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Conditioner IC

High End 24 -Bit Sensor Signal

Z5S5C3224
Datasheet

Brief Description

The ZSS&224is a sensor signal conditioner (€3@) high
accuracy amplification and atwdligjtal conversiof a differ
entiabr pseuddifferentiahput signal. Designediginresolu

tionsensomodule applications AB&@224can perform offset,

span, andstland 2d order temperature compensation of the ;
. . o ..~ A Internal amompensated-b8& temperature sensor
measured signal. Developed for correction of resistime bridge

absolute voltagensorst can also provide a corrected tempera

ture output measured with an internal sensor.

The measured and correstatsovalues are provided at the

digital output pins, which can be configl2€dC8s4MHz) or

SPI 020MHz). Digital compensationnafl siffset, sensitivity,

temperature, and dioearity is accomplished 2&bé internal
digital signal processor (DSP) running a coatgotitm.

Calibration coe#itis are stored-ohip in a highly reliable; non
volatile, myitetime progmmable (MTP) noeyn Programming

Features

A

A

Flexible, programmable analogfromtesign; up tolfd
analogo-digital converter (ADC)

Fully programmable gain amplifier for optimizing sensor
signals: gain range 6.6 to 216 (linear)

A Digital compensation of individual sensorGifabRdl

order digital compensation of sensor gain ass\aeltlas 1
2ndorder temperature gain and offset drift

A Programmable interrupt operation
A Highspeed sensing: e.g-pit&onditioned sensor

A

A

theZSS@B224is simple via the serial interface. The interface is

used for the Rntrolled chatation proceduvehich programs

the set of chiation coefficients in menitng.ZSSBG224

A

provides accelerated signal processirepsed resolution, and A

improved noise immuimitprder to support kFegked control,
safety and redime sensing applicatiomish the highest
requirements for energy efficiency

Applications
A

navigation

Weather forecast

Fan control

Industrial, pneumatic, and liquid pressure
Highresolution temperature measurements
Objectemperature radiation bganopile)

v >y D>y D>y D>

ZSSC3224 Application Example
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L

- ‘ VDD gatety
voD

Barometric altile measurement for portable navigation or
emergency call systems; altitude measurement for car
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Signal Output /
Post-processing

A
A
A
A
A

signal measurement rate >200s

Typical sensor elements canvacaireaccuracy of better
than +0.10%till scale output (F&®30 to 85°C

Integrated6bit calibration malilital signal
processor (DSP)

Fully corrected signal at digital output

Layout customized fordikebonding with sensor for high
density chipnboard assembly

Onepass calibratiomnimizes calibration costs

No external trimmifijeror bufferingtpmponents required
Highly integrated CMOS design

Integrated reprogrammable/olatile memory

Excellent for lawltage and lgpower batteapplications

A Optimized for operation in calibrated resistive

> > > > >

> >

(e.g, pressuredensoorcalibratedbsolute volta¢e g,
thermopilesensomodules

Supply voltage rangé8\dto 3.6V
Operating mode currehOmA (ypical)
SleefModecurrent20mA ypical
Temperature resolutidn7mK_SB

Excellergnergyefficiency:
with 8-bit resolution180@d/step
with24bit resolution1shJ/step

Small die size
Opeation temperatuiiet0°C to 85°C

Deliverpptions4.0mm x 4.0m2d-PQFNanddie for war
bonding
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1. Pin and Pad Assignments and Descriptions
The ZSSC3224 is available in die form oriA@ke\2dackage.

1.1 ZSSC3224 Die Pad Assignments and Descriptions

Figure 1.1 ZSSC3224 Die Pad Assignments

VDD I:I ZMDI-test
VSS |:| ZMDI-test
ZMDI-test |:| ss
RES |:| ZMDI-test
vore (|| L] w
INN |:| |:| VSSB
Foc |:| |:| MOSI/SDA
MISO |:|
ZMDI-test I:I SCLK/SCL
Table 1.1 ZSSC3224 Die Pad Assignments

Name Direction Type Description

VDD IN Supply Positive supply voltage for the ZSSC3224.

VSS IN Supply Ground reference voltage signal.

RES IN Digital ZSSC3224 reset (low active, impeitgd).

VDDB ouT Analog Positive external bridgasor supply.

INN IN Analog Negative sensor signal (or sgnsond for absolute volameces
Sensors).
EOC ouT Digital End of conversion or interrupt output.
MISO ouT Digital Data output for SPI.
SS IN Digital Slave select for SPI.
INP IN Analog Positive sensor signal.

VSSB ouT Analog Negative external bridgasor supply (sensor ground).
MOSI/SDA IN/QUT Digital Data input for SPI; data in/out for 12C.
SCLK/SCL IN Digital Clock input f8PI/12C.

ZMD+test T T Do not connect to these pads.

©2018ntegrated Device Technology, Inc 6 Novembet2 2018
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1.2 ZSSC3224 24 -PQFN Pin Assignments and Pin Descriptions

Figure 1.2 Pin Assignments: 4.0 3 4.0 3 0.85mm 24-PQFN Package

Note: Drawing is not to scale. See Jdotiagiimensions.

2
) o) a
(%) J [a] J J =
> c > c c N
ZMDHest| 1) ~N (3] ZMDtest
RES| 2) (v7] ss
VDDB| 3) 24PQFN (3s] zZMDtest
INN[ ) TOP VIEW (=] INP
EOC| s) (14| vssB
MISO[ &)  \ /' (3] MOSBDA

8 9 10 11 1
c c c c

ZMDtest | ~)
SCKISCL [ &)

Table 1.2 ZSSC3224 Pin Descriptions: 24 -PQFN Package

Note: In the following table, An.c. 0 stands for not connec
Pin No. Name Direction Type Description
1 ZMD+iest T T Do not connect.
2 RES IN Digital ZSSC3224 reset (bwtive, internal puyd).
3 vDDB ouT Analog Positive external bridgasor supply.
4 INN IN Analog SNsl?riteivSeeiir(;?g)r. signal (or sensor ground for absolutg
5 EOC ouT Digital End of conversion or interrupt output.
6 MISO ouT Digital Data output for SPI.
7 ZMDiest T T Do not connect.
8 n.c. T T T
9 n.c. T T T
10 n.c. T T )
11 n.c. T T T

©2018ntegrated Device Technology, Inc 7 Novembet2 2018
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Pin No. Name Direction Type Description
12 SCLK/SCL IN Digital Clock input for SPI/I2C.
13 MOSI/SDA IN/QUT Digital Data input for SPI; data in/out for 12C.
14 VSSB ouT Analog Negative external bridgesor supply (sensor ground).
15 INP IN Analog Positive sensor signal.
16 ZMDiest T T Do not connect.
17 SS IN Digital Slave select for SPI
18 ZMDiest T T Do not connect.
19 ZMDiest T T Do not connect.
20 n.c. T T T
21 n.c. T T T
22 VDD IN Supply Positive supply voltage for the ZSSC3224.
23 n.c. T T )
24 VSS IN Supply Ground reference voltage signal.
25 Exposed Pad T T Do not connect electrically.

2. Absolute Maximum Ratings

Note: The absolute maximum ratings are stress ratingZ&3@2ZPHenight not function or be operable above the recommenc
operating conditions. Stresses exceeding the absolute maximum ratings might also damage the device. In additidn, exter
stresses above the recommended operating conditions might affect delCedreligbgity. not r ecommend de:
Maxi mum Ratings. o

Table 2.1 Absolute Maximum Ratings

PARAMETER SYMBOL Min TYP MAX UNITS
Voltage Reference Vss 0 0 V
Analog Supply Voltage Vob -04 3.63 \%
Voltage at &#lhalog anBigital 10 Pins Va_ia Wb_io -05 Voot05 \%
InpuCurrent intBnyPinexcepRES ZMDlest,SSlal ] Iin -10 100 mA
Electrostatldischargd&olerancé Human Body Model (HBM1) VHeMm +4000 - \%
Storagdemperature TsToR -50 150 °C

[a] Latchupcurrent limit fRES ZMDtestand SS+70mA
[b] Latchup resistance; reference for pin is OV.

[c] HBM1: C = 100pF chargeda@With resistor-RL.5kVin series based on MIL 883, Method B&I5 frotectioaferencetb the
Human Body Model is tested with devices in ceradiieduatkages (CDIP) during product qualification.

©2018ntegrated Device Technology, Inc 8 Novembet2 2018
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3. Recommended Operating Conditions

NoteThe eference for all voltages is Vss.

Table 3.1 Recommended Operating Conditions

PARAMETER SYMBOL MIN TYP MAX UNIT

Supplyoltage Vob 168 T 3.6 \%

VDD Rise Time tvop 200 €s
) 1.8

Bridge Currdrit lvoos mA
16.5

Operation Temperature Range Tams -40 T 85 °C

Externa(ParasiticCapacitance between VDDB and VSS C 0.01 50 nF

[a] Power supply rejectimneducei a curren the range of 16.5miposer 1.8mA is drawn out of VDDB.

Adynamic powenresetircuits implementadorder to achieve minimum current consuiBjgepviade The VDD low level and the
subsequent rise time and VDD risingnsisipeeetherequiremenia Table3.2 to guarantee an overall IC;riesetr VDD low levels
allow slower risingtlué subsequent-amp of VD@thercombinationsightalso be possible. For exani@eresset trigger can be
infuenced by increasing the pdoven time amhalweringhe VDD rising slope requirefl&mnatively, the RESpibe connected and

used to control safe resetting a6#B224 RES is actiew;a VDBVSSVDD transition at RESpin leads to a compEESC3224
reset.

