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General Description

The epc600 chip is a general purpose, monolithic, fully integrated

photoelectric CMOS device for optical distance measurement and

object detection. Its working principle is based on the three-dimen-
sional (3D) time-of-flight (TOF) measurement.

The system-on-chip (SOC) contains:

m A full data acquisition path with the driver for the LED, the photo-
receiver, the signal conditioning, the A/D converter and the signal
processing.

= An on-chip controller managing the data acquisition and the data
communication.

m A 2-wire interface for the command and data communication.

m A supply-voltage power management unit.

Together with a tiny microprocessor and few external components,
a fully functional TOF range-finder can be built.

The working principle is based on the elapsed time-of-flight (TOF)
of a photon (modulated light) emitted by the transmitter (LED) and
reflected back by the object to the photosensitive receiver.

The very high photosensitivity allows operating ranges up to sever-
al meters and an accuracy down to a centimeter depending on the
lens and the illumination power.

Functional Block Diagram

DATASHEET — epc600
Time-of-flight range-finder chip

Features

m Complete data acquisition system for distance measurement or
object detection on chip. Allows for minimum part count designs.

m On-chip high power LED driver.

m Easy to use operation in combination with a tiny microprocessor.

m Absolute distance measurement with digital data output.

m Integrated signal-processing.

m High sensitivity and resolution for measured distances up to 15m.

m Response time of less than 1ms possible.

m Digital data output with 12 bit distance data.

m Excellent ambient-light suppression up to >100kLux.

m Integrated ambient-light meter (“Luxmeter”)
e.g. for brightness control or dimmer functions.

m Voltage supply with low power consumption.

m Easy to use 2-wire interface with simple command set.

m Fully SMD-compatible flip-chip CSP24 package with very small
footprint.

Possible Applications

m Light barrier with powerful ambient-light suppression
m People and object counting sensor

= Door opening and safety sensor

m Limit and proximity switch

m Machine control and safety sensor

m Water tap and toilet flushing sensor

m Single spot parking sensor

m Distance measurement gauge
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Figure 1: epc600 on-chip data acquisition system for range-finders
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Absolute Maximum Ratings (Note 1, 2)

Supply Voltage Voo

Voltage to any pin except Vpp
according voltage class Vsc (Note 3)

Storage temperature (Tx)
Soldering Lead Temperature (T.), 4 sec

Operating Ratings
Operating temperature (Tx)
Humidity, non-condensing

-0.5V to +9.5V
-0.3V to Vsc+0.3V

-65°C to +150°C
+260°C

-20°C to +65°C

5% to 95%

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating conditions indicate condi-
tions for which the device is intended to be functional, but do not guarantee specific performance limits. For guaranteed specifications and
test conditions, see Electrical Characteristics.

Note 2: This is a highly sensitive CMOS mixed signal device with an ESD rating of JEDEC HBM class 2 (2kV to < 4kV) except for the pins
VDD, VDDIO and SCLK with an ESD rating of JEDEC HBM class 1B (0.5kV to < 1kV). Handling and assembly of this device should only

be done at ESD protected workstations.

Note 3: For voltage classes Vsc refer to Figure 4 and Table 4.

Electrical Characteristics

Operational Ratings - unless otherwise specified.
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Symbol | Parameter Conditions / Comments Vsc Min. Typ. Max. Unit
Voo Supply voltage at VDD 8.5V +8.0 +8.5 +9.0 \%
Vop-pp Ripple on Vpp peak-to-peak 8.5V 100 mV
lop-average | Supply current DC average , excl. LED driver current 8.5V 20 mA
Ibp-peak Supply current peak, excl. LED driver current 8.5V 30 mA
Vopss Bias voltage no drift allowed -5.0V -4.9 -5.0 -5.1 Vv
Vobpss-pp Ripple on Vppss peak-to-peak -5.0V 50 mV
Ippss Bias current -5.0V 1.0 mA
Vieo Voltage at LED maximum +5.0V 5.0 Vv
ILep-on Sink current at LED open drain driver +5.0V 180 mA
Viep-on Forward voltage at LED | @ l.ep-on = 180mA +5.0V 200 mV
Vbigital-oH Output high voltage at SDATA +5.0V 4.5 5.2 Y
Vpigital-oL Output low voltage at SDATA +5.0V 0 0.5 Vv
Ipigital-on Output current at SDATA, DC, average +5.0V 0.1 mA
Ipigitai-ot Output current at SDATADC, sink current +5.0V 8.0 mA
Coigtarout | Load capacitance +5.0V 30 pF
Voigital-H Input high voltage at SDATA and SCLK +5.0V 4.0 5.0 \
Voigitar-IL Input low voltage at SDATA and SCLK +5.0V 0 1.0 \Y
Ibigitat-in Input leakage current except VDDT, DC +5.0V 1.0 A
Ibigitat-in Input current at VDDT; DC +5.0V 42 uA
Roown Termination resistor at VDDT; pull-down resistor +5.0V 120 kQ
Coigital-in Input capacitance +5.0V 3 pF

Datasheet epc600 - V1.3



Timing and optical Characteristics

Operational Ratings - unless otherwise specified.

Symbol | Parameter Conditions / Comments Min. Typ. Max. Unit
ton Power-up rise time at VDD 1 10 ms
tinr Start-up time 100 ms
torr Power drop-down time at VDD 1 10 ms
fxraL Center frequency of the crystal oscillator (or ceramic resonator) 4 MHz
Afxrac Frequency deviation of the oscillator, +100 ppm
any deviation is added as a linear distance error
A@xra Phase jitter of the oscillator, peak-to-peak, cycle to cycle 50 ps
fscx Clock frequency of SCLK, 2-wire interface 10 MHz
tscik Cycle time of SCLK2, 2-wire interface, SCLK = 1/fscik 100 ns
t/ HIGH / LOW period of SCLK2, 2-wire interface, refer to Table 8 50ns 1.0ms ns
fvmoo LED modulation see Figure 14, 10 MHz

frequency at pin LED standard products fixed 10MHz,
(customer specific factory setting possible:
1.25 - 10MHz)

tLED-risesfall Required rise/fall time @ 50 ohm load 12 ns
of the illumination LED Remark: Use high speed LEDs with short switch-
ing times e.g. Osram SFH4059,

Vishay VSMB2000, Stanley DNK5306, etc.

Asensor Photosensitive area of the sensor 320x320 um
Sac AC sensitivity for distance measurement (modulated light), refer 31 nW/cm?
(conversion rate) to Table 3 and Figure 14. LSB

@ A = 850+50nm, Integration time = 103 psec.
Note: The chip does internal an averaging over
the sensitive area, refer to chapter 1.3.4.

Soc DC sensitivity for ambient-light measurement (unmodulated 12.3 nW/cm?
(conversion rate) light), refer to Table 3 and Figure 14 LSB
@ A = 850+50nm, Integration time = 103 psec.
Note: The chip does internal an averaging over
the sensitive area, refer to chapter 1.3.4.

Axc Received modulated light | dynamic range for distance measurement 50 1'000 LSB
amplitude

Aoc Ambient-light dynamic range for ambient-light measurement 50 1'000 LSB
amplitude

Esuw Ambient-light suppres- @ A = 850+£50nm, Integration time = 103 psec, 40 W/m?
sion total power on sensor area 4 UW/Sensor

Amax Peak wavelength maximum sensitivity, see Figure 2 850 nm

A Wavelength range operating range 550 1'000 nm

Pso% Half angle see Figure 3 160 deg

Table 2: Timing and optical characteristics
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Symbol | Parameter Conditions / Comments Min. Typ. Max. Unit
tint Integration time refer to Figure 14, 1.60 52'600 us
programmable in 16 binary steps
tveas Measurement time refer to Figure 14 0.8 1.2 212 ms
DR Dynamic range fixed integration time 32 dB
using integration times 1.6 s, 13.2us, 205us 80 dB
using the full range of integration times 110 dB
Dua Operating range unambiguity range, 15.0 m
@10MHz LED modulation frequency
ADges Distance resolution @10MHz LED modulation frequency, £ 1 LSB 0.5 cm
AD Distance noise single shot, 10 value,
ratio ambient-light : modulated light < 60dB 2.5 mm
ratio ambient-light : modulated light < 70dB 12.0 mm
for amplitude values inside AC dynamic range
Doreser Distance offset compensation to be done by the external micro-
processor
ADprirr Distance drift @ temperature range from -20°C to +65°C;
compensation to be done by the external micro-
processor

Table 2 cont.: Timing and optical characteristics

Other Parameters
Operational Ratings and A = 850£50nm, AOI = 0°, LED modulation frequency = 10MHz - unless otherwise specified.

