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Digital Metal-Oxide Multi-Gas Sensor
S =L E 2RI N IR

The ENS160 is a digital multi-gas sensor solution, based on metal oxide (MOX) technology with
four MOX sensor elements. Each sensor element has independent hotplate control to detect a
wide range of gases e.g. volatile organic compounds (VOCs) including ethanol, toluene, as well
as hydrogen and nitrogen dioxide with superior selectivity and accuracy. For indoor air quality
applications, the ENS160 supports intelligent algorithms to digitally process raw sensor
measurements on-chip. These algorithms calculate CO2-equivalents, TVOC, air quality indices
(AQls) and perform humidity and temperature compensation, as well as baseline management -
all on chip! Moreover, a development option is available to digitally output raw sensor
measurements from each sensor element for customization. The LGA-packaged device includes
an SPI and 12C slave interface with separate VDDIO to communicate with a main host processor.
The ENS160 is a proven and maintenance-free technology, designed for high volume and
reliability.
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Key Features & Benefits
FEEFRAMR

TrueVOC™ air quality detection with industry-
leading purity and stability, providing multiple

Applications
VA

Building Automation / Smarthome / HVAC*
T H B0 B RES J /Wi 23 4

outputs e.g. eCOz2', TVOC and AQls? in o Indoor air quality detection
compliance with worldwide 1AQ 3 -signal o FEWNES SN

standards o Demand-controlled ventilation
TrueVOC™2s = it 546 - E A 17 Mk 45 56 1 2 o NI K

FUEME, RRAEFFEATR IAQHE S IRIER £ Fidi o Smart thermostats

1, i, eCO2'. TVOC A1 AQI2, o HAREMHIEAT

Independent sensor heater control for ° Home appliances

highest selectivity (e.g. to ethanol, toluene, © FHHA

acetone, NO:2) and outstanding background o Cooker hoods

discrimination o ML

o Air cleaners / purifiers

' eCO2 = equivalent CO2 values for compatibility with HVAC
ventilation standards

'eCO2=1F A I 1 23 Y KPR 9 CO2 553

2 AQI = Air Quality Index

ZAQI=Z S R AL

3 1AQ = Indoor Air Quality

IAQ=58 4y 22 U it

4 HVAC = Heat, Ventilation and Air Conditioning
*HVAC=IE il 2 1
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Immunity to siloxanes and humidity>

PURESA et

Hassle-free on-chip heater drive control and

data processing - no need for external libraries

- no mainboard-CPU performance impacts

—hEEC ARG S Sl s A A Ab 3 - TT 7R A

FRIZE- AN S 52N AR -CPU 1 RE

Interrupt on threshold for
applications

B (B A B3 ] TR FE R

Wide operating ranges: temperature: -40 to
+85°C; humidity: 5 to 95%¢; VDD: 1.71 to 1.98V,
VDDIO 1.71 to 3.6V

P TARTER: W5/ -40~-85°C; JE/E: 5~95%S;
VDD: 1.71~1.98V; VDDIO 1.71~3.6V

low-power

5> T/RH compensation via external T/RH-input
> E 4 T/RH 3 A a4 T T/RH Fp 3%
¢ Non-condensing

—
-
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o ZIETHA/ LAy
* |loT devices
© WM R
Properties

JEfE

* Small-3 x 3 x 0.9mm LGA package

e /pAI 3 x 3 x0.9mm LGA £}

» Design-flexibility through standard, fast
and fast mode plus I2C- and SPI- interfaces
with separate VDDIO up to 3.6V

* 3.6V sz VDDIO, @i brit P Al
WAL G 12C A SPT £ 11, SEBRIEXTT

« T&R packaged, reflow-solderable’

© TERESZL, WENAR

SIEA U
7 See section “Soldering Information” for further details
PR TR R T
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1 Block Diagram
1 tEHE

The ENS160 digital multi-gas sensor consists of four independent heaters and gas sensor elements,
based on metal oxide (MOX) technology and a controller as shown in the functional block diagram
below.

ENS160 %52 AL B th U TRty (MOX) BOREYANZ AR AT AL B oA —
AR AR, TR TR S RERE S .

Figure 1: Functional Blocks

B 1 T,
Heaters fji#zs I Sensors 1&g It
VDDIO ——pp!
GND =—3p
Heater Driver x 4 Sensor Measurement x 4
Hn#AEFIKEh 7 x 4 & JER I x 4
INTN e
CSn =l System Control R
SCL (SCLK) ——»] Memory Data S
Processing arBRAL I
SDA (MOS|) =]
ADDR (MISO) =P

The Heater Driver controls the sensor operating modes and provides power to the heaters of each
individual sensor element. During operation the heater driver regulates the heaters to their
individual set-points.

I I s 5 AL s TR, IR MG SR TT R A fE fL . AR, ndAdde sk s
eI AR Y B85 B BYIE Ao

The Sensor Measurement block determines the value of the sensor resistance for each individual
sensor element.

1R e R R I A 41 Bt A Rl TT P A SRl FELBLLA

The System Control block processes the resistance values internally to output calculated TVOC,
CO2-equivalents, AQIs and further signals on the digital interface.

AL AT AR A AL B AR BEAE, e i e i A A TVOC, Z524C02. AQI FTEA:
&5
The ENS160 includes a standard 2-wire digital /2C interface (SCL, SDA) or 4-wire digital SPI

interface (SCLK, MOSI, MISO, CSn) for communication to the main host processor.
ENS160 45— MriERYT 2 2807 12C £/7(SCL, SDA)=k 4 £%0 SPI #/7(SCLK, MOSI, MISO, CSn),

AT 5 TS
On-chip memory is used to store calibration values.

Fr EA7 At e A A e
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2 Pin Assignment
2 gHSE
Figure 2: Pin Diagram
B 2: 5{E
Top View {fftl & Bottom View {I)g &
Pin 1 Corner —® 7 - - [ R I R
517 1 4 /ﬁ 8 % 3 4
Corner Area oo ' :
B N O JE— g
2 9 6 2 9
________ ‘ Pin 1 Corner R
3 i 311 A Bt 7,
\Q : 4 y/ Corner Area ...__‘1 ----------- 8 --------- - 7
""" : [ 1 IX.

Table 1: Pin Description

#1: I

Pins Pin Name Pin Type

51T

Description

ik

E1: ) B

SPI Serial Clock / 12C Bus Serial Clock Input
SCLKC/SCL SPI E (71 601/ 12C 2GR (RIS A

Supply Main Supply Voltage
HLE TR

Input

Output Interrupt to Host

INTn R A

Supply Ground Supply Voltage
CERT Fedth FL YR R

Also see sections “I12C Operation Circuitry” and “SPI Operation Circuitry” for wiring.

AR, FHEZ 12 C LA ERIENI“SPl TAERLEE” P

ENS160 Datasheet v0.95 preliminary / December 2020 7
ENS160 %38 v0.95 ¥]8/2020 4£ 12 H



—

ScioSense

3 Absolute Maximum Ratings

3 AXBERBUEE

Table 2: Absolute Maximum Ratings

*2: HXEAHUEE

Parameter Min Max Units Comments

2 ME BAE %4 HER

Electrical Parameters

RS

Supply Voltage
FEL U FEL

VbD

VbDIo

MOSI/SDA, SCLK/SCL
_-___

Input Ground
ﬁ)\%ﬂ@

Electrostatic Discharge

LG

o [ R AT

Electrostatic Discharge CDM
ESDcDM S CDM + 750 \' JS-002-2014

Operating and Storage Conditions

BAEMBEERME

Moisture Sensitivity Level Unlimited floor lifetime

T AR ) TERRZE A A5

Storage Temperature

A3

Operating Ambient Temperature
TAEPRSEIR

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 Electrical Characteristics is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect device reliability and

TSTRG

TAMB!

"The ENS160 is electrically operable in this range, however its gas sensing performance might vary. Please refer to “Recommended
Sensor Operation” for further information.

T ENS160 A 7 ) E T AT, (BHSMERERTRES A A SHEER, S EUIUE R ERIE"
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lifetime.

JFE A0 R A A A0 e R AUEAE, R A] REXS g ok ATERIR . XS ENRUEH. AR
FERXEE B AR A ST T, R AT RE AR 8 H FL AR o I T e AR 4 X B R BUE S5 F
AT REST S WA s ) P SRS 5

Important Note: The ENS160 is not designed for use in safety-critical or life-protecting
applications.

BRI ENS160 JfF e e o el A am PR P . A 1A
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4 Electrical Characteristics

4 HSRE

The following figure details the electrical characteristics of the ENS160.

NHIERE R T ENS160 Y HL AR

Table 3: Electrical Characteristics

#*3: BAARHE

Symbol Parameter Conditions Min Typ Max Unit
ines S & &/ME it RAE Bfr
VoD
1.71

VbDIO 10 Supply Voltage 3.6 \'
10 LI
. : .

IDLE 2

(OP_MODE 0x01)3
Peak Supply STANDARD 65 mA
Current* (OP_MODE 0x02) (<5ms)
WAL FEL YR AL I

ViL

Low-level input 0.3xVDDIO \'
voltage
I FEPA A LU
‘MISO® [lo=5mA] I N
INTN [loH=2mA] 0.65xVDDIO \'

INTN [loL=2mA]

0.35xVbpIO Vv

" Averaged over the sequence

AR

2 Measured at VDD-pin at ambient temperature of 35°C

PERIEIR S 35° C I, 72 VDD 5 e

3 Not a gas sensing mode

AR

4 Initial (<5ms) current demand from VDD after the sensor is switched from IDLE (OP-Mode 1) to STANDARD operation (OP_MODE
2) ‘e A I, (OP_MODE 1) DI sibrifiif A= (OP_MODE 2) J&, VDD fy#)isHHTE R (<5ms)

5 MOSI/SDA is open drain

SMOSI/SDA Jy il i

10 ENS160 Datasheet v0.95 preliminary / December 2020
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5 Air Quality Signal Characteristics
5 SRR

To satisfy a wide range of individual application requirements, the ENS160 offers a series of (indoor)
air quality output signals that are derived from various national and international, as well as de-
facto standards. Table 4 provides a summary of such signals, with further description in the
following sections.

N T RS FONRIR AR, ENS160 $24itk 7 — &%) (FEN) BEmiES, XEE5KE %
TP M E B E AN FSehrifEe 36 4424 T IERFESAEE, JFELUT R T 7 — B4k,
Table 4: Air Quality Signal Output Characteristics

4. ZEFREESRHETE

Parameter Range Resolution Comment

28 ] PR Eapas
TVOC 0 - 65 000 ppb For requirements outside these
eCO:2 400 - 65 000 1 ppm CO2 - %644  specified ranges please contact us

ppm CO2 - 538 WURMERY N ARHRB T HUERITER,
HEHEMEKR .