Table 3.2 Requirements for VDD Power -on Reset

PARAMETER SYMBOL MIN TYP MAX UNIT
PoweiDown Time (duratodrDD Low Level) tspike 3 T T us
VDD Low Level VDDw 0 i 0.2 \Y
VDD Rising Slope SRop 10 T T Vims

©2018ntegrated Device Technology, Inc 9 Novembet2 2018
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4. Electrical Characteristics
All parameter values are galidundehespecified operating conditionmltaljesre referenceéd Vss.
Table 4.1 Electrical Characteristics
Note: See important table notes at the end of the table.
Parameter Symbol Conditions/Comments Min Typ Max Unit
Supply
External Senssupplyoltage, ADC
Referencaloltage Vbps Internally generated 1.0 168 1.5 \%
Active State, average 1050 1500 HA
Current Consumption Ivop X
SleepModeidle current 85°C 20 250 nA
Power Supply Rejection Vop= 1.8V 17 60 88 dB
20logd\bo'\Vbog PSRob
(Seesectiom_]) \bp= 2V 32 65 91 dB
Analogto-Digital ConverntdADC A2
Resolution rapc 12 24 Bit
ADCClockFrequency fanc Internal ADC clock 0.9 1 11 MHz
Conversions per second for sing
24bit external sensor A2D 144 Hy
conversiofwithout autero
Conversion Rate foaw | MEASUrEMeAT)
Conversions per second for sing
16bit temperature sensor A2D 2.3 kHz
conversiofwithouAZ)
Amplifier
Gain Gamp 64steps 6.6 216
Gain Error Gerr Referencet nominal gain -25 T 25 %
Sensor Signal Conditioning Performance
Accuracy error f@nsor that is
ZSSC322Accuracy Ertar Eraic ideally linear (in temperature an( 001 %SO
measurand
Conversion Rate f Conversion per second for fully 58 60 Hy
585C | correcte@4hbit measurement
Input
Input Voltage Range Vine Mnn Ipr:rp]):t voltage range at INP and | 0.65 1.05 \%
Fu_llpo_wer supply dlst_qr_bance 1 10 50 ka
External SensBridge Resistance Rer rejectiorASRRcapabilities
Reduced PSRR, but full function] 100 999 q

©2018ntegrated Device Technology, Inc
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Parameter Symbol Conditions/Comments Min Typ Max Unit
PowetUp
Vbpramp up to interface
tsta1 L - 1 ms
. communicatigeee sectiah
Startup Time unicatigsee sectioh )
tsTa2 Vooramp up to analog operation 2.5 ms
Sleep to Active State interface
twup1 - 0.5 ms
) communication
Wakeup Time :
i Sleep to Active State analog > ms
wupz operation
Oscillator
Internal Oscillator Frequency fok 36 4 44 MHz
Internal Temperature Sensor
Temperature Resolution -40°C to 85°C 07 mMK/LSB
Interfaceand Memory
Maximuroapacitance at MIB@:
SPI Clock Frequency fc.spi A0pFatVos=1.8V 1 20 MHz
I2CClock Frequency fciec 3.4 MHz
Program Time tprog MT.P programming tprael 6hit 5 16 ms
register
Endurance nvite Number of reprogramming cycle 1000 10000 Numeric
Data Retention trer mTP | 1000Hat125°C 10 Years

[a] Percentage referrednmximum fidtale outp(ESO)e.g. foR4bit measurements:
Ern,iJ%FSOF 100- MAX{ADGheasi ADGieal }/ 224

4.1  Power Supply Rejection Ratio (PSRR) versus Frequency

105 T T T T T T T
~ — X
- V[)[): 1.8V
== Vpp=19V
| —=Vpp=3.3V

90

85

70

B]

55+

PSRR [d

40

PSRR =20-log(Vpp/Vips)

Frequency [Hz]

©2018ntegrated Device Technology, Inc 11 Novembet2 2018



@IDT 7SSC322Batashe

5. Circuit Description

5.1  Brief Description

ThezZSS@224provides a higldgcurate amplification of bridge sensor signals. The compensation of sensor offset, sensitivity, t
drift, and ndimearity is accomplished 2@t DSP core running a correction algorithm with calibration coefficientswstileddl in a
memory. TIESS@B224can be configured for a wide range of resistive bridge sensiotyplesolute voltage source sehshgital
interface (SPI11@Q enables communicafldreZSS@224supports two operational mdbesalModeandConmandviode .Normal

Mode ighe standard operating mbggcally in Normal MdtueZSS@224wakes up froBleep Modgow powerjuns a measurement

in ActiveState andautomaticalfgturngo theSleep ModéSee sectigh4for details on operational modes.)

5.2  Signal Flow and Block Diagram

SeeFiguré.1 andriguré.2 for thez SSG22dblock diagrafor different input sensbhe sensor lyelsupplypgsand the power supply

for analog circuitry are provided by a voltage, reidasooptimized for power supply disturbance rejection (PSRR).&&®section
a graph of PSRR versus frequendsnprove noise suppression, the digital blocks are powered by a separate voltage regulato
supervisiotircuitnonitorsll supply voltaggnd generates appropriate resesdignialitializing the digital blocks.

TheSystem Control Ugointrols the analog circuitry to perform the three measuremeterigbesgnsaemperature, and offset
measurementhe multiplexeelects the signal input to the amplifier, whicheaxtdrmal signals fromitipait pins INP and iidhe
internalemperatureferenceensosignalsA full measurement request will tiiggetoanatsequence of all measurement types and all
input signals.

Figure 5.1 ZSSC 3224 Functional Block Diagram with Resistive -Bridge Sensor
1 vbps Vreg int
L] |
Vil Temperature . —L] VDD
Reference AGNDCM Bias Current Voltage Regulatpr
Generator Generator
Vi Sensor Power Cir —{1 VSS
—>
2553224
9]
x
Q
£ A DSP Core
[ = D (Calculatiops [T EOC
= Communicatipn
Preamplifie 24Bit
I SCLKSCL
SS
T T T SPI MOSISDA
Clock System MTP MISO
Pti?weiOtN Generat Con@rol 12C RES
ese Oscillatgr Unit
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Figure 5.2 ZSSC 3224 Functional Block Diagram with Voltage -Source Sensor
H_‘VDDB Vreg int
§ [
Vie | Temperature - —L1 VDD
Reference AGNDCM Bias Current Voltage Regulatqr
Generator Generator
Vi | Sensor Power Ctr — 1 VSS
_>
2553224
f—; g
x
Q
= A DSP Core
g INP 3 D (Calculations —L] EOC
5 = Communicatipn
8 INN Preamplifie 24Bif
>
VSSB I SCLKSCL
111 ori [ 52
E MOSSDA
Clock System TP MISO
:oweigno J| Generator ConFroI 12C RES
ese(POR Oscillatar Unit

The amplifier consists of two stages with programmable gain values.

TheZSSB224employs @rogrammabbmnalogo-digital convertéhkDCoptimized for conversion speech@ad suppression. The
programmable resolution fidta 24 bis provides flexibility for adapting thersmm characteristics. To improve powengisgply

suppression, the ADC uses the bridge sugamyit¥ reference voltbgeling to a ratiometric measurement topologteiintdlesensor

is a bridgtypeelement

The remainiZp SC322ihternabffseind the sensor element oiffsgtthe overailstem offstedr theamplifier and Alp@n beanceled

bymeans ain offsednd autaeromeasurementespectively

The DSP accomplishesatliezerg span, andstand 24 order temperature compensation of the measared senssignal. The

correction coefficients are stored in the MT. memo

TheZSS@B224supports SPI attCinterface communication for contt@it®SBG224 configuratipand measurement result output.

5.3

531

The amplifier haBifiydifferential architectamd consists of two stagieée amplificatimireach stagandtheexternaensogain polarity
are programmabfasettings in the Maesment Configuration Redi¥econfifj andSM_configtaddresss 12exand 16ex see

Amplifier

Analog Front End

sectiors.6.2 in the/TPmemoryfdr detailsee sectiob.4.2.

Note:Only one of these two possible configurations istisateézurement. The default configurafibh éenfiglAlternately,
SM_configean be implemented by sending a commsafetttdhis configuration for the measurement (se@.%4cftidre term
SM_configs usedn explanations fgeneral register content andtidmalitfor bottSM_configdndSM_config2 a s
assignments are exactly the same for both registers.

The firgb bits oM configre thgprogrammable gain set@an_stagedindGain_stageZheoptions for tipegogrammable gagttings

are listed ihableb.1 andTableb.2.

t he
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Table 5.1 Amplifier Gain: Stage 1

Gain_stagel
SM_confidit 2 SM_confidit 1 SM_confidit0 Gainmu
0 0 0 6
0 0 1 12
0 1 0 20
0 1 1 30
1 0 0 40
1 0 1 60
1 1 0 80
1 1 1 120
Table 5.2 Amplifier Gain: Stage 2
Gain_stage2
SM configBit5 SM configBit4 SM configBit 3 Gainmg
0 0 0 11
0 0 1 1.2
0 1 0 1.3
0 1 1 1.4
1 0 0 1.5
1 0 1 1.6
1 1 0 1.7
1 1 1 1.8

If needed, the polarity of the sensor bridge gain can be reversed Baggtbtagitiist which is bbtin theSM _configegistefsee
sectiorb.6.2. Changing the gain pola@ghieveblyinverting thehopper clockables.3 gives the settings forGaen polaritybit. This
feature enablapplying sensor to t@SSG224with swapped input signals at INN aedlN® avoid crossing wires for the final senso
modul ebs assembl y.

