CHANGE NOTIFICATION

TECHNOLOGY

Linear Technology Corporation
1630 McCarthy Blvd., Milpitas, CA 95035-7417
(408) 432-1900

September 16, 2014

Dear Sir/Madam: PCN# 091614

Subject: Notification of Change to LTC2486, LTC2487, LTC2488, LTC2489, LTC2492, LTC2493,
LTC2494, LTC2495, LTC2496, LTC2497, LTC2498, LTC2499 Datasheet

Please be advised that Linear Technology Corporation has made a change to the datasheet specifications of
subject devices in order to improve device manufacturability. The changes are mentioned below.

For all devices:

The Maximum External Oscillator Frequency (feosc) in the Timing Characteristics is being reduced from 4000kHz
to 1000kHz. In addition, the Input Voltage Range has been clarified as shown in the attached datasheet pages.
There are many applications that are using the part at 4MHz and the performance is perfectly adequate. But at
4MHz, performance is significantly reduced from the limits guaranteed in the specification table, as shown in the
graphs at the end of the datasheet.

This change is intended to apply to future customer designs. No changes are being made to the circuit or the test
methodology, so customers that are using these devices with FO frequencies between 1000kHz and

4000kHz and are satisfied with the performance will continue to receive the same product.

For LTC2492, LTC2493, LTC2498, LTC2499:
Summary of Output Data Format Table has been clarified as shown in the attached datasheet pages.

For LTC2486, LTC2487, LTC2494, LTC2495:
An error in the Converter Configuration Table (Table 4) was corrected to display the external input gain in
autocalibration mode as 256 (incorrectly shown as 264).

No changes are being made to all devices or test program, this is just a change to the datasheet. New customer
designs after November 16, 2014 must adhere to the new datasheet limit.

Should you have any further questions, please feel free to contact me at 408-432-1900 ext. 2077, or by email at
JASON.HU@LINEAR.COM. If I do not hear from you by November 16, 2014, we will consider this change to be
approved by your company.

Sincerely,

Jason Hu
Quality Assurance Engineer
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This change notice is for Linear Technology’s Customers only.
Distribution or notification to third parties is prohibited.
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LTIC 2486

DIGITHL II'IPUTS H nD DIGITHL OUTPUTS 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
Teosc Extarnal Oscillator Frequency Range {Note 16) L 10 10004808 kHz
theo External Oscillator High Period ® | 0125 50 lis
tien External Oscillator Low Period & [ 0125 50 s
toony 1 Conversion Time for 1x Speed Mode a0Hz Mode ® | 1572 160.3 163.5 ms

60Hz Mode e | 13 1336 136.3 ms

Simultaneous 50/60Hz Mode ® | 1447 1469 149.9 ms

External Oscillator 41036/fcosc (in kHz) ms
foony 2 Conversion Time for 2x Speed Mode 50Hz Mode e 7ET 803 g19 ms

60Hz Mode ® | 656 66.9 68.2 ms

Simultaneous 50/60Hz Mode e | 722 736 75.1 ms

External Oscillator 20556/fggs;; (in kHz) ms
fisok Internal SCK Frequency Intemal Oscillator {Notes 10, 17) 384 kHz

External Oscillator (Naotes 10, 11, 15) fepsp/8 kHz
Discx Internal SCK Duty Cycle (Motes 10, 17) ®| 45 5% ]
Tesck External SCK Frequency Range (Notes 10, 11, 15) L] 4000 kHz
L EsCK External SCK Low Period (Notes 10,11, 15) ® [ 123 ns
tHESCK External SCK High Period (Notes 10,11, 15) L] 125 ns
tpour_isck | Internal SCK 24-Bit Data Output Time Internal Oscillator {Notes 10, 17) ® | 061 0.625 0.64 ms

External Oscillator (Notes 10, 11, 15) 192/frnae (in KHZ) ms
toour esck | External SCK 24-Bit Data Output Time (Notes 10,11, 15) 24/Tesci (in kHz) ms
t €S} o SDO Low e| 0 200 ns
ty €5+ o SDO High Z e 0 200 ns
fa GS) to SCK) Intemal SCK Mode L 0 200 ns
1 CS) to SCK} External SCK Mode ® | 50 ns
tramax SCK | to SDO Valid . 200 ns
tKoMIN SD0 Hold After SCKJ (Mote 5) ®| 15 ns
15 SCK Set-Up Before TS5 | L] 50 ns
tr SDI Setup Before SCK1 {Note B) ® | 100 ns
1y 501 Hold After SCKt (Note 5) e | 100 ns

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:

Ve = 2.7V 10 5.5V

Vaerou = Vres/2, Fs = 0.5VRer/Gain

Wiy = INF = INT, Viggown = (IN® = IND)/2,
where IN* and IN™ are the selected input channels.
Note 4: Use internal conversion clock or external conversion clock source
with fepsg = 307.2kHz unless other wise specified.
Note 5: Guaranteed by design, not subject to test.
Mote 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 (intemnal oscillator) or fepse = 256kHz £2% (extemnal
oscillator).
Note 8: 60Hz mode (intemnal oscillator) or fppgp = 307.2kHz £2% (external
oscillator).

Note 9: Simultaneous 50Hz'60Hz mode (intemal oscillator) or feosg =
280kHz +2% (external oscillator).

Note 10: The SCK can be configured in extzmnal SCK mode or internal SCK
mode. In external SCK mode, the SCK pin is used as a digital input and the
driving clock is fgsck. In the internal SCK mode, the SCK pinis used as a
digital output and the output clock signal during the data output is fisck.
Mote 11: The external oscillator is connected to the fy pin. The extarnal
oscillator frequency, fepse, is expressed in kHz

Note 12: The converter uses its internal oscillator

Mote 13: The output noise includes the contribution of the internal
calibration operations.

Note 14: Guaranteed by design and test correlation.

Mote 15: The converter is in external SCK mode of operation such that the
SCK pin is used as a digital input. The frequency of the clock signal driving
SCK during the data output is fescy and is expressed in Hz.

Note 16: Refer to Applications Information section for performance vs
data rate graphs.

Mote 17: The converter in internal SCK mode of operation such that the
SCK pin is used as a digital output.

Mote 18: For Vg < 3V Wy is 2.5V for pin T
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The LTC2486 input measurement range -0.5*VREF to +0 5*VREF in both differential and single-ended configurations
as shown in Figure 38. Highest lineanty is achieved with Fully Differential drive and a constant common-mode voltage
(Figure 38b). Other drive schemes may incur an INL emor of approximately S0ppm. This error can be calibrated out
using a three point calibration and a second-order curve fit.

LIC2486

APPLICATIONS INFORMATION

Easy Drive Input Current Cancellation

The LTC2486 combines a high precision, delta‘sigma ADC
with an automatic, differential, input current cancellation
frontend. Aproprietary frontend passive sampling network
transparently removes the differential input currant. This
enables external RC networks and high impedanke sen-
sors to directly interface to the LTC2486 without external
amplifiers. The remaining common mode input cuyrent
is eliminated by either balancing the differential input
impedances or setting the common mode input equal, to
the common mode reference (see Automatic Differential
Input Current Cancellation section). This unique archite
ture does not require on-chip buffers, thereby enablin
signals to swing beyond ground and V. Moreover, the
cancellation does not interfere with the transparent offset
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 LTC2486 automatically enters an internal reset state
when the power supply voltage, Ve, drops below ap-
proximately 2V This feature guarantees the integrity of
the conversion result, input channel selection, and serial
clock mode.

When V¢ 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 and
IN~ = CH1 with simultaneous 50Hz/60Hz rejection, 1x
output rate, and gain = 1. The first conversion following a
POR cycle is accurate 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, temperature selection or
gain can be programmed into the device during this first
data input/output cycle.

Reference Voltage Range

This converter accepts a truly differential external reference
voltage. The absolute/common mode voltage rangefor the
REF* and REF™ pins covers the entire operating range of
the device (GND to V). For correct converter operation,
Vger must be positive (REF* > REF7).

The LTC2486 differential reference input range is 0.1V to
V. For the simplest operation, REF* can be shorted to
Vo and REF™ can be shorted to GND. The converter out-
put 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 effec-
tive resolution. On the other hand, a decreased reference
will improve the converters overall INL performance.

put Voltage Range

The analog inputs are truly differential with an absolute,
common mode range for the CHO to CH3 and COM input
pins extending from GND — 0.3V to V¢ + 0.3V Outside
these limits, the ESD protection devices begin to turn
on and the errors due to input leakage current increase
rapidly. Within these limits, the LTC2486 converts the
bipolar differential input signal Vi = IN* — IN™ (where
IN* and IN~ are the selected input channels), from —FS =
—0.5 * Vger/Gain to +FS = 0.5 * Vpgr/Gain where Vger =
REF* — REF™. Outside this range, the converter indicates
the overrange or the underrange condition using distinct
output codes (see Table 1).

Signals applied to the input (CHO to CH3, COM) may
extend 300mV below ground and above V. 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
presented in the 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 5k resistor if Vpgr = 5V This error has a very strong
temperature dependency.

24B60d
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LTC 2486
APPLICATIONS INFORMATION

Table 4. Converter Configuration

1] 0 |EN|SGL | 0oD | A2 | Al | RO |EN2| IM | FA | FB | SPD | G52 | GS1|GSO CONVERTER CONFIGURATION
1]0|0 X | X[ X X X | X | X Keep Previous

11011 0 X X X X X X X Keep Previous

1]0(1 1 0 0 0| 0|0 External Input, Gain = 1, Autocalibration
1]0f1 1 0 0 0|01 External Input, Gain = 4, Aufocalibration
110 (1 1 0 0 1] 1 0 External Input, Gain = 8, Autocalibration
11011 1 0 0 0 1 1 External Input, Gain = 16, Autocalibration
1]0(1 1 0 0 1 0|0 External Input, Gain = 32, Autocalibration
110101 1 0 0 1] 0] External Input, Gain = 64, Autocalibration . _—
110701 1 0 Heg%on 0 1 1 0 External Input, Ba?n =128, ﬁgnw
1107101 1 0 Mode 0 1 111 External Input, Gain = 264, Altocalibration
11011 1 0 1 0 0 0 External Input, Gain = 1, 2x Speed
11011 Any 1 0 1 0 0 1 External Input, Gain = 2, 2x Speed
1]0f1 Input 1 0 1 1] 1 0 External Input, Gain = 4, 2x Speed
101 Channg| 1|0 IENERE External Input, Gain = 8, 2x Speed
1]0(1 1 0 1 1 0|0 External Input, Gain = 16, 2x Speed
110101 1 0 1 1 0|1 External Input, Gain = 32, 2x Speed
11011 1 0 1 1 1 0 External Input, Gain = 64, 2x Speed
110701 1 0 1 1 1 1 External Input, Gain = 128, 2x Speed
1]0f1 1 0 0] ao External Input, Simultaneous 50Hz/60Hz Rejection
1o 1 oo ] Ay Any External Input, 50Hz Rejection
IE 1 [0 [ 1 | o [oPeed Gain External Input, 60Hz Rejection
1/10(1 1 0 1 1 Reserved, Do Not Use

11011 1 1 0 0 X X X X | Temperature Input, Simultaneous 50Hz/60Hz Rejection
1]0(1 1 1 0 1 X X | X | X Temparature Input, 50Hz Rejection
1101 1 1 1 0 X X | X | X Temperature Input, 60Hz Rejection
1101 1 1 1 1 X X | X | X Reserved, Do Not Use

Rejection Mode (FA, FB)

The LTC2486 includes a high accuracy on-chip oscillator
with no required external components. Coupled with an
integrated 4th order digital low pass filter, the LTC2486 re-
jectslinefrequency noise. Inthe default mode, the LTC2486
simultaneously rejects 50Hz and 60Hz by at least 87dB. If
maore rejection is required, the LTC2486 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 overhead and increasing the effective
conversion rate. During temperature measurements, the 1x
mode is always used independent of the value of SPD.

GAIN (GS2, GS1, GS0)

The input referred gain of the LTC2486 is adjustable
from 1 to 256 (see Tables 5a and 5b). With a gain of 1,
the differential input range is +Vger/2 and the common
mode input range is rail-to-rail. As the gain is increased,
the differential input range is reduced to +0.5 * Vgge/Gain
but the common mode input range remains rail-to-rail.
As the differential gain is increased, low level voltages
are digitized with greater resolution. At a gain of 256,
the LTC2486 digitizes an input signal range of +9.76mVY
(Vger = 5V) with over 16,000 counts.