AQI-UBA'

5.1 TVOC - Total Volatile Organic Compounds
5.1 TVOC—EELEAIILEY

More than 5000 VOCs exist, and they are two to five times more likely to be found indoors than
outdoors. Indoor VOCs are various types of hydrocarbons from mainly two sources: bio- effluents,
i.e. odors from human respiration, transpiration and metabolism, and building material including
furniture and household supplies. VOCs are known to cause eye irritation, headache, drowsiness
or even dizziness - all summarized under the term Sick Building Syndrome (SBS). Besides industrial
applications, comfort aspects (e.g. temperature), or building protection (humidity), VOCs are the
one and only root cause for ventilation.

f74E 5000 Z R AN G, SN MEENB RN ATREMZ 2500 2 2 5 5. ENERIEADL
WEYREMRENEY, TEAMMRIE: AW, BIAKPER. ZEREFHRRAGH~4E 1<
IR, DAMESFAR, G B ER NS RFTRM, EEMEAN G Y= FERIERIBG L.
PR £ 22 Sk —— P AT TR L AARTE o AR ZR G (SBS) R o B 7 TR S &Pi@ e (i)
BUESROAR () 240, AR MEANAE Y E 1 XA ME— R A A

To group and classify VOCs, regional guidelines and industry-preferences define a series of
compounds and mixtures as reference. E.g. ethanol, toluene, acetone, combinations of the various
groups of VOCs (e.g. 1ISO16000-29), and others.

N T RER AN ST AN, IR T i € LT — RIS IRNR & Y1ER
2%, i, CFE. WAL W SRR IEAT G RIS (B, 1S016000-29) 4.

The ENS160 supplies calibration to ethanol for best, most balanced TVOC-results.
ENS160 LIt dtifE, IR mAE. &Py TVOC 455,

Refer to “Registers” and “DATA_TVOC (Address 0x22)” on how to obtain TVOC-values from the
ENS160.
ST ENS160 Un{3k15 TVOC {1, 125 “ a5 (74 "F1“DATA_TVOC (Hiik 0x22) 7.

' Classified TVOC output signal according to the indoor air quality levels by the German Federal Environmental Agency (UBA, 2007)
8 R TR B AL 2 ) 2 B ST TVOC it 35551647 7 43 25 (UBA, 2007)
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5.2 eCO: - Equivalent CO2
5.2 eCO02-&3CO2

Due to the proportionality between VOCs and -CO:2 generated by humans, COz-values historically
served as an air quality indicator, reflecting the total amount of VOCs (=TVOCs) produced by
human respiration and transpiration. This law (first revealed by Max von Pettenkofer? in the 19th
century) and the unavailability of suitable VOC measurement technology made CO: the surrogate
of inhabitant-generated air-pollution in confined living spaces of the past and the present, i.e.
today’s standard air quality reference for demand- controlled ventilation - as adopted by most
HVAC industry standards.

H T AR R AP G COLZ BRI HISE R, —EHLCK, COENEA— D= tahs,
ST NSRRI 26 s 7= A 48 & R A WU S s (STVOC) o iX—EAE (A5 Max von
Pettenkofer2/t 19 {24l#H7x) FEI L= SR IEATL G SOR, @15 CO2y itk
APIAE T35 25 P R S 08 s S AR, BB TSR AR 4 2 T b, H 2
I 188 2 AT L FRHE o

2 Max von Pettenkofer (*1818 - 11901), German chemist and hygienist.
ZMax von Pettenkofer (* 1818-1901), fH[E{t225 fI DA% .

12 ENS160 Datasheet v0.95 preliminary / December 2020
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Figure 3: ENS160-based equivalent CO2 (eCOz) vs. NDIR-based CO 2 during two meeting sessions

B 3: WRSUHR, BT ENS160 JH KIERCO2(eCO2)-5ET NDIR JHH K CO2

4000

3500 — ENS160
NDIR CO:

Concentration [ppm]

oh 1h 2h 3h 4h 5h 6h

The ENS160 reverses the proportional correlation of VOCs a €@ Cby providing a standardized output signal in
ppmCO:2-equivalents from measured VOCs plus hydrogen, thereby adhering to today’s CO2-standards, as shown
opposite: ENS160-based equivalent CO2 estimate vs. €Odected by an NDIR-sensor during two consecutive
meeting sessions, interrupted by a lunch-break.

ENS160 8 7544 & A AL AP COMER LU, it S R AN SRS, $eMrERm iiE S (SR
CO2ALy ppm ), TG I T CO2bpifE, BT R : PRYGESESUNR (FRRE—RFR) , BT ENS160
M H A ZE R COA FBE 5 NDIR 12232 ) CO2.
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Figure 4: Added value of ENS160’s %

) Bedroom Bio-effluent — ENS160
eCOz2 Outputs -where plain CO: fipag i — NDIR CO:
sensors fail o =
B 4: ENS160 eCO28yH AIFn(E -1 Window tilted

8
8

s

COAE AR RBHIE

A key advantage of the ENS160 is the
capture of odors and bio- effluents that 1000
are completely invisible to CO2-

Window closed
2R

eCO2 [ppm]

n
(=3
=]
o

Sensors. The Opposite diagrams 0 14:00 16:00 18:00 20:90 22:00 00 00 02:00 04:00 06:00
compare the ENS160’s equivalent CO2 ., Time of day /]

output to an NDIR COz sensor in typical Tt;hen w0
indoor applications: 5 b

ENS160 [ —MZOMES 2 4fifE COaflie ™
e A BAN T YR A . i
LAF P 5K ENST60 1) 5520 CO244

Cooking smells
AR

eCO2 [ppm]
n
o
o
o

Y5 SR 5 7 R NDIR COf5ks & sonf—— =2

EH?T tbiﬁ : 1000 M

CO:2 sensors neither detect unpleasant I s & >

odors and bio- effluents in bedroom or g Time of day fif ]

bathroom env]ronments, nor cook]ng 13:00 16:00 19:00 22:00 01:00 04:00 07:00 10:00 13:00

smells in kitchens or restaurants, I Bathroom — ENS160

whereas the ENS160 reliably reports ' = i

such events. L AR B M e e
CO i RER5 BETE H R M i 3 i 208 A
B NP SR A A A, /
TeEAC I H 5T P sl T H Y A Ak '

M ENS160 W] SEHBIR &5 T AN IR =0, oA N W T e
]Hio 250

eCO2 [ppm]
e
3 8
o o (=]

g

10:00 12:00 14:00 . 16:00 , 18:00 20:00 22:00
Proven TrueVOC™ control-algo-rithms fime of day 1
minimize sensor drift and ageing to provide reliable readings over lifetime, thereby making the
ENS160’s equivalent CO2 output an affordable solution to complement or substitute real CO2-
based air- quality sensors in the HYAC domain.

JIREARY TrueVOCWT§%J§?£T%XBEF%W&%W i ZRIEA, FEREA A A U] [l s gt al S5

?ﬁz Mgﬁ(i ENS160 F552CO2 4 H i o e i 25 A sl 4 D 7R B AR IE B T CO2 N 23 U Bt A% 3kl
/J/ i1 7?77t<o
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The below table shows a typical classification of (equivalent) CO2 output levels.

NERARA (RO CO2f KTy BR324

Table 5: Interpretation of CO2 and Equivalent CO2 Values
# 5: CO2f1 FERCOAERIfFRE

Fair Optional ventilation
800 - 1000 g T
Good Average
Excellent Target
400- 600 i e

Example: A CO2- or eCO2-controlled ventilation application would invoke its ventilation fan speeds
1, 2 and 3 at the upper three levels “Fair”, “Poor” and “Bad”, respectively.

Mﬁﬂ CO24% il 5 eCO242 il XU FH A 53 A E_E I =G “— 7 B R 227 FH A < UXUATL
HEE1. 213,

See section “Registers” and “DATA_ECO2 (Address 0x24)” on how to obtain equivalent CO2- values
from the ENS160.
T ENS160 W 5715 CO2Z545U(H , iHE W “2F (788 H1“DATA_ECO2 (il 0x24” &5,

5.3  AQI-UBA - Air Quality Index of the UBA'
5.3 AQI-UBA-UBA =S [FEISE

The AQI-UBA air quality index is derived from a guideline by the German Federal Environmental
Agency based on a TVOC sum signal. Although a local, German recommendation, this guideline is
referenced and adopted by many countries and organizations

AQI-UBA =i it e B0k A T8 E R IME BT TVOC SME S HITERT o RS ORI 1 — Ty P
W, AHEFZ ERMALESHH R 7%

Table 6: Air Quality Index of the UBA (German Federal Environmental Agency)
% 6: UBA S REIEH (EEBRANEE)

T UBA = Umweltbundesamt - German Federal Environmental Agency
TUBA =Umweltbundesamt-7& & [ ER 15 2
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Increased ventilation recommended

3 Moderate Some objections Search for sources <12 months
— B Bl N - . S

i S SITBR, EEUU T AT
Good No relevant objections Sufficient ventilation recommended no limit
R TR T BTSN pil gl
Excellent No objections Target no limit
e TFe sl HrE pil gl

Recommendation according to the UBA, Bundesgesundheitsblatt - Gesundheitsforschung
Gesundheitsschutz 2007, 50:990-1005, DOI 10.1007/s00103-007-0290-y © Springer Medizin Verlag
2007

4 UBA (Bundesgesundheitsblatt - Gesundheitsforschung Gesundheitsschutz 2007, 50:990-1005,
DOI 10.1007/s00103-007-0290-y)y##1.© Springer Medizin Verlag 2007

See section “Registers” and DATA_AQI (Address 0x21) on how to obtain AQI-values from the ENS160.
A7 5% ENS160 WM 3RE AQI 18, 152 WL “25 (74 F1 DATA_AQI (i 0x21) &5,
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6 Single Gas Signal Characteristics
6 H—SEESEE

Figure 5: Example Response of the
ENS160 to Various Gases

8 Bl 5: ENS160 45 Fh <RI I I
Since metal oxide sensors exhibit a
broadband sensitivity to both reducing

10 and oxidizing gases, their raw output

; signals represent the resulting sum of the

% entire gas mixture, present. Such sum-

7 signals are beneficial when it comes to

' / —e— acetone il videband TVOC- or AQI-applications, but

1 e CO AL . , .
methane Hi ﬁunsatwfactory for the detection of single
x - gases.

—o— 502 ALt

—o— ethanol i HIT & EEM YL G RHE AL
—o— toluene W AURKRRINH T SRR B, RIH LG
TR s SR T B SR A
= = = 5 GEHUAR. 4 RER A TVOC 5 QU
Applied concentration [ppm] /¥ [ 3¢/% [ppm] W, XFh G EA N, EFAEHT
B ARG o
The opposite table shows the response of the ENS160 to a variety of individual gases that can be
found indoors.

NN ENS160 Xof 28 P25 Pl AR M B

Measured concentration [ppm]
S [ppm]

107!

The below table provides a list of selected gases that have been individually characterized.

RSB T B ML A E A

Table 7: Single Gas Signal Characteristics

x7: B—SYRETHRE

Target Gas Specified Range  Unit Register
SRR 18 EViH

Ethanol

B

Hydrogen

ﬁf_:& Riraw = raw resistance
Acetone 0 to 32 values that need to be

ppm R4raw = GPR_READ[6:7] calibrated to target

0-32 gas. See text below.
Carbon Monoxide 0 to 90 _ . Riraw =752 5 F A
0-90 ppm R4raw = GPR_READ[6:7] A B T

Toluene T
2

Measurement values for individual gases can be obtained from dedicated device registers or
calculated from sensor raw resistance values as specified in above table. See sections “Registers”
and “Gas Sensor Raw Resistance Signals” for further information.
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SRR T A I AP BT, SRR B O R SR A FBE (1 S0
B LA 7 2R U AR S L B 5

Figure 6: Example Response of the ENS160 to Ethanol
& 6: ENS160 Xt ZBEHI M K 741

NIANA Reference
1000 2%
ens160
800 <
600 -

time/hr /it (/i)
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7 Gas Sensor Raw Resistance Signals
7 SMERSIRIGHEESS

For two of its sensing elements the ENS160 provides individual outputs of raw sensor values.

