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General Description

1 General Description

The AS7221 CCT Tuning Smart Lighting Manager device is part of the ams AS722x/1x Smart Lighting
Manager/Director family of products that simplify tunable and environmentally responsive lighting
designs, enable lights to be “aware” and adapt to their surroundings, and to autonomously serve
human-centered lighting and energy conservation needs. The device is equipped with an advanced
Cognitive Lighting Engine (CLE) to optimize, chromatic white tuning, daylight harvesting and lumen
maintenance via a combination of PWM and/or 0-10 V controls with dimming ballasts. Direct
connection to a local I/0 network enables connectivity with standard occupancy sensors, dimmers or
communications bridges.

The AS7221 is designed for use directly in tunable white luminaires, replacement lamps (bulbs) and
light-engines/modules, or with a simple lightguide implementation, it can be incorporated directly into
an LED driver to enable a highly cost-competitive, high-accuracy warm/cool CCT tuning solution.

AS7221 XYZ chromatic white sensing provides mapping to X, y (z) of the CIE 1931 2-dimensional
color gamut coordinates and scales the coordinates to the CIE 1976 u’v’ coordinate system. The
AS72211’s silicon via nano-optic deposited interference filters deliver high-stability over both time and
temperature. The Manager’s integrated intelligence enables ams factory CCT calibration, which
mitigates chip to chip variation. By combining this factory calibration with a supported luminaire
design-level “application matrix”, an end luminaire design can often eliminate the need for light-by-light
calibration while delivering lifetime color control. With such a system calibration, accuracies within 2-4
Macadam steps are possible. The LGA package includes a built in aperture to control light entering
the sensor array. No additional optics are required.

The AS7221 connects to standard 0-10 V dimmers inputs and drives 0-10 V dimming ballasts/drivers
to enable a highly cost-effective white tunable current-steering luminaire design with a single-channel
constant current ballast. Direct PWM inputs can also interface to standard PWM-dimmable LED
drivers or multi-channel ballasts for constant voltage LED lighting architectures.

An UART interface is provided for configuration, control and management via a driverless, high-level
text base Smart Lighting Command Set.

1.1 Key Benefits & Features
The benefits and features of AS7221, CCT Tuning Smart Lighting Manager, are listed below:

Figure 1:
Added Value of Using the AS7221

Benefits Features

Intelligent controller with integrated, calibrated
XYZ Tristimulus Sensor (CIE 1931 Standard
Observer Color Function)

Lowers overall manufactured costs and adds
precision to tunable white luminaires and lamps
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EENES Features

Selectable drive modes, including PWM-
switched current steering, 0-10 V or PWM
dimming or PWM-based duty cycle management

Enables cost-optimized single channel drivers to
deliver a precise tunable white result.

Supports legacy 10 approaches, as well as Built-in 0-10 V analog or PWM digital dimming
digital deep dimming output generator for precise 1% dimming

UART interface for connection to network
hardware clients for protocols such as Bluetooth,
ZigBee and WiFi

Smart Lighting Command Set (SLCS) uses
simple text-based commands to control and
configure a wide variety of functions

Direct serial interface for connection to standard
networks

Simple lamp or luminaire configuration and
commissioning using defined command set

Compact lighting-capable package with no 20-pin LGA package 4.5mm x 4.7mm x 2.5mm
added optics required with integrated aperture -40 °C to 85 °C

1.2 Applications

Commercial, retail, and residential CCT tunable LED lighting systems

Cost-optimized tunable white LED drivers

Higher precision replacement lamps/bulbs

Intelligent, networked solid-state lighting management for variable CCT and daylight harvesting
Integrated smart lighting control of variable CCT white lighting solutions

Luminaires intended to meet California Title 24 daylighting requirements

Networked lighting systems with 10T sensor expandability
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1.3 Block Diagram

The AS7221 provides closed loop chromatic white sensing and PWM tuning while interfacing to local
and network controls.

The functional blocks of this device are shown below.

Figure 2 :
Functional Blocks of AS7221

VDD VDDHV

4 immi Cognitive Light
oM DATJQIIi';?y& Engine (CLE) Dac > ) PWM_1/
Chromatic White
SDA M XYZ Sensor WM
- [2C Master
Generator
SCL_M 1g X[IZ] .
°C PWM 3
SYNC/ i
RESN
MODE > LED_IND

MISO

SPI < MOSI
RX ‘ Master 54 CSN
™ SCK
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2 Ordering Information

Ordering
Code

AS7221 —
BLGT

AS7221 —
BLGM
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Description

Package Marking

CCT Tuning Smart

Lighting Manager —  20-Pin LGA AS7221
Standard Reel

CCT Tuning Smart

Lighting Manager —  20-Pin LGA AS7221

Mini Reel

AS7221
Ordering Information

Delivery Delivery
Form Quantity
13-inch Tape

& Reel 2000 pcs/reel
7-inch Mini

Tape & Reel 500 pcs/reel
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Pin Assignment

3.1

Pin Diagram

Figure 3:
Pin Diagram for AS7221 (Top View)
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3.2 Pin Description

Figure 4:
Pin Description of AS7221 (20-Pin LGA)

Pin Number Pin Name Pin Type® Description

1 PWM_3 AO Digital PWM 3

2 SYNC/RESN DI Active low (with internal pull-up to VDD)
3 SCK DI SPI serial clock

4 MOSI DO SPI MOSI

5 MISO DI SPI MISO

Chip select for the required external serial flash

6 CSN DO )
memory, active low
7 NC - Not connected
8 AUX Al Auxiliary mode input pin
9 SCL_M DI/O [2C master clock pin
10 SDA M DI/O [2C master data pin
11 RX DI UART RX pin
12 TX DO UART TX pin
13 DIM Al 0-2 V or 0-10 V input dimming pin
14 VDDHV P High voltage supply
15 MODE Al Mode selection pin
16 GND P Ground
17 VDD P Low voltage supply
18 LED IND AO L_ED Driver output for Indicator LED, current
- sink
19 PWM_1 AO Digital PWM 1
0_10V_O AO 0-10 V output pin
20 PWM_2 AO Digital PWM 2
1) Explanation of abbreviations:
DI Digital Input
DO Digital Output
DI/O Digital In Out
AO Analog Out
Al Analog In
P Power Pin
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4 Absolute Maximum Ratings

Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to
the device. These are stress ratings only. Functional operation of the device at these or any other
conditions beyond those indicated under “Operating Conditions” is not implied. Exposure to absolute
maximum rating conditions for extended periods may affect device reliability. The device is not
designed for high-energy UV (ultraviolet) environments, including upward looking outdoor applications,
which could affect long-term optical performance. All voltages with respect to GND. Device
parameters are guaranteed at Voo = 3.3 V and Tams = 25 °C unless otherwise noted.

