


LTC2446/LT1C2447

ABSOLUTE MAXIMUM RATINGS  (notes 1, 2)

Supply Voltage (Vgg) to GND. ... -0.3Vto6Y  Digital Output Voltage to GND ..... —0.3V to (Vg + 0.3V)
Analog Input Pins Voltage Operating Temperature Range
TOGND ..o -0.3Vto (Vgg + 0.3V) LTC2446C/LTC2447C ..o 0°Cto 70°C
Reference Input Pins Voltage LTC24461/LTC24471 ......ooeeveee -40°C to 85°C
TOGND oo -0.3Vto (Voo +0.3V)  Storage Temperature Range.................. -65°C t0 125°C
Digital Input Voltage to GND ........ -0.3Vto (Vgg + 0.3V)
PACKAGE/ORDER INFORMATION
TOP VIEW TOP VIEW
S8me5 g2 S8 o5 E 2
1381{37]13611351,341{33[{32| 1381137 11361135113411331132I
GND[ 11 37| aND GND[ 1] 37| GND
BUsY [ 2 i30] Rer6- BUSY | 2! 130] ReFe
Bt |3 29| RerG* ExT| 3! i29] REFG*
GND[ 4! i28] Ve GND[4! i28] vee
GND 5! i27] nc GND[5] i27] muxoutn
anp [ 5! i26] nc GnD[6! I26] ADCINN
com |7 % i25] e com|7! ¥ 25] Abcinp
cro[ 3! f2d] e CHo| 8] 24| muxoutp
CH1 :9_-! !_EE VRere7* cHt 9] (28] Verer*
VREFO1~ -16_! !_Eg- VREF67 VREFO1~ lE_! E&_ VREF67
Vreror* [ 11! i21] cH7 Vreror* 11! 121] cH7
cHz[72! f20] cre T f20] cre
[ [131141{151{161{171{18{19! [131141{151{161(171{181{19!
>DCUI-I>EFCPACKAGE>EC = >UH>F PACKAGE> g
38-LEAD (5mm x 7mm) PLASTIC QFN 38-LEAD (5mm x 7mm) PLASTIC QFN
Tomax = 125°C, 0 = 34°C/W Tuax = 125°C, 65 = 34°C/W
EXPOSED PAD (PIN 39) IS GND EXPOSED PAD (PIN 39) IS GND
MUST BE SOLDERED TO PCB MUST BE SOLDERED TO PCB
ORDER PART QFN PART ORDER PART QFN PART
NUMBER MARKING* NUMBER MARKING*
LTC2446CUHF LTC2447CUHF
LTC24461UHF 2446 LTC2447IUHF 24471

Lead Free Part Marking: http://www.linear.com/leadfree/

Order Options Tape and Reel: Add #TR  Lead Free: Add #PBF  Lead Free Tape and Reel: Add #TRPBF

*The temperature grade is identified by a label on the shipping container. Consult LTC Marketing for parts specified with wider operating temperature ranges.
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LTC2446/L.T1C2447

GLGCTRICHL CHHRHCTGRISTICS The e denotes specifications which apply over the full operating

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

PARAMETER CONDITIONS MIN TYP MAX UNITS

Resolution (No Missing Codes) 0.1V < VRgr < Vg, —0.5 ¢ VRer < Vi < 0.5 Vg, (Note 5) e | 24 Bits

Integral Nonlinearity Voo =5V, REF* =5V, REF~ = GND, Vinom = 2.5V, (Note 6) ) 5 15 ppm of VRgr
REF* = 2.5V, REF~ = GND, Vinom = 1.25V, (Note 6) 3 ppm of VRer

Offset Error 2.5V < REF* < Vg, REF~ = GND, ) 2.5 5 uv
GND < IN* = IN™ < Vg (Note 12)

Offset Error Drift 2.5V < REF* < Vg, REF~ = GND, 20 nV/°C
GND <IN*=IN"< Ve

Positive Full-Scale Error REF* =5V, REF~ = GND, IN* =3.75V, IN~ = 1.25V () 10 50 ppm of VRer
REF* =25V, REF~ = GND, IN*=1.875V, IN™ = 0.625V o 10 50 ppm of Vrer