BT A ME T, ENS160 F4HL T AR 1% St (B9 A7 i 1

Table 8: Gas Sensor Raw Resistance Signals

* 8: AL RIR RS

Sensor Raw Value Range Unit Gen. Purpose Register Comment

fempkar F61E L Bfr R e jges

4 Rdraw [0..65535] - GPR_READ[6:7]

Gas sensor raw-values Riraw can be obtained from the ENS160’s General Purpose Read Register
(GPR_READ) for customer-specific signal post-processing.

(GPR_READ) T % J R E I (5 5 JE AL Lo

Prior to use Riraw values require conversion to resistance values, using the following formula:

AT, Riraw (B Z60H LA AU H PR AE :

Riraw
Rires[ﬂ] = 22048
See section “Registers” and GPR_READ (Address 0x48 - Ox4F) on how to obtain AQl-values from

the ENS160.
FFENS160 WA 5R1E AQI {H, 155 M “Z (725" H1 GPR_READ (Jihl Ox 48-0x4F) =7,

The below figures show the response of eight ENS160s to various hydrogen concentration’ steps
(upper diagram) and the corresponding raw sensor resistance Riraw (lower diagram).

NEFTR A\ ENS160 X & Al OB B BRRY M b (EI&T) AR R R iR i gk an FRH Riraw (R IED) -«

Figure 7: Raw Sensor Signhal Response to Hydrogen

B 7: iR E e E S R AR AL

1 Use of the term “Concentration” in ppm (= parts per million) and ppb (= parts per billion) means volume fractions of the respective
gases in air: 1 ppm = 1 mL/m3 = 1000 ppb = 1000 pyL/m?3

VLA ppm (=FTJ54%6) M oppb (=243 5) R BAE “UR 8 R 4G A8 PR B AUA R AR BLM B 1 ppm=1mL/m3= 1000 ppb =
1000pL/m?
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The following figures show the response of eight ENS160s to various nitrogen dioxide concentration
steps (upper diagram) and the corresponding raw sensor resistance Riraw (lower diagram).

NE R\ ENS160 X & S IR EERT BRI IR, () AAH B R A Rt AL B Riraw (R
K .

Figure 8: Raw Sensor Signal Response to Nitrogen Dioxide

&l 8: JRARE RS 5 Xt — AL R i B

3000

2000

/ppb

1000

)
a
)
|
i
3
\

N
IS

logz(resistance)
logz ()
S
|
\
>‘H
L

\'

N

e
™

{

|

]

0 2 4 6 8 10 12
Ihrs
Note: Due to the nature of sensor raw resistance values, these signals are not conditioned, i.e.
not compensated for drift, ageing or cross-sensitivity (interference of background gases including
humidity).
T TR RGP AR DT, IXEF 5 AR TR, R mZE . B NREE (AR
SRR, B HTHME.
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8 Signal Conditioning

8 (EE

Chemical gas sensors are relative sensors that are susceptible to changes in their chemical and
physical environments. Typical drivers are changes of the target gas(es), of the interfering
background gas mixture and changes of the physical environment (air pressure, humidity, etc.). 1t
PG G R T RAME G , S s HAL AN BN AR A S . OB SRS A 2 AT H AR AR
TIARSABEE W A EEERSE (SR WESE) W L.

8.1 Baselining

8.1 HZLMH

As part of the TrueVOC™ technology the ENS160 deploys an automatic baseline correction,
featuring compensation for oxidizing gases such as ozone. It furthermore stores the current
baseline value in non-volatile memory to automatically start from the latest valid level of
background air after re-powering the device and even after a power outage.

VB TrueVOC™EAR &7, ENS160 SR T H S 4etrts, BATX A A R TAME T )
REo AN, BIR YR RELAEAA AR S R ae T, LMEE R A as P s, H2AERH
ZJ5 s MIREZ ST A UK B 3T iR

8.2 Humidity Behavior & Compensation

8.2 {mEEMEREMIHME
Figure 9: Air Quality Signal with and without Humidity Compensation
& 9: AEREMENZSRERS

For use in normal air quality applications (eCOz2,
TVOC, AQl), operated in a relative humidity range

between 20 and 80%, the ENS160 does not require 40
external humidity compensation, as the opposite
graph shows. -

MSRAE AR VTN 20%% 80% i) IF i 28,
Jreie b i (eco2(TVOC, AQN)H AT, T ENS160 T
SRR, X T R 7 o

Extreme humidity conditions outside this range :
(20% - 80%RH) can influence the output signal,

especially when very accurate or single gas
measurements are required. To overcome such

o
;
{
/
/
v
f
|
|
|
(
J
|

Humidity error [%]
TR 25 (%]
4
4
|

|
N
o

impacts, the ENS160 is equipped with a _ with IR

temperature and humidity = compensation -40 without humidity compensation
algorithm, relying on data from an external RIS AN

temperature- and humidity- sensor (the ENS160 20 40 60 80

works well with the ScioSense ENS21x family of

temperature and humidity sensors as they both

share the same signal format), that can be regularly updated to an internal register for processing.
I (20%~80%RH) AR B S A2 5o i A5 5, JUHE T E AR R i I SHE B —
AR ELER o O T HEBRIXEERZ N, ENS160 Boag 1 i EEA A MRS, IZERAT K B SNERIR
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JERME FEA ar O 2t (ENS160 55 ScioSense ENS21x A 413 EAE AL G AL & R, RObE(13E
FHERE SR, ATLUEN RS A S A g T4 .

Note: Unless otherwise stated, the humidity compensation discussed in this section works per
default for all output signals except for sensor raw signals.

T BRAESAUER, ST e HVE EEAMEBRAIE T B8 s R UG5 = AN I A T B 5o
See sections “Registers”, “TEMP_IN” and “RH_IN" for further information.
ijém,“%ﬁ%%”\ “TEMP_IN””%D“RH_IN”%—%‘O
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9 Output Signal Accuracy'
9 WHESKHE

Figure 10: Output Signal Accuracy for Hydrogen
B 10: SSMMESHE

~ Reference | The ENS160 exhibits an excellent measurement
- 550 accuracy and device-to-device variation.
a" = | ENS160 B 75 (I A A — i«
% The opposite diagrams show the non- linearity of
§ 8 several devices (left) and typical and maximum
c accuracies (bottom) for various hydrogen
26 concentrations. A typical error of <12% of the
S measured value can be stated.
g , MV EZER RS 7L et IEZent () , Bk
g ARV AR Y BB EEAR RS (F) o ATLA
g, Tith, WA SR N T 12%,
> = 40 ] typical accuracy (20)
g R e R o)
% 2 ) 6 8 = 20 BAKEB0)
S0 P — —
8 0 2 4 6 8

10 Initial Start-Up and Warm-Up
10 0455 ShATTRR

Table 9: Initial Start-Up and Warm-Up Timings
£ 9: WMIREIIAE T

Parameter Maximum Time Comment

B ACHT[H] g gt

Initial Start-Up
GILGIEE)
1 minute

15044

10.1 Initial Start-Up
10.1 FBE3h

Initial Start-Up is the time the ENS160 needs to exhibit reasonable air quality readings after its

' All values have been determined by tests in clean, partially synthetic air in a climate chamber-with stated environmental conditions,
suitable reference analytics and sensor preconditioning of at least 24h, which may not reflect real-life environments. Unless otherwise
noted, the accuracy statements have been carried out at 25°C and 50% relative humidity.

VARSI AREREI & £ GIESH D 24 /NG RES TR s 22 FP TS 35906 s P TR U 2

Jis, ATRETCHE SO IR . BRI A UET, AU 7 B2 AE 25° C 1 S0% MR T 28 i 5§ 2 Y o
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first ever power-on.
W06 532 ENS160 £ 1 i F 5 2R & B2 A0 18U 75 B N )

The ENS160 sensor raw resistance signals and sensitivities will change upon first power-on. The
change in resistance is greatest in the first 48 hours of operation. Therefore, the ENS160 employs
a start-up algorithm, allowing eCO2-, TVOC- and AQI-output signals to be used from first power-
on after 1 hour of operationZ.

EUCGH AL, ENST60 28 1 5 A FBE S M R BUE 2 K A . FEIsfTHIAT 48 /N, FEFHAS L i
Ko [AlI, ENS160 SREBIEZ, MEERATATLAMESITT /NE2, IWEIEE IR ] eCOz-.
TVOC-#1 AQ #i {55

10.2 Warm-Up
10.2 Tk

Further to “Initial Start-Up” the conditioning or “Warm-Up” period is the time required to achieve
adequate sensor stability before measuring VOCs after idle periods or power-off. Typically, the
ENS160 requires 1 minute of warm-up before reasonable air quality readings can be expected.
KT RN A BT BT R FR AR 2SR R F S I VOC 281, AL R AR E TRk
RGN E EEEOL T, ENS160 F% 1 0 Phint TR, A REARTS & FEAY 28 U R

2 Slightly reduced signal accuracy may be encountered in early phase, thereafter.

20, AL BT RES I B (5 R R A 1
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11 Gas Sensor Status and Signal Rating
11 SIMERESERESESFH

The status flag is an additional feature assessing the current operational mode and the reliability
of the output signals. It aids the application obligation to manage timings efficiently, in particular
during initial start-up or after re-powering. Furthermore, a simple signal quality assessment and
a system self-check is provided.

SRR PR /T TARREA S 155 AT S PRI B I RE . iZZhREA B T M R RE P A U BN e,
JCH AR B ERTE 5o LA, 38R LLBEF T A5 5 BT RPN R G H

Table 10: ENS160 Status and Signal Rating (Validity Flag)
% 10: ENS160 RARUSBER (HRHEAR)

Flag Meaning Implementation approach

Rl /Y ARDAREA

Operating ok Standard operating mode.

BITIER i AR
Warm-up During first minute after power-on.
A W E SN
74 Initial Start-up During first hour after power-on. Only once in a lifetime.
NGk BHEHE /NN RAFGNRE R
- No valid output Signals give unexpected values (very high or very low). Multiple sensors
T B H out of range.
ESA N EB I (REERR « 20 &R TER .

See “Validity Flag” in section “DATA_STATUS” for further information.
HZAF 2GS WL “DATA_STATUS” &R 43 H “H RUMEAR A

12 Recommended Sensor Operation
12 B AL IR A

For best performance, the sensor shall be operated in normal indoor air in the range -5 to 60°C
(typical: 25°C); relative humidity: 20 to 80%RH (typical: 50%RH), non-condensing with no
aggressive or poisonous gases present. Prolonged exposure to environments outside these
conditions can affect performance and lifetime of the sensor.