24B6id

18

LY LN

Confidential Statement
This change notice is for Linear Technology’s Customers only.
Distribution or notification to third parties is prohibited.

256



LTC2487

POWER REQUIREMENTS 1he o denotes ihe specitications which apply over the full operating lemperature

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

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
Voo Supply Voltage L] 2.7 5.5 v
loo Supply Current Conversion Current (Note 11) L 160 275 pA
Temperature Measurement (Note 11) . 200 300 pA
Sleep Mode (Note 11) L 1 2 pA

DIG"HL IﬂPU'I'S HI'ID DIGITHI. OUTPUTS The » denotes the specifications which apply over the

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

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
feosc External Oscillator Frequency Range (Note 16) L] 10 1000 4608 kHz
tuen External Oscillator High Period ® (0125 a0 Jis
tLen External Oscillator Low Period ® | 0125 a0 s
toony 1 Conversion Time for 1x Speed Mode 50Hz Mode ® | 1572 160.3 163.5 ms
B60Hz Mode ® | 13 133.6 136.3 ms
Simultaneous 50Hz/60Hz Mode ® | 1441 1469 1499 ms
External Oscillator (Note 10) 41036/fggg; (in kHz) ms
tcony 2 Conversion Time for 2x Speed Mode 50Hz Mode ® | T&7 80.3 819 ms
60Hz Mode ® | G656 66.9 68.2 ms
Simultaneous 50Hz/60Hz Mode ® | 722 736 751 ms
External Oscillator (Note 10) 20556/fgps; (in kHz) ms
2
1“C TIMING CHARACTERISTICS  1ne o enotes 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
fagL SCL Clock Frequency L ] 400 kHz
tupisTA) Hold Time (Repeated) Start Condition L] 0.6 s
tow Low Period of the SCL Pin L] 13 ps
tyigy High Period of the SCL Pin L 0.6 js
tsuisa) Set-Up Time for a Repeated Start Condition L 0.6 ps
IHD[DMJ Data Hold Time L ] a 09 ps
tsuman Data Sef-Up Time L] 100 ns
tr Rise Time for SDA Signals (Mote 14) ® ( 20+0.1Cg 300 ns
i; Fall Time for SDA Signals (MNote 14) ® | 20+0.Cy 300 ns
fsusTo Set-Lp Time for Stop Condition L] 0.6 s

Note 1: Stresses beyond those listed under Absolute Maximum Ratings
may cause permanent damage to the device. Exposure fo 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: Vipp = 2.7V to 5.5V

VreroM = Vrer'2, Fg = 0.5Vpep/Gain
Vin = INF = IN™, Viggowy = (INF = INC)/2,
where IN* and IN™ are the selected input channels.

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

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

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.

280kHz £2% (external oscillator).

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

Note 11: The converter uses its internal oscillator.

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

Note 13: Guaranteed by design and test correlation.

Mote 7: 50Hz mode (intemal oscillator) or fos; = 256kHz 2% (extemal oscillator).
Note 8: G0Hz mode (intemal oscillator) or frog; = 307.2kHz £2% (extemal oscillator).
Note 9: Simultaneous 50Hz/G0Hz mode (internal oscillator) or fggse =

Note 14: Cp = capacitance of one bus line in pF (10pF < Cg < 400pF).

Note 15: All values refer to Vi and Vi) levels.

Note 16: Refer to Applications Information section for Performance vs
Data Rate graphs.
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LIC2487

APPLICATIONS INFORMATION

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 unigue architec-
ture does not require on-chip buffers, thereby enabling
signals to swing beyond ground and V. Moreover, the
cancellation does not interfere with the transparent offset
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 LTC2487 automatically enters an internal reset state
when the power supply voltage, Ve, drops below a
threshold of approximately 2.0\ This feature guarantees
the integrity of the conversion result and input channel
selection.

When Ve rises above this threshold, the converter create
an internal power-on-reset (POR) signal with a durati
of approximately 4ms. The POR signal clears all integhal
registers. The conversion immediately following a POR
cycle is performed on the input channels IN* = CHP and
IN™ = CH1 with simultaneous 50Hz/60Hz rejecti

before the end of the POR interval. A new inplt channel,
rejection mode, speed mode, temperature selection or
gain can be programmed into the device during this first
data input/output cycle.

Reference Voltage Range

This converter accepts atruly differentiaf external reference
voltage. The absolute/common mode yoltage range for the

REF* and REF™ pins covers the entire operating range of
the device (GND to V). For correct converter operation,
Vper must be positive (REF* > REF™).

The LTC2487 differential reference input range is 0.1V to
V. For the simplest operation, REF* can be shorted to
Ve and REF™ can be shorted to GND. The converter out-
put noise is determined by the thermal noise of the front
end circuits and, as such, its valug in nanovolts is nearly
constant with reference voltage. A decrease in reference
voltage will not significantly improve the converter's effec-
tive resolution. On the other hand, a decreased reference
will improve the converter's overall INL performance.

Input Voltage Range

e analog inputs are truly differential with an absolute,
commonmoderange for the CHO-CH3and COMinput pins
extending from GND - 0.3V to Ve + 0.3V, Outside these
limits, the ESD protection devices begin to turn on and the
errors due toinput leakage currentincrease rapidly. Within
these limits, the LTC2487 converts the bipolar differential
input signal Viy = IN* — IN” (where IN* and IN™ are the
selected input channels), from —FS = —0.5 * Vpge/Gain
to +FS = 0.5 » Vppp/Gain where Vpgr = REF* — REF.
Qutside this range, the converter indicates the overrange
or the underrange condition using distinct output codes
(see Table 1).

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 onthe converteraccuracy can be evaluated from
the curves presented in the Input Current/Reference Cur-
rent 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 Vpgr = SV This error has a very
strong temperature dependency.

The LTC2487 input measurement range is -0.5*VREF to +0.5"REF in hoth differential and single-ended configurations as shown in Figurs 37,
Highest linearity achieved with Fully Differential drive and a constant commeon-mode voltage (Figure 37b). Other drive schemes may incur an
INL emor of approximately S0ppm. This emror can be calibrated cut using a three point calibration and a second-order curve fit.
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LTC2487

APPLICATIONS INFORMATION

The first input bit (SGL) following the 101 sequence de-
termines if the input selection is differential (SGL = 0) or
single-ended (SGL=1). For SGL =0, two adjacentchannels
can be selected to form a differential input. For SGL =1,
one of 4 channels is selected as the positive input. The
negative input is COM for all single-ended operations.
The remaining four bits (ODD, A2, A1, AD) 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
waord may be inputin order to select aconfiguration 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.

Table 4. Converter Configuration

The second set of configuration data can be loaded into
the device (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 nexttwo
bits (FA and FB) are used to set the rejection frequency.
The next bit (SPD) is used to select either the 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). The final three bits (GS2, GS1, GS0) are
used to set the gain. When IM =1 (temperature measure-
ment) SPD, GS2, GS1 and GSO will be ignored and the
device will operate in 1x mode.

1| 0 [EN|SGL | 0DD | A2 | Al | AD|ENZ | IM | FA | FB | SPD | GS2 | GS1| GSO CONVERTER CONFIGURATION
1100 XX | X | X X X X X Keep Previous
11071 0 X | X | X X X X X Keep Previous
11071 1 0 0 0 o]0 External Input, Gain = 1, Autocalibration
11071 1 0 0 0 o] External Input, Gain = 4, Autocalibration
11071 1 1] 0 0 1 1] External Input, Gain = 8, Autocalibration
11071 1 0 0 0 1 1 External Input, Gain = 16, Autocalibration
11071 1 1] 0 1 o]ao External Input, Gain = 32, Autocalibration
110 (1 110 Any 0 100 (1 External Input, Gain = 64, Autucaliblw
11071 1 0 | Rejection | 0 1 1 0 External Input, Gain = 128, );w.teca‘lﬁraiinn
101 10| Mede T [ External Input, Gain = 264, Autocalibration
1101 Any 1 0 1 0 o]ao External Input, Gain = 1, 2x Speed
11071 Input 1 1 1 0 o)1 External Input, Gain = 2, 2x Speed
1(0]1 Channel 1 0 1 0|1 0 External Input, Gain = 4, 2x Speed
11071 1 1 1 0 1 1 External Input, Gain = 8, 2x Speed
11071 1 0 1 1 o]0 External Input, Gain = 16, 2x Speed
11071 1 0 1 1 o] External Input, Gain = 32, 2x Speed
11071 1 0 1 1 1 0 External Input, Gain = 64, 2x Speed
11071 1 0 1 1 1 1 Extemnal Input, Gain = 128, 2x Speed
1(0]1 1 0 o]0 External Input, Simultangous 50Hz/60Hz Rejection
1011 1o o] ] Ay Any External Input, 50Hz Rejection

Speed Gain ——
11071 1 1] 1 0 External Input, 60Hz Rejection
1({0]1 1 0 1 1 Reserved, Do Not Use
11071 1 1 oo X X X | X | Temperature Input, Simultaneous 50H2/60Hz Rejection
11071 1 1 0 1 X X XX Temperature Input, 50Hz Rejection
1101 1 1 1 0 X X X)X Temperature Input, 60Hz Rejection
1({0]1 1 1 1 1 X | x| X Reserved, Do Not Use
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LTC2488

DlGlTHL II'IPUTS H I'ID DIGITHI. OUTPUTS The e denotes the specifications which apply over the

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

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
frose External Oscillator Frequency Range (Note 16) L 10 10004885 kHz
tuen External Oscillator High Period e | 0125 100 pis
Lo External Oscillator Low Period ® | 0125 100 s
toony Conversion Time Simultaneous 50Hz/G0Hz & | 1447 146.9 140.9 ms

External Oscillator 41036fTrgse (In kHZ) ms
fiack Internal SCK Frequency Internal Oscillator (Notes 10, 17) 384 kHz

External Oscillator (Notes 10, 11, 15) Teosp/B kHz
Disck Internal SCK Duty Cycle {Motes 10, 17) L] 45 55 %
fesck External SCK Frequency Range (Notes 10,11, 15) L 4000 kHz
L EscK External SCK Low Period (Notes 10, 11, 15) ® | 125 ns
tHESCK External SCK High Period (Notes 10,11,13) ® | 125 ns
tpour ssck | Internal SCK 24-Bit Data Output Time Intemal Oscillator {Notes 10, 17) e | 061 0.625 0.64 ms

External Oscillator (Notes 10, 11, 15) 192ffggse (in kHz) ms
tpour esck | External SCK 24-Bit Data Output Time 24ffpsoi (In kHz) ms
1 €5} to SDO Low ] 0 200 ns
fp CSt to SDO High Z L] 0 200 ns
&) EL to 5CK) Internal SCK Mode L 0 200 ns
1y EL to SCKY External SCK Mode L] 50 ns
teomax SCK| to SDO Valid L] 200 ns
oM SD0 Hold After SCKJ (Note 5) L] 15 ns
ts SCK Set-Up Before C5 | e | 50 ns
t SDI Setup Before SCK1 (Note 5) ® | 100 ns
fg SOl Hold After SCK?1 {Note 5) ® | 100 ns

Note 1: Stresses beyond those listed under Absolute Maximum Ratings may
causa permanent damage to the device. Exposure to any Absolute Maximum

Rating condition for extended periods may affect device reliability and Ifetime.

Note 2: All voltage values are with respect to GND.
Note 3: Unless otherwise specified:

Vg = 2.7V o 5.5V

VRercu = Vree'2, Fg = 0.5Vper

Wiy = INF = IN, Myyomy = (INF = INC)2,
where IN* and IN™ are the selected input channels.
Note 4: Use internal conversion clock or external conversion clock source
with feps = 307.2kHz unless other wise specified.
Note 5: Guaranteed by design, not subject to test.
Note G: 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 T: fppsp = 256kHz £2% (external oscillator).
Note 8: fepse = 307.2kHz +2% (external oscillator).
Note 9: Simultaneous 50Hz/60Hz (intemal oscillator) or fpgp = 280kHz
2% (external oscillator).

Note 10: The SCK can be configured in external SCK mode or internal SCK
mode. In external SCK mode, the SCK pin is used as a digital input and the
driving clock is fesgk. In the internal SCK mode, the SCK pin is used as a
digital output and the output clock signal during the data output is fiscx.
Note 11: The external oscillator is connected to the Fy pin. The axtemnal
oscillator frequency, fzps;, is expressed in kHz.

Note 12: The converter uses its internal oscillator.

Note 13: The output nois2 includes the contribution of the internal
calibration operations. Vggr = Vigp-

Note 14: Guaranteed by design and test correlation.

