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Abstract Visually the Series 4 LD ... 9 LD are like standard KELLER pressure transdurcers with a 5 pinout to

connect the half-open Wheatstone Bridge. But these I2C versions contain beside the pressure sen-
sor a very tiny signal conditioner. This results in an OEM pressure transmitter with a digital inter-
face. The “D” stands for “digital” and for “dual”; the LD-Line provides pressure and temperature in-
formation.

The most important topics regarding the communication with the Series 4 LD ... 9 LD and KEL-
LER’s unique embedded DSP core, are listed in thisqprotocohdescription - especially the interpreta-
tion of the readout values.

This file is still under construction.
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1 Electrical interface and Pinout

Lable | Description | Wire

Connection

SUP [1,8..36V BK
GND | GND WH
SCL | I°C Clock YE

SDA | I°C Data BU

EOC | End of Conv. | RD

Pull-up resistors are needed at SDA and SCL. 1..10kOhm are recommendg

consumption, other resistance values are possible. s \
Notes

Be careful with the glazed pins, crac the glass 'pills age => damage
Do not touch the steal dap‘

The EOC-Pin supplies an active high level in idle state and a
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2 Get Measurement Data

21 Get the digital Values
ADDR default = 0x00

First byte is: (ADDR << 1) + 1 for Read
(ADDR << 1) + 0 for Write

1. Request Measurement (2 bytes from Master)

ADDR | W | 0XAC

2. Wait 10ms or wait for EOC=1 (goes up to VDD) or check the “Busy?” flag [5] in the status byte (only one byte reading needed).

3. Read Measurement (1 byte from Master, 5 bytes from Slave)

ADDR |R | STATUS P MSB PLSB

TLSB

Getting only the pressure information; it is possible to read out only 3
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2.2 Interpretation of the digital Values

P [u16]

16384 P16384 resp. P_min, e.g. -1 bar PR

49152 Pag152 resp. P_max, e.g. 30 bar PR

The pressure range of the transmitter is stored in its memory and/or written on the associating papers.

P [bar] = (P [u16] — 16384 ) x ( Pag152 — P163s4 ) / 32768 + P1g3s4

The output range is % to % of the 16 bit output word. This way a little over- and under-pressure is measurable and the exceeding
resolution of more then 30°000 point guarantee a very high resolution of 10°000 points even for the next lower standard pressure
range.

T [u16]

384 -50°C

64384 150°C

T[°C] = (floor( T[u16]/16 ) - 24 ) x 0.05°C — 50°C
= (T[u16] >> 4 ) - 24 ) x 0{05°C - 50°C

Reduce the 16 bits of the temperature information firstto 12bit; the last 4 bits are anyway noise floor. This way a resolution of
1/20°C is still given.

The scaling goes from <50 to 1502C but the working temperature range of the transmitter is at maximum -40..85°C (depending
on the order; 0..50°C and =10..80°C are the standard temperature ranges).
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2.3

Yellow: SCL, Blue: SDA, Red: EOC, Green: SUP

Variants to detect the end of conversion

AX = 10.000000000ms

1/AX = 100.00Hz

AY(1) = 0.0V

- Mode » Bource
Normal 1

X Y 2 X1
v 520.000us

o X2 L8]
‘I[I.52[I[Imsl LA

A

AX = 7.800000000ms

1/AX = 128.21Hz

AY(1) = 0.0V

- Mode
Normal

[. Source
1

X Y 2 X1
v 520.000us
\

O X2 L8]
s_sznnnmsl LA

The simplest way to detect the end of a conversion (EOC) is to
wait until the new data is definitely ready to read out. Being on

the safe side; the conversion and the conditioning of the pres-

sure and temperature value is completed after ~10ms.

While the 10ms of waiting, the Master controller can be in
sleep mode or doing some other tasks like requesting other
pressure transmitters on the bus to make a new conversion.

save time and power. The Mas-

er ode and will be awoken by an
i ositive slope of the EOC pin. Polling
wire is also possible.
or. this 'solution an additional wire per transmitter is needed. It

possible to connect all the EOC wires commonly like
SCL and SDA of the bus system.

To save time without the additional EOC wire is possible by
reading out the status of the pressure transmitter. There is no
request needed, just a simple readout command for the first
byte that contains the “Busy?” flag.