NRIEHERAEERE, (LRGN AEIER BN AHalT, EREE-5°C 2 60°C (HA{E: 25°C) ;
FAXITELE : 20% % 80%RH (JifUfE: 50%RH) , ANGEE, AFAERMIESAETE UL KETRIZRETA
PG IR ERIE R, AR IER I YERERN I G dr 5 S 2R Mo

Please also refer to the “ENS160 Design Guidelines and Handling Instructions” for further
information on handling and optimal integration of the ENS160. The guidelines in this document
must be met for optimal sensor performance and long lifetime.

F1EZ % “ENS160 IR R BRERT”, THFEEZ 6T ENS160 QCFEFIRAERE G IEE . WLESF
ARSCRETRIHE R, A REAUAS s R 44 H B AR REFFIEAR A T A5 i o

Important Note: The ENS160 is not designed for use in any safety-critical or life-protecting
application.

EEHT: ENS160 FAN R AT 4 4 5 S ml A i ORAP S 1T 33

13 Recommended Sensor Storage
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13 BWUHERESEEITE

The guidelines under “Recommended Sensor Operation” also apply for sensor storage.

“EELA AL AR R E T TR "1 P IS TR I B A7
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14 Host Communication

14 FHERF

The ENS160 is an I2C or SPI Slave device.

ENS160 /22—~ 12C =}, SPI M g5t

If the CSn is held high, the interface behaves as an 12C slave. At power-up the condition of the

MISO/ADDR pin is used to determine the LSB of the 12C address. The 12C slave address is 0x52
(MISO/ADDR low) or 0x53 (MISO/ADDR high).

Wi CSn fREFE FEE, BOEITIRAESEA 12C ANAsfE—4F. LR, mriEi MISO/ADDR 5 JEIFIRAS
T 12C ikl [ LSB. 12C M ES4EH k4 0x52 (MISO/ADDR {IGHESF-) & 0x53 (MISO/ADDR & HF) .

If the CSn pin is asserted (low) the interface behaves as an SPI slave. This condition is maintained
until the next Power-on Reset.

AR CSn S B AR (IRFESY) , WIEECTE A TIRASH SPUAE 1 —FE . XFIRES S —BERFFE T —
ik EFREANL
Both the SPI and I2C slave interfaces use the same register map for communication.

SPI T 12C W\ 355 LRI 025 77 SR T

14.1 12C Specification
14.1 12CHIYE

14.1.1 12C Description

14.1.1 12C 7t

The ENS160 is an 12C slave device with a fixed 7-bit address 0x52 if the MISO/ADDR line is held low
at power-up or 0x53 if the MISO/ADDR line is held high.

InHE MISO/ADDR ZiA% b HIIFRFFGEE -, T ENS160 /E24 12C MARSPERY 7 ([ E ikt oy 0x52, iR
MISO/ADDR Ze i g -, U 7 37 [ E bkt g 0x53.

The 12C interface supports standard (100kbit/s), fast (400kbit/s), and fast plus (1Mbit/s) mode.

Details on 12C protocol is according to 12C-bus specifications [UM10204, 12C-bus specification and
user manual, Rev. 6, 4 April 2014].

12C e[S F AR EREEC(100Kbit/s) PjdA st (400kbit/s)ATfiniE = (1Mbit/s) . S&TF 12C Bl Y14
(FEAFG 17C S ZME[UM10204, 12C SRR T, 25 6 hit, 201444 1 4 H].

The device applies all mandatory 12C protocol features for slaves: START, STOP, Acknowledge and
7-bit slave address. None of the other optional features (10-bit slave address, general call,

software reset or Device ID) are supported, nor are the master features (Synchronization,
Arbitration, START byte).

Bt BA NG Br A s d e 12C VR pURRE . JFa 1k BRI 7 g bt AR SR
ATETIRE (10 ARl @A A . S-S ez tE ID) , WA R IhRE ([F2E. fif
.. START =17) .

The Host System, as an 12C master, can directly read or write values to one of the registers by
first sending the single byte register address. The ENS160 implements “auto increment” which
means that it is possible to read or write multiple bytes (e.g. read multiple DATA_X bytes) in a
single transaction.

EARGE D 12C Edett, Bnl VAL AR R R Aranttdie, TR E B R 5 A2 Horh—
AE A ENS160 SLBL 1B, XEWRE I DMERADFH ST BeElG A2 A7 (i, 32
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14.1.2 12C 1/0 and Timing Information
14.1.2 12C I/0 #iH /71558

Table 11: ENS160 12C I/0 Parameters
% 11: ENS160 I2C 1/0 &%

Standard Fast Fast Mode Plus
Parameter Symbol PR PR A Unit

%“E Min Max Min Max Min Max i=2VivA
5/ ME =ANE /ME =N 5&/IME =N
V 0.3xVbDIO 0.3xVbDIO - 0.3xVbDIO
V 2.39

VHYS

0.2xVbDIO

lo

IL
IH 2.39 2.39
L

F

|

To 2
| 1

0
0

2
- VoL - 0.2xVbDIO
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Table 12: ENS160 I12C Timing Parameters'
7 12: ENS160 I12C i 231
Standard Fast Mode Plus
Piidi -5

Parameter
28 X Min Max Min = j( Min Max
s/ME |&KE s/ME ®/ME | EKE

tHD_STA

tSu_sTA

tSU_DAT

tsu_sto

" All values referred to ViHmin and ViLmax levels

VA A {E 948 VIHmin 1 ViLmax B3

Z A fast mode 12C bus device can be used in Standard mode 12C bus system, but the requirement tSU_DAT >= 250ns must then be met.
This will automatically be the case if the device does not stretch the LOW period of the SCL signal. If such a device does stretch the
LOW period of the SCL signal, it must output the next data bit to the SDA line trmax. tSu_bAT= 1000 + 250 = 1250ns (according to
standard mode 12C bus specification) before the SCL line is released.

Mt 12C BT DUR THR et 12C B4R RS, (A2 2 tsu_dat>=250ns (2R, JNSREFA K SCLZS R FA
i, s HEHBUXAE I IR T SCLAF S AR TR, A Z7E SCL 2t ik~ — A (v4a iH 2 SDA £k trmax.
tsu_dat=1000+250=1250ns (HR#EtrERES 12C S4ITE) -

3 This device internally provides a hold time of at least 300ns for the SDA signal to bridge the undefined region of the falling edge of
the SCL

i SDA (53R B RIEI I 22/ 300ns,  LAMFHE SCL T BRI A E LK

4 The maximum tHD_DAT has only to be met if the device does not stretch the LOW period (tLow) of the SCLK signal

U M F B I SCLK (55 AR T (tlow), A TR 2 /L /K thd_dat

0 ENS160 Datasheet v0.95 preliminary / December 2020
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Figure 11: Definition of 12C Timing Parameters

B 11: 12CHF2HEIE L

SDA / X
" tup _;I’Athw N t, thp_pat zu_:w JH'GH; t ‘
SCLK \ /
S Sr P S
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14.1.3 12C Read Operation
14.1.3 12C SR IRIE

After the START condition, in the first transaction:
“FE"IRSIE, (RS — i

The 12C Master sends the 7-bit slave address and 0 into the R/W bit (the byte sent would
be 0xA4 or 0xAé dependent on the power-up value of MISO/ADDR).

12C E a6 7 AN AR O &% % R/W AL (KIEM T4 OxA4 Bl 0xA6, ELAARHHT
MISO/ADDR ffj_EHIfH)

The 12C Master then sends the address of the first register to read.
N, 12C Ea M AR B 28— D7 B bk o

Then either after a RESTART condition (i.e. STOP followed by START)
IRIGAE B R s™IRES (BRI E3) e

Figure

& 12:

Figure

K 13:

The 12C Master sends the 7-bit slave address and 1 into the R/W bit (the byte sent would
be 0xA5 or 0xA7 dependent on the power-up value of MISO/ADDR).

12C FE1F 7 MLMERHEEERT 1 &5 % RIW 7 (CRIERYET5h OxAS B OxXA7, HLARHHR T
MISO/ADDR [ _FHI{E) -

The 12C Master then reads 1-n data bytes from sequential registers (if valid) until the
transaction is concluded with a STOP condition.

R, 12C Ea I NP3 A s s L 1-n DR (ARARD , BEHS55 DL 7R
gk

F[ARp=u| o

12: 12C Read Operation
12C 3BURAE

Slave address Register address

R A

Slave address Data byte
Wb HRT Y

i MSB LS

B
! Acknowledge from slave 3 5 M 211985, Acknowledge from master 3 /7 2= #1157
SCLK! 1\ /2] [3\ [4] [5\ [e| [7\ [8] [9\ [1) [2| [3| [4| [5| [e| |7\ [8) |9 LG
P r/ =g
" R /s

13: 12C Auto-Increment Read Operation

12C B 3 R

32
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Slave address Register address
})\%ﬁﬁﬁﬁﬁiﬂt %ﬁ%ﬁhﬁt .....
SDA
7N
SCLK:
Slave address Data byte 1 Data byte n Last data byte
Mk AT 1 %SU‘ET% n BJE— M BETT
Al
DA LEECX:DDDL;};X:EDDCEDT _______________ lllllllll | ]
Achnowled e from slave Acknowledge from master No acknowledge f om n'n ster
SCLK Vi |
L3
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14.1.4
14.1.4

12C Write Operation
1°C GA#RIE

After the START condition, in a single continuous transaction:
“THE™IS)G, R EEHEE

» The 12C Master sends the 7-bit slave address and 0 into the R/W bit (the byte sent would

be

0xA4 or OxA6 dependent on the power-up value of MISO/ADDR).

12C a6 7 AR O &% % R/W A (RIEM T OxA4 51 0xA6, ELARHHT
MISO/ADDR Y _bHifE)

The 12C Master then sends the address of the first register to write.
WIE, 12C LR RIAEE NS — D FF e i ik .

The 12C Master then sends 1-n data bytes which are written into sequential registers (if

valid) until the transaction is concluded with a STOP condition.
2, 1PC RS ARIE 1-n DB, XEEIRFIKE Ay A frdy (WRAR) , &
B4 LAY 1" IRAS G R

Figure 14: 12C Write Operation
B 14: PCEAHRE

Slave address Register address Data to register

e MR gL TR

Figure 15: 12C Auto-Increment Write Operation

& 15: 12C BERE ARIE

Slave address Register address Data to register Data to register + n
M%%ﬁlﬁi&h]: %ﬁﬁ%ﬁhﬁk %%ﬁ)\ﬁ%dﬁ E%}Z?Eﬁ%m -
i ~ ) 4 ) 'd ) C 77777777777777777777 ) : |
SDA :X:
Master 7 pmsp s - _ & 0 /% T ;
transmitter == #e 4 & S Acknowledge from slave 3 B M EEFRI A _._
ROW T T T T T quIJ 3
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1”6:,

14.2 SPI Specification

14.2 SPI #it&
14.2.1 SPI Description
14.2.1 SPI 74

The SPI interface is a slave bus operating up to 10MHz clock-frequency.

SPHRIE AR, TAER IR Sk 10MHzZ.

It shares pins with the I2C interface. SPI is selected and SPI transfer initiated by asserting the CSn
line low. Once the CSn line has been asserted low the ENS160 will not accept 12C transactions until
the next Power-On Reset.

U5 PCHEILER . K CSn ZeE N ARURAE Y-, LMEZesE SPI I3 SPI 445 . —H CSn i
NAERARHEF, ENS160 Bifizs 12Cilfs, HE Tk ERE L,
Data is clocked in on the rising edge of SCLK; most significant bit first.