Note 15: The converter is in external SCK mode of operation such that the
SCK pin is used as a digital input. The frequency of the clock signal driving
SCK during the data output is fescy and is expressed in Hz

Note 16: Refer to Applications Information section for performance vs
data rate graphs.

Note 17: The converter in internal SCK mode of operation such that the
SCK pin is used as a digital output.

Note 18: For Ve < 3V, Vi is 2.5V for pin fo.

244818
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The LTC2438 input measurement range is -0.5*VREF to +0.5*VREF in both differential and single-ended configurations
as shown in Figure 28. Highest linearity is achieved with Fully Differential drive and a constant common-mode voltage
{Figure 28b). Other drive schemes may incur an INL error of approximately SOppm. This emor can be calibrated out using

a three point calibration and a second-order curve fit.

LIC2488

APPLICATIONS INFORMATI

enables external RC networks and high impedance.sen-
sors to directly interface to the LTC2488 without extermal
amplifiers. The remaining common mode input curren
is eliminated by either balancing the differential input
impedances or setting the common mode input equal to
the common mode reference (see Automatic Differential
Input Current Cancellation Section). This unigue architec-
ture does not require on-chip buffers, thereby enabling
signals to swing beyond ground and Vc. Moreover, the
cancellation does not interfere with the transparent offset
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 LTC2488 automatically enters an internal reset state
when the power supply voltage Vg drops below ap-
proximately 2V. This feature guarantees the integrity of
the conversion result, input channel selection, and serial
clock mode.

WhenV rises above 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.Thefirstconversionfollowinga POR cycleis accurate
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. Anew inputchannel can be programmedinto
the device during this first data input/output cycle.

Reference Voltage Range

This converter accepts atruly 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 Vic). For correct converter operation,
Vper must be positive (REF* > REF™).

The LTC2488 differential reference input range is 0.1V to
V. Forthe simplest operation, REF* can beshorted to Vi
and REF can be shorted to GND. The converter output noise
is determined by the thermal noise of the front end circuits.
Since the transition noise is well below 1LSB (0.02LSB), a

decrease in reference voltage will proportionally improve
the converter resolution and improve INL.

put Voltage Range

The analog inputs are truly differential with an absolute,
common mode range for the CHO to CH3 and COM input
pins extending from GND — 0.3V to Ve + 0.3V, Quiside
these limits, the ESD protection devices begin 1o turn
on and the errors due to input leakage current increase
rapidly. Within these limits, the LTC2488 converts the
bipolar differential input signal Viy = IN* — IN™ (where
IN* and IN™ are the selected input channels), from —FS =
05 VFI:EF to+FS=0.5+ UREF where VREFz REF* - REF".
Outside this range, the converter indicates the overrange
or the underrange condition using distinct output codes
(see Table 1).

Signals applied to the input {CHO to CH3, COM) may
extend 300mV below ground and above Vec. 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
presented inthe 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 5k
resistor if Vrgr = 5V. This error has a very strong tem-
perature dependency.

SERIAL INTERFACE PINS

The LTC2488 transmits the conversion result, reads the
input channel selection, and receives a start of conversion
command through a synchronous 3- or 4-wire interface.
During the conversion and sleep states, this interface can
be used to access the converter status. During the data
output state, it is used to read the conversion result and
program the input channel.

Serial Clock Input/Output (SCK)

The serial clock pin (SCK) is used to synchronize the data
input/output transfer. Each bit is shifted out of the SDO
pin on the falling edge of SCK and data is shifted into the
SDI pin on the rising edge of SCK.

248818
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LIC 2489

DIGITHL Il'IPU'I'S an DIGIT"“. OUTPUTS 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
feosc External Oscillator Frequency Range {Note 16) ®( 10 1000 4008 kHz
tHeD External Qscillator High Period ® (0125 50 s
fLeo External Oscillator Low Period ® ( 0125 50 s
toomy Conversion Time Intemal Oscillator ® (1447 146.9 1499 ms
External Oscillator (Note 10) 41036/gps;; (In kHz) ms
IEC “mlnG CHH ﬂ I'-ICI'EHISTICS The @ denotes the specifications which apply over the full operating
temperaiure range, otherwise specifications are ai Ty = 25°C. (Note 3, 15)
SYMBOL PARAMETER CONDITIONS MIN TYP MAX | UNITS
e SCL Clock Fraquancy ] 1] 400 kHz
tHDETA) Hold Time (Repeated) Start Condition L 0.6 s
fow Low Peried of the SCL Pin L] 13 s
thigH High Period of the SCL Pin ] 06 s
t5uisTA) Set-Up Time for a Repeated Start Condition L] 06 s
tHogoam Data Hold Time ] 1] 049 s
ts1paT) Data Set-Up Time . 100 s
1 Rise Time for SDA Signals (Note 14) ® | 20+ 0.Cg 300 ns
tf Fall Time for SDA Signals (Note 14) ® | 20+0.10Cg 300 ns
t5uisTo) Set-Up Time for Stop Condition L] 06 s

Mote 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 lifetima.
MNote 2: All voltage values are with respact to GND.
Note 3: Vgp = 2.7V 10 5.5V unless otherwise specified.
Veezom = Vaep2, Fs = 0.5Vner
Vi = IN*—IN, Vingow = (IN* — INT)2,
where IN* and IN™ are the selected input channels.
Mote 4: Use internal conversion clock or external conversion clock source
with fegse = 307.2kHz unless otherwise specified.
Mote 5: Guaranteed by design, not subject to fest.
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.
MNote 7: fepsg = 256kHz £2% (external oscillator).

Note 8: frosp = 307 .2kHz +2% (external oscillator).

Hole 9: Simultaneous 50Hz/60Hz (internal oscillator) or fepgp = 280kHz
2% (external oscillator).

Mote 10: The external oscillator is connected to the f pin. The external
oscillator frequency, fopse, is expressed in kHz

Mole 11: The converier uses its internal oscillator.

Mote 12: The output noise includes the contrbution of the internal
calibration operations.

Mote 13: Guaranteed by design and test correlation.
Mote 14: Cg = capacitance of ona bus line in pF (10pF < Cg < 400pF).
Note 15: All values refer to Vyymen) and Vi levels.

Mote 16: Refer to Applications Information section for performance versus
data rate graphs.
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LTC2489
APPLICATIONS INFORMATION

cancellation does not interfere with the transparent offset
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 LTC2489 automatically enters an internal reset state
when the power supply voltage, Ve, drops below ap-
proximately 2.0\ This feature guarantees the integrity of
the conversion result and input channel selection.

When Ve rises above thisthreshold, 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 channels IN* = CHO and
IN™ = CH1. The first conversion following a POR cycle
is accurate 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 can be
programmed into the device during this first data input/
output cycle.

Reference Voltage Range

This converter accepts a truly differential, external refer-
ence voltage. The absolute/common mode voltage range
for the REF* and REF™ pins covers the entire operating
range of the device (GND to V). For correct converter
operation, Vper must be positive (REF* > REF™).

The LTC2489 differential reference input range is 0.1V to
V- Forthe simplest operation, REF* can be shorted to Vg
and REF~can be shorted to GND. The converter output noise
is determined by the thermal noise of the front end circuits.
Sincethe transition noise is well below 1LSB (0.02LSB), a
decrease in reference voltage will proportionally improve
the converter resolution and improve INL.

Input Voltage Range

analog inputs are truly differential with an absolute,
on mode range for the CHO-CH3 and COM input
ending from GND - 0.3V to V¢ + 0.3\ Within
its, the LTC2489 converts the bipolar differen-
ignal Vi = IN* — IN™ (where IN* and IN™ are
input channels), from —FS = —0.5 * Vggr

co
pins
these i
fial input
the selecte

to +FS = 0.5 * Vper where Vpee = REFT - REF~. Outside this
range, the converter indicates the overrange or the under-
range condition using distinct output codes (see Table 1).

In order to limit any fault current due to input ESD leakage
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 presented in
the 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 bk resistor
it Veer = 9\ This error has a very strong temperature
dependency.

12C INTERFACE

The LTC2489 communicates throughan 2C interface. The
12C interface is a 2-wire open-drain interface supporting
multiple devices and multiple masters on asingle bus. The
connected devices can only pull the data line (SDA) low
and can neverdrive it high. SDAis required to be externally
connected to the supply through a pull-up resistor. When
the data line is not being driven, it is high. Data on the
12C bus can be transferred at rates up to 100kbits/s in the
standard mode and up to 400kbits/s in the fast mode. The
Ve power should not be removed from the device when
the 12C 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 unigue
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 beconsidered 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.

The LTC2489 can only be addressed as a slave. Once ad-
dressed, it can receive channel selection bits or transmit
the last conversion result. The serial clock line, SCL, is
always aninput to the LTC2489 and the serial data ling 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 12C timing.

248013

The LTCEEISEI input measurement range is -0.5*"WVREF to +0.5"VREF in both differential and single-ended
-1 O configurations as shown in Figure 27. Highest linearity is achieved with Fully Differential drive and a constant
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common-mode woltage (Figure 27h). Other drive schemes may incur an IML error approximately S0ppm. This
error can be calibrated out using a three point calibration and a second-order curve fit.
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LTIC2492

DIGITAL INPUTS AND DIGITAL OUTPUTS 1he o 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
Te0sc External Oscillator Frequency Range {Note 16) L] 10 10004808 kHz
theo External Oscillator High Period ® | 0125 100 s
Lo External Oscillator Low Period e | 0125 100 s
toony 4 Conversion Time for 1x Speed Mode 50Hz Mode ® | 157.2 160.3 163.5 ms

60Hz Mode e | 13 133.6 136.3 ms

Simultaneous 50/60Hz Mode ® | 1447 146.9 149.9 ms

External Oscillator 41036/fgosc; (in kHz) ms
fcoNy 2 Conversion Time for 2x Speed Mode 90Hz Mode L i 80.3 1.9 ms

60Hz Mode ® | G656 66.9 68.2 ms

Simultanecus 50/60Hz Mode e | 722 736 751 ms

External Oscillator 20556/fggge (in kHz) ms
fiack Internal SCK Frequency Internal Oscillator {Notes 10, 17) 384 kHz

External Oscillator (Notes 10, 11, 15) Tepscf8 kHz
Dhsok Internal SCK Duty Cycle (Notes 10, 17) [ ] 45 55 %
Tesck External SCK Frequency Range (Notes 10, 11,15) L ] 4000 kHz
tLEsCK External SCK Low Period (Notes 10, 11, 15) ® | 125 ns
tHESCK External SCK High Period (Notes 10, 11, 15) ® | 125 ns
tpour_isck | Internal SCK 32-Bit Data Output Time Internal Oscillator {Notes 10, 17) e | 081 0.83 0.85 ms

External Oscillator (Notes 10, 11, 15) 256/fgnse (in kHz) ms
toout_esck | External SCK 32-Bit Data Output Time (Notes 10, 11, 15) 32/fesck (in kHz) ms
1y 5. to SDO Low [ ] 0 200 ns
fp GST to SDO Hi-Z [ ] 0 200 ns
fa 51 to soKl Intemnal SCK Mode L] 0 200 ns
iy €51 to SCKT External SCK Mode ® | 50 ns
Tromax SCKL to 5D0 Valid . 200 ns
tkomin SD0 Hold After SCKL (Note &) [ ] 13 ns
t5 SCK Set Up Before TS ® | 50 ns
t SDI Set Up Before SCKT (Note 5) ® | 100 ns
tg SDI Hold After SCKT (Note 5) e | 100 ns

Note 1: Stresses beyond those listed under Absolute Maximum Ratings may
causa permanent damage to the devica. 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 specifiad:

Vpp =27V 1o 5.5V

VRercw = VRer/2, Fs = 0.9VRer

Wiy = INF = INT, Vigowy = (INF = INT)/2,
where IN* and IN™ are the selected input channels.
Note 4: Use internal conversion clock or external conversion clock source
with frggp = 307.2kHz unless other wise specified.
Note 5: Guaranteed by design, not subject to test.
Note G: 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 fegsg = 256kHz +2% (extemal
oscillator).
Note 8: 60Hz mode (internal oscillatar) or fegsp = 307.2kHz £2% (external
oscillator).

Mote 9: Simultaneous 30HZ/60Hz mode (internal oscillator) or

fensc = 280kHz +2% (extemnal oscillator).

Mote 10: The SCK can be configured in external SCK mode or internal SCK
mode. In external SCK mode, the SCK pin is used as a digital input and the
driving clock is fesck. In the internal SCK mode, the SCK pin is used asa
digital output and the output clock signal during the data output is fisgx.
Note 11: The external oscillator is connected to the fg pin. The external
oscillator frequency, fzpsg, is expressed in kHz

Note 12: The converier uses its internal oscillator.

