TECHNOLOGY

| t /\D LTC2499

24-Bit 8-/16-Chunnel

A2 ADC with Easy Drive Input Current
Cuncellution und I2C Interfuce

FEATURES

Up to Eight Differential or 16 Single-Ended Inputs
Easy Drive™ Technology Enables Rail-to-Rail
Inputs with Zero Differential Input Current

m Directly Digitizes High Impedance Sensors with
Full Accuracy

2-Wire I2C Interface with 27 Addresses Plus One
Global Address for Synchronization

600nV RMS Noise

Integrated High Accuracy Temperature Sensor
GND to V¢ Input/Reference Common Mode Range
Programmable 50Hz, 60Hz or Simultaneous
50Hz/60Hz Rejection Mode

2ppm INL, No Missing Codes

1ppm Offset and 15ppm Full-Scale Error

2x Speed/Reduced Power Mode (15Hz Using Internal
Oscillator and 80pA at 7.5Hz Output)

® No Latency: Digital Filter Settles in a Single Cycle,
Even After a New Channel Is Selected

Single Supply 2.7V to 5.5V Operation (0.8mW)
Internal Oscillator

Tiny 5mm x 7mm QFN Package

APPLICATIONS

Direct Sensor Digitizer

Direct Temperature Measurement
[nstrumentation

Industrial Process Control

DESCRIPTION

The LTC®2499 is a 16-channel (eight differential), 24-bit,
No Latency AX™ ADC with Easy Drive technology and a
2-wire, |12C interface. The patented sampling scheme elimi-
nates dynamic input current errors and the shortcomings
of on-chip buffering through automatic cancellation of
differentialinput current. This allows large external source
impedances and rail-to-rail input signals to be directly
digitized while maintaining exceptional DC accuracy.

The LTC2499 includes a high accuracy, temperature
sensor and an integrated oscillator. This device can be
configured to measure an external signal (from combi-
nations of 16 analog input channels operating in single-
ended or differential modes) or its internal temperature
sensor. Theintegrated temperature sensor offers 1/30th°C
resolution and 2°C absolute accuracy.

The LTC2499 allows a wide common mode input range
(OV to V¢g), independent of the reference voltage. Any
combination of single-ended or differential inputs can
be selected and the first conversion, after a new channel
is selected, is valid. Access to the multiplexer output en-
ables optional external amplifiers to be shared between all
analog inputs and auto calibration continuously removes
their associated offset and drift.

L7, LT, LTC, LTM, Linear Technology and the Linear logo are registered trademarks and
No Latency AX and Easy Drive are trademarks of Linear Technology Corporation. All other
trademarks are the property of their respective owners.
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ABSOLUTE MAXIMUM RATINGS PIN CONFIGURATION
(Notes 1, 2)
Supply Voltage (Vog) w.eoeeeeeeeeeeeeeseereeeeeeee -0.3V to 6V Lo
Analog Input Voltage 5332555
(CHO-CH15, COM) ... -0.3Vto (Vgg +0.3V) | SBISTIS6ISEIANEE |
REF*, REF™..oocoroc ~0.3V to (Vg +0.3V) o o
ADCINN, ADCINP MUXOUTR soaft ol Rer
MUXOUTN ..o -0.3Vto (Voo +0.3V) anp[ 21 28] vee
Digital Input Voltage........c.c.co....... -0.3Vto (Vgg + 0.3V) nc[s1 i27| muxouTn
Digital Output Voltage.................... -0.3Vto (Vg + 0.3V) ono | 39 [26] Acinn
Operating Temperature Range coM) 7] 125] ADCINP
LTC2499C ..o, 0°C to 70°C o 24] MUXouTe
o ° cH1|9! 123] CH15
LT02499| .............................................. _49 C tO 85°C CH2 -16_! !_EE- CH14
Storage Temperature Range................. -65°C to 150°C chafi 21| cis
cHa 12! I20] cH12
(1311415 (161 171181 19!
UHF PACKAGE
38-LEAD (5mm x 7mm) PLASTIC QFN
Tymax = 125°C, 4 = 34°C/W
EXPOSED PAD (PIN #39) IS GND, MUST BE SOLDERED TO PCB
ORDER INFORMATION
LEAD FREE FINISH TAPE AND REEL PART MARKING* PACKAGE DESCRIPTION TEMPERATURE RANGE
LTC2499CUHF#PBF LTC2499CUHF#TRPBF | 2499 38-Lead (5mm x 7mm) Plastic QFN 0°C to 70°C
LTC24991UHF#PBF LTC2499IUHF#TRPBF | 2499 38-Lead (5mm x 7mm) Plastic QFN ~40°C to 85°C

Consult LTC Marketing for parts specified with wider operating temperature ranges. *The temperature grade is identified by a label on the shipping container.
Consult LTC Marketing for information on non-standard lead based finish parts.

For more information on lead free part marking, go to: http://www.linear.com/leadfree/
For more information on tape and reel specifications, go to: http://www.linear.com/tapeandreel/

GLECT'“CHL CHHRHCTEI“STKS (ﬂOﬂmI'-IL SPEED) The e denotes the specifications which

apply over the full operating temperature range, otherwise specifications are at Ty = 25°C. (Notes 3, 4)

PARAMETER CONDITIONS MIN TYP MAX UNITS
Resolution (No Missing Codes) 0.1V < VRer £ Vg, —FS < V) < +FS (Note 5) 24 Bits
Integral Nonlinearity 9V < Vg < 5.5V, Vrer = 5V, Vin(om) = 2.5V (Note 6) [ 2 10 ppm of Vger

2.7V < Vg < 5.5V, VRer = 2.5V, Viy(omy = 1.25V (Note 6) ® 1 ppm of VRer
Offset Error 2.5V < VRer < Vg, GND < IN* = IN™ < Vg (Note 13) o 0.5 2.5 uv
Offset Error Drift 2.5V < Vpgr < Vg, GND < IN* = IN" < Vg 10 nv/°C
Positive Full-Scale Error 2.5V < Vggr < Vg, IN* = 0.75VRer, IN™ = 0.25VRer ° 25 ppm of Vger
Positive Full-Scale Error Drift 2.5V < Vggr < Vg, IN* = 0.75VRer, IN™ = 0.25VRer 0.1 ppm of Vree/°C
Negative Full-Scale Error 2.5V < Vggr < Vg, IN* = 0.25VRer, IN™ = 0.75VRer ° 25 ppm of Vger
Negative Full-Scale Error Drift 2.5V < VRer < Vg, IN* = 0.25VRer, IN™ = 0.75VRer 0.1 ppm of Vgee/°C
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GLGCT“'C“L CHHRHCTGBBTKS (ﬂOﬁmﬂL SPGGD) The e denotes the specifications which

apply over the full operating temperature range, otherwise specifications are at Ty = 25°C. (Notes 3, 4)

PARAMETER CONDITIONS MIN TYP MAX UNITS

Total Unadjusted Error 9V < Vgg 5.5V, Vper = 2.5V, Vinemy = 1.25V 15 ppm of VRer
5V < Vg 5.5V, VRer = 5V, Vi cM) = 15 ppm of Vger
2.7V < Vg £ 5.5V, VRgr = 2.5V, IN(CM) = 1.25V 15 ppm of Vger

Output Noise 2.7V < Vg < 5.9, 2.5V < Ver < Vg, 0.6 UVRms
GND < IN* = IN- < Vg (Note 12)

Internal PTAT Signal Ta=27°C (Note 13) 27.8 28.0 28.2 mV

Internal PTAT Temperature Coefficient 93.5 pv/°C

GLGCTRICHL CHHRHCTGRISTICS (2: SPEED The e denotes the specifications which apply over the

full operating temperature range, otherwise specifications are at Ty = 25°C. (Notes 3, 4)

