipation is a function of TJ(MAX), JA and the ambient temperature TA. The maximum allowable power dissipation 

at any ambient temperature is PD = (TJ(MAX) – TAMB)/JA. All numbers apply for packages soldered directly onto a PC Board 

 Thermal Information 

Parameter Thermal Metric 9 Ball WLCSP units 

RJA Junction-to-ambient thermal resistance 60 °C/W 

 Electrical Characteristics 

Operating conditions:  AVDD = 3.3V, TAMB = 25 °C unless otherwise noted(1). 
 

Parameter Notes/Conditions  MIN(2) TYP(3) MAX(2) units 

Power Supply 

IVDD  Operating current     7 mA 

STANDBY_IVDD Standby mode current   1.4  mA 

Digital IO 

VIL Input Low Voltage    0.3 * VDD V 

VIH Input High Voltage  0.7 * VDD   V 

VOL Output Low Voltage @ 2 mA load   0.1 * VDD V 

VOH Output High Voltage @ 2 mA load 0.9 * VDD   V 

System  

REJ50KHz 50KHz Rejection  @ filter output  40  dB 

STANDBYPDN 
Standby Mode Power Down 
timing  

10 - 90% on IVDD  50  µS 

STANDBYRCVRY Standby Mode Recovery timing 10 - 90% on IVDD  50  µS 

Supply Filtering 
Using PI network  at least  
1 µF (@ board)  plus 

 ferrite bead+0.1 µF 
(@ each sensor) 

60   dB 

IIN Input Current Range  1  50 µA 

DCDET Diode bias DC Current Range Due to ambient light 0  1.4 mA 

BW Typical 3dB Passband thru filter Carrier Frequency 1.5  5 MHz 

 RBIAS pin stray capacitance    10 pF 

 RBIAS resistor value 1% tolerance  15  kΩ 

(1) Electrical Characteristic values apply only for factory testing conditions at the temperature indicated. No specification of parametric 
performance is indicated in the electrical tables under conditions different than those tested 

(2) Limits are 100% production tested at 25°C. Limits over the operating temperature range are specified through correlation using 
Statistical Quality Control (SQC) methods. 

(3) Typical values represent the most likely parametric norm as determined at the time of characterization. Actual typical values may vary 
over time and will also depend on the application and configuration. The typical values are not tested and are not ensured on shipped 
production material. 

http://www.triadsemi.com/product/ts3633
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8 Typical Characteristics 

Operating conditions: TAMB = 25°C 

   

9 Applications and Design Considerations 

 Example Application Schematic 

 

 
(1) Minimize stray capacitance at device pins IIN and RBIAS, and at D1. 
(2) Supply filtering (L1) required for each sensor. Taiyo Yuden BK1005HM102-T, BK1005HW601-T or equivalent ferrite bead. 
(3) Ground plane recommended for D1 and TS3633. 
(4) AVSS2 can be left unconnected or connected to AVSS.  PCB layout can be eased by routing the GND signal through AVSS2 to access 

AVSS at the package center bump. 

Figure 4: TS3633 Example Application Schematic 
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 Power Supply Recommendations 

The TS3633 was designed to be operated from a 3.3V power supply. The voltage range for AVDD and DVDD is 
shown in Recommended Operating Conditions. Power supply accuracy of 10% or better is advised. 
Power supply noise rejection is accomplished by placing a 1 µF or greater bypass capacitor at VCC. Bulk 
bypassing can be shared on the system board for multiple sensors; however, each sensor’s supply should be 
isolated with a ferrite bead and local 0.1 µF capacitors at AVDD and DVDD, as shown in Figure 4. 

 Layout Guidelines 

Figure 5 is the recommended layout for the TS3633 application circuit, which was illustrated in Figure 4.  The 
layout utilizes a 2-sided printed circuit board to minimize manufacturing costs for high-volume production.  In the 
figure, L1 and R2 of the application circuit are not shown, and an optional pull-down resistor is connected to the 
TS3633’s STANDBY input to allow for standby mode to be dynamically switched.  Package bump C2 (AVSS2) is 
implemented as an optional GND connection to allow easy routing access to the AVSS bump at B2. 
 
Optimum performance can be achieved with the TS3633 by adhering to the following layout guidelines which will 
help minimize layout parasitics: 

1) C1 and C2 should be placed as close as practical to their respective AVDD and DVDD package bumps 
2) Shield nets IIN and DC_DET with ground 
3) Minimize routing lengths on the IIN and DC_DET nets 
4) ENVLP output should be routed over a solid ground plane 

 

 

 

Figure 5: TS3633 Recommended Layout 

  

http://www.triadsemi.com/product/ts3633
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10 Part Packaging Information 

 Package Drawing 

The TS3633 is packaged as a 9 bump WLCSP.  Figure 6 shows the WLCSP configuration.  Recommended Land 
Pattern is 0.200mm for each bump (per IPC 7351A guidelines). 