Figure 5
Absolute Maximum Ratings of AS7221

Symbol Parameter [ Comments

Electrical Parameters

Pin VDD to GND,

Voo max Supply Voltage VDD -0.3 5 \ Low Voltage pin
Pin VDDHV to GND,
Vophv max Supply Voltage VDDHV -0.3 20 \ High Voltage pin
. VDD + .
Voo 10 Input/Output Pin Voltage -0.3 03 \% Low Voltage pins to GND
VobHv 1o Input/Output Pin Voltage -0.3 VEB';V V High Voltage pins to GND
Input Current
Iscr (latch-up immunity) + 100 mA JESD78D
Electrostatic Discharge
ESDuan Electrostatic Discharge +1000 v 35-001-2014
HBM
ESDeom Eeatrostatic Discharge +500 v JEDEC JESD22-C101F Oct 2013
Temperature Ranges and Storage Conditions
Tstre Storage Temperature -40 85 °C
Taoov Package Body 260 °C  IPC/JEDEC J-STD-020 ®
Temperature
Relative Humidity (non- o
RHie condensing) 5 85 %
MSL Moisture Sensitivity Level 3 Represents a 168 hour max. fioor
lifetime
Bump Temperature (soldering)
Treak @ Peak Temperature 235 245 °C Solder Profile

(1) The reflow peak soldering temperature (body temperature) is specified according to IPC/JEDEC J-STD-020
“Moisture/Reflow Sensitivity Classification for no hermetic Solid State Surface Mount Devices.” The lead finish for
Pb-free leaded packages is “Matte Tin” (100 % Sn)
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5 Electrical Characteristics

All limits are guaranteed with VDD = 3.3 V, VDDHV =12 V, Tawe = 25 °C. The parameters with min
and max values are guaranteed with production tests or SQC (Statistical Quality Control) methods. If
VDD and VDDHYV are to be the same voltage, they must be sourced by the same 2.97 V to 3.6 V
supply. All voltages with respect to GND.

Figure 6:
Electrical Characteristics of AS7221

Parameter Conditions

General Operating Conditions

VDD Low Voltage 2.97 3.3 3.6 v
Operating Supply
VDDHV High Voltage VDD 12 15 v
Operating Supply
Operating o
Tawe Temperature -40 25 85 ¢
. Excluding LED
lvop Operating Current driver current 5 mA
Internal RC Oscillator
Internal RC
Fosc Oscillator 15.7 16 16.3 MHz
Frequency
tJ|TTER(1) Jitter @25 °C 1.2 ns
0-10 V Output (0_10V_O pin)
Rou'r_]_o Resistive Load 1 kQ
Is 10 Source Current 10 mA
Isink_10 Sink Current -10 mA
VIN=12 V, DAC &
lueak v gv Output Leakage b1 poth 16 -0.73 mA
- urrent )
disabled
Clroap_10 Capacitive Load 100 pF
Vour 10? Output Swing 0 10 Vv
AUX Input
For 100% AUX A/D
AUXy AUX Input Voltage P 3.0 \%
Analog Input
Rin_aux Resistance 168 240 312 kQ
0-10 V Input
Analog Input
Rin_nv Resistance VDDHV 212 V 138 200 315 kQ
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Electrical Characteristics

Temperature Sensor

Drewp

Indicator LED
Iinp

lacc

Vieo

Absolute Accuracy
of the Internal
Temperature
Measurement

LED Current
Accuracy of Current

Voltage Range of
Connected LED

Digital Inputs and Outputs

lipy i

Logic Input Current

| Logic Input Current
I SYNCIRESN (SYNC/RESN pin)
CMOS Logic High
VIH |n
put
CMOS Logic Low
Vi In
put
v CMOS Logic High
o Output
V. CMOS Logic Low
ot Output
trise™® Current Rise Time
tean ™ Current Fall Time
1) Guaranteed, not production tested

Vps of current sink

Vin=0 V or VDD

Vin=0 V

I=1 mA

I=1 mA

C(Pad)=30 pF
C(Pad)=30 pF

0.7 x VDD

2) For VDDHV>10.5, output max is 10 V, else output max tracks VDDHV

Datasheet « PUBLIC
DS000479 « v4-00 * 2019-Jun-28

8.5

30

VDD
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0.3 x VDD

VDD - 0.4

0.4

°C
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%

HA

mA

ns
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6 Optical Characteristics

The XYZ chromatic white/color sensor, part of the AS7221 Cognitive Light Engine (CLE), is a next-
generation digital color sensor device. The sensor contains an integrating analog-to-digital converter
with 16-bit resolution ADC, which integrates current from photodiodes. Upon completion of the
conversion cycle, the result is transferred to the corresponding data registers to drive internal tuning
algorithms. Transfers are double-buffered to ensure integrity of the data is maintained.

Standard observer tri- stimulus (XYZ) interference filters are applied to the SLM’s optical channels as
part of the CMOS process. This unique process enables filter responses that mimic the human eye
and is extremely stable over both operating temperature and time. This in turn allows lifetime
correlated color temperature (CCT) calibration to be performed as part of the manufacturing process.
Calibration is accomplished using standard white LEDs at a variety of CCTs to deliver high accuracy
and typically eliminate the need for light-by-light calibration in most designs. Note that any change of
the precalibrated measurement conditions have an impact on the accuracy of the measurement
results. In such cases a design-level diffuser or color brightness calibration is recommended to
achieve highest accuracies. The AS7221 provides 2 calibration matrices, a factory calibration and a
second application specific matrix to optimize the measurement performance. The additional
calibration values will be set using the Smart Lighting Command Set directives ATNORMGAIN and
ATNORMINTT. These settings will be saved in the external flash and reloaded automatically by the
sensor firmware. See Section 10 for description of the complete Smart Lighting Command Set.

