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ANALOG

DEVICES
LTC2500-32
32-Bit Oversumpling ADC
with Configurable Digitdl Filter
FEATURES DESCRIPTION

+0.5ppm INL (Typ)

104dB SNR (Typ) at 1Msps

148dB Dynamic Range (Typ) at 61sps

Guaranteed 32-Bit No Missing Codes

Configurable Digital Filter with Synchronization

= Relaxed Anti-Aliasing Filter Requirements

Dual Output 32-Bit SAR ADC

® 32-Bit Digitally Filtered Low Noise Qutput

m 24-Bit Differential + 7-Bit Common Mode 1Msps
Output with Overrange Detection

Wide Input Common Mode Range

Guaranteed Operation to 85°C

1.8V to 5V SPI-Compatible Serial 1/0

Low Power: 24mW at 1Msps

24-Lead 7mm x 4mm DFN Packages

APPLICATIONS

Seismology

Energy Exploration

Automatic Test Equipment
High Accuracy Instrumentation

The LTC®2500-32 is a low noise, low power, high perfor-
mance 32-bit ADC with an integrated configurable digital
filter. Operating fromasingle 2.5V supply, the LTC2500-32
features a fully differential input range up to +VRgg, with
VRerranging from2.5V105.1V. The LTC2500-32 supports
a wide common mode range from 0V to Vggr simplifying
analog signal conditioning requirements.

The LTC2500-32 simultaneously provides two output
codes: (1) a 32-bit digitally filtered high precision low
noise code, and (2) a 32-bit no latency composite code.
The configurable digital filter reduces measurement noise
by lowpass filtering and downsampling the stream of data
from the SAR ADC core, giving the 32-bit filtered output
code. The 32-bit composite code consists of an overrange
detection bit, a 24-bit code representing the differential
input voltage and a 7-bit code representing the common
modeinputvoltage. The 32-bitcomposite code is available
each conversion cycle, with no cycle of latency.

The digital filter is highly configurable through the SPI-
compatible interface and features many distinct filter types
that suit a variety of applications. The digital lowpass filter
relaxes the requirements for analog anti-aliasing. Multiple
LTC2500-32 devices can be easily synchronized using
the SYNC pin.

All registered trademarks and trademarks are the property of their respective owners. Protected
by U.S. patents, including 7705765, 7961132, 8319673, 8576104, 8810443, 9231611,
9054727, 9331709 and patents pending.
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LTC2500-32

ABSOLUTE MAXIMUM RATINGS

(Notes 1, 2)
Supply Voltage (Vpp) .ceeeeeeereerereeereeeeereeeerenenns 2.8V
Supply Voltage (OVpp) ...ceeeveveererererercreecceeecenee 6V
Reference Input (REF).......ccoovoveveei, 6V
Analog Input Voltage (Note 3)
INT INT e (GND - 0.3V) to (REF + 0.3V)
Digital Input Voltage
(Note 3)..c.cooveve, (GND -0.3V) to (OVpp + 0.3V)
Digital Output Voltage
(Note 3., (GND - 0.3V) to (OVpp + 0.3V)
Power Dissipation ............ccccoeeveveeeeceececceee, 500mW
Operating Temperature Range
LTC2500C-32.......ceveverierereecieeeee 0°Cto 70°C
LTC25001-32.......cceeeeeeeereeeee -40°C to 85°C
Storage Temperature Range .................. -65°C to 150°C
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DKD PACKAGE
24-LEAD (7mm x 4mm) PLASTIC DFN
Tymax = 125°C, 6y = 40°C/W
EXPOSED PAD (PIN 25) IS GND, MUST BE SOLDERED TO PCB