Sensitivity: epc600 with bandpass filter without filter
@ integration time 103pus 640nm 860nm 940nm sunlight
*27.5nm *32.5nm *30nm equivalent
max. AC amplitude (1'000 LSB) 407 nW/mm? 310 nW/mm? 407 nW/mm?
53 W/m? 70 kix
min. ambient-light suppression Es,, 40 W/m? 69 kix
53 W/m? 192 kix
Table 3: Sensitivity and ambient-light suppression vs. wavelength
—500nm —— 630nm 850nm —— 950nm
1 100.00
0.9

> 0.8

Z 07

% 06 - — L

» 05 8 1000

2 04

T 03 2

0]

x 0.2 —

0-1 \v
0 1.00 "+
500 600 800 900 1000 0 10 20 30 40 50 60 70 80 90

Angle of incidence (deg)

Wavelength [nm]

Figure 2: Relative spectral sensitivity (S»)
sensitivity Sac vs. wavelength

Figure 3: Reflectance vs. illumination angle (AOI)
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Pin Configuration

Voltage classes XTAL2  XTAL1 NC4 NC3 LED VDDCP
10
VDD
A = g A5 xTAL1 Lep 2
18] xTAL2 nes 2
VDDPLL 4 VDD epc600 Nca H4
oNoLEo —4{GNDM VDDCORE |—
Net | {18 . VoDrPX —3lvopt voopLL P
Top View VREF 82—
5v SDATA 19 8 VDDPX vDDIO —
B 19 spata vDoPX | 8-
1BV SCLK VDDIO lscik VDDHPX [2—
—HLLEDING2 vopep P11
n a 18Inet vopBs [8—
GND GNDA GNDPLL GNDLED
HLLED VDDCORE VDDT GNDM VREF VDDBS ‘21 ‘22 ‘24 ‘23
NC2
Figure 4: Pin configuration Figure 5: Schematic symbol
Pin Name Pin No. | Type Vsc | Description
SDATA 19 DOUT +5.0V | Serial data, bidirectional data transmission of the 2-wire interface
DIN
SCLK 20 DIN +5.0V | Serial clock input SCLK of the 2-wire interface
LED 12 AOUT +5.0V | LED driver output, high current, open drain, square-wave signal
XTALA1 15 AIN +1.8V | Oscillator input, use only with crystal (or ceramic) oscillator
XTAL2 16 AOUT +1.8V | Oscillator output, use only with crystal (or ceramic) oscillator
VDD 10 SUPPLY | +8.5V | Power supply +8.5V
VDDCORE 2 SUPPLY +1.8V | Decoupling of internal digital core supply +1.8V
VDDPLL 17 SUPPLY +1.8V | Decoupling of internal PLL supply +1.8V
VREF 5 SUPPLY +5.0V | Attention: Do not connect this pin
VDDIO 7 SUPPLY +5.0V | Decoupling of the internal internal 1/0O supply +5.0V
VDDPX 8 SUPPLY +5.0V | Decoupling of the internal pixel reference voltage +5.0V
VDDHPX 9 SUPPLY +10V | Decoupling of the internal pixel reference voltage +10V
VDDCP 11 SUPPLY +12V | Filter capacitor pin for the charge pump circuit +12V
VDDBS 6 SUPPLY -5.0V | Power supply: Bias voltage -5.0V
VDDT 3 DIN +5.0V | With pull-down resistor 120kOhm; connect to +5.0V.
GND 21 SUPPLY -—- Ground for digital circuitry +1.8V
GNDA 22 SUPPLY - Ground for analog circuitry, charge pumps and +5.0V I/O circuit
GNDPLL 24 SUPPLY --- | Ground for PLL
GNDLED 23 SUPPLY - Ground for LED driver
GNDM 4 DIN +5.0V | Connect to GND
NC1 18 +5.0V | Attention: Do not connect this pin
HLLED/NC2 1 +5.0V | Connect this pin with a 1kOhm resistor to GND
NC3 13 +5.0V | Attention: Do not connect this pin
NC4 14 +5.0V | Connect this pin with zero ohm resistor to GND
Table 4: Pin function descriptions
Abbreviations to Table 4:
Vsc Supply class for matching components and I/O voltage levels
DOUT  Digital output
DIN Digital input
AOUT  Analog output
AIN Analog input
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Layout information

CSP-24 Package (all measures in mm, ~@-)
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0.

Figure 6: Mechanical dimensions Figure 7: Layout recommendation

Recommendations for a strong ground connection and for reliable soldering of solder balls:

m Use a pad layout similar to Figure 7. Notice, all tracks should go underneath the solder mask areas.

m To keep the noise floor low in the sensitive receiver path of the chip, a low ohmic and low inductive connection to the supply ground is
needed. Figure 7 suggests a recommended grounding of the chip (if a ground plane is not feasible):
Feed all grounds into a central via-hole with a drill diameter 0.5 - 0.60mm.

m No additional connects to any pins inside of the opening of the solder mask.
m The open via underneath the chip must be covered with a solder-stop lid, to prevent ascending solder during the soldering process.
m Refer also to our application note ANO4 and ANO8 Assembly of Wafer Level Chip Scale (WL-CSP) Packages.

Design precautions

The sensitivity of the sensor area is very high in order to achieve a long operational range of the range-finder. Thus, the epc600 device is
very sensitive to EMI. Special care should be taken to keep the chip away from the IR LED signal tracks and other sources which may in-
duce unwanted signals.

ESD protection

Highly sensitive CMOS mixed signal devices are sensible to electrostatic discharge (ESD). Figure 8 shows the principle how each pin of
the chip is protected against ESD over-voltages by the corresponding safety elements.

w
x x 4
) L EES 2 3 z
=} Qauooo [=} [=} a
[=} oaxooo o [=} o
> >>>>> > > >
VDDCORE ¢
epc600
XTAL1
SDATA
SCLK XTAL2
HLLED/NC2
NC1 ] I
GNDM LED

VvDDT — NC3
I LEDF

GND H7 GNDPLL — GNDLED g7
GNDA - . ®

5 5
Figure 8: ESD protection of the pins
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Reflow Solder Profile

For infrared or conventional soldering, the solder profile has to follow the recommendations of IPC/JEDEC J-STD020C (revision C and
later) for lead-free assembly. The peak soldering temperature (T ) should not exceed +260°C for a maximum of 4 sec.

Packaging Information (all measures in mm)

Tape & Reel Information

The devices are packaged into embossed tapes for automatic placement systems. The tape is wound on 178mm (7inch) or 330mm
(13inch) reels and individually packaged for shipment. General tape-and-reel specification data are available in a separate datasheet and
indicate the tape size for various package types. Further tape-and-reel specifications can be found in the Electronic Industries Association
EIA-Standard 481-1, 481-2, 481-3.

o O O

Pin 1/ Solder balls bottom side

N
8mm

Figure 9: Tape dimensions

epc does not guarantee that there are no empty cavities in the tape. Thus, the pick-and-place machine should check the presence of a
chip during picking.

Ordering information

Part number Part name Package RoHS compliance Packaging method

P100 037 epc600-CSP24 CSP24 Yes Reel

Table 5: Ordering information
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Functional Description
This manual is arranged in the following sections:

m Operation
This general description of the operation and the functionalities is targeted at the user and application level.

m Hardware Design
All information regarding hardware design aspects are covered here.

m Instruction Set
Contains a detailed description of the data communication and the command set.

m Optical Design Considerations
The chapter where the user finds some design guidelines for developing appropriate optics and illumination for the device.

1. Operation

1.1. Introduction

The epc600 chip is based on the 3D-TOF principle. Modulated light is sent out by a transmitter. This light is then reflected by the object to
be detected and the returning light is sampled by a photosensitive sensor. The receiver compares the phase difference between the emit-
ted and the received light and computes the time difference of the “time-of-flight”. This value multiplied by the speed of light (ca.
300'000km/sec) and divided by 2 corresponds directly to the distance.

]
“ Object
\ — B —
— —
— —»
/_rm—'[\‘-— _— -
epc600| o --— -
device | 47 Backscattered light with a time delay
dependent on the distance between
—l the object and the device

Figure 10: The time-of-flight principle

1.2. General overview

The epc600 chip is designed to enable simple and cost effective system designs. Together with a tiny microprocessor and few external

components, a very low cost but fully functional TOF sensor system can be built (refer to Figure 11).