PARAMETER CONDITIONS MIN TYP MAX UNITS
Resolution (No Missing Codes) 0.1V < VRer € Vg, —FS < V) < +FS (Note 5) 24 Bits
Integral Nonlinearity 5V < Ve < 5.5V, Vper = 5V, Viy(om) = 2.5V (Note 6) ) 2 10 ppm of VRer
2.7V < Vg 5.5V VRer= 2.5V, VIN(CM) =1.25V (Note 6) 1 ppm of VRer
Offset Error 2.5V < Vggr < Ve, GND < IN* = IN™ < Vg (Note 13) ° 0.2 2 mV
Offset Error Drift 2.5V < Vpgr < Vg, GND < IN* = INT < Vg 100 nv/°C
Positive Full-Scale Error 2.5V < VREF < VCC, INt =0. 75VREF: IN"=0. 25VREF [ ] 25 ppm of VREF
Positive Full-Scale Error Drift 2.5V < Ver < Vg, IN* = 0.75VRer, IN™ = 0.25VRer 0.1 ppm of Vree/°C
Negative Full-Scale Error 2.5V < Ver < Vg, IN* = 0.25VRer, IN™ = 0.75VRer o 25 ppm of Vger
Negative Full-Scale Error Drift 2.5V < Vger < Vg, INY = 0.25VRer, IN™ = 0.75VRer 0.1 ppm of Vgee/°C
Output Noise 5V < Vg 5.5V VRer = 5V, GND < IN* = IN™ < Vg 0.85 UVRMS
COﬂVGﬂTER CHHRHCTEIHSTKS The e denotes the specifications which apply over the full operating
temperature range, otherwise specifications are at Ty = 25°C. (Note 3)
PARAMETER CONDITIONS MIN TYP MAX UNITS
Input Common Mode Rejection DC 2.5V < Vggr < Vg, GND < IN* = IN™ < Vg (Note 5) ° 140 aB
Input Common Mode Rejection 50Hz +2% 2.5V < VRer < Vo, GND < IN* = IN" < Vg (Notes 5,7) | @ 140 aB
Input Common Mode Rejection 60Hz +2% 2.5V < VRer < Vg, GND < IN* = IN™ < Vg (Notes 5,8) | @ 140 aB
Input Normal Mode Rejection 50Hz +2% 2.5V < Vger < Vg, GND < IN* = IN" < Vg (Notes 5,7) | @ 110 120 aB
Input Normal Mode Rejection 60Hz +2% 2.5V < Vpgr < Vo, GND < IN* = IN"< Vg (Notes 5,8) | @ 110 120 dB
Input Normal Mode Rejection 50Hz/60Hz +2% 2.5V < VRgr < Vo, GND < IN* = IN"< Vg (Notes 5,9) | @ 87 dB
Reference Common Mode Rejection DC 2.5V < VRgr < Vg, GND < IN* = IN™ < Vg (Note 5) [ 120 140 aB
Power Supply Rejection DC VRer = 2.5V, IN* = IN™ = GND 120 aB
Power Supply Rejection, 50Hz £2%, 60Hz +2% | Vggr = 2.5V, IN* = IN" = GND (Notes 7, 8, 9) 120 aB

ﬂnﬂLOG |nPUT ﬂnD BGFGBGHCG The @ denotes the specifications which apply over the full operating

temperature range, otherwise spec

ifications are at T, = 25°C. (Note 3)

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS

IN* Absolute/Common Mode IN* Voltage GND - 0.3V Vg + 0.3V v
(IN* Corresponds to the Selected Positive Input Channel)

IN™ Absolute/Common Mode IN™ Voltage GND -0.3V Voo + 0.3V \
(IN~ Corresponds to the Selected Negative Input Channel
or COM)

Vin Input Voltage Range (IN* - IN7) Differential/Single-Ended | @ -FS +FS \
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ﬂnﬂLOG "“’UT ﬂnD RGFGRGHCE The e denotes the specifications which apply over the full operating

temperature range, otherwise specifications are at T, = 25°C. (Note 3)

FS Full Scale of the Input (IN* - IN") Differential/Single-Ended | ® | 0.5VRer v
LSB Least Significant Bit of the Output Code o | Fsp#

REF* Absolute/Common Mode REF* Voltage ° 0.1 Ve v
REF~ Absolute/Common Mode REF~ Voltage ) GND ROEI;’;/— \
VREF Reference Voltage Range (REF* — REF) ) 0.1 Ve v
CS(IN*) IN* Sampling Capacitance 11 pF
CS(IN7) IN~ Sampling Capacitance 11 pF
CS(VRer) VRer Sampling Capacitance 11 pF
|DC?LEAK(|N+) IN* DC Leakage Current Sleep Mode, IN* = GND ® -10 1 10 nA
|DC_LEAK(IN_) IN~ DC Leakage Current Sleep Mode, IN™ = GND (] -10 1 10 nA
Inc_Leak(rer*) | REF* DC Leakage Current Sleep Mode, REF* =V | @ -100 1 100 nA
Inc_Leak(rer) | REF™ DC Leakage Current Sleep Mode, REF-=GND | ® -100 1 100 nA
topen MUX Break-Before-Make 50 ns
QIRR MUX Off Isolation VN = 2Vp.p DC to 1.8MHz 120 dB

I2C InPUTS ﬂnD DIGITHL OUTPUTS The e denotes the specifications which apply over the full

operating temperature range, otherwise specifications are at Ty = 25°C. (Note 3)

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS

Viy High Level Input Voltage ® | 0.7Vg V

Vi Low Level Input Voltage ) 0.3Vge v

ViHA Low Level Input Voltage for Address Pins CAQ, CA1, CA2 ) 0.05V¢g v
and Pin fg

Via High Level Input Voltage for Address Pins CAO, CA1, CA2 ® | 0.95V¢¢ v

RiNH Resistance from CAO, CA1, CA2 to Vg to Set Chip Address ) 10 kQ
Bit to 1

Rine Resistance from CAO, CA1, CA2 to GND to Set Chip Address o 10 kQ
Bitto 0

Rine Resistance from CAO, CA1, CA2 to GND or Vg to Set Chip ) 2 MQ
Address Bit to Float

I Digital Input Current (] -10 10 HA

Vhys Hysteresis of Schmitt Trigger Inputs (Note 5) ® | 0.05Vge v

VoL Low Level Output Voltage (SDA) [ =3mA ° 0.4 Y

tor Output Fall Time Viggainy to Vigwax Bus Load Cg 10pFto | ® |20 +0.1Cg 250 ns

400pF (Note 14)

I Input Leakage 0.1Veo < Vin < Veg o 1 HA

Ceax External Capacitative Load on Chip Address Pins (CAO, CA1, ) 10 pF
CA2) for Valid Float

POI.UGB BGQUIHGmGnTS The @ denotes the specifications which apply over the full operating temperature

range, otherwise specifications are at Ty = 25°C. (Note 3)

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
Ve Supply Voltage ° 2.7 55 v
Ie Supply Current Conversion Current (Note 11) ° 160 275 HA
Temperature Measurement (Note 11) ° 200 300 HA
Sleep Mode (Note 11) ° 1 2 HA
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4 For more information www.linear.com/LTC2499 L’ LEl(DNOjLOJGYz



http://www.linear.com/LTC2499

LTC2499

DIGITHL IﬂPUTS nnD DIGITHL OUTPUTS The e denotes the specifications which apply over the

full operating temperature range, otherwise specifications are at Ty = 25°C. (Note 3)

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
frosc External Oscillator Frequency Range (Note 16) ° 10 1000 kHz
tHEO External Oscillator High Period ® | 0125 100 us
tLeo External Oscillator Low Period ® | 0125 100 Hs
tcony_1 Conversion Time for 1x Speed Mode 50Hz Mode ® | 157.2 160.3 163.5 ms
60Hz Mode e | 131 133.6 136.3 ms
Simultaneous 50Hz/60Hz Mode ® | 1441 146.9 149.9 ms
External Oscillator (Note 10) 41036/fgsc (in kHz) 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/fgqsg (in kHz) ms
2
I c TImInG CHHBHCTERISTICS The @ denotes the specifications which apply over the full operating
temperature range, otherwise specifications are at Ty = 25°C. (Note 3, 15)
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
fscL SCL Clock Frequency o 0 400 kHz
tho(spa) Hold Time (Repeated) START Condition ) 0.6 us
fLow LOW Period of the SCL Pin ) 1.3 us
tHIGH HIGH Period of the SCL Pin ° 0.6 Hs
tsu(sTa) Set-Up Time for a Repeated START Condition ) 0.6 us
tHD(DAT) Data Hold Time ® 0 0.9 s
tsu(pam) Data Set-Up Time ) 100 ns
ty Rise Time for SDA Signals (Note 14) ® | 20+0.1Cg 300 ns
tt Fall Time for SDA Signals (Note 14) ® | 20+0.1C 300 ns
tsu(sto) Set-Up Time for STOP Condition ° 0.6 ys
tRUF Bus Free Time Between a Second START Condition ° 1.3 Hs

Note 1: Stresses beyond those listed under Absolute Maximum Ratings
may cause permanent damage to the device. Exposure to any Absolute
Maximum Rating condition for extended periods may affect device

reliability and lifetime.
Note 2: All voltage values are with respect to GND.

Note 3: Unless otherwise specified: Vgg = 2.7V to 5.5V

Vrerem = VRer/2, Fs = 0.5Vper
Viy = IN* = IN7, VIN(CM) = (IN*=1IN)/2,
where IN* and IN~ are the selected input channels.

Note 4: Use internal conversion clock or external conversion clock source

with fepgg = 307.2kHz unless otherwise specified.
Note 5: Guaranteed by design, not subject to test.

Note 6: Integral nonlinearity is defined as the deviation of a code from a
straight line passing through the actual endpoints of the transfer curve.
The deviation is measured from the center of the quantization band.

Note 7: 50Hz mode (internal oscillator) or frggg = 256kHz +2% (external
oscillator).