Oﬂ DGR InFOﬂ m I'-ITIOn http://www.linear.com/product/LTC2500-32#orderinfo

LEAD FREE FINISH TAPE AND REEL PART MARKING* PACKAGE DESCRIPTION TEMPERATURE RANGE
LTC2500CDKD-32#PBF | LTC2500CDKD-32#TRPBF | 250032 24-Lead (7mm x 4mm) Plastic DFN 0°C to 70°C
LTC25001DKD-32#PBF LTC25001DKD-32#TRPBF | 250032 24-Lead (7mm x 4mm) Plastic DFN -40°C to 85°C

Consult ADI 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: http://www.linear.com/leadfree/
For more information on tape and reel specifications, go to: http://www.linear.com/tapeandreel/. Some packages are available in 500 unit reels through

designated sales channels with #TRMPBF suffix.

250032fb
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LTC2500-32

GLGCT“'C“L CHHRHCTGRBTKS The e denotes the specifications which apply over the full operating

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

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
Vit Absolute Input Range (IN*) (Note 5) o 0 VRer v
Vin™ Absolute Input Range (IN7) (Note 5) ) 0 VRer v
Vit =Viy~ | Input Differential Voltage Range Vin=Vint -V~ [ -VREF VRer v
Vew Common Mode Input Range ° 0 VRer v
I Analog Input Leakage Current 10 nA
Cin Analog Input Capacitance Sample Mode 45 pF
Hold Mode 5 pF
CMRR Input Common Mode Rejection Ratio No Latency Output 128 dB
Vint = VN~ = 4.5Vp.p, 2kHz Sine

CONVERTER CHARACTERISTICS FOR FILTERED OUTPUT (SDOR)

The e denotes the specifications which apply over the full operating temperature range, otherwise specifications are at Ty = 25°C.

(Note 4)

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
Resolution o 32 Bits
No Missing Codes ) 32 Bits
Transition Noise (Note 6) See Table 2

DF Down-Sampling Factor 4 16384

INL Integral Linearity Error (Notes 7, 8) [ -2 0.5 2 ppm

ZSE Zero-Scale Error (Notes 7, 9) ° 13 0 13 ppm
Zero-Scale Error Drift (Note 7) +/ ppb/°C

FSE Full-Scale Error (Notes 7, 9) o -100 +10 100 ppm
Full-Scale Error Drift (Note 7) +0.05 ppm/°C

PYNAMIC ACCURACY FOR FILTERED OUTPUT (SDORN)

The e denotes the specifications which apply over the full operating temperature range, otherwise specifications are at Ty = 25°C and

ssinc filter. (Notes 4, 9)

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
DR Dynamic Range DF=4 ) 110 116 dB
IN* = IN" = Vgm, VRer = 5V, DF = 64 ° 122 128 dB
IN*=IN"=Vgm, VRep =5V, DF=1024 | @ 129.5 138 dB

CONVERTER CHARACTERISTICS FOR NO LATENCY OUTPUT (SDOB)

The e denotes the specifications which apply over the full operating temperature range, otherwise specifications are at Ty = 25°C.

(Notes 4)

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
Resolution:
Differential [} 24 Bits
Common Mode ) 7 Bits
No Missing Codes:
Differential ) 24 Bits
Common Mode [ 7 Bits
Transition Noise:
Differential 2.3 PPMRMS
Common Mode 1 LSBRrus

250032fb
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LTC2500-32

CONVERTER CHARACTERISTICS FOR NO LATENCY OUTPUT (SDORB)

The e denotes the specifications which apply over the full operating temperature range, otherwise specifications are at Ty = 25°C.