The epc600 system-on-chip contains:

m Afull data acquisition path with a power driver for the LED, the photo-receiver, the signal conditioning, the A/D converter and the signal
processing.

= An on-chip controller managing the data acquisition and the data communication.

m A 2-wire serial interface for the command and data communication.

m A supply-voltage power management unit.

epc600
Microprocessor
* IRLED
DIST -¢—{ ouT SCLK | SCLK LED >
ccp <180mA Vi
SDATA [ | SDATA ' |

2-wire interface

Figure 11: Basic application

The measurement functionality supports distance and ambient-light measurement with variable integration times and on-chip temperature
measurement for drift compensation.

The sensitivity of the system can be adjusted on the fly to the object reflectivity, the object distance and the ambient-light conditions by
means of integration time. The longer the integration time, the higher the sensitivity.

In cases where the illumination power of the built-in driver is not sufficient, the epc600 chip can also be used with an external LED driver.
This allows longer operational ranges or faster measurements, resulting in a faster response time and a reduced ambient-light sensitivity.
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1.3. Operational mode
This chapter lists the available features for the epc600-device.

The range-finder works in combination with a tiny microprocessor. It operates according to a single shot principle. A command sent by the
microprocessor sets the user parameters in the chip and stimulates either a distance or ambient-light measurement. The device executes
the requested task standalone and sends back the answer (data) according to Figure 12.

| Measure n-1 Measure n Measure n+1

i i
h J

measurement cycle time teyc g

Command:
Set parameters || Measurement n-1
Trigger capture

Response: Calculation n-1
Read data | Distances & Quality

Command:
Set parameters Measurement n
Trigger capture

Response: Calculation n
Read data Distances & Quality

Command: )
» » Set parameters | Measurement n+1 2::20;:;‘
Trigger capture

communication and data processing time measurement time tyeas

Figure 12: Basic measurement cycle e.g. distance (or ambient-light)

The microprocessor controls the parameter settings for the measurement and the start. It computes from the read-out data the final dis-
tance. This also includes applying the necessary correction algorithms based on quality, ambient-light and temperature data and to adapt
the epc600 settings to the useful operational range and present scenery conditions.

The epc600 chip supports range finding as a single spot distance measurement, ambient-light measurement (similar to an optical pow -
er-meter or “Luxmeter”) and temperature metering.

1.3.1. Distance measurement
The distance measurement is done by single shots following the protocol in Figure 13, first section.

Microprocessor 2-wire interface  epc600

v
Request measurement: Idle Command:
- Select type 1a) Measurement of distance
- Select integration time ‘ 2a) Measurement of ambient-light
- Send command Tx

—®  Set measurement type

‘ Set integration time

Wait for response ‘

Do measurement

}

Rx Send data Response:
Read measurement data <+ 1b) Distance
‘ ¢ 2b) Ambient-light
Idle
Calculate result
\j
: Idle
v
Request data: T ‘ Command:
- Send command X »  Fetch 3a) Read pixel status
etch data 4a) Read Q-subsample QSx
‘ 5a) Read temperature
Wait for response
¢ Send data Response:
- I n )
Read measurement data Rx 3b) Valid & saturated pixels
; ¢ 4b) Q-subsample QSx
v 5b) Temperature
Idle
Figure 13: 2-wire communication sequences:
measurement (above) and data reading (below)
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A command, including the measurement type and integration time, sent by the microprocessor to the 2-wire interface, sets the epc600-chip

configuration and triggers the measurement. The device operates standalone to perform the distance measurement. When it is finished,
the chip responds by sending the results: the distance value. It is without any calibration, correction or offset compensation. Based on this
data, the microprocessor computes the final measurement result in regards to the necessary correction factors e.g. quality, offset, ambient-
light and temperature drift. The actual result must be read first before starting the next capture cycle. The detailed method of communica-
tion and the instruction set are described in chapter 3.: Instruction Set. For more details refer also the the epc600 Handbook.

The epc600 range-finder uses the time-of-flight principle. It is implemented with a repeating, continuous-mode modulation signal during the
measurement phase (refer to Figure 14). Consequently, only signals returning within the maximum time slots can be detected unambigu-
ously. This corresponds for the epc600 to a maximum operating range of 15m. Strongly reflected signals outside of this range may there -
fore interfere with the measurement.

1.3.2. System sensitivity, integration time and operating range

The operational range of the complete system is limited by the sensitivity of the receiver as well as by the illumination power emitted by the
modulating light source (e.g. LED).

Light

Intensity Measurement time ty;zag = 4x integration time tjyr + system time tgyg

Integration time tj\t

ALARAAA” AARLALAL AAARAAAK  AARLRAAL

Modulated light Exc.pp Ambient-light DC Epc
(peak-to-peak)

Time

Figure 14: The light detected by the receiver

The system sensitivity consists of two factors: The hardware sensitivity Sac of the photo-sensor (refer to chapter: Timing and optical Char-
acteristics) and the integration time tir (exposure time).

The measurement evaluation is done by computing the distance out of 4 samples received in one measurement cycle tueas. A sample is
the collected power of the receiving light signal during the integration time (refer to Eac in Figure 14). This means the system's sensitivity
relates to the integration time: The longer the integration time, the more sensitive the measurement.

The measured irradiance Eac (uncalibrated) at the sensor surface can be calculate out of the AC sensitivity Sac, the used integration time
tinrac, the reference integration time tinr.rer.ac and the amplitude Axc of the received modulated signal (refer to chapter 1.3.4.Quality of the
measurement result) in the following way:

nW/cm® 103us

tinTREF
Eac = Sac: o€ Aye eg. E, = 31 LSB  205us

thT—AC

-1'000 LSB = 16uW/cm?

lllumination power, remission of the object (reflectivity), sensitivity of the sensor together with the integration time are limiting the distance
operational range. For more detailed information, refer to epc's application note: ANO2 Reflected power calculation.

It will probably not be possible to cover the full operational range within one integration time step due to the dynamic range of the re-
ceiver's electronics. The possibilities to extend the operating range or to influence the response time are:
m to adapt the integration time correspondingly to the necessary sensitivity as demonstrated in Figure 15.

m or alternatively: use an additional, external LED driver to adjust the illumination to the needed system sensitivity level (refer to
chapter 1.3.9.: Extended operating range).

The easiest way is to adapt the integration time to the current illumination situation (e.g. in Figure 15). With the command formats, which
allow adjusting of the integration time, it is easy to do. It is simple to change the integration time on the fly: a capture is initiated by a com -
mand sent to the chip.
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Exposure time (Integration time)

4T,
T range
2T, )
i range
To n+1
- | operational
0.5:To— —s range
0.25T .=l range
o range n-1
-2
T 0 Distance R
RFL R, Ro R, Ryv/2 R, 2
2V2 2 V2

Figure 15: Example of operating ranges as a function of distance and exposure time
based on doubling the light power to the sensor per range

1.3.3. Ambient-light suppression

An important function of the range-finder is the ability to separate the self-emitted and reflected modulated light E oc from the ambient light
Epc (refer to Figure 14). The built-in ambient-light suppression Es,, removes the DC or low frequent signal distortions, caused by foreign
light sources e.g. sunlight, daylight, room illumination, etc., from the measuring signal. The user has not to take care of this, it is done by
the chip automatically. To see the capability of this function, refer to Table 3 for example values as a function of the wavelength and com-
pared to sunlight.

Similar to the system's sensitivity of the modulated light, is the ambient-light suppression a function of the integration time. The longer the
integration time, the more the measurement becomes sensitive to the ambient-light.

Notes:
m The ambient-light suppression of the chip must not be confused with the ambient-light measurement command. It is a fixed built-in func-
tionality, which is removing the DC light component from the AC measurement signal only.

m A DC or AC photo-signal can be generated by ambient-light (e.g. sunlight) or by cross-talk from the IR-LEDs. If this signal is above the
stated maximum value, then the sensor or the input electronics are saturated. This blocks the detection of the AC modulation signal.

1.3.4. Quality of the measurement result

The epc600 provides information on the quality and the validity of the received optical signal. This reflects the confidence level of the mea-
surement result. The better the received signal, the better and more precise the distance measurement will be.

The primary quality indicator for the measured distance data is the amplitude value of the received modulated light A ac.