The AS7221 LGA package contains an internal aperture that provides a package field of view (PFOV)
of £ 20.5°. External optics can be used as needed to expand or reduce this built in PFOV.

Sensor data readout to the maximum count value range is limited by the ADC. The maximum count
range value of 65535 is only reached with an integration time tint of approximately 177.92 ms. Below
that value, the FSR will be less than the maximum 16-bit/65536 count maximum as described in the
chart below.

Figure 7:
Overview Signal Resolution

10 2.78 1024
11 5.56 2048
12 11.12 4096
13 22.24 8192
14 44.48 16384
15 88.96 32768
16 177.92 65536
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Conditions

Parameter
Color m® Color Measurement
- Accuracy
7 count Z Channel Count

Accuracy

@)
@)

Figure 9:

White Light
CCT=2700 K,

3500 K, 4500 K and
5700K

0.002 du'v

counts/
(uW/cm?)

White light CCT =

5700 K 3375

4.5 5.625

Typical values at Lux 250, Integration time=400.4 ms, Gain=1x, Taus = 25 °C.
Calibration and measurements were made at diffused light.

Normalized Spectral Responsivity (all filters are normalized to 1)

11

0.9

0.8

0.7

0.6

0.5

0.4

TYPICALSENSOR RESPONSIVITY (NORMALIZED TO "1")

03

0.2

0.1

SENSORFUNCTION BASEDON CIE1931 2° CMF

e g

350 400 450 500 550

700 750
WAVELENGTH (NM)

600 650 800 850 900 950 1000 1050 1100

Datasheet « PUBLIC
DS000479 « v4-00 * 2019-Jun-28

55 | 13



http://www.ams.com/Document-Feedback
http://ams.com/

am

Figure 10:
AS7221 LGA Average Field of View
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Diffused Light
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7 Functional Description

7.1 Smart Lighting Manager — Overview

The Cognitive Light Engine (CLE) is the “brains” of the Smart Lighting Manager (SLM). The CLE
constantly processes information from the calibrated XYZ chromatic white/color sensor, Smart Lighting
Command Interface and control inputs to adjust and control PWM and 0-10 V channel outputs to
deliver the targeted light characteristics. AS7221 initial setup and ongoing parameter storage is
automatically done by software within the required external serial Flash memory, via SPI bus. Only
ams-verified models of Flash devices can be supported. A subset of supported devices is noted in the
UART Command Interface section of this document, which also provides a reference to the current list
of supported Flash memory devices. For the Flash memory overview please refer to Figure 30. A SPI
Flash device is a required operating companion to the AS7221. Figure 30 includes a partial list of
supported devices, which have been tested by ams. Using non-verified devices can cause
communication issues and may not be compatible. Flash timing is provided in Figure 28 and Figure 29
for debug purposes.

By sensing a sample of the mixed warm and cool CCTs as either a reflection from the diffuser or other
light-guide/optical light gathering technique, the AS7221 can support high precision multi-channel
tuning results from a lower cost dual- or single channel LED driver architecture. Please note, that non-
diffused applications require some form of reflective or other light gathering that delivers an adequate
sample of mixed light to the sensor. Care should be taken to fulfill the angle of incidence requirements
of the nano-optic filter set.

To support the growing need for more personalized or circadian-rhythm supportive lighting systems,
up to 16 scenes can be preset into flash memory to support autonomous CCT and brightness
adjustments, including programmable ramp/transition timing. Scene timing, targets and ramps are
programmable via the high-level Smart Lighting Command Set described in Section 10.
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Figure 11:
AS7221 Workflow Abstract

CCT and/or LUX Measurement
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<
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Algorithm
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RAMP RAMP RAMP
Generator Generator Generator
(ATBLINK, (ATBLINK, (ATBLINK,
ATRAMP) ATRAMP) ATRAMP)

PWM 1

>

1-channel
constant

current
LED driver

—

The AS7221 does not include embedded operating code. Initial programming of an installed,
compatible Flash memory device must be accomplished external to the SLM at the time of end-
product manufacturing to enable an initial functional state. Options include programming with a JTAG
or serial programmer (e.g. FlashCat USB) or working with a components distributor or device
programming service company for preprogramming devices. After initial programming, over-the-
air/over-the-wire operating image updates are supported by commands in the Smart Lighting
Command Set.

A binary image software configuration tool is available from ams to allow the luminaire, lamp or driver
manufacturer to create their own “factory default” conditions that will be integrated with the ams—
supplied initial binary image to create a ready-to-program default Flash image. The configuration tool
is available from https://download.ams.com (see Smart Lighting Command Interface section).

XYZ color point response is accomplished via standard observer interference filters, which are
extremely stable over time and temperature. To ensure accuracy, the AS7221 LGA package contains
an internal aperture that limits the sensor package field of view (PFOV) of + 20.5°, as shown in
Figure 10. External optics can be used as needed to expand or reduce this built in PFOV.
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For daylight operation, the AS7221 can be used two ways. As a standalone device pointing out of the
luminaire, or if pointing inward for white color, it can support daylighting operation by using an 1°2C
master connected to ams TSL25721 or TSL45315 for ambient light sensing.

Figure 12:
Solution Chart

Chromatic Color Maintenance Lumen Maintenance

. TSL25721 or
Chromatic Color

) Lumen Maintenance Daylighting AS7221 TSL45315
Maintenance .

(optional)

) X

v v X . - .
(into luminaire) (not required)
t \
X

v v (into luminaire) (into room)

TSL25721 device combines a channel 0 (CHO) which is responsive to both visible and infrared light,
and channel 1 (CH1) which is responsive primarily to infrared light. Therefore, to get the LUX, a
calibration is necessary. In this calibration, both channels has to be considered. First counts per lux
(CPL) needs to be calculated in this calibration method.

