CHANGE NOTIFICATION

TECHNOLOGY

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

July 02, 2014

Dear Sir/Madam: PCN# 070214

Subject: Notification of Change to LTC2481 Datasheet

Please be advised that Linear Technology Corporation has made a change to the LTC2481 specification in order
to improve device manufacturability. The Maximum External Oscillator Frequency (feosc) in the Timing
Characteristics is being reduced from 4000kHz to 1000kHz . This is also noted in the text and in the graphs of
performance vs. sample rate in Figures 20 to 27 of the attached datasheet. Performance degrades at high
sample rates as shown in the figures, and an external oscillator frequency of 1000kHz is a more conservative
maximum. In addition, the on-chip PTAT signal (Internal PTAT Signal) performance has been clarified as shown
in the attached datasheet. No changes are being made to the circuit or the test methodology. Product shipped
after September 3, 2014 will be tested to the new 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 September 3, 2014, we will consider this change to be
approved by your company.

Sincerely,

Jason Hu
Quality Assurance Engineer

Confidential Statement
This change notice is for Linear Technology’s Customers only.
Distribution or notification to third parties is prohibited.
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LIC2481

ABSOLUTE MAXIMUM RATINGS PIN CONFIGURATION

(Notes 1, 2)

Supply Voltage (Vcc) to GND.....c.cceeenee.. =0.3V t0 BY —

Analog Input Voltage to GND ....... 0.3V to (Vg + 0.3V) rert 7] :/_ | [} caon
Reference Input Voltage to GND .. 0.3V to (Vg + 0.3V) Vet E! ! | [:& cAl

Digital Input Voltage to GND........ —0.3V to (Vi + 0.3V) i I s

Digital Output Voltage to GND...... =0.3V to (Vg + 0.3V) w5 | N5
Operating Temperature Range I —

LTC2481C ..o 0°C 0 70°C ten ARG o
I|:$g§:g:: :'I _;‘{1]{30%5012295 EXPOSED PAD |,FTrr'1t‘(l1= ;ZE?N%.:_!T.I;%;QS“EILDERED TO PCB
Storage Temperature Range ................ —-65°C to 125°C

ORDER INFORMATION

LEAD FREE FINISH TAPE AND REEL PART MARKING * PACKAGE DESCRIPTION TEMPERATURE RANGE
LTC2481CDD#PRF \TC2481COD#TRPBF | LBPY 10-Lead (3mm x 3mm) Plastic DFN 0°C to 70°C
LTC2481IDD#PBF LTC2481/DD#TRPBF LBV 10-Lead (3mm x 3mm) Plastic DFN —40°C to 85°C
LTC2481HDD#PEF \TC2481HDD#TRPEF | LBPV 10-Lead (3mm 3 3mm) Plastic DFN —0FC to 125°C

Consult LTC Marketing for parts specified with wider operating temperature ranges. *The temperature grade is identified by a label on the shipping container

For more information on lead free part marking, go to: htipy/wiww.linearcom/leadires/
For more information on tape and reel specifications, go to: hitp:/fwww.linearcom/tapeandresl/

ELECTRICAL CHARACTERISTICS (NORMAL SPEED) The o denotes tne specifications which

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

PARAMETER COMDITIONS MIN TYP MAX UNITS
Resolution {No Missing Codes) 0.1 = Vper < Voo, —FS = Vi < +F5 (Note 5) L] 16 Bits
Integral Nonlinearity 5V £ Vg £ 5.5V, Vree = 5V Viniow) = 2.5V (Note 6) L] 2 10 ppm of Vaer
2.7V < Npp < 5.5V Vgep = 2.5V Viygong = 1.25V (Note 6) 1 ppm of Vger
(Offset Error 2.5V < Vppe < Vpp, GND < IN* = IN™ < Vi (Note 13) L 05 25 pv
Offset Error Drift 2.5V < Vppe = Vg, GND < IN* = INT < Vi 10 "
Positive Full-Scale Error 2.5V < Vppe < Vg, INT = 0.75VRer, INT = 0.25Vpgr L 25 ppm of Vger
2.5V < Vipgr £ Vg, INY = 0.75VRer, INT = 0.25Vper (H-Grade) 40 ppm
Positive Full-Scale Error Drift 2.5V < Ve = Vg, INT = 0.75Vagr, INT = 0.25VRer 01 ppm of Vrer/”C
Negative Full-Scale Error 2.5V < Ve < Ve, INT = 0.75VRer, INF = 0.25VRer L] 25 ppm of Vaer
20V < I"'IFIEF = I"'IEE- IN" = U.TEJU'HEF, INt = U.EEUHEF [H-EI’HEI-E:I 40 ppm
Negative Full-Scale Error Drift 2.5V £ Ve < Vg, INT = 0.75VRgg IN® = 0.25Vpee 01 ppm of Vgee®C
Total Unadjusted Error SV < Vg < 5.5V Ver = 2.5V Viyjomy = 1.25V (Note 6) 15 ppm of Vggr
5V £ Vg £ 5.5V, Vree = 5V Viniowy = 2.5V (Note 6) 15 ppm of Vaer
2.7V = Ve < 5.5V Vper = 2.5V Viyiow = 1.25V (Note 6) 15 ppm of Vggr
Output Noise 5V < Vpp < 5.5 Vg = 5V GND = IN™ = IN* < Vg (Note 12) 06 Vams
Internal FTAT Signal Tp=27°C 300 420 450 my
MTIHI I'BIIIP'BIEI.UI: '\JU’EIIiL.;CIIl tr:r lTIIT?mU'
Programmable Gain See Table 2a L 1 256
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LIC2481

