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BMP180

DIGITAL PRESSURE SENSOR

Key features

Pressure range: 300 ... 1100hPa (+9000m ... -500m relating to sea level)
Supply voltage: 1.8...3.6V (Vpp)
1.62V ... 3.6V (Vopio)
Package: LGA package with metal lid
Small footprint: 3.6mm x 3.8mm
Super-flat: 0.93mm height
Low power: 5pA at 1 sample / sec. in standard mode
Low noise: 0.06hPa (0.5m) in ultra low power mode

0.02hPa (0.17m) advanced resolution mode

- Temperature measurement included

- I°C interface

- Fully calibrated

- Pb-free, halogen-free and RoHS compliant,
-MSL 1

Typical applications

Enhancement of GPS navigation (dead-reckoning, slope detection, etc.)

[ ]
e In- and out-door navigation
e Leisure and sports
¢ Weather forecast
e Vertical velocity indication (rise/sink speed)
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BMP180 general description

The BMP180 is the function compatible successor of the BMP085, a new generation of high
precision digital pressure sensors for consumer applications.

The ultra-low power, low voltage electronics of the BMP180 is optimized for use in mobile phones,
PDAs, GPS navigation devices and outdoor equipment. With a low altitude noise of merely 0.25m at
fast conversion time, the BMP180 offers superior performance. The I°C interface allows for easy
system integration with a microcontroller.

The BMP180 is based on piezo-resistive technology for EMC robustness, high accuracy and linearity as
well as long term stability.

Robert Bosch is the world market leader for pressure sensors in automotive applications. Based on
the experience of over 400 million pressure sensors in the field, the BMP180 continues a new
generation of micro-machined pressure sensors.
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1. Electrical characteristics
If not stated otherwise, the given values are +3-Sigma values over temperature/voltage range in the

given operation mode. All values represent the new parts specification; additional solder drift is
shown separately.

Table 1: Operating conditions, output signal and mechanical characteristics

Parameter Symbol Condition Min Typ Max Units
operational -40 +85
Operating temperature Ta °C
full accuracy 0 +65
ripple max. 50mVpp 1.8 2.5 3.6
Supply voltage Vbb \Y
1.62 2.5 3.6
IobLow ultra low power mode 3 pA
IobstD standard mode 5 A
Supply current
@ 1 sample/ sec. lobHR high resolution mode 7 pA
25°C
lbbunr Ultra high res. mode 12 A
lopar Advanced res. mode 32 A
Peak current Ipeak during conversion 650 1000 A
Standby current lopsBM @ 25°C 0.1 4t HA
950 . .. 1050 hPa £0.12 hPa
Relative accuracy @ 25 °C +1.0 m
pressure
Vop = 3.3V 700 ... 900hPa £0.12 hPa
25...40°C +1.0 -
300...1100 hPa "
Absolute accuracy 0. +65°C -4.0 -1.0 +2.0 hPa
pressure
Vin = 3.3V 300... 1100 hPa i Py
DD 90 ... 0°C 6.0 1.0 +4.5 hPa
Sesel e o pressure 0.01 hPa
output data temperature 0.1 °C
Noise in pressure see table on page 12-13
Absolute accuracy @ 25 °C -1.5 0.5 +1.5 °C
temperature
Vpp = 3.3V 0...+65°C -2.0 +1.0 +2.0 °C
! at 85°C
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e e ultra low power mode 3 4.5 ms
te p_std standard mode 5 7.5 ms
Conversion time te o hr high resolution mode 9 13.5 ms
pressure -
te o lubr ultra high res. mode 17 25.5 ms
te p ar Advanced res. mode 51 76.5 ms
C?g;lerjzlrz?utr';ne te temp standard mode 3 4.5 ms
Serial data clock fscL 3.4 MHz
. Minimum solder

Solder drifts height 50pm -0.5 +2 hPa
Long term stability** 12 months +1.0 hPa

* The typical value is: -1+1

** Long term stability is specified in the full accuracy operating pressure range 0 ... 65°C
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2. Absolute maximum ratings

Table 2: Absolute maximum ratings

Parameter Condition Min Max Units
Storage temperature -40 +85 °C
Supply voltage all pins -0.3 +4.25 Vv
. HBM, R = 1.5kQ,
ESD rating C = 100pF 12 kV
Overpressure 10,000 hPa
The BMP180 has to be handled as Electrostatic Sensitive Device (ESD).
EPA
Figure 1: ESD
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3. Operation

3.1 General description

The BMP180 is designed to be connected directly to a microcontroller of a mobile device via the I°C
bus. The pressure and temperature data has to be compensated by the calibration data of the
E’PROM of the BMP180.