Positive Full-Scale Error Drift 2.5V < REF* < Vg, REF~ = GND, 0.2 ppm of Vpee/°C
IN* = 0.75REF*, IN" = 0.25 * REF*

Negative Full-Scale Error REF* =5V, REF~ = GND, IN* =1.25V, IN~ = 3.75V () 10 50 ppm of VRer
REF* =25V, REF~ = GND, IN*=0.625V, IN" = 1.875V o 10 50 ppm of Ver

Negative Full-Scale Error Drift 2.5V <REF* < Vg, REF~ = GND, 0.2 ppm of Vpee/°C
IN* =0.25 « REF*, IN" = 0.75 « REF*

Total Unadjusted Error 5V < Vo £5.5Y, REF+ = 2.5V, REF~ = GND, V|ygm = 1.25V 15 ppm of VRer
5V < Vo £5.5Y, REFt = 5V, REF~ = GND, V|ygm = 2.5V 15 ppm of VRer
REF* = 2.5V, REF~ = GND, Vinyom = 1.25V, (Note 6) 15 ppm of VRer

Input Common Mode Rejection DC |2.5V < REF* < Vg, REF~ = GND, 120 aB

GND <IN~ = IN* < Vg

ﬂnﬁl.OG InPUT ﬂnD ﬁGFEﬁEﬂCG The @ denotes specifications which apply over the full operating

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

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
IN* Absolute/Common Mode IN* Voltage ® | GND-0.3V Voo +0.3V \
IN~ Absolute/Common Mode IN~ Voltage ® | GND-0.3V Vg + 0.3V Y
Vin Input Differential Voltage Range ° ~VRer/2 VRer/2 Y
(IN*=IN7)
REF* Absolute/Common Mode REF* Voltage ° 0.1 Ve Y
REF~ Absolute/Common Mode REF~ Voltage ) GND Voo - 0.1V Y
VRer Reference Differential Voltage Range ° 0.1 Ve Y
(REF* = REF)
Cs(ins) IN* Sampling Capacitance 2 pF
Cs(in-) IN~ Sampling Capacitance 2 pF
Cs(Rrer+) REF* Sampling Capacitance 2 pF
Cs(rer) REF~ Sampling Capacitance 2 pF
Ipc_LEAK(IN+, IN-, | Leakage Gurrent, Inputs and Reference CS = Vg, IN* = GND, IN~ = GND, ) -15 1 15 nA
REF+, REF-) REF* =5V, REF~ = GND
IsamPLE(INS, IN-, | Average Input/Reference Current Varies, See Applications Section nA
REF+, REF-) During Sampling
topen MUX Break-Before-Make 50 ns
QIRR MUX Off Isolation Vin =2Vp.p DC to 1.8MHz 120 aB
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LTC2446/LT1C2447

DIGITHL In PUTS ﬂnD DIGITHL OUTPUTS The @ denotes specifications which apply over the full

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

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS

Viy High Level Input Voltage 45V <V <5.5Y ° 2.5 \
CS, Fo

Vi Low Level Input Voltage 45V <V <55V ) 0.8 v
CS, Fo

Viy High Level Input Voltage 4.5V <V <5.5V (Note 8) ° 2.5 \
SCK

ViL Low Level Input Voltage 4.5V <V <5.5V (Note 8) ) 0.8 Y
SCK

I Digital Input Current 0V <Viy<Vee ° -10 10 PA
CS, Fo, EXT, SOI

In Digital Input Current 0V < Vi < Vg (Note 8) ) -10 10 VA
SCK

Cin Digital Input Capacitance 10 pF
CS, Fo

Cin Digital Input Capacitance (Note 8) 10 pF
SCK

Vou High Level Output Voltage lg =-800pA ® | Vgc-05V Y
SDO, BUSY

VoL Low Level Output Voltage lp=1.6mA ° 0.4V \
SDO, BUSY

Vou High Level Output Voltage lo =-800uA (Note 9) ® | Vgc-05V Y
SCK

VoL Low Level Output Voltage lg =1.6mA (Note 9) ° 0.4V \
SCK

loz Hi-Z Qutput Leakage ) -10 10 PA
SDO

Poweﬂ RGQUInemenTs The @ denotes specifications which apply over the full operating temperature range,