Counts per LUX (CPL):

CHO — (1.87 * CH1)

CPL =
LUX

Calibration Scalar:
LUX = KO+ ADCO — K1 x ADC1

Default setting KO is 0.2178 (normal sunlight conditions in Europe in May, 1 m distance to a window).
If KO=0, the result for K1 will be inverted to prevent negative LUX values. At different light conditions,
this value has to adjust.

Example:

Spectrometer value = 9764 Lux,

CHO = 22870,

CH1=2734

— CPL =1.8186

KO = 1/CPL = 0.549855,

K1 =1.87/CPL =1.028228

To save the values, write in the console tab, ATLXSL0=0.549855 and ATLXSL1=1.028228

Overall AS7221 timing generation uses an on chip 16 MHz temperature compensated oscillator for
master clock timing.

Datasheet « PUBLIC
DS000479 « v4-00 * 2019-Jun-28 55 | 17


http://www.ams.com/Document-Feedback
http://ams.com/

Document Feedback AS7221
Functional Description

7.2 XYZ Chromatic White Color Sensor

The XYZ chromatic sensor, part of the AS7221 Cognitive Light Engine (CLE), is a next-generation
digital color sensor device. The sensor contains an integrating analog-to-digital converter (16-bit
resolution ADC), which integrates current from photodiodes. Upon completion of the conversion cycle,
the result is transferred to the corresponding data registers. Transfers are double-buffered to ensure
integrity of the data is maintained.

Standard observer tri-stimulus (XYZ) interference filters are applied to the SLM’s optical channels as
part of the CMOS process. This unique process enables filter responses that mimic the human eye
and are extremely stable over both operating temperature and time. This in turn allows lifetime
correlated color temperature (CCT) calibration to be performed as part of the manufacturing process.
Calibration is accomplished using standard white LEDs at a variety of CCTs to deliver high accuracy;
eliminating the need for light-by-light calibration in most designs. The Smart Lighting Command Set
(SLCS) also includes provisions for application level calibration to provide a mechanism for additional
design-specific calibration and compensation. Note the AS7221 LGA package contains an internal
aperture that provides a package field of view (PFOV) of £ 20.5°. External optics can be used as
needed to expand or reduce this built in PFOV. Scalar commands supported in the SLCS enable a
level of compensation for added optics.

7.3 Inputs

Figure 13:
VDDHYV Based Settings for Inputs

VDDHV Dimming

10.5-15V Direct input for DIM, dimming input
2.97-10v® External 5:1 resistor divider for DIM, dimming input ®

(2) For VDDHYV < 3.6 V, VDDHYV and VDD should be tied together.
2) With external dividers connected to 0-10 V inputs, the max voltage to the device inputis 2 V.
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Figure 14:
0-10 V Dimming Pin Input

3.3V

3.3V 12v _/_
10V VDD é VDDHV% 2 VDD é VDDHV%

o/
DIM é Ri,=200k typ.
0-10V range CLE MODE CLE MODE
DIMInput Rwooe DIMInput Rwvooe
AS7221 AS7221

For the AS7221, dimming can be accomplished from either the input pin (DIM) or smart lighting
command via the UART. For network commanded dimming, using the AS7221 Smart Lighting
Command Set, the UART interface is used. To prevent flicker effects the low end of the dimming
range can be adjusted via the ATDMLTL command to the provided range of the external dimming
device.

Local hardware inputs can be provided by, for example, a slide control dimmer. The 0-10 V DIM
analog input signal is downscaled by the AS7221 with an internal voltage divider and converted to a
10-hit digital value, 0 V=full dimming, 10 V=no dimming. When using the internal voltage divider the
voltage at the VDDHYV pin has to be higher than 10 V.

If a second supply voltage is not available, VDDHV and VDD are tied together and the downscale has
to be done by an external resistor divider. The maximum range in the downscaled input is limited to

2 V. Hence, to accept a full range 10 V signal the input resistor divider has to be 5:1 ratio. Dependent
on the level at pin VDDHV the Smart Lighting Manager automatically selects either the internal or the
external voltage divider. Refer to Figure 14 and Figure 15.

If the DIM pin is not used, an external resister pull-up connecting it to VDDHV is recommended. For a
complete description of the Smart Lighting Command Set refer to Section 10 Figure 32.

Figure 15:
AUX Pin Input

3.3V 12v
v VDD é VDDHV%

Rin=200K typ.

CLE MODE

Rwmope

AS7221
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The AUX input is a multifunction pin that is configured via SLCS commands into one of several
modes. It can be used as a secondary input to allow additional control, in addition to the 0-10 V slider
dimming function of the DIM pin. In AUX mode, the sensed AUX voltage is scaled and used to multiply
the dimming scale. The auxiliary sensor input (AUX) has a 0-3 V range for its default analog sensing
mode. With this 0-3 V range, external ranges such as 0-10 V can be accommodated using external
resister divider networks such as a 10:3 network for a 0-10 V occupancy sensor. The AUX pin can
also be configured for digital sensing (0,1 where 1=VDD).

In the OCC mode an occupancy event from an external digital occupancy sensing device will trigger a
timer restart, enabling the occupancy sensing function. An occupancy event enables the PWM output
and resets the OCC timer. If the OCC signal falls below a detecting threshold (50%), the OCC timer
restarts a countdown. The OCC timer counting time is set by the ATOCCT command. A value up to 10
minutes can be stored. After finishing the countdown without an occupancy event re-occurring, the
PWM output is dimmed to O output (lights off).

In CCT_Tune mode, the analog pin input will be interpreted to linearly tune between min and max
CCT values that are set via smart lighting commands. In this mode, all lights on a single CCT-tuning
circuit will see the same CCT_Tune input value for light-to-light CCT consistency.

In CCT_SEL mode, a preselected CCT target value can be set via the provided voltage at the AUX
pin. The selected CCT target values will be configured in 300 mV step width.