Hlife SCLK _ETHh Gt ATy oA s A R SE

14.2.2 SPI Timing Information
14.2.2 SPI it E

Table 13: SPI Timings
£ 13: SPIHF

Parameter Symbol Condition Min Typ Max Unit
SH linca ks B/ME KR RKE B

SPI Clock (SCLK) Frequency
------
J& i “CSn FREZE MISO”ThEE 25pF 1%

CSn rising to MISO Disable

j-Con L% RO ------
MOSI Setup Time before SCLK

MOSI hold time after rlsmg SCLK
------
CSn low to flrst rising SCLK TLEAD
SCLK BX_EFHAFHY CSn flREEF

Last SCLK low to CSn high

S Con ATASRE 1 SOK ¥ ------
SCLK High Time

SCLK Pt ] ToCLH

SCLK Low Time

sk gy ------
“SCLK FREZ MISO” THREA R 25pF 413k

Figure 16 SPI Timings Reference

&l 16 SPI it 7 2%
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14.2.3 SPI Read Operation
14.2.3 SPI sEE#E(F

During a Read operation, data is clocked out on the falling edge of SCLK so it is stable for the
following riding edge.

FESEIURAEI], Bt A SCLK N Gt AT phtar i, IMAERE S ) _ETHA G AR FARE -

MISO stays in high impedance mode until the device is selected (CSn low). Data on MISO is only
valid on a Read operation.

FEBEF A (CSNIRHESP) 2T, MISO RECRFFAE R BT, MISO B R ZE (AR IS BRI AT 2o

A transaction starts with the target address and R/W control bit in the first byte followed by the
read or write data.

HF N FARHEEA S — 778 RIWARRIGIF R, 28R R el 5 A .

In a Read operation Auto-increment of the address enables multiple registers to be read in
sequence. CSn de-asserting (to high) terminates the Read sequence.

FEZZBGRAEA, Mk B S8 R 2 ar iy RES NP2 B . CSn s (ZsFEr) Al b ey
5o

A Read SPI frame is composed as follows:

BRI SPE M LR AR

Table 14: Read SPI Frame
2 14 2HL SPI i

Description

fiik

On MOSI: Address of the register to Read

£ MOSI | B3R 27 A7 ik

On MOSI: 1: bytes are to be read, starting from AD[6:0].
16 MOSI F: 1: M AD[6:0]4b I 14 BL 7T o

Output on MISO; MOSI ignored

MISO Lyt ; MOSI £ 2%

Output on MISO; MOSI ignored

MISO _Efyfit; MOSI & 2%

0 7:1 AD[6:0]
0 0 RW
1 7:0 | RDATA[7:0]

n 7:0 RDATA[7:0]

14.2.4 SPI Write Operation
14.2.4 SPI B A #2/F

In a Write operation, the address does not Auto-increment. Multiple writes can be performed by
alternating Address and Data bytes. CSn de-asserting (to high) terminates the Write sequence.

TEG AN, M2 B . T LOE A8 8 b R ESE 715 R AT 2405 . CSn 1
(ZEHY) LIRS AP,
A Write SPI frame is composed as follows:

GO\ SPLITH LU A2 :

Table 15: Write SPI Frame
% 15: B A SPI i
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Byte Bit Name Description

O TR U
On MOSI: Address of the register to Write
£ MOSI _|: Z5 A& f7de bl

On MOSI: 0: bytes are to be Written, at AD[6:0].
£ MOSI |: 0: 7f AD[6: 0]4bE5 ANFETFio

Input on MOSI; MISO Dummy Data

MOSI _EFiA; MISO REAEH

On MOSI: Address of the register to Write

£ MOSI t: 25 N 27 fran ik

On MOSI: 0: bytes are to be Written, at AD[6:0].
£ MOSI |: 0: £ AD[6: O)4b5 A5,

Input on MOSI; MISO Dummy Data

MOSI _EfiA; MISO REAMZL I

7:1
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15 Operation
15 #fE

At power-up, the ENS160 configures itself from a reset state and prepares for commands over the
serial bus via either 12C or SPI Protocols.

EHEIS, ENS160 K M AR T HBhEC &, FrEse R 12CE SPHHML, i AT Rk i %o

The default state is OPMODE 0x01, which is an IDLE condition that enables ENS160 so that it may
respond to several commands In this mode it is not operating as a gas sensor.

%)\W% OPMODE 0x01, jxj&—1~/5 H ENS160 M7 22 i & 9“2 IR R AS . AEIuBealT
ANREA A ARG RO VE T -

OPMODE 0x00 is a very low power standby state, called DEEP SLEEP. Active OPMODEs are described
further in the OPMODE Register section.
OPMODE 0x00 /i ML (LI FHHLIRAS , B4y “TRFEMENR” . 7% OPMODE 7£“OPMODE % 172 ¥

DARE DA

Figure 17 Orchestration of Operational Modes

B 17 B 4RHE
OPMODE Write 0x00
T OPMODE 5 A_0x00 . AT
OPMODE Write 0x01 \
OPMODE 5 A 0x01

7

OPMODE Write 0x01 OPMODE Write 0x00
OPMODE & A 0x01/-\OPMODE 5 A\ 0x00

OPMODE Write 0x02
OPMODE 5 A 0x02

Note: When the active gas sensing OPMODE (e.g. 0x02 = STANDARD) is running, new data is notified
either via the interrupt (INTn) or by polling the DATA_STATUS register. The output of the gas
sensing OPMODEs are presented in the DATA_XXX registers which can be read at any time.

T YA K OPMODE ({40, O0x02 =FrifE) izf7iy, At sl (INTn) sk 4 i)
DATA_STATUS 25/ s il HIBr dia . <A f% /5 OPMODE 4 Hi4 4 DATA_XXX Zifz b i B, 7Tl

352 HL o

ENS160 Datasheet v0.95 preliminary / December 2020 39
ENS160 %3E3 v0.95 #]&/2020 4 12 H



—

Sci§Sense"

16 Registers
16 Zfiay

This section describes the registers of the ENS160 which enable the host system to
ARATHEIA T ENS160 127 fde, IXEEF frdn i EHLRGREN

« Identify the Device and version information

° VUSROS 2

« Configure the ENS160 and set the operating mode

o [t ENS160 Jfi5 & TAFMER

= Read back STATUS information, the calculated gas concentrations and Air Quality Indices

o BEEOREERS HEARAGKEMN S TR TR

16.1 Register Overview
16.1 FfFaid

Note that some registers are spread over multiple addresses. For example, PART_ID at address 0
is spread over 2 addresses (its “Size” is 2). Registers are stored in little endian so the LSB of
PART_ID is at address 0 and the MSB of PART_ID is at address 1.

R, AT AL T b o B0, bk 0 4Ry PART_ID 73Aife 2 Mkt | CH“HR/N
N2) o FhARE LN A, TR PARTLID () LSB #E ik O 4, PART_ID ) MSB fE3hiE 1 4k

Table 16: Register Overview

# 16: et

Address Size Access Description

A% i

OPMODE Read / Write Operating Mode
5 TR
COMMAND 1 Read / Write Additional System Commands
MR se a4

RH_IN Read / Write Host Relative Humidity Information
FAHERHEEE S

DEVICE_STATUS 1 Read Operating Mode
L TARRRE
[0X220 DATA_TVOC 2 Read TVOC Concentration (ppb)
40 ENS160 Datasheet v0.95 preliminary / December 2020
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TVOC I i (ppb)
Read Reserved
2L R
DATA_T 2 Read Temperature used in calculations
TR AR

GPR_WRITE[0:7] 8 Read/Write General Purpose Write Registers
WHE N e
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16.2 Detailed Register Description
16.2 FFfFasHIEAA

16.2.1 PART_ID (Address 0x00)
16.2.1 PART_ID (#34f 0x00)

This 2-byte register contains the part number in little endian of the ENS160.
B 2 TR A ENS160 ORI UNRFZAY) .
The value is available when the ENS160 is initialized after power-up.

ZAEAE LR ENS160 BIIG LIS AT o

Table 17: Register PART_ID
F17: F7E4: PART_ID

Address 0x00 PART_ID
Bits Field Name Default Access Field Description
S e
PART_ID_LSB 0x60 read Lower Byte of Part ID
- B F{F ID RO
16.2.2 OPMODE (Address 0x10)
16.2.2 OPMODE  (#4# 0x10)

This 1-byte register sets the Operating Mode of the ENS160. The Host System can write a new
OPMODE at any time.
2 FA R A ar TR ENS160 (19 TARR . ARG AT ARG S5 Ay OPMODE,

Any current operating mode will terminate and the new operating mode will start.

AT R TAFRHR AL, A LU TR

Table 18: Register OPMODE
% 18: #fF#s OPMODE

Address 0x10 OPMODE
Hihk 0x10

Bits Field Name Default Access Field Description
B FBRAR AOAME 18] FRAid
0x00 R/W Operating mode:
TARRRA:
0x00: DEEP SLEEP mode (low power standby)
0x00: “VR FEHENR "X, (IRZDFERAAIL)
0x01: IDLE mode (low-power)
0x01:“ZS R (IRZh#E)
0x02: STANDARD Gas Sensing Modes
OX02: Al A A
42 ENS160 Datasheet v0.95 preliminary / December 2020
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In DEEP SLEEP mode, ENS160 has limited functionality but will respond to an OPMODE write.
TE“YRBEREIR " Bt T, ENS160 [ITIREAR, {H£3Mi OPMODE 5 A

Idle Mode is intended for configuration before running an active sensing mode.
FEIBAT E A R B, v A 2 AR A T I

0x02 (STANDARD) is an active gas sensing operating mode to indicate the levels of air quality or
for specific gas detection.

0x02 (HrifE) & FPESURERTARR, TR/ 2 TR AP s A E AR

16.2.3 CONFIG (Address 0x11)
16.2.3 CONFIG (#4#4f0x11)

This 1-byte register configures the action of the INTn pin which allows the ENS160 to signal to the
host system that particular data is available.

2 PR A T ECE INT SIIRYSIE, i fe vk ENS160 [0 ENLRGEKILE S, RUREEE
AL

The INTn pin can be (de-)asserted (polarity configurable) when ENS160 updates GPR_Read

registers, or when it updates DATA registers, or when a certain threshold is reached (set through

COMMAND mode).

%4 ENS160 H#i GPR_Read i asl BOi" aifFasiy, s ik IS0 PR GEIT m & Bt
), fERTLL CHEH) EAZCINT 51 (REATRCE) «

A typical setting 0x23 would enable an active low interrupt (no pull-up required) when new output
data is available in the DATA registers.

