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BMP280

DIGITAL PRESSURE SENSOR

Key parameters

e Pressure range 300 ... 1100 hPa
(equiv. to +9000...-500 m above/below sea level)

e Package 8-pin LGA metal-lid
Footprint : 2.0 x 2.5 mm?, height: 0.95 mm
e Relative accuracy +0.12 hPa, equiv. to +1 m
(700 ... 900hPa @25°C)
e Absolute accuracy typ. 1 hPa

(950 ...1050 hPa, 0 ...+40 °C)

o Temperature coefficient offset 1.5 Pa/K, equiv. to 12.6 cm/K
(25 ... 40°C @900hPa)

e Digital interfaces [2C (up to 3.4 MHz)

SPI (3 and 4 wire, up to 10 MHz)
e Current consumption 2.7uA @ 1 Hz sampling rate
e Temperature range -40 ... +85°C

e ROHS compliant, halogen-free
e MSL1

Typical applications
e Enhancement of GPS navigation
(e.g. time-to-first-fix improvement, dead-reckoning, slope detection)
Indoor navigation (floor detection, elevator detection)
Outdoor navigation, leisure and sports applications
Weather forecast
Vertical velocity indication (e.g. rise/sink speed)

Target devices

Handsets such as mobile phones, tablet PCs, GPS devices
Navigation systems

Home weather stations

Flying toys

Watches
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General Description

Robert Bosch is the world market leader for pressure sensors in automotive and consumer
applications. Bosch’s proprietary APSM (Advanced Porous Silicon Membrane) MEMS
manufacturing process is fully CMOS compatible and allows a hermetic sealing of the cavity in
an all silicon process. The BMP280 is based on Bosch’s proven Piezo-resistive pressure sensor
technology featuring high EMC robustness, high accuracy and linearity and long term stability.

The BMP280 is an absolute barometric pressure sensor especially designed for mobile
applications. The sensor module is housed in an extremely compact 8-pin metal-lid LGA package
with a footprint of only 2.0 x 2.5 mm? and 0.95 mm package height. Its small dimensions and its
low power consumption of 2.7 yA @1Hz allow the implementation in battery driven devices such
as mobile phones, GPS modules or watches.

As the successor to the widely adopted BMP180, the BMP280 delivers high performance in all
applications that require precise pressure measurement. The BMP280 operates at lower noise,
supports new filter modes and an SPI interface within a footprint 63% smaller than the BMP180.

The emerging applications of indoor navigation, fithess as well as GPS refinement require a high
relative accuracy and a low TCO at the same time. BMP180 and BMP280 are perfectly suitable
for applications like floor detection since both sensors feature excellent relative accuracy is
+0.12 hPa, which is equivalent to +1 m difference in altitude. The very low offset temperature
coefficient (TCO) of 1.5 Pa/K translates to a temperature drift of only 12.6 cm/K.

Please contact your regional Bosch Sensortec partner for more information about software
packages enhancing the calculation of the altitude given by the BMP280 pressure reading.

Table 1: Comparison between BMP180 and BMP280

Parameter BMP180 BMP280
Footprint 3.6 x 3.8 mm 2.0 x 2.5 mm

Minimum Voo 1.80V 171V
Minimum Vobio 162V 1.20V
Current consumption @3 Pa RMS noise 12 pA 2.7 pA
RMS Noise 3 Pa 1.3 Pa

Pressure resolution 1Pa 0.16 Pa
Temperature resolution 0.1°C 0.01°C

I2C & SPI (3 and 4 wire,

2
Interfaces 12C mode ‘00’ and ‘11’)
Measurement modes Only P or T, forced P&T, forced or periodic
Measurement rate up to 120 Hz up to 157 Hz
Filter options None Five bandwidths
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1. Specification
If not stated otherwise,

e All values are valid over the full voltage range

e All minimum/maximum values are given for the full accuracy temperature range

e Minimum/maximum values of drifts, offsets and temperature coefficients are +3c values
over lifetime

e Typical values of currents and state machine timings are determined at 25 °C

e Minimum/maximum values of currents are determined using corner lots over complete
temperature range

e Minimum/maximum values of state machine timings are determined using corner lots over
0...+65 °C temperature range

The specification tables are split into pressure and temperature part of BMP280

Table 2: Parameter specification

Parameter Symbol Condition Min Typ Max Units
Operating temperature T operational -40 25 +85 oc
fElug= full accuracy 0 +65
CRREEL T PSS P full accuracy 300 1100 hPa
range
Sensor supply voltage Vbb ripple max. 50mVpp 1.71 1.8 3.6 Vv
Interface supply voltage Vbbio 1.2 1.8 3.6
1 Hz forced mode,

pressure and

Supply current lpp,LP temperature, lowest 2.8 4.2 pA
power

Peak current Ipeak during pressure 720 1120 pA

measurement
Current at temperature
measurement loor = WA
Sleep current! IppstL 25°C 0.1 0.3 pA

Standby current
(inactive period of Iobss 25°C 0.2 0.5 pA
normal mode) 2

Relative accuracy 700 ... 900hPa +0.12 hPa
pressure Arel o
Voo = 3.3V 25...40°C +1.0 m

1 Typical value at VDD = VDDIO = 1.8 V, maximal value at VDD = VDDIO = 3.6 V.
2 Typical value at VDD = VDDIO = 1.8 V, maximal value at VDD = VDDIO = 3.6 V.
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Offset temperature TCO 900hPa 1.5 Pa/K
coefficient 25 ...40°C 12.6 cm/K
AP 300 1100 hia 1.7 hPa
Absolute accuracy T
pressure
AP 3000' o 216150?ChPa +1.0 hPa
Resolution of RP Pressure 0.0016 hPa
output data in ultra high
resolution mode RT Temperature 0.01 °C
Full bandwidth, ultra 1.3 Pa
Vo, full high resolution
See chapter 3.5 11 cm
Noise in pressure
Lowest bandwidth, 0.2 Pa
Vp filtered ultra high resolution
See chapter 3.5 1.7 cm
Absolute accuracy AT @25°C 0.5 °C
temperature3 0...+65°C +1.0 °C
Pa/
PSRR (DC) PSRR full Voo range +0.005 mv
Long term stability* APstab 12 months +1.0 hPa
. Minimum solder
Solder drifts height 50 um -0.5 +2 hPa
Time to first
Start-up time tstartup bcc?trf?r\rl];j;f?gg\fl 2?\[:1 2 ms
Vbbio > 0.65V
Possible sampling rate fsample osgsé_; ;h(;;r’(i_rngil; 157 182 tbd® Hz
Standby time accuracy Atstandby 15 125 %

3 Temperature measured by the internal temperature sensor. This temperature value depends on the PCB temperature, sensor

element self-heating and ambient temperature and is typically above ambient temperature.

4 Long term stability is specified in the full accuracy operating pressure range 0 ... 65°C
5 Depends on application case, please contact Application Engineer for further questions
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2. Absolute maximum ratings
The absolute maximum ratings are provided in Table 3.
Table 3: Absolute maximum ratings
Parameter Condition Min Max Unit
Voltage at any supply pin Voo and Vbpio Pin -0.3 4.25 \"
Voltage at any interface pin -0.3 Vopio + 0.3 \Y
Storage Temperature < 65% rel. H. -45 +85 °C
Pressure 0 20 000 hPa
HBM, at any Pin 12 kV
ESD CDM +500 Vv
Machine model +200 \Y
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3. Functional description

BMW%E—AV@ﬁVﬁ%Wnﬁﬁ—A@ 55 L MERCEIFALK. ASICIRITA/DF R, FF
ISR DR B s RO SR e E A M

BMP280 AL A BBt 1 fem Y R E , Al MR T RERY & AR B LA & b Tik s, AT LA
TN NG L I (R AR HY B5R

BMP280 ] 7E = Fh Ui N iz T(U3.675):

e sleep mode
e normal mode
e forced mode

FEREMRBSC N, AT AL IR A AL 1 S R SR ESh AL .2 [T Y B 37k A
(RER. LERARLT , BT, WSTR[ MR

— R E A MRS R B S R s, LUE N @b”@ S EPRY o X LE 5 B TUE
ﬁﬁﬁ?mLﬁﬁﬁmrmw TR S Fﬁﬁmfﬂ. TLRAE AT sy 3% ho~1ak;ﬂ¢
(W.3.3.1F113.3.2%):

Temperature measurement
Ultra low power

Low power

Standard resolution

High resolution

Ultra high resolution

BMP280ML & T N ENRIEW &7, LA KPR JE M/ BT RF 0 1 ml v 3 i B4 i HH 5 1 30 400
138 REIPUETEEIA0 (off) ~ 16.