Figure 16:
CCT_SEL Targets

CCT (K) Vmin (MV) Vhorm (MV) Vmax (MV)
Default configured target value 0 150 300
2700 300 450 600
3000 600 750 900
3500 900 1050 1200
4000 1200 1350 1500
4100 1500 1650 1800
5000 1800 1950 2100
5700 2100 2250 2400
6500 2400 2550 2700
CT off 2700 2850 3000

If the AUX pin is not used, an external resistor pull-up connecting it to VDD is recommended.

7.4 Synchronization and Reset

AS7221 provides optional synchronization of the PWMs. This sync signal can be derived from the AC
mains to enable all luminaires in a room to be synchronized to prevent beat frequency flicker. If the
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SYNC pin is left open, synchronization is automatically disabled by the internal pull-up connected to
the SYNC/RESN pin.

Refer to Figure 17 below. When pulled down for more than 100 ms the SYNC/RESN pin will reset the
AS7221 Smart Lighting Manager. In this case, the push button “overrides” the output of the opto-
coupler. Therefore, a resistor should be placed in series with the opto-coupler.

Figure 17:
Synchronization and Reset

- . Opto Coupler )
% SYNC/ E AC Main
RESN | 1o
CLE ¢ =%
é-pptional
SYNC and Reset j_'_ Push > 100ms

7.5 PWM Outputs

The AS7221 outputs, used to control dimming and LED warm/cool strings can be configured as either
three PWM outputs, two PWMs and one analog output, or two PWMs. The PWMs are 7-bit for direct
configuration, 12-bit for automatic scaling (daylight and color tune algorithm) and factory set to 886 Hz.
Refer to Figure 18. If necessary, an adjustment of the PWM output frequency from 100 Hz up to 4 kHz
is possible.

The three PWM outputs, PWM_1, PWM_2 and PWM_3 all switch with the same frequency, but are
not simultaneous for better EMI performance.

The PWM_1 output can be set to either analog (0-VDDHYV) or digital (0O-VDDHV) dimming. Analog
dimming range is 0-100%. Digital Dimming range is 0-100%. PWM2 and PWM3 are used for cool
white and warm white LED color controlling. The cool white LED string needs to be connected to
PWM2 and the warm white LED string to PWM3 accordingly. Range is 0-100% for both PWM2 and
PWMa3. If the external dimming device does not support the full range 0-100% it is possible to adjust
the low end of the dimming range via the ATDMLTL smart lighting command.

For test and scene configuration purposes 2 direct PWM AT-commands are available. ATXPWMx can
be used for scene confiruations. It allows a direct PWM input at the scene ramp generator and
override all PWM values calculated by the AS7221. ATPWMx can be used for hardware tests. It
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allows a direct PWM input at the end of the sensor line and override all PWM values calculated by the
AS7221 and all ATXPWMx values as well.

To set the desired device operation MODE use the appropriate RMODE resistor, also shown in

Figure 18.
Figure 18:
Outputs
Outputs
MODE | Rmope Setting
PWM_1/0_10V_O PWM_2 and PWM_3
0 100 Q 0-10 V analog Analog 0-VDDHV Digital PWMs (0-VDD)
1 470 Q 0-10 V digital Digital PWM (VDDHV)®@ Digital PWMs (0-VDD)
2 1000 Q  Digital 2-CH color Analog 0-VDDHV, not used  Digital PWMs (0-VDD),
tuning for dimming w/Dimming

(1) For VDDHV>10.5 V, output max is 10 V, else output max tracks VDDHV.
2) Digital PWM output is following VDDHV and it not limited to 10 V in digital PWM mode.

7.6 Indicator LED

An LED, connected to pin LED_IND, is used to indicate boot and programming progress of the device.
If an error occurs with the memory access the indicator LED starts blinking operation. When
programming is finished and programming tool disconnected the indicator LED turns on (default
setting).

The LED_IND pin is set for 1 mA operation by the AS7221 factory firmware. This is not under user
control. The indicator LED can be enabled or disabled by using the ATLEDO command. Consideration
should be taken with respect to any final product design to avoid light intrusion from the indicator LED
into the direct or reflected field of view of the sensor.
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8 12C Master Interface

External sensors with native support by the AS7221 can be added via the I2C master interface. For
example the ams current TSL25721 or legacy TSL45315 can be used to add daylighting operation to
the AS7221. Once the supported ambient light sensor is detected by the AS7221, and the daylighting
is activated by using the ATDL=1 command, daylighting operation begins. Native support is provided
for selected ams environmental sensors including temperature, humidity and air quality/VOC.

The 1°C Master interface uses I12C serial protocol for communication with 7+1-bit chip addressing mode
and full-speed clock frequency. Read and Write transactions comply with the standard set by Philips
(now NXP).The I2C master interface can be used as a UART to I2C Bridge to connect to other 12C
external sensors that do not have native support in the smart lighting firmware. Supporting smart
lighting commands enable pass-through communications with non-natively supported devices.

8.1 12C Protocol

Figure 19:
I2C Symbol Definition

Symbol Definition RW Note

S Start condition after stop R 1-bit

Sr Repeated start R 1-bit

SW Slave address for write R Slave address
SR Slave address for read R Slave address
WA Word address R 8-hit

A Acknowledge W 1-bit

N No acknowledge R 1-bit

Data Data/write R 8-hit

Data (n) Data/read W 8-bit

P Stop condition R 1-bit

WA++ Slave increment word address R During acknowledge

The above 12C symbol definition table describes the symbols used in the following Read and Write
descriptions.
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8.2 12C Write Access

Byte Write and Page Write formats are used to write data to the slave.

Figure 20:
I°’C Byte Write

I'TTTTTT I'TTTTTT I'TTTTTT
S SW A WA A Data Al P
1 O 1 I I 1 I I ¥
Write WA++
Figure 21:
I°’C Page Write
I'TTTTTT I'TTTTTT I'TTTTTT I'TTTTTT I'TTTTTT
S SW A WA A Data 1 A A Data n AlP
1 O O O | I I O | 1 1 N 5 5 A I %
v \d v
Write WA++ Write WA++ Write WA+H+

The transmission begins with the START condition, which is generated by the master when the bus is
in IDLE state (the bus is free). The device-write address is followed by the word address. After the
word address any number of data bytes can be sent to the slave. The word address is incremented
internally, in order to write subsequent data bytes on subsequent address locations.

