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X IR K ER EYVEE
(Note 1.2)
BIREE (Vo) DYSGND .. —0.3V~6V TOP VIEW
ZFAT AABENSGND ... —0.3V~ (Vgg+0.3V) S
N REF* |1 | | 110§ CAO/fg

D77V AANEBENSGND............... —0.3V~ (Vge+0.3V) Voo |21 : | 9] em
GNDADTIZIVATEBE oo, —0.3V~ (Vgg+0.3V) REF [3] I ! 8] ano
GNDADT VG JVHABE oo —~0.3V~ (V¢o+0.3V) ol E | L7} soa
E{ERE 'l I 6] scL
LTC2485C ..., 0'C~70°C DD PACKAGE
LTC2485] _A0°C~85°C 10-LEAD (3mm x 3mm) PLASTIC DFN

ABB] ot ¢ ) Tane - 12570, 63 - 43°G1
RTEBEEEE ..o —-65C~125C EXPOSED PAD (PIN 11) IS GND, MUST BE SOLDERED TO PCB
HERER
$H7 ) —1{Hix T=TF7YRU=I BEN—FVJ* Nyor—v I EEE
LTC2485CDD#PBF LTC2485CDD#TRPBF LBST 10-Lead (3mm x 3mm) Plastic DFN 0°C to 70°C
LTC2485IDD#PBF LTC2485IDD#TRPBF LBST 10-Lead (3mm x 3mm) Plastic DFN -40°C to 85°C

ISICHEWVEERESFE CRESND T/ A RICOWTIE A F R BEE BBV EhEIEE 0,

AT — R DB Y —F 7 DEEMIC D LTI, hitp://www.linear-tech.co.jp/leadfree/ % Z B 2 & W\,
T 7 RU—)LOERRDEEMIC D ULNTIL, hitp://www.linear-tech.co.jp/tapeandreel/ &= ZEL 2L,

SRETL—REEEROIVTFOINLTHIIESNET.

EXEIRFE (BE DRE)

oI ENFREEFDRIBEZBIET B ENLUSMETA = 25°CTDIE, (Note 3.4)

PARAMETER CONDITIONS MIN TYP MAX UNITS
Resolution (No Missing Codes) 0.1 < VRer < Vg, —FS < V) < +FS (Note 5) ® | 24 Bits
Integral Nonlinearity 5V < Ve < 5.5V, VRer = Y, Viyemy = 2.5V (Note 6) [ ) 2 10 ppm of VRer

2.7V < Vo < 5.5Y, VRer = 2.5V, Vinemy = 1.25V (Note 6) 1 ppm of Vger
Offset Error 2.5V < VRgr < Vg, GND < IN* = IN™ < Vg (Note 13) ° 0.5 2.5 uv
Offset Error Drift 2.5V < Vggr < Vg, GND < IN* = IN™ < Vg 10 nv/°C
Positive Full-Scale Error 2.5V < Vpgr < Vg, IN* = 0.75VRer, IN™ = 0.25VRer ® 25 ppm of Vger
Positive Full-Scale Error Drift 2.5V < Vpgr < Vg, IN* = 0.75VRer, IN™ = 0.25VRer 0.1 ppm of Vger/°C
Negative Full-Scale Error 2.5V < VRgr < Vg, INT=0.75VRer, IN* = 0.25VRer [ ) 25 ppm of VRer
Negative Full-Scale Error Drift 2.5V < VRgr < Vg, INT = 0.75VRgr, IN' = 0.25VRer 0.1 ppm of Vper/°C
Total Unadjusted Error 9V < Vg < 5.5V, Vper = 2.5V, Viy(om) = 1.25V (Note 6) 15 ppm of Vger

5V < Ve 5.5V, Vger = 5Y, VIN(CIVI) = 2.5V (Note 6) 15 ppm of Vger

2.7V < Ve <5.5Y, VRer = 2.5V, Vinemy = 1.25V (Note 6) 15 ppm of VRer
Output Noise 5V < Vg £ 5.5V, VRer = 5V, GND < IN™ = IN* < Vg (Note 12) 0.6 UVRms
Internal PTAT Signal Ta=27°C 390 450 mV

SE#E: www.linear-tech
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EXAVRFE EE)

oI ENMFRESEE DMIBIEZ BRI Do ETNLUMNETA = 25°CTDAE, (Note 3.4)

PARAMETER CONDITIONS MIN TYP MAX UNITS

Resolution (No Missing Codes) 0.1 < VRer < Vg, —FS < Vjy < +FS (Note 5) [ 24 Bits