Note 8: 60Hz mode (internal oscillator) or fgogg = 307.2kHz +2% (external
oscillator).

Note 9: Simultaneous 50Hz/60Hz mode (internal oscillator) or feggg =

280kHz +2% (external oscillator).

Note 10: The external oscillator is connected to the fg pin. The external
oscillator frequency, fegsc, is expressed in kHz.

Note 11: The converter uses its internal oscillator.

Note 13: Guaranteed by design and test correlation.

Note 12: The output noise includes the contribution of the internal
calibration operations.

Note 14: Cg = capacitance of one bus line in pF (10pF < Cg < 400pF).
Note 15: All values refer to Viginy and Vi uax) levels.

Note 16: Refer to Applications Information section for Performance vs
Data Rate graphs.
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TYPICAL PERFORMANCE CHARACTERISTICS
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TYPICAL PERFORMANCE CHARACTERISTICS
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TYPICAL PERFORMANCE CHARACTERISTICS

OFFSET ERROR (ppm of VRgF)

FREQUENCY (kHz)

On-Chip Oscillator Frequency

Offset Error vs Vg Offset Error vs VRer vs Temperature
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TYPICAL PERFORMANCE CHARACTERISTICS

Sleep Mode Current

Conversion Current
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PIN FUNCTIONS

GND (Pins 1, 4, 6, 31, 32, 33, 34): Ground. Multiple
ground pinsinternally connected for optimum ground cur-
rent flow and V¢ decoupling. Connect each one of these
pins to acommon ground plane through a low impedance
connection. All seven pins must be connected to ground
for proper operation.

SCL (Pin 2): Serial Clock Pin of the 12C Interface. The
LTC2499 can only act as a slave and the SCL pin only
accepts an external serial clock. Data is shifted into the
SDA pin on the rising edges of the SCL clock and output
through the SDA pin on the falling edges of the SCL clock.

SDA (Pin 3): Bidirectional Serial Data Line of the I2C Inter-
face. Inthe transmitter mode (read), the conversion result
is output through the SDA pin, while in the receiver mode
(write), the device channel select and configuration bits
are input through the SDA pin. The pin is high impedance
during the data input mode and is an open drain output
(requires an appropriate pull-up device to Vgg) during the
data output mode.

NC (Pin 5): No Connect. This pin can be left floating or
tied to GND.

2499fe
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PIN FUNCTIONS

COM (Pin 7): The Common Negative Input (IN7) for All
Single-Ended Multiplexer Configurations. The voltage on
CHO-CH15 and COM pins can have any value between
GND - 0.3V to Vg + 0.3V. Within these limits, the two
selectedinputs (IN*+and IN™) provide a bipolar input range
(Vin=IN*=IN7) from —0.5 ® Vrgr to 0.5 * VRgr. Outside
thisinputrange, the converter produces unique overrange
and underrange output codes.

CHO to CH15 (Pin 8-Pin 23): Analog Inputs. May be pro-
grammed for single-ended or differential mode.

MUXOUTP (Pin 24): Positive Multiplexer Output. Connect
to the input of external buffer/amplifier or short directly
to ADCINP

ADCINP (Pin 25): Positive ADC Input. Connect to the
output of a buffer/amplifier driven by MUXOUTP or short
directly to MUXOUTP

ADCINN (Pin 26): Negative ADC Input. Connect to the
output of a buffer/amplifier driven by MUXOUTN or short
directly to MUXOUTN

MUXOUTN (Pin 27): Negative Multiplexer Output. Con-
nect to the input of an external buffer/amplifier or short
directly to ADCINN.

Ve (Pin28): Positive Supply Voltage. Bypass to GND with
a 10pF tantalum capacitor in parallel with a 0.1puF ceramic
capacitor as close to the part as possible.

REF*, REF~ (Pin 29, Pin 30): Differential Reference Input.
The voltage on these pins can have any value between
GND and V¢ as long as the reference positive input, REF,
remains more positive than the negative reference input,
REF, by at least 0.1V. The differential voltage (Vrgr = REF*
— REF") sets the full-scale range for all input channels.
When performing an on-chip measurement, the minimum
value of REF = 2V

fo (Pin 35): Frequency Control Pin. Digital input that
controls the internal conversion clock rate. When fq is
connected to GND, the converter uses its internal oscil-
lator running at 307.2kHz. The conversion clock may also
be overridden by driving the fg pin with an external clock
in order to change the output rate and the digital filter
rejection null.

CAO, CA1, CA2 (Pins 36, 37, 38): Chip Address Control
Pins. These pins are configured as a three-state (LOW,
HIGH, floating) address control bits for the device 12C
address.

Exposed Pad (Pin 39): Ground. This pin is ground and
must be soldered tothe PCB ground plane. For prototyping
purposes, this pin may remain floating.

FUNCTIONAL BLOCK DIAGRAM
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CONVERTER OPERATION

Converter Operation Cycle

The LTC2499 is a multichannel, low power, delta-sigma
analog-to-digital converter with a 2-wire, 12C interface. Its
operation is made up of four states (see Figure 1). The
converter operating cycle begins with the conversion,
followed by the sleep state and ends with the data input/
output cycle .

Initially, at power-up, the LTC2499 performs a conversion.
Once the conversion is complete, the device enters the
sleep state. While in the sleep state, power consumption
is reduced by two orders of magnitude. The part remains
in the sleep state as long it is not addressed for a read/
write operation. The conversion result is held indefinitely
in a static shift register while the part is in the sleep state.

The device will not acknowledge an external request dur-
ing the conversion state. After a conversion is finished,
the device is ready to accept a read/write request. Once
the LTC2499 is addressed for a read operation, the device
begins outputting the conversion result under the control
of the serial clock (SCL). There is no latency in the conver-
sion result. The data output is 32 bits long and contains a
24-bit plus sign conversion result. Data is updated on the
falling edges of SCL allowing the user to reliably latch data
on the rising edge of SCL. A new conversion is initiated by
a STOP condition following a valid write operation or an
incomplete read operation. The conversion automatically
begins at the conclusion of a complete read cycle (all 32
bits read out of the device).

Ease of Use

The LTC2499 data output has no latency, filter settling
delay, or redundant data associated with the conversion
cycle. There is a one-to-one correspondence between the
conversion and the output data. Therefore, multiplexing
multiple analog inputs is straightforward. Each conversion,
immediately following a newly selected input or mode, is
valid and accurate to the full specifications of the device.

The LTC2499 automatically performs offset and full-scale
calibration every conversion cycle independent of the input
channel selected. This calibrationistransparenttothe user
and has no effect on the operation cycle described above.

POWER-ON RESET
DEFAULT CONFIGURATION:
IN* = CHO, IN~ = CH1
50Hz/60Hz REJECTION
1x OUTPUT

'

CONVERSION

|

SLEEP

v

v

YES

DATA OUTPUT/INPUT

STOP
OR READ
32 BITS

2499 FO1

Figure 1. State Transition Table

Theadvantage of continuous calibrationis extreme stability
of offset and full-scale readings with respect to time, sup-
ply voltage variation, input channel and temperature drift.

Easy Drive Input Current Cancellation

The LTC2499 combines a high precision, delta-sigma ADC
with an automatic, differential, input current cancellation
frontend. Aproprietary front-end passive sampling network
transparently removes the differential input current. This
enables external RC networks and high impedance sen-
sors to directly interface to the LTC2499 without external
amplifiers. The remaining common mode input current
is eliminated by either balancing the differential input im-
pedances or setting the common mode input equal to the
common mode reference (see the Automatic Differential
Input Current Cancellation section). This unique architec-
ture does not require on-chip buffers, thereby enabling
signals to swing beyond ground and V¢g. Moreover, the
cancellation does not interfere with the transparent offset

2499fe
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and full-scale auto-calibration and the absolute accuracy
(full scale + offset + linearity + drift) is maintained even
with external RC networks.

Power-Up Sequence

The LTC2499 automatically enters an internal reset state
when the power supply voltage V¢ drops below approxi-
mately 2.0V. This feature guarantees the integrity of the
conversion result and input channel selection.

When Vg risesabove this threshold, the converter creates
an internal power-on reset (POR) signal with a duration
of approximately 4ms. The POR signal clears all internal
registers. The conversion immediately following a POR
cycle is performed on the input channel IN* = CHO, IN~ =
CH1 with simultaneous 50Hz/60Hz rejectionand 1x output
rate. The first conversion following a POR cycle isaccurate
within the specification of the device if the power supply
voltage is restored to (2.7V to 5.5V) before the end of the
POR interval. A new input channel, rejection mode, speed
mode, or temperature selection can be programmed into
the device during this first data input/output cycle.

Reference Voltage Range

Thisconverteracceptsatruly differential external reference
voltage. The absolute/common mode voltage range for
REF* and REF~ pins covers the entire operating range of
the device (GND to V). For correct converter operation,
VRer must be positive (REF* > REF™).