Table 5.3 Gain Polarity

Gain polarity(SM configBit 6) Gain Setting [@scription
0 +1 No polarity change
1 -1 Gain polarity is inverted

©2018ntegrated Device Technology, Inc 14 Novembet2 2018
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5.3.2 Analog -to -Digital Converter

An analogo-digital converter (ADC) is usdijitzehe amplifier signbh allow optimizing the todfibetweeconversion time and
resolutigrihe resolution can be prograrmaedangéom 1dit to24bit Adc_bitbit field in tH&M configegistersectio®.6.2. The
ADC processes differential input signals.

Table 5.4 ADC Conversion Times fora Single Analog -to -Digital Conversion
Resolution(Bits) Conversion Time jis (typical)
12 140
13 1%
14 250
15 33
16 470
17 640
18 890
19 1250
20 1760
21 2460
22 3480
23 4890
24 6940

The ADCanperfornanoffset shifbh ordeto adapt input signals with offsets to the ADC induteahgé feature is enabled by setting
theSM__configegistdy it 15=1 Shift_methael). The respective analog offsetahithe set up whits[14:12]theOffsebit fieldn
SM_config heoffset shiftauseshe AD@p er f or m an addi ti onal a afactowf?. This ast hietaken o f
into consideratifor a correct analog sensor stdugpnfigurationtiot prea mp | i f i er 6 s g aanathe poténeal ABDO C
gain.

The overall analog amplificatmfi , ¥ Gia 4 mi1G a d mi2 G a A pi@an be determined for the follopftiogs

If no offset shift is selectedShdt_methadd andOffset=000in SM__config
G ati 0EFQ5|aaj mrﬂzlG aai mrﬂzzl

If ADCoffset shift is selected,$kift_methaedl and Offset 000inSM_config
G ati 0'F§|aai mrﬂzlG aaj mrﬂzzz

©2018ntegrated Device Technology, Inc 15 Novembet2 2018
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Table 5.5 ADC Offset Shift

Offset Shift in ADC
SM_config Bit 15 Offset: Offset: Offset: ADC Offseshift of Input Signal as
(Shift_method) | SM_config Bit 14 SM_config Bit 13 SM_config Bit 14 Gainoc Percent of Full Scale

0 0 0 0 1 0%

1 0 0 0 2 0%

1 0 0 1 2 6.75%
1 0 1 0 2 12.50%
1 0 1 1 2 19.25%
1 1 0 0 2 25.00%
1 1 0 1 2 31.75%
1 1 1 0 2 38.50%
1 1 1 1 2 43.25%

Important notelf the required configuration is no offset shift and no additional gain factorGambtivetgfnen the only valid
settings ar8hift_methed0 andOffset000 inSM_configAny other setup usBidgft_methedd combined wiffset 000leads to
erroneous analog setups.

The setting for ADC resolution for the external sensor (bridgeocorcebkagsor) affects the typical measurement duration and n
performance as showrables.6f or t he exampl e of a bridge s e nys;ceaesecticdatd.ur e |
See sectiob2for definitions of measurement types AZSM, SM, AZTM, and TM.

Table 5.6 Typical Conversion Times versus Noise Performance with Full Sensor Signal Conditioning for
Measurement including AZ SM, SM, AZTM, and TM  (Bridge -Type Sensor)

Note: See important notes at the eadaifléh

ADCResolutioninternal | TypicalADCResolution Typical Measurement Durati@n Typical 3Sigma Noise for SSC
Temperature Sensor ExternalSensorSetting MEASURE, e (ms) Corrected OutplH (countg

18 16 4.1 4.9
18 17 4.4 8.3
18 18 4.9 161
18 19 5.6 335
18 20 6.6 65.0
18 21 8.1 118.1
18 22 10.1 233.9
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ADCResolutioninternal | TypicalADCResolution Typical Measurement Durati@n Typical 3Sigma Noise for SSC
Temperature Sensor | ExternaSensorSetting MEASURE, ey (MS) Corrected Outplf (county
18 23 12.9 466.3
18 24 17.0 922.0

[a] Measurement duration is defined as the time from the high/low transition at the EOC pin at the beginningril thenerdasur
low/higlransition of the EOC signal at the end of a single measurement in Sleep Mode.

[b] Reference noise valuesormz ed t o the external sensords ADC resol ut
40K sensor bridge, 253@erating temperatu@Bain=52DCOffset=25%, VDD=1.79V.

5.3.3 Selection of Gain and Offset & Sensor System Dimensioning
The optimal gain (and ofésttlp for a specific sensor element can be determifaidvioyndbteps:

1. Collect sensor elendestiaracteristic, statistical data (over temperature, ambient sensor parameter, and over productiol
tolerances):

a. Minimm differential output volidge:
b. Maximm differential output voltdge:

NoteThe best possible setup can only be determined if the absoNitecisdargathan the absolute valué.ef If this is
not the case, the gain polarity should be reyensaths of tkéain_potadyb i t i n SM_boefigdisieP 6 s

2. Calculate:
a. Common mode levdd; differential offset of the sensor OHREO .2 BVma s+ Vini)n

b. Relative or percegemffset of the sensor ouhefe &, %67 - Vck\“; -21 00 %
3. Determine whichleé two following cases is:valid
a. If Offseknsd%]>43% thenselecOffset 111 (i.43.25%)

b. If 0%< Offseknsd%]043%then sele@ffseDOffsaknsd%)]
(seeTableéb.5forpossible ADGffsesetup valise

4. The totally requiredjrapm gain can be determined as

G . 1.4V
Al ol a 2plf0f Geakor
Vma%k 11 =750

Configure gain factors in the following step SGaimth@Gaima op(See sectidh3.).

5. The gain setup can be separated intogHadtoeSainmp; Gainmp(for the Btage amplifiendGainpc(1 for nahift or 2
for shift operati@tcording to

Gaioh GadmFiGadnFGaior

a. If no offset shift is perforBadt( method0 andOffset 000), the amplifier gaiBasmal
b. If an offset shift is perforrBbift( methadl), the amplifier gain ig Gaiifytal

©2018ntegrated Device Technology, Inc 17 Novembet2 2018
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Figure 5.3 ADC Gain and Offset Setup
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5.3.4 Temperature Measurement

ThezZSS@B224provides an internal temperature sensor measoraitogntompensation for temperature 8ectectiohfor the
temperaturgensoresdutionThetemperatur@utput signal is a differential vetiaige adapted by the amplifitefédD Ghput

For temperature measurentherespectiveetting aredefineé@nd programmedhie MTBRYIDT

5.3.5 External Sensor Supply : Bridge Sensors

TheZzSSB224provides dedicated supply pins VDDB anon8SiBtive bridgype sensofdbsV_enablgt11=0 inSM_configMTP
registes 12exor 16ey. The ADC reference voltémethe sensor bridge measurarederived from shenternaldtagessuchthat
bridge supply disturbances are suppidssedrrent drive abilityop&i¥ limited (se@bsin sectiof).

5.3.6  External Sensor: Absolute Voltage Source Sensors

Alternativehhd ZSSB224canprocess signals from an absablittge soureensare.g, a thermopile element. The respective input
type selection can be donethvtAbsV_enablgt11=1inSM_confidMTP registersitxror 16ex The respective sensor element must

be connected between theadHNN pinB\IN is internally connected 63B&224 analog grourichportant: thisrist VSSBDo

not conned!DDB and VSSB if an absetltege source sensor is apfltea.offset shift should be set to maximum in this cas
Shift_methodl andOffset111 irSM_configrhe required gain can be determined according to thedpsacisinesectiob.3.3
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5.4  Digital Section

5.4.1 Digital Signal Processor (DSP) Core
ThefDSPCor@block perforntise algorithm for correcting tieossignal. Theguirectoefficients are stored in the MTP memory.

Wherthe measurement results are avaitedend of converstmignal is set ite EOC pifino interrugphresbld has been set up
(bits[8:7F 00 in memory registefieh2The internal EOC information is validbmththé measuremeandcalculation have been
completedilternatively, the EOC pin can ingkcatedingrunderunning of a certain thresitd&hving validresultange as described
in sectiof.3

5.4.2 MTP Memory

ThezSSB224 memory idesigned witttruemultiple time programmaliled(structuréelhe memory is organizdéhbit registetbat

can be ravritten multiplienegat least000)The user has access 5Y& 16bitstorage area fealues such as calibration coefficients
The required programming voltage is generatedimtbaZ8I$3224 A checksum of the entire merma@yaluated ber fintegrity
check purposekhe checksum can be generated with the compxések 3@ ctidh4.).

5.4.3 Clock Generator

The cloclgeneratoprovidegpproximaiedMHzand 1MHelock signabsthetime base f@SSC322#hternal signal processirite
frequency is trimmed during production test.