3.2 General function and application schematics

The BMP180 consists of a piezo-resistive sensor, an analog to digital converter and a control unit
with E2PROM and a serial I°C interface. The BMP180 delivers the uncompensated value of pressure
and temperature. The E°PROM has stored 176 bit of individual calibration data. This is used to
compensate offset, temperature dependence and other parameters of the sensor.

e UP = pressure data (16 to 19 bit)
e UT = temperature data (16 bit)

3.1 O6uwee onucaHne

BMP180 paspaboTaH, 4ToObl ObITb COEAUHEHHBIM HENOCPEACTBEHHO C MUKPOKOHTPOMNEPOM MOOUNBHOMO
ycTpoucTea vepes 12C

WwuHa. [laHHble gaBneHusa n tTemnepaTtypbl AOMKHbI ObITb KOMNEHCMPOBaHbLI KanMbpoBOYHLIMM AAHHBIMU
E2PROM BMP180.

3.2 O6wasn pyHKUNA N cxeMaTmKa NPUIoXKeHns

BMP180 cocTtonT n3 nbe3ope3ancTMBHOroO AaTymka, aHanoro-umdgposoro npeobpasoBartens u 6noka
ynpasneHus ¢ E2PROM wn cepuan 12 Untepdenc C. BMP180 noctaBnsieT HEKOMMNEHCUPOBAHHYHO
LeHHOCTb AaBneHus n temnepatypa. E2PROM coxpanuna 176 6utoB oTaenbHbIX KanMOpOBOYHbIX
AaHHbIX. OTO UCMNONb3yeTCA A1 KOMNEHCUPYNTE CMeLLeHne, TeMnepaTypHYI0 3aBUCUMOCTb U apyrue
napamMeTpbl AaTyuKa.

UP= paHHble gaBneHus (16 - 19 6utos)
UT = TemnepaTtypHble gaHHble (16 B1TOB)
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Текст
3.1 Общее описание 

BMP180 разработан, чтобы быть соединенным непосредственно с микроконтроллером мобильного устройства через I2C 
шина. Данные давления и температуры должны быть компенсированы калибровочными данными E2PROM BMP180. 

3.2 Общая функция и схематика приложения 

BMP180 состоит из пьезорезистивного датчика, аналого-цифрового преобразователя и блока управления с E2PROM и сериал I2 Интерфейс C. BMP180 поставляет некомпенсированную ценность давления и температура. E2PROM сохранила 176 битов отдельных калибровочных данных. Это используется для компенсируйте смещение, температурную зависимость и другие параметры датчика. 

 UP= данные давления (16 - 19 битов) 
 UT = температурные данные (16 битов)
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1.8, 3.6%
1.62 .. 3.6Y
100nF
100nF — J:
—_ RPIII [] RPI].I
YDDo WDDIO
EXPROm
EMP180 pContraller
CSEB e g & hit
# [D0 ot connect to PCE]
Cantral - oA -
nit
| SCL
500 o 12C interface
(Do not connect to PCE]
Sensar AT
elernent
GHD
\‘\.
Display
Note:
(1) Pull-up resistors for I°C bus, R, = 2.2kQ) ... 10kQ), typ. 4.7kQ
Figure 2: Typical application circuit
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3.3 Measurement of pressure and temperature

For all calculations presented here an ANSI C code is available from Bosch Sensortec (“BMP180

_APD).

The microcontroller sends a start sequence to start a

pressure or temperature measurement. After

converting time, the result value (UP or UT, respectively) can be read via the I°C interface. For
calculating temperature in °C and pressure in hPa, the calibration data has to be used. These
constants can be read out from the BMP180 E2PROM via the I°C interface at software initialization.

The sampling rate can be increased up to 128 samples per second (standard mode) for dynamic
measurement. In this case, it is sufficient to measure the temperature only once per second and to
use this value for all pressure measurements during the same period.

Cstart_

A

Start temperature
measurement

y

Wwait 4.5 ms
y

A
Read UT

\ 4

Start pressure
measurement

wait (depends on

A
Read UP

y

A 4

Calculate pressure and
temperature in physical
units

3.3 NamepeHune gaBsneHnsa n Temnepartypsbl

[1nsa Bcex BblMUCNEHUI, NpeaCcTaBeHHbIX 30eChb,
ANSI C kog goctyneH ot bowa CeHcopTeka
(“BMP180

_API").

MuKpoKOHTpOnnep oTnpaBnseT
nocnegoBaTeNbHOCTb 3anycka, YTobbl
3anycTuTb JaBNEHNEe UNn namepeHue
TemnepaTtypsbl. Nocne

npeobpasoBbiBasi BpeMsl, 3Ha4yeHue pesyrnbTraTa
(vnun UT, cooTBETCTBEHHO) MOXET ObITb CYMTAHO
yepes 12C. [ins Bblumcnasa Temnepatypy B °C u
AasneHne B hPa, kannbpoBoYHble JaHHbIE
AOIMKHbI MICNONb30BaTbCA. OHN KOHCTAHTHI
MoryT 6bITb cunTaHbl n3 BMP180 E2PROM
yepes 12C B HMLManu3aymm nporpaMmmMHoOro
obecneyeHus.