For reading data from the slave device, the master has to change the transfer direction. This can be
done either with a repeated START condition followed by the device-read address, or simply with a
new transmission START followed by the device-read address, when the bus is in IDLE state. The
device-read address is always followed by the 1%t register byte transmitted from the slave. In Read
mode any number of subsequent register bytes can be read from the slave. The word address is
incremented internally.

8.3 12C Read Access
Random, Sequential and Current Address Read are used to read data from the slave.

Figure 22:
I°C Random Read

I'TTTTTT I'TTTTTT S I'TTTTTT IrTT 1T TTT
S SwW A WA A . SR A Data N| P
1 I I 1 | 1 I I 4 Y I I |
read WA++ WA++
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Random Read and Sequential Read are combined formats. The repeated START condition is used to
change the direction after the data transfer from the master.

The word address transfer is initiated with a START condition issued by the master while the bus is
idle. The START condition is followed by the device-write address and the word address.

In order to change the data direction a repeated START condition is issued on the 15t SCL pulse after
the acknowledge bit of the word address transfer. After the reception of the device-read address, the
slave becomes the transmitter. In this state the slave transmits register data located by the previous
received word address vector. The master responds to the data byte with a not-acknowledge, and
issues a STOP condition on the bus.

Figure 23:
12C Sequential Read®

T T T T T 11 T T T T 17 11 [ rrrrrr1 T T T T T 11 T T T T T 11
S SW A WA Al SR A Data 1 A Data n N|P
1 O 1 O IIIIIIIQIIIIIIIQIIIIIII
read WA++ read WA++ WA++
(2) Shows the format of an I2C sequential read access.

Sequential Read is the extended form of Random Read, as more than one register-data bytes are
transferred subsequently. In difference to the Random Read, for a sequential read the transferred
register-data bytes are responded by an acknowledgement from the master. The number of data bytes
transferred in one sequence is unlimited (consider the behavior of the word-address counter). To
terminate the transmission the master has to send a not-acknowledge following the last data byte and
generate the STOP condition subsequently.

The AS7221 is compatible to the NXP two wire specifications.
http://www.nxp.com/documents/user_manual/UM10204.pdf Version 4.0 Feb 2012 for standard mode
and fast mode
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8.4 Timing Characteristics

Figure 24 :
AS7221 12C Master Timing Characteristics

Parameter Conditions

fscL SCL Clock Frequency 400 400 kHz

t Bus Free Time Between a 13 s
BUF STOP and START ' W

Hold Time (Repeated)

tHD:sTA START 0.6 Hs

tLow LOW Period of SCL Clock 1.3 us

tHIGH HIGH Period of SCL Clock 0.6 s
Setup Time for a Repeated

tsu:sTa START 0.6 us

tHD:DAT Data Hold Time 0 0.9 us

tsu:paT Data Setup Time 100 ns
Rise Time of Both SDA and

tr SCL 20 300 ns
Fall Time of Both SDA and

tF SCL 20 300 ns
Setup Time for STOP

tsu:sto Condition 0.6 us

. CB — total
Ce gapaqtlve Load for Each capacitance of one 400 oF
us Line N
bus line in pF
Cio I/O Capacitance (SDA, 10 oF

scL)
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8.5 Timing Diagrams

Figure 25:
[2C Master Timing Diagram

_ o> t, how __ __
A A
“ / \_ /
p S = K 7 | twen -—— P
tHD:sTA tHooaT tsu:sTol
n Vi, < -— |
SDA
taur Vi L/
Stop St?‘t - o
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9 UART Command Interface

The UART block implements the TX and RX signals as defined in the RS-232 / V.24 standard
communication protocol. A SPI Flash is a required operating companion device for the AS7221 to
function or to communicate via the UART interface. Using non-verified flash devices can cause
communication issues and may not be compatible. See Figure 30 for a subset of supported devices,
which are tested by ams. The “xx” in the serial flash name stands for alternative packages and a
reference is provided to the current list of verified flash devices. Flash timing is provided in Figure 25
for debug purposes.

911 UART Feature List

° Full Duplex Operation (Independent Serial Receive and Transmit Registers)
° Factory set to 115.2 kBaud
° Supports Serial Frames with 8 Data Bits, no Parity and 1 Stop Bit.

9.1.2 Operation

Transmission

If data is available, it will be moved into the output shift register and the data will be transmitted at the
Baud Rate, starting with a Start Bit (logic zero) and followed by a Stop Bit (logic one).

Reception

At any time, with the receiver being idle, if a falling edge of a Start Bit is detected on the input, a byte
will be received. The following Stop Bit will be checked to be logic one.
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UART Protocol

Figure 26:
UART Protocol

Start Bit Tp=1/Baud Rate Data Bits Stop Bit
X DO D1 D2XD3XD4XD5XD6XD7 ,—<Do
Start

Next Start

Always Low Always High

RX /(DOXD1XDZXD3XD4XD5XD6XD7y \ /—<D_0

Start Bit detected
After T,,i/2: Sampling of Start Bit

After Tpy: Sampling of Data
| | | | Sample Points

SPI Timing Characteristics

The AS7221 contains a serial UART interface to connect to a Flash memory. An Overview can be
found in Figure 30. The required timing characteristics for a serial interface is shown in Figure 28 and
in Figure 29 accordingly. If a Flash memory is used for debug purposes which is not listed in Figure 30
it should be ensured that the SPI timing is achieved. Contact ams for requests to support/verify
additional Flash devices beyond those listed in the most current device verification listing.