5.4.4 Power Supervision

Thepowersupervision blgakhich iapart of the voltage regutaintbined withe digital sectjononitors all power supplies to ensure a
defined reset of all digital blocks duringip@veower supply interrupfioBs: -0 win 6 ¢ a s e that @oiot mdepoweonp p |
resetPOR requirementsgeTable3.2), must be resolved with a reset puls&&Shen

5.45 Interface

TheZSSGB224& an c o mmu n i c emmunisation mastedomutarisaa $Pd &Cinterfacel he interface type is selectable
with thdirst activity at the interface after-pporereset
A If the first command is2@@command artleSSpin has been inactive until receiving this comrza83&#denters2CMode.

A If the first interface actitineSSpinbeingset to activéi(GHactive ocOWactive depeimdjontheSS_polarityit{9jn memory
interface registey, therthe ZSS8224entersSPIMode

During the initiation sequence (afterypaweee), any potential transition on SS is ignored. SwitcbBBIkdode is only possible
after the powap sequence. If SS is not connected,ghmeil®8rnal pulb keeps theSSG224in12CMode.

Toalsoprovide interface accessibilfeepgModgall features inactive except for the digital interfabe liodggcjace circuitry is directly
supplied by VDD.

©2018ntegrated Device Technology, Inc 19 Novembet2 2018
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6. Functional Description

6.1 Power Up

Specifications for this section are given in Sectith©n powenp, theZSSG224communicatiamerface is able to receivarsie f
command after a tigiaifrom whetlhe VDD supply is within operating specifithéo8SB224can begin tHigst measurement after
a time oktazfrom when the VDD supply is oper&lmraktivelynstead @ poweonreset, a reset@mew powelpsequencean

be trigged by an Kgeset signal (higlw) attheRES pin.

The wake up tiftemSleep Mod® Active Stat@ee sectiob.g after receiving theivatingommand definedstwupiand fupz2 In
Commantode subsequent commacas be sent aftg@ub: The first measurementsséidr upif a measuremergquest was sent

6.2 Measurements
Available measurement procedures are

A AZSM: auteero(external) sensoeasurement
A SM:(external) sengoeasurement
A AZTM: auizero temperature measurement
A TM: temperature measurement

AZSM: The configuratienioadefbrmeasuring the extersahsari.e, a resistivbridgeor an absolute voltage soulideefMutiplexed
bloclconnects tranplifier inptatheAGNmnalog ground referedag@mnalogo-digita{A2Dyonversion ierformed so thia¢inherent
system offsédr the configuratisrwonvertdaythe AD@oa digital woith a resolution accortbiripe respective Mafiguration

SM:The configuration is loaded for measuring the exterial, seresistive bridge or an absoluteevettageThefi Mu |l t i pl e x
connects trenplifier inpta thedNP and INpins AnA2Dconversion performedrhe result is a digital wattd a resolution according
to the MTP configuration

AZTMThe configuration for temperature meassireinadedlhefi Mu | t i p toenectsrth@mplifidr iaptdkAGNDAN analoeg
todigital conversion is perfosnddat the inherent system offset for the temperature configuration is convertti byrdselAfD
accordintp the respediWTP cdiguration.

TM:The configuration for temperature meassi®ladedihei Mu | t | p ¢coeneces thenplifiel iptd khenternalemperature
sensorAnA2Dconversion is performidee result is a digital word with a resolutidm@d¢odhe MTP configuration.

The typical applicati on dnsasuremens(usimge offe scommasPeckieARiEx see aecticdal.hp | e
withAZSM, B, AZTNMandTMfollowed by a signal correction calculation.

6.3 Interrupt (EOC  Pin)

The EO@incan be programmed to operate eitnperias e fi me a s u r e-ohemversiofE@G)ndicatoer asalcondiguréble
interrupindicatorThe basic operation mugirbgrammed to iNT _setupits [8:7] in registerfdseeTableb.5). One or two 2t
quantized thresholds can be prografR&dENdTRSH2 imemory register3iex 14iexand 15ey).

The thresholds are programmedideitd in the memawy.theymustbep r ogr amme d wi t lintherheemotrhyr e sehgc
MSB, etcThe number of LSB threshold bits that aieaqe tthe number of bits for the selected ADC resolution (determined b
Adc_bit§eld in registerssggand 16ey; unused LSB bits are ignored

The interrupt functigpas only available for digital values from #a@c8B@on ufite., aftesensosignaktonditioninglaw values
cannot be monitored by the interrupt fégtued.1 shows the different setup options and the respective response atfthe E€&C pin.
of the interrupt functionality is recommended for cycliqapertiod ABwith the respeai powedown setup in thaerface
Configuratiomemory register83. The EOGevel continuously represents the respective&d€ment resuhly during cyclic
operatianFor single or oversample measurement requests without cyclicecop@@&tionfpiht signal is reset to logical zero at th
beginning of each new measurement, even though the interrupt testabbstedreorreeciiythe end of each measurefsetting

EOC to logical one or zero is dependesinterrupt setup)
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Figure 6.1 Interrupt Functionality

INT_setup=01: INT_setup=10:
Measurement < threshold1 Measurement > threshold1
Measurement Measurement
Result Result
A A
max. — max. —
threshold 1
threshold 1 /
0 > 0 >
Time Time
EOC /INT EOC /INT
1 1
0 > 0 >
Time Time
INT_setup=11
Case A: Case B:
Measurement Measurement
Result thresholdl1 > threshold2 Result thresholdl < threshold2
A A
max. == max. -
threshold 1 threshold 2
threshold 2 threshold 1
0 > 0 >
Time Time
EOC / INT EOC /INT
A
1 1 — — —
0 > 0 >
Time Time

6.4  Operational Modes

Figureb.2 illustrates th#SSG224powetup sequence and sulsst operation depending on the séietite communication mode
(I12Cor SPI) as determibgdnterfaeeelated first activitiesrgidwenpor resetlf the first command after pgwisra vall@Ccommand,

the interface viilhctiomsanl2Cinterface until the next paonezse{POR)If there is no vdR€Ccommandut an active signatheat
SSpin is detected tefirst valid activity, then the interface will resgo8@IlataveWitheither interfacafter the voltage regulators
are switched aheZSS@224 IswvoltagesectiorfLV) isctive while thelated interface configuration inforimeamirommemory
Thenthe L\sections switched pfheZSSB224goes ito Sleep Modeand tie interface is ready to receive comftamdtserface is
always powered by, Boit isreferred to dke high voltagectiorfHV).

SeeTableb.1 fordefinitions of themmarsl
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Figure.3 shows theSSB224operation in Normal Modei t h

6.1) is the first commaedeivedftera POR.

Figure 6.2 Operational Flow Chart: Power
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when the LV and HV sections are active as indicated by the. ddierNegerad Mode automatically retleeptdddeafter executing
the requested measurememtperiodically wakes up and conducts another measurement acaatling forttieeep duration
configured Y C_peridgits[14:12] in memory registeR.0B Command MotheZSSG224remains activiea dedicated command
(e.g.,Start_NOM3 sentwhichis helpful during calibrattmmmand Mode can only be entered if Sadm@idnd A9 seeTable

©2018ntegrated Device Technology, Inc

22

Novembet2 2018

i

C

~



OIDT

ZSSC322Batashe

Figure 6.3 Operational Flow Chart: Command Mode
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6.4.1

SPI/12C Commands
The SPI2ZCcommandsupported by tA8S@224are listed ifiablés.1. The command to read an address in the user memory is the s

asitsaddress. The command to write to an address in user memory iplirt@gsress

Thee is alDTFreserved sectiomoémoryhatcan be read but not evetten by the user.

Table 6.1 SPI/12C Commands

Note: Every return starts with a status byte followed by the data word as deséibdd in section

Note: See important table notes at the end of the table.

sensor measement data +-7
bit corrected temperatureld

full measurements are condwateéd ¢ommand
AAEy , the measur ement
and data is stored in the output buffer using th
configuration from MTP; no power down or pg

between the 2 measurements.

Normal Command
Command (Byte) Return Description Mode Mode
O0QuExto 3%Eex 16bituserdata Read data theuser memogrddres$0Qiexto Yes Yes
3%ey) matchinthecomman@rightnotbeusing all
addressgs
3A4ExtO FHEX 16bitIDFreserved memory | Read data IDTFreserved memory at addresgxX3  Yes Yes
data to 3kkey.
4Q4EXtO 7HEX T Write data to user memoagditess specified by Yes Yes
followed hyata command minus+ddaddresss0Q4exto 3%ex
(000@exto FFFRey respectively; might not be using all addresses
9Quex T Calculate and write memory checksumwaiBIC Yes Yes
is register addressi3p
AQiexto AtEx 24bit formatted raw data Get_Rawrhis command can bedito perform a Yes Yes
followed by XXpeX measurement and write the raw ADC data int
(seeTableb.2) output register. The LSB of the command detg
how the AFE configuration register is loaded f
Get_Raw measurement (sd®e6.2).
A8iex ) Start_ NOMExit Command Mode and transitior No Yes
Normal Mode (Sleep or Cyclic).
AQex T Start CMEXxit Normal Mode and transition to Yes No
Command Mode (as very first command after
up).
AAEX 24hit formatted fully correct MeasureTrigger full measurement cycle (AZS Yes Yes
sensor measement data +4 SM, AZTM, and TM, as described in 6 thorl
bit corrected temperaturel@d| calculation and storage of data in the output i
using the configuration from MTP.
AB1ex 24hit formatted fully correct Measure Cyclidhis command triggers a Yes Yes
sensor measement data +24 continuous full measurement cycle (AZSM, S
bit corrected temperatureld{ AZTM, and TM; see se@idrand calculation an
storage of data in the output buffer using the
configuration from MTP followed by a pause
determined QY C_peridgits[14:12] in memory
register Qi2y.
AGiex 24bit formatted fully correct Oversampl? MeasuréMean value gemation: 2 Yes Yes
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Command (Byte)

Return

Description

Normal
Mode

Command
Mode

ADuex

24bit formatted fully correct
sensor measement data +2
bit corrected temperatureld

Oversampld MeasuréMean value generation:
full measurements (as in commaiag vk
condcted, the measur er
calculated, and data is stored in the output bu
using the configuration from MTP; no power d
pause between the 4 measurements.