Mote 13: The output noise includes the contribution of the internal
calibration operations.

Note 14: Guaranteed by design and test correlation.

Mote 15: The converter is in external SCK mode of operation such that the
SCK pin is used as a digital input. The frequency of the clock signal driving
SCK during the data output is fggox and is expressed in Hz.

Mote 16: Refer to Applications Information section for performance vs
data rate graphs.

Mote 17: The converier in internal SCK mode of operation such that the
SCK pin is used as a digital output.

Mote 18: For Vipp < 3V, V) is 2.5V for pin fp.
24820d
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The LTC2492 input measurement range is -0.5*VREF to +0.5*WREF 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 33b). Other drive schemes may incur an INL ermor of approximately S0ppm. This emor can be calibrated out

using a three point calibration and a second-order curve fit.

LIC 2492

APPLICATIONS INFORMATION

Easy Drive Input Current Cancellatio

The LTGC2492 combines a high precision delta-sigma ADC
with an automatic, differential, input curreqt cancellation
frontend. A proprietary front-end passive sa
transparently removes the differential input
enables external RC networks and high impedance sen-
sors to directly interface to the LTC2492 without external
amplifiers. The remaining common mode input\current
is eliminated by either balancing the differential input
impedances or setting the common mode input eqyal to
the common mode reference (see Automatic Differegtial
Input Current Cancellation Section). This unique architgc-
ture does not require on-chip buffers, thereby enabli
signals to swing beyond ground and V. Moreover, th
cancellation does not interfere with the transparent offset
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 LTC2492 automatically enters an internal reset state
when the power supply voltage Vg drops below ap-
proximately 2V. This feature guarantees the integrity of
the conversion result, input channel selection and serial
clock mode.

When Vg rises above 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, simultaneous 50Hz/60Hz rejection and 1x output
rate. The first conversion following a POR cycle is accurate
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

Thisconverter accepts atruly 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,
Vger must be positive (REF* > REF™).

The LTC2492 differential reference input range is 0.1V to
V. Forthe simplest operation, REF* can be shorted to Vg
and REF canbe shorted to 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 converters effective resolution.
On the other hand, a decreased reference will improve the
converters overall INL performance.

put Voltage Range

The analog inputs are truly differential with an absolute,
common mode range for the CHO to CH3 and COM input
pins extending from GND — 0.3V to Vg + 0.3V. Outside
these limits, the ESD protection devices begin to turn
on and the errors due to input leakage current increase
rapidly. Within these limits, the LTC2492 converts the
bipolar differential input signal W, = IN* — IN~ (where
IN* and IN~ are the selected input channels), from —FS =
—0.5*Vperto +FS =0.5* Vg where Vger = REF*—REF™.
Outside this range, the converter indicates the overrange
or the underrange condition using distinct output codes
(see Table 1).

Signals applied to the input (CHO to CH3, COM) may
extend 300mV below ground and above V. 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 5k resistor if Vper = 5V. This error has a very strong
temperature dependency.
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LTC 2492

APPLICATIONS INFORMATION .

Table 2. Qutput Data Format

DIFFERENTIAL INPUT VOLTAGE gzt | emao | mmee [ ermes | e | emas | emas BITS [BITS4toD
V' EOC | OMY | Si& | MSB L5B | SUBLSB:
'TI' 205 Vg [ [ 14 1 0 [ ] 0 0000
0.5 = Vpep®* — 1L58 [ [ 1 4] 0 1 1 1 1 XA
0.25 = Vae** ] 0 1 /] ® 1 [ ] 0 XA
0.25 = Vaee** — 1LSB a ] 1] ] ] 1 1 1 B0
] [] 0 £V 0 ] [ 0 0 MK
~1L58 ] 0 ] 1 1 1 1 1 XA
025 Vg 0 0 ] 1 1 0 ] 0 WK
.25+ Ve * — 1158 [] 0 ] 1 ] 1 1 1 MK
05 Vg [ [ ] 1 0 0 ] 0 MK
Vig* q—[:'-.ﬁ" Viee*® a [ ] a0 1 1 i 3 ox

“The Sifferental input wolage Vg = IN* - 1N,

% *The differential refarence volags Vrgp = REF* — PEF_ Seb LS2s are below the: 24-hit level. They may be inclodsd in venping, or dissardsd without loss of ressletion

o

1T|'rsrgr bitchanges statz dering fhe O cutput code when the device i operating in the 2 spead mode

***The undamange output code is DXDFFFFX0C IN 2x mode. .
conversion aufumatn:ally begins at power up using this

default configuration. Once the conversion is complate,
a new word may be written into the device.

The first three bits shifted into the device consist of two
preamble bits and an enable bit. These bits are used to
enable the device configuration and input channel selection.
Valid settings for these threa bits are 000, 100 and 101.
Othercombinations should be avoided. If the first three bits
are 000 or 100, the following data is ignored (don't care)
andthe previouslyselected inputchanneland configuration
remain valid for the next conversion.

If the first three bits shifted into the device are 101, then
the next five bits select the input channel for the next
conversion cycle (s2e Table 3).

The first input bit (3GL) following the 101 sequence
determines if the input selection is differential (5GL = 0)
or single-ended {SGL = 1). For SGL = 0, two adjacent
channels can be selected to form a differential input. For
SGL =1, one of four channels is selected as the positive
input. The negative input is COM for all single-ended
operations. The remaining four bits {ODD, A2, A1, AD)
determine which channel(s) is/are selected and the polarity
(for a differential input).

The next serial input bit immediately following the input
channel selection 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

Table 3 Channel Selection setting EN2 = 1 (see Table 4). The first bit (IM) is used
MUK ADDRESS CHANNEL SELECTION to select the internal temperature sensor. If IM = 1, the

ooy following conversion will be performed on the internal

f’::" 5':" f ": ": "[:+ ”:_ 2| 3 cow tempera%ure 58 nsurlaiherthanﬁheselemed input channel.
- The next two bits (FA and FB) are used to set the rejection

ppogpoe oo N frequency. The final bit (SPD) is used to select either the

I L U L 1x output rate if SPD = 0 (auto-calibration is enabled and

L L M| the offset is continuousty calibrated and removed from
ipjofo o oW I the final conversion result) or the 2x output rate if SPD

L N IN N~ =1 (offset calibration disabled, multiplexing output rates
i1 |0 0 D IN* IN” up to 15Hz with no latency). When IM =1 (temperatura
1|10 0o 1 N | IN- measurement) SPD will be ignored and the device will

* ek at povwer operate in 1:x mode. The configuration remains valid undil
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LTC2493
POWER REQUIREMENTS e o denotes the specifications which apply over the full operating temperature

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

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
Voo Supply Voltage * 2.7 55 v
lco Supply Current Conversion Current (Nofe 11) L 160 275 PA
Temperature Measurement (Note 11) ® 200 300 A
Sleep Mode (Note 11) L] 1 2 pA

DIGITAL INPUTS AND DIGITAL OUTPUTS The e denotes the specifications which apply over the

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

SYMBOL FPARAMETER CONDITIONS MIN TYP MAX UNITS
feose External Oscillator Frequency Range {Note 16) ® | 10 1000 4a88- kHz
theo External Oscillator High Period ® (0125 50 s
L External Oscillator Low Period ® ( 0125 50 s
teony 4 Conversion Time for 1x Speed Mode 50Hz Mode ® | 157.2 160.3 163.5 ms
60Hz Mode ®| 13 1336 136.3 ms
Simultaneous 50Hz/60Hz Mode ® 1447 1469 149.9 ms
External Oscillator (Note 10) 41036/fcpge; (in kHz) ms
foony 2 Conversion Time for 2= Speed Mode 50Hz Mode ® | 787 803 g9 ms
0Hz Mode ® | 656 66.9 6.2 ms
Simultaneous 50Hz/60Hz Mode e 722 736 75.1 ms
External Oscillator (Note 10) 20556/fgse (In kKHz) ms
2
1<C “mlnG CHH n ncrenls"cs The e denotes the specifications which apply over the full operating
temperature range, otherwise specifications are ai Ty = 25°C. (Mote 3, 15)
SYMBOL |PARAMETER CONDITIONS MIN TYP MAX UNITS
fanl SCL Clock Frequency L] 0 400 kHz
tHDisTAY Hold Time (Repeated) START Condition ] 0.6 js
TLow LOW Period of the SCL Pin ] 1.3 ps
tHigH HIGH Period of the SCL Pin L] 0.6 ps
tsusm) Set-Up Time for a Repeated START Condition L 0.6 js
tynipam Data Hold Time ] 0 09 ps
tsuioan Data Set-Up Time L] 100 ns
tr Rise Time for SDA Signals (Note 14} ® [ 20+0.1Cg 300 ns
ts Fall Time for SDA Signals (Note 14} ® ( 20+0.1Cg 300 ns
tayisTO) Set-Up Time for STOP Condition L 0.6 js

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: Vg = 2.7V to 5.5V
Vercw = VRer/2, f5 = 0.5VRer
Vi = INF— INT, Viygown = (INF— IND)2,
where IN* and IN" are the selected input channels.

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

with fgpsg = 307.2kHz unless otharwise specified.
Note §: 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.

280kHz 2% (external oscillator).
Note 10: The external oscillator is connected to the fp pin. The external
oscillator frequency, frps;. is expressed in kHz.

Note 11: The converter uses its internal oscillator.

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

Mote 13: Guaranteed by design and test correlation.

Note 7: 50Hz mode (intermal oscillator) or fegs; = 256kHz £2% (extemal oscillator).
Note 8: 60Hz mode (intemal oscllator) or fppsg = 307 2kHz +2% (extemal oscillator).
Note 9: Simultaneous 50Hz/60Hz mode (internal oscillator) or frpge =

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

Note 16: Refer to Applications Information section for Performance vs
Data Rate graphs.
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The LTC2493 input measurement range is -0.5*VREF in both differential and single-ended
configurations as shown in Figure 37. Highest linearity is achieved wit Fully Differential
drive and a constant common-mode voltage (Figure 37k). Other drive schemes may incur

LTC2493

an IML error of approximately S0ppm. This emer can be calibrated out using a three point
calibration and a second-order curve fit.

APPLICATIONS INFORMATION

signals to swing beyond ground and V. Moreover, the
cancellation does not interfere with the transparent offset
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 LTC2493 automatically enters an internal reset state
when the power supply voltage, Vg, drops below ap-
proximately 2.0V. This feature guarantees the integrity of
the conversion result and input channel selection.

When Vi rises abovethis 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 rejection and 1x output
rate. Thefirst conversionfollowing a POR cycle is accurate
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

This converter accepts a truly differential external refer-
ence voltage. The absolute/common mode voltage range
for the 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 LTC2493 differential reference input range is 0.1V to
Ve For the simplest operation, REF can be shorted to
Vo and REF~ can be shorted to GND. The converier out-
put 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 effec-
tive resolution. On the other hand, a decreased reference
will improve the converters overall INL performance.

The analog inputs are truly differential with an absolute,
common moderange forthe CHO-CH3 and COM input pins
extending from GND — 0.3V to Ve + 0.3V, Outside these
limits, the ESD protection devices begin to turn on and
the errors due to input leakage current increase rapidly.
Within these limits, the LTC2493 converts the bipolar dif-
ferential input signal Viy = IN* — IN™ (where IN* and IN™
are the selected input channels), from —FS =-0.5 * Vpgr
to +FS = 0.5 *Vper where Vper = REF* - REF™. Outside this
range, the converter indicates the overrange or the under
range condition using distinct output codes (see Table 1).

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 ontheconverter accuracy can be evaluated from
the curves presented in the Input Current/Reference Cur-
rent 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 5k resistor if Vper = 5V. This error has a very
strong temperature dependency.

12 INTERFACE

The LTC2493 communicates throughan 12Cinterface. 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 Vi power should not be removed from the
device when the 12C bus is active to avoid loading the
I2C bus lines through the internal ESD protection diodes.

Each device on the I12C 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
canalsobe considered as masters orslaves when perform-
ing data transfers. A master is the device which initiates a
data transfer on the bus and generates the clock signals
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LTC2493

APPLICATIONS INFORMATION
DATA OUTPUT FORMAT

The output register contains the last conversion result.
After each conversion is completed, the device automati-
cally enters the sleep state where the supply current is
reduced to 1pA. When the LTC2493 is addressed fora read
operation, it acknowledges (by pulling SDA low) and acts
as a transmitter. The master/receiver can read up to four
bytes from the LTC2493. 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 (S1G) (see Tables 1 and

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.