Figure 27:
AS7221 SPI Timing Characteristics

Parameter Conditions
fsck Clock Frequency 0 16 MHz
tsck Clock High Time 40 ns
tsck L Clock Low Time 40 ns
tsck_Rrise SCK Rise Time 5 ns
tsck_FaLL SCK Fall Time 5 ns

Time between CSN high-low transition

Tesns CSN Setup Time to first SCK high transition 5 ns
; Time between last SCK falling edge

tesn_r CSN Hold Time and CSN low-high transition 5 ns

tCSNiDIS CSN Disable Time 10 ns

too s Data-Out Setup Time 5 ns
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Symbol Parameter Conditions i Max
too Data-Out Hold Time 5 ns
tor v Data-In Valid 10 ns

9.4 SPI Timing Diagrams

Figure 28:
SPI Master Write Timing Diagram

tesn pis
CSN
t tsck_RISE tscK_FALL L)
SN_S
SCK
| tbo_s tboH
MosI «k MSB >k >< >< LSB >
HI-Z HI-Z
MISO \ - ——— / )
Figure 29:

SPI Master Read Timing Diagram

CSN_xx /—\_

| tsck_H tsck L |
SCK /‘ J—\— _/—\—/—\—
toi v
MOSI N\ Dont care

o X D G S
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9.5 Serial Flash

A SPI Flash device is a required operating companion to the AS7221. See Figure 30 for supported
devices, which are tested by ams. Using other devices can cause communication issues and may not
be compatible Flash timing is provided in Figure 25 for debug purposes.

Figure 30:
Flash Memory Overview

AT25SF041xx Adesto Technologies
AT25DF041xx Adesto Technologies
MX25L4006ExxI-12G Macronix
SST25PF040C Microchip Technology
W25X40CLSNIG Winbond Electronics
LE25U40CMD ON Semiconductor
GD25Q40C GigaDevice
FS25Q004F1 Foresee

Additional devices may have been added to this list after publication of this datasheet. See “AS72xx
External Flash program and update” application note available on the ams AS7221 product document
section of the ams website.
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10 Smart Lighting Command Interface

The Smart Lighting Manager supports a high-level, driverless text control interface using its Smart
Lighting Command Set (SLCS) communicated through the UART interface. The SLCS provides a rich
configuration and control interface to speed the time-to-design and time-to-market for luminaire,
replacement lamp and driver manufacturers. The Smart Lighting Manager uses a variation of an “AT
command model” as popularized by early Hayes modems. The SLCS is integrated into the required
binary operating image that is included on the USB memory stick provided with an AS722x/1x Smart
Lighting Demo Kit. Updates or the latest version of the SLCS can be downloaded via
https://download.ams.com. Login is required and a login can be obtained through the email address
provided on the download site.

A configuration tool is available from ams to allow the luminaire, lamp or driver manufacturer to create
their own “factory default” conditions that will be integrated with the ams -supplied initial binary image
to create a ready-to-program default Flash image. The configuration tool is also available from
https://download.ams.com.

Write commands are constructed in the format “ATcmd=xxx" with the SLM returning the requested
data value followed by the “OK” text reply. Commands that are unsuccessfully interpreted or are
otherwise invalid will return an “ERROR” text reply.

For example:

° Set the desired daylight LUX level target: ATLUXT=500 <OK>

° Read current lux target set point: ATLUXT <500 OK>
° Read current calibrated lux level as observed by the sensor: ATLUXC <497 OK>

The “Smart Lighting Command Interface”, shown below between the network interface and the core of
the system, provides access to the Smart Lighting Manager’s lighting control and configuration
functions.
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Figure 31:
Smart Lighting Command Interface

BLE
WiFI
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KNX
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AS7221

10.1 AT Commands

The command interface to control the AS7221 is via the UART, using AT commands across the UART
interface. The AT command interface block diagram, shown in Figure 31 between the network
interface and the core of the system, provides access to the AS7221’s Cognitive Light Engine’s control
and configuration functions (see also chapter UART ).

In the command description below, numeric values may be specified with no leading prefix, in which
case they will be interpreted as decimals, with leading “Ox” to indicate that they are hexadecimal
numbers, or with a leading “b” to indicate, that they are binary numbers. The commands are grouped
into functional areas Texts appearing between angle brackets (‘<’ and >’) are commands or response
argument. A carriage return character, a linefeed character, or both may terminate commands to the
SLM. The SLM command output is a response followed by a linefeed character. Note that any
command that cannot interpreted or which encounters an error will generate “ERROR” response.

Figure 32:
AT Commands

Command Direction  Description Format Value Range Default

Status and Basic Initialization
AT R NOP - - -

Enables/disables the . .
ATLIGHT R/W light (PWM output) DEZ 1:0N, 0:OFF 1
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Command Direction  Description Format Value Range Default
Set sensor integration
ATINTTIME RW time. Integration time =  DEZ 1-255 20
<value> x ~2.8 ms
Set sensor gain: 0=1x
ATGAIN RW gain, 1=3.7x, 2=16x, DEZ 0-3 1
3=64x
Enables or disables the . .
ATLEDO R/W indication led DEZ 0: LED off/ 1: LED on 1
ATLAI RIW Read lower light DEZ 0 - 65535 65535
address identifier
ATLAIE RIW Read higher light DEZ 0 - 65535 65535
address identifier
Read the current
ATTEMP R device temperature in DEZ - -
degrees Celsius
Bit0: OCC
An occupancy (OCC) event has occurred
since the last register read
Bitl: DIM
An adjustment to the dimming level (DIM)
has occurred since the last register read.
Bit2: LED23M
An adjustment to the color tune level
] (LED23M) has occurred since the last
Read the 16-bit EVENT register read.
ATEVENT R register, clearing the HEX Bit3: Not used 0x0000
entire register after the
read Bit4: SCENE
A scene has triggered since the last
register read
Bit5: DL_LIMIT
The lumen controller has reached a limit,
target value cannot reached
Bit6: CT_LIMIT
The color temperature controller has
reached a limit, target value cannot
reached
ATPERSMEM  RW Enable/Disable writing  ne; ¢ pisapled, 1: Enabled 0
to persistent memory
ATSRST w Software Reset - - -
Factory Reset. Stored
values are reset to
ATFRST w ‘Factory’ defaults. - - -
Afterwards a software
reset is started.
Basic CCT Tuning Control and Color Data
ATCT RIW Enables/disables color e, 1: ON, 0: OFF 0
tuning
Set the color control
ATCCTT RW target value in integer DEZ 400 - 15000 2700
(in K)
ATCCTC R Return the calibrated DEZ 400 — 15000 )
CCT value
ATDUVC R Read delta uv values DEZ XXXXXXXX -
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Command Direction  Description Format Value Range Default
ATXYZC R Read calibrated X, Y, gy <XXX.X, YYY.Y, 2ZZ.Z> -
and Z data
Read calibrated x and
ATSMALLXYC R y for CIE 1931 color DEZ SXXXXXXXXX, YYYYY.YYYy> -
gamut
Read calibrated u', v’ <UUUUULUUUU VYV VYV
ATUVPRIMEC R and u, v for CIE 1976 DEZ -

