CHANGE NOTIFICATION

TECHNOLOGY

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

October 6, 2016

Dear Sir/Madam: PCN#100616

Subject: Notification of Change to LTC2440, LTC2442, LTC2444, LTC2445, LTC2446, LTC2447,
LTC2448, LTC2449 Datasheets

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.

The Maximum External Oscillator Frequency (feosc) in the Timing Characteristics is being reduced
from 20MHz to 12MHz. There are many applications that are using the part at 20MHz and the
performance is perfectly adequate. But at 20MHz, performance is reduced from the limits guaranteed
in the specification table. This change is intended to apply to future customer designs. No changes are
being made to the circuit or the test methodology, so customers who are using these devices with FO
frequencies between 12MHz and 20MHz and are satisfied with the performance will continue to
receive the same product.

An error in the Conversion Time calculation using the External Oscillator was corrected to display 178
in the calculation (incorrectly shown as 170). No changes are being made to all devices or test
program, this is just a change to the datasheet. The changes are shown on the attached pages of the
marked up datasheet. There was no change in form, fit, function, test programs, quality or reliability of
the product; this is just a change to the datasheet. New customer designs after December 6, 2014
should adhere to the new datasheet limit.

Should you have any further questions, please feel free to contact your local Linear Technology sales
person or you may contact me at 408-432-1900 ext. 2077, or by E-mail JASON.HU@LINEAR.COM.
If I do not hear from you by December 06, 2016, we will consider this change approved by your
company.

Sincerely,

Jason Hu
Quiality 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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LTC 2440

POU.I Eﬂ HE OUIﬁE I'I'IEn'I'S The » denotes the specifications which apply over the full operating temperature

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

EYMEOL FARAMETER CONDITIONS MIN TYP MAX UNITS
Vo Supply Voltage - 45 5.5 v
lee Supphy Current
Comversion Mode 5 = 0V (Mote 7) - 3§ 1 ma
Sleep Moda 5 = Vg (Nata 7) . ] 30 1A
'I1I'I'IlnG (I-I HHHCTEH'S“G The e denoles the specilications which apply over the full operating lemperalure
range, otherwise specifications are al Ty = 25°C. (Nole 3)
SYMEOL PARAMETER CONDITIONS MIN TYF MAX | UNITS
feose External Oscillator Frequency Range L] IR 12 —#— MHz
tuen External Oscillstor High Period ] 25 10000 ns
fLeg Extzrnal Decillatar Low Perlod ® | 2 10000 5
ooy Comversion Time (35R = 256 (5D =0) ® | oo 1.13 133 ms
sk = 32768 (501 = 1) L 145 170 ms
.
External Dscillator (Note 10, 13) 40+ 03R «478= 178 ms
TenscikHz)
Tisox Irternal SCK Frequency Internal Oscillator | Note 9) & 04 ng 1 MHz
External Dscillatar (Nates 9, 10] TEpe 10 Hz
Dyscy Imternal SCK Duty Cycle {Mate 9) . 45 55 %o
Tesck External SCK Fraquancy Range {Mote 8) - 20 MHz
t sk External SCK Low Period {Mote 8) L ] 25 ns
tHEsok External SCK High Pericd {Mote 8) L ] 25 ns
tnout isck Internal SCK 32-Bit Data Qutput Time Internal Oscillator {Motes 9, 11} & | 308 353 416 s
B External Dsaillator (Notes 9, 10) 320/fEngs 5
tnaut_gsex External SCK 32-Bit Data Output Time | {Mote 8) L 32ffeeoy 5
I 8 Lo 300 Low 2 {Nole 12 - 25 i
tz 5 Tto DO HighZ Motz 12) . 25 e
I C5.lioSCK | {Note 9 . 5 i
Ly TSl toSCH T {Motes B, 12) s 5 s
turmane SCK | to 500 Valid . 25 s
teoan SD0 Hold After SCK | {Mote 5) ] 15 s
ts SCH Sat-Up Before C5 | ® | 50 ns
Iz 501 Setup Before SCK T { Motz 5) [ ] 10 e
fs S0 Hald After SCK T {Mote 5) . [i] s

Mole 1: Stresses beyond thase listed under Absalute Maximurm Ratings may
cause permanenl damage to the devics, Expasure 1o any Absoluts Maximum
Rating condition for extended pariods may affect device relability and Iidstime.
Mote 2: All voltage values are with respect to GHD.

Nole 3: Viop = 4.5 to 5.5V unless otherwise specifiad.

Vrer = REF* = REF”, VRErom = [F!EF+ + REF-1/2:

Win = IN® = IN7 Vigow = (INT + INTW2,

Mote &: fy pin tied o GND or 1o external convarsion clock saurce with
feags = 10MHz unless otherwise specified.

Mote 5: Guaranteed by design, not sulbsject to test.

Nota B Integral nonlinearity is defined as the daviation of & cade fram &
straight line passing thraugh the actual endpoints of the transfer curve
The deviation is measured from the center of the quantization band

Mote T: Thi comverter uses the internal osclliator.