After each measurement this needs to be calculated from the Q-subsamples QSx delivered by the chip(r efer to chapter 3.2.4. Response:
Q-subsample QSx). This amplitude value is the feedback parameter that is used to set the integration time for the next measure -
ment.

a1 [(aso+Qs2)? , (@s1+as3)?
e =g 4 4
Quality indicator: ~ Weak illumination: e.g. Axc < 50LSB
Status & reason: The signal has a reduced accuracy, because it is above, but close to the noise level.
Action: Increase integration time for the next measurement
Quality indicator:  Sufficient illumination: eg. 50LSB< Ax < 100LSB

Status & reason: The signal quality and the accuracy is sufficient and not close to any limits. Noise level may be increased.
Action: No action necessary. See note below
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Quality indicator: Excellent illumination: e.g. 100LSB< A,c <1'000LSB
Status & reason: The signal quality and the accuracy is excellent and not close to any limits.
Action: No action necessary. See note below

Quality indicator:  Too bright illumination: e.g. 1000 LSB < Axc
Status & reason: The signal is close to or above the limit of too much light (maximum signal limit).
Action: Decrease integration time for the next measurement. See note below

Note:

Generally, the higher the received signal, the better and more precise the distance measurement will be. However, it is good practice to
control the integration time such that an amplitude value between 100 ... 200 LSB is achieved. Higher values will only slow down the acqui -
sition rate due to longer integration times, but are not significantly improving signal to noise ratio.

The quality indicator for the ambient-light measurement is the ambient-light amplitude Apc.
The rules to apply are the same as for the modulated light amplitude.

The quality indicator for the distance noise is the ratio AMR of ambient-light to the modulated light. This value may be calculated and used
additionally to the above amplitude value if the respective application is subject to intense ambient light.

Quality indicator: Ratio AMR of ambient-light to modulated light

792uW/cm?

=22 | = 340B
16y W/cm?

AMR[dB] = 20 -log

%) e.g. AMR[dB] = 20-log

AC

Refer for Epc to chapter 1.3.5. Ambient-light measurement (optical power-meter) and for Eac to chapter 1.3.1. Dis-
tance measurement.

Status & reason: This ratio is one of the influencing factors on the distance noise (refer to Table 2, section Distance noise)

Action: <60 dB: excellent No action necessary.
<70dB: sufficient Is a lower noise level needed, do the next measurement with a longer integration
time or an increased illumination power.
>70dB: weak Do the next measurement with a longer integration time or an increased illumination
power.

There are also validity indicators delivered by the chip after a measurement. These will help to detect saturated pixels as a result of too
much illumination or too long integration time.

Validity indicator: ~ MIN_VALID_PIX (refer to chapter 3.2.3.Response: Valid & saturated pixels)

Meaning: The chip internally detects saturation of pixels and internal signal electronics and flags them non-valid. Since there
are four samples for one measurement, a different number of saturated pixels may internally be detected for each of
the samples. However, the chip output number is the valid pixel count from the sample with the least valid pixels.

The subsequent distance calculation routine uses only this subset of valid pixels. Therefore, the higher the
MIN_VALID_PIX value, the higher the accuracy and reliability of the distance data will be.

How to use: Alow MIN_VALID_PIX value most likely indicates a global saturation of the pixel field resulting from a too long inte -
gration time and/or a too bright illumination. Such a state will also display in the amplitude value (see above).
However, there may be situations where the global illumination is appropriate but there are individual pixels driven into
saturation. This can occur if very bright (high-reflecting) areas are within the scene and blind individual pixels(e.g. a
painted machine part with a small, chrome-polished area). In such a situation, the MIN_VALID_PIX count may help to
differentiate if the shot is still containing enough valid pixels for a reliable distance calculation.
What values are acceptable has to be established within the context of the respective application. As a safe value we
recommend to use only measurements with a value of MIN_VALID_PIX>60.

Validity indicator: MAX_SAT_PIX (refer to chapter 3.2.3.Response: Valid & saturated pixels)

Meaning: The MAX_SAT_PIX is a complementary value to the above MIN_VALID_PIX value. But it counts only the saturated
pixels (not the subsequent signal electronics). The lower the MAX_SAT_PIX value, the higher the accuracy and relia-
bility of the distance data will be.

How to use: Like above.
As a safe value we recommend to use only measurements with a value of MIN_SAT_PIX<5.

Remember, the epc600 chip is using a sensor array with 64 pixels and the single distance output is an average of these pixels. The two
parameters above indicate how many of these pixels are actually used for this average calculation. Refer to the epc600 Handbook for
more details on the averaging algorithm.

Table 6 shows a quality decision matrix as a summary of the validity and quality parameters for the distance measurement.
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Step | Sensor status Saturated pixels Valid pixels Modulated light Ambient to Action
amplitude modulated light
MAX_SAT_PIX MIN_VALID_PIX Axc AMR
1 Saturation or bright ob- | > max. limit (e.g. 5) Repeat measurement with
ject within scene decreased integration time and/or illumination
2 Saturation or bright ob- | < max. limit < min. limit (e.g. 60) Repeat measurement with
ject within scene decreased integration time and/or illumination
3 Over-exposure or bright | < max. limit > min. limit >1'000 LSB Repeat measurement with
object within scene decreased integration time or illumination
4 No object detected < max. limit > min. limit < 50LSB Repeat measurement with
increased integration time or illumination
5 | Too much ambient-light | < max. limit > min. limit 50 LSB ... 1'000 LSB >60db (or>70dB) | Repeat measurement with
increased integration time or illumination
6 | Object detected < max. limit > min. limit Excellent: 100 ... 1'000 LSB | <60 db (or <70dB) | No action necessary
Sufficient 50 ... 100 LSB

Note: min. and max limits are customer defined acceptable values depending on the application

Table 6: Quality decision matrix

1.3.5. Ambient-light measurement (optical power-meter)

Instead of reading distance data, the epc600 chip can measure the ambient-light level (Refer to 3.2.1.: Command: Commands & Integra-
tion times and 3.2.5.: Response: Ambient-light level). Functions of this feature are:

m Use to compensate deviations in the distance measurement caused by the presence of ambient-light.

= Monitor the ambient-light level during the distance measurement to prevent faulty conditions.

m Use the ecp600 as an optical power-meter (“Luxmeter”) e.g. for brightness control.

m or in combination e.g. where the presence or absence of an object in the environmental illumination needs to be controlled.

The measured irradiance Epc (uncalibrated) of the received ambient-light at the sensor surface can be calculate out of the DC sensitivity
Soc, the used integration time tinroc, the reference integration time tnr-rer.oc @and the amplitude Apc of the received modulated signal (refer to
chapter 3.2.5.: Response: Ambient-light level) in the following way:

nw/em® 103us

t
Epc = Spor —REERE AL eg. Epo = 12837 0%

thT—DC

-1'000 LSB = 792uW /cm?

Notes:
m The quality indicator for the ambient-light measurement is the ambient-light amplitude Apc. The rules to apply are the same as for the
modulated light amplitude.

m The ambient-light measurement is a metering functionality only, which can be used for distance correction or ambient-light reading. It is
completely independent of the chip internal ambient-light suppression function that eliminates DC light components from the measure -
ment signal (refer to chapter 1.3.3.: Ambient-light suppression).

1.3.6. Temperature metering

An on-chip temperature sensor provides uncalibrated temperature readings. The data access follows the protocol in Figure 13, second
section.

m This allows compensation of signal drifts caused by changing thermal conditions in the light source and the sensor.

m If the user does his own calibration (e.g. °C or F), he can use it as a temperature sensor too.
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1.3.7. Measurement sequence

A basic possible measurement flow is given in Figure 16:

m Execute a distance measurement and check the validity and quality of the signals. If action is needed, act accordingly.

m If the camera operates in an ambient-light changing condition, occasionally read the ambient-light for quality check and compensation.
m In thermally changing conditions, occasionally read the temperature for compensation.

m Calculate, based on the correction data, the final distance value — or whatever is needed.

START
measurement

all other

increase
integration time

MEASUREMENT
distance

decrease
integration time

)

READ
pixel status

validity?

sat. pixel > max. limit (e.g. 5)

validity?

valid pixel < min. limit (e.g. 60)

READ
Q-subsample QSx

}

Calculate
mod. amplitude A, |

A, <50LSB )\ A, > 1000 LSB

AMR > 60 dB (or >70dB)

quality?

No object ?