color gamut uuuuu.uuuu,vVVVVV.VVVV>

Daylight Harvesting / lllumination Control

Enables/disables . .
ATDL R/W daylight harvesting DEZ 1: ON, 0: OFF 0

Set illumination target

ATLUXT R/W LUX value DEZ 0 — 64000 400

Switch between lux 0: Auto detect (higher priority is external
; sensor)

ATLUXS RIW values from internal DEZ ) 0
sensor and external 1: Internal sensor
ambient light sensor 2: External ambient light sensor
Rea_d the iIIuminatiqn of 0 — 64000

ATLUXC R the internal sensor in DEZ o ) -
lux 65535 — LUX value is in saturation

Configures the low-end
DIM output to support
ATDMLTL R/W also dimmers without DEZ 0-50 0
full range dimming (e.g.
10%-100%)

DIM Input Pin and Mapping
ATDE R/W Enable/disable DIM pin  DEZ 1: ON, 0: OFF 0

0: DIM mode

Range from 0% to 100%, direct regulation

. of the brightness of the PWM outputs
Set DIM pin mode.

ATDMD RIW Only used if ATDE DEZ 1: LUX mode 0
enabled! Range from 0% to 100%, direct regulation
of the illumination [LUX]. Ranges can be
set via ATDMINLUX and ATDMAXLUX.
Overwrites the ATLUXT command

ATDMIN sets low end
of DIM pin, using an
integer percentage of
10V. For example
ATDMIN=20 sets the
lower DIM pin range to
2.0V (10V x 20%) for
0% brightness.

ATDMIN R/W DEZ 0: ATDMAX 0

ATDMAX sets high end
of DIM pin, using an
integer percentage of
10 V. For example
ATDMAX=80 sets the
higher DIM pin range to
8.0 V (10V x 80%) for
100% brightness.

ATDMAX RW DEZ ATDMIN - 100 100

Set the current min
ATDMINLUX R/W LUX target value for DEZ 0: ATDMAXLUX 0
the DIM pin range.
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Command Direction  Description Format Value Range Default

Set the current max
ATDMAXLUX R/W LUX target value for DEZ ATDMINLUX — 64000 64000
the DIM pin range.

Set the lux target value

in percentage between 0 — 100, can read back also 101, which

ATPCTLUX R/W ATDMINLUX and DEZ Lnuetegr;sr;rrl]atethe internal set target value is 0
ATDMAXLUX 9
Reads the current

ATDVAL R analog value of the DEZ 0-1023 -

DIM pin in digits
AUX Input Pin and Mapping

Set AUX input function
enable. When set to 0,

ATXE R/W all ATXMD operations DEZ 1: ON, 0: OFF 0
are held in default
mode.
0: AUX mode

This is for AUX pin usageasa 0 -3V
input that can scale the DIM pin input.

1: OCC mode
This is for the AUX pin to act as a digital
Set AUX pin mode. occupancy input (50% threshold) for the
When ATXE=0, all OCC timer. 1 = Occupancy, 0 = No
ATXMD RIW ATXMD operations are DEZ occupancy. See also ATOCCT 0
disabled. 2: CT_TUNE mode
This is for AUX pin usage as CCT target.
Overwrites the ATCCTT command
3: CT_SEL mode
Selected CCT target values, configured in
300 mV step width
Sets lower end of 0-3 V
AUX pin, using an
integer percentage of
3 V. For example if .
ATXMIN RW ATXMIN=25 sets an DEZ 0: ATXMAX 0
AUX pin range from
0.75V (25% x 3v) to
3V for 0-100% scaling.
Sets higher end of 0-
3V AUX pin, using an
integer percentage of
3 V. For example if
ATXMAX RW ATXMAX=75 sets an DEZ ATXMIN — 100 100
AUX pin range to
2.25V (25% x 3v) to
3V for 0-100% scaling.
Sets min CCT for
minimum AUX value in
ATXMINCCT RW K in AUX CCT_TUNE DEZ 400 — ATXMAXCCT 400
mode

Sets max CCTT for
ATXMAXCCT R/W AUX pin=3 Vin K in DEZ ATXMINCCT - 15000 15000
AUX CCT_TUNE mode

Reads the current
ATXVAL R analog value of the DEZ 0-1023 -
AUX pin in digits

Set Occupancy timeout

ATOCCT RIW value for ATXMD =1

DEZ 1 - 10 [minutes] 10
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Direction

Document Feedback

Description

PWM Configuration and Overrides

ATDIM

ATBLINK

ATLOG

ATRAMP

ATPWMFREQ

ATPWMX

ATXPWMXx

ATPWMOVR
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RW

RW

RW

R/W

RW

RW

RW

Set dim level in percent
(0% off, 100% full DEZ
brightness)

Starts the light on a
low-high-low output
blink to allow
identification during a
commissioning or
maintenance process

DEZ

Set alternate dimming
curve (DALI DEZ
approximation)

Set ramp time for
lighting adjustments in
percent. Time
configuration is used
for ATXPWM, ATDIM,
ATLED23M,
occupancy and Light
on/off

DEZ

Set/Get the PWM
frequency in Hertz,
SYNC-Input is only at
886 Hz enabled

DEZ

Set PWMx Duty Cycle

target as an integer
percentage value

between 0 and 100,

removing it from any DEZ
control loop. Returns

always the current

configured PWM value

in percent (x=1 ... 3)

Set PWMx Duty Cycle
target as an integer
percentage value
betwe