N T AR A I8 D AR T RFER T IR B K AT REZL S, Bosch Sensortec Y
%$m~@@%%ﬁﬁ%ﬁﬁﬁ%ﬁ%%%%&T—E%*Lﬁ%kﬂuﬁﬁn

Handheld device low-power (e.g. smart phones running Android)
Handheld device dynamic (e.g. smart phones running Android)
Weather monitoring (setting with lowest power consumption)
Elevator / floor change detection

Drop detection

Indoor navigation
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3.1 Block diagram
Figure 1 shows a simplified block diagram of the BMP280:

Vop — Vooio

!#\

Voltage Voltage
regulator reference

(analog &
digital) I —{1SDI
n
Pressure/ t
temperature Analog —L{1SDO
; — ADC e
sensing front-end Logic =
element ;
—{1SCK
a
c
e
OSC[POR|NVM csB
(osclporivw] |®f

GND—
Figure 1: Block diagram of BMP280

3.2 Power management

BMP280A ™~y Y HL 5 | il
o Voo 2T PSR EL T D REA B ) =3 2 e I
e Voppio & NHMATHIRS I, HFEF R O A

A0 HL AT e A e A LY 5 S22 R FL B AT A (Lo $i2 15 VDDAV DDIOZK-F- YRR AT 3¢
ARG EHJE, RREEREAKIRREEZ3.6.1).

e, 4VDDIO AT, AR 5] (SDI, SDO, SCKE{ CSB) 45 (Ei iR m Hi~F, Tt
ESDERA M HI IR K, FTRES R AR

WAREEML T VDDIO, {HARALVDD, M4 05| IERFFAE Sz o [, 7EBMP280 VDD
SIZHT, BB LR LAE hdi .

3.3 Measurement flow
BMP280M 5 fif] 1 A 5 M e SRAE I AN T o e MR et ol Adimid — il iR IER;
v, HBREHE P s (B 151 R) . AW T E R,
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Start
measurement cycle

A
Measure temperature
(oversampling set by osrs_t;
skip if osrs_t = 0)

IIR filter enabled? No

Yes

IIR filter initialised?

Yes

\ A
Copy ADC values
to filter memory
(initalises IIR filter)

Y
Measure pressure
(oversampling set by osrs_p;
skip if osrs_p = 0)

Y

Copy filter memory
to output registers

Update filter memory using
filter memory, ADC value
and filter coefficient

\

Y
End
measurement cycle

Figure 2: BMP280 measurement cycle

T PR SR B A5 D BRASAE TR TR BT AR R o

3.3.1 Pressure measurement

AT LA ki TR . an SR BMP28OYE i B AL e, BRI ] RERAT HIRY. 45 A
I, AAAE LA RDRIEEI . fR ORISR S BRI, TR Rt s Lfr, XLy
FAFEAEXLSBEHR A7 A OXFOH o JH FH /AR FI N A e SR i Bl e 42 1) 7 A7 A OXFA TR Y
osrs_p[2:0]i%&FE Y o

Table 4: osrs_p settings

Pressure Typical pressure Recommended
Oversampling setting 5 - temperature
oversampling resolution oversampling
Skipped
Pressure measurement ded
skipped (output set to - As neede
0x80000)
Ultra low power x1 16 bit/ 2.62 Pa x1
Low power x2 17 bit/ 1.31 Pa x1
Standard resolution x4 18 bit/ 0.66 Pa x1
High resolution x8 19 bit/ 0.33 Pa x1
Ultra high resolution x16 20 bit/0.16 Pa x2
T HFlosrs_pHIEEIRE, E2%563.4%,
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3.3.2 Temperature measurement

AL JA BRI i S e BRI T AR S P M e TR o 5 e I, PR ) LA R R I
TR I RAFE L PR R R I 1 i 0 B s — i, KA PR AEXLS BRI 7 A7 4 OXFCH o
5 1) 5 A7 A OX F A H ) osrs _t[2: 0]zt 43 i F /45 HE LI S Pk SRR B

Table 5: osrs_t settings

Typical temperature

osrs_t[2:0] Temperature oversampling resolution
Skipped

000 (output set?tz 0x80000) -
001 x1 16 bit/ 0.0050 °C
010 x2 17 bit/0.0025 °C
011 x4 18 bit/ 0.0012 °C
100 x8 19 bit/ 0.0006 °C

101, 110, 111 x16 20 bit/ 0.0003 °C

B Hrosrs_tH(EIE T osrs_pUBEfF(E, WIFAf/R. =2 LA L i B RAF A ATRERY, A0
FR SR R T o X TR A M (B W RS B 22 B T U T T AS A2 SR L i e
7o TR B 7 A A R R T L

3.3.3 lIR filter

RS E S 212 AL s, i, B RER— = ek, s R A . A T I 4
HECPE TP IR ST, RS BEA MY B2 O AL Hgs TAEfME, BMP280EA— N NHIIRYE
Weav. BARMEL T E SR 96, N — DI IR 2 DU A T8

data _ filtered _old - (filter _coefficient —1) + data_ ADC

data _ filtered = . —
- filter _ coefficien t

’

Hrhdata_filtered_old /2K H BT —/CREREHE, data_ ADC/ZK H NRIEH BTADCHIZEE »
IR 825 P LA FH 32 61 25 A7 4 OXF S H O i AR [2: 0V h Lt A T L &, JFEA LA I

6 Since most pressure sensors do not sample continuously, filtering can suffer from signals with a frequency higher than the sampling
rate of the sensor. E.g. environmental fluctuations caused by windows being opened and closed might have a frequency <5 Hz.
Consequently, a sampling rate of ODR = 10 Hz is sufficient to obey the Nyquist theorem.
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Table 6: filter settings

Samples to reach 275 %

Filter coefficient
of step response

Filter off 1
2 2
4 5
8 11
16 22

N THREGERIE ISR E, HEH3.4% .

Y NF eI IR G, IS . T MEREE R e T o TR RO IR N AEE. 0
Sk IR B I, R A A7 1 B 9080000, FHI A UE R N AF GRS . 2
EHT A ST BRI A R (8 P ROR BRI I e F) o e PN Ak i A T 1

3.4 Filter selection
T IERE R, U LA A

Table 7: Recommended filter settings based on use cases

IIR RMS
Over- filter [IDX] C[)I_IIJZ? Noise
Use case Mode sampling osrs_p osrs_t coeff. (” ; [cm]
setting (see T g (see
33.3) 3.7) 3.8.2) e
handheld device Ultra high
low-power Normal '8 x16 x2 4 247 10.0 4.0
. resolution
(e.g. Android)
handheld device Standard
dynamic Normal . x4 x1 16 577 83.3 2.4
. resolution
(e.g. Android)
Wesiiuzr Ultra low
monitoring Forced x]1 x]1 Off 0.14 1/60 26.4
power
(lowest power)
e AU I e x1 4 509 73 64
change detection resolution
Drop detecton  Normal Lt x2 x1 Off 509 125  20.8
power
Indoor navigation ~ Normal Ul h!gh x16 x2 16 650 26.3 1.6
resolution
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3.5 Noise
“ﬁf’éfﬂ? H}ijﬁiiﬁ% FI SRR a1 B o Pt R E 2 E DR MR E ), FREET DA Rk
T R AE 32 ML b i TR R 25 0 XA N T MR e o HE B RS Fr A 75 1Y o

Table 8: Noise in pressure

Typical RMS noise in pressure [Pa]
lIR filter coefficient

off 2 4 8 16

Oversampling setting

Ultra low power 3.3 19 12 09 04
Low power 2.6 15 10 06 04
Standard resolution 21 12 08 05 03
High resolution 16 10 06 04 0.2
Ultra high resolution 13 08 05 04 0.2

Table 9: Noise in temperature

Typical RMS noise in temperature [°C]

Temperature oversampling IR filter off
oversampling x1 0.005
oversampling x2 0.004
oversampling x4 0.003
oversampling x8 0.003
oversampling x16 0.002