 

 

Figure 6: TS3633 Outline Drawing 

 Date Code 

The manufacturing date code is printed on the package as described in Section 13 of this document.  The date 
code has the format of YYWW where YY is the last 2 digits of the manufacturing year, and WW is the week of 
manufacture in the year. 

  

http://www.triadsemi.com/product/ts3633
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11 Pin List 

# Pin Name Pin Type Pin Description 

A1 AVDD Supply Power (0.1 µF bypass) 

A2 IIN Input TIA Input 

A3 DC_DET Output Detector Bias 

B1 STANDBY Input Digital Input, High -> Standby mode enabled 

B2 AVSS Supply Ground 

B3 RBIAS Input 1% 15k Resistor for current reference 

C1 ENVLP Digital Output Envelope Output 

C2 
AVSS2 

Supply or Not 
Connected 

AVSS2 can be left unconnected or connected to AVSS.  PCB layout can be 
eased by routing the GND signal through AVSS2 to access AVSS at the 
package center bump. 

C3 DVDD Digital Supply Digital IO power bypass (0.1 µF bypass) 

 

 

Figure 7: Top View Pin Location 

  

http://www.triadsemi.com/product/ts3633
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12 Tape and Reel Packaging 

 Tape and Reel Information 

 

 

 

Device 
Package 

Type 
Bumps 

Qty / 

Reel 

Reel Diameter 

(mm) 

Reel Width 

W1 (mm) 

A0 

(mm) 

B0 

(mm) 

K0 

(mm) 

P1 

(mm) 

W 

(mm) 

Pin 1 

Quadrant 

TS3633 WLCSP 9 4000 178.0 9.0 1.85 1.85 0.7 4.0 8.0 Q1 

 
  

http://www.triadsemi.com/product/ts3633
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 Tape and Reel Box Dimensions 

 

 

Device Package Type Bumps Qty / Reel Length (mm) Width (mm) Height (mm) 

TS3633 WLCSP 9 4000 215.0 200.0 40.0 

Note: All dimensions are nominal 

13 Branding  

 

 

Figure 8: TS3633 Branding Diagram 

Note: VLS153 is a customer defined part number 

VLS153

Wafer Lot ID (last 6 digits)

Date Code

(Pin 1 Marker)

http://www.triadsemi.com/product/ts3633
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14 Mechanical, Packaging and Handling Information 

Device 
Package 

Type Bumps 
Package 

Qty RoHS Plan 
Lead/Ball 

Finish MSL Peak Temp 
Op Temp 

(oC) 
Storage 

Temp (oC) 
Device 

Marking 

TS3633 WLCSP 9 4000 RoHS & no Sb/Br Cu Sn Ag Level-1-260C-168 HR 0 to 85 -40 to 150 VLS153 

 Electrostatic Discharge Caution  

TS3633 is an ESD sensitive device with an HBM rating of Class 1C (2,000V) per JS-001-2014. 
The device should be placed in conductive foam during storage or handling to prevent 
electrostatic discharge damage to the device. Refer to JESD625 for handling precautions. 
 

 MSL 

TS3633 is an MSL1 device per J-STD-020. Refer to J-STD-033 for specific handling requirements and conditions. 

 Shelf Life 

Shelf life is 12 months as per J-STD-033. Refer to J-STD-033 for additional shelf life information. 

15 RoHS 

TS3633 fully complies with the RoHS Directive 002/95/EC requirements without exemption and is Halogen-Free 
as defined by IEC 61249-2-21. 
  

http://www.triadsemi.com/product/ts3633
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16 Solder Reflow Profile 

Utilize Pb-Free Assembly Reflow guidelines.  

 

 
 

Profile Feature Pb-Free Assembly 

Preheat/Soa
k Temperature Min (Tsmin) 
Temperature Max (Tsmax) 
Time (tS) from (Tsmin to Tsmax) 

150 °C 
200 °C 

60-120 seconds 

Ramp-up rate (TL to TP) 3 °C/second max. 

Liquidous temperature (TL) 
Time (tL) maintained above TL 

217 °C 
60-150 seconds 

 
Peak package body temperature (TP) For users TP must not exceed the Classification temp in Section 4-1. 