Yes

Yes

AB4eX

24hit formatted fully correct
sensor measement data +-2
bt corrected temperature el

Oversampl@ MeasuréMean value gemation: 8
full measurements (as in commaiagd &k
conducted, the measwemt s & me an
calculated, and data is stored in the output bu
using the configuration from MTP; no power d
pause between the 8 measurements.

Yes

Yes

AFREX

24hit formatted fully correct
sensor measement data +-2
bit correctedmperature défq

Oversampld6 MeasurdMean value generation
16 full measurements (as in commgagxlahé
conducted, t hevaloedsas u
calculated, and data is stored in the output bu
using the configuration from MTP; no power d
pause between the 16 measurements.

Yes

Yes

BQuex

SelectSM_configtegistern(12iexin memory) Fol
any measurement using the memory donttetg
analog fromnd and sensor setup, the respecti
setup is loaded from3h_configkgister; status
bit[1]==0 (default).

Yes

Yes

Bl4ex

SelectSM_config2egister(16:exin merary) For
any measurement using the memory contents
analog fromind and sensor setup, the respecti
setup is loaded from3h _config2gister, status
bit[1]==1

Yes

Yes

BF1ex

STOP_CYQhis command causes a pdowen
halting the upddteydic measunsent operation
and causing a transition from Normal to Sleep

Yes

Yes

FX4EX

Status followed by last
24bit data

NOP Only valid for SPI (see sedidgntand

6.5.2.

Yes

Yes

[a] Note: Any ADC measurement and SSC calculatiofoomigiieisas a-B4 data word, regardless of the effective ADC resolution
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Table 6.2 Get_Raw Commands

Command Measurement AFEConfiguration Register
AQexfollowed b§O0BEx SMi SensoMeasurement SM_configee sectioh 5.1
Aliexfollowed bysssiex SMi SensoMeasurement ssssistheu s econfigsiratiagettindor the measument

provided viaeinterface. The format anpgqagr othe
configuration bits musadxordintp the definitions for

SM config(seeTables.5).
AZiexfollowed BYO0GEx SMAZSMT AuteZeroCorrecte@ensor| SM configSee sectiofil5.1
Measuremelat
A3exfollowed bysssiex SMAZSMi AuteZeroCorrectedensorl ssss i s the user ds crmemtf i ¢
Measuremehit provided via the interface. The format and ptingose of
configuration bits musad@ording the definitions for
SM config
Adexfollowed BYO0GEx TMi Temperature Measurement IDTFdefinedegister
ASexfollowed bysssiex TMi Temperature Measurement ssss is the us trthiesmeasumentf i

provided via the interface. The formatoseE mir
configuration bits musad@ording the definitions for

SM configandvalid for terapatureneastement in this case
(bits [15:32vill be ignored).

A6iexfollowed bJO0BEx TMAZTM AuteZeroCorrected IDTFdefinedegister
Temperature Measureraent

ATexfollowed bysssiex TMAZTM AuteZeroCorrected ssss is the user 6s cremtf i ¢
Temperature Measurerient provided via the interface. The formatpost minese
configuration bits musadeording the definitions for

SM configandvalid for terapaturaneasurement in this cas
(bits [152 will be ignored).

[a] Recommended for raw data collection during calibration coefficient detetimnatiasuusmgnt setypeprogrammed in MTP

[b] Recommended for raw data collection during cedibffitient determination ushpgagmammed (not in MTP), external measuren
setupse.g, for evaluation purposes

6.5 Communication Interface

6.5.1 Common Functionality

Commands are handlethbycommand interpreter in tlee¢tionCommandthatneed additional data are not treated differently tha
other commands because the HV interface is able to buffer the conthmeshataatithtibbelongs to the command and the commar
interpreter is activated as soon as a command byte.is received

Everyesponse starts with a staytesfollowed by the data Waeldata woréends on the previous comriasgossible to read the
same data more than once if the read request is 2geatedNOP command i $8PI)If the next commandas a read request
(12Q or a NOP (SPI), it invaligatggprevious data.

The ZSS&224upports the parallel setup of two ampl@=rnfigurationsingSM_configlefaulindSM_config&witching between
the two setups can be done with the caBfax@electSM_configand Biex(select$SM_config2Note thdhe respectiaetivation
command must always bem@ntto the measurement request
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The statulsytecontainghe following bitsthe sequence shownables.3:

A Power indicatifuit 6) 1 ithedevice is powere@®6r); 0 if not powerddhis is needed tbeSPIMode where the master reads all
zeroesf the device is not powered or in-povwesetPOR)

A Busy indicati@nit 5) 1 if the device is busy, which indicates that the data for the last command is not available yet. No new
are processed if the device is busy
NoteThe device isnalys busyttiecyclic measurement operation has been set up and started.

A Currently actizZ&S@G224modegbits[4:3): 00 = Normal Mode; 01 = CommangiMedB Treserved

A Memory integrity/eftag(bit 2) 0 if integrity test pasdeifitest failed. This bit indicates whether the ehaskdlnmegrity check
passed or failethe memory error status bit is calculated only duringupes@guarceoa newly written CRC will only be used
for memory verification and statute @tta saubseque@SSB224powennreseiPORDr resetiatheRES pin

A Config Setup (bitThis bihdicatesvhiciFSM_configegisteis being used for the active configusaioronfigll 2ie») or
SM_configd 6iey. Thetwo alternat®nfiguration sesugdlowor two different configurations of the extesorattsmmel in order to
support up to two application scenidtnitisenuse of only one seAS@@B224pair. This bit iSfGEM_confighas selectddefault)
This bit i if SM_configRas selected.

A ALU saturatidhit 0): If the last command waseasurement requéisis bis 0if any intermediate value and the finaéS8Gire
in a valid range and no-8&Culatioimternal saturation occuimeétle arithmetic logic unit (ALidg last command was a
measurement requéisis bits 1 ian SS&alculatioimternal saturation occuirlis bit is alsd@rany nommeasurement
command.

Table 6.3 General Status Byte

Bit 7 6 5 4 3 2 1 0
Meaning 0 Poweredl Busy Mode Memorgrrof? Config Setup ALU Saturati®n

Table 6.4 Mode Status

Status[4:3] Mode
00 NormaMode(sleep and cyclic operations)
01 Command Mode
10 IDTreserved
11 IDTreserved

Further status informatambeprovided by the EOC e EO@in is set high wreemeasurement and calculaéiedbeen completed
(ifno interrupt threshold is usetNTesetup=0@,\ seesectiorb.3.

6.5.2 SPI

The SPMode is availalifghe first interface activitythB26SG224powetupis an active signatre@SSpin The polarigndphaseof

the SPI cloase programmabia theCKP_CKEettingn bits [11:10] address Q&xas described Trablet.5. CKP_CKIs two bits:
CPHADIt 10)which selects which edge of B@hi€s data, and CRRit11which indicates whether SCLK is high or low when it is ic
The polarity of the SS signal and pin are programm&b& pialainigsetting (bit 9he different combinatadrolarity and phase are
illustrated in the figures below.
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Figure 6.4 SPI C onfiguration CPHA=0

CPHA=0

SCLK (CPOL=0)

SCLK (CPOL=1)

MOSI MSB Bit6 Bit5 Bit4 Bit3 Bit2 Bitl LSB

T T T T T T T T

| | | | | | | |
MISO — MSB Bit6 Bit5 Bit4 Bit3 Bit2 Bitl LSB

T T T T T T T T

| | | | | | | |

| | | | | | | |
/1SS | | | | | | | |

T T T T T T T T

| | | | | | | |
SAMPLE | | |

Figure 6.5 SPI Configuration CPHA =1

CPHA=1

SCLK (CPOL=0)

SCLK (CPOL=1)

MOSI MSB Bit6 Bit5 Bit4 Bit3 Bit2 Bitl LSB

T T T T T T T T

| | | | | | | |
MISO MSB Bit6 Bit5 Bit4 Bit3 Bit2 Bitl LSB

T T T T T T T T

| | | | | | | |

| | | | | | | |
ISS | | | | | | | |

T T T T T T T T
SAMPLE | | | | | | | |

! ! ! ! ! ! ! !