Table 3.3 General Status Byte.

| ax=sdo0000000ms

1/4X = 119.05Hz

AY{1} =00V

[ Bt [7] o T s JaJs] 2 [ 1
[ Meaning | o | Posered [ Busy | Mode | Memoryemor |
Bit 6 (“Powered?”) and bit 5 (“Busy?”) will be ,1* during the
conversion. At the end of the conversion bit 5 changes to “0”.
Then the new data is ready to read out by additional Clocks for
the pressure and temperature bytes or a new readout com-
mand to shift out the whole 5 byte data frame.

Data transfer ‘ Special |

This variant effects the highest power consumption because
the Master controller is nonstop busy and also the pull-up re-
sistors are energized more often.
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3 Optional further Commands

31 User-Words

16bit memory cells

MTP Address | Description | Customer-Definition Remarks

0x00 Cust_IDO Equipment# [0..63] MSB | Place# [0...1023] LSB for DB access

0x01 Cust_ID1 File# LSB for DB access

0x11 Not assigned | File# MSB presently AUX

0x12 Not assigned | Year [0..31]+2012 | Month [0..15] | Day [0..31] | P-Mode]0..3] Y:5bit|M:4bit| D:5bit|P:2bit
LSB

0x13 Not assigned | P_16384 [ f32 (IEEE 754, single) MSB ] Pmin [bar] als 32bit float

0x14 Not assigned | P_16384 [ f32 (IEEE 754, single) LSB ]

0x15 Not assigned | P_49152 [ f32 (IEEE 754, single) MSB ] Pmax [bar] als 32bit float

0x16 Not assigned | P_49152 [ f32 (IEEE 754, single) LSB ]

I[EEE 754: single bzw. float von “single-precision binary floaing-piontformat”
P-Mode[0..3]: 0=PR, 1=PA, 2=PAA, 3=PR

Read Memory Content:
ADDR default = 0x00

First byte is: ( ADDR <<1)'+ 1 for Read
( ADDR/<< 1\) + 0 for Write

1. Request Measurement (2 bytes from Master)

ADDR | W [ MTP Address (0x13..0x16)

2. Wait for 0.5ms or check the “Busy?” flag

3. Read Measurement (1 byte from Master, 3 bytes from Slave)

ADDR |R | STATUS Mem MSB Mem LSB

4. Interpretation
In the two LSBs of cell 0x12 is the pressure mode (sealed or vented gauge and zero definition) stored.
The content of cell 0x13 and 0x14 is a floating-point value that indicates the pressure in [bar] for the lower output value, 16384.

The content of cell 0x15 and 0x16 is a floating-point value that indicates the pressure in [bar] for the lower output value, 49152.
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3.2 Recommended Slave Addresses

If you want to combine more than one pressure transmitter on the same 12C bus, the slave addresses have to be unique. For this
purpose the memory content of -for example- a second transmitter have to be overwritten. It is not possible to erase the content

to make any possible change because the memory bases “on a one time programmable technology”, so it is only possible to add
some “1”s by burning additional bit-cells. After adding 6 (or 7) “1”s to the 7 bit slave address register, there is a further possibility

to make changes: cleaning the whole memory content by incrementation of the page counter. That gives you in minimum a sec-

ond chance to choose a slave address absolutely independent from the tries before.

The conclusion is that it is not possible to change the slave address uncountable times. So it is recommended to plan the whole
bus system and program the bus addresses once or in case of something unpredictable a second time.

To have more than one possibility per memory page to change the slave address, we recommend the following set off ad-
dresses.

Shot Description Slave-ADDR
0 1st Transmitter, default 0x00

1 2 Transmitter 0x20

2 3rd Transmitter 0x21

3 4t Transmitter 0x23

4 5t Transmitter 0x27

5 6t Transmitter 0x2F

6 7t Transmitter 0x3F

(7) (8t Transmitter) (OX7F)

With the mentioned addresses it is possible to'make for example a 31 transmitter on the bus to a 4t
The ,I2C committee” does not recommend to use addresses between 0x78 and 0x07F, so the 7t try is possible but not favored.

The addresses 0x00 to 0xQ7 are also reserved but 0x00 (our default) is the ,General call address",

If you change the slave address and don’t use a new memory page, the checksum can not be updated. The STATUS byte is
then no longer 0x40 (only “Powered?” bit is set), it becomes 0x44 (“Memory error?” appears) but that does not matter.

