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Outline
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• Sensirion introduction

• SEN6x: indoor air quality sensing platform

• SGP4x: platform for NOx and VOC gas sensing

• SGP4x analog design in sensors for wide range dynamics of physical front ends

• SGP4x analog design in view of limited area and packaging stress

• SGP4x design for calibration

• SGP4x performance

• Conclusion
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Sensirion AG

© Copyright Sensirion, Switzerland
7

Founded in 1998 as a spin off from ETHZ, the Polytechnical School Zurich, Sensirion now employs around
1,200 people both at its headquarters in Stäfa, Switzerland, and in its numerous international subsidiaries.
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Sensirion main products: smart sensors
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•Humidity
•Temperature
•VOCs/NOx
•Formaldehyde
•CO₂
•Particulate matter 
•Liquid flow
•Differential pressure
•Gas flow

https://sensirion.com/products/catalog?categories=humidity
https://sensirion.com/products/catalog?categories=temperature
https://sensirion.com/products/catalog?categories=voc
https://sensirion.com/products/catalog?categories=formaldehyde
https://sensirion.com/products/catalog?categories=co2
https://sensirion.com/products/catalog?categories=particulate-matter
https://sensirion.com/products/catalog?categories=liquid-flow
https://sensirion.com/products/catalog?categories=differential-pressure
https://sensirion.com/products/catalog?categories=gas-flow-sensors
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Medical and diagnostics/Semicon Industry/HVAC/ Consumer Electronics/Mobility

Sensirion product portfolio: applications 
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Sensirion newest product: SEN6x for indoor air quality
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Measuring Indoor Air Quality is complex…
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What are the key parameters to measure air quality?
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SEN6x block diagram [1]
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focus on the IC design 

of VOC & NOx



NOx/VOC  sensor 
SGP4x platform
(first all integrated gas 
sensor on the market)
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Sensor product design is an interdisciplinary process
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IC designer
Physiscist

Product 

Manager Software 

Engineer
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Sensirion Gas Platform, SGP, multi-pixel gas sensor [2]
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Block diagram of the SGP multi-pixel gas sensor platform, including the I2C (inter-integrated circuit) bus
interface, consisting of serial data (SDA), serial clock (SCL), supply and ground voltages VDD and VSS. VDD and
the hotplate supply voltage VDDH can be shorted.
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MEMS: MOx gas dependent resistors & hot plate resistor[2]
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𝑐 𝑅𝑆𝐸𝑁𝑆
𝑐(𝑅0)

=
𝑅𝑆𝐸𝑁𝑆
𝑅0

1
𝑛

T_hotplate = 200 °C to 600 °C

Technical download (sensirion.com) R0: baseline MOX resistance

https://www.sensirion.com/products/downloads/
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Heater, temperature sensor and MOx electrodes on a membrane

(MEMS team design)
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Micrograph showing the four sensing elements (indicated by colored shapes), the read-out electrodes 
and the heater element.



CMOS Design: Analog front end ??

Resistor dynamic range 

1k to 40 Gohm/ 152 dB 

dynamic range (one 

hardware platform ??)  

over materials, 

geometries and T/RH

1% resolution up 

to 40 Gohm =

very low noise

Simple and easy 

to scale up to 

allow high 

number of pixels
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“I have loved analog design because it 

deals with compromises, as does life 

itself. It forces you to do your best.”

Willy Sansen



Confidential

Differential logarithmic amplifier 
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Read-out circuit for resistive sensor, EP2921850B1, Inventors: Mirjana Banjevic, Ralph Steiner Vahna, 

Zhenhua Wang; current assignee Sensirion AG
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Block diagram of the analog front end
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𝑉𝑆𝐼𝐺𝐴𝐷𝐶 =
𝑘𝑇

𝑞
ln

𝑅𝑆𝐸𝑁𝑆
𝑅𝑅𝐸𝐹

Ratiometric design: choose ADC reference to be derived 

from the same reference as the measured signal!

𝑉𝑅𝐸𝐹𝐴𝐷𝐶 =
𝑛𝑘𝑇

𝑞

𝐷𝑂𝑈𝑇~ ln
𝑅𝑆𝐸𝑁𝑆
𝑅𝑅𝐸𝐹

𝐷𝑂𝑈𝑇

&

→
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CMOS Evaluation of dies in DIL (dual in line package)
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Raw Pixel 1 output (LSB 13) Raw Pixel 3 output (LSB 13)

Laboratory evaluation of 64-128 dies: Process spread of the reference resistor RREF causes the spread!
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On chip memory for trim bits and sensor output calibrated values

Holy grail of the CMOS design:

circuits that do not require trimming?

© Copyright Sensirion, Switzerland24

• Process technology variations call for CMOS trimming

and calibration of the sensor output to ensure low spread

• What do we trim: CMOS circuits such as oscillator &

voltage and current references

• Why do we trim: both R and C have huge tolerances

due to the manufacturing tolerances (doping and

geometrical deviations from the drawn devices due to

masks misalignments)



Confidential

Control system for stabilisation of the hot-plate temperature
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Constant current to bias 

the resistor serving as 

the temperature sensor 

on the hotplate

(VGB to IREF converter)

Temperature sensor: 

calibration & long 

term stability

(2 Temperature 

calibration & 

extrapolation)

Stable temperature for 

the MOX resistor= 

constant hot plate 

temperature in the 

range 200 to 600 deg C 

(PI controller)



Proportional and integral electro-thermal control system, PI, to 

keep the membrane temperature constant: concept

• Vin – analog equivalent of the set/wanted temperature of the hotplate

• RTS – temperature sensor resistor whose temperature coefficients determines the change of resistance

• when the hotplate is heated

• RHTR – heater resistor, the resistor which is heated to deliver the heat to the membrane = hotplate

• TR -driving transistor, MOSFET or JFET acting as a current source

• Vfb - feedback signal; if the loop gain is high enough Vin= Vfb that is to say the membrane is on the desired temperature!

