CHANGE NOTIFICATION

TECHNOLOGY

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

June 05, 2015

Dear Sir/Madam: PCN# 060515

Subject: Notification of Change to LTC2410 LTC2411/LTC2411-1, LTC2412, LTC2413,
LTC2414/LTC2418, LTC2415/L TC2415-1 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 Maximum External Oscillator Frequency (feosc) in the Timing Characteristics is being reduced from 2000
kHz to 500 kHz. There are many applications that are using the parts at 2000 kHz and the performance is
perfectly adequate. But at 2000 kHz, 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 500 kHz and 2000 kHz
and are satisfied with performance will continue to receive the same product.

Should you have any further questions or concerns please contact your local Linear Technology Sales person or
you may contact me at 408-432-1900 ext. 2077, or by e-mail at JASON.HU@LINEAR.COM. If I do not hear
from you by August 05, 2015, 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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LTC2410

TIMING CHARACTERISTICS 1he o denotes speciications which apply over the full operating temperature

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

SYMBOL PARAMETER COMNDITIONS MIN TYP MAX UNITS
fense Exfernal Oscillator Frequancy Range [ ] 256 500 =5 kHz
tHED External Oscillator High Period [ 0.25 390 i
1Len External Oscillator Low Period ] 0.25 380 s
ooy Conversion Time Fo=0W » 130.86 13353 136.20 ms

Fo= Voo [ 157.08 18023 163.44 ms

Extarnal Qrscillator (Nota 11) [ ] 20510/ fgnse (in kHz) ms
floou Intermal SCK Frequancy Internal Qscillator (Mot 10) 1432 kHz

External Orscillator (Notes 10, 11) Teose/S kHz
Disek Internal SCK Duty Cycle (Mate 10} . 45 55 %
fesox External SCK Frequency Range (Mote 9) . 2000 kHz
LEscx External SCK Low Period {Mote 9) ) 250 ns
TyEscx External SCK High Periad {MNote 9) [ ] 250 ns
pout_jsck Intarnzl SCK 32-Bit Data Output Tima Internal Oscillator (Motas 10, 12) L] 1.64 167 170 ms

Extarnal Oecillator (Motas 10, 11) [ 256/Epsg (in kHZ) ms
tpouT_Esck External SCK 32-Bit Data Dutput Time | {Note 9) [ I2ftesgy (in kHZ) ms
1 S to 500 Low Z [ ] 200 ns
t2 CS T to SO0 High Z . 0 200 s
13 £S5l toscK | {Mate 10) . 0 200 ns
4 S LtoSCK 1 {Mote 9) [ & ns
Troatax SCK | to SDO Valid [ 220 ns
Trom 500 Hold Affer SCK L (Nate 5) [ 15 ns
i SCK Set-Up Before C5 | . 50 s
% SCK Hold After CS | . 50 ns

Mate 1: Absolute Maximum Ratings are those values beyond which the

life of the device may be impaired.

Maote 2: All voltage values are with respect to GND.

Motle 3: Vi = 2.7 to 5.5V unless otharwise specified.

Vrer = REF* = REF™, Vrerom = (REF* + REFT)2;

Vi = IN* = 1N, Vigom = (N + INTL2,

Note 4: Fg pin tied to GND or 1o Vpg or to extamal conversion clock
source with fepge = 153600Hz unless otherwise specified.

Mote 5: Guarantesd by design, not subject to test.

Mote B: Intagral 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 canter of the quantization
band.

Note 7: Fg = OV {internal oscillator) or fegge = 153600Hz =2%
(axtarnal oscillator).

Mole B: Fy = Ve (internal oscillator) or fepge = 128000Hz +2%
[extarmal oscillator).

Note 9: The converter is in extamal SCK mode of operation such that
the SCK pin is used as digital input, The frequency of the clock signal
driving SCK during the data output is 1ggpk and is expressed in kHz.
Mote 10: The converter is in internal SCK mode of operation such that
the SCK pin is used as digital output. In this mode of operation the
SCK pin has a total equivalent load capacitance Cugap = 20pF

Mote 11: The external oscillator is connacted to the Fg pin. The external
oscillator fraquancy, fense, is axpressed in kHz,

Mote 12: The converter uses the internal oscillator.

Fﬂ = ar Fﬂ ='|.|r{;[;.