YacTtoTa amckpeTtmsaumm MoxeT bbiTb
yBenu4yeHa o 128 BbI6OpOK B CekyHAay
(cTaHOapTHBIV pexuM) ans AMHaMu4eckoro
n3mepeHue. B aTom criyyae goctaTtoyHo
N3MepuUTb TeMnepaTypy TOMNbKO OAMH pa3 B
CeKyHAy 1 K UCMOoMb3ynTe 37O 3Ha4YeHne ang
BCEX N3MEPEHUN AABMNEHUNA B TEYEHNE TOro Xe
nepuoaa.

Figure 3: Measurement flow BMP180
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Текст
3.3 Измерение давления и температуры  

Для всех вычислений, представленных здесь, ANSI C код доступен от Боша Сенсортека (“BMP180 
_API”). 

Микроконтроллер отправляет последовательность запуска, чтобы запустить давление или измерение температуры. После 
преобразовывая время, значение результата (или UT, соответственно) может быть считано через I2C. Для вычисляя температуру в °C и давление в hPa, калибровочные данные должны использоваться. Они константы могут быть считаны из BMP180 E2PROM через I2C в инициализации программного обеспечения. 

Частота дискретизации может быть увеличена до 128 выборок в секунду (стандартный режим) для динамического 
измерение. В этом случае достаточно измерить температуру только один раз в секунду и к используйте это значение для всех измерений давления в течение того же периода.
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3.3.1 AnnapaTtHoe gaBneHue, BoibnpatoLiee pexmmbl TOYHOCTH

[Mpn NOMOLLM Pa3fIMYHbBIX PEXUMOB ONTUMASIbHbBIA KOMMPOMUCC MEXAY Pacxo4oM 3HEPrUn, CKOPOCTbLIO U
paspeLleHne MoXeT ObiTb BblIbpaHo, BUAETb HMXe Tabnuubl.

Tabnuua 3: O630p annapaTHbIX pexumoB To4yHocT BMP180, BbiGpaHHbIX NnporpamMmMHbIM obecrneyeHmem
apanBepa Yepes3 nepeMeHHasi oversampling setting

Table 3: Overview of BMP180 hardware accuracy modes, selected by driver software via the
variable oversampling_setting

. RMS RMS
Internal Conversion time Avg. current @ ) .
noise noise
Mode Parameter number of pressure max. 1 sample/s typ. . -

oversampling_setting samples [ms] [|,IA] [hy:a] [)ll:]

ultra low power 0 1 4.5 3 0.06 0.5

standard 1 2 7.5 5 0.05 0.4

high resolution 2 4 13.5 7 0.04 0.3
ultra high resolution 3 8 25.5 12 0.03 0.25

For further information on noise characteristics see the relevant application note “Noise in pressure
sensor applications”.

All modes can be performed at higher speeds, e.g. up to 128 times per second for standard mode,
with the current consumption increasing proportionally to the sample rate.
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Текст
3.3.1 Аппаратное давление, выбирающее режимы точности 
При помощи различных режимов оптимальный компромисс между расходом энергии, скоростью и 
разрешение может быть выбрано, видеть ниже таблицы.  
Таблица 3: Обзор аппаратных режимов точности BMP180, выбранных программным обеспечением драйвера через переменная oversampling_setting
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3.3.2 Software pressure sampling accuracy modes

For applications where a low noise level is critical, averaging is recommended if the lower bandwidth
is acceptable. Oversampling can be enabled using the software API driver (with OSR = 3).

Table 4: Overview of BMP180 software accuracy mode, selected by driver software via the variable

Mode Parameter

oversampling_setting

Advanced
resolution 3

3.4 Calibration coefficients

software_oversampling_setting

software_  Conversion  Avg. current

oversampl time @1 RMS noise RMS noise
ing_settin pressure sample/s typ. [hPa] typ. [m]
g max. [ms] typ. [pAl
1 76.5 32 0.02 0.17

The 176 bit E?PROM is partitioned in 11 words of 16 bit each. These contain 11 calibration
coefficients. Every sensor module has individual coefficients. Before the first calculation of
temperature and pressure, the master reads out the E2PROM data.