Integral Nonlinearity 9V < Vg < 5.5V, Vrer = 5Y, Viy(om) = 2.5V (Note 6) ° 2 10 ppm of VRer
2.7V <Vgp £5.5V VRep = 2.5V, VIN(CI\/I) =1.25V (Note 6) 1

Offset Error 2.5V < VRgr < Vg, GND < IN* = IN™ < Vg (Note 13) [ 0.5 2 mV

Offset Error Drift 2.5V < VRgr < Ve, GND < IN* = IN™ < Vg 100 nVv/°C

Positive Full-Scale Error 2.5V < VR < Vg, IN* = 0.75VRer, IN™ = 0.25VRer (] 25 ppm of VRer

Positive Full-Scale Error Drift 2.5V < Vggr < Vg, IN* = 0.75VRgr, IN™ = 0.25VRer 0.1 ppm of Vgee/°C

Negative Full-Scale Error 2.5V < Vpgr < Vg, IN™ = 0.75VRer, IN* = 0.25VRer ® 25 ppm of Vger

Negative Full-Scale Error Drift 2.5V < Vg < Vg, INT = 0.75VRer, IN* = 0.25VRer 0.1 ppm of Vgee/°C

Output Noise 5V < Vg 5.5V, VRer = 5Y, GND < IN™ = IN* < Vg 0.84 UVRms

OV IN—Z2 D54

oI LEMEREHEDHRREZERT 5. TNLUSNEITA = 25°CTDIE, (Note 3.4)

PARAMETER CONDITIONS MIN TYP MAX UNITS

Input Common Mode Rejection DC 2.5V < VRgr < Vg, GND < IN™ = IN* < Vg (Note 5) [ 140 aB

Input Common Mode Rejection 2.5V < Ve < Vg, GND < IN™ = IN* < Vg (Note 5) [ ) 140 aB

50Hz +2%

Input Common Mode Rejection 2.5V < Ve < Vg, GND < IN™ = IN* < Vg (Note 5) [ ) 140 aB

60Hz +2%

Input Normal Mode Rejection 2.5V < VRgr < Vg, GND < IN™ = IN* < Vg (Notes 5,7) | @ 110 120 aB

50Hz +2%

Input Normal Mode Rejection 2.5V < VRgr < Vg, GND < IN™ = IN* < Vg (Notes 5,8) | @ 110 120 aB

60Hz +2%

Input Normal Mode Rejection 2.5V < VRer < Vg, GND < IN™ = IN* < Vg (Notes 5,9) | @ 87 aB

50Hz/60Hz +2%

Reference Common Mode Rejection DC | 2.5V < Vggr < Vg, GND < IN™ = IN* < Vg (Note 5) ® 120 140 aB

Power Supply Rejection DC VRep = 2.5V, IN" = IN* = GND 120 dB

Power Supply Rejection, 50Hz +2% VRer = 2.5V, IN" = IN* = GND (Notes 7, 9) 120 dB

Power Supply Rejection, 60Hz +2% VRer = 2.5V, IN" = IN* = GND (Notes 8, 9) 120 dB

7FragAREITFLVR

oI ENMFRESEEDMIBEZ BRI Do TNLUMITA = 25°CTDAE, (Note 3)

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS

IN* Absolute/Common Mode IN* Voltage GND - 0.3V Vg + 0.3V \

IN™ Absolute/Common Mode IN~ Voltage GND -0.3V Voo +0.3V v

FS Full-Scale of the Differential Input (IN* —IN7) [ 0.5VRer \

LSB Least Significant Bit of the Output Code ° FS/224

Vin Input Differential Voltage Range (IN* - IN7) ® -FS +FS \

VRer Reference Voltage Range (REF* — REFY) [ 0.1 Ve v

2485fd
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7FHagANEITFL VA
olX L BN REHE RIS EEBIRT 0 ZNLIHETA = 25°CTOIE, (Note 3)