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

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
Ve Supply Voltage ) 45 55 Y
Ico Supply Current o
Conversion Mode CS =0V (Note 7) ) 8 11 mA
Sleep Mode CS =Vgc (Note 7) ) 8 30 LA

TImInG CH I'-IﬂﬂCTERISTICS The @ denotes specifications which apply over the full operating temperature

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

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
frosc External Oscillator Frequency Range ) 0.1 20 MHz
tHEO External Oscillator High Period ) 25 10000 ns
tLEo External Oscillator Low Period ) 25 10000 ns
tconv Conversion Time OSR =256 ° 0.99 1.13 1.33 ms
OSR = 32768 o 126 145 170 ms

External Oscillator (Notes 10, 13) ) %m ms

fisck Internal SCK Frequency Internal Oscillator (Note 9) ) 0.8 0.9 1 MHz
External Oscillator (Notes 9, 10) frosc/10 Hz
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LTC2446/L.T1C2447

TImInG CHﬂnﬂCTERISTICS The @ denotes specifications which apply over the full operating temperature

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

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
Disck Internal SCK Duty Cycle (Note 9) ) 45 55 %
fEsck External SCK Frequency Range (Note 8) ) 20 MHz
tLESCK External SCK Low Period (Note 8) ) 25 ns
tHESCK External SCK High Period (Note 8) ) 25 ns
tpouT Isck Internal SCK 32-Bit Data Output Time Internal Oscillator (Notes 9, 11) ) 41.6 35.3 30.9 us

External Oscillator (Notes 9, 10) ° 320/frosc S
thouT ESCK External SCK 32-Bit Data Output Time (Note 8) ) 32/fesck S
t €S | to SDO Low Z (Note 12) ° 0 25 ns
to CS T to SDO High Z (Note 12) ) 0 25 ns
ta CSltoSCK L (Note 9) 5 us
ty CSLtoSCK T (Notes 8, 12) ° 25 ns
tkamax SCK { to SDO Valid [ 25 ns
tkamin SDO Hold After SCK | (Note 5) ) 15 ns
t5 SCK Setup Before CS L ° 50 ns
ts SCK Hold After CS | ° 50 ns
ty SDI Setup Before SCK T (Note 5) ) 10 ns
tg SDI Hold After SCK T (Note 5) ° 10 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 = 4.5V to 5.5V unless otherwise specified.

VRer = REF* — REF™, Vrerom = (REF* + REFT)/2; REF* is the positive
reference input, REF™ is the negative reference input; Viy = IN* —IN~,
Vinem = (IN* + INT)/2.

Note 4: Fq pin tied to GND or to external conversion clock source with
feosc = 10MHz unless otherwise specified.

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

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

Note 7: The converter uses the internal oscillator.

Note 8: 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 feggk and is expressed in Hz.

Note 9: The converter is in internal SCK mode of operation such that the
SCK pin is used as a digital output. In this mode of operation, the SCK pin
has a total equivalent load capacitance of Cjgap = 20pF.

Note 10: The external oscillator is connected to the Fg pin. The external
oscillator frequency, frosc, iS expressed in Hz.

Note 11: The converter uses the internal oscillator. Fg = OV.

Note 12: Guaranteed by design and test correlation.

Note 13: There is an internal reset that adds an additional 1us (typ) to the
conversion time.

PIN FUNCTIONS

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

BUSY (Pin 2): Conversion in Progress Indicator. 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. 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
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 clock mode 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
CHO-CH7 and COM pins can have any value between GND
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LTC2446/LT1C2447

PIN FUNCTIONS

-0.3Vto Vge + 0.3V. Within these limits, the two selected
inputs (IN* and IN™) provide a bipolar input range (Viy =
IN*—IN7) from—0.5 * Vggr t0 0.5 * Vrer. Outside this input
range, the converter produces unique over-range and
under-range output codes.