Note B: The comverter is in external SCK mode of operation such that the
SUK pin i5 Us20 25 a digintal iInput. The Traquency o1 he otk signal dming
SCK during the data output is fesey and ks expressad in Hz.

Mote 8: The convertar is in iflernal SCK maode of aperation such thal the
SCK pin is used as a digital autput, In this mods of oparation, the SCK pin
has a tolal equivalent load capacitance of Cygan = 20pE

Note 10: The external oscillator is connectad fo the fg pin. The external
oscillator frequency, fppse. i expressed in kHz.

Nole 11; The converter wses the intemal oscillator, f = 0V

Note 12: Guaranteed by design and test correlation.

Nole 13: There is an internal reset that adds an additional U

the conversian time. 5t 15, cydde to
24408
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LTC2440

APPLICATIONS INFORMATION

The sample rate f and NULL fy, my also be adjusted by
driving the fy pin with an external oscillator. The sample
rate 15 fs = fepee /D, Where fegse 18 the frequency of the
clock applied ta fp. Combining alarge 05R with a reduced
sample rate leads to notch frequencies fy near DC while
maintaining simple antialiasing requirements, A 100kHz
clock applied to fg results in a MULL at 0.6Hz plus all
harmonics up to 20kHz, see Figure 14, This is useful in
applications requiring digitalization of the DC component
of a noisy input signal and eliminates the need of placing
a 0.6Hz filter in front of the ADC. 19MUz

Anexternal oscillator operating from 100kHz to-Bédebse can
be implemented using the LTC1799 (resistor set S0T-23
oscillator), ses Figure 22. By floating pin 4 (DIV) of the
LTC1799, the output oscillator frequency is:

10k ]
10*Rser

The normal mode rejection characteristic shown in Fig-
ure 14 is achieved by applying the autput of the LTC1799

{with Rgper = 100k) to the fy pin on the LTC2440 with SDI
tisd HIGH (OSR = 32768).

foge = 10MHz *[

Reduced Power Operation

In addition to adjusting the speed/resolution of the
LTC2440, the speed/resolution/power dissipation may
also be adjusted using the automatic sleep mode. During
the conversion cycle, the LTC2440 draws 8mA supply
current independent of the programmed speed. Once the
conversion cycle is completed, the device automatically
enters a low power sleap state drawing 8pA. The device
remains in this state as long as CS is HIGH and data is not
shifted out. By adjusting the duration of the sleep state
{hold TS HIGH longer) and the duration of the conversion
cycle (programming OSR) the DC power dissipation can
be reduced, see Figure 16.

For example, if the OSR is programmed at the fastest rate
(05R =64, toowy = 0.285ms) and the sleep state is 10ms,
the effective output rate is approximately 100Hz while the
average supply current is reduced to 240pA. By further
extending the sleep state to 100ms, the effective output
rate of 10Hz draws on average 30pA. Noise, power, and
spead can be optimized by adjusting the 05R (Noise/Speed)
and sleep mode duration (Power).

|
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Figure 14. LTC2440 Normal Mode Rejection
(External Oscillator al 90kHz)
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LTC2442
TlmlnG CHHHHHEBIST'G The » denoles the specitications which apply over the full operating temperature

range, olherwise specifications are al Ty = 25°C. (Nole 3)