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

Mote 14: Guarantead by design and test corralation.
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LTC2411/LTC2411-1

“mlnG CI'IHBHCI'EBIS'HCS The @ denoles specifications which apply over the full operaling temperature

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

SYMBOL | PARAMETER CONDITIONS MIN P MAX | UNITS
feose External Oscillator Frequency Range ] 2.56 500 =568 kHz
k0 External Oscillator High Period ® 0.25 390 us
) External Osclllator Low Period ° 0.25 390 us
Tcony Conversion Time Fo =0V (LTC2411) e | 13086 13353 136.20 ms

Fo = Vg (LTC2411) e | 157.03 16023  163.44 ms

Fo = OV (LTC2411-1) e 14378 14671 14064 ms

External Oscillator {(Note 11) o 20510/gqgg (in kHZ) ms
fisck Internal SCK Fraquency Internal Oscillator (LTC2411) (Note 10) 192 kHz

Internal Oscillator (LTC2411-1) (Note 10} 175 kHz

External Oscillator (Notes 10, 11) Teosc/8 kHz
Disck Internal SCK Duty Cycle (Note 10) L] a5 55 %
1esok External SCK Frequency Range (Note 9) @ 2000 kHz
fLesex External SCK Low Period (Nota 9) ) 250 ns
1HESCK External SCK High Pericd (Note 9) ° 250 ns
toour_isck | Internal SCK 32-Bit Data Output Time | Internal Oscillator (LTC2411) (Notes 10,12} | @ 1.64 1.67 1.70 ms

Internal Oscillator (LTC2411-1) (Notes 10, 12) | @ 1.80 1.83 1.86 ms

External Oscillator (Notes 10, 11) o 256/fgsc (in kHz) ms
tpout esck | External SCK 32-Bit Data Output Time | (Note 9) © 32/esck (in kHz) ms
Y4 €S L105D0 Low Z ° 200 ns
12 CS T to SDO High Z ® 200 ns
13 CS LtoSCK ! (Note 10) ° 200 ns
1 CSLt0SCKT (Note 9) £y 50 ns
TKOMAX SCK . 10 SDO Valid k) 220 ns
fkomiv SDO Hold After SCK 1 (Note 5) 8 15 ns
1s SCK Set-Up Before €S L o 50 ns
tg SCK Hold After CS | o 50 ns

Note 1: Absolute Maximum Ratings are those values beyond which the
life of the device may be impaired.

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

Note 3: Vg = 2.7 to 5.5V unless otherwise specified.

Vres = REF* = REF-, Vgeroum = (REF* + REF-)/2;

Vi = IN* =N~ View = (IN* « IN7)/2

Note 4: Fq pin tied to GND or to Vgg or to external conversion clock
source with fegge = 153600Hz unless otherwise specified.

Note 6: Guaranteed by design, not subject to test.

Note 6: Integral nonlineanity 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: Fg = OV (internal oscillator) or fgpsg = 153600Hz +2%
(external oscillator),

Note 8: Fp = Vg (internal oscillator) or fegsg = 128000Hz £2%
(external oscillator).

Note 9: The converter is in external SCK mode of operation such that
the SCK pin is used as digital input. The frequency of the clock signal
driving SCK during the data output is fgsgx and is exprassed in kHz.
Note 10: The converter is in internal SCK maode of operation such that
the SCK pin is used as digital output. In this mode of operation the
SCK pin has a total equivalent load capacitance Cygag = 20pF.

Note 11: The external oscillator is connected to the Fp pin. The external
oscillator frequency, feosg, is expressed in kHz.

Note 12: The converter uses the Internal oscillator.
Fo=0VorFg=Veg

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

Note 14; Guaranteed by design and lest correlation,

Note 15; Fg = 0V (intemal oscillator) or fgpsg = 139800Hz +2%
(external oscillator).
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LIC2412

ﬂ I'I'III'IG CH HHHCTE'“S“CS The » denotes specifications which apply over the full operating temperature

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

SYMEOL FARAMETER CONDITIONS MIN TYP MAX UNITS
lensc External Oscillator Frequency Range 1] 256 S0 b kHz
tHED External Oscillator High Period [ 0.25 390 Ik
tiEn External Oscillator Low Period . 0.25 390 ps
teany Conversion Time Fo=0V . 130,26 13351 13620 ms

Fo=Vog e | 15703 16023 16344 ms

Extarnal Oscillator (Note 11} [ ] 20510¢eqse (in kHZ) ms
Nack Intemal SCK Fraquency Intemal Oscillator (Note 10) 19.2 kHz