The data communication can be
OxFFFF.
176 6utoB E
2
PROM pasgeneHa B 11 cnoBax 16
6uTtoB Kaxabin. OHM cogepxat 11
KannbpoBOK
KO3 pULMEHTBI. Y Kaxgoro moayns
Jartynka ecTb oTaenbHble
KoapbpuumeHnTsl. Nepen nepBbim
BbIYNCIIEHNEM
TemnepaTypa n gaBrneHue, segyliee
YCTPONCTBO cunTbiBaeT E
2
JaHHble PROM.
Mepenaya gaHHbIX MOXET BbITb
NpoBepEHa, NPOBEPUB, YTO HWN Y OAHOIO
N3 crnoB HeT 3Ha4veHusa 0 unu
OxFFFF.

checked by checking that none of the words has the value 0 or

Table 5: Calibration coefficients

BMP180 reg adr

Parameter MSB LSB
AC1 OxAA OxAB
AC2 0xAC OxAD
AC3 OxAE OxAF
AC4 0xBO 0xB1
AC5 0xB2 0xB3
AC6 0xB4 0xB5

B1 0xB6 0xB7
B2 0xB8 0xB9
MB 0xBA 0xBB
MC 0xBC 0xBD
MD O0xBE OxBF
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Текст
176 битов E

2

PROM разделена в 11 словах 16 битов каждый. Они содержат 11 калибровок 

коэффициенты. У каждого модуля датчика есть отдельные коэффициенты. Перед первым вычислением 

температура и давление, ведущее устройство считывает E

2

Данные PROM. 

Передача данных может быть проверена, проверив, что ни у одного из слов нет значения 0 или 

0xFFFF.
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3.5 Calculating pressure and temperature

The mode (ultra low power, standard, high, ultra high resolution) can be selected by the variable
oversampling_setting (0, 1, 2, 3) in the C code.

Calculation of true temperature and pressure in steps of 1Pa (= 0.0lhPa = 0.01mbar) and
temperature in steps of 0.1°C.

The following figure shows the detailed algorithm for pressure and temperature measurement.
This algorithm is available to customers as reference C source code (“BMP180_ API”) from Bosch

Sensortec and via its sales and distribution partners. Please contact your Bosch Sensortec
representative for details.

3.5 BbluncneHve gaBneHus n temnepartypbl

Pexum (KpanHaa HU3Kasi MOLLHOCTb, CTaHAapT, BbICOKO, KpanHee BbICOKOE paspelleHne) MOXET ObiTb BbibpaH
nepemMeHHom
oversampling_setting (0, 1, 2, 3) B koge C.

BbluncneHne nctmHHom temnepatypbl 1 gaenexus Ha warax 1 MNa (= 0.01 rfa = 0.01 m6ap) n
TemnepaTtypa Ha warax 0.1°C.

Cne,u,yrou_me JaHHble NOoKa3bIBaAlOT I'IOLI,pO6HbIIZ anropunTm onda namMmepeHua gasrneHna n tTemnepartypbl.

OTOT anropuTMm AOCTYyNeH KnneHTam Kak ccbiika C ucexoaHbeiv kog (“BMP180_ API”) ot Bosch
CeHcopTek 1 yepes ero npogaxu 1 NapTHEpPOB Mo pacnpeaeneHuto. CBsxnTecb co cBonm bolem
CeHcopTekom

npeacTaBuTeENb ANs AeTanen.
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3.5 Вычисление давления и температуры 



Режим (крайняя низкая мощность, стандарт, высоко, крайнее высокое разрешение) может быть выбран переменной 

oversampling_setting (0, 1, 2, 3) в коде C.  



Вычисление истинной температуры и давления на шагах 1 Па (= 0.01 гПа = 0.01 мбар) и 

температура на шагах 0.1°C. 



Следующие данные показывают подробный алгоритм для измерения давления и температуры.  



Этот алгоритм доступен клиентам как ссылка C исходный код (“BMP180_ API”) от Bosch 

Сенсортек и через его продажи и партнеров по распределению. Свяжитесь со своим Бошем Сенсортеком 

представитель для деталей.
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Calculation of pressure and temperature for EMP180

h
Read calibration data
from the E?PROM of the BMP 180

read out EPROM registers, 16 bit MSB first

AC1 (OXAA, OXAB) (16 bit)
AC2 (OXAC, OXAD) (16 bit)
AC3 (OXAE, OXAF) (16 bit)
AC4 (0XBO, 0xB1) (16 bit)
AC5 (0xB2, 0xB3) (16 bit)
AC6 (0xB4, 0xB5) (16 bit)
B1 (0xB6, 0xBT) (16 bit)
B2 (0xB8, 0xB9) (16 bit)
MB (0xBa, 0xBB) (16 bit)
MC (0XBC, 0xBD) (16 bit)
MD (OXBE, OXBF) (16 bit)

read uncompensated temperature value
write 0x2E info reg 0xF4, wait 4.5ms
read req OxF6 (MSB), 0xF7 (LSB)

UT=MSB << 8 +L5SB

read uncompensated pressure value
write Ox34+(0ss<<6) into reg OxF4, wait
read reg 0xF6 (MSB), 0xF7 (LSB). 0xF8 (XLSB)
UP = (MSB<<16 + LSB=<8 + XLSB) >> (8-0s5)

calculate frue temperature
X1=(UT-ACE)* AC5 /2%
X2=MC* 2"/ (X1+MD)
BS=X1+X2
T=(B5+8)/2*