For suppliers TP must equal or exceed the Classification temp in Section 4-1. 

Time (tP)* within 5 °C of the specified classi- 
fication temperature (TP), see Figure 5-1. 30* seconds 

Ramp-down rate (TP to TL )  6 °C/second max. 

Time 25 °C to peak temperature 8 minutes max. 

* Tolerance for peak profile temperature (TP) is defined as a supplier minimum and a user maximum. 
Note 1: All temperatures refer to the center of the package, measured on the package body surface that is facing up during assembly reflow (e.g., live-

bug). If parts are reflowed in other than the normal live bug assembly reflow orientation (i.e., dead-bug), TP  shall be within ± 2 °C of the live bug 
TP and still meet the TC requirements, otherwise, the profile shall be adjusted to achieve the latter. To accurately measure actual peak package 
body temperatures, refer to JEP140 for recommended thermocouple use. 

Note 2: Reflow profiles in this document are for classification/preconditioning and are not meant to specify board assembly profiles. Actual board assembly 
profiles should be developed based on specific process needs and board designs and should not exceed the parameters in this table. 
For example, if TC is 260 °C and time TP is 30 seconds, this means the following for the supplier and the user: 

 For a supplier: The peak temperature must be at least 260 °C. The time above 255 °C must be at least 30 seconds. 

 For a user: The peak temperature must not exceed 260 °C. The time above 255 °C must not exceed 30 seconds. 
Note 3: All components in the test load shall meet the classification profile requirements. 
Note 4: SMD packages classified to a given moisture sensitivity level by using Procedures or Criteria defined within any previous version of J-STD-

020, JESD22-A112 (rescinded), IPC-SM-786 (rescinded) do not need to be reclassified to the current revision unless a change in classification 
level or a higher peak classification temperature is desired. 

http://www.triadsemi.com/product/ts3633
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Revision History 

 

Revision Modifications Modification Date 

A Initial release Rev A Datasheet 27 January 2016 

B Updates: STANDBY_IVDD, Figure 3, Figure 4 11 February 2016 

C Added reflow profile 1 March 2016 

D Updated first page, modified block diagram 2 August 2016 
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IMPORTANT NOTICE 
 
Triad Semiconductor, Inc. (Triad) reserves the right to make corrections, enhancements, improvements and other changes to its 
semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESD48, latest 
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and 
complete. All semiconductor products (also referred to herein as “components”) are sold subject to Triad’s Standard Terms and Conditions 
of Sale supplied at the time of order acknowledgment. 
 
Triad warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in Triad’s 
Terms and Conditions of Sale of semiconductor products. Testing and other quality control techniques are used to the extent Triad deems 
necessary to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not 
necessarily performed. 
 
Triad assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and 
applications using this component. To minimize the risks associated with Buyers’ products and applications, Buyers should provide 
adequate design and operating safeguards. 
 
Triad does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, 
or other intellectual property right relating to any combination, machine, or process in which this component is used. Information 
published by Triad regarding third-party products or services does not constitute a license to use such products or services or a warranty or 
endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual property of the 
third party, or a license from Triad under the patents or other intellectual property of Triad. 
 
Reproduction of significant portions of information in this data sheet is permissible only if reproduction is without alteration and is 
accompanied by all associated warranties, conditions, limitations, and notices. Triad is not responsible or liable for such altered 
documentation. Information of third parties may be subject to additional restrictions. 
 
Resale of this component with statements different from or beyond the parameters stated by Triad herein for this component voids all 
express and any implied warranties for this Triad component and is an unfair and deceptive business practice. Triad is not responsible or 
liable for any such statements. 
 
Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements 
concerning this product, and any use of this component in its applications, notwithstanding any applications-related information or support 
that may be provided by Triad. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards 
which anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might 
cause harm and take appropriate remedial actions. 
 
Buyer acknowledges and agrees that this component was not designed for, or intended for use in, safety-critical, FDA Class III (or similar 
life-critical medical equipment), automotive or military/aerospace applications. Buyer’s use of this component in any of the above-mentioned 
applications is done solely at the Buyer’s risk and Buyer will fully indemnify Triad and its representatives against any damages arising out of 
the use this component in these or any other applications in which this component was not specifically developed for use. 
 
 
Latest information about the TS3633 may be found at triadsemi.com/product/ts3633. 
 
 
Triad Semiconductor 
1760 Jonestown Road 
Winston-Salem NC 27103 
United States 
 
www.triadsemi.com 
 
info@triadsemi.com 
sales@triadsemi.com 
 
phone: (336) 774-2150 
fax: (336) 774-2140 
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