Extarnal Oscillator (Notes 10, 11) feasc® kHz
Oygex Internal SCK Duty Cyche {Note 10) [ ) 45 55 %
ek External SCK Frequency Range (Note 9) ] 2000 kHz
tLEseK External SCK Low Pariod {Mote 9) [ 250 ns
IHEsEK External SCK High Period {Note 9) ™ 250 ns
thour_1sck Intermal SCK 32-Bit Data Output Time | Intermal Oscillator (Notes 10, 12) » 1.64 1.67 1.70 ms

Extarnal Oscillator (Notes 10, 11) [ ] 256/ Epsc (In kHZ) g
pouT esck External SCK 32-Bit Data Qutput Time | {Nofe 9) L S2fesou (in kHz) ms
t €5 L to SDO Low 7 . 0 200 ns
2 €5 T 10 5D0 High 2 [ 0 200 ns
13 C5 Lo SCK L {Mote 10) ] 0 200 ns
14 C5 L to 80K T {Note 9 » 50 ns
Tomax SCK L o 500 Valid [ ] 220 ns
lkanin 500 Hold After SCK L {Note 5} ] 15 ns
I SCK Set-Up Before GS L . 50 ns
s SCH Hold After G5 | . 50) ns

Note 1: Absolute Maximum Ratings are those valuas beyond which tha
life of the device may be impaired.

Note 2: All voltage values ara with respect to GND,

Note 3: Ve = 2.7V to 5.5V unless otherwise specified.

Vrer = REF* — REF™, Vaerem = (REF* + REF)2; Vig = IN*—IN-,
Vinew = (N* + INTW2, IN* and IN- are defined as the selected positive
(CHO™ or CH1™) and negative (CHO™ or CH17) input respectively,

Note &: Fp pin tied to GHD or to Vg or to external conversion clock
source with fepse = 153600Hz unless otherwise specified.

Maote 5: Guaranteed by design, not subject to tast.

Mote B: Integral nonlinearity is defined as the deviation of a code from
a straight line passing thraugh the actual endpaints of the transfer
curve, The daviation is measured from the canter of the quantization
band.

Mote 7: Fp = OV {internal oscillatar) or fgas; = 153600Hz £2%
(external oscillator).

Note 8: Fpy = Vg (internal oscillator) o fepge = 128000Hz £2%
{external oscillator).

Mote 9: The converter is in external SCK mode of operation such that
the SCK pin is used as digital input. Tha fraquency of the clock signal
driving SCK during the data output is fgsex and is expressed in kHz.
Wote 10: The converter is in internal SCK mode of operation such that
the SCK pin is used as digital output. In this mode of operation the
SCK pin has a total equivalent load capacitance Cuaan = 20pF.

Wote 11; The external oscillator is connected 1o the Fo pin, The external
oscillator frequency, fepsr, Is expressed in kHz,

Mote 12: The converter uses the intarnal oscillator.

Fo =0V or Fg = Vge.

Mote 13: The cutput noise includes the contribution of the internal
calibration operafions.

Mote 14; Guaranteed by design and fest correlation,
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LTC2413

TIMING CHARACTERISTICS  1he o denotes specitications which apply over the full perating temperature

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

SYMBOL PARAMETER CONDITIONS MIN TYp MAK UNITS
lense External Oscillator Frequency Range . 2.56 G kHz
e External Oscillator High Period [ 025 390 it
Leo External Dscillator Low Period [ ] 05 390 s
ooy Comversion Time Fo =0V » 14671 ms

Extarnal Qscillator (Note 10) ] 20510/ gpse (in kHz) ms
fisgx Intarnal SCK Frequency Internal Oscillator (Nate 9) 175 kHz

Extarnal Oscillator (Notes 9, 10) Teoso'® kHz
Discr Intarnal SCK Duty Cycle Note @) [ 45 55 %
femcx External SCK Frequency Range [Note 8) ® 2000 kHz
TLEsck External SCK Low Period [Note B) [ ] 250 ns
THEsCK External SCK High Period [Note B) [ ] 250 ns
toouT_isck Intarnal SCK 32-8it Data Output Time Intermal Oscillator (Notes 3, 11) [ ] 1.80 1.53 1.66 ms