The LTG2499 differential reference input range is 0.1V to
Ve Forthe simplest operation, REF* can be shortedto Vg
and REF~canbe shortedto GND. The converter output noise
is determined by the thermal noise of the front-end circuits
and, as such, its value in nanovolts is nearly constant with
reference voltage. A decrease in reference voltage will not
significantly improve the converter's effective resolution.
Onthe other hand, a decreased reference will improve the
converter’s overall INL performance.

Input Voltage Range

The LTC2499 input measurement range is —0.5 * Vpgr
to +0.5 ¢ Vger in both differential and single-ended
configurations as shown in Figure 38. Highest linearity
is achieved with fully differential drive and a constant
common-mode voltage (Figure 38b). Other drive schemes
may incuran INL error of approximately 50ppm. This error
can be calibrated out using a three point calibration and a
second-order curve fit.

The analog inputs are truly differential with an absolute,
common mode range for the CHO-CH15 and COM input
pins extending from GND — 0.3V to Vg + 0.3V. Qutside
these limits, the ESD protection devices begin to turn on
and the errors due to input leakage current increase rap-
idly. Within these limits, the LTC2499 converts the bipolar
differential input signal Vi = IN* —IN~ (where IN*and IN~
are the selected input channels), from —=FS =—-0.5 ¢ VRgr
to + FS=0.5VRgr where Vper = REF* - REF™. Outside this
range, the converter indicates the overrange or the under-
range condition using distinct output codes (see Table 1).

Signals applied to the input (CHO-CH15, COM) may extend
300mV below ground and above Vgc. In order to limit
any fault current, resistors of up to 5k may be added in
series with the input. The effect of series resistance on
the converter accuracy can be evaluated from the curves
presentedinthe Input Current/Reference Current sections.
In addition, series resistors will introduce a temperature
dependent error due to input leakage current. A 1nA
input leakage current will develop a 1ppm offset error
on a ok resistor if Vggr = 5V This error has a very strong
temperature dependency.

MUXOUT/ADCIN

The outputs of the multiplexer (MUXOUTP/MUXOUTN) and
the inputs to the ADC (ADCINP/ADCINN) can be used to
perform input signal conditioning on any of the selected
input channels or simply shorted together for direct
digitization. If an external amplifier is used, the LTC2499

2499fe

LY AR

For more information www.linear.com/LTC2499

13


http://www.linear.com/LTC2499

LTC2499

APPLICATIONS INFORMATION

automatically calibrates both the offset and drift of this
circuit and the Easy Drive sampling scheme enables a
wide variety of amplifiers to be used.

In order to achieve optimum performance, if an external
amplifier is not used, short these pins directly together
(ADCINP to MUXOUTP and ADCINN to MUXOUTN) and
minimize their capacitance to ground.

I2C INTERFACE

The LTC2499 communicates through an 12C interface. The
12C interface is a 2-wire open-drain interface supporting
multiple devices and multiple masters onasingle bus. The
connected devices can only pull the data line (SDA) LOW
and can never drive it HIGH. SDA is required to be exter-
nally connected to the supply through a pull-up resistor.
When the data line is not being driven, it is HIGH. Data on
the I12C bus can be transferred at rates up to 100kbits/s in
the standard mode and up to 400kbits/s in the fast mode.
The Vgg power should not be removed from the device
when the I12C bus is active to avoid loading the I2C bus
lines through the internal ESD protection diodes.

Each device on the 12C bus is recognized by a unique
address stored in that device and can operate either as a
transmitter or receiver, depending on the function of the
device. In addition to transmitters and receivers, devices
canalso be considered as masters or slaves when perform-
ing data transfers. A master is the device which initiates a
data transfer on the bus and generates the clock signals
to permit that transfer. Devices addressed by the master
are considered a slave.

AT
< —>

l—  —>

tHD(SDA) -
tHD(DAT) tHiGH

»tSU(D ) <t - ‘E%E

- tsusTa) > 1 b

The LTC2499 can only be addressed as a slave. Once
addressed, it can receive configuration bits (channel
selection, rejection mode, speed mode) or transmit the
last conversion result. The serial clock line, SCL, is always
an input to the LTGC2499 and the serial data line SDA is
bidirectional. The device supports the standard mode and
the fast mode for data transfer speeds up to 400kbits/s.
Figure 2 shows the definition of the I2C timing.

The START and STOP Conditions

A START (S) condition is generated by transitioning SDA
from HIGH to LOW while SCL is HIGH. The bus is consid-
ered to be busy after the START condition. When the data
transfer is finished, a STOP (P) condition is generated by
transitioning SDA from LOW to HIGH while SCL is HIGH.
Thebusisfree afteraSTOPis generated. START and STOP
conditions are always generated by the master.

When the bus is in use, it stays busy if a repeated START
(Sr)is generated instead ofa STOP condition. The repeated
START timing is functionally identical to the START and is
used for writing and reading from the device before the
initiation of a new conversion.

Data Transferring

After the START condition, the 12C bus is busy and data
transfer can begin between the master and the addressed
slave. Data is transferred over the bus in groups of nine
bits, one byte followed by one acknowledge (ACK) bit. The
master releases the SDA line during the ninth SCL clock
cycle. The slave device can issue an ACK by pulling SDA

[\

—>| | < tHD(SDA) *‘ ‘“tSP trT:’

tsysto) > 1 :

2499 F02

Figure 2. Definition of Timing for Fast/Standard Mode Devices on the I2C Bus
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LOW or issue a Not Acknowledge (NACK) by leaving the
SDA line highimpedance (the external pull-up resistor will
hold the line HIGH). Change of data only occurs while the
clock line (SCL) is LOW.

DATA FORMAT

After a START condition, the master sends a 7-bit address
followed by a read/write (R/W) bit. The R/W bit is 1 for a
read request and 0 for a write request. If the 7-bit address
matches the hard wired LTC2499’s address (one of 27
pin-selectable addresses) the device is selected. When
the device is addressed during the conversion state, it will
not acknowledge R/W requests and will issue a NACK by
leaving the SDA line HIGH. If the conversion is complete,
the LTC2499 issues an ACK by pulling the SDA line LOW.

The LTC2499 has two registers. The output register (32
bits long) contains the last conversion result. The input
register (16 bits long) sets the input channel, selects the
temperature sensor, rejection mode, and speed mode.

DATA OUTPUT FORMAT

The output register contains the last conversion result.
After each conversion is completed, the device automati-

Table 1. Output Data Format

cally enters the sleep state where the supply current is
reduced to 1pA. When the LTG2499 is addressed foraread
operation, itacknowledges (by pulling SDA LOW) and acts
as a transmitter. The master/receiver can read up to four
bytes from the LTC2499. After a complete read operation
(4 bytes), a new conversion is initiated. The device will
NACK subsequent read operations while a conversion is
being performed.

The data output stream is 32 bits long and is shifted out
on the falling edges of SCL (see Figure 3a). The first bit is
the conversion result sign bit (SIG) (see Tables 1 and 2).
This bit is HIGH if Vjy > 0 and LOW if Vi < 0 (where Vi
corresponds to the selected input signal IN* — IN7). The
second bit is the most significant bit (MSB) of the result.
The first two bits (SIG and MSB) can be used to indicate
over and under range conditions (see Table 2). If both bits
are HIGH, the differential input voltage is equal to or above
+FS. If both bitsare set LOW, the input voltage is below—FS.
The function of these bits is summarized in Table 2. The
24 bits following the MSB bit are the conversion result in
binary two’s, complement format. The remaining six bits
are sub LSBs below the 24-bit level.

DIFFERENTIAL INPUT VOLTAGE BIT31 | BIT30 | BIT29 | BIT28 | BIT27 BIT6 BITs 5-0
ViN* SIG MSB LSB Sub LSBs
Vin* 2 FS** 1 1 0 0 0 0 00000
FS** - 1LSB 1 0 1 1 1 1 XXXXX
0.5F5** 1 0 1 0 0 0 XXXXX
0.5¢FS** - 1LSB 1 0 0 1 1 1 XXXXX
0 1/0f 0 0 0 0 0 XXXXX
-1LSB 0 1 1 1 1 1 XXXXX
-0.5FS** 0 1 1 0 0 0 XXXXX
-0.5FS** - 1LSB 0 1 0 1 1 1 XXXXX
—FS** 0 1 0 0 0 0 XXXXX
ViN* <-FS** 0 0 1 1 1 X XXXXX***

*The differential input voltage Viy = IN* = IN™.

**The full-scale voltage FS = 0.5 * Vgee. Sub LSBs are below the 24-bit level. They may be included in averaging, or discarded without loss of resolution.
tThe sign bit changes state during the 0 output code when the device is operating in the 2x speed mode.