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
Cs (IN*) IN* Sampling Capacitance 11 pF
Cs (IN7) IN~ Sampling Capacitance 11 pF
Cs (VRer) Vrer Sampling Capacitance 11 pF
Inc_Leak (IN*) | IN* DC Leakage Current Sleep Mode, IN* = GND [ -10 1 10 nA
Inc_LEak (IN) | IN™ DC Leakage Current Sleep Mode, IN~ = GND [ ) -10 1 10 nA
lDC Leak (Vrer) | REF*, REF~ DC Leakage Current Sleep Mode, VRer = Vg [ ] -100 1 100 nA
PCOTIRIVANET IRV
O IR ENMEREHE DR BREZENRT 5. TNLUSEITA = 25'CTDIE, (Note 3)
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
\um High Level Input Voltage (] 0.7Vgg v
ViL Low Level Input Voltage [ 0.3Vge v
ViL(cat) Low Level Input Voltage for Address Pin [ 0.05V¢g V
Vincaoro.caty | High Level Input Voltage for Address Pins ) 0.95V¢g V
Rinn Resistance from CA0/fg, CA1 to Vg to Set [ 10 kQ
Chip Address Bit to 1
Rinw Resistance from CA1 to GND to Set Chip () 10 kQ
Address Bitto 0
Rine Resistance from CAO/fg, CA1 to Vg or [ 2 MQ
GND to Set Chip Address Bit to Float
I Digital Input Current () -10 10 pA
Vhys Hysteresis of Schmitt Trigger Inputs (Note 5) 0.05V¢g v
VoL Low Level Output Voltage SDA [ =3mA [ 0.4 V
tor Output Fall Time from Vigmin to ViLmax Bus Load Cg 10pF to 400pF (Note 14) ® | 20+0.1C 250 ns
tsp Input Spike Suppression () 50 ns
I Input Leakage 0.1Veo < Vin< Ve (] 1 pA
G Capacitance for Each I/0 Pin [ 10 pF
Cg Capacitance Load for Each Bus Line () 400 pF
Ceax External Capacitive Load On-Chip Address ® 10 pF
Pins (CAQ/fo,CA1) for Valid Float
ViKExTose) High Level CA0/fy External Oscillator 2.7V <Vgp< 5.5V ® | Voc-05V Vv
Vi (exTos0) Low Level CAO/fg External Oscillator 2.7V <Vgp< 5.5V [ 0.5 V
BIREM
OIRENMEREHE DR BREZTNRT 5. TNLUSITA = 25°CTDIE, (Note 3)
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
Ve Supply Voltage [ ) 2.7 55 V
lce Supply Current Conversion Mode (Note 11) [ ) 160 250 pA
Sleep Mode (Note 11) [ 1 2 pA
2485fd
4 LT UNEAR
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RAZVTHFE

oI ENEREHFDRIBEZ BT B0 ENLISMETA = 25°CTDIE, (Note 3)

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
feosc External Oscillator Frequency Range ® 10 1000 kHz
tHeo External Oscillator High Period ® | 0.125 100 Hs
fLeo External Oscillator Low Period ® | 0.125 100 us
tcony_1 Conversion Time for 1x Speed Mode 50Hz Mode ® | 1572 160.3 163.5 ms
60Hz Mode e | 1310 133.6 136.3 ms
Simultaneous 50Hz/60Hz Mode ® | 1441 146.9 149.9 ms
External Oscillator (Note 10) [ 41036/fgosg ms
tcony 2 Conversion Time for 2x Speed Mode 50Hz Mode ® | 787 80.3 81.9 ms
60Hz Mode ® | 656 66.9 68.2 ms
Simultaneous 50Hz/60Hz Mode ® | 722 73.6 75.1 ms
External Oscillator (Note 10) [ 20556/fggsg ms
12CRAZV%H
oI LEMEREHE DR RIEZERT 5. TNLUSITA = 25°CTDIE, (Note 3.15)
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
fsoL SCL Clock Frequency ) 0 400 kHz
tHD(SDA) Hold Time (Repeated) START Condition ) 0.6 Hs
fLow LOW Period of the SCL Clock Pin [ 1.3 us
tHiGH HIGH Period of the SCL Clock Pin [ 0.6 Hs
tsu(sTa) Set-Up Time for a Repeated START Condition ) 0.6 Hs
tHD(DAT) Data Hold Time o 0 0.9 us
tsu(oam) Data Set-Up Time () 100 ns
tr Rise Time for Both SDA and SCL Signals (Note 14) ® | 20+0.1Cp 300 ns
t Fall Time for Both SDA and SCL Signals (Note 14) ® | 20+0.1Cg 300 ns
tsu(sto) Set-Up Time for STOP Condition [ 0.6 Hs

Note 1: {8 R AREIRICRRES NIEZBZ DAL RIET/\A RITKIGNEBHEZE5 A5
BEMED B B0 REAICOIC > THEN R R ERRM IR & 7/ ADERIEE FRICBTE
E5ABFRENEND D,

Note 2: £ TOEEEILGNDZEEICLT WS,

Note 3:3EEEHRWVBRD . Vo = 2.7V~5.5V,

VRer = REFT—REF™, Vrerom = (REFT+REF™) /2, FS = 0.5VRer:
Vin = INT=IN= Vinem = (INF+INT) /2,