External Oscillator (Notes 9, 10} ® 256/Mepse (in kHz) ms
toout Esck External SCK 32-Bit Data Qutput Time | [Note B) [ ] 32Ty (in kHz) ms
14 G5 | 1o 5DO Low 7 ™ 0 200 ns
t2 C5 T to 500 Hi-Z . 0 200 ns
13 G5 Lt 80K L [Note 9) . 0 200 s
14 CSLtoSCKT [Nofe &) . 50 ns
Tkeamas SCK L to 500 Valid ] 220 ns
oMy 500 Hold Aftar SCK L [Note &) [ 15 ns
I5 SOK Sel-Up Before CS | . 50 ns
s SCK Hold After C5 L . 50 ns

Mot 1: Absolute Maximum Ratings are those values beyond which the
life of the device may be impaired.

Mole 2: All voltage values are with respect to GND.

Mole 3: Vg = 2.7V 1o 5.5% unlass otherwise specified.

Vrer = REF* - REF™, VRerow = (REF* + BEF)2;

Vi = INY = IN= Viyop = (INY 4 INCp2.

Mole 4: Fy pin tied to GND or to external conversion clock source with
feage = 139800Hz unless otherwise specifiad

Mole 5: Guaranteed by design, not subject to test.

Mafe 6: Integral nonlingarity is defined as the deviation of & code from
astraight ling passing thraugh the actual endpoints of the transtar
curve. The deviation is measured from the center of the quantization
band.

Mote 7: Fg = OV (internal oscillator) or fgggg = 139800Hz £2%
(xtarnal oscillater).

Note 8: The converter is in external SCK mode of operation such that
the SCK pin is used as digital input. The frequency of the clock signal
driving SCK during the data output is fegoy and is expressed in kHz.
Mote 9; The converter is in internal SGK mode of operation such that
the SCK pin Is used as digital output.

Mote 10: The axternal oscillator is connected to the Fg pin. The extarnal
oscillator fraquency, feose, is expressed in kHz.,

Note 11: The converter uses the internal oscillator, Fy = OV,

Nate 12: The output noise includes the contribution of the Internal
calibration operations.

Note 13:; Guarantead by design and test correlaton.

2413 2418
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LTC2414/LTC2418

DlGlTﬂL II'I PUTS HI'I D DlG"ﬂL OUTPUTS The & denotes specilications which apply over the tull

operating lemperature range, otherwise specifications are al Ty = 25°C. (Mote 3)

SYMBOL PARAMETER CONDITIONS MK TP AKX UKHITS
Voo Low Lavel Dutput Yoltage Ip=1.6mA ] 0.4 Y
| SDO _ _

Vo High Level Output Valtage Ip = —800pA (Note 10 @ | Vpp-05 i
SCK

VoL Low Lavel Dutput Voltage Ip=1.8mA {Note 10) ] 04 )
SCK

loz Hi-Z Output Leakags ] 10 10 nh
500

POI.I.IEG ﬂEQUIHGITI GI'ITS The e denotes specifications which apply over the full operating temperature range,

olherwise specifications are at Ty = 25°C. (Note 3)

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
Vep Supply Voltage L] 27 55 y
lpg Supply Current
Conversion Mode £S5 = 0V {Note 12) - 200 300 i
Sleep Mode G35 = \igg (Mote 12) - 4 10 i
Sleep Mode 08 =\Vpp, 2.7V = Vpp = 3.3V (Note 12) 2 nh

TllTIII'IG CHHHHCTEHISTKS The » denotes specifications which apply over the full operating temperature

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

SYMBOL PARAMETER CONDITIONS MIN TP MAX UNITS
feosc Extarnal Oscillator Frequancy Range . DER 5 () == e
tHED Extarnal Oscillatar High Pariod | ®| 025 390 L&
tLED Extarnal Oscillatar Low Period - 025 390 IS
tony Conversion Time Fo =0V @| 1308 13353 13620 ms
Foo=Vee e | 15703 16023 16344 ms

External Oscillator (Note 11) ] 20510 easg (in kHZ) ms

fiack Imternal SCK Franquency Internal Osciltator (Mote 10) 192 liHz
Ewternal Oscillator (Notes 10, 11) [ | fepgo/B kHz