In SPI modeach command except NOP is started as $tigumbif. After the execution of a command (buthe=egpected data
can be read as illustratddgnores.7 or if no data are returned by the contheaneixt command can be $éet status can be read at
any time with the NOP comman#i(ree.8).
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Figure 6.6 SPI Command Request

Command Request

Command
MOSI other than CmdDat CmdDat

NOP <15:8> <7:0>

MISO Status Data Data

Note: A command request always consists of 3 bytes. If the command is shorter, then it must be completed with Os.
The data on MISO depend on the preceding command.

Figure 6.7 SPI Read Status

Read Status

Command
MOSI — NOP
MISO Status

Figure 6.8 SPI Read Data

Read Data

(a) Example: after the completion of a Memory Read command

Command
MOSI — NOP 004EX 00HEex
MemDat MemDat
MISO Status <15:8> <7:0>

(b) Example: after the completion of a Measure command (AAex)

Command
MOSI - NOP 00kEx 00kEx 00kEx 00ex 00hEX 00hEX
MISO Status SensorDat | SensorDat | SensorDat | TempDat | TempDat | TempDat
<24:16> <15:8> <7:0> <24:16> <15:8> <7:0>
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6.53 12C

I2CModewill beselectedf the very first interface acaftdyZSSBG224powetupis anl2Ccommandnl2CMode each command is
started as showrFigures.9. Only the number of bytes thaieaded for the commamstbesen. An exception is tBEHigh Speed
Mode (seBlave_Addn Tableb.5) for whicB bytes mustlwayde senasin SPMode. After the execution of a command (htisg = 0)
expected data can be read as illustrigigaré.11or if no data are returned by the contiheanelxt command can bé Sée status
can be read at any tim#élastratech Figures.10

Figure 6.9 12C Command Request

Command Requegi2C Writg T T
from master to slave S| START condition
S| SlaveAddr| 0 A| Command| A P — _
from slave to master P| STOP condition
write —
Al acknowledge
CmdDat CmdDat —
S| SlaveAddr| 0| A| Command| A 158> A 0> Al P -
N| not acknowledge
write o
Figure 6.10 12C Read Status
Read Statugl2C Reajl
S| SlaveAddd 1| A] Status | N| P
read
Figure 6.11 12C Read Data
Read Datg12C Rea}
(@ Exampleafter the completion of a Me morycBeacand
MembDat MembDat
S| SlaveAddr| 1[ A|] Status | A <158 A <70 N| P
réad
(b) Exampleafter the completion of a Full MeasurememindAA-Ey
SensorDat SensorDal SensorDat TempDat TempDat TempDat
S| SlaveAdd 1| A|  Status Al o0 1A <158 1A <00 |A <2316 |A ass Al <o | NP

read
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All mandatot®Cbus protocol features are implemented. @pitondleaturesuch aslockstretching, it slave address, gice
not supported by #8SG226 s i nt er f ac e .

InI2CGHighSpeed Mode, a command consists of a fixed length of three bytes.

6.6  Multiple Time Programmable (MTP) Memory

In thezSSB224 the memoigorganized in b registers and can be programumégldimes (at leasi000) There are 5¢16bit
registers available for customeEask register canrb@rogramme8Basicallyhere are two MEténtensectos:

A Customanse accessible ogeans of regular write operatifhsxto79ex It corgtinsthe customer, libterface setup data,
measurement setup information, calibration coefficients, etc.

A IDTuse only accessible for write operatiéD3 @hdDTsectorcontains specific timiormation and is programmed during
manufacturing test BY.

6.6.1 Programming Memory

Programming memisrgossible with any specified supply voltage levdlls# WDP programming voltage itself is generated by mes
of anintegratedharge pummenering an internal memory programming; vodtagiditional, external vglt@ger than VD@s
specifiedy neededA single 1Bit register write will be completedlitisimfter the respective programming comaséeen sent

After the memasyprogrammei must be read again to verify the validity of the mem®ry content
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6.6.2

Table 6.5 MTP Memory

Memory Content

S

Content Assignments

MTP
Address

Word/ Bit
Range

Default
Setting

Description

Notes / Exphations

OQiEx

15:0

0006ex

Cust_IDO

Customer ID byte 0 (combineswitbry word @kto form customer.1D

OlHEx

15:0

0006ex

Cust_ID1

Customer ID byte 1 (combineswitbry word@:xto form customer.1D

InterfaceConfiguration

024Eex

6:0

000000@in

Slave Addr

I2Cslave address; valid range:x@® 7kex(default: 0@y). Note address
codes O4xto O7exare reserved for entering2@eligh Speed Mode

8:7

OGN

INT_setup

Interrupt configuration, BDGAunctional{isee sectiod3:
00  Erdofconversiorignal

01  Oltrangtionon EOC/INTconditioned measurement result (M
exceeds threshold1 (TR&HA)0 transitioif MEAS fallselow
thresholdlgain

10  O1transition MEAS fallselowthresholdand 20transition if
MEASises abovaresholddgain

11 EOC is determined by tioleksettings :

If (TRSHETRSH2) then EOC/INT (interruptHével) f
TRSH2)Qherwise EOC/INT=1.

| f (TRSH1 EDCANRSHRY
Otherwis&OC/INFE 0.

( TRSH

(TRSH1 .0 ME

Osin

SS_polarity

Determines the polarity of the Slave Select pin (SS) for SPI operati
0é Slave Select is active low (SPl an®@Z&&@ active if SS==0)
1é Slave Select is active high (SPl an@ZBB(@ active if SS==1)

11:10

0Gin

CKP_CKE

Clock polarity and cledge selegtdetermines polarity and phase of S
interface clock wittle following modes:

00é SCLKislow inidle state, data latch with rising edge and dal
with falling edge
SCLK is low in idle state, data latch with falling edge and da
with rising edge
SCLK is high in idle state, data ldtdhllivig edge and data out
with rising edge

SCLK is high in idle state, data latch with rising edge and da
with falling edge

01é

10é

11é

14:12

00@&in

CYC_period

Update periodS@224sleep time, except oscillator) in cyclic operat]
000é not assigned 100é 1000ms

001é 125ms 101é 2000ms

010é 250ms 110é 4000ms

011é 500ms 111é not assigned

15

Osin

SOT_curve

Typéshape of secondder curve correction for the sensor signal.
0é parabolic curve
1é sshaped curve
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MTP Word/ Bit Default . .
Address Range Setting Description Notes / Exphations
SignalConditioning Paramesger
Bits[15:0pf the 24it sensor offsairrection coeffici®fitset_SThe MSB
03ex 15:0 000®Ex Offsetg15:0] | of thscoefficienhcluding sigmeOffset§23:16]which ibits[15:8] in
OD4ex)
. , . Bits[15:0] athe24hitvalue of theensopgaincoefficierbain_S(The M3B
Oduex 15:0 1 0008ex | GaINLISO] | (¢ e coefficientluding sigmeGainS[23: 16]which ibits[7:0] in ORx)
Bits [15:0] of theldtcoefficierficgfor theemperature correction of the
054ex 15:0 000@Ex Tcg[15:0] | sensogain(The MS®8of thicoefficienhcluding sigimeTcd2316, which
ishits[15:8] in QfEx)
Bits [15:0] of the{2#coefficientcofor temperature correction cktingor
061ex 15:0 000@ex Tco[15:0] | offset(The MSBs of thizefficienncluding sigmeTcd23:16]which ibits
[7:0] in Okex)
. A Bits [15:0] of thef@#ndorder terr8OT _tcapplied tdco (The MSBs of
Oex 15:0 000@ex | SOT_teol15:0 ypyigterm including siareSOT _td@3:16], whichkigs[15:8] in 0&)
. A Bits [15:0] of thetadorder terrf8BOT_tcgpplied tdcg (The MSBs of
O8ex 15:0 0000ex | SOT_ted[15:Q yisterm including siaeSOT td@3:16], whichkigs[7:0] in QEx)
Bits [15:0] of thefd#>dorder terrBOT_senapplied to the sensor read
0%ex 15:0 000@ex | SOTsen$l15:0] (The MSBs of tkesm including seyeSOT_seli23:16], whichkigs[15:8]
in 10ex)
Bits [15:0] of thel@ttemperatureffset correction coefficiéfget T{The
O0Aqex 15:0 000@ex Offset_T[15:0 MSBs of theoefficienhcluding sigmeOffset [P3:16], whichl#s[7:0] in
104ex)
Bits [15:0] of thet@tlabsolute value of the temperatureggdfitient
. . .~ Gain_ T
OBhex 15:0 000@ex | Gain_T[15:0] (e sBs of teisefficierincluding sign aBain_[23:16], whichtiits
[15:8] in Lix)
Bits [15:0] of thefditdorder terrfS8OT_Rpplied to the temperature
. .~1 reading
0GHex 15:0 0000ex | SOT_T[15:0} (11,6 MsBs of thisefficierincluding sign BOT _[23:16], whichkiis
[7:0] in 2dkx)
i . .14 Bits [23:1&jcluding sign tbe 24t sensor gain correction coefficient
o 70 OQex | Gain_S[23:18 . iy S(Thd SBef thizoefiicientreGain_[5:0] in regis@icx)
EX
. ..| Bits [23:1@jcluding sign tbe 24itsensor offset correction coefficient
15:8 OQex | Offset_S[23:1 Offset_§ThelL.SBs e Offset_R5:0] in regis@®ex)
) . Bits [23:1@)cluding sign the 24t coefficiertcofor temperature
oE, 70 OQex Tco[23:16] | o rrectiofor the sensor off4@thd SBs ardcd15:0] in regis@fiex)
EX
. . Bts [23:16] including sigthio24bit coefficientcgfor the temperature
15:8 OCkex Tcg[23:16] correction of the sensor gainLSBe arédcd15:0] in regis@hex)
i ..| Bits [23:16] including sigthia24it 2rdorder terr8OT_tcgpplied to Tcg
- 70 0Qex | SOT_tegl23:1 1’| SBs aBOT 14 5:0] in regis@iex)
EX
. .| Bits [23:1@}cluding sign foe 24t 2rdorder terr8OT_tcapplied to Tco
15:8 0Qex | SOT_tco[23:1 (TheLSBs ar8OT_tdd5:0] in registernex)
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MTP Word/ Bit Default . .
Address Range Setting Description Notes / Exphations
) .| Bits [23:1@&)cluding sign the 24oitemperature offset correcoefficien
70 OQwex | Offset_T[23:1 Offset_T(The_SBs eeOffset_[15:0] in regis@hiex)
10:ex Bits [23:1@)cluding sign the 24it2dorder terrBOT_senapplied to thg
15:8 0Qex SOT_sens[23:] sensor readout.
(TheLSBs ar80T_ser$5:0] in register9)
. i Bits [23:1@}cluding sign foe 24t 2*dordetermSOT_TRpplied to the
70 OCkex SOT_T[23:16 temperature reading. (T8Bs ar8OT_[15:0]n registedGiex)
1lex
Bits [23:1@)cluding sign the 24it absolute value of the temperature
15:8 00ex | Gain T[23:14 D [23:1@cluding sig P