As long as the voltage on the selected input channels (IN*
and IN7) remains between—0.3Vand Vp + 0.3V (absolute
maximum operating range) a conversion result is gener-
ated for any differential input voltage Vi from—-FS=-0.5
* \Vper to +FS = 0.5 * Vggr. For differential input voltages
greater than +FS, the conversion result is clamped to the
value corresponding to +FS. For differential input voli-
ages below —F5, the conversion result is clamped to the
value —=FS -1 LSB.

Table 2. LTC2493 Stalus Bits

2). This bit is high if Vi = 0 and low if Vjy < 0 (where Viy BIT 31 BIT 30
corresponds to the selected input signal IN* —IN7). The ~ INPUT RANGE slG Ms8
second bit is the most significant bit (MSB) of the result. ~ VinzFs 1 1
The first two bits (SIG and MSB) can be used to indicate  ovewy<FS 1/0 0
over and under range conditions (see Table 2). If both bits ~ -FS< V<0V 0 1
are high, the differential input voltage is equal to or above Vi <-Fs 0 0
+FS. If both bits are set low, the input voltage is below —F5.

Table 1. Output Data Format

DIFFERENTIAL INPUT VOLTAGE BIT31 | BIT30 | BIT29 | BIT28 | BIT27 BIT6 | BITS5-0

Vi SIG MsB LSB | SubLSBs

V" zF5" 1 1 0 0 0 0 00000

FS™" —1LSB 1 0 1 1 1 1 OO0

D5*FS"" 1 0 1 0 0 0 XK

0.5+F5**—1LSB 1 0 0 1 1 1 X000

0 1/0f 0 0 0 ] 0 000

-1LSE 0 1 1 1 1 1 00K

-05eF5* 0 1 1 0 0 0 X000

—05+F5** - 1138 0 1 0 1 1 1 X000

—Fg™" 0 1 0 0 0 0 0000

Vit < -F3** 0 0 1 1 1 ¥ e

“Tha difterantial Input vortage Vi = IN* — IN-.

“*The full-5cale voltage FS = 0.5 » Ver. SUb LSBS are below tha 24-bit lavel. They may be Included In averaging, or discarded without oss of resalution.
Tha sign bif changes siate during tha O output cods whan the device Is aparating In the 2x spead mode.

** The underrange oufput code is DX3IFFFFXXX in 2x mode
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LTC2494

DIGITHL InPUTS HnD DIGIT“L OUTPUTS 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
feose Extarnal Oscillator Frequency Range (Note 16) L 10 1000 4608 kHz
tHen External Oscillator High Period ® | 0125 a0 s
tLeo External Oscillator Low Period ® (0125 50 s
toom 4 Conversion Time for 1x Speed Mode 30Hz Mode ® | 1572 160.3 163.5 ms

60Hz Mode ® | 13 1336 136.3 ms

Simultaneous 50/60Hz Mods ® | 1441 146.9 149.9 ms

External Oscillator 41036/fgpsi (in kHZ) ms
ooy 2 Conversion Time for 2x Speed Mode 50Hz Mode ® | 78T 803 819 ms

60Hz Mode ® | G516 66.9 68.2 ms

Simultaneous 50/60Hz Mode e 722 736 751 ms

External Oscillator 20556ffgpse (in kHz) ms
flack Internal SCK Frequency Internal Oscillator (Notes 10, 17) 384 kHz

External Oscillator {Notes 10, 11, 15) feosc/8 kHz
Dysck Intarnal SCK Duty Cycle (Notes 10, 17) L] 45 55 %
Tesok External SCK Frequency Range (Notes 10,11, 15) L 4000 kHz
toesck External SCK LOW Period (Notes 10, 11, 15) e | 125 ns
thesck External SCK HIGH Period (Notes 10,11, 15) e | 125 ns
toour Jsck | Imternal SCK 24-Bit Data Output Tima Internal Oscillator (Notes 10, 17) ® ( 061 0.625 0.64 ms

External Oscillator {Notes 10, 11, 158) 192/gpzr (im kHzZ) ms
toour_esck | External SCK 24-Bit Data Output Time {Notes 10,11, 15) 24/fesci (In kHz) ms
1 CS. 1o SDO LOW L 200 ns
ta CST to SDO Hi-Z L] 200 ns
13 5l to SCKT Internal SCK Moda ] 200 ns
ty 5. to SCKT External SCK Mode ®| 50 ns
tromax SCKL to SDO Valid L] 200 ns
tkomin SDO Hold After SCKL {Note 5) L ] 15 ns
t5 SCK Set-Up Before TS e | 50 ns
t SDI Setup Before SCKT {Note 5) e | 100 ns
L SDI Hold After SCKT {Note 5 e 100 ns

Mote 1: Stresses beyond thosz listed under Absolute Maximum Ratings may
cause permanent damage to the device. Exposure to amy Absolute Maximum
Rating condition for extended periods may affect device reliability and [ifetime.
Mote 2: All voltage values are with respect to GND.
Mote 3: Vpp = 2.7V to 5.5V unlass otherwise spacified.

VRerom = VRes'2, 5 = 0.5Vger/Gain

Wiy = INF = INC, Viggowy = (IN* - INT)/2,
where IN* and IN™ are the selected input channels.
Mote 4: Use internal conversion clock or external conversion clock source
with feps = 307.2kHz unless other wise spacified.
Mote 5: Guaranteed by design, not subject to test.
Mote 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.
Mote 7: 50Hz mode (internal oscillator) or fepsg = 256kHz £2% (extamnal
oscillator).
Note 8: 60Hz mode (internal oscillator) or fepse = 307.2kHz £2% (external
oscillator).
Note 9: Simultaneous 50Hz/60Hz mode (intemnal oscillator) or fepsp =
280kHz +2% (external oscillator).

Mote 10: The SCK can be configurad in external SCK mode or internal SCK
mode. In external SCK mode, the SCK pin is used as a digital input and the
driving clock is fegpy. In the internal SCK mode, the SCK pin is used as a
digital output and the output clock signal during the data output is fisck.

Mote 11: The external oscillator is connected to the fp pin. The external
oscillator frequency, fepsg, is expressed in kHz

Note 12: The converter uses its internal oscillator

Note 13: The output noise includes the contribution of the internal
calibration operations.

Mote 14: Guaranteed by design and test correlation.

Mote 15: The converier is in external SCK mode of operation such that the

SCK pin is used as a digital input. The frequency of the clock signal driving
SCK during the data output is fzsp and is expressed in Hz.

Note 16: Refer to Applications Information section for performance vs
data rate graphs.

Mote 17: The converter is in internal SCK mode of operation such that the
SCK pin is used as a digital output.

Mote 18: For Vg < 3V, Vg is 2.5V for Pin fo.
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The LTC2494 input measurement range is -0.5*REF to +0.5*VREF in both differential and single-ended configurations as
shown in Figure 39. Highest linearity is achieved with Fully Differential drive and a constant common-mode voltage (Figure39b).
Other drive schemes may incur an INL ermror of approximately S0ppm.  This emor can be calibrated out using a three point

calilrration and a second-order curve fit.

LIC2494

APPLICATIONS INFORMATION

transparently removes the differential input ctyrrent. This
enables external RC networks and high impedgnce sen-
sors to directly interface to the LTC2494 without'external

impedances or setting the common mode input equal
to the common mode reference (see the Automatic Dif-
ferential Input Current Cancellation section). This uniqu

architecture does not require on-chip buffers, thereby
enabling signals to swing beyond ground or up to V.
Moreover, the cancellation does not interfere with the
transparent offset 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 LTC2494 automatically enters an internal reset state
when the power supply voltage, Ve, drops below ap-
proximately 2V This feature guarantees the integrity of
the conversion result, input channel selection and serial
clock mode.

When Ve rises abovethis threshold, the convertercreates
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 channels IN* = CHO and
IN~=CH1 with simultaneous 50Hz/60Hz rejection 1x output
rate, and gain = 1. The first conversion following a POR
cycle is accurate 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, temperature selection, or
gain can be programmed into the device during this first
data input/output cycle.

Reference Voltage Range

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

The LTC2494 differential reference input range is 0.1V to
V. For the simplest operation, REF* can be shorted to
Vi and REF™ can be shorted to GND. The converter out-
put 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 effec-
tive resolution. On the other hand, a decreased reference
will improve the converters overall INL performance.

put Voltage Range

The analog inputis truly differential with an absolute, com-
mon mode range for GHO to CH15 and COM input pins
extending from GND — 0.3V to Vp + 0.3V Outside these
limits, the ESD projection devices begin to turn on and the
errors due to input leakage currentincrease rapidly. Within
these limits, the LTC2494 converts the bipolar differential
input signal Vi = IN* + IN™ (where IN* and IN~ are the
selected input channels), from —FS = —0.5 * Vggr/Gain to
+FS = 0.5 » Vpgr/Gain where Vper = REF* — REF™. Outside
this range, the converter indicates the overrange or the
underrange condition using distinct output codes.

Signals applied to the input (CHO to CH15, COM) may
extend 300mV below ground and above Vic. 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 5k resistor if Ve = 5V This error has a very strong
temperature dependency.

MUXOUT/ADCIN

The output of the multiplexer (MUXOUT) and the input
to the ADC (ADCIN) can be used to perform input signal
conditioning on any of the selected input channels or sim-
ply shorted together for direct digitization. If an external
amplifier is used, the LTC2494 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.
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LTC2494

APPLICATIONS INFORMATION

Table 4. Converier Configuration

0 | EN | SGL | 00D | A2 | Al | AD ([EN2 | IM | FA | FB | SPD | GS2 | GS1 | GSD CONVERTER CONFIGURATION
1100 X | X | X X X X X | X Keep Previous
1101 0| x| X X X X X | X Keep Previous
1101 1 0 0 0 0 0 External Input, Gain = 1, Auto-Calibration
11011 1 0 0 0 1 1 External Input, Gain = 4, Auto-Calibration
110101 1 0 0 0 1 0 External Input, Gain = 8, Auto-Calibration
1101 1 0 0 01 1 External Input, Gain = 16, Auto-Calibration
1101 1 0 0 1 0|0 External Input, Gain = 32, Auto-Calibration
1101 1 0 0 1 0|1 External Input, Gain = B4, Aum-calihratigu///
1]10(1 110 Heﬂion 0 11110 External Input, Eain =128, M___o;ﬁaﬂﬁiﬁnn
1]10(1 110 Mode 0 1111 External Input, Gain = 284, Allto-Calibration
1101 1 0 1 0 0 0 External Input, Gain = 1, 2x Speed
110101 Any 1 0 1 0 0 1 External Input, Gain = 2, 2x Speed
1[{0]1 Input 1 0 1 0 1 0 External Input, Gain = 4, 2x Speed
1|01 Channel 1]0 10| 1|1 External Input, Gain = 8, 2x Speed
1101 1 0 1 1 0 0 External Input, Gain = 16, 2x Speed
1101 1 0 1 1 1] 1 External Input, Gain = 32, 2¢ Speed
1101 1 0 1 1 1 0 External Input, Gain = 64, 2¢ Speed
1101 1 0 1 1 1 1 External Input, Gain = 128, 2x Speed
110101 1 o0 0 External Input, Simultanegus S0Hz/60Hz Rejection
1o 1 oo 1] Ay Ay External Input, 50Hz Rejection
HEE 1[0 1| o |5 Gain External Input, 60Hz Rejection
1101 1 0 1 1 Reserved, Do Not Use
1[(0]1 1 1 [ X X | X | X | Temperature Input, Simultansous 50Hz/60Hz Rejection
1101 1 1 0 1 X X X | X Temperature Input, 50Hz Rejection
1101 1 1 1 0 X X X | X Temperature Input, 60Hz Rejection
1101 1 1 1 1 X K1 X | X Reserved, Do Not Use

=1 (offset calibration disabled, multiplexing output rates
up to 15Hz with no latency). When IM = 1 (temperature
measurement), SPD, G32, GS1, GSO will be ignored and
the device will operate in 1x mode. The final 3 bits (GS2,
GS1, GSO) are used to select the gain. The configuration
remains valid until a new input word with EN =1 (the first
3 bits are 101) and EN2 = 1 is shifted into the device.