***The underrange code is Ox3FFFFxxx in 2x mode.
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As long as the voltage on the selected input channels (IN*  INPUT DATA FORMAT
and IN") remains between —0.3V and Vg +0.3V (absolute 0 caria) input word to the LTC2499 is 13 bits long and

maximum opgrating .rar.\ge) a conversion result is gener- is written into the device input register in two 8-bit words.
ated for any differential input voltage Vi from —FS =—0.5 0 et \yord (SGL, ODD, A2, A1, AQ) is used to select
* VRer 10 +FS = 0.5 » Viggr. For differential input voltages o0yt channel. The second word of data (IM, FA, FB,

greater than +FS, the conversion resultis clamped to the  gppyyic 1sad to select the frequency rejection, speed mode
value corresponding to +FS. For differential input volt- (1x, 2x), and temperature measurement

ages below —FS, the conversion result is clamped to the

value —=FS - 1LSB. After power-up, the device initiates an internal reset cycle
_ which sets the input channel to CHO-CH1 (IN*=CHO, IN"=
Table 2. LTG2499 Status Bits CH1), the frequency rejection to simultaneous 50Hz/60Hz,
INPUT RANGE B ke and 1x output rate (auto-calibration enabled). The first
Vi = FS ] ] conversion automatically begins at power-up using this
default configuration. Once the conversion is complete,
0V<Vin<FS 1/0 0 . . .
S <V <OV 0 1 up to two words may be written into the device.
Vi <-FS 0 0 The first three bits of the first input word consist of two

preamble bits and one enable bit. Valid settings for these
three bits are 000, 100, and 101. Other combinations
should be avoided.

5 8 N Y W A
N\ [E N\ e EO0000

----- ACK BY ACK BY < SUBLSBs ————— » NACKBY
START BY LTC2499 MASTER MASTER
MASTER ,
SLEEP : DATA OUTPUT
' 2499 F03a
Figure 3a. Timing Diagram for Reading from the LTC2499
SCL T 1 2 .. 7 8 9 1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9
SDA 1 ! N
7-BIT ADDRESS \W : 1 0 EN | SGL |ODD| A2 | A1 | A0 EN2 | IM | FA | FB | SPD
ool ACK BY ACK (OPTIONAL 2ND BYTE) ACK
START BY LTC2499 LTC2499 LTC2499
MASTER

SLEEP : DATA INPUT

2499 FO3b

Figure 3b. Timing Diagram for Writing to the LTG2499
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If the first three bits are 000 or 100, the following data  The first input bit (SGL) following the 101 sequence de-
is ignored (don’t care) and the previously selected input  termines if the input selection is differential (SGL = 0) or
channel remains valid for the next conversion single-ended (SGL = 1). For SGL = 0, two adjacent chan-
If the first three bits shifted into the device are 101, then nels can be selected to form a differential input. For SGL

the next five bits select the input channel for the next ?h1e’ r?:ea?iI/; ?nCE??Snglosl\i/legifﬁzﬁ a}zéhnedggsoitigﬁai[?g#;
conversion cycle (see Table 3). Y P g P '

Table 3. Channel Selection

MUX ADDRESS CHANNEL SELECTION
0DD/
SGL |[SIGN| A2 A1 A0 0 1 2 3 4 5 6 7 8 9 10 | 11 | 12 | 13 | 14 | 15 |COM
*0 0 0 0 0 IN* | IN™
0 0 0 0 1 IN* | IN™
0 0 0 1 0 IN* | IN™
0 0 0 1 1 IN* | IN™
0 0 1 0 0 IN* | IN™
0 0 1 0 1 IN* | IN™
0 0 1 1 0 IN* | IN™
0 0 1 1 1 IN* | IN™
0 1 0 0 0 IN™ | IN*
0 1 0 0 1 IN™ | IN*
0 1 0 1 0 IN™ | IN*
0 1 0 1 1 IN™ | IN*
0 1 1 0 0 IN™ | IN*
0 1 1 0 1 IN™ | IN*
0 1 1 1 0 IN™ | IN*
0 1 1 1 1 IN | IN*
1 0 0 0 0 IN* IN~
1 0 0 0 1 IN* IN™
1 0 0 1 0 IN* IN™
1 0 0 1 1 IN* IN~
1 0 1 0 0 IN* IN~
1 0 1 0 1 IN* IN™
1 0 1 1 0 IN* IN™
1 0 1 1 1 IN* IN~
1 1 0 0 0 IN* IN™
1 1 0 0 1 IN* IN™
1 1 0 1 0 IN* IN~
1 1 0 1 1 IN* IN~
1 1 1 0 0 IN* IN™
1 1 1 0 1 IN* IN™
1 1 1 1 0 IN* IN~
1 1 1 1 1 IN* | IN™
*Default at power-up
2499fe
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The remaining four bits (ODD, A2, A1, AQ) determine
which channel(s) is/are selected and the polarity (for a
differential input).

Once the first word is written into the device, a second
word may be inputin orderto select a configuration mode.
The first bit of the second word is the enable bit for the
conversion configuration (EN2). If this bit is set to 0, then
the next conversion is performed using the previously
selected converter configuration.

A new configuration can be loaded into the device by
setting EN2 = 1 (see Table 4). The first bit (IM) is used
to select the internal temperature sensor. If IM = 1, the
following conversion will be performed on the internal
temperature sensor rather than the selected input channel.
The next two bits (FA and FB) are used to set the rejection
frequency. The final bit (SPD) is used to select either the

Table 4. Converter Configuration

1x output rate if SPD = 0 (auto-calibration is enabled and
the offset is continuously calibrated and removed from
the final conversion result) or the 2x output rate if SPD
=1 (offset calibration disabled, multiplexing output rates
up to 15Hz with no latency). When IM = 1 (temperature
measurement) SPD will be ignored and the device will
operate in 1x mode.

The configuration remains valid until a new input word
with EN =1 (the first three bits are 101 for the first word)
and EN2 = 1 (for the second write byte) is shifted into
the device.

Rejection Mode (FA, FB)

The LTC2499 includes a high accuracy on-chip oscillator
with no required external components. Coupled with an
integrated fourth order digital lowpass filter, the LTC2499

1 0 EN SGL | ODD | A2 Al A0 EN2 IM FA FB SPD | CONVERTER CONFIGURATION
1 0 0 X X X X X X X X X X Keep Previous
1 0 1 X X X X X 0 X X X X Keep Previous
0 0 1 X X X X X X X X X X Keep Previous
1 0 1 X X X X X 1 0 0 0 0 External Input (See Table 3)
50Hz/60Hz Rejection, 1x
1 0 1 X X X X X 1 0 0 1 0 External Input (See Table 3)
50Hz Rejection, 1x
1 0 1 X X X X X 1 0 1 0 0 External Input (See Table 3)
60Hz Rejection, 1x
1 0 1 X X X X X 1 0 0 0 1 External Input (See Table 3)
50Hz/60Hz Rejection, 2x
1 0 1 X X X X X 1 0 0 1 1 External Input (See Table 3)
50Hz Rejection, 2x
1 0 1 X X X X X 1 0 1 0 1 External Input (See Table 3)
60Hz Rejection, 2x
1 0 1 X X X X X 1 1 0 0 X Measure Temperature
50Hz/60Hz Rejection, 1x
1 0 1 X X X X X 1 1 0 1 X Measure Temperature
50Hz Rejection, 1x
1 0 1 X X X X X 1 1 1 0 X Measure Temperature
60Hz Rejection, 1x
1 0 1 X X X X X 1 X 1 1 X Reserved, Do Not Use
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rejects line frequency noise. In the default mode, the
LTC2499 simultaneously rejects 50Hz and 60Hz by at least
87dB. If more rejection is required, the LTC2499 can be
configured to reject 50Hz or 60Hz to better than 110dB.

Speed Mode (SPD)

Every conversion cycle, two conversions are combined
to remove the offset (default mode). This result is free
from offset and drift. In applications where the offset is
not critical, the auto-calibration feature can be disabled
with the benefit of twice the output rate.

While operating in the 2x mode (SPD = 1), the linearity
and full-scale errors are unchanged from the 1x mode
performance. In both the 1x and 2x mode there is no
latency. This enables input steps or multiplexer changes
to settle in a single conversion cycle, easing system over-
head and increasing the effective conversion rate. During
temperature measurements, the 1x mode is always used
independent of the value of SPD.

Temperature Sensor

The LTC2499 includes an integrated temperature sensor.
The temperature sensor is selected by setting IM =1.
During temperature readings, MUXOUTN/MUXOUTP
remains connected to the selected input channel. The
ADC internally connects to the temperature sensor and
performs a conversion.

140000
Vg =5V
VRer = 5V A

120000 | 5|'OPE = 314 LSBya/K /
100000

80000 //
60000 A
40000 //
20000 /

0

DATAOUTy4

0 100 200 300 400
TEMPERATURE (K)

2499 Fo4

Figure 4. Internal PTAT Digital Output vs Temperature

The digital output is proportional to the absolute tem-
perature of the device. This feature allows the converter
to perform cold junction compensation for external
thermocouples or continuously remove the temperature
effects of external sensors.