TIMING CHARACTERISTICS he 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
tepsr External Oscillator Frequency Range L] 10 100 0aae=- kHz
tueo External Oscillator High Period e | 0125 100 s
en External Oscillator Low Period ® [ 0125 100 s
ooy 1 Conversion Time for 1x Speed Mode 50Hz Mode ® | 1572 160.3 163.5 ms
50Hz Mode (H-Grade) ® | 1572 160.3 165.1 ms
60Hz Mode ® [ 1310 133.6 136.3 ms
60Hz Mode (H-Grade) e | 1310 1336 137.6 ms
Simultaneous 50Hz/60Hz Mode ® | 1447 146.9 1499 ms
Simultaneous 50Hz/60Hz Mode (H-Grade) | @ | 1441 146.9 151.0 ms
External Oscillator (Note 10) L] 41036/fensc ms
tcony 2 Conversion Time for 2x Speed Mode 50Hz Mode ® | 787 80.3 819 ms
50Hz Mode (H-Grade) . 827 ms
60Hz Mode ® | 656 Bi5.9 68.2 ms
60Hz Mode (H-Grade) L 68.9 ms
Simultaneous 50HZ/60Hz Mode e | 722 736 751 ms
Simultaneous 50Hz/60Hz Mode (H-Grade) | & 75.6 ms
External Oscillator (Note 10) L] 20556/F0sc ms
2
e @ denoies the specifications which a over the full operaiin
I“C TIMING CHARACTERISTICS e o denotes the specifications which apply over the full operaling
temperature range, otherwise specifications are at Ty = 25°C. (Notes 3, 15)
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
fsoL SCL Clock Frequency L] i 400 kHz
tnisoa) Hold Time (Repeated) START Condition * 0.6 ps
tLow LOW Period of the SCL Clock Pin ] 13 s
i HIGH Period of the SCL Clock Pin L] 0.6 s
tsu(sTa) Set-Up Time for a Repeated START Condition * 0.6 ps
tupoan Data Hold Time ] 0 09 ps
tsunan Data Set-Up Time * 100 ns
1 Rise Time for Both SDA and SCL Signals (Note 14) ® | 20+0.1Cg 300 ns
[ Fall Time for Both SDA and SCL Signals {Mote 14) ® | 20+0.1C 300 ns
tsursTo) Set-Up Time for STOP Condition L] 0.6 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 lifetime.

Note 2: All voltage values are with respect to GND.
Note 3: Vg = 2.7V to 5.5V unless otherwise specified.

oscillator).
oscillator).

280kHz +2% (external oscillator).

Mote T: 50Hz mode (internal oscillator) or fepsp = 256kHz +2% (external
Note 8: 60Hz mode (internal oscillator) or fepsg = 307 2kHz £2% (external

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

Vaep = REF* — REF, Vperem = (REF* + REF)/2, FS = 0.5VRee/GAIN;
Vin = IN* = IN", Vinew = (INF + INT)/2.
Mote 4: Use internal conversion clock or external conversion clock source
with fepsc = 307.2kHz unless otherwise specified.
Mote 5: Guaranteed by design, not subject to test.
Mote 6: Integral nonlinearity is defined as the deviation of a code from a

Note 10: The external oscillator is connected to the CAO/fy pin. The

external oscillator frequency, fepsc, is expressed in kHz.

Note 11: The converter uses the intemal oscillator
Wote 12: The output noise includes the contribution of the internal

calibration operations.

Note 13: Guarantzed by design and test correlation.

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

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

Mote 14: Cg = capacitance of one bus line in pE

Mote 15: All values refer to Viypaw) and Vipgmea levels.
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LTC2481

APPLICATIONS INFORMATION

In applications where the reference and input common
mode voltages are different, extra errors are introduced.
For every 1V of the reference and input commaon mode
voltage difference (Vgerom — Vincw) and a 5V reference,
gach Ohm of reference source resistance introduces an
extra (Vrercm — Vincm)/(Veer * Rea) full-scale gain error,
whichis 0.074ppmwhen using internal oscillator and 60Hz
mode. When usinginternal oscillatorand 50Hz/60Hz mode,
the extra full-scale gain error is 0.067ppm. When using
internal oscillator and 50Hz mode, the extra gain error is
0.061ppm. If an external clock is used, the corresponding
extra gain error is 0.24 » 1078 feoscppm.