SYMEDL PARAMETER CONDITIONS MIN e MAX | UNITS
fenee External Oscillator Frequency Range L] 01 12 —28— MHz
tHED External Oscillator High Period L 25 10000 ns
ILEn External Oscillator Low Period L 25 10000 ns
teany Conversion Time (05R = 236 (501 =10) L 099 113 1.33 ms
OSH = 32766 (501 =1) & | 1% 145 170 me
Extarnal Osclllator (Notes 10,13) | & 40 =05 + 47— 178 ims
12 Maode ffi;tsl:: [KHz)
flagk Intarnal SCK Fraquency Internal Oscillator [Note 9) ® 08 IK:] 1 MHz
External Oscillator (Netes 9, 10) Tease10 Hz
Dyscx Internal SCK Duty Cycle {Mote 9§ L] 45 55 %
feark Exiernal SCK Frequency Range (Mote B) L 20 MHz
fLESCK External SCK Low Period (Mote 8) L 25 ns
IHESCE Exlernal SCK High Period (Mate B) L 25 ns
toouT_isck Internal SCK 32-Bit Data Dutput Time Internal Oscillater (Notes 9. 11) L 09 353 416 Us
External Osclllator (Netes 9, 10) | @ 320 s s
tpouT_Esck Exiernal SCK 32-Bit Data Qutput Time (Mote 8) ® 32Mesey 5
Iy 05 1tosS00LowZ (Note 12) L] 0 25 ns
Iy L5 T to 500 High 2 (Mate 12] . ] 25 ns
Iy U5t ECcK L (Mot 9) 5 ps
Iy G5 linscK T (Mate B, 12) ] 25 ns
T SCK L to 3DO Valid L 25 ns
Loin S0 Hokd After SCK L (Mote 5) ] 15 ns
I5 SCK Setup Before 05 4 . 50 s
g SCH Hald After TF L . 50 ns
I7 S0 Setup Before SCK T (Mate 5) ® 10 %
Iy SO0 Hold Aller SCK T (Mote 5) L] 10 ns
Nole 1: Stresses beyond those listed under Absolute Maximum Ratings Note 8: The converter s in extzrmal SCK mode of operation such that the
may cause permanent damage to the device. Exposure to any Absolute SCK pin is used as a digital input, The frequancy of tha clock signal driving
Maximum Rating condition for extended pericds may affect device SCK during the data output is fegey and is expressed in HZ,
reliahility and lifetime. Note 9: Tha convarter is in internal SCK rmode of oparation such that the
Note 2: All voltage values are with respect to GHD. SCH pin is used as a digital output. In this moda of operation, the SCK pin
Note 3: Wee = 4,5 10 5.5V inless otherwise specified, has a total equivalent load capacitance of G pap = 20pF
per = REF* = REF™, Vgerom = (REF* + REF)2: Hote 10: The external oscillator is connected to the Fy pin. The axdernal
Wiy = SEL* - SEL™, Vipgw = (SEL" + SEL)2. oacillator frequency, fegse, B expressad in HZ
MNote 4: Fyy pin tied to GND or lo external conversian clock sowrce with MNote 11: The converter uses the intarnal escllater, Fy = OV,
Tenss = 10MHzZ unless otherwiss specified. Note 12: Guaranteed by design and lest corralation,
Nole 5: Guaranteed by design, not subject to test Note 13: Thers is an internal reset that adds an adoitional Hus-p-e-tae—
Note 6: Integral nonlinearity is defined as the deviation of a code from a conversion fime. 5to 15 f, cycle to the
srraugnr_hn_a pé_isslng thraugh the actual andpaints ol le_a Transtar curva, Note 14: In order te achigve optimum linearity, the amplifier power
The deviation is measured from the center of the guantization band. positive sUpply INput [V*) must exceed the maximum Input valtage level by
Note 7: The converter uses the intermnal ascillator, 2 or greatar, The nagative amplifier power supply input (V) must ba at

least 200mY below the minimum input voltage level.
Note 15: Amplitiers are externally compensated with 0.1pF,
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LTC2442
TlmlnG’ CHHHHGEBISTICS The » dencles the specitications which apply over the full operating temperature

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

SYMBOL PARAMETER CONDITIONS MIN TP MAX | UNITS
fensn External Oscillator Frequency Range L 0.1 12 == MHz
tHED Exiernal Oscillator High Period L 25 10000 ns
ILen External Oscillator Low Period L 25 10000 ns
feany Canversion Time 05R = 256 (501 = 0) L 0.99 1.13 1.33 ms
OER = 32768 (301 =1) L] 126 145 1o ms
External Oscillator (Metes 10,13) | @ 40 O5R + 42— 178 me
1= Maode Trose (KHz)
fisck Intzral SCK Frequency Internal Oscillator {Note 9) L 0.8 0g 1 MHz
External Oscillator (Motes 9, 10) fease10 Hz
Disex Intzral SCK Duty Cycle [Wate 9 L 43 59 %
frary Exiernal SCK Frequency Range [Wate &) L 20 MHz
fLESCK External SCK Low Period [Note &) L 25 ns
THESCK Exiernal SCK High Period [Nate &) L 25 ns
toouT oK Internal SCK 32-Bit Data Dutput Time Internal Oscillator (Notes 8. 17) L 309 353 41.6 ps
External Osciltator (Nofes 9, 10) | @ el P 5
toouT_Esck Exiernal SCK 32-Bit Data Dutput Time [Note B) L] 32Megex 5
I £5 L to 500 Low Z [Mote 12) . 0 5 ns
ta 5 T to 500 High Z (Mot 12) . 0 25 s
I3 L5 ltscK L (Mote 0) 5 s
Ly LS LtnSCK T (Mote B, 12) . 25 ns
Tropn SCK L to 500 Walid L 25 ns
Thanain SDO Hobd After SCK | (Mote 5) . 15 ns
Is SCK Satup Before C5 L L 50 s
tg SCK Hold After TS L L] 50 ns
t7 500 Satup Before SCK T (Mot &) ] 10 ns
fg 500 Hold Alter SCK T [Mote 5) L] 10 ns
Mole 1: Stresses beyond those listed under Absolute Maximum Ratings MNote 8: The converter Is In extenal SCK mode of operation such that the
may cause permanent damage 1o the device. Exposure to any Absolute SCK pin is usad a5 a digital input. The frequancy of the clock signal driving
Maximum Rafing condition for extended pericds may affect device SCK during the data autput is fegcy and is expressed in Hz,
reliahility and lifetime. Note 8: Tha convarter is in intarnal SCK mode of aparation such that the
Note 2: All voltage values are with respect to GND. SCK pin is usad as a digital cutput. In this mode of operatien, the SCK pin
Note 3: Ve = 4.5V to 5.5V unless otherwise specified, has & total equivalent load capacilance of Cgap = 20pF
er = REF* = REF™, Vperowm = (REF* + REF)2 Note 10: The external oscillator is connected to the Fg pin. The external
Wiy = SEL* - SEL™, Vion = (SEL* + SEL7I2. oacillator frequency, fegee. i exprassed in Hz
Note 4: Fpy pin tied to GND or to extarnal conversion clock source with Note 11: Tha converter uses the intarnal oscillatan, Fg= OV
Teniss = 10MHz unless otherwise speaified. Note 12: Guaranteed by design and lest cormalation,
Nofte 5: Guaranteed by design, not subject to test. Mote 13: There is an internal reset that adds an additional Jpsitwpibe the
Mote 6: Integral nonlingarity is defined as the deviation of a codea from a COMVErsion time. 5 to 15 f, cycle to the
straight lina passing thraugh the achual andpaints of tha transter curva. Note 14: In order to achieve optimum lingarity, the amplifier power
The deviation is measured from the center of the quantization band. pasitive suppty Input (V*) must exceed the maximum Input voltage level by
Note 7: The converter uses the internal ascillator, 2 or greatar, The nagative amplifier power supply input (V™) must ba at