BB e AT A R R ) A, BB OX23 R fE R AR ORTRE R o
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Table 19: Register CONFIG
% 19: & 17%s CONFIG

Address 0x11 CONFIG
ik 0x11

BltS Fleld Name Default Access Field Descrlptlon
0b0 Reserved
PR

INT_CFG INTn pin drive:
INTn 5| 5K :
0: Open drain

0: AN T i
1: Push / Pull
1:4E/+r

INTGPR 0b0 R/W INTn pin asserted when new data is presented in the
General Purpose Read Registers

38 S A s T BUBEUERT , INTn 5| PR e B A
3

0b0 R/W INTn pin asserted when new data is presented in the
DATA_XXX Registers

= DATA_XXX A f7-as - DUHTEGERT, INTn SRR BN

B
16.2.4 COMMAND (Address 0x12)
16.2.4 #E (HhE0x12)

This 1-byte register allows some additional commands to be executed on the ENS160. This register
can be written at any time, but commands will only be actioned in IDLE mode (OPMODE 0x01).
ZAFAT A AT RENS (L ENS160 EHAT LB e & o X F frde ] LA S, (Hir & HEE(E“ s
/7. (OPMODE 0x01) "Fif7o

The COMMAND register allows multiple interactions with the system where data needs to be passed
between the user/host and the ENS160.

“ER AR AT S REMTEZIRECH, R aMFET, BAERTEEAR T/ EHUR ENS160 2 ]

itk

Typically, a request for data (e.g. GetHWVer, GetFWVer) will result in the requested data being

placed in the General Purpose READ Registers and an input of data (e.g. set alarm threshold) would
first be stored in the General Purpose WRITE Registers at address 0x40-47.
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WEENT, EREHE (F GetHWVer. GetFWVer) J5, Brissk i 5= T f 32l 25 e
o, R EERREA (PN EARCERE) A4 5o e hE 0x40-47 Lb 918 M “ 5 N fid o

Below is a list of valid commands for the ENS160.

FIHE ENS160 YA 380 451155 o
Table 20: Register COMMAND
£ 20: FH77ss COMMAND

Address 0x12 COMMAND
Hiht 0x12 e

Bits | Field Name | Default | Access Command
Bhr | FBRERK IME paf 1] e
Command 0x00 R/W 0x00: ENS160_COMMAND_NOP
4 0x00:ENS160_COMMAND_NOP

O0xOE: ENS160_COMMAND_GET_APPVER - Get FW Version
OxOE:ENS160_COMMAND_GET_APPVER-#KHL FW iz 7%

0xCC: ENS160_COMMAND_CLRGPR Clears GPR Read Registers
0xCC:ENS160_COMMAND_CLRGPR FJ 3[4 GPR 32U & {7 #

16.2.4.1 ENS160_COMMAND_GET_APPVER
16.2.4.1 ENS160_COMMAND_GET_APPVER

After issuing ENS160_COMMAND_GET_APPVER, the firmware version of the ENS160 will be placed
in General Purpose Registers GPR_READO and GPR_READ1. The NEWGPR bit in DATA_STATUS will
be set and the INTn asserted if configured to react to NEWGPR.

4% ENS160_COMMAND_GET_APPVER J5, ENS160 [1[F {4 b Ak B 1 F &5 7752 GPR_READO #
GPR_READ1 w1, bRt & fyxt NEWGPR {EH f7 v, DATA_STATUS Hiff) NEWGPR (4152058, T
INTR B 5B AR

Table 21: GPR_READ Settings for ENS160_COMMAND_GET_APPVER Command
%< 21: ENS160_COMMAND_GET_APPVER 54 GPR_READ & &

Register
H7ene 7 6 5 4 3 2 1 (0]
oo N
Sub-Version
GPR_READ1 A
16.2.4.2 ENS160_COMMAND_CLRGPR
16.2.4.2 ENS160_COMMAND_CLRGPR

After issuing ENS160_COMMAND_CLRGPR all GPR Read registers are cleared.
&t ENS160_COMMAND_CLRGPR 54 J5, I GPR BEHUE e AR 1G5 B o
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16.2.5 TEMP_IN (Address 0x13)
16.2.5 TEMP_IN (#4f 0x13)

This 2-byte register allows the host system to write ambient temperature data to ENS160 for
compensation. The register can be written at any time. TEMP_IN_LSB should be written first as
the update is recognized on a write to TEMP_IN_MSB.

22 FA A A BN AR TR L EHE S N\ ENS160 JEATAME . i fras TREI B N W1
S5 N TEMP_IN_LSB, [EIAfEE A\ TEMP_IN_MSB <= iH 51 55T

Table 22: Register TEMP_IN
% 22: F455: TEMP_IN

Address 0x13

Mk 0x13 TEMP_IN

Bits Field Name Default Access Field Description
(A FBAER BIME 3 18] FBHE

Lower Byte of TEMP IN
TEMP_IN _LSB 0x00 TEMP_IN [t

The format of the temperature data is the same as the format used in the ENS21x (family of
ScioSense temperature and humidity sensors) as shown below:

i B AR A% S ENS21x (ScioSense Jit EANTE EEAL & dr K51 rh AR CIHIE, 0 RS

Table 23: Format of Temperature Data

* 23: REHREHENX

Byte Ox14 Byte 0x13
=35 0x14 ZH5 0x13
7200 [T S O 0 2 O 7 6 S A1 2 1 o
TEMP_IN Integer Part (Kelvin) TEMP_IN Fractions
TEMP_IN #5585 (JF/R30) TEMP_IN 7354

The ENS160 required input format is: temperature in Kelvin * 64 (with Kelvin = Celsius + 273.15).
ENS160 Z5R I AR UZ: IR (FRAL: JF/R30) * 64 OF/RC=HLIGJE+273.15) o

Example: For 25°C the input value is calculated as follows: (25 + 273.15) * 64 = Ox4A8A.
Bign: Biin 25°C, HAAEAHEI N )G (25+273.15)* 64=0x4A8A.

16.2.6 RH_IN (Address 0x15)
16.2.6 RH_IN (#4}0x15)

This 2-byte register allows the host system to write relative humidity data to ENS160 for
compensation. The register can be written at any time. RH_IN_LSB should be written first as the
update is recognized on a write to RH_IN_MSB.

B2 FH A AR BRES ISR B S A ENS160 gEf 1AMz, Fifrdn il BEIN 5 Ao W
S5 N RH_IN_LSB, [ A7E5 A RH_IN_MSB H+f<xiH 5l 8 %,

Table 24: Register RH_IN
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%< 24: FF43 RH_IN

Address 0x15

it 0x15 RH_IN

Lower Byte of RH_IN
RH_IN _LSB 0x00 RH_IN {5745

The format of the relative humidity data is the same as the format used in the ENS21x as shown
below:

FARE IR R 5 5 ENS21X A U R, A R

Bits Field Name Default Access Field Description
e FBAER BRIME 3 [H] FEHA
o

Table 25: Format of Relative Humidity Data
% 25: HHRHEEEHRAIRE

Byte 0x16 Byte 0x15
=5 0x16 15 0x15
7 6 5 4 3 2 t 0 7 6 5 4 3 2 1 0
RH_IN Integer Part (%) RH_IN Fractions
RH_IN 2455595 (%) RH_IN 734

The ENS160 required input format is: relative humidity in %rH * 512.
ENS160 ZR 14 AFg 8 - AR (%rH)* 512,

Example: For 50% rH the input value is calculated as follows: 50 * 512 = 0x6400.
Bl 40 50%RH, i A (Bt~ 7514 50 * 512 = 0x6400.
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16.2.7 DATA_STATUS (Address 0x20)
16.2.7 DATA_STATUS (#44} 0x20)

This 1-byte register indicates the current STATUS of the ENS160.
%1 AT A AR 7N ENS160 14T IRZS

Table 26: Register DATA_STATUS
7 26: ZF1Fss DATA_STATUS

Address 0x20
HHk 0x20

DATA_STATUS

Bits | Field Name Default | Access Field Description
%SZL‘L FBAER BIME V3] T Buthig
STATAS High indicates that an OPAﬁODE is running
= Hi°P-4¢~ OPMODE IE/£i54T

Reserved

TRE

Status
0: Normal operation
0:1EFIBfT

VALIDITY FLAG 1: Warm-Up phase

o D R
e 1AM EL
High indicates that a new data is available in the GPR_READx

2: Initial Start-Up phase
registers. Cleared automatically at first GPR_READx read.

2: 4145 JE s B

3: Invalid output
3 Teskd

NEWGPR 060 RO P27 GPR_READX Z77atrh A Hisimm /. ik

GPR_READX i} F 3% o

During operation, Bit 6 (STATER) of DATA_STATUS is asserted if an error has occurred.

EfE R, AL A=481%, DATA_STATUS [ 6(STATER)KGHEE A 4K

The meaning of the errors may be different, depending on the operation being undertaken.

WRIEIEAEFATROERE, $ERAE AT REA TR -

Further information regarding the error can be read from the GPR_READ registers.

B2 R TAHIRAIEE AT LA GPR_READ %5 17 Hise i

16.2.8 DATA_AQI (Address 0x21)
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16.2.8 DATA_AQI (#4-0x21)

This 1-byte register reports the calculated Air Quality Index according to the UBA.
2 AT A A T T UBA R S SRS

Table 27: Register DATA_ AQl
% 27: F s DATA_ AQI

Address 0x21

4l 0x21 DATA_AQI

Air Quality Index according to UBA [1..5]
AQI_UBA 0x01 \ . ot
QL X HEFUBA LR 2 SRR 5]

See section “AQI-UBA - Air Quality Index of the UBA” for further information.
B4 {5 E 2 L “AQI-UBA -UBA 22Ul LHE A" 55«

Bits Field Name Default Access Field Description
o FRAR BRIME i Al FRIEE
3 :
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16.2.9 DATA_TVOC (Address 0x22)
16.2.9 DATA_TVOC (#:4f 0x22)

This 2-byte register reports the calculated TVOC concentration in ppb.
%2 A A4 ] LA ppb Dy B Y TVOC ik .

Table 28: Register DATA_TVOC
7 28: ZH1F4y DATA_TVOC

Address 0x22

it 0x22 DATA_TVOC

Lower Byte of DATA_ TVOC
TVOC_LSB 0x00 DATA_TVOC fit5

See section “TVOC - Total Volatile Organic Compounds” for further information.

W2 A5 052 WTVOC- B A AL S H o

16.2.10 DATA_ECO: (Address 0x24)
16.2.10 DATA_ECO:z (#34} 0x24)

This 2-byte register reports the calculated equivalent COz2-concentration in ppm, based on the
detected VOCs and hydrogen.

2% 2 FAT R A e v ARARA IR 4R R A MU S ANET, LA ppm o B H TR SR CO2 ik
o

Table 29: Register DATA_ECO:z

7= 29: Z¥{f#s DATA_ECO:

Bits Field Name Default Access Field Description
A FBAR BIME V3] FBHE

Address 0x24

Mk 0x24 DATA_ECO:

Bits Field Name Default Access Field Description
$hr FBRAER ARIME V310 FBRA

Lower Byte of DATA_ECO:
ECO2_LSB 0x00 DATA_ECO2 {21

See section “eCOz2 - Equivalent CO2” for further information.
H2AEE1ES I “eC02- 5540 CO2”H455 .

16.2.11 DATA_ETOH (Address 0x22)
16.2.11 DATA_ETOH (##}0x22)

This 2-byte register reports the calculated ethanol concentration in ppb. For dual use the
DATA_ETOH register is a virtual mirror of the ethanol-calibrated DATA_TVOC register.
% 2 AR AT AT LA ppb Dy B H T B SRR R . RFTOUCE &, DATA_ETOH Zifidi @ &
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1”6:,

PR DATA_TVOC & £ i i E DL 1% o

Table 30: Register DATA_ETH
2% 30: F7F4sy DATA_ETH

Address 0x22

itk 0x22 DATA_ETOH

Bits Field Name Default Access Field Description
e FBAER BIME 5 15 F B

Lower Byte of DATA ETH
ETH_LSB 0x00 DATA_ETH {it=

16.2.12 DATA_T (Address 0x30)
16.2.12 DATA_T (#4f0x30)

This 2-byte register reports the temperature used in its calculations (taken from TEMP_IN, if
supplied).
22 FH A A R I R AR (SRR (i, HUE TEMP_IN) .