3.6 Power modes
BMP280%& it —Ff FE A A R HRA | s il R IR A= o X e m] DA #2127 A7 Ox FAH Y
P[00 A T35 4% o
Table 10: mode settings
mode[1:0] Mode
00 Sleep mode
01 and 10 Forced mode

11 Normal mode
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3.6.1 Sleep mode

FHEA S, BRGREE RIS . RN, AT, I HIFE(DDSM)AL T 5%
/MBI B AT #0215 TR B 08 Frid R R e R 50T LAz

3.6.2 Forced mode

TESRGIAT , ARFEIZE E I A P8 ST T B D o 20 52 B, % ks % (] PR A
X, MR AT UMNEIR A AT R, FFE A OERE R fi . X PT
BMP180#:/Eo A T RAFEFREREARB T ENLFZE RN A, B H s

g
EA
o osrs_t osrs_p
—A
Ioop
(1315 PSSSs————— | N N SN NOSUS—————————— | N S SN MO—
Hi—jo o oo —iF{oioin o
cieleielEelE cicie|{eiEelE
VIV VIOL O VIVIVIVIOL! O
EIE|EIE|EIE EIEIEIEIELE
o/ 0/g|o|0lQ o/ 0/g|oiolQ
2! 3{3{3|33 J3!3{3{31 33
lopss diglaielaine AR A R T ) -
| 2222|212 2222212
DDSL f\‘/\J k/_\ /\J I
W'rite l Y l time
POR settings Mode[1:0] = 01 Data readout  Mode[1:0] = 01

Figure 3: Forced mode timing diagram

3.6.3 Normal mode

A (5 30) T bt R AT — > IR s AL U TSR R, A HILE T e ] Py
tstandby & Lo FFHLE I (IDDSB) IS R TR A . AEBLERGC MR EL I )5,
LA A A ae R A i e RO MR G5 R, TN 2t L MG 5] A IRIEM &S, Hl
IR R, X T o B IR R U (B an AL B B B R A

osrs_t osrs_p ” tstandby >
—

IDDSB

Measurement T
Measurement T
Measurement P
Measurement P
Measurement P
Measurement P
Measurement T
Measurement T
Measurement P
Measurement P
Measurement P
Measurement P

IppsL \

i l \ time >
cotite, Mode[1:0] = 11 Data readout
when needed

Figure 4: Normal mode timing diagram

POR
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7 IS T f 454 25 A7 @ OXFB It _sb[2:0162 YN A8 E , A N 3K

Table 11: t_sb settings

t_sb[1:0] tstandby [ms]

000 0.5

001 62.5
010 125
011 250
100 500
101 1000
110 2000
111 4000

3.6.4 AL 4]

SCRFAIBEAAR AN FrvR o ARIBEA A AT IEAEEA T, RSSO & RO P IAEIR 21 24 iy
IBATHYMR SR SR SEAYREACE D A R 20, ERI TR e — MRS 4. BRT T
T BT RO AT, AR AR o T RUE PR MtAY , (A HOHER (o

Power OFF
(Vpp or Vppio = 0)

Normal
(cyclic standby and
measurement periods)

Vpp and Vppio
supplied

Mode[1:0] = 01

Forced
(one measurement
period)

Figure 5: Mode transition diagram
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3.7THIRIHFE

YT FERUR T ODRMI R E . RS H PR L EIODROYIHZ. #E45 EODRF HY =L
BryF R B ) DUs R 6 12 B R B 5 (s P AT OD RIS T L. SEPRODR I JH 7 35 B it i) Ul
R Bl R PRI 14 IR B R i tstandby I EE Yo

Table 12: Current consumption

Pressure Temperature  'oo [HA] @ 1 Hz forced mode

e S oversampling  oversampling

Typ Max

Ultra low power x]1 x1 2.74 4.16
Low power x2 x1 4.17 6.27
Standard resolution x4 x1 7.02 10.50
High resolution x8 x]1 12.7 18.95
Ultra high resolution x16 x2 24.8 36.85

3.8 7

AE SRR BT I ) R B e T R A Boosrs_thllosrs_po BT IAEIE TS N HRAT
B Tk Rt i B % Bosrs_thlosrs_pLL S AL [Ajtstandby. £ T3, R8I [ osrs4
& Hodra iR .

3.8. 1ML s ]

R T ST eI SR 1A A R R B A R ] o e/ N AT A E e A e B ) R

Table 13: measurement time

Measurement Measurement

Oversampling Pressure Temperature time [ms] rate [Hz]
setting oversampling  oversampling
Typ Max Typ Min
Ultra low power x1 x1 5.5 6.4 181.8 155.6
Low power x2 x1 7.5 8.7 133.3 1146
Standard resolution x4 x1 11.5 13.3 87.0 75.0
High resolution x8 x1 195 22.5 51.3 44.4
L «16 x2 375 432 267 231
resolution
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3.8. 21E AR I R
MR T AT IR E Mtstandby , AEIEFRECT AT AT 0
Table 14: typical output data Rate (ODR) in normal mode [Hz]

Oversampling tstandby [ms]
setting 0.5 625 125 250 500 1000 2000 4000
Ultra low power 166.67 14.71 7.66 391 198 099 050  0.25

Low power 125.00 14.29 755 3.88 1.97 0.99 0.50 0.25

Standard 83.33 1351 733 3.82 196 099 050 025
resolution

High resolution ~ 50.00 1220 6.92 371 192 098 050 0.5
Urahigh = 5637 1000 6.15 348 186 096 049 0.5
resolution

Table 15: Sensor timing according to recommended settings (based on use cases)

IR
Over- filter ([)I-II) ? [I?-I“g
Use case Mode sampling osrs_p osrs_t coeff. Timing & &
setiing e & | &
3.3.3) e -
handheld device . B
low-power (e.g.  Normal UItraI h!gh x16 x2 4 Lstancby = 10.0 0.92
Android) resolution 62.5 ms
handheld device _
dynamic (e.e.  Normal Sta"ld?rd “4 1 16 Ww T g3z 175
Android) resolution .o ms
Weaher Ultra low
monitoring Forced ower x1 x1 Off 1/min 1/60 full
(lowest power) P
Elevator / floor -
change Normal ~ Standard -, “1 g (BEaws o3 g7
detection resolution 125 ms
Drop detection  Normal Loty x2 x1 off = 455 full
power 0.5 ms
Indoor Normal Ultra high <16 %9 16 tstandby = 26.3 0.55
navigation resolution 0.5 ms : :
3.9%ffa I

BERA s, SR R A, MRS AR A frar o IR BT IEJE T A
M) P A REA ARYE, FR AR O B UL 18I OXF 75 0xF CHT iR 58 & 132 UK 58
JEHT o R AR AR LATCAT 5 B 20 S0 T2 e S U6 P it 52 AT BMP280 API
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Sensortec, T IE2HAAME. CTNAFRLFIE: O BIFEANGE R, 159 S5 H3.125 M5,

SR A2 A R A O R KU P [ (3.8, 1 FE) (5 3 BB . AEIE R, 12IRCA] LA
DAL TSt AR AR BLA R AL 52 i (L3.8.25) o RHRGE” Fltip” fEJE , Fe Bl A7l fristas
HIRMEZ RO R SEBR R AR o ZFE PR3 11 P IR

3108l H a1 5

FEIEFBATT, MR —E S FE D . IXERE, 4P ST — Ul 25 R, B
MR ZE R ATRER] o FEIXAMEOUT, O T ARSI — 20, BT . A A iU
FFAAE—IRSRACEIU, IR A 2 B . AL, MR A P B e th -5 I RO R] 25
JUPRAZBUASE FH 5 132 o (56 P 22 1 k7 F read i 4 T RE SR AN— 2.