least 200m\ below the minimum input vollage level.
Note 15: Amplitiers are externally compensated with 0,1pF,
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LTC2442

APPLICATIONS INFORMATION

If Fy is grounded, 15 is set by the on-chip oscillator at
1. BMHz=8%{ over supply and temperatura variations), Al
an 0SR of 32,768, the first NULL is at fy = 55Hz and the
no latency output rate is fy/8 = 6.9Hz. At the maximum
0SR, the noise performance of the device is 2200V g5 with
batter than 80dB rejection of 50Hz 2% and 60Hz 2%,
Since the OSR is large (32, 768) the wide band rejection
is extremely large and the antialiasing requirements are
simple. The first multiple of 15 occurs at 55Hz « 32,768 =
1.8MHz, see Figure 12,

The first NULL becomes fyy = 7.03kHz with an 05R of 256
{an output rate of879Hz) and Fy grounded. Whilethe MULL
has shifted, the sample rate remains constant. As a result
of constant modulator sampling rate, the linearity, offset
and full-scale performance remains unchanged as does
the first multiple of 15,

The sample rate f5 and NULL f,, may also be adjusted by
driving the Fq pin with an external oscillator. The sample
rate is fg = fpnge, where fgosc is the frequency of the

B
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Figure 12. Normal Mode Rejection (Internal Oscillator)

clock applied to Fp. Combining a large OSR with a reduced
sample rate leads to noteh fraquencies fyy near DC while
maintaining simple antialiasing requirements. A& 100kHz
clock applied to Fg results in a NULL at 0.6Hz plus all
harmonics up to 20kHz, see Figure 13. This is useful in
applications requiring digitalization of the DC component
of a noisy input signal and eliminates the nead of placing
a 0.6Hz filter in front of the ADC. 19MHz

Anexternal oscillator operating from 100k Hz o 2eké= can
be implamented using the LTC1799 (resistor set S0T-23
oscillator), ses Figure 14, By floating pin 4 (DIV) of the
LTC1799, the output oscillator frequency is:

10k
= 1 -
fose = 10MHz [ T J
The normal mode rejection characteristic shown in
Figure 13isachievedbyapplyingtheoutputofthe LTC1799
{with Rger = 100k) to the Fq pin on the LTC2442 with OSR
= 32,768,
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Figure 13. Normal Mode Rejection (Internal Oscillator at 90kHz)
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LTC2444/1TC2445/
LTC2448/L1C2449

DIG“.HL InPUTS n"D DIGITH'- DUTPUTS The » denotes specilicalions which apply over the full

operating temperature range, olherwise specilications are al Ty = 25°C. (Mole 3)

SYMBOL PARAMETER CONDITIONS 1 MK TYP MAX UNITS

Wil High Lewvel Input Violtage 4.5V £ Ve = 5.5V 3 25 V
G5, Fp. 5D [ ||

WiL Low Level Input Voltage 4.9V £ Vg = 5.5V - 08 v
3, Fp. 5D [ ||

Vi Egl; Level Input Voltage 4.0V = Ve = 5.6V (Note 8] L ] 2.0 v

i Low vl Inut Vol [ 4.5V < Vgp < 5.5V (Note 8) Y 08 v

I Digital Input Currant 0V = Wiy = Vee . 10 10 né
L5, Fp, EXT 88+ SDI

Iy E[igri;tal Input Current OV 2 W)y = Vag (Mote B) ] =10 10 uA

Cin Digital Input Capacianca 10 i3
G3, Fg. SO

Cin Digital Input Gapacitance {Mota 8) 10 pF
SCK [ L

Vo High Lewvel Ouiput Valtage lgy = =300 ® | WNep-05Y v
500, BUSY [ ||

VoL Lows Level Output Voltage lg = 1.8mA L] D4V v
500, BUSY [ ||

Wox Eg:}ir Level Qulput Voltage Iy = —G00A (Nole 9) ® | Vep-05V ¥

Wal Lo Lavel Quipul Voltage . lgy = 1.6mA (Mota 9) ' L . D4y v
SCK

lgz Hi-Z Output Leakage » =10 10 né
500

POI.I.IEH ﬂE QUIHGmEnTS The @ denotes specilicalions which apply over the full operating lemperalure range,