MEASUREMENT
ambient-light

Calculate ratio AMR
i ambient to mod. light

_—

A, <100LSB

quality?

. ’ quality? i

lall other

READ
temperature

L T

optional

optional, e.g. once per second

Calculate
corrected distance

yes

continue?

no

END
measurement

Figure 16: Principle measurement flow

This flow is not only for detecting objects: It is also possible to observe and track the object (once captured).
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1.3.8. Calibration and compensations

Due to the fact that the range-finder chip does not know its surrounding environment and the phase-shifts caused by the electronic imple-
mentation and also due to manufacturing tolerances, a calibration of the sensor is necessary.

Whereas a simple light barrier doesn't need the same accuracy as a range-finder, the compensation and the required calibration is depen -
dent on the application.

Influencing variables for various attributes are:

m Distance: Offset, Slope scaling, Linearity, Reflectivity, Quality, Ambient-light, Integration time, Temperature.
m Reflectivity of the object: Quality, Ambient-light.

m Ambient-light: Offset, Slope scaling, Linearity, Integration time, Temperature.

m Temperature: Offset, Slope scaling, Linearity.

These compensations are necessary for the microprocessor to correct the raw distance data in the final measurement.

1.3.9. Extended operating range
The epc600 is a range-finder designed as a system-on-chip for minimum part count circuits. Therefore, a LED driver is integrated on-chip.

In cases where the illumination, achieved with the built-in driver, is not sufficient to detect near and far objects in the expected operational
range or in the necessary response time, the epc600 chip can be used with a more powerful external LED driver (refer to chapter 2.5. Ex-
ternal LED driver).

1.3.10. Multi range-finder application

Light barriers are not always operating in a single sensor application. In some applications, more than one sensor is deployed to partially
or entirely cover the same observation field. The epc600 range-finder uses signal-processing based on the sinusoidal modulation theory of
the time-of-flight principle.The LEDs are modulated with 10MHz square-wave and a duty cycle of 1:1. There is no coding in the modulation
signal to make each device unique. To date, in multi range-finder applications, cross-talk between the signals of closely placed individual
Sensors can occur.

The single shot principle of the epc600 chip allows an easy synchronization of multiple sensors by a fixed time synchronization between
range-finder devices (sequencing of sensors).
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2. Hardware Design

2.1. What performance can be achieved?

A typical example of an application is a very small, single spot distance gauge (refer to Figure 17).

Figure 17: Low power, high performance distance gauge.

Size: 32 x 22 x 25 mm
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Figure 18: Chip on PCB board

In this example, a range of up to 4m can be expected on white targets when using: two SFH4059 LEDs directly driven by the LED pin with
a collimator lens of 17mm focal length, a receiver lens of approx. 15x15mm with a focal length of 17 mm and an integration time t i, of

410ys.

The response time in this application is: tresponse = 2 (4t +0.798ms) + 0.1ms = 4.976ms
(refer also to chapter: Response time).
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2.2. General Hardware Configuration
The general hardware configuration section covers all design aspects for an epc600 circuit.

2.3. Power Supply, Clock generation

The external voltage supplies are +8.5V DC as a main supply and -5.0V DC as a bias voltage. Both supplies need to be stable, well regu -

lated and with a low level of noise and ripple voltage (because the epc600 chip is a sensitive, highly amplifying device).

All other necessary voltages are generated on-chip. The internally generated voltage levels Vsc (see Table 4) have to be taken into consid-

eration in order to choose the right components for the design.

All necessary power supply decouplings and the supply of the external reference clock have to be designed according to Figure 20 and

Table 7. Capacitors C3 — C9 are used for decoupling of the internally generated voltages.
The Schottky diode D1 is vital to ensure a correct power-up of the device.

VDD +8.5V

e
12
im
10
4'” VDD
E;\i XTAL1 Leo P2
0 xTaL nos 13- R
o epc600 Nea 14 —1
v 41GNDM VDDCORE |2 e
—3{vooT vooeLL 7 S
R3 VREF |2~
voDIo |- = =
-> 191 spaTA voDPx 8 i
> 201scLk VDDHPX |2 T
| U HLLEDING2 vopcp 1 Ji
R1 18Inci voDBs [© 1 ]
GND GNDA GNDPLL GNDLED [ VPDBS-SOV
FRFY) P )

GND

Figure 20: Main power supply decoupling and clock supply

Part No. | Pin Pin No. Component value

Min. Nom. Max. Vsc Type
C1 VDD 10 10uF +8.5V
C2 VDD 10 1uF +8.5V | Ceramic X7R
C3 VDDCORE 2 1uF 1uF 3.3uF +1.8V | Ceramic X7R
C4 VDDPLL 17 1uF 1uF 3.3uF +1.8V | Ceramic X7R
C5 VDDIO 7 3.3pF 3.3uF 10pF +5.0V | Ceramic X7R
C6 VDDPX 8 3.3uF 3.3uF 10pF +5.0V | Ceramic X7R
C7 VDDPXH 9 3.3pF 3.3uF 6.8uF +10V Ceramic X7R
C8 VDDCP 11 10nF 100nF 100nF +12V Ceramic X7R
C9 VDDBS 6 10nF 10nF 20nF -5.0V Ceramic X7R
C10 XTALA1 15 27pF +1.8V | Ceramic NPO
C11 XTAL2 16 27pF +1.8V Ceramic NPO
Y1 XTAL1 & XTAL2 15 & 16 4 MHz Crystal-oscillator
D1 VDD & VDDCP 10& 11 Schottky diode
R1 HLLED 1 1kOhm +5.0V | Resistor
R2 NC4 14 zero Ohm +5.0V Resistor
R3 SDATA 19 see chapter 2-wire serial interface +5.0V Resistor

Leave open the pins NC1, NC3 and VREF. They do not require any termination.
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2.4. On-chip LED driver

A feature for the minimum part count system is the on-chip LED driver. Figure 21, Figure 22 & Figure 23 show examples for possible cir-
cuits. The design has to take in consideration that these LEDs are switched very fast (e.g. 10MHz square-wave) and with high power

(<180mA). Suggested are high speed LEDs with short switching times e.g. Osram SFH4059, Vishay VSMB2000, Stanley DNK5306. The
layout needs to be well decoupled and with low Z conductors.

Notes:

m Take care that the voltage at pin LED do not exceed the specified operational range of maximum +5V.

m The signal processing of the epc600 chip is based on a sine-wave modulated light-signal. All descriptions in this manual are related to
this. However, to simplify the LED driver circuit as well to reduce the power-losses of the LED, the chip uses a square-wave modulated

signal for the LED. This change together with all the other non-linear influences on the signal path leads to only a small error, which can
easily be corrected in the measurement data (refer to chapter 1.3.8. Calibration and compensations).

LEDs with a +5V supply

If a +5V supply is available, the LEDs can simply be supplied by this as shown in Figure 21. Resistor R1 limits the LED current <180mA.
For the LED power dissipation calculation, refer to chapter 3.3.6.: Cycle times & response time.

VLED =5V

epc600

I
1
U+

c3 c4
100nF  [10pF

GND GNDLED

i | GND_LED

GND Low Z, fast switching connection

Figure 21: Short range application
with +5Vdecoupled LED supply

Short range application design (LED supply from +8.5V)

The circuit in Figure 22 drives two power IR LEDs. The output LED is driven by an open drain switching transistor. The illumination intensi-
ty of the LEDs is defined by the current flowing through the resistor R1. For the output LED = on, the current of the resistor R1 is <180mA.
In order to have safe voltage operating conditions for the output LED (max. +5V), there is a minimum current of <1mA flowing through the
LED diodes and the D1 diodes in the off-state. This also gives the advantage of the enhanced switching performance for the LEDs. This
off-current is set by the resistor R2. C3 and C4 are the charge capacitors to supply the LEDs. In order to support the required fast switch -
ing, C3 shall be of a ceramic type. The decoupling of the supply of the epc600 chip is done by C1 and C2 (ceramic type). The resistor R3
decouples the LED feeding circuit from the ep600 supply. The voltage drop of the diodes D1A and D1B adjust the voltage supply level to
the LED supply level. The advantage of this concept is that it gives a good decoupling between the epc600- and the LED-supply.