WER— IR B ase K, FFHER A s, 023 At 85 RAG st i s 5 1741
Padfiart . — BRI P ERGA D, 13 i N a2 8o 25 (v, BIEEScAT 52
WA B EdE e . R, FUGEM RSy S I, A REOR LIS 2T 00E 7 A7 de 1Y 132
BE— AN 221 AESPHFOLT, HICSBS I _EFHAGIRCIR LIS, 6y
FEI2CTE LT B 1L 2RO IRAARIC . AERA ISR, B P dfa s A7 de AR RIS o

3.1 15 H M

BMP280%ir i HIADCH Hi (20 ke FATT, FFMEROTHCIUAIR], SEbn AT BE A0 ] —41
RMESHORIT R . 3113 HEERY T BT ok AE M. e lIMatlab™ 5 LabVIEW™ X HE Y
HZEE T, RS BRI A BITRIF A SR o FEIXMPIEOLT, AT LA IR 558, 1 B 7 s AR A
MR KT8z fild:, AR/ RERABRAY. FERXFMEILT, Ef%8.2F 4 T
HI32 60 FEXRY

3111 EELR

NERER TAEGCCH 2L -02113215 Cortex- M3z il # b 2EA T #ME T35 e st i ]
%} ZIER A A A F AT, BRI AT RO R . # B UEEH TAFPURIPCLL

Table 16: Computational requirements for compensation formulas
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Number of clock cycles (ARM Cortex-M3)
Compensation of
32 bitinteger 64 bitinteger  Double precision

Temperature ~46 - ~24007
Pressure ~1128 ~1400 ~5400 7

311260 =80

B 2 B0 A P AR BB A 0353 JE TP RNV, 5 PR AR, R M 78
SEARRA (WO RN Y LB ATFF B A S RALAL. TP (AL ST, AL A DA
441 R LU RN T BLAF R 4 Hycalib00...calib25, 77 7E P (FHUAL0xBB...OxAL . AIF
13 dig_teder S BEAMEHE IO, dig_p#dor 5 B NAMEFEMIL. Ot LTz

Table 17: Compensation parameter storage, naming and data type

233:'1?; ST Data ty

LSB/MSB content pe
0x88 / 0x89 dig_T1 unsigned short
0x8A / 0x8B dig_T2 signed short
0x8C / 0x8D dig T3 signed short
O0x8E / Ox8F dig_P1 unsigned short
0x90 / 0x91 dig_P2 signed short
0x92 / 0x93 dig_P3 signed short
0x94 / 0x95 dig_P4 signed short
0x96 / 0x97 dig_P5 signed short
0x98 / 0x99 dig_P6 signed short
0x9A / 0x9B dig_P7 signed short
0x9C / 0x9D dig_P8 signed short
O0x9E / Ox9F dig_P9 signed short
0xAO0 / OxA1 reserved reserved

3.11.3%MEAF

THTER, SRFUEBEHBosch  SensortecHR At A APIRINA T BRI A M o W SR A BEIXAEAL, AT AN,
@;ﬁﬁ@ﬁ@ , AE RS FH P AH e R AR (R AR Lo IEAS X, (e A 158
% o

" Use only recommended for high-level programming languages like Matlab™ or LabVIEW™
8 Use only recommended for 8-bit micro controllers
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Attt _fine (HY 475 B2 0L) K AE 41 7 Wil FE (B AR R 25 FE I AME A S, I T EAVE N 2 Jm AR 1t St
HHRAEAIBMP280_S32_t" W% L— 32 A fF 5 FERAR 2Rl T LAE SO RAF 55

A2, FHEEAIBMP280_U32_t Wiz L — 32 TfF SR A b2k Rl ] LAE L oAtong

unsigned int”. A 7RIS AP ERS B, TR EEeAN BEA Hr

WMREARTTREM BRI &, 2R 5%8. 2032 A T £ -
HPEZETIBMP280_S64_t° W iZE L — 64N A {55 AR i 27
THEAEE A LLE UoAtong long signed int’s ZSEITE T A 1.1/

// Returns temperature in DegC, resolution is 0.01 DegC. Output value of “5123” equals 51.23 DegC.
// t fine carries fine temperature as global value
BMP280_S32_t t_fine;
BMP280_S32_t bmp280_compensate T_int32 (BMP280_S32_ t adc_T)
{
BMP280 S32 t varl, var2, T;
varl ((((adc_T>>3) - ((BMP280 S32 t)dig T1<<1l))) * ((BMP280 S32 t)dig T2)) >> 11;
var2 = (((((adc_T>>4) - ((BMP280 S32 t)dig T1)) * ((adc T>>4) — ((BMP280 S32 t)dig T1))) >> 12) *
((BMP280 S32 t)dig T3)) >> 14;
t_fine = varl + var2;
T = (t_fine * 5 + 128) >> §;
return T;

}
// Returns pressure in Pa as unsigned 32 bit integer in Q24.8 format (24 integer bits and 8 fractional bits).
// Output value of “24674867” represents 24674867/256 = 96386.2 Pa = 963.862 hPa
BMP280_U32_t bmp280_ compensate P_int64 (BMP280_ S32 t adc_P)
{
BMP280 S64 t varl, var2, p;

varl = ((BMP280 S64 t)t fine) - 128000;

var2 = varl * varl * (BMP280 S64 t)dig P6;

var2 = var2 + ((varl*(BMP280 S64 t)dig P5)<<17);

var2 = var2 + (((BMP280_S64 t)dig P4)<<35);

varl = ((varl * varl * (BMP280 S64 t)dig P3)>>8) + ((varl * (BMP280 S64 t)dig P2)<<12);
varl = (((((BMP280_S64 t)1)<<47)+varl))* ((BMP280 S64 t)dig P1)>>33;

if (varl == 0)

{
return 0; // avoid exception caused by division by zero

}

p = 1048576-adc_P;

p = (((p<<3l)-var2)*3125)/varl;

varl = (((BMP280_S64_t)dig_P9) * (p>>13) * (p>>13)) >> 25;
var2 = (((BMP280_S64_t)dig_P8) * p) >> 19;

p = ((p + varl + var2) >> 8) + (((BMP280_S64_t)dig_P7)<<4);

return (BMP280_U32_t)p;

32T EESARE
THEREHFRENENEAEE.

Z%?EﬁMBOSCh SensortecfI EEHER 084 SVEIKLEAE NS CIRAIS( “BMP28x_ API” )$ft

S A Sensortec R FEBR R
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Calculation of pressure and temperature for BMP280 |

Sample trimming values
Register Address (LSBJ MSB) Name Value Type
0x88 / 0x89 dig_T1 27504 |unsigned short
0xBA / 0xBB dig_T2 26435|short
0x8C / 0x8D dig_T3 -1000|short
0xBE / 0xBF dig_P1 36477 |unsigned short
0x90/0x91 dig_P2 -10685|short
0x92 1 0x93 dig_P3 3024 |short
0x94 ] 0x895 dig_P4 2855[short
0x96 / 0x97 dig_P5 140(short
0x98 / 0x99 dig_P& -7|short
0x9A/ 0x98 dig_P7 15500|short
0x9C / 0x9D dig_P8 -14600)short
0x9E / 0x9F dig_P9 G000|short
0xAD / 0xA1
Sample measurement values
Register Address (MSB/L3B/XLSB) Name Value Type
OxF7 / 0xF8 / OxFO[7:4] UT [20 bit] 519838 signed long (*) (*) Value is always positive, even though the compensation functions expect a signed integer as input
OxFA 1 0xFB ! DxFC7:4] UP [20 bit] 415148 signed long (*) (*)Value is always positive, even though the compensation functions expect a signed integer as input
vari = 1287931787 warl = ([[double)ade_T)HE384.0 - [[double]dig_T1H024.01* ([double)dig_TZ);
var2=  -370,8917052 var2 = [[[{double)ade_TIN1072.0 - ([double)dig_T1}192.0) ([[double)ade_T)H1072.0 - ([double) dig_TTHE182.0)) * [[double)dig_T2]:
fine = 128422 +_fine = (EMP280_S32_{varl « warZ);
T= 25,08 Temperature [*CJ T = (varl » var2) § 5120.0;
integer result (**): 2508 Temperature [1/100 °C]
var1 = 211,1435029 warl = [[double]t_fine2.0) - B4000.0;
varz=  -9523652701 war2 = varl " varl* ([double]dig_PE) ¢ 32766.0;
var2 = 59110,65716 var2 = varz + warl " ((double)din_PS) " 2.0;
varz = 187120057,7 var? = [var2t4.0)4{([double)din_F4) * B5536.0%
vari=  -4,302618389 war = ([[double)dig_P3) " varl " varl § 5242880 « ([double)dig_P2) " vart){ 524288.0;
vari = 3647221037 varl= [10 + varl § 327E2.0) ([double)dig_PT:
p= 633428 P = 10485760 - (doublelade_F;
p= 100717,8456 P = [p- [var § 4096.00) " 6250.0 F warl;
var1 = 28342 24444 varl= [[double)dig_P9)"p" p? 2147483648.0:
var2=  -4487550492 war2 = o ([double)dig P2 ¢ 327820,

int32 result (**):
int6d result (**):