otherwise spenilicalinns are al Ty = 25°C. (Mote 3)

SYMBOL | PARAMETER

Vo [ Supply Yaltage

lee Supply Currant
Gonversion Mode
Sleap Moda

CIJNI]ITIDHS

G5 m OV (Note T)
£S = Vee (Mote 7)

L

Min TYF MAX

4.5 3.9
& "
E 1]

I.II'«IITS
v

IMA
nh

“mlnG’ CHHRHCTEHISTlcs The & denofes specifications which apply over the full operating temperature

ranye, u-lllunuisu specilicalions are al Ty = 25°C. :I'lulu 3)

SYMBOL PARAMETER | CONDITIONS MK TYP MAX [unirs
fese External Oscillator Frequency Rangs . 0.1 12 88— | MHz
luEn External Oscillalor High Period L] 25 103000 13
TLEn | Extarnal Oscillator Low Period | e 25 10000 ng
Teouy [ conversian Time [ 058 = 256 (501 = 0) ™ 0.9 113 1.3 ms
05R = 32768 (500 = 1) - 126 145 170 ms

Ea;irlyéggcillah:lr (Motes 10, 13) L] % e ms

— [ Internal SCK Frequency [ Internal Oscillater (Note 8) | o 0.3 0.9 1 MHz
External Oscillztar (Notes %, 10) frpep/10 Hz

REEE L 5
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LTC2444/11C2445/
LTC2448/LTC2449

TIMING CHARACTERISTICS The » denotes specifications which apply aver the full operating temperature

range, olherwise specifications are al Ty = 25°C, (Nole 3)

SYMBOL PARAMETER CONDITIONS MIN TYP MAX uMITS
Discx [ Intarmal SCK Duty Cycle {Note ) o 4 B | %
femk [ External 5CK Frequency Range (Note B) .| 20 MHz
tgecy | External SCK Low Period {Nate B) e I ns
tHESCK External SCK High Period (Nofte &) . 25 ng
toouT_iscx Internal SCK 32-8it Data Qutput Time | Internal Oscillator (Notes 9, 1) ® 16 363 309 115

[ External Dscillator (Notes 9. 10) .| 320ignse 5
toouT Esce External SCK 22-Bit Data Output Time (Nofe &) L 3 32Mesek 5
fy C5 | to 500 Low Z (Note 12) . ] 25 ns
1a G5 T to 50O High 2 (Mote 12) L ] 25 ns
t [T Ltosck L {Nate 9) ' 5 [ s
4 ETES {Notes 8, 12) o | m
Tromanx SCK L 10 500 Valid ® 25 ng
[T [ D0 Hold Aftar SCK L ihate &) S T [ he
f5 SCK Sat-Lp Batora C5 1 . 0 ng
Is SCK Hald Aftar G5 | ] 50 ]
I | 501 Set-Up Before SCK T ihote 5 o 10 | ns
I SO0 Hold After SCK T ihate 5) . 10 | s

Nole 1: Abselute Maximum Ralings are thase values beyond which the |re
of the device may be impaired.

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

Note 3: Vi = 4.5V 10 5.5V unless otherwise specified.

Vper = REFY = REF-, ViRppe = (REF + REF )2

Vin=IN* = IN", Vineaa = (1N + INTW2,

Hole 4: Fp pin tied bo GND or 10 external conversion clock source with
Tensc = TOMHZ unless atherwise spacified,

Nole 5: Guarantaed by design, nol subjest lo lesl,

Nole 6: Intesgral nonlinearity is defimad as the deviation of a code fram a
straight line passing through the aciual endpoinis of the transfer curve.
The deviation Is measured from the center of the quantizztion band

Nole 7; Tha comertar uses the internal escillator
Note 8: The corverter is in exiernal SCK mode of operation such that the

SCK pin is used as a digital input. The frequency of the clack signal driving
SCK during the data output is fespy and is exprassed in Hz.

MNaote 9: Tha corvertar Is in infernal 5CK mode of oparation such that tha
SCK pin is used as a digital output, In this mode of operafian, the SCK pin
P a Tatal equivalent load capacitance of Gygap = 20pF

Note 10:; The external escillator 15 connected to the By pin. The extamal
oscillator frequency, fepse. IS expressed in Hz.