Rejection Mode (FA, FB)

The LTC2494 includes a high accuracy on-chip oscillator
with no required external components. Coupled with an
integrated 4th order digital low pass filter, the LTC2494 re-
jectslinefrequency noise. Inthe default mode, the LTC2494
simultaneously rejects 50Hz and 60Hz by at least 87dB. If
more rejection is required, the LTC2494 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 boththe 1x
and 2x mode there is no latency. This enables input steps
or multiplexer changes to settle in a single conversion
cycle easing system overhead and increasing the effective
conversion rate. During temperature measurements, the 1x
mode is always used independent of the value of SPD.
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LTC2495
DIGITHL "‘PUTS I"II'ID DlGITH l. OUTPUTS 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
feosc External Oscillator Frequency Range (Note 16) L ] 10 1000 4008 kHz
then External Oscillator High Period ® [ 0125 100 s
tLen External Oscillator Low Period ® | 0125 100 s
toony 4 Conversion Time for 1x Speed Mode 50Hz Mode ® (1572 160.3 163.5 ms
60Hz Mode ® | 131 133.6 136.3 ms
Simultaneous 50Hz/60Hz Mode e 1441 1469 149.9 ms
External Oscillator (Note 10) 41036(fggse (In kHZ) ms
toony 2 Conversion Time for 2x Speed Mode 50Hz Mode ® ( 747 803 1.9 ms
60Hz Mode ® ( G656 66.9 68.2 ms
Simultaneous 50Hz/60Hz Mode e 722 736 751 ms
External Oscillator (Note 10) 20556(Tggse (In kHZ) ms

12C TIMING CHARACTERISTICS e o denotes the specitications which apply over the full operating

temperature range, otherwise specifications are al Ty = 25°C. (Note 3, 15)

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
fsoL SCL Clock Frequency L 0 400 kHz
tHD[SDA) Hold Time (Repeated) START Condition ] 0.6 ps
tLow LOW Period of the SCL Pin L] 13 ps
tHigH HIGH Period of the SCL Pin L] 0.6 ps
s Set-Up Time for a Repeated START Condition L ] 0.6 js
IHD[DMJ Data Hold Time L 0 09 ps
tsuipam Data Set-Up Time L ] 100 ns
tr Rise Time for SDA Signals (Mote 14} ® | 20+0.1Cg 300 ns
ts Fall Time for SDA Signals (Note 14) ® | 20+0.1Cg 300 ns
tsuisTO) Set-Up Time for STOP Condition L] 0.6 Hs
oy Bus Free Time Between a Second START Condition L] 13 ps
Mote 1: Stresses beyond those listed under Absolute Maximum Ratings Mote 7: 50Hz mode (internal oscillator) or frosg = 256kHz 22% (exiemal oscillator).
may cause permanant damage to the device. Exposure fo any Absolute Note 8: 60Hz mods (intemal oscillator) or frpsg = 307 2kHz +2% (extemal oscillator).
M?x:;:_”m E;t:;gt@"d't'm for extended periods may affect device Note 9: Simultaneous 50Hz/60Hz mode (internal oscillator) or feos; =
reliability and lifetime. _ 280kHz +2% (external oscillator).
Note 2: All voltage ualqes are wrlh respect to GND. Note 10: The external oscillator is connected to the fiy pin. The external
Note 3: Unless otherwise SpECI‘IIEEI: Voo =27V to 5.5V oscillator TIBEIUEHU‘]', fepsc, is expressed in kHz.

VRErcM = Vaer'2, Fs = 0.5Vper/Gain Note 11: The canverter uses its infernal oscillator

Vin = IN* = IN", Vi = (INT - INC)/2, Note 12: The output noise includes the contribution of the intemnal
where IN* and IN are the selected input channels. calibration operations.
Note 4: Use internal conversion clock or external conversion clock source Note 13: Guaranteed by design and test correlation.
With feosc = 307.2kHz unless otherwise specified. Note 14: Cp = capacitance of one bus fine in pF (10pF < Cy < 400pF).
Mote 5: Guaranteed by design, not subject to test. Note 15: All values refer to Vi and Vi yax levels.

. P . P " A

Mote &: Integral nonlinearity is defined as the deviation of a code from a Nate 16: Refer to Applications Information section for Performance vs
straight ling passing through the actual endpoints of the transfer curve. Data Rate graphs.

The deviation is measured from the center of the quantization band.
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The LTC2495 input measurement range is -0.5*VREF to +0.5*VREF 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 incur an INL emor of approximately S0ppm. This error can be calibrated out
using a three point calibration and a second-order curve fit.

LTC2495

APPLICATIONS INFORMATIO

cancellation does not interfere with the transparent offset
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 LTC2495 automatically enters an internal reset state
when the power supply voltage, Vg, drops below a
threshold of approximately 2.0V, This feature guarantess
the integrity of the conversion result and input channel
selection.

When Ve rises abovethisthreshold, 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 channels IN* = CHO and
IN- = GH1 with simultaneous 50Hz/60Hz rejection, 1x
output rate, and gain = 1. The first conversion following a
POR cycle is accurate 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, temperature selection or
gain can be programmed into the device during this first
data input/output cycle.

Reference Voltage Range

This converter accepts atruly differential external reference
voltage. The absolute/common mode voltage range forthe
REF* and REF™ pins covers the entire operating range of
the device (GND to Vc). For correct converter operation,
Vger must be positive (REF* > REF™).

The LTC2495 differential reference input range is 0.1V to
Vic. Forthe simplestoperation, REF* can be shortedto Ve
and REF~can be shorted to 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.
0On the other hand, a decreased reference will improve the
converter's overall INL performance.

nput Voltage Range

The analog inputs are truly differential with an absolute,
commaon mode range for the CHO-CH15and COM input pins
extending from GND - 0.3V to Ve + 0.3V Qutside these
limits, the ESD protection devices begin to turn on and the
errors duetoinputleakage currentincrease rapidly. Within
these limits, the LTC2495 converts the bipolar differential
input signal Viy = IN* = IN™ (where IN* and IN™ are the
selected input channels), from — FS = — 0.5 * Vger/Gain
to + FS = 0.5 * Vpgp/Gain where Vpgr = REF* — REF™.
Outside this range, the converter indicates the overrange
or the underrange condition using distinct output codes
(see Table 1).

Signals applied to the input (CHO-CH15, COM) may extend
300mV below ground and above Vpe. 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
presented inthe 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 bk resistor if Vppr = 5\ This error has a very strong
temperature dependency.

MUXOUT/ADCIN

The outputs ofthe 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 LTC2495
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 MUXQUTP and ADCINN to MUXOUTN) and
minimize their capacitance to ground.

24850
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APPLICATIONS INFORMATION

one of 16 channels is selected as the positive input. The
negative input is COM for all single-ended operations.
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 input in order to select a configuration mode.
The first bit of the second word is the enable bit for the
conversion configuration (EN2). If this bit is setto 0, then
the next conversion is performed using the previously
selected converter configuration.

If the EN2 bit is set to a 1, a new configuration can be
loaded into the device (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

Table 4. Converter Configuration

LIC 2495

temperature sensor ratherthanthe selected input channel.
The next two bits (FA and FB) are used to set the rejection
frequency. The next bit (SPD) is used to select either the
1x output rate if SPD = 0 (auto-calibration is enabled and
the offsetis 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). The final three bits (GS2, GS1,
GS0) are used to set the gain. When IM =1 (temperature
measurement) SPD, GS2, GS1 and GSO 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.

1] o Jen]scL]oon[Az a1 Ao En2] m | FA | FB | 5PD | GS2 | GS1][GSO CONVERTER CONFIGURATION
1]10]0 X1 X | X X X | X | X Keep Previous
110101 0 X | X X X X1 X1 X Keep Previous
110101 1 0 1] DjJofo External Input, Gain = 1, Auto-Calibration
110101 1 0 1] Dol External Input, Gain = 4, Auto-Calibration
1(0]1 1 0 0 0 1 0 External Input, Gain = 8, Auto-Calibration
110101 1 0 a 0 1 1 External Input, Gain = 16, Auto-Calibration
11011 1 0 1] 1 ol 0 External Input, Gain = 32, Auto-Calibration
11071 110 0 11 0f(1 External Input, Gain = 64, Auto-Calibration __—
1ol 1] Any o [1 1o External Input, Gain = 128, Auto-Calitration
Rejection - e
1[(0]1 1 0 Mode 1] 1 1 1 External Input, Gain = 264, E0to-Calibration
110701 1 0 1 oD jofo0 External Input, Gain =1, 2x Speed
110101 Any 1 0 1 ool External Input, Gain =2, 2x Speed
110101 Input 1 0 1 0 1 0 External Input, Gain = 4, 2x Speed
i{o]1 Channel 1|0 1 HIERE External Input, Gain = 8, 2x Speed
11011 1 0 1 1 0ol 0 External Input, Gain = 16, 2x Speed
110101 1 0 1 1 01 External Input, Gain = 32, 2x Speed
110101 1 0 1 1 1 0 Extemnal Input, Gain = 64, 2x Speed
110101 1 0 1 1 1 1 Extemnal Input, Gain = 128, 2x Speed
1[(0]1 1 0 0] o External Input, Simultangous 50Hz/60Hz Rejection
1|01 1|0 |0 |1 | Ay Any External Input, 50Hz Rejection
RERE T 101 o0 |°Pe Gain External Input, 60Hz Rejection
11011 1 0 1 1 Reserved, Do Mot Use
1 (01 1 1 0|0 X X | X | X | Temperature Input, Simultaneous 50Hz/60Hz Rejection
110101 1 1 0 1 X X | X Temperature Input, 50Hz Rejection
1[(0]1 1 1 1 1] X X | X | X Temperature Input, G0Hz Rejection
110701 1 1 1 1 X X X X Reserved, Do Not Use
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LTC2496
DIGITAL INPUTS AND DIGITAL OUTPUTS e o 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
Vin High Level Input Voltage (TS, fg, SDI) 2.7V = Vipp = 5.5V (Note 18) ® | V05 v
ViL Low Level Input Voltage {ES. fo., SO1) 2.V Vo £ 5.5V L] 05 v
Vin High Level Input Voltage (SCK) 2.7V = Vi < 5.5V (Notes 10, 15) ® | Vp-05 v
Vi Low Level Input Voltage (SCK) 2.7V = Vg < 5.5V (Notes 10, 15) L 05 v
I Digital Input Current (TS, fg, SDI) OV < Wy < Ve L] =10 10 A
I Digital Input Current {SCK) OV £ W)y < Vi (Notes 10, 15) L -10 10 A
Cin Digital Input Capacitance (CS, fg, SDI) 10 pF
Cin Digital Input Capacitance (SCK) (Motes 10, 17) 10 pF
Vou High Level Dutput Violtage (SDO) lg=-800pA ® | Vp-05

VoL Low Level Output Voltage (SDO) lp="1.6mA L] 04

Vou High Level Dutput Violtage (SCK) lg=—800pA (Notes 10, 17) ® | V-05

VoL Low Level Output Voltage (SCK) lg="1.6mA {Notes 10, 17) L] 04

loz Hi-Z Output Leakage (SD0O) L -10 10 A

POWER REQUIREMENTS

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

The & denotes the specifications which apply over the full operating temperature

SYMBOL PARAMETER CONDITIONS MIN TP MAX | UNITS
Ve Supply Voltage L] 27 2.5 v
[V H Supply Current Conversion Current (Mote 12) L] 160 275 PA

Sleep Mode (Note 12) L 1 2 PA

PIGITAL INPUTS AND DIGITAL OUTPUTS e o 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
fepse External Oscillator Frequency Range (Note 16) L 10 1000 4804 kHz
HED External Oscillator High Period ® | 0125 100 ps
tiep External Oscillator Low Period ® | 0125 100 ps
toowy CGonversion Time Simultaneous 50/60Hz ® | 1447 146.9 1499 ms

External Oscillator 41036/fzpsc (in kHz) ms
fisck Internal SCK Frequency Internal Oscillator (Note 10) 384 kHz

External Oscillator {Notes 10, 11) fepsp /8 kHz
Disox Internal SCK Duty Cycle {Note 10) L 45 55 Yo
fesck External SCK Fraquency Range (Note 10) L 4000 kHz
ty 5ok External SCK Low Period (Note 10) L 125 ns
stk External SCK High Period (Note 10) L 125 ns
toouT_IscK Internal SCK 24-Bit Data Output Time Internal Oscillator L] 061 0.625 0.64 ms

External Oscillator 192/fepsg (in kHz) ms
toour psck | External SCK 24-Bit Data Output Time {Mote 10) 24 ¥z (in kHz) ms
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The LTC24%8 input measurement range is -0.5*VREF to +0.5*VREF in both differential and single-ended configurations
as shown in Figure 29. Highest linearity is achieved with Fully Differential drive and a constant common-mode voltage

(Figure 28b). Other drive schemes may incur an INL error of approximately S0ppm. This emmor can be calibrated out
using a three point calibration and a second-order curve fit.