100653,27
100653
25767236
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Pressure [Pa] p- pe(varl - varZ + ((double)dig P71 16.0;
Pressure [Pa]
Pressure [1/256 Pa]

(**) The actual result of the integer calculation may deviate slightly from the values shown here due to integer calculation rounding errors
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4. 2 JRy N A7 U R 3T (7
Sy

SR I P A5 H R I X PR AT AR I BE B ORSE N o A7 A M58 BN 8. AL/ Hifr B 1Y 75
e ENARIZEE N, BRI AREA R E N E. R THRENEANSR, 52 AT,

4.2 N A7 LR}
FHFR18LS T N AF M . A BN B A A A

Table 18: Memory map

Register Name | Address bit7 | bit6 bits | bit4 bit3 bit2 bitl bito ':f:teet
temp_xIsb OxFC temp_xIsb<7:4> 0 0 0 0 0x00
temp_lIsb OxFB temp_Isb<7:0> 0x00
temp_msb OxFA temp_msb<7:0> 0x80
press_xIsb 0xF9 press_xIsb<7:4> [ 0 | 0 | 0 | 0 0x00
press_Ish 0OxF8 press_|sb<7:0> 0x00
press_msb OxF7 press_msb<7:0> 0x80

config OxF5 t_sb[2:0] [ filter[2:0] I [ spidw_en[0] 0x00
ctrl_meas OxF4 osrs_t[2:0] [ osrs_p[2:0] | mode[1:0] 0x00
status O0xF3 |measuring[0]| lim_update[0] 0x00
reset 0XEOQ reset[7:0] 0x00

id 0xDO chip_id[7:0] 0x58

calib25...calib00 [0xA1...0x88 calibration data individual
Registers: Res_erved Calibration Colntrol Qata St_atus Revision Reset
registers data registers registers registers
Type: dvsr;(::t read only [read /write| read only | read only | read only | write only

4 377tk
43 1% Fa30xD0 "id "

“147 TS O IR A S chip_id[7:0], B20x580 IXMEUFA] LAER A 5E il b E A5 57 R
12,

4 3 2FF(EA30XE0 " reset "

“EHE” T et S E R reset[7:0] ﬂﬂ%#%TEOXB6E}\%?ﬁ%§, m”fﬁﬁﬁ%%&ﬁ/‘]power—on—reset
HBREEIRS. 5AxBeLAMHAMER AR . SHUE S 20x000
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4.3.3%7 {7 2x0xF3“status”
RS, RIS IIRE.

Table 19: Register 0xF3 “status”

Register 0xF3 Name Description
“status”
Bit 3 measuring[0] Automatically set to ‘1’ whenever a conversion is

running and back to ‘0’ when the results have been
transferred to the data registers.

Bit O im_update[0] Automatically set to ‘1’ when the NVM data are being
copied to image registers and back to ‘0’ when the
copying is done. The data are copied at power-on-reset
and before every conversion.

4.3.47717%30xF4 "ctrl_meas "
ttrl_meas” T {7 i B 1A AR R AR T

Table 20: Register 0xF4 “ctrl_meas”

Register 0xF4 Name Description
“ctrl_meas”
Bit 7,6, 5 osrs_1[2:0] Controls oversampling of temperature data. See
chapter 3.3.2 for details.
Bit 4, 3, 2 osrs_p[2:0] Controls oversampling of pressure data. See chapter
3.3.1 for details.
Bit1, 0 mode[1:0] Controls the power mode of the device. See chapter

3.6 for details.

Table 21: register settings osrs_p

osrs_pl2e)  Prmue
000 Skippeodxé%%tgg)t setto
001 oversampling x1
010 oversampling x2
011 oversampling x4
100 oversampling x8

101, Others oversampling x16
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Table 22: register settings osrs_t

osrs_t[2:0] Temperature oversampling
000 Skipped (output set to 0x80000)
001 oversampling x1
010 oversampling x2
011 oversampling x4
100 oversampling x8
101, 110, 111 oversampling x16

4.3.5% {7 #+0xF5 " config "

Config” 7 BCE BLAT AR . REPEATAIE LI AE1EH AT M X configar /7 &) 5 AR RES
WM. FERERRIET, SREA SN

Table 23: Register OxF5 “config”

Register 0xF5 Name Description
“config”
Bit7,6,5 t_sb[2:0] Controls inactive duration tstandby in normal mode. See
chapter 3.6.3 for details.
Bit 4, 3, 2 filter[2:0] Controls the time constant of the IIR filter. See chapter
3.3.3 for details.
Bit 0 spi3w_en[0] Enables 3-wire SPI interface when setto ‘1’. See

chapter 5.3 for details.

4.3.6 Register 0xF70xF9 "press "(_msb , _Isb, _xlsb)

Eﬁ”%ﬁ%&@é‘ﬁﬁé&ﬁiﬂﬂ%iﬁm%“ﬁ%}%[l&o]o anfer i s EBEUE AR (S B, 1§27%3.9
o

Table 24: Register OxF7 ... 0xF9 “press”

Register 0xF7-0xF9 Name Description
“press”
OxF7 press_msb[7:0] Contains the MSB part up[19:12] of the raw pressure
measurement output data.
0xF8 press_Isb[7:0] Contains the LSB part up[11:4] of the raw pressure
measurement output data.
0xF9 (bit 7, 6, 5, 4) press_xlIsb[3:0] Contains the XLSB part up[3:0] of the raw pressure

measurement output data. Contents depend on
temperature resolution, see table 5.
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4.3.777 {7 #0xFAOXFC "temp "(_msb ~ , _Isb, _xIsb)

temp” #1730 5 AU

fHE, WZ2HH3.95.

Register 0xF7-0xF9
“press »
OxFA
0xFB

OxFC (bit 7, 6, 5, 4)

JEI gy A ut[19:0] 0 A SR AT A ISE A AR 32 BT AR A 5 T2

Table 25: Register OxFA ... 0xFC “temp”

Name Description

temp_msb[7:0] Contains the MSB part ut[19:12] of the raw temperature
measurement output data.

temp_Isb[7:0] Contains the LSB part ut[11:4] of the raw temperature
measurement output data.

temp_xIsb[3:0] Contains the XLSB part ut[3:0] of the raw temperature
measurement output data. Contents depend on
pressure resolution, see Table 4.
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5. My

BMP280ZFF1 CHISPIEUTH L, BT U NI MRG58 o T CHE SZRpPRvE PR e A
o SPIHE O ST FRraZ il FI 32 il iC & B SPIA L 00 (CPOL = CPHA = 0 )AL 11° (CPOL =
CPHA="1")s

THELA T $H55
LSS REPN
L7 G N (i A g H b A A A g B )
PRSI

2 7B A B shif B 1 B AT g Mtk )
5.1 Mk #F

B OB E CSBOM Ak ) RS H 3h 52 ill. WIHRCSBIERFIVDDIO, NI2CHE O AN TR RS-
WRCSB Ny, NMISPHEL#MRGE. CSB F—Ik)5 (Tt A AR I ER R HH), RCHE 1444k
B, HEIF R EEEN . XFAOE N T TC R TG SPIEA AR AL M 2CEHE R 55— slaves
FH T8 S NLUAE A 2 57 VDDA VD DIOR A T, IRIMASAEAE H 1 i A 1) R 3 17 S5 8 i
PIMARE G XU o HR AR F 12C ) H.CSBI% A B #:%#:3IVDDIO, 12 id il 4 fa 5 | i
R, M RARZ S | eI % E A A T 4% VDDIOH o A X R E I, 4505
WA RE AE S PSS T AN B 12C Al 4