F
calculate frue pressure

B6 = B5 - 4000
X1=(B2*(B6*B6/2%))/2"
X2=AC2+B6/2"
X3=X1+X2
B3 = (((AC1"4+X3) << 055) +2) /4
X1=AC3*B6 /2"
X2 =(B1*(B6*B6/2%))/2"
X3=((X1+X2)+2)/ 2%
B4 = AC4 * (unsigend long)(X3 + 32768)/ 2"
B7 = ((unsigned long)UP - B3) * (50000 == 05S)
if (B7 < 0x80000000) {p = (BT * 2)/B4}

else {p=(B7 /B4)* 2}
X1=(p/2%)* (p/2%)
X1 =(X1*3038)/2"
X2 =(-7357 *p)/ 2"
p=p+(X1+X2+3791)/2*

| displaytemperaiure and pressure value |

example:

AC1= 408
AC2= -72
AC3= -14383
AC4 = 32741
ACE= 32757
ACE= 23153
B1= 6190
B2= 4
MB = -32768
MC = -8711
MD = 2868
uT=
085 = 0

= oversam pling_setting
(ultra low power m ode)

X1= 4743
X2= -2344
B3 = 2399

B6 = 1601
X1= 1
X2= 56
X3= 57
B3= 422
X1= 2810
X2= 59
X3= 717
Bd= 33457
B7= 1171050000
p= 70003
X1= 74529
X1= 3454
X2= 7859

= 69964

C code function:

type:

bmp180_get_cal_param

bmp180_get_ut

bmp180_get_up

short
short
short
unsigned short |[kopoTkoe Lenoe 6e3 3Haka
unsigned short

unsigned short

short
short
short
short
short

6e33HakoBble (aHrn. unsigned) u
3HakoBble (aHrn. signed).

long

short (0 .. 3)

long

bmp180_get_tem perature

temp in 0.1°C

long
long
long
long

BMP180_calpressure

press. inPa

long
long
long
long
long
long
long
long
unsigned long
unsigned long
long
long
long
long
long
long

Figure 4: Algorithm for pressure and temperature measurement
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3.6 BblumncrneHmne abcontoTHOWM BbICOThbI

C namepeHHbIM gaBrieHnem p 1 gaBrneHmem Ha yposHe mopsi p 0, Hanpumep, 1013.25 rla, BbicoTon B
MEeTpPbl MOryT ObITb BbIYMCIIEHBI C MEXAYHapoaHon 6apomeTpmuyeckon popmyomn:

5.255
eicoral- 44230* 1 2

Po

Thus, a pressure change of Ap = 1hPa corresponds to 8.43m at sea level.

A0 B e ity — Altitude in standard |-
BO00 reeremmremeeediggeresnesnenaacas atmosphere

Altitude above sea level [m]
N
o
o
o
I

= l O 0 O T T T T T T T
S . S .S S S
I N T I - U MR U

Barometric pressure [hPa]

Figure 5: Transfer function: Altitude over sea level — Barometric pressure
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3.6 Вычисление абсолютной высоты 



С измеренным давлением p и давлением на уровне моря p 0, например, 1013.25 гПа, высотой в 

метры могут быть вычислены с международной барометрической формулой:

Валера
Текст
высота
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3.7 Calculating pressure at sea level
With the measured pressure p and the absolute altitude the pressure at sea level can be calculated:
P

1- altitude \>**°
44330

Po=

Thus, a difference in altitude of Aaltitude = 10m corresponds to 1.2hPa pressure change at sea level.
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1 1
KapTa namsTi HXe Loy BCe BHELIHEe AOCTYMHbIE PEercTpbl AaHHbIX, KOTOPblE HEOGXOAUMBI, YTOGLI paboTaTb
BMP180. JleBble cTonbubl NokasbiBaloT agpeca namsatn. Ctonbubl B cepeanHe n3obpaxatoT
KOHTEHT KaXxgoro pernctpa ykycun. Lieta GUTOB ykasbiBatoT, TOMbKO A5 YTEHWUS NN OHW, TONbKO AMS 3anucy unm
yuTaiiTe - 1 NepesanucbiBaemblil. MamsaTb 3HeprosaBvcMa Tak, YTobObl NepesanncbiBaeMblii KOHTEHT Bbln nepenucaH nocre
KaXgoro
BKITIOUYEHVE NUTAHUS.
He Bce agpeca perucTpa rnokasaHbl. 3T permcTpbl 3ape3epBMpoBaHbl Ans AanbHENLero 3aBoACckoro ucnbitaHust Bosch

4. Global Memory Map

The memory map below shows all externally accessible data registers which are needed to operate
BMP180. The left columns show the memory addresses. The columns in the middle depict the
content of each register bit. The colors of the bits indicate whether they are read-only, write-only or
read- and writable. The memory is volatile so that the writable content has to be re-written after each
power-on.