CHO to CH7 (Pins 8, 9, 12, 13, 16, 17, 20, 21): Analog
Inputs. May be programmed for Single-ended or Differen-
tial mode.

Vgerot* (Pin 11), Vgero1™ (Pin 10) Vgerzg* (Pin 15),
VRerz3~ (Pin 14), Vgepgs™ (Pin 19), Vgerss~ (Pin 18),
VRers7t (Pin23), VRers7~ (Pin 22): Differential Reference
Inputs. The voltage on these pins can be anywhere
between 0V and V¢ as long as the positive reference
input (Vero1¥, Vreres®, Vreras®, Vrers7?) is greater than
the corresponding negative reference input (Vgero1™,
VReres™, VReras s VRers7 ) by at least 100mV.

NC (Pins 24, 25, 26, 27): LTC2446 No Connect. These
pins can either be tied to ground or left floating.

MUXOUTP (Pin 24): LTC2447 Positive Input Channel
Multiplexer Output. Used to drive the input to an external
buffer/amplifier for the selected positive input signal (IN*).

ADCINP (Pin 25): LTC2447 Positive ADC Input. Tie to
output of buffer/amplifier driven by MUXOUTP.

ADCINN (Pin 26): LTG2447 Negative ADC Input. Tie to
output of buffer/amplifier driven by MUXOUTN.

MUXOUTN (Pin 27): LTC2447 Negative Input Channel
Multiplexer Output. Used to drive the input to an external
buffer/amplifier for the selected negative input signal
(IN°).

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

VRrerg* (Pin 29), VRerg™ (Pin 30): Global Reference Input.
This differential reference input can be used for any input
channel selected through a single bit in the digital input word.

SDI (Pin 34): Serial Data Input. This pin is used to select
the speed, 1x or 2x mode, resolution, input channel and
reference input for the next conversion cycle. At initial
power-up, the default mode of operation is CHO-CHT,
VRero1, OSR of 256, and 1x mode. The serial data input

contains an enable bit which determines if a new channel/
speed is selected. Ifthis bitis low the following conversion
remains at the same speed and selected channel. The
serial data input is applied to the device under control of
the serial clock (SCK) during the data output cycle. The
first conversion following a new channel/speed is valid.

Fo (Pin 35): Frequency Control Pin. Digital input that
controls the internal conversion clock. When Fq is con-
nected to Ve or GND, the converter uses its internal
oscillator running at 9MHz. The conversion rate is deter-
mined by the selected OSR such that tggyy (M) = (40 @
OSR +170)/fosc (kHz). The first digital filter null is located
at8/tcony, 7kHzat OSR =256 and 55Hz (Simultaneous 50/
60Hz) at OSR = 32768. This pin may be driven with a
maximum external clock of 10.24MHz resulting in a maxi-
mum 8kHz output rate (OSR = 64, 2x Mode).

CS (Pin 36): Active Low Chip Select. A LOW on this pin
enables the SDO digital output and wakes up the ADC.
Following each conversion the ADC automatically enters
the sleep mode and remains in this low power state as long
as CSis HIGH. ALOW-to-HIGH transition on CS during the
Data Qutput aborts the data transfer and starts a new
conversion.

SDO (Pin 37): Three-State Digital Output. During the data
output period, this pin is used as serial data output. When
the chip select CS is HIGH (CS = V¢g) the SDO pinisina
high impedance state. During the conversion and sleep
periods, this pin is used as the conversion status output.
The conversion status can be observed by pulling CS
LOW. This signal is HIGH while the conversion is in
progress and goes LOW once the conversion is complete.

SCK (Pin 38): Bidirectional Digital Clock Pin. In internal
serial clock operationmode, SCKis used as a digital output
fortheinternal serial interface clock during the data output
period. In the external serial clock operation mode, SCK is
used as the digital input for the external serial interface
clock during the data output period. The serial clock
operation mode is determined by the logic level applied to
the EXT pin.

Exposed Pad (Pin 39): Ground. The exposed pad on the
bottom of the package must be soldered to the PCB ground.
For Prototyping purposes, this pin may remain floating.

24467fa

o





































