+

Vfb

-
Vin PI

err
A+

-

ITS

RTS

VTS

VTS0

RHTR

TR

VDD
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Proportional and integral electro-thermal control system, PI, to 

keep the membrane temperature constant: block diagram

Temperature / Power controller for MEMS sensor, Wang, Zhenhua; Banjevic, Mirjana; Mrcarica, Zeljko; 

Steiner Vanha, Ralph CH-8712 Stäfa (CH) P 2995939A1



Packaging stress and its temperature dependence affect 

hot plate temperature stability and spread

The first silicon showed high spread of the 

calibrated membrane temperature

- Calibration is not all powerful, especially in our 

case where we extrapolated the 2-point calibrated 

temperature at 20/80 deg to 600 deg C!

- Root cause: packaging stress evolution over

temperature in a minimum area die  induced 

additional offset in a critical amplifier -> back to 

design -> new floorplan ->new tapeout !



MEMS Design Challenges

Design of the 

hotplate; hotplate 

efficiency; hotplate 

stability

Temperature 

sensor: 

calibration & 

stability

Heater resistor & 

maximum 

achievable 

temperature for 

1.8 V supply

MOx electrodes 

and MOx

material 

deposition



MEMS Design Reliability: lifetime 1 year? 3-10 years required!

First generation 

hotplates failed 

reliability tests - > 

back to the 

MEMS design phase
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Calibration curve for gas concentration
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• What do we calibrate to arrive at low device-to-device D2D spread: the sensor output including

deviations in the physical front end signal processing electronics 

© Copyright Sensirion, Switzerland31

𝐷𝑂𝑈𝑇~ ln
𝑅𝑆𝐸𝑁𝑆
𝑅𝑅𝐸𝐹

𝐷𝑂𝑈𝑇1 − 𝐷𝑂𝑈𝑇2~ ln
𝑅𝑆𝐸𝑁𝑆1
𝑅𝑆𝐸𝑁𝑆2

𝑐 𝑅𝑆𝐸𝑁𝑆
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𝑅𝑆𝐸𝑁𝑆
𝑅0

1
𝑛

&

If RSENS2  is the baseline/reference concentration c(R0), then:

𝐷𝑂𝑈𝑇 − 𝐷𝑂𝑈𝑇0 ~ 𝑛 ∗ ln
𝑐 𝑅𝑆𝐸𝑁𝑆

𝑐 𝑅0
= 2.3 ∗ n ∗ log

𝑐 𝑅𝑆𝐸𝑁𝑆

𝑐 𝑅0

→
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Gas calibration curve [3]

Sensor output (Sout) normalized to the sensor signal at 0.5 ppm H2 (Sref) as function of the analyte
concentration for various gases. Indoor air quality (IAQ) Mix refers to a gas mixture proposed by Mølhave
et al. representing a typical mixture of volatile organic compounds (VOCs) found in indoor environments.
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Total loss of sensitivity due to siloxanes present in plastic upon integration in the mobile phone

Sensor integration revealed siloxane sensitivity: show stopper ??
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Long-term stability in an accelerated life-time test. The normalized ethanol concentration for different degradation time intervals 
is plotted for two commercially available sensors (blue and orange) and one Sensirion SGP sensor (green). The sensors have been 
calibrated before the accelerated lifetime test. The signals are normalized to their respective values before the test.

Sensirion found solution ! (4) 

© Copyright Sensirion, Switzerland34
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VOC Sensing for Better Indoor Air Quality with Sensirion's SGP40 VOC Sensor - YouTube

SGP Performance summary [4]

© Copyright Sensirion, Switzerland35

https://www.youtube.com/watch?v=nmI8rlmCUng
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Conclusion
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• Sensor design is a multidisciplinary project

• IC design has to find solution for demanding specifications of the physical front

end where the limits of detection are pushed every day

• IC design for minimum area (packaging stress influence) to reduce the chip price

and minimum power to extend the battery lifetime

• IC design has to facilitate calibration of the sensed physical value

• IC design for sensors is an exciting field where the contact with the physical front

end/MEMS asks for novel and creative solutions
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THESE SOLUTIONS ARE 

YOURS TO FIND AND 

HAVE FUN ALONG

THE WAY!
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1. Datasheet on SEN6x (sensirion.com)

2. Technical download SGP4x (sensirion.com)

3. Daniel Ruffer, Felix Hoehne, Johannes Buhler, New Digital Metal-Oxide (Mox) Sensor Platform, 

Sensors (Basel), 2018, doi: 10.3390/s18041052

4. Siloxane-resistant MOX gas sensor brings smartphones one step closer to Star Trek's tricorder -

Electronic Products by Andrea Orzati, Sensirion AG

References
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ADDITIONAL SLIDES

MOX Sensor’s Application Notes
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What is a MOX sensor?
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Is it possible to map the output of a MOX sensor to a norm?
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What are reducing gases?
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What are oxidizing gases?
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What is Sensirion’s NOx Index
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What is Sensirion’s VOC Index
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