Not all register addresses are shown. These registers are reserved for further Bosch factory testing
and trimming.

Register Name Register Adress bit7 | bité | bit5 | bit4 | bit3 bit2 bitl bit0 Reset state
out_xIsb F8h adc_out_xIsb<7:3> 0 0 0 00h
out_Isb F7h adc_out_Isb<7:0> 00h
out_msb F6h adc_out_msb<7:0> 80h
ctrl_meas F4h 0ss<1:0> | sco | measurement control 00h
soft reset EOh reset 00h
id DOh id<7:0> 55h
calib21 downto calib0 _[BFh downto AAh calib21<7:0> down to calib0<7:0> n/a

Registers:[  Control Calibration Data
registers registers registers Fixed
Type:| read / write | read only | read only | read only

Figure 6: Memory map

Measurement control (register F4h <4:0>): Controls measurements. Refer to Figure 6 for usage
details.

Sco (register F4h <5>): Start of conversion. The value of this bit stays “1” during conversion and is
reset to “0” after conversion is complete (data registers are filled).

Oss (register F4h <7:6>): controls the oversampling ratio of the pressure measurement (00b: single,
01b: 2 times, 10b: 4 times, 11b: 8 times).

Soft reset (register EOh): Write only register. If set to 0xB6, will perform the same sequence as
power on reset.

Chip-id (register DOh): This value is fixed to 0x55 and can be used to check whether
communication is functioning.

After conversion, data registers can be read out in any sequence (i.e. MSB first or LSB first). Using a
burst read is not mandatory.
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Текст
Карта памяти ниже шоу все внешне доступные регистры данных, которые необходимы, чтобы работать 
BMP180. Левые столбцы показывают адреса памяти. Столбцы в середине изображают 
контент каждого регистра укусил. Цвета битов указывают, только для чтения ли они, только для записи или 
читайте - и перезаписываемый. Память энергозависима так, чтобы перезаписываемый контент был переписан после каждого 
включение питания. 
Не все адреса регистра показаны. Эти регистры зарезервированы для дальнейшего заводского испытания Bosch 
и обрезка.


— Data sheet Page 19
@ BOSCH BMP180 ®

5. I°C Interface

e I°Cis a digital two wire interface

e Clock frequencies up to 3.4Mbit/sec. (I*C standard, fast and high-speed mode supported)
e SCL and SDA needs a pull-up resistor, typ. 4.7kOhm to Vppio
(one resistor each for all the I>C bus)

The I°C bus is used to control the sensor, to read calibration data from the E2PROM and to read the
measurement data when A/D conversion is finished. SDA (serial data) and SCL (serial clock) have
open-drain outputs.

For detailed 1°C-bus specification please refer to:
http://www.nxp.com/acrobat download/literature/9398/39340011.pdf

5.1 I°C specification

Table 6: Electrical parameters for the I1°C interface

Parameter Symbol Min. Typ Max. Units

Clock input frequency fscL 3.4 MHz
Input-low level Vi 0 0.2 * Vpopio \Y
Input-high level Viy 0.8 * Vppio Vbbio V

Voltage output low level

Vv 0.3 \Y
@ Vppio = 1.62V, I, = 3mA ot
SDA and SCL pull-up resistor Rt 2.2 10 kOhm
SDA sink current e 9 mA
@ Vopio = 1.62V, Vo = 0.3V SDA_sink
Start-up time after power-up,
before first communication star 10 il
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5.2 Device and register address

The BMP180 module address is shown below. The LSB of the device address distinguishes
between read (1) and write (0) operation, corresponding to address OxEF (read) and OxEE (write).

Table 7: BMP180 addresses

A7 A6 A5 A4 A3 A2 A1 W/R
1 1 1 0 1 1 1 0/1

5.3 I’C protocol

The I°C interface protocol has special bus signal conditions. Start (S), stop (P) and binary data
conditions are shown below. At start condition, SCL is high and SDA has a falling edge. Then the
slave address is sent. After the 7 address bits, the direction control bit R/W selects the read or write
operation. When a slave device recognizes that it is being addressed, it should acknowledge by
pulling SDA low in the ninth SCL (ACK) cycle.

At stop condition, SCL is also high, but SDA has a rising edge. Data must be held stable at SDA
when SCL is high. Data can change value at SDA only when SCL is low.