LIC2496

APPLICATIONS INFORMATI

frontend. Aproprietary front end passive sampling Retwork
transparently removes the differential input current, This
enables external RC networks and high impedance sen-
sors to directly interface to the LTC2496 without exterhal
amplifiers. The remaining common mode input curre
is eliminated by either balancing the differential input
impedances or setting the common mode input equal to
the common mode reference (see Automatic Differential
Input Current Cancellation Section). This unique archi-
tecture does not require on-chip buffers thereby enabling
signals to swing beyond ground oruptoVeg. Moreover, the
cancellation does not interfere with the transparent offset
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 LTC2496 automatically enters an internal reset state
when the power supply voltage Vqc drops below ap-
proximately 2. This feature guarantees the integrity of
the conversion result, input channel selection, and serial
clock mode.

When V¢ rises above 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.Thefirst conversion followinga POR cycleis accurate
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, can be programmed
into the device during this first data input/output cycle.

Reference Voltage Range

This converter accepts a truly 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 Vec). For correct converter operation,
Vper must be positive (REF* > REF)

The LTC2496 differential reference input range is 0.1V
to V. For the simplest operation, REF* can be shorted

to Ve and REF™ can be shorted to GND. The converter
output noise is determined by the thermal noise of the
front end circuits. Since the transition noise is well below
1LSB (0.02LSB), a decrease in reference voltage will
proportionally improve the converter's effective resolution
and improve the INL.

put Voltage Range

The analoginput is truly differential with an absolute, com-
mon mode range for CHO to CH15 and COM input pins
gxtending from GND — 0.3V to Ve + 0.3V Quiside these
limits, the ESD projection devices begin to turnon and the
errors duetoinput leakage current increase rapidly. Within
these limits, the LTC2496 converts the bipolar differential
input signal Vi = IN* + IN™ (where IN* and IN™ are the
selected input channels), from —FS = 0.5 * Vgepto +FS =
0.5 * Ve where Vper = REF* — REF. Outside this range,
the converter indicates the over range or the under range
condition using distinct cutput codes.

Signals applied to the input (CHO to CH15, COM) may
extend 300mV below ground and above V. 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 5k resistor if Vper = 5\ This error has a very strong
temperature dependency.

MUXOUT/ADCIN

The output of the multiplexer (MUXOUT) and the input
to the ADC (ADCIN) can be used to perform input signal
conditioning on any of the selected input channels or sim-
ply shorted together for direct digitization. If an external
amplifier is used, the LTC2496 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.
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LTC2497
DlGlTHL “]PUTS I-'II'ID DlGlTﬂL OUTPUTS 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
frose External Oscillator Frequency Range (Note 16) ®| 10 1000 4000 kHz
tHeo External Oscillator High Period ® | 0125 100 s
ten External Oscillator Low Period e | 0125 100 s
toony Conversion Time Intemal Oscillator e | 1441 146.9 149.9 ms

External Oscillator (Note 10) 41036/gsc (in kHz) ms

I2C “mlnG CHH ﬂﬂCI'EB ISTICS The @ denoies 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
fsoL SCL Clock Frequency L] 0 400 kHz
tunisom Hold Time {Repeated) Start Condition L 0.6 jis
tow Low Period of the SCL Pin ® 13 s
thign High Period of the SCL Pin L] 0.6 s
tsisTa) Set-Up Time for a Repeated Start Condition L] 06 s
thoioaT) Data Hold Time L] 0 0.9 s
tsuioan Data Set-Up Time L] 100 ns
i Rise Time for SDA Signals (Note 14) ® | 20+01Cy 300 ns
1 Fall Time for SDA Signals (Note 14) ® | 20+01Cy 300 ns
tsusT) Set-Up Time for Stop Condition L] 0.6 jIs
Mote 1: Stresses beyond those listed under Absolute Maximum Ratings Mote B: frgsp = 307.2kHz £2% (external oscillator).
may cause permanent damage to the device. Exposure fo any Absolute Note 9: Simultaneous S0Hz/60Hz (internal oscillator) or frpep = 280kHz
Maximum Rating condition for extended periods may affect device =2% (external oscillatar).
reliability and lifetime. Note 10: The external oscillator is connected to the fg pin. The external
Note 2: All voltage values are with respect to GND. oscillator frequency, fepeg, is expressed in kHz.
Nofe 3: Vg = 2.7V 1o 5.5V unless otherwise specified. Note 11: The converter uses its internal oscillator

Veeeow = Vaep'2, Fg = 0.5V Note 12: The output noise includes the contribution of the internal

Vg = IN* = INT, Vipgiong = (INF = INCY2, calibration operations.
where IN* and IN™ are the selected input channels. Note 13: Guaranteed by design and test correlation.
Note 4: Use internal conversion clock or external conversion clock source Note 14: Cg = capacitance of one bus line in pF (10pF < Cg < 400pF).

with frger = 307.2kHz unless otherwise spacified. Mote 15: Al values refer to Vi) and Vi ax) levels.

Note 5: Guaranteed by design, not subject to test. Note 16: Refer to Applications Information section for performance versus
Note &: Integral nonlinearity is defined as the deviation of a code from a data rate graphs.

siraight line passing through the actual endpoints of the transfer curve.

The deviation is measured from the center of the quantization band.

Note T: fzpse = 256kHz £2% (external oscillator).
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The LTC2457 input measursment range is -0.5*"VREF to +0.5"VREF in both differential and single-ended configurations
as shown in Figure 28. Highest lineanty is achieved with Fully Differential drive and a constant common-mode voltage
{Figure 28b). Other drive schemes may incur an INL emor of approximately S0ppm. This error can be calibrated out

using a three point calibration and a second-order curve fit.

LIC2497

APPLICATIONS INFORMATI

common mode reference (see the Automatic Differentia
Input Current Cancellation section). This unique architec-
ture does not require on-chip buffers, thereby enabling
signals to swing beyond ground and V. Moreover, the
cancellation does not interfere with the transparent offset
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 LTC2497 automatically enters an internal reset state
when the power supply voltage V¢ drops below approxi-
mately 2.0\ This feature guarantees the integrity of the
conversion result and input channel selection.

WhenVicrises abovethisthreshold, 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.Thefirstconversion following a POR cycleis accurate
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 can be programmed
into the device during this first data input/output cycle.

Reference Voltage Range

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

The LTC2497 differential reference input range is 0.1V to
V. Forthe simplest operation, REF* can be shorted to Vi
and REF~can be shorted to GND. The converter output noise
is determined by the thermal noise of the front end circuits.
Sincethe transition noise is well below 1LSB (0.02LSB), a
decrease in reference voltage will proportionally improve
the converter resolution and improve INL.

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 Ve + 0.3V Within
these limits, the LTC2497 converts the bipolar differen-
tial input signal Vi = IN* = IN™ (where IN* and IN™ are
the selected input channels), from — FS = — 0.5 * Vpgr
to + FS = 0.5 » Vppr where Vggr = REFY - REF™. Outside
this range, the converter indicates the overrange or the
underrange condition using distinct output codes (see
Table 1).

Signals applied tothe input (CHO-CH15, COM) may extend
300mV below ground and above Vig. In order to limit
any fault current due to input ESD leakage current, resis-
tors 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 presented in the Input
Current/Reference Current sections. In addition, series
resistors willintroduce a temperature dependent error duge
to input leakage current. A 1nA input leakage current will
develop a 1ppm offset error on a 5k resistor if Vpgp = 5Y
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 LTC2497
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 te MUXOUTN) and
minimize their capacitance to ground.
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LTC2498

DIGITAL INPUTS AND DIGITAL OUTPUTS e o denotes the specifications which apply aver the

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

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
Tepsc External Oscillator Frequency Range (Note 16) L] 10 T d kHz
tHED External Oscillator High Period ® | 0125 a0 s
fLen External Oscillator Low Period ® ( 0125 50 s
toonw 1 Conversion Time for 1x Speed Mode 50Hz Mode ® | 1572 160.3 163.5 ms

60Hz Mode e | 13 1336 136.3 ms

Simultaneous 50/60Hz Mode & 1447 146.9 149.9 ms

External Oscillator 41036/fepsc (in kHZ) ms
toonw 2 Conversion Time for 2x Speed Mode 50Hz Mode e | 747 803 819 ms

60Hz Mode ® | G565 66.9 68.2 ms

Simultaneous 50/60Hz Mode e | 722 736 75.1 ms

External Oscillator 20056 (In kKHz) ms
flsck Intarnal SCK Frequency Internal Oscillator (Note 10) 384 kHz

External Oscillator (Notes 10, 11) frosc/8 kHz
Dyscx Internal SCK Duty Cycle {Note 10) ] 45 55 %
fesck External SCK Frequency Range (Note 10) L 4000 kHz
Y esck External SCK LOW Period (Note 10) ® | 125 ns
thesck External SCK High Period (Note 10) ® | 125 ns
tpour_isck | Internal SCK 32-Bit Data Output Time Internal Oscillator e | 081 0.83 0.85 ms

External Oscillator 256/(Tgpsc (in kHz) ms
tonour esck | External SCK 32-Bit Data Output Time (Note 10) 32/fesck (in kHz) ms
1 CS) to SDO Low ] 0 200 ns
f2 G5t to SDO Hi-Z ] 0 200 ns
1y CS) to SCK1 Internal SCK Mode L] 0 200 ns
1y C5) to SCKt External SCK Mode L] 30 ns
tromax SCK | to SDO Valid ] 200 ns
teamin SDO Hold After SCK), (Note 5) ] 15 ns
ts SCK Set-Up Before G5 | e | 50 ns
1§ SCK Hold After TS . 50 ns
tr SDI Setup Before SCKt {Note 5) ® | 100 ns
fg SDI Hold After SCKt (Note 5) e | 100 ns

Note 1: Stresses beyond those listed under Absolute Maximum Ratings may
cause parmanent damage fo 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: Vgp = 2.7V to 5.5V unless otherwise specified.

Vreeom = VRer2, Fs = 0.5Vper

Vg = INF = INT, Vigiopny = (INF = INC)/2,
where IN* and IN™ are the selected input channels.
Note 4: Use internal conversion clock or external conversion clock source
with fepsg = 307.2kHz unless other wise 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) of fensy = 256kHz £2% (extemal oscillator).
Note 8: 60Hz mode (intemal oscillator) or fepse = 307.2kHz £2% (external
oscillator).
Note 9: Simultaneous 50Hz/60Hz mode (internal oscillator) of fppsg =
2B0kHz +2% (external oscillator).

Mote 10: The SCK can be configured in external SCK mode or internal SCK
mode. In external SCK mode, the SCK pin is used as a digital input and the
driving clock is fegpy. In the internal SCK mode, the SCK pin is used as a
digital output and the owtput clock signal during the data output is fizgx.
Mote 11: The external oscillator is connected to the fp pin. The external
oscillator frequency, fpgsg, is expressed in kHz.

Note 12: The converier uses its internal oscillator.

Mote 13: The output noise includes the contribution of the internal
calibration operations.

Mote 14: Guaranteed by design and test correlation.

Mote 15: The converier is in external SCK mode of operation such that the
SCK pin is used as a digital input. The frequency of the clock signal driving
SCK during the data output is fegpy and is expressed in Hz.

Mote 16: Refer to Applications Information section for performance vs
data rate graphs.

Mote 17: The converter is in internal SCK mode of operation such that the
SCK pin is used as a digital output.

Note 18: For Vi < 3V, Wy is 2.5V for Pin .
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The LTC2498 input measurement range is -0.5*VREF to +0.5*VREF in both differential and single-ended configurations
as shown in Figure 39. Highest linearity is achieved with Fully Differential drive and a constant common-mode voltage
(Figure 39b). Other drive schemes may incur an INL emor of approximately S0ppm. This emor can be calibrated cut using

a three point calibration and a second-order curve fit.

LTIC2498

APPLICATIONS INFORMATION

enables external RC networks and high impedance sen-
sors to directly interface to the LTC2498 withoixt external
amplifiers. The remaining common mode input™surrent
is eliminated by either balancing the differential Wput
impedances or setting the common mode input eqoal
to the common mode reference (see the Automatic Dif-
ferential Input Current Cancellation section). This unique
architecture does not require on-chip buffers thereby
enabling signals to swing beyond ground or up to Vee.
Moreover, the cancellation does not interfere with the
transparent offset 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 LTC2498 automatically enters an internal reset state
when the power supply voltage Ve drops below ap-
proximately 2V. This feature guarantees the integrity of
the conversion result, input channel selection, and serial
clock mode.