coefficierbain_T(Thd.SBs ar&ain_15:0] in register{eB)

Measurement Configuration RegisteSM_confit)

124ex

Gain setting for ttePREMP stage wiain_stagedl Gaimmpi

000 6 100é 40
2:0 00@In Gain_stagel 001e 12 101e 60
010e 20 110e 80
011é 30 111é 120 fnight affect noise and accuracy
specifications depending on sensor setup)
Gain setting for thePREAMP stage with
Gain_stage®? Gaiampz
000é 1.1 100e 1.5
: in_stage2
53 00@w | Gain_stage2 ). 45 1016 1.6
010é 1.3 110é 1.7
0lle 1.4 111e 1.8
Set up the polarity of the sen
_ | (inverting of the chopper) with
6 Oy Gain_polarity , positive (no polarity change)
1é negative (180° polarity change)
Absolute number of bits for the ADC coMeSidnits
0000 12bit 0101 17bit 10106 22bit
107 0008 Adc._ bits 0001 13hit 0110 18hit 1011e 23hit
00108 14hbit 0111 19hbit 1100 24hbit
0012 15bit 10008 20hbit 1101 to 113 not assigned
0100 16hit 1001e 21-bit
Enable bit for thermopile input selection (INN connected to AGND,
connectetbabsolute voltage source)AisY enable
11 Osin AbsV_enablg

0é absolute voltage input disabled (default)
1é absolute valje input enabled (day.athermopile)
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MTP
Address

Word/ Bit
Range

Default
Setting

Description

Notes / Exglhations

14:12

00@&in

Offset

Di fferenti al thesADE oompensatiosighal affsettByo S
of input signal
000é
001é

100e
101é

25% offset
31.75% offset

no offset compensation
6.75% offset

010é 12.5% offset 110é 38.5% offset
011é 19.25% offset 111é 43.25% offset

NoteShift_methdtit 15 beloymust be set to 1 to enable the offset sh

15

OBiN

Shift_method

Offseshiftmethodselection

0é Nooffsetshift Offsetbitg14:12jn 12e) must be set OGN
Gainpc=1

1é Offseshift ADOGainrpc=2

13ex

15:0

000Gex

TRSH1[15:0]

Bits [15:@)f the24bitinterrupt threshb]TRSH1(TheMSB bitfor this
thresholdreTRSH[R3:16], whichkigs[7:0] of register-£b)

144ex

15:0

0006Eex

TRSH2[15:0]

Bits [15:Q}f the24hitinterrupt threshd]&TRSH2(The MSB bfty this
thresholdreTRSHZ3:16], whichhits[15:8] of registEfex)

15%Ex

7:0

OQex

TRSH1[23:16

Bits [23:16}f the24bitinterrupt threshb]#RSH1(The SB li§ for this
thresholdreTRSH[L5:0], whichhb#s[15:0] of register&d

15:8

OQex

TRSH2[23:16

Bits [23:16)f the24bitinterrupt threshd]d RSHAThe_SB bitfor this
threshold are TRSH2[15:0], whitH15:0] of registbdex)

Measurement Configuration Regi2t8M_config2)

Gain setting for tfePREAMP stage within_stagedd GaiRmpi

000¢ 6 100e 40
_ ) 001e 12 101é 60
2:0 00@in Gain_stagel 0106 20 1106 80
011e 30 111é 120 fnght affect noise and accuracy
specifications depending on sensor setup)
Gain setting for thé PREAMP stage within_stage®? Gaimp:
000e 1.1 100e 1.5
5:3 00GN Gain_stage2| 001é 1.2 101é 1.6
010é 1.3 110e 1.7
164Ex 0l1le 14 111é 1.8
Setupthpol arity of the sensor bri
6 OsiN Gain_polarity 0é positive (no polarity change)
1é negative (180° polarity change)
Absolute number of bits for the ADC coMeidnits
0000 12bit 0101 17bit 10108 22bit
. i 0001 13hit 0110e 18bit 10116 23bit
10:7 000@n Ade DS | 0010 14bit 0112 19bit 11008 24bit
0011 15hbit 10006 20hit 1101 to 11¥ not assigne
0100 16hit 1001e 21-bit
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MTP
Address

Word/ Bit
Range

Default
Setting

Description

Notes / Exglhations

11

Osin

AbsV_enable

Enable bit for thermopile input selection (INN connected to AGND,
connectetbabsolute voltage source)AtiY enable

0é absolute voltage input disabled (default)
1é absolute valje input enabled (e.g. fbeamopile)

14:12

00G&n

Offset

Dif erenti al
of input signal

000é no offset compensation
001e 6.75% offset

010e 12.5% offset

011é 19.25% offset

100é 25% offset

101é 31.75% offset

110é 38.5% offset

111é 43.25% offset
NoteShift_methdbit 15 below)ust be set to 1 to enable the offset sh

s theABD G tothgensatiifrfigna affsesbly X

15

Osin

Shift_method

Offset shift methexlection

0é No offset shifdffsetbits[14:12] inHEy must be set to GHP
Gainpc=1

lé Offset Shift ADGairpc=2

PostCalibration Offset Correction Coefficients

Bits [15:@}fthepostcalibration sengifset shift coefficiBENS_Shift

e 15:0 | 000@ex | SENSShif1S: - 41SE bitsfSENS.Shidrebits[7:0] of registe@ex)
i . .~1| Bits [15:@Q]fthepostcalibration temperature offset shift codffiSieifit
18:ex 15:0 000@ex | T_Shift[15:0] pasB bitefT_Shifare bitl5:8] of registeri)
) . .| Bits [23:1@)fthepostcalibratiosensobffset shift coeffici8ENS_Shift
o 7.0 OQex |SENSShIft[23:1 1, SB bitsf SENS_Shidreinregister ex)
EX
) . ) Bits [23:16@}fthepostcalibration temperature offset shift codffiSieiftt
15:8 OQex | T_Shift[23:16 1 y'SE hitefT ShifareinregisterGiex)
Free Memor§ Arbitrary Use
2QuEx 15:0 000@Ex Not assigndé.g., can be usedGaist Dx customer identification numb
21Eex 15:0 000@Ex Not assigndé.g., can be usedGaist Dx customer identification numb
é Not assigned (e.g., can be us€disoiDx customer identification numb
3HEX 15:0 000®Ex Not assigned (e.g., can be us€disoiDx customer identification numb
384ex 15:0 000®Ex Not assigned (e.g., can be us€aisoiDx customadentification number
Checksumegerated foine entirenemory through a linear feedback sh
3%Ex 15:0 - Checksum | register (LFSR);

signature is checkathboweiup to ensure memory content integrity
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The memory integrity checksierred to &RG is generated through a linear feedback shift registéligithirgelynomial:
g(X) 6+ x15+x2+ 1 with thénitiakatiorvalue FFFRex
I f the CRC Memorgwrarl a rdg dthaethnud hkei th i s set to 0.

6.7 Calibration Sequence

Calibration sentially involves collecting raw signal and temperature datanfsomSB&224system for different kneemsor
elemenvalueqi.e., for a resistive bridge or an absolute voltagarsbiecepetares. This raw data can then be processed by th
calibration master (assumedttotbe u s e ), arsl the caloufated celibration coefficients can then benehipeneimory.

Hereis a brief overview ofttitee maisteps involved in aaliing th&SSG224

Assigning unique identification tatB8@224 This identification is writtehadow RAM and programmed imigifiBryThis unique
identification can be stored in the-bitaddisters dedicatethézustomer I@Qexand0lex seeTables.5). It can be used as an index
into a datmse stored on the calibration PC. This database will contain all the th& cainestefbnsoelementeadings and
temperature readings for that part, as well as tsersms@menieasurand conditiansl temperatuie whiclthesensoelement
was exposed.