Bit 7 6 5 4 |3 2 1 0

Meaning Q Powered? Busy? Mode Memory error? Data transfer Special
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4 Source Code

Still under construction

41 Header-File

S i i i i iifidiriiifidiriiifidys

#4 constants

fdefine DA 0UT TRIZDbits. TRISDE Ff BDE is BDA (without MEED)

fdefine SDA 0D LATDbits. LATDE

#define SDA IN PORTDbit=_ BDS

fdefine ZCL_O0UT TRIZDbits. TRISDE ff BDe is BCL (without MESP)

f#define ZCL_O0OD LATDbits. LATDE

fdefine cEI Pmin 0 S fix coded or read out from the userMEM
fdefine cZI_ Pmax 20 fF fix coded or read out from the userMEM

S T F i E i r i fidriiissss

F4 global wariables

fifndef C EZI ZSEC IZC

extern

fendif

_F32z2 EI _pressure; S Variable for pressure value in [kar] as single (IEEE 754)

fifndef C_ZI =Z38C_IZC_

extern

fiendif

_F32 EI temperature;// Wariahle for temperature walue in [°C] as single (IEEE 7Ed)

$ifndef _ C_ET Z38C_TZC_

extern

Fendif

_Us EI status: ff VWariable for & bit status

fifndef € ZI =Z55C_IZC_

extern

fiendi £

_e Z88Cget [5] - f# Array to receive data frame

A i i i i i i i r i i i i ririirifirisririys
F4 prototypes global functions

U2 get PnT GPIO(_UR);

U2 get PnT MESP( UZ);
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4.2 C-File

A i F i i S i i i i iy fidrfiirfiiys

S5 global functions

_U8 get_PnT_ GPIOQ_US ADDER){
_s EZ82Cerror=0;
_F32 Pmin, Pmax;
union |
_F2Z2 floatingpoint:
_U2z twotimesTle;
} ecast;

FAAAFS read the scasling F70F507
IZC_write 1Evwte(ADDER Oxl3);

DelaylOTCYx(125) ; S0 4us

IzC _read xByte(ADDE 3):
ZMDiget [1] =0x820;
EMDget [£] =0

cast _twobimesUle = (((_TU3Z) (Z2MDget [1])1=<Z4)

IZC_write 1Ewte(ADDE Oxld);

LelaylOTCYx(125) ; A 0odus

IZC_read xBvyte (ADDE, Z);

cast twotimesT1le += (((_T3Z) (ZMDget [1])) <=5

Puin= cast. floatingpoint;

IEC_write 1Bvwte (ADDER OxlL)
DelaylQTCYx (125 ;
IZC_read xByte (ADDE Z);

cast twobimesTle = (0 (_TT32) (238Cget [1]) ) =<<24)

IZC_write 1Eyte (ADDER Oxle)
DelaylOTCYx(125) ;
I2C_read xByte(ADDE, 3):

cast twotimesTle += (((_T3Z) (ZE5ECget [1]) 1 <<2)

Pmax= cast. floatingpoint;

FESSFS request new conwversion SfS500F

if (IEZC_write lEwte (ADDE OxAC) ) {return O0x31:}

FASAFS wait for new conwersion result FAS0F5S
A 0.d4us = 100 x 250 = lOms

DelaylOOTCYx (250) ;

FESAFS read the results out FA00700
if (IZC_read xByte(ADDER, 5)) {return 0x51:}

FEASAFS dnterpret integer walues FSS5F50)
ZI_status =

ZI_pressure

Z2I_temperature

ZI_pressure

X

+

X

10 x 125 = 0. Lfms

00 _U3E) (EMDget [£]) ) <<168] -

1 x 125 = 0. 5fm=s

{1 U3Z) (EMDget [2]));

FO 0O.dus = 10 x 125 = 0. E5ms

(00 _TI32) (EEECget[Z])1=<16) ;

A 0.dus = 10 x 125 = 0. Ems

[0 _T2E) (ZEECget [Z]01) ;

f_F3z) 0 (00 _Tla) (E8E8Cget [1] =<8 +
f_F32) 0 (00 _Ula) (E88Cget [2] 10 =<8) +

258Coet [O] ;
{_Ule) (235Cget [Z2]1)
(_Ule) (2883Cget [4]1)

(21 _pressure-le284) ¥ (Pmax-TPmin) /227e8+Mnin;

ZI_temperature = (((((_Tle)Z2] temperature)=r<4)-Z4)*0_05)-50;

return Z3ECerror:
b £# end of T8 get_ PnT GPIO{_TTS ADDER)
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£ [TE]
F8 plTlE]
Af TIULle]

£ plbar]
£ TIC]
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