When Vi rises above 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, simultaneous 50Hz/60Hz rejection and 1x output
rate. Thefirst conversion following a POR cycle is accurate
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

This converter accepts atruly 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,
Vper must be positive (REF* > REF)

The LTC2498 differential reference input range is 0.1V to
V. For the simplest operation, REF* can be shorted to
Ve and REF™ can be shorted to GND. The converter out-
put 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 effec-
tive resolution. On the other hand, a decreased reference
will improve the converter's overall INL performance.

nput Voltage Range

Theanaloginputis truly differential with an absolute, com-
man mode range for CHO to CH15 and COM input pins
extending from GND - 0.3V to V¢ + 0.3V. Outside these
limits, the ESD projection devices beginto turn onand the
errorsduetoinputleakage currentincrease rapidly. Within
these limits, the LTC2498 converts the bipolar differential
input signal Vi, = IN* + IN™ (where IN* and IN™ are the
selected input channels), from —FS=—-0.5*Vpepto +FS =
0.5 * Vger where Vggr = REF* — REF™. Outside this range,
the converter indicates the overrange or the underrange
condition using distinct output codes.

Signals applied to the input (CHO to CH15, COM) may
extend 300mV below ground and above V. 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
presented inthe Input Current/Reference Currentsections.
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 5k
resistor if Vpgp = 5V. This error has a very strong tem-
perature dependency.

MUXOUT/ADCIN

The output of the multiplexer (MUXOUT) and the input
to the ADC (ADCIN) can be used to perform input signal
conditioning onany of the selectedinput channels or simply
shorted together for direct digitization. Ifan external ampli-
fieris used, the LTC2498 automatically calibrates boththe
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 togsther
(ADCINP to MUXQUTP and ADCINN to MUXOUTN) and
minimize their capacitance to ground.
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LTC 2498

APPLICATIONS INFORMATION

Table 2. Qutput Data Format

Differential Input Voltage Bit 31 Bit 30 Bit 29 Bit 28 Bit 27 Bit 26 Bit 25 Bit0
Vin* EOC DMy SlG MSH

ViN* =z 0.5 "u’pgﬂz“ ] 0 1 1 0 0 0 0
0.5*Vper** - 1LSB ] 0 1 0 1 1 1 1
0.25 » Vg™~ ] 0 1 ] 1 0 0 0
0.25 % Vgg** - 1LSE ] 0 10 0 0 1 1 1
] a 0 1 ] 0 0 0 0
-1LSB a 1] 0 1 1 1 1 1
—0.25 * Vg™ ] ] 0 1 1 0 0 ]
—0.25 * Ve~ — 1LSE ] 0 0 1 0 1 1 1
—0.5 * Vg 0 1 0 1 0 0 0 1
Vig* < —EI-.E gt * 0 0 0 0 1 1 1 I oy e

“The differential input voltage Viy = IN+ — IN-. =*The differential reference voltage Vggr = REFs — REF—
***The sign bit changes state during the 0 output code when the device is operating in the 2x speed mode.

#*The undermange code is DxOFFFFXCCK in 2x mode

INPUT DATA FORMAT

The LTC2498 serialinputword is 13 bits long and contains
two distinct sets of data. The first set (SGL, 0DD, A2, A1,
AD) is used to select the input channel. The second set of
data (IM, FA, FB, SPD)is usedto select the frequency rejec-
tion, speed mode (1x, 2x), and temperature measurement.

After power-up, the device initiates an internal reset cycle
which sets the input channel to CHO-CH1 (IN*=CHO, IN" =
CH1), the frequency rejection to simultaneous 50Hz/60Hz,
and 1x output rate (auto-calibration enabled). The first
conversion automatically begins at power-up using this
default configuration. Once the conversion is complete,
a new word may be written into the device.

The first 3 bits shifted into the device consist of two preen-
able bits and one enable bit. As demonstrated in Figure 3,
the first three bits shifted into the device enable the device
configurationand input channel selection. Valid settings for
these three bits are 000, 100 and 101. Other combinations
should be avoided. If the first three bits are 000 or 100, the
following data is ignored (don’t care) and the previously
selected input channel and configuration remain valid for
the next conversion.

If the first 3 bits shifted into the device are 101, then the
next 5 bits select the input channel for the next conversion
cycle, see Table 3.

The first input bit following the 101 sequence (SGL)
determines if the input selection is differential (SGL = 0)
or single-ended (SGL = 1). For SGL = 0, two adjacent
channels can be selected to form a differential input. For
SGL =1, one of 16 channels is selected as the positive
input. The negative inputis COMforall single ended opera-
tions. The remaining 4 bits (ODD, A2, A1, AQ) determine
which channel(s) is/are selected and the polarity (for a
differential input).

The next serial input bit immediately following the input
channel selection 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. This is useful in systems using
the same rejection/speed for all input channels and for
backward compatibility with the LTC2418/LTC2414 families
of delta sigma ADCs.

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 ratherthanthe selected input channel.
The next 2 bits (FA and FB) are used to set the rejection
frequency. The final bit (SPD) is used to select either the
1x output rate if SPD = 0 (auto-calibration is enabled and
the offset is continuously calibrated and removed from
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LTC2499
DlGlTHL II'IPUTS l-'ll"lD DlGlTﬂl. OUTPUTS The @ denotes the specifications which apply over the

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

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
feose External Oscillator Frequency Range {Note 16) L] 10 1000 4808 kHz
tHEo External Oscillator High Period ® | 0125 100 s
feo External Oscillator Low Period & | 0125 100 s
fcony 1 Conversion Time for 1x Speed Mode 90Hz Mode ® | 1572 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) A1036/fcpg; (in kHz) ms
toony 2 Conversion Time for 2¢ Spead Mode 50Hz Mode ® | 737 80.3 g1.9 ms
60Hz Mode ® | G656 66.9 68.2 ms
Simultaneous 50Hz/60Hz Mode e | 722 736 751 ms
External Oscillator (Note 10) 20556/fggs; (im kHZ) ms

I2C 11I'I'III'IG CHHHHGEBISTICS The e 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
faoL SCL Clock Frequency L] 0 4 kHz
tunisoa Hold Time (Repeated) START Condition L] 0.6 ps
tow LOW Period of the SCL Pin L] 13 ps
taigy HIGH Period of the SCL Pin ] 0.6 s
tsuisTA) Set-Up Time for a Repeated START Condition L] 0.6 ps
1HD[D.I’|T_1 Data Hold Time L] 0 039 ps
tsumoan Data Set-Up Time L 100 ns
tr Rise Time for SDA Signals (Note 14) ® | 20+0.1C 300 ns
i Fall Time for SDA Signals (MNote 14) ® | 20+0.Cy 300 ns
tsusTo) Set-Up Time for STOP Condition L] 0.6 ps
tayr Bus Free Time Between a Second START Condition L] 13 ps
Note 1: Stresses beyond those listed under Absolute Maximum Ratings Note 7: 50Hz mode (internal oscillator) or fegse = 256kHz +2% (extemnal
may cause permanent damage to the device. Exposure to any Absolute oscillator).
Maximum Rating condition for extended periods may affect device Note 8: 60Hz mode (internal oscillator) or fegsc = 307 2kHz £2% (external
reliability and |fetime. oscillator).
Note 2: All voltage values are with respect fo GND. Note 9: Simultaneous 50Hz/60Hz mode (internal oscillator) or fegsg =
Note 3: Unless otherwise specified: Vo = 2.7V to 5.5V 280kHz £2% (external oscillator).

Vreeow = Veer2, Fg = 0.5VRer Note 10: The external oscillator is connected to the fg pin. The external

Vi = INF = INT, Vigony = (INF — INC)2, oscillator frequency, feosc, is expressed in kHz.
where IN* and IN™ are the selected input channels. Note 11: The converter uses its internal escillator
Note 4: Use internal conversion clock or external conversion clock source Note 12: The output noise includes the contribution of the internal
with feose = 307.2kHz unless otherwise spacified. calibration operations.
Note 5: Guaranteed by design, not subject to test. Note 13: Guaranteed by design and test correlation.
Note 6: Integral nonlinearity is defined as the deviation of a code from a Note 14: Cp = capacitance of one bus line in pF (10pF < Cg < 400pF).
straight line passing through the actual endpoints of the transfer curve. Note 15: All values refer to Vg and Vi e levels.

The deviation is measured from the center of e quantization band. Note 16: Refer to Applications Information section for Performance vs

Data Rate graphs.
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The LTC2499 input measurement range is -0.5*VREF to +0.5*VREF in both differential and single-ended configurations
as shown in Figurs 38. Highest linsarity is achisved with Fully Differsntial drive and a constant common-mode voltage
{Figure 38b). Other drive schemes may incur an INL error of approximately SOppm. Thig emmor can be calibrated out

LTC 2499

using a three point calib%and a second-order curve fit.

APPLICATIONS INFORMATION

cancellation does not interfere with the transparent offset
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 Ve drops below approxi-
mately 2.0\ This feature guarantees the integrity of the
conversion result and input channel selection.

WhenV¢crises abovethis threshold, the convertercreates
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 is accurate
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

This converter accepts atruly 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 Vig). For correct converter operation,
Vper must be positive (REF* > REF™).

The LTC2499 differential reference input range is 0.1V to
V. Forthe simplest operation, REF* canbe shortedto Ve
and REF~can be shorted to GND. The converter output noise
is determined by the thermal noise ofthe 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.
On the other hand, a decreased reference will improve the
converter's overall INL performance.

nput Voltage Range

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 Ve + 0.3\ Qutside
these limits, the ESD protection devices begin to turn on
andthe errors due toinput leakage current increase rapidly.
Within these limits, the LTC2498 converts the bipolar dif-
ferentialinput signal Vi = IN*— IN" (where IN* and IN"are
the selected input channels), from — FS = — 0.5 * Vpgr
to + FS = 0.5 * Vpgr where Vg = REFY - REF™. Outside
this range, the converter indicates the overrange or the
underrange condition using distinct output codes (see
Table 1).

Signalsapplied to the input (CHO-CH15, COM) may extend
300mV below ground and above V. 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
presented inthe 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 5k resistor if Vpgr = 5\ 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
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 MUXQUTP and ADCINN to MUXOUTN) and
minimize their capacitance to ground.
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LTC 2499

APPLICATIONS INFORMATION

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 leav-
ing 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-
cally enters the sleep state where the supply current is
reduced to 1pA. When the LTC2499 is addressed fora read
operation, it acknowledges (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.

Table 1. Output Data Format

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 Vyy = 0 and LOW if Vi < 0 (where Vjy
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 equalto or above
+F5S. If both bits are 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
resultin binary two’s, complement format. The remaining
six bits are sub LSBs below the 24-bit level.

As long as the voltage on the selected input channels (IN*
and IN™) remains between —0.3V and V¢ + 0.3V (absolute
maximum operating range) a conversion result is gener-
ated for any differential input voltage Vyy from-FS=-0.5
* Vpep to +FS = 0.5 * Vg For differential input voltages
greater than +FS, the conversion result is clamped to the
value corresponding to +FS. For differential input voltages
below —FS, the conversion result is clamped to the value
—5 - 1LSB.

DIFFERENTIAL INPUT VOLTAGE BIT31 | BIT30 | BIT29 | BIT28 | BIT27 BIT6 | BiTs50
s sIG MSB LSB | SubLSBs

Viy* 2 F5°° 1 1 0 0 0 0 00000

FS*" —1LSB 1 0 1 1 1 1 00X

D5eF5"" 1 0 1 0 0 0 000K

D5eF5 - 1LSB 1 ] i 1 1 1 0000

] 1/0f 0 0 0 0 0 000K

—1L5B 0 1 1 1 1 1 20000

05eFs 0 1 1 0 0 0 000X

—05+F5*" —1LSB 0 1 0 1 1 1 0000

—F§°" 0 1 0 0 0 0 0K

V" <-F8"" 0 0 1 1 1 3 oX| B ooux e

*Tha diftarential input vortage Viy = IN* - IN".

* *The full-5Cala valtage FS = 0.5 = Vpgr. SUD LSBS ara below tha 24-0if kevel. They may ba Included In averaging, or discarded wiinout 1035 of resalution
tThe sign bit changes state during the O cutput cods when tha davice Is aperating In the 2x spead moda.

***The underrange code is Dx3FFFFXXX in 2x mode.
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