The magnitude of the dynamic reference current depends
uponthe size of the very stable internal sampling capacitors
and upontheaccuracy ofthe converter sampling clock. The
accuracy of the internal clock over the entire temperature
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Figure 20. INL vs DIFFERENTIAL Input Voltage and
Reference Source Resistance for Crep > 1pF
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Figure 21. Offset Error vs Output Data Rate and Temperature

and power supply rangeis typically better than 0.5%. Such
a specification can also be easily achieved by an external
clock. When relatively stable resistors (50ppm/°C) are
used for the external source impedance seen by Vpprt
and Vger, the expected drift of the dynamic current gain
error will be insignificant (about 1% of its value over the
gntire temperature and voltage range). Even for the most
stringent applications a one-time calibration operation
may be sufficient.

In addition to the reference sampling charge, the refer-
ence pins ESD protection diodes have a temperature de-
pendent leakage current. This leakage current, nominally
1nA (£100nA max), results in a small gain error. A 10002
source resistance will create a 0.05pV typical and SpV
maximum full-scale error.
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Figure 22. +FS Error vs Output Data Rate and Temperalure
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Figure 23. —FS Error vs Output Data Rate and Temperature
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LIC2481

APPLICATIONS INFORMATION

24 T 22 e "
=25 Vim[cM) = YREFICM)
" L Ta=25C Mo
P T 20 =4 = 15 [ CAVTg = EXT CLOCK
Ta=8C ™~ | [~ N E  |Tp=25C
20 S . — M =
E E 13 & 10
= = \ . E f
= 18 = Ty =EB5°C T = 25°C 2 Voo =VRer= 5V
=} =2 16 I c & i
5 = S~ =]
= 16 o [ [
E E 14 \“ \ 5 0
= F o \ E “‘\-._.f;
Vingcw = VRgrCwmy = \’\
5 12 Voo = VREF= 5V I S 5t
12 CAD/tg = EXT CLOCK \ Y Veg = 5V, Vapr = 25V k=T
PES = LOG Z (VrerINLygax)
10 10 AN -0 | | |
0 10 20 30 4p 30 60 TO B0 90 100 0 10 20 30 40 50 G0 70 B0 OO0 100 0 10 20 30 40 50 60 7O g0 90 10
OUTPUT DATA RATE (READINGS/SEC) OUTPUT DATA RATE (READINGS/SEC) OUTPUT DATA RATE [READINGS/SEC)
) s s
Figure 24. Resolution Figure 25. Resolution Figure 26. Offset Error vs Output
(Moisegps = 1LSE) vs Output (INLpgpx = 1LSB) vs Output Data Rate and Reference Voltage
Data Rate and TEII'I|] grature Data Rate and TEIII|IEF&II]I'E
24 T 1 2
=t Ve = VRgr = 5V
22 ____'““'-. — - -1
Voo = 5V, Vagr =25V ] T+ T
& 20 . — -
= E 18 RN
= = \
= 18 = \ Vor = Viags = 5V
= E 16 \'\ —
5 = Voo =5V, Vrer = 2.5V \\‘-\-_____
o 16 O -
; RN~
= 14 :"IN-:[:\!'- = VREFCM) o= Vinjeay = VREFTM)
Vi = OV Vi = OV
CADTy = EXT CLOCK 1z | CAD/ = EXT CLOCK
12 |1, =257 Ta =257 \
RES = LG 2 (Vger/MOISERms) RES = LDG 2 {VerINLyyae)
10 10
0 10 20 30 40 50 B0 7O BO 90 100 0 10 20 30 40 50 60 7O 80 90 100
OUTPUT DATA RATE (READINSS/SEC) QUTPUT DATA RATE (READINGS/SEC)
bl e
Figure 27. Resolution (Noisegys < 1LSB) Figure 28. Resolution (INLyax < 1LSB)
vs Output Data Rate and Reference Voltage vs Output Data Rale and Reference Voltage
0 i 100
o [k,
g DN _ )
= My, | SOHZAND _| LE
S Jos ] 60Hz MODE o=
£ -2 2F 10
3 N[ =5
z N 22
= S0HT MODEY Y, T}, 50Hz MODE =
] Ay \ E &
2 S
g AN (=
= L T=
w \. \ o=
b= Y =5
T . \ N\ 2
VAN
AN o
0 1 ? 3 4 5 01 1 10 100 1K 10K 100K 1M
DIFFERENTIAL INFUT SIGNAL FREQUENGY [Hz) INFUT NOISE SOURCE SINGLE FOLE
M

Figure 29. Input Signal Using
the Internal Oscillator
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Figure 30. Input Referred Noise Equivalent Bandwidth
of an Input Connected White Noise Source

24811

28

LY 1N

Confidential Statement
This change notice is for Linear Technology’s Customers only.

Distribution or notification to third

parties is prohibited.