For the LED power dissipation calculation, refer to chapter 3.3.6.: Cycle times & response time.
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2
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Figure 22: Short range application Figure 23: Mid range application
with a decoupled LED supply with @ minimum part count circuit
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Mid range application design (LED supply from +8.5V)

The circuit of Figure 23 is a minimum part count design for a more powerful illumination (3 LEDs are equal to 50% more illumination ener-
ay)-

The design considerations are exactly the same as before. The difference is the additional third LED3, which replaces the diodes D1A and
D1B, in order to have more powerful illumination. As it is used as a minimum part count design, the decoupling between the LED supply
circuit and the epc600 supply is not of the same quality as in the short range example before. Therefore, the layout design regarding the
noise and ripple voltage has to be done very carefully.

2.5. External LED driver

For a more powerful, sensitive or fast system application with an epc600 chip, the use of an external LED driver is an option. The design
has to take into consideration that the LEDs are modulated at high frequencies (e.g. 10MHz) and with high power. So far, the layout needs
to be well decoupled and with low Z conductors. The schematic has to follow the correct signal inversions as given in Figure 24. This is im-
portant in order to have the correct phase for the modulation.

Note: Take care that the voltage at pin LED do not exceed the specified operational range of maximum +5V.

epc600's pin LED is driven by an open drain switching transistor. The pull-up termination resistor R1 tied to the V_LOGIC supply (+5V)
guarantees safe voltage operating conditions for the output LED. The modulation signal of output LED feeds a fast inverting digital buffer
IC1. It drives the fast switching transistor T1. T1 switches the current through LED1-LEDn on/off in order to modulate the light. Output LED
= low corresponds to light = on.

As opposed to the on-chip driver, such a design can have additional light levels as the circuit in Figure 24 shows. An /O port of the micro-
processor switches the intensity to the LOW or HIGH level. IC1 and IC2 are the necessary selecting logics to drive the transistors T1 and
T2. The illumination (current through LED1-LEDn) is controlled by R2 and R3 for the high and the low illumination level.

V_LED
LED1
VDD +8.5V * }
C1
100nF == VDD LEDn }
V_LOGIC
epc600 +
R2 R3 C2==m ==C3
R1
. IC1
MICI’OPI‘OCeSSOI’ LED
T
SCLK SCLK
SDATA SDATA IC2
2-wire interface GND GNDLED ——I T2
i J‘ GND_LED
GND
HIGH
LOW

Figure 24: Long range or fast response application (principal schematic)

Advantages of this circuit are: the free design of the illumination power (number of LEDs), the additional selectable light levels for extend -
ing the operational range, the independent voltage supply for the LEDs and the strong decoupling of the epc600 supply and LED circuitry.
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3. Instruction Set

The 2-wire serial interface allows the user to communicate with the epc600 chip. The graph of the principle communication flow is in
Figure 13.

Starting a measurement, reading the result and setting the correct user parameters for operation are the main functions. All configurations
are set at run-time, are loaded immediately and are not stored in the chip.

3.1. 2-wire serial interface

The interface is for single slave use. It is targeted to operate up to a 10MHz clock frequency. Only 2 wires, one bidirectional data transmis -
sion SDATA and a clock line SCLK, are needed (refer to Figure 25). This allows the use of a tiny microprocessor as a controller for the
chip. Based on a handshake protocol the chip is either receiving or transmitting data during active clock cycles.

+5,0V VDD +8.5V
VDD VDD
XTAL1 LED
XTAL2 NC3
Microprocessor epc600 LEDF
vDDT VDDCORE
+5.0V
GNDM VDDPLL
VREF
R1
VDDIO
101 SDATA VDDPX
1102 SCLK VDDHPX
2-wire interface HLLEDING2 VDDCP
NC1 VDDBS
GND GND GNDA GNDPLL GNDLED
GND GND

Figure 25: 2-wire interface wiring (Note: For details to R1 see section SDATA line)

3.1.1. SCLK line

SCLK is the serial clock signal. It is unidirectional and always driven by the microprocessor. It is switched between LOW and HIGH state.
The maximum 'HIGH' pulse length is not defined. The maximum 'LOW' pulse length must be < 1ms.

ERROR handling: A 'LOW' pulse > 1ms will reset the epc600 chip.

3.1.2. SDATA line

SDATA is the serial data line. It is used in a bidirectional way. It is switched between LOW and high-ohmic state.

Depending on the communication direction, it is either driven to LOW by the microprocessor or the epc600 chip (refer to Figure 25). A
“wired-OR” compatible 1/O circuitry on either side is used to handle unexpected error situations. It avoids permanent damage of each party
in case they drive opposite logic values.

The microprocessor can achieve the Wired-OR connection by using programmable open-drain I/O pads, or writing a permanent logic LOW
to the output and switching the line between the high-ohmic and transparent modes. A pull-up resistor R1 to +5.0V will terminate the line to
logic HIGH during the high-ohmic state. If the rise time of the SDATA line is not fast enough, the user may either enable an embedded pull-
up resistor in the microprocessor or add on each side of the line, close to the pins, external resistors in parallel.

ERROR handling: If the epc600 device detects a communication error, it will pull the SDATA line permanently to LOW until the interface will
be reset.

The general waveform definition and timing are listed in Figure 26 and Table 8.

In the idle state, the SCLK and SDATA lines are in the high state (outputs are in tristate mode terminated with a pull-up resistor). The trans -
mission is always initiated with a start bit on the SDATA line: SDATA = low. This forces the microprocessor to clock the SCLK line with the
necessary number of cycles for sending or reading the data. The falling edge of the clock puts the data to the SDATA line. At the time of
the rising edge, the data is valid and readable. After the last rising clock edge the sender unlocks the SDATA line and both lines remain in
the high state.
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Idle Sender writes to SDATA Idle

[ . ‘47(5(% Lisewx **‘*%ﬁ* Lisewx Y san %*

HIGH e — B
SCLK Low CLK1 \ CLK2 / \ \ i _\ / \ CLKn

tm - ton ¢tL$‘
high-ohmic R
SDATA IDLE S/// MSB XXX XXX XXX XXX XXX XXX LSB 7/ IDLE
LowW - ®
Sender pulls SDATA to low: Sender changes mode:
Hand-shake signal for WRITE from WRITE to IDLE

Figure 26: General waveforms for 2-wire transmission (telegram)

Symbol Parameter Min. Typ. Max. Unit
SCLK 2-wire serial clock

SDATA Serial data, bidirectional transmission

tscik Cycle time of SCLK 100 ns
th High period of SCLK 50 ns
t Low period of SCLK (refer to ERROR handling) 50ns 1.0ms

trscLk Rise or fall time of SCLK (20% - 80% of signal amplitude) 10 ns
ts First negative SCLK edge after negative edge of SDATA 100 ns
tor Data ready before positive SCLK edge 50 ns
ton Data hold after positive SCLK edge 0 ns
tiseH Data hold after positive SCLK edge of last bit transmitted (LSB) 0 ns

Table 8: General timing 2-wire transmission
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3.2. Commands & responses

The epc600 device works on a task principle: The chip is in a idle state and performs a single measurement or a read-out on command
only (refer to Figure 13).

The microprocessor sends a command to the chip. It is processed immediately. The tasks are: Execute a measurement or read data.
When the processing of the instruction is finished, then the chip sends back the answer to the controller by default. Refer to Figure 12 and
Figure 13.

The command format always has 8 bits, including 4 bits for command itself (C0-C3) and 4 bits to set the integration length (10-13). Bit 7
(MSB) is transmitted first, bit 0 (LSB) last.

The response format is always 16 bits. Bit 15 (MSB) is transmitted first, bit 0 (LSB) last.

3.2.1. Command: Commands & Integration times

Name: Command & Integration time

Bit 7 6 5 4 3 2 1 0
C3 Cc2 C1 co 13 12 11 10

Description CMD [3:0] INT [3:0]

CMD: Command to start the measurement with a defined integration time or to read data.
Description CMD INT epc600 response Waiting time
Read Q-subsample QS0 0001 0000 Q-subsample QS0 tacc = 3ps
Read Q-subsample QS1 0010 0000 Q-subsample QS1 tacc = 3ps
Read Q-subsample QS2 0011 0000 Q-subsample QS2 tacc = 3us
Read Q-subsample QS3 0100 0000 Q-subsample QS3 tacc = 3us
Read temperature 0101 0000 Temperature tacc = 3ps
Read pixel status 0110 0100 Valid & saturated pixels tacc = 3us
Measurement of distance 1000 see INT Distance tveas
Note: Modulated light is emitted
Measurement of ambient-light level 1101 see INT Ambient-light level tveas
Note: No light is emitted
Don't use Others

INT: Sets the integration time for the measurement. The measurement time is tueas = 4x integration time + 770us.