The internal temperature sensor output is 28mV at 27°C
(300°K), with a slope of 93.5pV/°C independent of Vrgr
(see Figures 4 and 5). Slope calibration is not required if
the reference voltage (Vger) is known. A 5V reference has
a slope of 314 LSBs»4/°C. The temperature is calculated
from the output code (where DATAOUTy4 is the decimal
representation ofthe 24-bitresult) fora5V reference using
the following formula:

Tk =% inKelvin

If a different value of VRgr is used, the temperature

output is:

_ DATAQOUT,,
1570

If the value of Vpgr is not known, the slope is determined
by measuring the temperature sensorataknown tempera-
ture Ty (in K) and using the following formula:

o\ . .
REF in Kelvin

Tk

SLOPE— DATAOUT,,
TN
5
4
3
€ als
E ! P o
tl R e
8
-3
-4
5

“l55 30 5 20 45 70
TEMPERATURE (°C)

95 120

2499 FO5

Figure 5. Absolute Temperature Error
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This value of slope can be used to calculate further tem-
perature readings using:

_ DATAOUT,,
K= SLOPE

All Kelvin temperature readings can be converted to Tg
(°C) using the fundamental equation:

To=Ty-273

Initiating a New Conversion

When the LTC2499 finishes a conversion, it automatically
enters the sleep state. Once in the sleep state, the device is
ready for a read operation. After the device acknowledges
a read request, the device exits the sleep state and enters
the data output state. The data output state concludes
and the LTC2499 starts a new conversion once a STOP
condition is issued by the master or all 32 bits of data are
read out of the device.

Duringthe dataread cycle,a STOP command may beissued
by the master controller in order to start a new conversion
and abort the data transfer. This STOP command must be
issued during the ninth clock cycle of a byte read when
the bus is free (the ACK/NACK cycle).

LTC2499 Address

The LTC2499 has three address pins (CAO, CA1, CA2).
Each may be tied HIGH, LOW, or left floating enabling one
of 27 possible addresses (see Table 5).

In addition to the configurable addresses listed in Table 5,
the LTC2499 also contains a global address (1110111)
which may be used for synchronizing multiple LTC2499s or
other LTC24XX delta-sigma 12C devices (see Synchronizing
Multiple LTC2499s with a Global Address Call section).

Operation Sequence

The LTC2499 acts as a transmitter or receiver, as shown
in Figure 6. The device may be programmed to perform
several functions. These include input channel selection,
measure the internal temperature, selecting the line fre-
quency rejection (50Hz, 60Hz, or simultaneous 50Hz and
60Hz), and a 2x speed mode.

Table 5. Address Assignment

CA2 CA1 CAD ADDRESS
LOW LOW LOW 0010100
LOW LOW HIGH 0010110
LOW LOW Float 0010101
LOW HIGH LOW 0100110
LOW HIGH HIGH 0110100
LOwW HIGH Float 0100111
LOW Float LOW 0010111
LOW Float HIGH 0100101
LOW Float Float 0100100
HIGH LOW LOwW 1010110
HIGH LOw HIGH 1100100
HIGH LOW Float 1010111
HIGH HIGH LOW 1110100
HIGH HIGH HIGH 1110110
HIGH HIGH Float 1110101
HIGH Float LOW 1100101
HIGH Float HIGH 1100111
HIGH Float Float 1100110
Float Low LOW 0110101
Float LOW HIGH 0110111
Float Low Float 0110110
Float HIGH LOW 1000111
Float HIGH HIGH 1010101
Float HIGH Float 1010100
Float Float LOW 1000100
Float Float HIGH 1000110
Float Float Float 1000101

Continuous Read

Inapplications where the input channel/configuration does
not need to change for each cycle, the conversion can be
continuously performed and read without a write cycle
(see Figure 7). The configuration/input channel remains
unchanged from the last value written into the device. If
the device has not been written to since power-up, the
configuration is set to the default value. At the end of a
read operation, a new conversion automatically begins.
At the conclusion of the conversion cycle, the next result
may be read using the method described above. If the
conversion cycle is not concluded and a valid address
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S 7-BIT ADDRESS RW | ACK DATA S DATA TRANSFERRING

=

—> CONVERSION SLEEP > <

Figure 6. Conversion Sequence

DATA INPUT/OUTPUT —><— CONVERSION —

2499 F05

S| 7-BITADDRESS | R |ACK| READ P s | 7-BITADDRESS | R |ACK| READ P
e >« > CONVERSION — >l >« >ic —
CONVERSION ' SLEEP ' DATAOUTPUT ' ! SLEEP ' DATAOUTPUT ‘CONVERSION
Figure 7. Consecutive Reading with the Same Input/Configuration
S| 7-BITADDRESS | W |ACK| WRITE sr | 7-BITADDRESS | R |ACK| READ P
CONVERSION ' SLEEP ' DATAINPUT ' ADDRESS " DATAOUTPUT * CONVERSION
Figure 8. Write, Read, START Conversion
S| 7-BITADDRESS | W |ACK| WRITE (OPTIONAL) P
CONVERSION  : SLEEP ' DATA INPUT " CONVERSION

Figure 9. Start a New Conversion Without Reading 0ld Conversion Result

2400 Fna

2499fe

L’ TECHNOLOGY For more information www.linear.com/LTC2499

21


http://www.linear.com/LTC2499

LTC2499

APPLICATIONS INFORMATION

selects the device, the LTC2499 generates a NACK signal
indicating the conversion cycle is in progress.

Continuous Read/Write

Once the conversion cycle is concluded, the LTC2499
can be written to and then read from using the repeated
START (Sr) command.

Figure 8 shows a cycle which begins with a data write, a
repeated START, followed by a read and concluded with a
STOP command. The following conversion begins after
all 32 bits are read out of the device or after a STOP com-
mand. The following conversion will be performed using the
newly programmed data. In cases where the same speed
(1x/2x mode) and rejection frequency (50Hz, 60Hz, 50Hz
and 60Hz) is used but the channel is changed, a STOP or
repeated START may be issued after the first byte (channel
selection data) is written into the device.

Discarding a Conversion Result and Initiating a New
Conversion with Optional Write

At the conclusion of a conversion cycle, a write cycle
can be initiated. Once the write cycle is acknowledged, a
STOP command will starta new conversion. If anew input

SCL

channel or conversion configuration is required, this data
can be written into the device and a STOP command will
initiate the next conversion (see Figure 9).

Synchronizing Multiple LTC2499s with a Global
Address Call

In applications where several LTC2499s (or other I2C
delta-sigma ADCs from Linear Technology Corporation)
are used on the same 12C bus, all converters can be syn-
chronized through the use of a global address call. Prior
toissuing the global address call, all converters must have
completed a conversion cycle. The master then issues a
START, followed by the global address 1110111, and a write
request. All converters will be selected and acknowledge
the request. The master then sends a write byte (optional)
followed by the STOP command. This will update the chan-
nel selection (optional) converter configuration (optional)
and simultaneously initiate a START of conversion for all
delta-sigma ADCs on the bus (see Figure 10). In order
to synchronize multiple converters without changing the
channel or configuration, a STOP may be issued after
acknowledgement of the global write command. Global
read commands are not allowed and the converters will
NACK a global read request.

SDA

| L1C2499 | | 1702499 |

LTC2499

S GLOBAL ADDRESS W [ACK

WRITE (OPTIONAL) P

ALL LTC2499s IN SLEEP —>

DATA INPUT

<— CONVERSION OF ALL LTC2499s

2499 F10

Figure 10. Synchronize Multiple LTC2499s with a Global Address Call
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Driving the Input and Reference

Theinputand reference pins of the LTC2499 are connected
directly to a switched capacitor network. Depending on
the relationship between the differential input voltage and
the differential reference voltage, these capacitors are
switched between these four pins. Each time a capacitor
is switched between two of these pins, a small amount
of charge is transferred. A simplified equivalent circuit is
shown in Figure 11.

When using the LTC2499’s internal oscillator, the input
capacitor array is switched at 123kHz. The effect of the
charge transfer depends on the circuitry driving the input/
reference pins. If the total external RC time constant s less
than 580ns the errors introduced by the sampling process
are negligible since complete settling occurs.

Typically, the reference inputs are driven from a low
impedance source. In this case, complete settling occurs
even with large external bypass capacitors. The inputs
(CHO-CH15, COM), on the other hand, are typically driven
from larger source resistances. Source resistances up
to 10k may interface directly to the LTC2499 and settle
completely; however, the addition of external capacitors
at the input terminals in order to filter unwanted noise
(anti-aliasing) results in incomplete settling.

The LTC2499 offers two methods of removing these
errors. The first is an automatic differential input current

INPUT INTERNAL
MULTIPLEXER EXTERNAL SWITCH

It CONNECTION NETWORK

10kQ

7~ N
IN* —1\3\0/%——| muxoure | | ADcine |——‘VW—®

cancellation (Easy Drive) and the second is the insertion
of an external buffer between the MUXOUT and ADCIN
pins, thus isolating the input switching from the source
resistance.