Even though Vppo can be powered on before Vpp, there is a chance of excessive power
consumption (a few mA) if this sequence is used, and the state of the output pins is undefined so
that the bus can be locked. Therefore, Vpp must be powered before Vppio unless the limitations
above are understood and not critical.
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START ADDRESS RW ACK DATA ACK DATA ACK STOP
condition condition
Figure 7: I°C protocol
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[Aunarpammbl pacyeTa BpeMeHu, 4Tobbl 3anycTuTb namepexHne eguHoro BPEMEHW temnepaTypHOro sHavyeHus
N pressure 3HayYeHuns

nokasaHbl H/xXe. [locne Toro, Kak 3anyLeHHble KOHOANLUNOHUPYIOT MacTepa nocbinaeT 3annucb agpeca
YCTPOWNCTBA, 3anucb

obpaTnTechb U KOHTPOIb perncTpupytoT aaHHble. BMP 180 nockinaet npusHaHue (Acks) kaxabii 8

paspsabl AaHHbIX, KOrga AaHHble nonyyeH. MacTtep nocbinaeTt ycrnosme oCcTaHOBKM nocne nocriegHero Acks.

5.4 Start temperature and pressure measurement

The timing diagrams to start the measurement of the temperature value UT and pressure value UP
are shown below. After start condition the master sends the device address write, the register
address and the control register data. The BMP180 sends an acknowledgement (ACKS) every 8
data bits when data is received. The master sends a stop condition after the last ACKS.

g ACES ACES ACKES T

Figure 8: Timing diagram for starting pressure measurement

Abbreviations:

S Start

P Stop

ACKS Acknowledge by Slave
ACKM Acknowledge by Master
NACKM Not Acknowledge by Master

Table 8: Control registers values for different internal oversampling_setting (oss)

Control register value  Max. conversion time
Measurement

(register address 0xF4) [ms]
Temperature Ox2E 4.5
Pressure 0x34 4
(oss = 0) X =
fggsi“ S 0x74 7.5
Ay 0xB4 13.5
f;ﬁii“;? OxF4 25.5
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Текст
Диаграммы расчета времени, чтобы запустить измерение единого ВРЕМЕНИ температурного значения и pressure значения

показаны ниже. После того, как запущенные кондиционируют мастера посылает запись адреса устройства, запись

обратитесь и контроль регистрируют данные. BMP180 посылает признание (Acks) каждый 8

разряды данных, когда данные получен. Мастер посылает условие остановки после последнего Acks.
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5.5 Read A/D conversion result or EEPROM data

To read out the temperature data word UT (16 bit), the pressure data word UP (16 to 19 bit) and
the E2PROM data proceed as follows:

After the start condition the master sends the module address write command and register address.
The register address selects the read register:

E2PROM data registers ~ OxAA to OxBF
Temperature or pressure value UT or UP 0xF6 (MSB), OxF7 (LSB), optionally OxF8 (XLSB)

Then the master sends a restart condition followed by the module address read that will be
acknowledged by the BMP180 (ACKS). The BMP180 sends first the 8 MSB, acknowledged by the
master (ACKM), then the 8 LSB. The master sends a "not acknowledge" (NACKM) and finally a stop
condition.

Optionally for ultra high resolution, the XLSB register with address OxF8 can be read to extend the
16 bit word to up to 19 bits; refer to the application programming interface (API) software rev. 1.1
(“BMP180_ API”, available from Bosch Sensortec).

et e i e e i e e H n H e B S A p i g A

Module address Register address i i Module address MSB e.g. LSBe.g.

write OXEE e.g. 0xF6 read OXEF ADC result 0x5C ~ ADC result 0x96
ACKS ACKS Restart ACKS ACKM NACKM p

Figure 9: Timing diagram read 16 bit A/D conversion result
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6. Package

6.1 Pin configuration

Picture shows the device in top view. Device pins are shown here transparently only for orientation
purposes.

1 7 6
2 5
3 4

Figure 10: Layout pin configuration BMP180

Table 9: Pin configuration BMP180

in No Name Function
2 VDD Power supply
3 VDDIO Digital power supply
5 SCL I12C serial bus clock input
6 SDA I12C serial bus data
7 GND Ground

* A pin compatible product variant with SPI interface is possible upon customer’s request. For I’C
(standard case) CSB and SDO are not used, they have to be left open.

All pins have to be soldered to the PCB for symmetrical stress input even though they are not
connected internally.
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6.2 Outline dimensions

The sensor housing is a 7Pin LGA package with metal lid. Its dimensions are 3.60mm (0.1 mm) x
3.80mm (+0.1 mm) x 0.93mm (+0.07 mm).

Note: All dimensions are in mm.

6.2.1 Bottom view

0,60 .
3] 2] [1]
BOTTOM WIEW
Figure 11: Bottom view BMP180
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6.2.2 Top view
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Figure 12: Top view BMP180

6.2.3 Side view
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Figure 13: Side view BMP180
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6.3 Moisture sensitivity level and soldering

The BMP180 is classified MSL 1 (moisture sensitivity level) according to IPC/JEDEC standards J-
STD-020D and J-STD-033A.