Note: A doubling of the integration time is equal to a doubling of the illumination in the scenery.
The integration times below in the table are for a LED modulation frequency of 10MHz.

Time INT Time INT Time INT Time INT
1.60 us| 0000 256 us| 0100 408 uys| 1000 6.56 ms| 1100
3.20 us| 0001 51.2pus| 0101 818 us| 1001 13.2ms| 1101
6.40 ys| 0010 103 ps| 0110 1.64ms| 1010 26.3ms| 1110
12.8 us| 0011 205ps| 0111 3.28ms| 1011 526ms| 1111
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3.2.2. Response: Distance

Distance
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Q3 | Q2 Q1 Qo0 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
Description Don't care DIST [11:0]
DIST: Distance value

Data format: unsigned 12 bit integer; Unit: LSB

For 10MHz LED modulation frequency the following values and formulas apply:
1LSB = 0.5 cm. Minimum DIST = 0d £ Om. Maximum DIST = 3'000d £ 15m.

1'500 cm
Th i Iculation f lai D =DIST-—~—=+D
e basic calculation formula is [ecm] F000LSB OFFSET
D Distance in centimeters
Doreser Offset compensation, needs to be evaluated by a calibration of the sensor. Refer also to

chapter Calibration and compensations.

Note:
The epc600 chip is using a sensor array with 64 pixels. The distance value output is an average calculation. Refer also to
the epc600 Handbook for more details.

3.2.3. Response: Valid & saturated pixels

Valid & saturated pixels

Bit 15 | 14 | 13 | 12 | 1 10 9 8 7 6 5 4 3 2 1 0
Q | D6 | D5 | D4 | D3 | D2 | D1 | DO | Q0 | D6 | D5 | D4 | D3 | D2 | D1 | DO
Description 0 MAX_SAT_PIX [6:0] 0 MIN_VALID_PIX [6:0]

MIN_VALID_ During the measurement, one of the 4 samples has used only this number of valid pixels per sample for the averaging. The
PIX: remaining pixels were detected as non-valid. A pixel is valid if the measurement value is: not in the pixel saturation and be -
low the input electronics saturation. Refer to chapter 1.3.4.: Quality of the measurement result.
Data format: unsigned 7 bit integer; Output range: 0d ... 64d.

Note: Distance values are valid as long as MIN_VALID_PIX >0 (minimum condition).
MAX_SAT_  During the measurement, one of the 4 samples has skipped / not used this number of saturated pixels during averaging. A
PIX : pixel is marked as saturated if the sensor has detected a pixel signal value that exceeds the linear range of the pixel. Refer

to chapter 1.3.4.: Quality of the measurement result.
Data format: unsigned 7 bit integer; Output range: 0d ... 64d

3.2.4. Response: Q-subsample QSx

Name: Q-subsample QSx

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Q1 Q0 | D13 | D12 | D11 | D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
Description 0 0 QSx [13:0]
QSx: Q-subsample x of the last measurement.

Data format: signed 14 bit integer (two's complement); Unit: LSB

For the calculation of the signal quality refer to chapter 1.3.4.: Quality of the measurement result.
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3.2.5. Response: Ambient-light level

Ambient-light level

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Q1 Q0 | D13 | D12 | D11 | D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
Description 0 0 AMBIENT [13:0]
AMBIENT: Ambient-light
Data format: signed 14 bit integer (two's complement); Units: LSB; A/D conversion value.
Output range: Refer to Table 2: DC sensitivity and DC dynamic range
Note: Small negative numbers can occur due to noise.
The basic calculation formula for the amplitude Apc is Apc [LSB] = M
Note:

The epc600 chip is using a sensor array with 64 pixels. The ambient-light value output is an average calculation. Refer also
to the epc600 Handbook for more details.

3.2.6. Response: Temperature

Name: Temperature

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Q3 Q2 Q1 Qo0 D11 | D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
Description 0 0 0 0 TEMP [11:0]
TEMP: Temperature value

Data format: unsigned 12 bit integer; Units: LSB; A/D conversion value
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3.3. Communication tasks

3.3.1. Measurement sequence (Distance or ambient-light)

Idle Command: uP writes SDATA uP polls SDATA Response:  epc600 writes SDATA \dle
epc600 reads SDATA epc600: idle uP reads SDATA
SDATA s fcafcz)ct)coXim Xz X1 X0F | 600 measures s a3 Y a2 Y ar Y a0 Yo Yoo %Y o1 o
* MSB LSB oL MsB 7 LSB
uP chec’ks SDATA: LiP pulls SDATA to low: tuens ‘ ‘epcGOO pulls SDATA to low as soon measurement is finished:
high = continue; Command hand-shake signal to epc600 Data ready hand-shake signal to uP

low = error

Figure 27: Measurement sequence

m Before and after, the microprocessor performs an access to the epc600, the SDATA line should be checked for an error according to
Figure 27. If SDATA is LOW, this indicates an ERROR in communication.

m The microprocessor initiates the communication with a start bit on the SDATA line followed by actively clocking the line SCLK and the
command transmission.

m After completion of the command, the epc600 chip starts the measurement. Meanwhile, the microprocessor waits for a response.
m The epc600 chip sets the start bit on SDATA when the measurement is executed and the data are ready ( tueas, refer to Table 9).
= Now the microprocessor can read out the data by active clocking.

Symbol Parameter Min. Typ. Max. Unit
tveas Measurement duration. Depends on the selected integration time 0.8 212 ms
tacc Propagation delay of the epc600 after command transmission 3.0 us
trsT Reset signal to the epc600. The time SCLK must be pulled low. 1.0 ms
trec Recovery time after reset of epc600 4.0 ms

Table 9: Timing of the measurement, read and reset sequence

3.3.2. Read sequence (Valid & saturated pixels, Q-subsample QSx, Temperature)

Idle Command: uP writes SDATA uP polls SDATA Response: epc600 writes SDATA Idle
epc600 reads SDATA epc600: idle uP reads SDATA
2 M
5 LYalsy
s {eafcz e oo m X X n Yoy L s [ @3 Y @z a1 Y ao bt \Dioy ¥ D1 oy -
i MSB LSB | wmsB e LSB
e t .
uP checks SDATA: uP pulls SDATA to low: Ace epc600 pulls SDATA to low as soon data are ready:
high = continue; Command hand-shake signal to epc600 Data ready hand-shake signal to uP

low = error

Figure 28: Read sequence
The sequence is identical to the above except for the waiting time tacc of the response of the chip (refer to Table 9).

m Before and after, the microprocessor performs an access to the epc600, the SDATA line should be checked for an error according to
Figure 28. If SDATA is LOW ,this indicates an ERROR in communication.

m The microprocessor initiates the communication with a start bit on the SDATA line followed by actively clocking the line SCLK and the
command transmission.

m After completion of the command, the epc600 chip fetches the data. Meanwhile, the microprocessor waits for a response.
m The epcB00 chip sets the start bit on SDATA when the data are ready ( tacc).
= Now the microprocessor can read out the data by active clocking.

3.3.3. Error detection by the microprocessor

Idle ’ Reset by uP ‘ \dle ‘ Command: uP writes SDATA

epc600 reads SDATA

normal operation ...

s

L MsB
uP checks SDATA: uP checks SDATA: uP pulls SDATA to low:
detects error high = continue; Command hand-shake signal to epc600

low = error

Figure 29: Error detection by the uP and the reset sequence

© 2014 ESPROS Photonics Corporation 26/30 Datasheet epc600 - V1.3

Characteristics subject to change without notice




Before the microprocessor tries to set a start bit, it first checks the SDATA line according to Figure 29. SDATA = LOW indicates an ERROR.
This means that the epc600 chip signals an error status or the interface is faulty.

At the end of the transmission, the microprocessor can check, if the communication was successful: Reads the microprocessor data from
SDATA, the line must go to HIGH (IDLE) after the positive edge of the last clock cycle (refer to Figure 27 and Figure 28). Is this not the
case, the epc600 chip signals an error status or the interface is faulty. Do not use the received data, because it is uncertain, if the last
transmission was successful.

Use the reset sequence for the recovery.

3.3.4. Reset and recovery sequence sequence

Whenever necessary, the microprocessor can reset the epc600 chip. The reasons for the reset are either due to an error detection during
the transmission or in order to resynchronizing the interface. The epc600 interprets a LOW signal > 1ms on the SCLK line as a reset com -
mand for the chip (Figure 29). After reset, the communication has to restart.