Note 4:3EENVRVR D NERZ Y Oy & Ffcldfeose = 307.2kHzD A ERE R Oy 7 - —R
EES,

Note 5: FREHT L > TRIESNTLS DA TA RSN,

Note 6: &N FEEIR ML EEDHERMBO LY RRA Y MBI ERNSDI—RDRES
UTEESN TV RERFEFLROFONSEES NS,

Note 7:50HzE— N (RIERFIRER) E 7zl feosc = 256kHz+2% (AIBFHIRER)
Note 8:60HzE— R (FIBRFIRES) F/zldfeosc = 307.2kHz£2% (A ERFIRER)
Note 9: [EFF50Hz/60HzE— N (REBFIRER) & 7cldfeosc = 280kHz+£2% (SAERFEHRER)

Note 10: SRR IR AR (SCAV/f £ ICHER S 1B, S BB FE R ER DEIR B (frose) [BkHz TR E N
TW%,

Note 11: I>/\—% (FRERIRIRZ LRI %0

Note 12: 10 /1 XICIFABRIEEEIC L > TEL D DD EEND.
Note 13: BB LU TR N OMEBEIC LD RIS TS,

Note 14:Cg = 1AD/ X251V DAE (pF) o

Note 15: £ TDIE(EViHMIN EVIL(MAX) DL RILEEXEECLTW D,

2485fd
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RN M RER 1T
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/*

LTC248X.h

Processor setup and

Lots of useful defines for configuring the LTC2481, LTC2483, and LTC2485.
*/

#include <16F73.h> // Device

#use delay(clock=6000000) // 6MHz clock
//#fuses NOWDT,HS, PUT, NOPROTECT, NOBROWNOUT // Configuration fuses
#rom 0x2007={0x3F3A} // Equivalent and more reliable fuse config.

#use I2C(master, sda=PIN_C5, scl=PIN_C3, SLOW)// Set up i2c port

#include “PCM73A.h” // Various defines

#include “lecd.c” // LCD driver functions

#define READ 0x01 // bitwise OR with address for read or write
#define WRITE 0x00

#define LTC248XADDR 0b01001000 // The one and only LTC248X in this circuit,
// with both address lines floating.

// Useful defines for the LTC2481 and LTC2485 - OR them together to make the
// 8 bit config word.
// These do NOT apply to the LTC2483.

// Select gain - 1 to 256 (also depends on speed setting)
// Does NOT apply to LTC2485.

#define GAIN1 0b00000000 // G =1 (SPD = 0), G =1 (SPD = 1)
#define GAIN2 0b00100000 // G =4 (SPD =0), G =2 (SPD = 1)
#define GAIN3 0b01000000 // G = 8 (SPD = 0), G = 4 (SPD = 1)
#define GAINA 0b01100000 // G =16 (SPD =0), G=8 (SPD = 1)
#define GAINS 0b10000000 // G =32 (SPD =0), G = 16 (SPD = 1)
#define GAIN6 0b10100000 // G =64 (SPD =0), G= 32 (SPD = 1)
#define GAIN7 0b11000000 // G = 128 (SPD = 0), G = 64 (SPD = 1)
#define GAIN8 0b11100000 // G = 256 (SPD = 0), G = 128 (SPD = 1)

// Select ADC source - differential input or PTAT circuit
#define VIN 0b00000000
#define PTAT 0b00001000

// Select rejection frequency - 50, 55, or 60Hz
#define R50 0b00000010
#define R55 0b00000000
#define R60 0b00000100

// Select speed mode
#define SLOW 0b00000000 // slow output rate with autozero
#define FAST 0b00000001 // fast output rate with no autozero
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/*
LTC2485.c
Basic voltmeter test program for LTC2485

Reads LTC2485, converts result to volts,
and prints voltage to a 2 line by 16 character LCD display.

Mark Thoren
Linear Technology Corporation
June 23, 2005

Written for CCS PCM compiler, Version 3.182
*/

#include “LTC248X.h”

/*%% read_LTC2485 () ¥ #kkakk ks hkdhshdkkh kA hhhhhh ki ok ko Ak ok ok Ak ko h ok h ok k X h ko h ok

This is the function that actually does all the work of talking to the LTC2485.