5.2 [2CE:
[ 2CMFE 36 KRITHT 2CMVE2. 1 i RIS 12 W27 SCHRFATA B (bR P, &

H)o SDAFISCLIHA R . I DA HEEL A 2 VDDIONIGND I ESDAR " AN E « T 4%
A TR R AL [RISsCLES M2 — M1 A TFERE J1 i mr BH AR A o

Vbbio

SDI /SCL |Z

high-z level shifter

GND GND

Figure 6: SDI/SCK ESD drawing

7Thr e il 111011x. 62 MSBA2RTE . /g — (] LLEE SDOHE T M, I H Al AR Et
R B . 4 SDO%EHEEGND S 3 M k1110110 (0x76);14H 1% 4% 5 VDDIOZ: S8 M Hihik
1110111 (0x77), X 2HHFEIF)
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YENBMP180HTIPCHIE. SDOS I RELR T SIARA WIRORFF IS, PCHIHEREZAE LAY
I CHEHEH LA 5T

e SCK: serial clock (SCL)

e SDI: data (SDA)

e SDO: Slave address LSB (GND = ‘0°, Vppio = ‘1")
CSBW IR E| VDDIOA REIE S PCHEE M o SDL& XA Tt & ah A a8 it —A~ 7 FE RE A 7R
EHEFIVDDIO. ARIER, 1E2 0465,

FE1 CHILE R LU 4

e S Start

e P Stop

e ACKS Acknowledge by slave

e ACKM Acknowledge by master

e NACKM Not acknowledge by master
5.2.1 PCH

G NG LG R E MHIE(RW = 0 ") RSERAT, 45 A& MHhE111011X0 (¢ X " HISDOS ]
RZEIIE . SRJEENRIE BT AR (7 an oA A7 g il . F155 i — M IR A PRS- s 7fr
No

Control byte Data byte
Start Slave Address RW] ACKS Register address (AOh) ACKS Register data - address AOh ACKS
LT T 1T 11 P11
SsfJ1 1 1 0 1 1 X O 10 1 0 0 0 0 O bit7 bit6 bit5 bit4 bit3 bit2 bitl bitd
I I I I I
Control byte Data byte
Register address (Alh) ACKS Register data - address Alh ACKS | Stop
1T
10 1 0 0 0 0 1 bit7 bit6 bit5 bitd bit3 bit2 bitl bitd P
L1111 11

Figure 7: 12C multiple byte write (not auto-incremented)
5.2.2 I2CEEHL

T REMG AT 74, B LA Rk R B A7 as i (A HElE 111011X0) o 98T 2AZ0AE JliA5 11
BREE A 2 )G, MHLLLUER (RW = ° 1 )fEHE 1o x 34k, 25 MBI B 3his
WA e b R R, ERHBFINOACKMANE (- &F. Estiid 7ix—k, Hh \H i
OxF6 AN OxF7 32 BB 1~ 15
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Control byte
Start Slave Address RWJ ACKS Register address (F6h) ACKS
P T T 1T
SfJ1 1 1 0 1 1 X O 1 1 1 1 0 1 1 0
I | I I Y A
Data byte Data byte
Start Slave Address RWJ ACKS Register data - address F6h ACKM Register data - address F7h NOACKM] Stop
FT T
sfJ1 1.1 0 1 1 X 1 bit7  bit6 bit5 bit4 bit3 bit2 bitl bit0 bit7 it bit5 bit4 bit3 bit2 bitl bit0 P
I I

Figure 8: 12C multiple byte read
5.3 SPI# M1

SPIHE I FEASPIFER, 00 (CPOL = CPHA = 0 ) FIFE 11° (CPOL = CPHA = 1) FE= 00 F1 11
2[RI E 2 B CSB N M I B SCRAB R E /Y

SPI% I A 4Ze il ML PRI, i ROMR SO —FERT . DN 1 B A7 spidw_en e
3ZAIN o pad SDIVEAEEM, SR =4

BST-BMP280-DS001-19 | Revision 1.19 | January 2018 Bosch Sensortec

© Bosch Sensortec GmbH reserves all rights even in the event of industrial property rights. We reserve all rights of disposal such as copying and passing on to third
parties. BOSCH and the symbol are registered trademarks of Robert Bosch GmbH, Germany.
Note: Specifications within this document are subject to change without notice. Not intended for publication.



=\ Datasheet
@ BOSCH BMP280 Digital Pressure Sensor Page 31

SPIHEZ A LA 511
e CSB: chip select, active low
e SCK: serial clock
e SDI: serial data input; data input/output in 3-wire mode
e SDO: serial data output; hi-Z in 3-wire mode

ARER, S HR6E

CSBRETFNE, HA —ERA ERHBH. SDIEREIEAESCK EFHE A #8i4E, SDOFESCK K
RIS M CSBARITE TR, CSBmi I IH A 1k F CSB_E HiX Sef 4t F | SCRAAUEFRAE
Ho SPIFMYANE IR . A XKIRIGHTT, 1EZ 528,

CSB _\ /_
SCK
SDI
RW (AD6 AD5 AD4 AD3 AD2 AD1 ADO DI7 iDI6 DI5 DI4 DI3 D2 DIl DIO
SDO
iDO7 iDO6 DO5 DO4 DO3 DO2 DOl DOO tri-state

Figure 9: SPI protocol (shown for mode ‘11’ in 4-wire configuration)

FESPIBIET, SURTH % A WO %5 1 A FIMSBA R, A4/ G (RW
=|Ol%:_<‘ﬂ—\‘§, RW:']_V%%ZI—\‘-E&;)ER{‘%O . y il

Bl tN-address OxF7iHIE SPIAF A7 Hitibox7 735 [l o AT H 510, (&M 1r0x77, X TEEUM, LHY
T0xF7o

5.3.1 SPIG A

B NSEAEIT FRARCS BRI A 16 X 4 ) 715 R B A7 s B R SE B o #2880 7795 SPI AT - Mok (=30F
A7 ) SE B AR A L) A B A/ 4 (bit7 = RW = 0 )4ke AT LMEAT| &£ CSBRYTE L Fom’E & T
Hto ZEHS H— N SEECSBAE o SPIS MU 1078

Control byte Data byte Control byte Data byte
Start | RW Register address (F4h) Data register - address F4h RW Register address (F5h) Data register - adress F5h Stop
cse LA Pt T T T 1] LA Pt T T T T ] cse
= 0 1 1 1 0 1 [¢] 0 | bit7 bit6  bit5 bhit4 bit3 bit2 hitl bitO§ O 1 1 1 0 1 0 1 | bit7  bit6 bit5 bit4 bit3 bit2 bitl bit0 b
0 L1 1 1 1 1 L1 1 1 1 1 1 I T | L

Figure 10: SPI multiple byte write (not auto-incremented)
5.3.2 SPIEZHEL

BEIGETT FFEARCSBIHF B JE Ak — M6 T R SE M. $2 52715 B SPIAT (s Mk (=38 A S8 762 ) 5
T e ) T E AT & (58 7060= RW = 1 Y ik. BAEGRI TG, HHRMSDO |l (=2
TRYSDI) A& 3% H 25 A fr e ik 4 B sl i . SPISEE ML AN 1 R
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Control byte Data byte Data byte
Start | RW Register address (F6h) Data register - address F6h Data register - address F7h Stop
[CSE T 1T T 1T T T [ T T T T T T T [ T T T T T T T [
= 141 1 1 0 1 1 O |bitl5 bitl4 bitd3 bitl2 bitll bitl0 bit9 bit8 | bit7 bit6 bit5 bit4 bit3 bit2 bitl bitOf] =
0 L1111 1
Figure 11: SPI multiple byte read
5.4 020N
5414 MIHHZEL
— RO ZHI K26,
Table 26: interface parameters
Parameter Symbol Condition Min Typ Max Units
Input — low level Vil_si Vbpio=1.2V to 3.6V 0.2* Vv
Vbbio
Input — high level Vih_si Vbpio=1.2V to 3.6V 0.8* Vv
Vbbio
Output — low level for 2C Vol _SDI  Vppio=1.62V, iol=3 mA 0.2* \Y
Vbbio
Output — low level for 2C  Vol_SDI  Vppio=1.20V, iol=3 mA 0.23* Vv
212 Vbbio
Output — low level Vol_SD  Vppio=1.62V, iol=1 mA 0.2* Vv
0] Vbbio
Output — low level Vol_SD  Vppio=1.20V, iol=1 mA 0.23 * Vv
0_1.2 Vbbio
Output — high level Voh Vbpio=1.62V, ioh=1 mA 0.8* v
(SDO, SDI) Vopbio
Output — high level Voh_1.2  Vbpio=1.2V, ioh=1 mA 0.6 * \%
(SDO, SDI) Vbbio
Pull-up resistor Rpull Internal pull-up 70 120 190 kQ
resistance to Vooio
I2C bus load capacitor Cb On SDI and SCK 400 pF