NOTE: After reset sequence, the microprocessor must wait pre-defined amount of time t rec before starting with measurements (Table 9).

3.3.5. Error detection by the epc600 chip

Command: uP write cycle
epc600 reads SDATA

uP polls SDATA
epc600: idle

Response: epc600 write cycle
uP reads SDATA

Command: uP write cycle
epc600 reads SDATA

‘ Error ‘ Reset by uP ‘ Idle

I _\_/_\_/_\ R
‘ . normal operation ...
MSB ) [
a) echOO detects error: uP ‘checks SDATA:  uP checks SDATA: uP pulls SDATA to low:
writes low to SDATA detects error high = continue; Command hand-shake signal to epc600

low = error

Command: uP write cycle
epc600 reads SDATA

uP polls SDATA
epcB00: idle

Response: epc600 write cycle
uP reads SDATA

Command: uP write cycle

e epc600 reads SDATA

‘ Error ‘ Reset by uP

normal operation ...

b) epc600 detects error: UP checks SDATA:  uP checks SDATA: P pulls SDATA to low:
writes low to SDATA detects error high = continue; Command hand-shake signal to epc600
low = error

Figure 30: Error detection by epc600

The epc600 chip detects if there are more falling clock edges than necessary for the transmission (see Figure 30). If it happens, the com-
munication is erroneous and the device puts the interface in an ERROR condition by pulling down SDATA = 0. To leave this state, the mi-
croprocessor has to reset the epc600 chip.
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3.3.6. Cycle times & response time

For a common understanding, we distinguish between the cycle and the response times.
The following examples use:

m 10MHz modulation frequency at the LED pin.

= An integration time of 103 ys.

m A 2-wire serial clock SCLK of TMHz.

Integration time

The integration time tir is the timeframe in which the light is sampled by the sensor (refer to chapter 3.2.1.: Command: Commands & Inte-
gration times). It is equal the exposure time (where a shutter is open for passing the light to the sensor).

Measurement time
The time the epc600 device needs to execute a measurement from the point of receiving the command until it responds.
tueas = 4ty T 770us eg. toes = 4-103us +770us = 1'182us

Communication time

It is the period from the end of the measurement until the next start in a continuous mode manner (refer to Figure 12). It is the real commu-
nication time used by the 2-wire interface and all the additional time the microprocessor needs to send the next command to the chip.

Example: Command write: 1 check bit + 1 start bit + 8 command bits
Read response: 1 check bit + 1 start bit + 16 data bits
2-wire serial clock SCKL: 1MHz
Communication time tcowm eg. to, = 10-1us+18-1us = 28us

Data processing time
It is the period terocess Needed by the microprocessor for the final result: “calculation distance & quality” (refer to Figure 12)

Measurement cycle time

The measurement cycle time tcycie includes the duration to execute a complete measurement cycle until the next cycle propagation is pos-
sible (refer to Figure 12).

teveie = tueas T teom T terocess eg. teyoe = 1182us +28us+100us = 1'310us

Response time

The response time denotes the necessary time interval to change the distance output DIST of the microprocessor from one state to the
other (refer to Figure 11). The maximum response time tresronse Of the range-finder system is given by

tresponse = 2 tovaie e.g. tresronse = 2-1310us = 2'620us

LED on-time and LED duty cycle

For the power dissipation estimation of the emitter LED (at pin LED), the LED on-time and the duty cycle are of importance. The following
time periods have to be taken into consideration:

m fnr : during the integration period, the LED outputs are active for 50% of the time.
m tyeas : there are 4 integration periods tnr per measurement cycle tyeas.
m fcom : during the communication time the LED outputs are not active.
L tnr 103us
The formula for the LED on-time is: tiep-on = 4 5 +15us egd. tepon =4 o + 15us = 221us
The LED duty cycle DC.ep.on for LED on-time versus the cycle time is
ten- 221us
DCiep oy = —N eg. DCipon = ron—r = 17%

LED-ON tovoLe g LED-ON 7310us
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4. Optical Design Considerations

This section summarizes some parameters that are of importance when designing the optical system of a TOF sensor.

Photosensitive area

The photosensitive area is the optical area which has to be well (full) covered by the receiver optics. This is the relevant surface for calcu -
lating the light sensitivity of the chip. It is also the relevant area for object detection without any gaps. For more details refer to chapter
1.3.4.: Quality of the measurement result.

Note:
Measurement values are reliable only if the object covers the entire photosensitive area. Measurement values are average values over the
sensor array's 64 pixels. Refer to the epc600 Handbook.

Signal sensitivity

The signal sensitivity is defined by the minimum and maximum detectable AC modulation signal (reflected light). It is defined by the light
power (Watt/m?) in relation to:

m the photo-sensitive area of the sensor.

m the operating integration time tinr .

m the operating wavelength A.

m the angle of incidence (or reflectance of the sensor surface). Refer to Figure 3.

It is independent of
m the modulation frequency

Ambient-light suppression

The ability to suppress DC or low-frequency modulation parts of the received light signal. It is defined by the light power (Watt/m2) in rela-
tion to:

m the photo-sensitive area of the sensor.

m the operating integration time tiyr.

m the operating wavelength A.

m the angle of interest (or reflectance of the sensor surface). Refer to Figure 3.

Refer also to chapter 1.3.3.: Ambient-light suppression.

Operating range

The maximum non-ambiguity distance is < 15m for a modulation frequency of 10MHz @ the pin LED. It is given by the modulation fre-
quency and the speed of light.

The operating range (dynamic range) of the epc600 receiver for a certain illumination level is given by the photosensor and its electronics:

m the AC signal sensitivity for the modulated light.

m the capability of the ambient-light suppression.

m the level of illumination.

Depending on the optical design, these ranges do not match. The optical engineer has to plan the optical design and the light power in a
way that matches the application best.

For more detailed information refer to epc's application note ANO2 - Reflected power calculation.
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IMPORTANT NOTICE

Information furnished by ESPROS Photonics AG (epc) is believed to be accurate and reliable. However, no responsibility is assumed for its
use.

ESPROS Photonics AG and its subsidiaries (epc) reserve the right to make corrections, modifications, enhancements, improvements, and
other changes to its products and services at any time and to discontinue any product or service without notice. Customers should obtain
the latest relevant information before placing orders and should verify that such information is the latest and is complete. All products are
sold subject to epc’s terms and conditions of sale supplied at the time of order acknowledgment.

epc warrants performance of its hardware products to the specifications applicable at the time of sale in accordance with epc’s standard
warranty. Testing and other quality control techniques are used to the extent epc deems necessary to support this warranty. Except where
mandated by government requirements, testing of all parameters of each product is not necessarily performed.

epc assumes no liability for applications assistance or customer product design. Customers are responsible for their products and applica-
tions using epc components. To minimize the risks associated with customer products and applications, customers should provide ade-
quate design and operating safeguards.

epc does not warrant or represent that any license, either express or implied, is granted under any epc patent right, copyright, mask work
right, or other epc intellectual property right relating to any combination, machine, or process in which epc products or services are used.
Information published by epc regarding third-party products or services does not constitute a license from epc to use such products or ser-
vices or a warranty or endorsement thereof. Use of such information may require a license from a third party under the patents or other in-
tellectual property of the third party, or a license from epc under the patents or other intellectual property of epc.

Resale of epc products or services with statements different from or beyond the parameters stated by epc for that product or service voids
all express and any implied warranties for the associated epc product or service. epc is not responsible or liable for any such statements.

epc products are not authorized for use in safety-critical applications (such as life support) where a failure of the epc product would reason -
ably be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement specifically govern-
ing such use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications of their applications, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products
and any use of epc products in such safety-critical applications, notwithstanding any applications-related information or support that may
be provided by epc. Further, Buyers must fully indemnify epc and its representatives against any damages arising out of the use of epc
products in such safety-critical applications.

epc products are neither designed nor intended for use in military/aerospace applications or environments unless the epc products are
specifically designated by epc as military-grade or "enhanced plastic." Only products designated by epc as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of epc products which epc has not designated as military-grade is solely
at the Buyer's risk, and that they are solely responsible for compliance with all legal and regulatory requirements in connection with such
use.

epc products are neither designed nor intended for use in automotive applications or environments unless the specific epc products are
designated by epc as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any non-designated
products in automotive applications, epc will not be responsible for any failure to meet such requirements.
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