Note 11: The converter uses the internal oscillator. Fg = OV,
Note 12: Guarzantead by design and test cormelation.

Note 13: Theare i an internal reset thal adds an adaitional He-Ha=ta-the—
comversion time,

PIN FUNCTIONS

GND (Pins 1, 4, 5, 6, 31, 32, 33): Ground. Multiple
ground pins internally connected for optimum ground
current flow and Vg decoupling. Connect each one of
these pins to a common ground plane through a low
impedance connection. All 7 pins must be connected to
ground for proper operation.

BUSY (Pin 2): Canversion in Pragress Indicatar, This pin
is HIGH while the conversionis in progress and goes LOW
indicating the conversion is complete and data is ready. It
remains LOW during the sleep and data output states, Al
the conclusion of the data output state, it goes HIGH
indicating a new conversion has begun,

EXT (Pin 3); Internal/External SCK Selection Pin. This pin
is used to select internal or extemal SCK for outputting/
inputting data. If EXT is tied low, the device is in the
external SCK mode and data is shifted out of the device
under the control of a user applied serial clock. If EXT is
tied high, the internal serial clack maode is selected. The
device generates its own SCK signal and outputs this on
the SCK pin. A framing signal BUSY (Pin 2) goes low
indicating data is being output.

COM (Pin 7): The common negative input {IN7) for all
single ended multiplexer configurations. The voltage on
GHO-CH15 and COM pins can have any value between

2444500
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LTC2444/11C2445/
LTC2448/L1C2449

APPLICATIONS INFORMATION

If Fy is grounded, fg is set by the on-chip oscillator at
1, 8MHz ==kl {over supply and temperature variations), At
an0SR of 32,768, the first NULL is at fyy = 55Hz and the no
latency output rate is fy/8 = 6. 9Hz. At the maximum 05R,
the noise performance of the device is 280nVgps (LTC2444/
LTC2448) and 2000V gys (LTC2445/LTC2449) with better
than 80dB rejection of S0Hz +£2% and 60Hz £2%. Since the
OSR s large (32,768) the wide band rejection is extremely
large and the antialiasing requirements are simple. The
first multiple of f5 occurs at 55Hz » 32,768 = 1.8MHz, see
Figure 12.

The first NULL becomes fy = 7.04kHz with an OSR of 256
{an output rate of 880Hz) and Fy grounded. While the
NULL has shifted, the sample rate remains constant. As a
result of constant modulator sampling rate, the linearity,
offset and full-scale performance remaing unchanged as
does the first multiple of {5,

The sample rate fg and NULL f,;, may also be adjusted by
driving the Fg pin with an external oscillator. The sample
rate is f5 = fepee/S, where fegse is the frequency of the
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Figure 12, LTC2444/LTC2445/LTC2448/LTC2449
Mormal Mode Rejection {Internal Oscillator)

clock applied ta Fy. GCombining a large QSR with a reduced
sample rate lzads to notch frequencies fy near DG while
maintaining simple antialiasing requirements. A 100kHz
clock applied to Fg results in a NULL at 0.6Hz plus all
harmonics up to 20kHz, see Figure 13. This is useful in
applications requiring digitalization of the DC component
of a noisy input signal and eliminates the need of placing
a (0.6Hz filter in frant of the ADG. 19MHz

An external oscillator operating from 100kHZ 10 SSiskdem
can be implemented using the LTC1799 (resistor set
S0T-23 oscillatar), see Figure 16. By floating pin 4 (DIV)
of the LTC1799, the output oscillator frequency is:

10k )
10+Rsgr

The normal mods rejection characteristic shown in
Figure 13is achieved by applying the output ofthe LTC 1789
(with Rger = 100Kk) to the Fg pin on the LTC2444/LTC2445/
LTG2448/LTC2449 with SDI tied HIGH (DSR = 32768).

B =
—————y

)

E—.m

o 60 H

=

g - 414

=

3 -100 '

[

- ”
=140 M‘lll '

2 4 [}

o B 10
HFFERENTIAL INFUT SIGNAL FREQUENCY [Hz|

a0 Fam

Figure 13. LTC2444/LTC2445/LTC2448/LTC2449 Normal
Mode Rejection (External Oscillaior at 90kHz)
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LTC2446/L.1C2447

D'Gr":“- ln pUTS Hnn DlG"ﬂl- OUTPUTS The » denoles specifications which apply over the full

operating Iamparalura range, ofherwise spa:ﬂi:alluns are at Ty = 25°C. (Nole 3)