Table 31: Register DATA_T
£ 31: FEE DATA_T

Address 0x30
Mk 0x30 DATA_T
Bits Field Name Default Access Field Description
$hr FBREWR ARIME V318 FBRAA
Lower Byte of DATA T
DATA_T _LSB 0x8A DATA_T [t

The format of the temperature data is the same as the format used in the ENS21x.

it BERHE A% - ENS2 X il F s AR T o
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Table 32: Format of Temperature Data

32 REHIRRIRN

Byte 0x30 Byte 0x31
=35 0x30 =3 0x31

TEMP_IN Integer Part (Kelvin) TEMP_IN Fractions
TEMP_IN #4585 (FF/R30) TEMP_IN 4334

The DATA_T storage format is: temperature in Kelvin * 64 (with Kelvin = Celsius + 273.15).
DATA_T fri#ts o8 R OF/R30) * 64 (OF/RIC=HEINE+273.15)

Example: For a stored DATA_T value of 0x4A8A the temperature in °C is calculated as follows:
Ox4A8A / 64 - 273.15 = 25°C.

BIGm: X Ox4A8A (177 % DATA_T {8, IREF(CC)HU T A i1 : Ox4A8A / 64 - 273.15 = 25°C.

See section “TEMP_IN” for further information.
HZ(EEIEZ I “TEMP_IN"H# 55

16.2.13 DATA_RH (Address 0x32)
16.2.13 DATA_RH (##}0x32)

This 2-byte register reports the relative humidity used in its calculations (taken from RH_IN if
supplied).
2 TR A i O E AR (AnsR R4, B RHLIN)

Table 33: Register DATA_RH
7= 33: ZfFss DATA_RH

Address 0x32

Mk 0x32 DATA_RH

Bits Field Name Default Access Field Description
fAgIVA FBUETR BIME 5[] FEHA

Lower Byte of DATA RH
DATA_RH _LSB 0x00 DATA_RH {5

The format of the relative humidity data is the same as the format used in the ENS21x.

R SR M3t 15 ENS21 T {0 A AR

Table 34: Format of Relative Humidity Data
# 34: HXHEEEIHERE

Byte 0x32 Byte 0x33
=75 0x32 15 0x33
7 6 S ) 2 e [ 7 6 ) 5 [ s [ e o
RH_IN Integer Part (%) RH_IN Fractions
RH_IN #5055 (%) RH_IN 73%%
The DATA_RH storage format is: relative humidity in %rH * 512.
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DATA_RH f7i =R - FEXEE (%rH)* 512,

Example: For a stored DATA_RH value of 0x6400 the relative humidity in % is calculated as follows:
0x6400 / 512 = 50%rH.

Blgn: *FF 0x6400 [ £7i# DATA_RH B, HHXEEE (%)4%an F 771145 : 0x6400 / 512 = 50%rH.

See section “RH_IN” for further information.
25 202 I “RH_IN"H 43

16.2.14 DATA_MISR (Address 0x38)
16.2.14 DATA_MISR (#4#f 0x38)

This 1-byte register reports the calculated checksum of the previous DATA_ read transaction (of
n-bytes). It can be read as a separate transaction, if required, to check the validity of the previous
transaction. The value should be compared with the number calculated by the Host system on the
incoming Data.

2 FAT A A T T — S KDATAL read {5 (n 779) MRS, RTEE, B Ldg—
VR E I, DS E AT — OB E AR . %NS BV R GRS A ST 8 H 5 ot
ITHEL

Table 35: Register DATA_MISR
7= 35: FfFsy DATA_MISR

Address 0x38

Mk 0x38 DATA_MISR

Calculated checksum of the previous transaction

DATA_MISR 0x00 . N N
~ X BT 5 RS A

Bits Field Name Default | Access Field Description
B FRAR BRIME 3 1] FBHR
=2 :
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Example: C-code to calculate MISR on the received DATA, to compare with DATA_MISR:
Bl ARPEEA R B AE T H MISR JF5 DATA_MISR 17 ALY C AR :

/1 The polynomial used in the CRC computation in DATA_MISR
!/ 76543210 bit weight factor
x /117 DATA_MISR 76543210 £ /#0517 CRC -1 23
#define POLY Ox1D // 0b00011101 = x"8+x"4+x"3+x"2+x"0 (x"8 is implicit)
#5E 3. POLY 0x1D//0b00011101=x"8+x"4+x"3+x"2+x"0(x"8 A& pF%Y)
// The hardware register DATA_MISR is updated with every read from a
// register in the range 0x20 to 0x37, using a CRC polynomial (POLY). For
/] every register read, call 'misr_update()’ to keep the software
// variable "misr in sync with the hardware register.
; ; FFAAE 0x20 T OX37 [ 715 5 9 M. 35 15 #8111 35 7775
11 DATA_MISR 752 (6/7] CRC 2 T0(POLY) /7 4. AFASEIF 1775,
/1 I misr_update()” LI FFAE L misr” SRE A i s RFF IR 25 o
static uint8_t misr = 0; // Mirror of DATA_MISR (0 is hardware default)
uint8_t misr_update(uint8_t data) {
uint8_t misr_xor= ( (misr<<1) " data) & OxFF;
if( misr&0x80==0 )
misr= misr_xor;
else
misr= misr_xor * POLY;
h
FZs uint8_t misr=0; //DATA_MISR /1715 (0 i /28, 1)
uint8_t misr_update(uint8_t data){
uint8_t misr_xor=((misr<<1)" data)&O0xFF;
if(misr&0x80==0)
misr=misr_xor;
else
misr=misr_xor * POLY;
3
/1 Typically, when an 12C/SPI transaction is completed, read DATA_MISR,
// and compare it with the software 'misr’. They should equal. If not
// there is a CRC error: one or more bytes were corrupted in the transfer.
I g5 g T, 25 12CISPlL Fi 5555/, #2215 DATA_MISR, FF/4H-5
T gppemisrm it frit 46, AT EI RS WRTRE, Wi CRC #
I — e P F AR 1
uint8_t misr_set(void) {
return misr;

/1 Once the CRC is wrong, or transactions have been executed without
// calling update() the software “misr’ is out of sync with DATA_MISR.
// Read DATA_MISR and call "'misr_set()" to bring back in sync.

Il —H CRC £#R, sb& AT EFOIEN FHTTTHS5, A “misr”
1 sp2s £ DATA_MISR F54. 70 DATA_MISR 775/%“misr_set()” LIt s
=2
void misr_set(uint8_t * val){

misr=val;

3

16.2.15 GPR_WRITE (Address 0x40)
16.2.15 GPR_WRITE (#$} 0x40)
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This 8-byte register is used by several functions for the Host System to pass data to the ENS160.

Writes to these registers are not valid when the ENS160 is in DEEP SLEEP or during a low power

portion of an operating mode. Writes should only be done during IDLE mode (OPMODE 0x01).

FHLARGEHI Z A ThREAfH )% 8 19 % f7dn 1] ENS160 Lk . 24 ENS160 40T ENR " HiX,

B AL T TAFRGCRIIRIIAEER 01, XX LT NE AT B ASRAE R “ SR N T
(OPMODE 0x01) .

Table 36: Register GPR_WRITE
% 36: & f7%% GPR_WRITE

Address 0x40
Hhk 0x40

GPR_WRITEO-7

Address Bits Field Name Default Access Field Description
ik fgIvA FBAR ARIME V3] FBHA
R/W

0x40 0:7 GPR_WRITEO 0x00 General Purpose WRITE Register 0

WH“E N {7 0
o ———

0x42 0:7 GPR_WRITE2 0x00

----

0x44 GPR_WRITE4 0x00

----
General Purpose WRITE Register 6

0x46 GPR_WRITE6 0x00 6= 3\ & 5
X X 5 N\ 2 6

----—

General Purpose WRITE Register 2
WH“H N8 74 2

General Purpose WRITE Register 4
EH“E N fids 4
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16.2.16 GPR_READ (Address 0x48)
16.2.16 GPR_READ (#i4} 0x48)

This 8-byte register is used by several functions for the ENS160 to pass data to the Host System.
When New GPR_DATA is available the NEW_GPR bit of the DATA_STATUS register will be set and
the INTn pin asserted (if configured).

ENS160 192 NIIREFIfE113% 8 T & fFdr MM ARG A A . H¥rny GPR_DATA [ filfT,
DATA_STATUS 7y f#+1) NEW_GPR fr¥4 i 5, 17 INTn 5l SHEE A% (WRERCHE) -

Table 37: Register GPR_READ
% 37: &F1E5s GPR_READ

Address 0x48
bk 0x48

GPR_READO-7

Address Bits Field Name Default Access Field Description
Hihk g GIVA FBAK AIME Vi) FBAHR

0x48 0:7 GPR_READO 0x00 General Purpose READ Register 0

1“7 O
----
General Purpose READ Register 2

(0)°CY. GPR_READ2 0x00 s ’
= X 3 P R A5 2

----

General Purpose READ Register 4
0x4C GPR_READ4 0x00 P 25 A 4

----

General Purpose READ Register 6
Ox4E 7 PR_READ T
X 0: G 6 0x00 S R T 6

----—
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17 Application Information
17 MAGE

17.1 12C Operation Circuitry
17.1 12C TAEHBE

The recommended application circuit for the ENS160 I12C interface operation is shown below:

ENS160 12C 42 [ TAERHERER FH FRLES AT B -

Figure 18: Recommended Application Circuit (12C Operation)
B 18: BN A R (12C TE)

VDDID

4k7

o [10uF
(0 ) rocessor
A ENS160
7 CSn
1 SDA
l 2 SCL

6 INTn
3 ADDR

= GND
Note(s):
3

-

. CSn must be pulled high (directly to VDDIO) to ensure 12C interface is selected
. K CSn dimr (B E VDDIO) |, DABRARESE 1 12C #£11

MISO/ADDR should be pulled low or high to specify the LSB of the address
J¥#% MISO/ADDR HiARa 4y, LA EHihk Y LSB

Pull-up resistors

bhrFRH

The above recommendation for pull-up resistance values applies to 12C standard mode only.

Pull-up resistors for SCL and SDA are assumed to be part of the host system and should be

selected dependent on the intended 12C data rate and individual bus architecture.