Automatic Differential Input Current Cancellation

In applications where the sensor output impedance is
low (up to 10k with no external bypass capacitor or up
to 500Q with 0.001pF bypass), complete settling of the
input occurs. In this case, no errors are introduced and
direct digitization is possible.

For many applications, the sensor output impedance
combined with external input bypass capacitors produces
RC time constants much greater than the 580ns required
for 1ppm accuracy. For example, a 10k bridge driving a
0.1pF capacitor has a time constantan order of magnitude
greater than the required maximum.

The LTC2499 uses a proprietary switching algorithm
that forces the average differential input current to zero
independent of external settling errors. This allows direct
digitization of high impedance sensors without the need
for buffers.

The switching algorithm forces the average input current
on the positive input (I;y*) to be equal to the average input
current on the negative input (I;y7). Over the complete
conversion cycle, the average differential input current

'y

V] -V
I(IN*) - (IN‘) _ Vingom) — VRer(om)
AVG AVG 0.5¢Req
I(REF*) - 1.5VRer +(VREF(CM) _VIN(CNI)) Viy?
aG 0.5¢Rgq Veer *Rea

where:
Vrer =REF* —REF~

N —J\B\O/(C——| moxourn | [ Apcinw |——‘1\3\k/%—®
<~

R EXTERNAL
IREF CONNECTION

REF* —REF~
VReriom) = 7

Viy =IN* —=IN",WHERE IN* ANDIN~ ARE THE SELECTED INPUT CHANNELS

10kQ
REF* wv—@

e [5]h

= INt =IN~
VIN(CM)=[ 7 ]

Rgq =2.71MQINTERNAL OSCILLATOR 60Hz MODE
Req =2.98 MQ INTERNAL OSCILLATOR 50Hz/60Hz MODE

Req =(0.833-1o‘2)/fEOSC EXTERNAL OSCILLATOR

2499 F11

10kQ
REF™ ‘VW—®

SWITCHING FREQUENCY
fow = 123kHz INTERNAL OSCILLATOR
fow = 0.4 » feggc EXTERNAL OSCILLATOR

Figure 11. Equivalent Analog Input Circuit
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(Ivt = i) is zero. While the differential input current is
zero, the common mode input current (y* + ljy7)/2 is
proportional to the difference between the common mode
input voltage (Vin(cm)) and the common mode reference

voltage (VRer(cm))-

In applications where the input common mode voltage is
equal to the reference common mode voltage, as in the
case of a balanced bridge, both the differential and com-
mon mode input current are zero. The accuracy of the
converter is not compromised by settling errors.

In applications where the input common mode voltage is
constant but different from the reference common mode
voltage, the differential input current remains zero while
the common mode input current is proportional to the
difference between Viycmy and Vrer(cw). For a reference
common mode voltage of2.5V and aninput common mode
of 1.5V, the common mode input current is approximately
0.74pA (insimultaneous 50Hz/60Hz rejection mode). This
commonmodeinputcurrentdoes notdegrade theaccuracy
if the source impedances tied to IN* and IN~ are matched.
Mismatches in source impedance lead to a fixed offset
error but do not effect the linearity or full-scale reading.
A 1% mismatch in a 1k source resistance leads to a 74pV
shift in offset voltage.

ANALOG
INPUTS

LTC2499

AT ADC

17 | Jinput
| Mux |-

T

INPUTS

MUXOUTP

=
=

s}

o

=

=)

=

[2_

1/2 LTC6078

2499 F12

Figure 12. External Buffers Provide High Impedance Inputs
and Amplifier Offsets are Automatically Cancelled

In applications where the common mode input voltage
varies as a function of the input signal level (single-ended
type sensors), the common mode input current varies
proportionally with input voltage. For the case of balanced
inputimpedances, the common modeinput current effects
are rejected by the large CMRR of the LTC2499, leading
to little degradation in accuracy. Mismatches in source
impedances lead to gain errors proportional to the dif-
ference between the common mode input and common
mode reference. 1% mismatchesin 1k source resistances
lead to gain errors on the order of 15ppm. Based on the
stability of the internal sampling capacitors and the ac-
curacy of the internal oscillator, a one-time calibration will
remove this error.

In addition to the input sampling current, the input ESD
protection diodes have a temperature dependent leakage
current. This current, nominally 1nA (+10nA max), results
in a small offset shift. A 1k source resistance will create a
1uV typical and a 10pV maximum offset voltage.

Automatic Offset Calibration of External Buffers/
Amplifiers

In addition to the Easy Drive input current cancellation,
the LTC2499 allows an external amplifier to be inserted
between the multiplexer output and the ADC input (see
Figure 12). This is useful in applications where balanced
source impedances are not possible. One pair of external
buffers/amplifiers can be shared between all 17 analog
inputs. The LTG2499 performs aninternal offset calibration
every conversion cycle in order to remove the offset and
drift of the ADC. This calibration is performed through a
combination of front end switching and digital process-
ing. Since the external amplifier is placed between the
multiplexer and the ADC, it is inside this correction loop.
This results in automatic offset correction and offset drift
removal of the external amplifier.

The LTC6078 is an excellent amplifier for this function.
It operates with supply voltages as low as 2.7V and its
noise level is 18nV/y/Hz. The Easy Drive input technology
ofthe LTC2499 enables an RC network to be added directly
to the output of the LTC6078. The capacitor reduces the
magnitude of the current spikes seen at the input to the
ADC and the resistor isolates the capacitor load from the

2499fe
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op amp output enabling stable operation. The LTC6078
can also be biased at supply rails beyond those used by
the LTC2499. This allows the external sensor to swing rail-
to-rail (-0.3V to V¢ + 0.3V) without the need of external
level-shift circuitry.

Reference Current

Similar to the analog inputs, the LTC2499 samples the
differential reference pins (REF* and REF™) transferring
small amounts of charge to and from these pins, thus
producing a dynamic reference current. If incomplete set-
tling occurs (as a function the reference source resistance
and reference bypass capacitance) linearity and gain errors
are introduced.

90

Vee = 5V
80 | Vpep =5V
Vin©=3.75V
0T v =1.25v
e
S
o CRrer =0.01pF
2 40 [ Crer = 0.001pF—{
G 5 CrgF = 100pF3—|
@ CREF=ODF, ]
* 20 I I'
10 }'
0

-10
0 10 100 1k 10k 100k

Rsource ()

2499 F13

Figure 13. +FS Error vs Rgoyrce at Vrer (Small Crep)
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Figure 15. +FS Error vs Rggurce at Vger (Large Crep)

For relatively small values of external reference capacitance
(Crep< 1nF), the voltage on the sampling capacitor settles
for reference impedances of many kQ (if Crgr = 100pF up
to 10k will not degrade the performance (see Figures 13
and 14)).

In cases where large bypass capacitors are required on
the reference inputs (Crgr > .01pF), full-scale and linear-
ity errors are proportional to the value of the reference
resistance. Every ohm of reference resistance produces
a full-scale error of approximately 0.5ppm (while operat-
ing in simultaneous 50Hz/60Hz mode (see Figures 15
and 16)). If the input common mode voltage is equal to
the reference common mode voltage, a linearity error of

0 \
-10 — Cpgr=0.01pF \

00— CRrer = 0.001pF

CRreF = 100pF

30 — CRer = OpF=

A

;

—FS ERROR (ppm)
5

Veg =5V
-60 VREf = 5V
ViN* = 1.25V
=70 [y =375V
-80 | fo=GND
Ta=25°C

0 10 100 1k 10k 100k
RsouRrce ()

2499 F14

Figure 14. -FS Error vs Rggurce at Vrer (Small Crer)
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Figure 16. —FS Error vs Rsoyrce at Vrer (Large Crer)
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approximately 0.67ppm per 100Q2 of reference resistance
results (see Figure 17). In applications where the input
and reference common mode voltages are different, the
errorsincrease. A1V difference in between common mode
input and common mode reference results in a 6.7ppm
INL error for every 100Q of reference resistance.

10

Vo =5V
8 [ VRer =5V 1
6 Vinicm) = 2.5V R =1k
Ta=25°C —
- 4 CRer = 10pF WM \
= S e
5 B = 5909
) Py R=100Q| |
-
= < A w‘wﬂ i
MRS
-8

-0.5 -0.3 -0.1 0.1 0.3 0.5
ViNnVREF

2499 F17

Figure 17. INL vs Differential Input Voltage and
Reference Source Resistance for Cpgr > 1yF
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Figure 18. Input Normal Mode Rejection, Internal
Oscillator and 50Hz Rejection Mode

Inadditionto the reference sampling charge, the reference
ESD protection diodes have atemperature dependent leak-
age current. This leakage current, nominally 1nA (£10nA
max) results in a small gain error. A 100Q reference
resistance will create a 0.5pV full-scale error.