5.4.2 PCH} %

XFRCHET, AT 45:
e “S&F mode” = standard and fast mode
e “HS mode” = high speed mode
e Cb = bus capacitance on SDA line

i HiAth iy 2 2%12CH1752.1(20004E1 )

I CHPFERT

K12, Fa745H TN HYLE.
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SDI ><
SCK
—»
thosTa
SDI ;
<_tSUSTA_>E
Figure 12: I12C timing diagram
Table 27: I2C timings
Parameter Symbol Condition
SDI setup time tsu;pat S&F Mode
HS mode
SDI hold time tHD;DAT S&F Mode, Cb<100 pF
S&F Mode, Cb<400 pF
HS mode, Cb<100 pF
HS mode, Cb<400 pF
SCK low pulse tLow HS mode, Cb<100 pF
Vopio = 1.62 V
SCK low pulse tLow HS mode, Cb<100 pF
Vobio = 1.2 V

EIRI2 CHRERE T TRDX BT AR A BN AE AR -

FEE AT, 1 EESCKZ 2040
o ASCK NPT EI SO H &8 B AT IR AE R HEAT R AR 18 9 O 140 ns,  AE 8 AT

@ﬁj"jm nso

5.4.3 SPI;ER

Min
160
30

80
90
18
24

160

210

tsusto
Typ Max
115
150

SPIN P AN E 137, TR B AE N AE R 28 h 45t o i I 153 JH 42 A1326SP I
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SDIFISCKi A\ 2 [8] 14 AN FEIR AEPRAEFI PR SR, SDIFYZER 18 7 LE SCKZ 10040 ),
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Typ

T_setup_csbh T_hold_csb
B
CcSsB \\
‘ T_low_sck : :T_high_sck
—> —>
SCK \\\
SDI H
—>— «— <
T_setup_sdi T_hold_sdi
SDO —\
T7d=elayisd:o
Figure 13: SPI timing diagram
Table 28: SPI timings
Parameter Symbol Condition Min
SPI clock input frequency F_spi 0
SCK low pulse T low_sck 20
SCK high pulse T_high_sck 20
SDI setup time T_setup_sdi 20
SDI hold time T _hold_sdi 20
SDO output delay T_delay_sdo 25pF load, Vbpio=1.6V min
SDO output delay T_delay_sdo 25pF load, Vbpio=1.2V min
CSB setup time T setup_csb 20
CSB hold time T _hold_csb 20
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6. Pin-out and connection diagram
6.1 Pin-out
8 | 1 1 8
. Voo | . | GND | GND O Voo
Vent hole Pin 1
v } v } marker
! 7 ! 2 | 2 7
| GND | | CSB | csB GND
B | TOPVIEW | BOTTOM VIEW
77777777 (pads not visible) (pads visible)
6 3 3 6
' Vooo | | SDI | SDI Vooio
5 4 4 5
| SDO | | SCK | SCK SDO
Figure 14: Pin-out top and bottom view
Table 29: Pin description
Connect to
Pi N /OT D ipti
in ame /O Type escription SPI AW SPIaW BC
1 GND Supply Ground GND
2 CSB In Chip select CSB CSB Vbbio
3 SDI In/Out Serial data input SDI SDI/SDO SDA
4 SCK In Serial clock input SCK SCK SCL
GND for
5 SDO In/Out Serial data output SDO DNC default
address
Digital interface
6 Vbbio Supply supply Vbbio
7 GND Supply Ground GND
8 Vbb Supply Analog supply Vbb
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6.2 Connection diagram 4-wire SPI

SDO

==

=

VDD VDDIO
8 | 1
. Voo | . . GND |
________ Venthole
7 2
' GND | . CSB |
D TOPVIEW
________ (pads not visible)
6| 3
iVDDIOi i SDI i
5 4
' SDO | | SCK |

C]_ C2

CSB

SDI

SCK

Figure 15: 4-wire SPI connection diagram (Pin1 marking indicated)

Note: the recommended value for Cy, C, is 100 nF.
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6.3 Connection diagram 3-wire SPI

==

=

VDD VDDIO
e | 1
i Vbp i ‘ i GND i
________ Venthole
T 2
i GND i i CSB i
B ToPVIEW
________ (pads not visible)
6| 3
| Vooio | | sDI |
5 | 4
i SDO i i SCK i

C C,

CSB

SDI/SDO

SCK

Figure 16: 3-wire SPI connection diagram (Pin1 marking indicated)

Note: the recommended value for Cy, C, is 100 nF.
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6.4 Connection diagram 12C

VDD VDDIO
s | 1
| Voo | ‘ . GND |
________ Venthole
7 2
| GND | | CSB |
D TOPVIEW
________ (pads not visible)
L6 A
; i : : SDA
i Vopio | » SDI |
I2C address bit 0 5 i i 4 i ScL
GND: '0": Vppio: 'L | SDO i | SCK i
—|_C1 TCZ

Figure 17: I2C connection diagram (Pin1 marking indicated)

Notes:
e The recommended value for Cy, C, is 100 nF.
e A direct connection between CSB and Vppio is recommended. If CSB is detected as low
during startup, the interface will be locked into SPI mode. See chapter 5.1.
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7. Package, reel and environment

7.1 Outline dimensions

The sensor housing is an 8-pin metal-lid LGA 2.0 x 2.5x 0.95 mm? package. Its dimensions are
depicted in Figure 18.

°
S S
2 =
8 o ¢
= L ['s}
S ©
ol = = 1= 6{.071’
— - 0.82540.10
- 1 1
——
™
/D * 1 $0.3040.10 l
!
oC
s /N
2.25 - -
2.5040.10 - o S
N

[SR—

0.85+0.05 —=
0.13£0.02

Figure 18: Package outline dimensions for top, bottom and side view

Note: General tolerances are +50 pm (linear) and +1° pm (angular)
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7.2 Landing pattern recommendation
For the design of the landing pattern, the following dimensioning is recommended:

I 0-5
B |
|
| o
8 1 w
| a
|
|
|
7 : 2
|
o .
Lf)_ __________________ f— — = === = g = —
I3\ : o
| w
| o
6 | 3 1=
|
To]
© [
o
|
; 5 : 4
|
|

0.55

2.0

I
Figure 19: Recommended landing pattern (top view); dimensions are in mm

Note: red areas demark exposed PCB metal pads.

. In case of a solder mask defined (SMD) PCB process, the land dimensions should be
defined by solder mask openings. The underlying metal pads are larger than these openings.
. In case of a non solder mask defined (NSMD) PCB process, the land dimensions should

be defined in the metal layer. The mask openings are larger than the these metal pads.
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7.3 Marking

7.3.1 Mass production devices

Table 30: Marking of mass production samples

Labeling Name Symbol Remark
Lot counter cce 3 alphanumeric digits:, variable
to generate mass production trace-code
CCcC 1 alphanumeric digit, fixed
Product number T to identify product type, T = “K”
TL o “K” is associated with the product BMP280

1 alphanumeric digit, variable to

Sub-con ID L identify subcon (L = “S” for underfill
0273300436)
Orientation ° Vent hole
marker

7.3.2 Engineering samples

Table 31: Marking of engineering samples

Labeling Name Symbol Remark

Eng. Sample ID N 1 alphanumeric digit, fixed to identify

engineering sample, N = “*” or “e” or “E”
XXN 2 alphanumeric digits, variable
Sample ID XX P 8IS,
CC ‘ to generate trace-code
2 alphanumeric digits, variable
Counter ID CcC P glts,
to generate trace-code
Orientation
) Vent hole
marker
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7.4 Soldering guidelines
The moisture sensitivity level of the BMP280 sensors corresponds to JEDEC Level 1, see also:

e |IPC/JEDEC J-STD-020C “Joint Industry Standard: Moisture/Reflow Sensitivity
Classification for non-hermetic Solid State Surface Mount Devices”

e |IPC/JEDEC J-STD-033A “Joint Industry Standard: Handling, Packing, Shipping and Use of
Moisture/Reflow Sensitive Surface Mount Devices”.

The sensor fulfils the lead-free soldering requirements of the above-mentioned IPC/JEDEC
standard, i.e. reflow soldering with a peak temperature up to 260°C. The minimum height of the
solder after reflow shall be at least 50um. This is required for good mechanical decoupling
between the sensor device and the printed circuit board (PCB).