Arguments: addr - device address
config - configuration bits for next conversion

Returns: zero if conversion is in progress,
32 bit signed integer LTC2485 output word.

the i2c_xxxx() functions do the following:

void i2c_start(void): generate an i2c start or repeat start condition

void i2c_stop(void): generate an i2c stop condition

char i2c_read(boolean): return 8 bit i2c data while generating an ack or nack
boolean i2c_write(): send 8 bit i2c data and return ack or nack from slave device

These functions are very compiler specific, and can use either a hardware i2c
port or software emulation of an i2c port. This example uses software emulation.

A good starting point when porting to other processors is to write your own
i2c functions. Note that each processor has its own way of configuring

the i2c port, and different compilers may or may not have built-in functions
for the i2c port.

When in doubt, you can always write a “bit bang” function for troubleshooting
purposes.

The “fourbytes” structure allows byte access to the 32 bit return value:

struct fourbytes // Define structure of four consecutive bytes

{ // To allow byte access to a 32 bit int or float.

int8 teO; //

int8 tel; // The make32() function in this compiler will

int8 te2; // also work, but a union of 4 bytes and a 32 bit int
int8 te3; // is probably more portable.

}i
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*******************************************************************************/

signed int32 read_LTC2485(char addr, char config)

struct fourbytes // Define structure of four consecutive bytes

{ // To allow byte access to a 32 bit int or float.
int8 teO; //
int8 tel; // The make32() function in this compiler will
int8 te2; // also work, but a union of 4 bytes and a 32 bit int
int8 te3; // is probably more portable.
}i
union // adc_code.bits32 all 32 bits
{ // adc_code.by.te0 byte 0
signed int32 bits32; // adc_code.by.tel byte 1
struct fourbytes by; // adc_code.by.te2 byte 2
} adc_code; // adc_code.by.te3 byte 3

// Start communication with LTC2485:
i2c_start();
if(i2c_write(addr | WRITE))// If no acknowledge, return zero

i2c_stop();
return O;

i2c_write(config);
i2c_start();
i2c_write(addr | READ);

adc_code.by.te3 = i2c_read();
adc_code.by.te2 = i2c_read();
adc_code.by.tel = i2c_read();
adc_code.by.te0 = i2c_read();

i2c_stop();
return adc_code.bits32;
} // End of read_LTC2485()

/***% initialize () **kkkkkkrrkkkhkhkhhhhhkk kR AR AR KRk hkhkkk kR R AR KRRk kkkkkk kAR AR Rk *

Basic hardware initialization of controller and LCD, send Hello message to LCD

*******************************************************************************/
void initialize(void)

// General initialization stuff.
setup_adc_ports (NO_ANALOGS) ;

setup_adc (ADC_OFF) ;

setup_counters (RTCC_INTERNAL,RTCC_DIV_1);
setup_timer_1(T1_DISABLED);
setup_timer_2(T2_DISABLED,0,1);

led_init(); // Initialize LCD

delay ms(6);

printf(lcd_putc, “Hello!”); // oObligatory hello message
delay ms(500); // for half a second
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} // End of initialize()
/*** main() kkhkkhkkhhkkkkkhkhhkkkhkhkhhkkkhkhhhkkkhkhhkkkkhkhhkkkkkhhkkkkhkhhkkkkhkhhkkkkhkkkkkkkkkkk*%

Main program initializes microcontroller registers, then reads the LTC2481
repeatedly

*******************************************************************************/
void main()
signed int32 x, y; // Integer result from LTC2481

float voltage; // Variable for floating point math
intlé timeout;

initialize(); // Hardware initialization
while(1)
{
delay_ms(1); // Pace the main loop to something more than 1 ms

// This is a basic error detection scheme. The LTC2485 will never take more than

// 163.5ms, 149.9ms, or 136.5ms to complete a conversion in the 50Hz, 55Hz, and 60Hz

// rejection modes, respectively.
// If read LTC2485() does not return non-zero within this time period, something
// is wrong, such as an incorrect i2c address or bus conflict.

if ((x = read_LTC2485(LTC248XADDR, VIN | R50 | SLOW)) != 0)

// No timeout, everything is okay

timeout = 0; // reset timer

x ~= 0x80000000; // Invert MSB, result is 2’'s complement
voltage = (float) x; // convert to float

voltage = voltage * 5.0 / 2147483648.0;// Multiply by Vref, divide by 2731

lcd_putc(‘\f’); // Clear screen
lcd_gotoxy(1,1); // Goto home position
printf(lcd_putc, “%01.6f”, voltage); // Display voltage

}

else

{

++timeout;

}

if (timeout > 200)
{
timeout = 200; // Prevent rollover
led_gotoxy(1,1);
printf(lcd_putc, “ERROR - TIMEOUT”);
delay ms(500);

} // End of main loop
} // End of main()
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