Dhsew Imternal SCK Duty Cycle {Nate 10) | ®| 45 i U
Tesok Extarnal SCK Frequency Range [Nate 9) [ ] 2000 kHz
tiesck Extarnal SCK Low Perind (Note 9) || 20 ns
tHESCK External SCK High Period [Note 9) . 250 ns
toout_iscx | Imternal SCK 32-8it Data Output Time | Internal Dscillator (Notes 10, 12) - L ] - 1.64 167 1.70 ms
External Oscillator (Notes 10, 11) - 256Mkqse (in kH2) ms

toour escx | Extarnal SCK 32-Bit Data Output Time | (Note 9) e 32Mescx (in kHZ) ms
2414768
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LTC2415/LTC2415-1

TIII'IlnG ':HHHHCTGHISTICS The & denoles specifications which apply over the full operaling temperalure

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

SYMBOL PARAMETER CONDITIONS MiN TYF MAX UNITS
fease External Qscillator Fraquency Range [ ] 2 56 500 ==pefi— kHz
Then Extarnal Oscillator High Period ® 025 390 3
fien External Qscillator Low Period [ ] 0.25 390 it
oomy Conversion Time (LTC2415) Fp=0V * B5.43 BB.7Y 68.1 ms
Fo= Vg . 7852 Bo12 e ims

External Oscillator (Note 11) [ 1027 8/gnse (in kHz) s

Conversion Time (LTC2415-1) Fo =0V ] 714 728 743 ms

External Oscillator (Note 11) ® 10278/ fense (in kHz) ms

fisck Intemal SCK Fraquency Internal Oscillator (Mote 10), LTC2415 19.2 kHz
Internal Dscillator (Note 10), LTG2415-1 17.5 kHz

External Qscillator (Notes 10, 11) frose® kHz

Meex Internal SCK Duty Cycle (Mote 10) » 45 55 k)
Tescx Extarnal SCK Fraquency Range (Mote 9) ® 2000 kHz
fuesc External SCK Low Pariod (Mote @) [ ] 250 ns
Tusck Extarnal SCK High Pariod [MNote ) . 230 ns
Ipout jsck | Internal SCK 32-Bit Data Output Time  {Internal Oscillator (Notes 10,12), LTC2H15 | w 1.64 1.67 1.70 ms
Internal Dscillator (Notes 10, 12), LTC2415-1 | @ 1.80 1.83 186 ms

External Qscillator (Notes 10, 11) ] 256 gase (in kHz) ms

IpouT esck | External SCK 32-Bit Data Output Time  |(Mote 9) ] 32Mespk (In kHz) ms
1 €5 L 10500 Low ? ™ ] 200 ns
2 05 T 1o SDO High 7 ] ] 200 ns
13 05 L toSCK L {Note 10) ® 0 200 ns
1 csliwsck T {Nate 9) s 50 ns
Tkanax SCK L 10 500 Valid . 220 ns
Tomm SD0 Hold After SCK L [Nate 5) [ ] 15 ns
lg 5GK Set-Up Before G5 L [ 50 ns
tg SCH Hold After C5 J . 50 ns

Note 1: Absolute Maximum Ratings are those values beyond which the
lite of the davice may be impairad.

Note 2: All voltage values are with respact to GND.

Note 3: Voo = 2.7 1o 5.5V unless otherwise specified,

Vrer = REFT — REF Vgeeew = (REFT + REF)2;

Wing = INT = IN~, Vi = (INY 4+ IN-)2.

Note 4: Fg pin fied to GND or fo Vg or to external conversion clock
souree with fppse = 153600H2 unless otherwise specitied.

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 transfar
curve. The deviation is measurad from the center of the quantization
band.

Note 7: Fg = 0V (internal oscillator) or fpggp = 153600Hz £2%
(external oscillator).

Mode B: Fp = Vi (internal oscillator) or fepee = 128000Hz +2%
(ewtarnal oscillatar).

Mole 9: The converter is in extermnal SCK mode of operation such that
the SCK pin is used as digital input. The frequency of the clock signal
driving SCK during the data output is fegpk and is expressed in kHz.
Note 10: The converter is in internal SCK mode of operation such that
the SCK pin is used as digital output. In this mode of operation the
SCK pin has a total equivalent load capacitance CLoap = 20pF.

Nole 11: The extamal oscillator is connacted 1o the Fg pin. The external
oscillator frequancy, lease. Is expressed in kHz.

Note 12: The conwarter uses the internal oscillator.

Fa = UII,Ir ar Fa ="|'Im

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

Nole 14: Refer to Offset Accuracy and Drift in the Applications
Information section.
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