SYMBOL PARAMETER CONDITIONS MIN TYP MAx [unirs
Vig High Laved Input Voltzge 45Y < Vpp < 5.6V L] 25 v
L5, Fg, =01
Wil Low Level Input Voltage 45Y s Vep = 5.6V - Da v
| &5, Fg, SO0 [ [
Vin High Laved Input Voltzgs 4.5V = Ve = 5.5 (Note 8) - 25 v
SCK
Vi Low Lewvel Inpul Vollage 4.5 = Vop = 5.5V (Note 8) L] 0a v
SCK
Iin Digital Input Gurreant V=V =V L =10 10 WA
5, Fy. EXT, &84 DI
Iin Digital Input Current OV = Vi = Vi (Note B) L] =10 10 WA
SCK
Cw | Digital input Capacitance 10 oF
| &5, Fg, =00 [
G Digital Input Capacitance {Mate B) 10 pF
SCK
L High Laved Qutput Valtzge Ip = —B00pA ® | V- 05V v
| 500, BUSY [ [ [
VoL Low Lewvel Dutput Voltage Ip=1.6mA ] (1.4 W
| 500, BUSY [ [
Vou High Level Output Voltzge I = =800 (Mote 9) o | Vpo- 05 v
LK
Vau Low Level Qutput Voltage Ilg=1.6mA {Note 9) [ ] 0, #4= v
oz | Hi-Z Output Leakage . 10 ]
500

FOLI.IEH ﬂGQUIﬂGmem The @ denaotes specilicalions which apply over the full operating lemperature range,

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

SYMBOL PARAMETER CONDITION S MIN TYP MAxX UNITS
Vg | Supply Voltage | ®] 45 55 [ v
lge Supply Gurrem -
Canvarsion Moda G5 = OV (Mota 7) - 8 1 A
Sleep Mode ES WVer: {Niote 7) L] 8 30 WA

'I'II'I'II I'IG CI'II’IBFICTEBlSTlCS The » denotes specifications which apply over the full operaling temperature

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

SYMBOL | PARAMETER | CONDITION S MIN TYP Max UNITS
fegec External Oscillator Fraguency Range L] 0.1 12 == MHz
("3 | Exfernal Dseillator High Perted | - 25 0 115
lieo | External Ogcillator Low Period [ | ® 5 00 | s
Leomne Conversion Time 05R = 256 L] 0.9 1.13 1.33 s
0SA = 32768 L] 126 145 170 ms
tﬁerr:ﬂ%lc?cmamr [Notes 10, 13) L %1?8 s
sk [ Internal 50K Frequency [ Intemal Dscillztor (Note ) | 0.8 03 1 [ mHz
External Oscillator (Notas 9, 10) Tegeg10 Hz
. . 24467
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LTC2446/11C2447

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

range, otherwise specifications are al Ty = 256°C. (Note 3)

SYMBOL PARAMETER CONDITIONS MiIN TYP MAx UNITS
Disck [ Intarnal 6K Buty Cycle [{Note 1) (o] 5 55 [ %
fegrs [ Extarnal SCK Fraquancy Ranga '{Hma ] e 20 [ wHz
Ty Esos External SCK Lowr Period {Mote 8) [ 25 ns
HESCE [ External SCK High Pariod '-:Hme 8) o] 5 [ s
loouT 150K Intarnal SCK 32-Bit Data Output Tima Intarnal Oscillator {Motes 9, 11) [ 16 353 3049 I

[ | External Oscillator (Notes 3. 10) | ®| 320viEnse [ 5
lDouT_EscK | External SCK 32-Bit Data Output Time | {Note 8) | & 32Mescx [ 5
I C5 L to 500 Low Z {Mote 12) . 0 25 ns
[ _CE1 to S00 High £ | [Mote 12) | & 1] 25 | ns
Iy G5 to 50K L [Mote 9) 5 5]
lg | €5 4 o 50K T | [Notes 8,12) | o 25 |
TkoMax | SCK L 1o 500 Valid _ |® o | ns
Tkamim SO0 Hald After SCK L [Note 5) ® 15 ns
I | SCK Setup Batore 05 L | & a0 | s
g | SCK Hald After GS 4 [ || 50 | s
Iz 501 Setup Befora SCK T [Nule 5) L 10 15
Iy S0 Hold After SCH T [ {Nate 5) . 10 | ns

Hote 1: Absolute Maximum Ratings are those values bayond which tha life
of the device may ba impaired.

Hote 2: All voltage values are wilh respect 1o GND.

Nate 3: Voo = 4.5V 10 5.5V unless otherwise specilled.

Ve = REF* — REF™, Vgepey = (REF* + REFT)/2; REF is the pasitive
relarence inpul, REF is the negalive relerence input; Viy = IN* - IN—,
Viwen = (IN* + IN“V2.

Hote 4: Fy pin tied to GND or fo external conversion clock source with
fepse = 10MHz unless otherwise specified.

Mote 5: Guaranteed by design, nof subject to test,

Mote 6: Integral nonlinearty is defined as the dewiation of a cooe from a
siralght line passing thraugh the actual endpaints of tha Iransfer curve
Tha daviation is measured from the center of the quantization band,

Nole 7; Tha converter usas the internal oscillatar,

Nole 8: The converter is in exbternal SCK mode of operation such that the
SCK pin is used as a digital inpul. The requancy of the clock signal driving
SCK during the data output is fpgeg and is expressed in Hz.