R T B A AR A AUE T 12C ARifERie B SCL # SDA [y _Ey 2 B RS

A5, BOARFETUE R 12C BlE R A SR B Tk

4. Decoupling capacitor must be placed close to the VDD (Pin 4) and VDDIO (Pin 5) supply pins
of the ENS160

4. LA VLML ENS160 () VDD (51 4) F1VDDIO (51J5) HIJES |

-_

w w NN
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17.2 SPI Operation Circuitry
17.2 SPI T/EHR%

The recommended application circuit for the ENS160 for SPI interface is shown below:
ENS160 SP1 422 [ 11y 18U FELES A 1 s

Figure 19: Recommended Application Circuit (SPI Operation)
B 19: 2R A EE (SPI L)

Vooio
é —LOO B
Host Processor - I nF 10uF
FhhpEs = ENS160
SPI_CSn 7 Csn
SPI_MOSI 1 MOSI
SPI_CLK 2 CLK
INTn 6 INTh
SPI_MISO ' 3 MISO

Note(s):

*:
1. Weak pull-up resistor may be required for MISO to define the level when tri-stated
1. =75, MISO AJ REF B8/ N _Ehr B R4S E FE P

2. Decoupling capacitors must be placed close to the VDD (Pin 4) and VDDIO (Pin 5) supply
pins of the ENS160

2. AREHAWIEELT ENS160 () VDD (5[ 4) F1VDDIO (51 5) IS

58 ENS160 Datasheet v0.95 preliminary / December 2020

ENS160 %43 v0.95 #]5/2020 £4£ 12



ScioSense’

18 Soldering Information
18 JRHEER

The ENS160 uses an open LGA package. This package can be soldered using a standard reflow
process in accordance with IPC/JEDEC J-STD-020D.
ENS160 {d FIARHER LGA E[4E . Hi4fs IPC/JEDEC J-STD-020D, iZdf 48 vl LAME FHARE IR 42 T 208047

S

Figure 20: Solder Reflow Profile Graph
B 20: [EpRiRath 2 A

A
TPEAK -

Ts -
T, -
T1 -

Temperature [°C]
HE[C]

4 + P
n tsoak > Ht_3>| Tin?e [s]
-~ IR [s]
- t
The detailed settings for the reflow profile are shown in the table below.
TREIR T R A TR A
Table 38: Solder Reflow Profile
% 38: [EIIRAFAE
Parameter Reference Rate / Unit
2% SEH R/ BT

Average temperature gradient in preheating

FRRART B PR3 AR 2.5K/s

Soak time 2 3mi
Soak temp range Tsmax  200°C
Time above 217°C (T1) Max. 60s
AT 217°C (TR - it 60s
Time above 230°C (T2) Max. 50s
R 230°C (T2)RIEYE] 1< 50s
| Timeabove TPEAK-10°C(Ts)  [=7 ~ JIENOR[S
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BT TPEAK -10°C (Ts)EHH I T mk0s

Peak temperature in reflow 260°C
i L

i i i Max. -5K/s

Temperature gradient in cooling

¥ AR IR AR

It is recommended to use a no-clean solder paste. There should not be any board wash processes,
to prevent cleaning agents or other liquid materials contacting the sensor area.

SRV AH VLR o A AEMPGEI R, LABS 351 70 sl H A R AR A el i e e DX
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19 Package Drawings & Markings
19 HEEHNRE

Figure 21: LGA Package Drawing
B 21: LGA $#3EE4K

Pin 1 Corner < [E}
Index Area - .
1A e 05—l —al
[CEIES" i
) j —
ja il \

\_ - N
(Top View) (Side View)
(IHLEE) (UL
nXL

I
T
s i
3| == it e | ] NXW

!
1 I
? __:__,_ —=b=q — == |7
1] L= |
[ 1
h ; 4 0.1
Pin 1 Corner ‘—El—’l 8 t
Index Area
311 fir [£1}
25| X1
G (Bottom View)
QU]

Table 39: LGA Package Dimensions
% 39: LGA HIERST

Dimensions
Parameter Rt

28 ? i Nominal Max
VrRR{E =AE
Total thickness
A - 0.83 0.9

Body Size o 3 BC

EX ) E 3.0 BSC
Lead Width w 06 07 075
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S I S E— —

Lead Length
SEKE

Lead PltCh
--—-
Lead Count

Edge Lead Centre to Centre ————
UL Gl k> Aasl N i) E1 2.1 BSC

Note: All dimensions are in mm

B ROy B
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Figure 22: Recommend LGA Land Pattern for ENS160
K 22: #iVENS160 HILGA A5

Note(s):

5

-_

Top View
AL

ScioSense

| !4—0.85

==

.

. All dimensions are in millimeters

1. B RS LA RN B

w w NN

PCB land pattern in dotted lines
PAREZZe7R 1Y PCB S48 A1 JR)

Add 0.05mm all around the nominal lead width and length for the PCB land pattern
¥ PCB JE5AT R HIAR AR5 | Ze B FEAHC B2 IS i 0.05mm,

Figure 23: LGA Package Marking

A& 23: LGA #f#:trk

O
160

@ A\

. XXXX )
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20 RoHS Compliance & ScioSense Green Statement
20 7%4& RoHS #r#ER] ScioSense Green = HH

RoHS: The term RoHS compliant means that ScioSense B.V. products fully comply with current
RoHS directives. Our semiconductor products do not contain any chemicals for all 6 substance
categories, including the requirement that lead does not exceed 0.1% by weight in homogeneous
materials. Where designed to be soldered at high temperatures, RoHS compliant products are
suitable for use in specified lead-free processes.

RoHS: AiE“fF 4 RoHS FrifE” /21 ScioSense B.V.j7 il e 247 G U TA RN ROHS 154 . AT
A ALY N 6 KM, FEHRFSRB R & GEE ) Al 0.1%
HURLAE » MRV SR EE, AT A ROHS ARIERY)™ W& F THRPERITCH T2,

ScioSense Green (RoHS compliant and no Sb/Br): ScioSense Green defines that in addition to
RoHS compliance, our products are free of Bromine (Br) and Antimony (Sb) based flame retardants
(Br or Sb do not exceed 0.1% by weight in homogeneous material).

ScioSense Green (f§& RoHS #r#E, Jo&/IR) : ScioSense Green JiiE, B4 RoHS HrifEz 4,

FAREAETR (Br) FIE6 (Sb) FEFLEGH X bR R iR el B & 5 (FEERTE) A 0.1%].

Important Information: The information provided in this statement represents ScioSense B.V.
knowledge and belief as of the date that it is provided. ScioSense B.V. bases its knowledge and
belief on information provided by third parties, and makes no representation or warranty as to
the accuracy of such information. Efforts are underway to better integrate information from third
parties. ScioSense B.V. has taken and continues to take reasonable steps to provide representative
and accurate information but may not have conducted destructive testing or chemical analysis on
incoming materials and chemicals. ScioSense B.V. and ScioSense B.V. suppliers consider certain
information to be proprietary, and thus CAS numbers and other limited information may not be
available for release.

WERFR: AGHIIE ScioSense B.V. (FH“H ") HABMEHII2 HFTERIERE K. KA
SR EE IR A THE =0, FILEE 25 (2 B e (T MR s R . 36 7] 1E 755
Y A £ TR B A B AR R BRI R MR S T M M (5 18,
(AT AR A R A TRESRIE ML AL 5007 o ] B R A S R A
RICHRATAT ARG A CAS S5 MR .

21 Copyrights & Disclaimer
21 JRAUANSR 3T B

Copyright ScioSense B.V High Tech Campus 10, 5656 AE Eindhoven, The Netherlands.
Trademarks Registered. All rights reserved. The material herein may not be reproduced, adapted,
merged, translated, stored, or used without the prior written consent of the copyright owner.

ScioSense B.V. (High Tech Campus 10, 5656 AE Eindhoven, The Netherlands)/iif G . TEMHE
bro TREAFTAERF. REWMFrEESBLREER, MEEEH. K. &7 B%E. AR
SCEYHTE AR

Devices sold by ScioSense B.V. are covered by the warranty and patent indemnification provisions
appearing in its General Terms of Trade. ScioSense B.V. makes no warranty, express, statutory,
implied, or by description regarding the information set forth herein. ScioSense B.V. reserves the
right to change specifications and prices at any time and without notice. Therefore, prior to
designing this product into a system, it is necessary to check with ScioSense B.V. for current
information. This product is intended for use in commercial applications. Applications requiring
extended temperature range, unusual environmental requirements, or high reliability applications,
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such as military, medical life-support or life- sustaining equipment are specifically not
recommended without additional processing by ScioSense B.V. for each application. This product
is provided by ScioSense B.V. “AS IS” and any express or implied warranties, including, but not
limited to the implied warranties of merchantability and fitness for a particular purpose are
disclaimed.

KA ER s H GBS 200 BRI F I EE R RAT . AT A SR A (F BA
HAEFIE R RIE, A4 EART IR RIE. EERIE. BURSRIEEGE I LA A T 52 A Y AR IE .
T AR I AR B oA A S, AR BATIE A B, fEIRTEAT B RE LR, A VEh
R EHTHIE S o AT SV = e 75259 IRV AR R PR SR A R SO0 AT
SEVEESR SN (%S B A SRR an4ERR i) , WA ScioSense B.V. #EATAISME
B, NRHERR A AT o AT i 3RAT A, AR 4 R AT R BRI PRIE, B
FEAEAS B TR 1 S MRS G E T A IR PRI

ScioSense B.V. shall not be liable to recipient or any third party for any damages, including but
not limited to personal injury, property damage, loss of profits, loss of use, interruption of
business or indirect, special, incidental or consequential damages, of any kind, in connection with
or arising out of the furnishing, performance or use of the technical data herein. No obligation or
liability to recipient or any third party shall arise or flow out of ScioSense B.V. rendering of
technical or other services.

X TR BT S8 =7 AEER i PAT B AR SO O BOAR KR N 2 AT IS, AR EANER
TAGE W=k FEEHL BRIk arhlr, BEEEMFEAEEE. Kok FhHels
RYERE, REMARAEM T #6527 BT 88 =7 A IR IR B HEEOR IR 55 s H A ik 55 1 7
AR LS5 BT

Language of technical data

It is agreed between the parties that only the English language is valid for this technical data
whether translations into other languages wholly or in part have been made or used for
convenience during the establishment and execution of this Datasheet.

HIEE

BT, AR PBAATE IO HE, A TEAEA SR SO A 7 AN %S 284 (R 2 A5 R 2 il al s 20
B HANE S
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22 Document Status

22 UHRFS

Table 40: Document Status
%= 40: UERES

Product
Status

RS

Document
Status

SRS

Preliminary Pre-

Datasheet Production
B E s = Oaaiif

Definition

Information in this datasheet is based on products in the design,
validation or qualification phase of development. The
performance and parameters shown in this document are
preliminary without any warranty and are subject to change
without notice.

REHRRPWEEET TR WIESEEN B . &
SR IR B PR REANZ BN AT A5 R, FATTX LA AT fry
ik, AR, BABITIEAL

23 Revision Information

23 BiTEE

Table 41: Revision History
x4 BITHRIEF
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Revision Comment

BT =

0.9 2019-12-11 Initial Version All

KRG RAS o

Note(s) and/or Footnote(s):
TR/ -

1. Page and figure numbers for the previous version may differ from page and figure numbers
in the current revision.

1. JoHl R R ST ATIE 5 R RES AR A F] o

2. Correction of typographical errors is not explicitly mentioned.

2. SCPBRCA MR MR A AL T BRI R .
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ScioSense is a Joint Venture of ams AG
ScioSense & ams AG [—ZH &

Headquarters: ScioSense B.V.

jtiie High Tech Campus 10
5656 AE Eindhoven
The Netherlands

Contact: www.sciosense.com

BRER: info@sciosense.com
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