Profile Feature Pb-Free Assembly
Average Ramp-Up Rate 3° C/second max.
(Tsmax to Tp)
Preheat

- Temperature Min (Ts,,) 150 °C

- Temperature Max (TS,4,) 200 °C

— Time (1Syin 10 tSpmax) 60-180 seconds

Time maintained above:

- Temperature (T,) 217 °C

- Time (t) 60-150 seconds
Peak/Classification Temperature (Tp) 260 °C
Time within 5 °C of actual Peak
Temperature (tp) 20-40 seconds
Ramp-Down Rate 6 °C/second max.
Time 25 °C to Peak Temperature 8 minutes max.

Note 1: All temperatures refer to topside of the package, measured on the package body surface.

th » i« —
Tp |- - - - Critical Zone
T toTp
T
E
.
N frvininn o e e smas commanmm e s vnns s ogfiammesissonnisrssanmegdhos o
| 9
[0}
a
=
|2 ‘e ts :
Preheat
2%
«—t 25°C to Peak

Time =

IPC-020c-5-1

Figure 20: Soldering profile
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7.5 Tape and reel specification
7.5.1 Dimensions
— 400 —
—01.540.1-0.0 -
2.00 £.05 SEE NITE 2 -— 120A4I 0
030 105 4,00 SEE MITE | / B 1,50 HIN L7410
T 3 0/ "
R 0.20 MK, — | 1 S0 2
T m.%aﬁm waﬁ
L, f
-~ ko — R0 TP

bo - 280
Bo- 2.4
Ko= 1.20

Figure 21: Tape and Reel dimensions

Quantity per reel: 10 kpcs.

7.5.2 Orientation within the reel

T
I"'\-.L-"I

i

reel direction

Figure 22: Orientation within tape
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At _fine (775 5 AYB2L) KEHE il 0 e i BE (BB 25 TR I AMEE AR, AT LME N — 2 i il sk
o

HARRAIBMP280_S32_t”" Wi wE L— 320 A fF- 5 BAAR i 2R | IF Hoa] LU & SUNRKAF5
int’s ARTEHHETT AN LR

// Returns temperature in DegC, double precision. Output value of “51.23” equals 51.23 DegC.
// t_fine carries fine temperature as global value

BMP280_S32_t t_fine;

double bmp280_compensate_ T_double (BMP280_S32_t adc_T)

{

double varl, wvar2, T;

varl = (((double)adc T)/16384.0 - ((double)dig T1)/1024.0) * ((double)dig T2);
var2 = ((((double)adc T)/131072.0 - ((double)dig T1)/8192.0) *

(((double)adc T)/131072.0 - ((double) dig T1)/8192.0)) * ((double)dig T3);
t_fine = (BMP280_S32 t) (varl + var2);
T = (varl + var2) / 5120.0;
return T;

}

// Returns pressure in Pa as double. Output value of “96386.2” equals 96386.2 Pa = 963.862 hPa
double bmp280_ compensate P_double (BMP280_S32_t adc_P)
{

double varl, var2, p;

varl = ((double)t fine/2.0) - 64000.0;

var2 = varl * varl * ((double)dig P6) / 32768.0;

var2 = var2 + varl * ((double)dig P5) * 2.0;

var2 = (var2/4.0)+(((double)dig_P4) * 65536.0);

varl = (((double)dig_P3) * varl * varl / 524288.0 + ((double)dig P2) * varl) / 524288.0;
varl = (1.0 + varl / 32768.0) * ((double)dig P1);

if (varl == 0.0)

{
return 0; // avoid exception caused by division by zero
}
P 1048576.0 - (double)adc P;
P (p - (var2 / 4096.0)) * 6250.0 / varl;
varl = ((double)dig P9) * p * p / 2147483648.0;
var2 = p * ((double)dig P8) / 32768.0;
p =p + (varl + var2 + ((double)dig P7)) / 16.0;
return p;

}

8.2 327 iE fiAMEA

WHvEE, A S I Bosch Sensortect2 L AP ISKPA TIsZ BRI A M o AR AT SRR, AT LA
N AR T EACARS  AEXUSS: B A PR . R SRR AR, LA20 S 1B RS R, R AEAE32 6 155
BHUP . ARt fine (T 5 13200 A 4l 7 i (AL 8 28 TR S AME A, T LME N — 142
A HOR S, BHERAIBMP280_S32_t° WiZE X —32( A5 F A AR R 1l v LAE L
RS A, HAEIEAIBMP280_U32_t7 WiZiE L — 1320 T SRl A 2l 3 Hoal LA

HH E X oMtong unsigned int” o 3207 A M T IE AR 28 H M1 Pa (1-sigma). FEIEH =
FIBEBE AR, XM T — B A s HAE, TERRAR T AT R

// Returns temperature in DegC, resolution is 0.01 DegC. Output value of “5123” equals 51.23 DegC.
// t_fine carries fine temperature as global value

BMP280_S32_t t_fine;

BMP280_S32_t bmp280_ compensate T_int32 (BMP280_S32 t adc_T)

{
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BMP280_S32_ t varl, var2, T;
varl = ((((adc T>>3) - ((BMP280 S32 t)dig T1<<1))) * ((BMP280 S32 t)dig T2)) >> 11;
var2 = (((((adc_T>>4) - ((BMP280 S32 t)dig T1)) * ((adc T>>4) - ((BMP280 532 t)dig T1))) >> 12) *
((BMP280_S32 t)dig T3)) >> 14;
t _fine = varl + var2;
T = (t_fine * 5 + 128) >> 8;
return T;

}

// Returns pressure in Pa as unsigned 32 bit integer.

BMP280 U32 t bmp280_ compensate P int32(BMP280 S32 t adc_P)

{

BMP280_S32_t varl, var2;
BMP280_U32_t p;

varl = (((BMP280_S32_t)t_ fine)>>1) - (BMP280_S32 t)64000;
var2 = (((varl>>2) * (varl>>2)) >> 11 ) * ((BMP280_S32_ t)dig_P6);
var2 = var2 + ((varl* ((BMP280_S32 t)dig_P5))<<1);
var2 = (var2>>2)+(((BMP280_S32_t)dig_P4)<<16);
varl = (((dig_P3 * (((varl>>2) * (varl>>2)) >> 13 )) >> 3) + ((((BMP280_S32 t)dig P2)
varl =((((32768+varl))* ((BMP280_S32_ t)dig_Pl))>>15);
if (varl == 0)
{
return 0; // avoid exception caused by division by zero
}
p = (((BMP280 U32 t) (((BMP280 S32 t)1048576)-adc_P)~-(var2>>12)))*3125;
if (p < 0x80000000)
{
p = (p << 1) / ((BMP280 U32 t)varl);
}
else
{
p = (p / (BMP280 U32 t)varl) * 2;
}
varl = (((BMP280_S32 t)dig P9) * ((BMP280_S32 t) (((p>>3) * (p>>3))>>13)))>>12;
var2 = (((BMP280 S32 t) (p>>2)) * ((BMP280 S32 t)dig P8))>>13;
p = (BMP280 _U32 t) ((BMP280 S32 t)p + ((varl + var2 + dig P7) >> 4));
return p;
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10. Document history and modification
Rev. No | Chapter Description of modification/changes Date
0.1 Document creation 2012-08-06
9.2 Change of product use
1.0 Update of min/max data (only for restricted version) | 2013-11-26
Table 2
Added comment on the sampling rate
1,331 Changed value for resolution, values for osrs_p 2014-02-10
settings changed
1.1 5.2 Changed sentence and added drawing 2014-02-18
3.7 Added max values for current consumption 2014-05-08
45.3 Modified write in normal mode
1.11 2014-06-25
5.2 Modified SDI/SCK ESD drawing
1 Chgnged an/max values for standby current, only 2014-07-12
valid for 25 °C
1.12
Table 1 Pressure resolution 0.16Pa 2014-07-12
Page 2 New technical reference codes added
1.13 2014-11-12
7.3 New details about laser marking added
Table 6 Changed contents of table
2015-05-04
1.14 Page 1 Removed TRC 0 273 300 354 & 0273 300 391
Page 44 Updated RoHS directive to 2011/65/EU effective 8 2015-05-07
June 2011
1.15 Page 2,3 | Modified target devices, applications 2015-10-15
1.16 Special customer-only 2016-01-28
1.17 7.3 Added all available TRC 2016-06-07
1.18 7.3 New marking 2016-11-02
1.19 Page 1 Update of technical reference code 2018-01-08
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