MNole 8: The converter is in infernal SCK mode of operation such that the
SCK pin is used as a digital outpul In this moede of aperalion. the SCK pin
has a total equivalent load capacitance of Cypag = 20pF.

MNole 10: The external oscillater is connecied to the Fg pin. The external
oscillator fraguency, feger, 15 expressed in HE

Note 11: The convarter usas the internal oscillatar, Fy = 0V,
Note 12: Guaranteed by design and test correlation.

Mole 13: There is an inlarmal resel that adds an addiliona -t
COMversion time,

PIN FUNCTIONS

GND (Pins 1, 4, 5, 6, 31, 32, 33); Ground, Multiple
ground pins internally connected for optimum ground
current flow and Ve decoupling. Connect each ane of
these pins fn a common ground plane through a low
impedanca connection. All seven pins must be connectad
to ground for proper operation.

BUSY (Pin 2); Conversian in Progress Indicator, This pin
is HIGH while the conversionisin progress and goes LOW
indicating the conversion is complete and data is ready. |t
ramains LOW during the sleep and data output states, At
the conclusion of the data output state, it goes HIGH
indicating a new conversion has begun.

EXT (Pin 3): Internal/External SCK Selection Pin. This pin
is used to select internal or external SCK for outputting/
inputting data. If EXT is tied low, the device is in the
extarnal SCK mode and data is shifted out of the device
under the control of a user applied serial clock. [TEXT is
tied high, the internal serial clock mode is selected. The
device generates its own SCK signal and outputs this an
the SCK pin. A framing signal BUSY (Pin 2) goes low
indicating data is being output.

COM (Pin 7): The common negative input {IN7) for all
single ended multiplexer configurations. The voltage on
CHO-CH7 and COM pins can have any value between GND

ST
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LTC2446/L.1C2447

APPLICATIONS INFORMATION

offset and full-scale performance remain unchanged as
does the first multiple of f5,

The sample rate f and MULL fy, may also be adjusted by
driving the Fy pin with an external oscillator. The sample
rate is fg = fppge/d, where fegge is the frequency of the
clockapplied to Fy. Combining a large OSR with a reduced
sample rate leads to notch frequencies Ty near DC while
maintaining simple antialiasing requirements. & 100kHz
clock applied to Fp results in a NULL at 0.6Hz plus all
harmonics up to 20kHz, see Figure 13. This is useful in
applications requiring digitalization of the DC component
of a noisy input signal and eliminates the need of placing
a 0.6Hz filter in front of the ADC.

a
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E a0 [
o
£ -80 !
=
Z 100 !
=
=-120 |
i HHM Ld,
o 3 4 6 8 10

DIFFERENTIAL INPUT SIGNAL FREQUENCY (Hzp

ZaapT L

Figure 13, LTC2446/LTC2447 Normal
Mode Rejection (External Oscillator at 90kHz)

12MHz
An external oscillator operating from 100kHz to=BeHhebe=
can be implemented using the LTC1799 (resistor set
S0T-23 oscillator). see Figure 14. By floating pin 4 (DIY)
of the LTC1799, the output oscillator fraquency is:

10k
fosc = TOMIF2 [m'HEETJ
The normal mode rejection characteristic shown in
Figure 13is achieved by applying the output of the LTCA799
(with Regr = 100k) to the F pin on the LTC2446/LTC2447
with 5D tied HIGH (0SR = 32768).

Multiple Ratiometric and Absolute Measurements

The LTC2446/LTC2447 combine a high precision, high
speed delta-sigma converter with a versatile front-end

45 TO 5.5
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13 19
Irl e Efe= our W Rur 3

po| Lroaess LTCiTe DApF

— m'
) (=]

e =

USER SELECTABLE | mmind REFD1* ne=—fon T
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e musrf—e
il EHD 14,56,31,32,33
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Figure 14. Simple Exlernal Clock Source

multiplexer. The unique no latency architecture allows
seamless changes in both input channel and reference
while the absolute accuracy ensures excellent matching
between both analog input channels and reference chan-
nels. Any set of inputs (differential or single-ended) can
perform a conversion with one of twao references. For
Bridges, RTDs and other ratiometric devices, each set of
channels can perform a conversion with respect to a
unigue reference voltage. For Thermaocouples, voltage
sense, current sense and other absolute sensors, each set
of channels can perform a conversion with respect to a
single global reference voltage (see Figure 15). This allows
users to measure both multiple absolute and multiple ratio
metric sensors with the same device in such applications
as flow, gas chromatography, multiple RTDs or bridges,
or universal data acquisition.

Average Input Current

The LTC2446 switches the input and referance to a 2pF
capacitorata frequency of 1.8MHz. Asimplified equivalent
circuitis shown in Figure 16. The sample capacitor for the
LTC2447 is4pF, andits average input current is externally
bufferad from the input source.

The average input and reference currents can be ex-
pressed in terms of the equivalent input resistance of the
sample capacitor, where: Req = 1/{fgy = Ceq),

TAAGTT
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