Data collectioData collection involves getting uncofragteldta from thexternal sensat different knowreasurand valuasd
temperatures. Then this data is stored on the caldstatising the unique identification of the device as the index to the databast

Coefficient calculation and storagéePmainoryAfter enough data points have been collected to calculate all the desired coefficie
coefficients can l@aulated by the calibrathastemherthe coefficients can be programmed to the MTP memory.

ResultThe sensor signal ahd chracteristic temperature effect on wiltfng linearized according to thedsgtepdent maximum
output range.

It is essential to perform the calibration with a fixed programming setup during the data collection phatseny acdieltb preve
incorrect processiiigs further recommerttatihe MTPnemory setupkepstable during teatirecalibration process as well as in the
subsequent operatidnZSSG224calibration only fits the setup used during its calitwatigedn functional parameters after a
successful calibration can decrease the precision and accuracy perf(Z®a@22dhsheell as of teatireapplication.

The ZSS&24supports operation with different sensor setups bythelks odnfigdndSM configZegistersdowever, only one
calibration coefficient set is suppDhforesither amlternativéSSG224external signedlibrationsing the alterns8&1_config
settingsnust be performedensure théte prgrammed SSebefficients ewvalid for both setups, or a full reprogramming of the S
coefficient®ustbe performed each time the sensor setup is changed. The selection of the external, seasuFEatopfiieration)
can be done with the interface comBtapgmd Biex (seeTableb.1).

6.7.1 Calibration Step 1 0 Assigning Unique Identification

Assign a unique identification numbeZ 865B224by using the memory write commaagH4ta and ddx+ data; se€ables.1
andTables.5) to write the identificationbmar t€Cust_ID&t memory address@@ndCust_IDat address Qdxas described in section
6.6.1 These two 4t registers allow for more thilofunique devices.

6.7.2 Calibration Step 2 0 Data Collection

The number of unique paimsiguranand/or temperature) at which calibration must be performed generally depends on the req
of the pplication and the behavior séttemm use. The minimum number of points required is equal to tleementloeoefficients

to be correctedth a minimum of three different temperatures at threemliesnesFora full calibratisesulting in values for all 7
possibléexternal) sensmefficients and 3 possible temperature coefficients, a minimunserfisopaihstemperature measurements
must be collected.
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Within this minimum field of 3 measurand measurementstuGterapsurements, dataleusillectddrthespecifizalue pairs (at
known conditiores)d then processed to calculate the coeffitierdsr to obtain the potentially best and most robust coefficients
recommendéldatmeasurement pdiiemperaturersusneasurandbe collecteat the outer corners of the intended operation range or
least at pointisatare located far from each dtlisralsessential to provide highly precise reference values as nominal, expected
The masurement precision of ékiernatalibratiemeasurement equipm&muldbe ten times more accurate than the expectec
ZSS@224%utpubccuracygfter calibration in order to acoigtaciosses caused by the nominal reference valuesggsugansignal

and temperature deviations).

NoteThe coefficierB&ENS_shifindT _shiftnusiot be determined during this calibration step.
Strong recommendation: Set these coefficients to zero until after initial calibration.

Note An appropriate selectiom@asurement pairs can significantly improve the overall system performance.

The determination of mheasurancklated coefficients will use all of the measurement pairs. For therétamgeraturection
coefficients, 3 of the measuremer(gpthirse different temperatwiékpe used.

Note There is an inherent redundancy ise¢hecfelated and 3 temperatalated coefficients. Since the temperature is a necess:
output (which also needs correction), the termptatddriaformatis mathematically separated, which supports faster and more eff
DSP calculations during the normal usage of thtS&B2arsystemThe recommended approach for data collection is to make us
the rawneasurement commastelscribed ifables.2.

Forexternaensowralueseither of the following commands candesuged ndi ng onmebthe user 6s requ

A A2uex+ 000Qex  Singlesensrmeasuremefur whickhe configuration register widkoied from t$8 confid register @Lexin
MTP); pprogramming the measuresatinthe MTP is required.

NoteSM_configs the default configuration. Altern&Melyonfigd 6.exin MTPgan be used by first sending the commagnd B1
(see sectiohr7.5.

A A3Eex+ssseex  Singlesensomeasuremefar whickheSM configoonfiguration regisi@ainADC, Offset, etc.) will be loaded
ast he us er 6ssssgx whicimusy he pravidegternally via the interfecthe data part of this command

For temperature valueisher of the following commandscanbdepsedn di ng on méntse user déds requir

A AGiext 000Qex  Singletemperatumaeasuremefdr whickthe configuration register will be loadedifttemal temperature
configuratiorgister (preprogrammelDiintheMTB; preprogrammin§the respectigenfiguration is donejprior to
Z2SS@224deliveryThis is the recommendgui@ach for temperature cataction.

A ATiex+ sssgex  Single tmperature measurenfientvhicthe configuration regi§&ainADC, Odkt, etc.) will be loadethas
user 6 s cseae whghmustebé pvaded externally via the inteafatiee data part of this commiwedformat and
purpose of these configuration bits must be according to the défiihitonBdiodvalid for temperature measurgiméms
case (bits [12Jwill be ignored).

6.7.3 Calibration Step 3 a) & Coefficient Calculations

The math to perform the coefficient calculation is complicated and will not be discussed ibrikftaibrViesverisiae next section.
IDTprovids software (DLLs) to perform the coefficient calculation (extsznabidoSB&224system) based on az#oo corrected
values. After the coefficients are calculated, the final step is to write thenemociyeoffRESS G224

6.7.4 Calibration Step 3b) & Post -Calibration Offset Correction

There aréwo special SSefficientSENS_shiind T_shiftNormallyhese coefficientsust be set to zero during the initial sensor
calibrationTheprimanpurpose of these two coefficients is toadhitiozlal offset shifts that cootdir during or after final sensor
assemblye.g. if a respective sensor is finallgl platsoldere an applicatidsoard

Ifthe final sensor assembly induced any kind oheftlettie temperatureexternal sensor signal), the respective influence can |
directly compensated by medms3ENS _sh#indT _shiftoefficients without the need to change the original SSC coefficient set. He
this postalibration offset correction must be den&nmwn ambient conditionséinsor measurand and/or temperature).
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6.7.5 SSC Measurements

After the completion of the calibration procedure, linearized external sensor and temperdterehtaauiagssoag the commands
AAiexto ARexas described Tableb.1.

Typically, only one external senssedn a single analog configurasioig theetup itheSM_configl TP registét3iex. Havever,

the ZSS8224can support a second analog configuratgsethgi itheSM_configd TP registét6.ey. This rightbe useful in cases
whereonly one sensa6SG224pair must support the measurand ranges for two different external sensors that have different
required amplification, and sensor offset

If a respective switching between setolpes performed, the S8€Efficientlr the alternate erdrsensonust béandled with one of
the following methods:

A The programmed SSC coefficients are not used for the alternate external se3@4patierES8Ga oneto-one transfer, i.e.
no effective digital S®@ection only a transfer of #utezero corrected raw ADC readittys ZSS8224output without any
scaling, etc.

A The coefficients aegprogrammed each time the analog setup is changed.

SM_configs selected dseanalog setup register by defaulb specific activatismeededf onlySM_configs used. BM_config2
willalsobe usedthe activation commangeRhustbe sent onceipr to the measurement regliestwitch to usiByl_configthe
activation commanéBust be sent priouge This activationusbe refreshed after any ponszset oRESin reset.

6.8 The Calibration Math

6.8.1 Bridge Signal Compensation

The saturation check in288@224detectsaturation effects of the internal calculatioallstepgihe final correction outplbie
determircbdespite the saturatitiris possible to getentiallyseful signal conditioning rebalisavehadan intermediate saturation
during the calculatiofieese cases are detectable by observing the t&tueaith measurement rd3atails laout the saturation
limits anthe valid ranges for vahresprovided in the following equations.

The calibration math description assumes a calculation with integer numbers. The description is numerigalgfeselytneonicernin
rangeand resolution.

SOT_curvselects whether seconder equations compensate for sensor nonlinearity with a pasladodd ourse. The parabolic
compensation is recommefatadost sensor types

For the following equations, the terms are as follows:
S = Corrected sensor reading outd@0aaSPI; rangefto FFFFRE

S_Raw = Raw sensor reading from ADC after AZ correctipni-Farigs, 7FFFRey
GainS = Sensor gain term; rafgEFFRex 7FFFRe)

OffsetS = Sensor offset term; rajigfeFFRex 7FFFFe)

Tcg = Temperature coefficient gain term{-&fefeRex 7FFFRe)

Tco = Temperature coefficient offset term|-vdatgeRex 7FFFFey

T_Raw = Raw temperature reading after AZ correctidr,FaRgex 7FFFRe)
SOTtcg = Seconarder term for Tcg tiararity; ran¢@&FFFRex 7FFFRey
SOTtco = Seconarder term for Tco iararity; rang@FFFRex 7FFFRey

SOT_sens= Secondbrder term for sensor-imearity; rang&FFFRex 7FFFRe)
SENS_shift Postcalibration, pestsembly sensor offset shift; ratde-fex 7FFFRey

|> | = Absolute value

> I

Bound/saturation number rangél ftoml, over/unddlow is reported as saturatithedtatus byte
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