The device can be soldered Pb-free with a peak temperature of 260°C for 20 to 40 sec. 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).

To ensure good solder-ability, the devices shall be stored at room temperature (20°C).

The soldering process can lead to an offset shift.

6.4 RoHS compliancy

The BMP180 sensor meets the requirements of the EC directive "Restriction of hazardous
substances (RoHS)", please refer also to:

"Directive 2002/95/EC of the European Parliament and of the Council of 27 January 2003 on the
restriction of the use of certain hazardous substances in electrical and electronic equipment".

The BMP180 sensor is also halogen-free.

6.5 Mounting and assembly recommendations

In order to achieve the specified performance for you design, the following recommendations and the
“Handling, soldering & mounting instructions BMP180” should be taken into consideration when
mounting a pressure sensor on a printed-circuit board (PCB):

e The clearance above the metal lid shall be 0.1mm at minimum.

e For the device housing appropriate venting needs to be provided in case the ambient
pressure shall be measured.

e Liquids shall not come into direct contact with the device.

e During operation the sensor is sensitive to light, which can influence the accuracy of the
measurement (photo-current of silicon).

e The BMP180 shall not the placed close the fast heating parts. In case of gradients > 3°C/sec.
it is recommended to follow Bosch Sensortec application note ANP015, "Correction of errors
induced by fast temperature changes". Please contact your Bosch Sensortec representative
for details.

BST-BMP180-DS000-09 | Revision 2.5 | April 2013 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.




— Data sheet Page 27
@ BOSCH BMP180 ®

7. Legal disclaimer
7.1 Engineering samples

Engineering Samples are marked with an asterisk (*) or (e). Samples may vary from the valid
technical specifications of the product series contained in this data sheet. They are therefore not
intended or fit for resale to third parties or for use in end products. Their sole purpose is internal
client testing. The testing of an engineering sample may in no way replace the testing of a product
series. Bosch Sensortec assumes no liability for the use of engineering samples. The Purchaser
shall indemnify Bosch Sensortec from all claims arising from the use of engineering samples.

7.2 Product use

Bosch Sensortec products are developed for the consumer goods industry. They may only be used
within the parameters of this product data sheet. They are not fit for use in life-sustaining or security
sensitive systems. Security sensitive systems are those for which a malfunction is expected to lead
to bodily harm or significant property damage. In addition, they are not fit for use in products which
interact with motor vehicle systems.

The resale and/or use of products are at the purchaser’s own risk and his own responsibility. The
examination of fitness for the intended use is the sole responsibility of the Purchaser.

The purchaser shall indemnify Bosch Sensortec from all third party claims arising from any product
use not covered by the parameters of this product data sheet or not approved by Bosch Sensortec
and reimburse Bosch Sensortec for all costs in connection with such claims.

The purchaser must monitor the market for the purchased products, particularly with regard to
product safety, and inform Bosch Sensortec without delay of all security relevant incidents.

7.3 Application examples and hints

With respect to any examples or hints given herein, any typical values stated herein and/or any
information regarding the application of the device, Bosch Sensortec hereby disclaims any and all
warranties and liabilities of any kind, including without limitation warranties of non-infringement of
intellectual property rights or copyrights of any third party. The information given in this document
shall in no event be regarded as a guarantee of conditions or characteristics. They are provided for
illustrative purposes only and no evaluation regarding infringement of intellectual property rights or
copyrights or regarding functionality, performance or error has been made.
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8. Document history and modification
Rev. No | Chapter | Description of modifications/changes Date
1.0 First edition for description of serial production material
) — Preliminary version
1.1 5.1 New nomenclature of pin configuration 27 July 2010
1.2 5 Design change in package — hole in Lid and without slit | 13 September 2010
32 - Standardizing pin naming over Bosch Sensortec
1.3 5'1 products — typical application circuit 15 December 2010
) - Optimizing pin description, SPI description
- Non-preliminary version
2.0 1 - Verifying parameter through characterization 28 January 2011
3.2 - Declaration of SDO and CSB pins in the typical
application circuit
2.1 4 - Adding global memory map and bits description 1 April 2011
5.3 - Power-up sequence
6.1 - Description of used interfaces
6.2.1 - Dimension pin7
2.2 6.1 Correction of the pin configuration (editorial change) 14 April 2011
2.3 3.3 Optimizing noise performance 25 May 2011
6.3 Removed shelf-life constraints
page 2 | Comparison removed
2.4 5.1 Voltage output low level added 26 January 2012
5.3 Power on sequence of Vpp and Vppio defined
1 Addgd max values for supply current for restricted 15 Feb 2013
version
1 Added max value for standby current for restricted
925 version
Figure 4 Update of calculation of algorithm for pressure and 5 Apr 2013
temperature measurement
Page 2 Changed wording from “ultra high resolution mode” to

“advanced resolution mode”
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