Normal Mode Rejection and Anti-Aliasing

One of the advantages delta-sigma ADCs offer over
conventional ADCs is on-chip digital filtering. Combined
with a large oversample ratio, the LTC2499 significantly
simplifies anti-aliasing filter requirements. Additionally,
the input current cancellation feature allows external
lowpass filtering without degrading the DC performance
of the device.

The SINC* digital filter provides excellent normal mode
rejectionatall frequencies except DG and integer multiples
of the modulator sampling frequency (fs) (see Figures 18
and 19). The modulator sampling frequency is fg =
15,360Hz while operating with its internal oscillator and
fs = frosc/20 when operating with an external oscillator
of frequency fgosc.
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|
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Figure 19. Input Normal Mode Rejection, Internal
Oscillator and 60Hz Rejection Mode
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When using the internal oscillator, the LTC2499 is de-
signed to reject line frequencies. As shown in Figure 20,
rejection nulls occur at multiples of frequency fy, where
fy is determined by the input control bits FA and FB
(fy = 50Hz or 60Hz or 55Hz for simultaneous rejection).
Multiples of the modulator sampling rate (fg = fy ® 256)
only reject noise to 15dB (see Figure 21); if noise sources
are present at these frequencies anti-aliasing will reduce
their effects.

The user can expect to achieve this level of performance
using the internal oscillator, as shown in Figures 22, 23,
and 24. Measured values of normal mode rejection are
shown superimposed over the theoretical values in all
three rejection modes.

Traditional high order delta-sigma modulators suffer from
potential instabilities at large input signal levels. The
proprietary architecture used for the LTC2499 third-order
modulator resolves this problem and guarantees stability
with input signals 150% of full scale. In many industrial
applications, it is not uncommon to have microvolt level
signals superimposed over unwanted error sources with
several volts if peak-to-peak noise. Figures 25 and 26
show measurement results for the rejection of a 7.5V
peak-to-peak noise source (150% of full scale) applied to
the LTC2499. These curves show that the rejection perfor-
mance is maintained evenin extremely noisy environments.
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Figure 20. Input Normal Mode Rejection at DC
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Figure 21. Input Normal Mode Rejection at fg = 256 e fy
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Figure 22. Input Normal Mode Rejection vs Input Frequency with
Input Perturbation of 100% (60Hz Notch)
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Figure 23. Input Normal Mode Rejection vs Input Frequency with
Input Perturbation of 100% (50Hz Notch)
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APPLICATIONS INFORMATION

Usingthe 2X speed mode of the LTC2499 alters the rejection
characteristics around DC and multiples of fs. The device
bypassesthe offsetcalibrationinordertoincreasethe output
rate. The resulting rejection plots are shown in Figures 27
and 28. 1x type frequency rejection can be achieved us-
ing the 2x mode by performing a running average of the
previous two conversion results (see Figure 29).

Output Data Rate

When using its internal oscillator, the LTC2499 produces
upto7.5samples persecond (sps) withanotch frequency
of 60Hz. The actual output data rate depends uponthe length
of the sleep and data output cycles which are controlled
by the user and can be made insignificantly short. When
operating with an external conversion clock (fg connected
to an external oscillator), the LTC2499 output data rate
can be increased. The duration of the conversion cycle is
41036/fgpse. If fegse = 307.2kHz, the converter behaves
as if the internal oscillator is used.

Anincrease in fgggg over the nominal 307.2kHz will trans-
late into a proportional increase in the maximum output
data rate (up to a maximum of 100sps). The increase in
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Figure 27. Input Normal Mode Rejection 2x Speed Mode

output rate leads to degradation in offset, full-scale error,
and effective resolution as well as a shift in frequency
rejection. When using the integrated temperature sensor,
the internal oscillator should be used or an external oscil-
lator frogg = 307.2kHz maximum.

A change in fgggg results in a proportional change in the
internal notch position. This leads to reduced differential
mode rejection of line frequencies. The common mode
rejection of line frequencies remains unchanged, thus fully
differential input signals with a high degree of symmetry
on both the IN* and IN~ pins will continue to reject line
frequency noise.

An increase in fgggg also increases the effective dynamic
input and reference current. External RC networks will
continue to have zero differential input current, but the
time required for complete settling (580ns for feggg =
307.2kHz) is reduced, proportionally.

Once the external oscillator frequency is increased above
1MHz (amorethan 3xincrease in output rate) the effective-
ness of internal auto calibration circuits begins to degrade.
This results in larger offset errors, full-scale errors, and
decreased resolution, as seen in Figures 30-37.
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Figure 28. Input Normal Mode Rejection 2x Speed Mode
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PACKAGE DESCRIPTION

Please refer to http://www.linear.com/designtools/packaging/ for the most recent package drawings.

UHF Package
38-Lead Plastic QFN (5mm x 7mm)
(Reference LTC DWG # 05-08-1701 Rev C)
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BEVISIOI'I HISTOB'! (Revision history begins at Rev C)

REV | DATE |DESCRIPTION PAGE NUMBER
C 11/09 | Update Tables 1 and 2 16
D 7/10 | Revised Typical Application drawing. 1
Added fg pin to parameters of Vs in 12C Inputs and Digital Outputs section 4
Added text to first paragraph of 12C Interface section 15
E 11/14 | Clarified performance vs frequency, reduced External Oscillator Max frequency to 1MHz 59,30
Clarified Input Voltage Range 3,4,13, 31
Added underrange note to Table 1 15
2499fe
Information furnished by Linear Technology Corporation is believed to be accurate and reliable.
L7 Llnw I-_Iowever, nolresponsibilit‘y is as;‘.umed fprits use. LinearTechno!ogy C_orppration makgs no repres_enta- 3 3
TECHNOLOGY tion that the interconnection of its circuits as described herein will not infringe on existing patent rights.
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TYPICAL APPLICATION

External Buffers Provide High Impedance Inputs and
Amplifier Offsets Are Automatically Cancelled

LTC2499 AN
ANALOG 17 | | INPUT with | SPA [«
INPUTS "l mux HEIE EASY DRIVE | SCL |¢—
ElE INPUTS
212
==
[2 —
1]
1/2 LTC6078 -AAM\-
PART NUMBER DESCRIPTION COMMENTS
LT®1236A-5 Precision Bandgap Reference, 5V 0.05% Max Initial Accuracy, 5ppm/°C Drift
LT1460 Micropower Series Reference 0.075% Max Initial Accuracy, 10ppm/°C Max Drift
LT1790 Micropower SOT-23 Low Dropout Reference Family 0.05% Max Initial Accuracy, 10ppm/°C Max Drift
LTC2400 24-Bit, No Latency AX ADC in SO-8 0.3ppm Noise, 4ppm INL, 10ppm Total Unadjusted Error, 200pA
LTC2410 24-Bit, No Latency AX ADC with Differential Inputs 0.8uVRms Noise, 2ppm INL
LTC2411/ 24-Bit, No Latency AX ADCs with Differential Inputs in MSOP 1.451VRys Noise, 2ppm INL, Simultaneous 50Hz/60Hz
LTC2411-1 Rejection (LTC2411-1)
LTC2413 24-Bit, No Latency AT ADC with Differential Inputs Simultaneous 50Hz/60Hz Rejection, 800nVgys Noise
LTC2440 24-Bit, High Speed, Low Noise AX ADC 3.5kHz Output Rate, 200nVgyg Noise, 24.6 ENOBs
LTC2442 24-Bit, High Speed, 2-/4-Channel AT ADC with Integrated 8kHz Output Rate, 200nVRys Noise, Simultaneous 50Hz/60Hz
Amplifier Rejection
LTC2449 24-Bit, High Speed, 8-/16-Channel AX ADC 8kHz Output Rate, 200nVRgys Noise, Simultaneous 50Hz/60Hz
Rejection
LTC2480/LTC2482/ | 16-Bit/24-Bit AX ADCs with Easy Drive Inputs, 600nVgys Noise, | Pin-Compatible with 16-Bit and 24-Bit Versions
LTC2484 Programmable Gain, and Temperature Sensor
LTC2481/LTC2483/ | 16-Bit/24-Bit AX ADCs with Easy Drive Inputs, 600nVgys Noise, | Pin-Compatible with 16-Bit and 24-Bit Versions
LTC2485 12C Interface, Programmable Gain, and Temperature Sensor
LTC2496 16-Bit 8-/16-Channel AZ ADC with Easy Drive Inputs and Pin-Compatible with LTC2498/LTC2449
SPI Interface
LTC2497 16-Bit 8-/16-Channel AZ ADC with Easy Drive Inputs and Pin-Compatible with LTC2499
12C Interface
LTC2498 24-Bit 8-/16-Channel AX ADC with Easy Drive Inputs and Pin-Compatible with LTC2496/LTC2449
SPI Interface, Temperature Sensor
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