(Notes 4)
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
INL Integral Linearity Error:
Differential [ -2 0.5 2 ppm
Common Mode 7-Bit Output 0.1 LSB
ZSE Zero-Scale Error:
Differential ] -13 0 13 ppm
Common Mode 7-Bit Output +1 LSB
Zero-Scale Error Drift:
Differential +/ ppb/°C
FSE Full-Scale Error:
Differential [ -100 £10 100 ppm
Common Mode 7-Bit Output +1 LSB
Full-Scale Error Drift:
Differential +0.05 ppm/°C

PYNAMIC ACCURACY FOR NO LATENCY OUTPUT (SPOB)

The e denotes the specifications which apply over the full operating temperature range, otherwise specifications are at Ty = 25°C and

Ay =-1dBFS. The specifications are for the differential output (Notes 4, 10)

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
SINAD Signal-to-(Noise + Distortion) Ratio fin = 2kHz, Vpgg = 5V o 100 104 dB
SNR Signal-to-Noise Ratio fin = 2kHz, Vrgr = 5V o 100 104 dB
THD Total Harmonic Distortion fin = 2kHz, VRgr = 5V ® -120 -114 dB
fin = 2kHz, Vggr = 2.5V -120 -113 dB
SFDR Spurious Free Dynamic Range fin = 2kHz, VRgr = 5V o 115 128 dB
-3dB Input Linear Bandwidth 34 MHz
Aperture Delay 500 ps
Aperture Jitter 4 PSRMS
Transient Response Full-Scale Step 125 ns
RGFGBGHCE |nPUT The e denotes the specifications which apply over the full operating temperature range,
otherwise specifications are at T, = 25°C. (Notes 4)
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
VRer Reference Voltage (Note 5) ° 2.5 5.1 \
IREF Reference Input Current (Note 11) ) 0.9 14 mA

250032fb
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LTC2500-32

DlGlTﬂL "“’UTS ﬂnD DlGlTﬂL OUTPUTS The e denotes the specifications which apply over the

full operating temperature range, otherwise specifications are at Ty = 25°C. (Note 4)

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
ViH High Level Input Voltage ® | 0.8°0Vpp v
ViL Low Level Input Voltage ° 0.2+ 0Vpp v
I Digital Input Current Vin =0V to OVpp ) -10 10 pA
Cin Digital Input Capacitance 5 pF
VoH High Level Output Voltage lg=-500 pA ® | OVpp-0.2 v
VoL Low Level Output Voltage lo =500 pA ° 0.2 v
loz Hi-Z Output Leakage Current Vout = 0V to OVpp ) -10 10 HA
IsouRce Output Source Current Voyr =0V -10 mA
Isink Output Sink Current Vout = 0Vpp 10 mA

POU.IGR RGQUIREmenTS The e denotes the specifications which apply over the full operating temperature

range, otherwise specifications are at Ty = 25°C. (Note 4)

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
Voo Supply Voltage ° 2.375 25 2.625 V
Ovpp Supply Voltage [ 1.71 5.25 V
lvop Supply Current 1Msps Sample Rate ) 9.5 14 mA
lovop Supply Current 1Msps Sample Rate (G| = 20pF) 1 mA
IpD Power Down Mode Conversion Done (lypp + lovpp + IRer) [ 6 350 HA
Pp Power Dissipation 1Msps Sample Rate (lypp) 24 35 mWw

Power Down Mode Conversion Done (lypp + lovpp + IRer) 15 875 W

HDC TlmlnG CHHRHCTGIHST'CS The @ denotes the specifications which apply over the full operating

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

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
fsmpL Maximum Sampling Frequency ° 1 Msps
fDRA Output Data Rate at SDOA ° 250 ksps
foRB Output Data Rate at SDOB ) 1 Msps
tconv Conversion Time ®| 600 660 ns
taca Acquisition Time taca = toye — tcony — tausyLn (Note 12) ® 327 ns
teve Time Between Conversions ® | 1000 ns
tMGLKH Conversion High Time ) 20 ns
tvoLkL Minimum Low Time for MCLK (Note 13) [ 20 ns
tBUSYLH MCLKT to BUSYT Delay CL = 20pF ® 13 ns
tauier SCKA, SCKB Quiet Time from MCLKT | (Note 12) ° 10 ns
tscka SCKA Period (Notes 13, 14) ° 10 ns
tsckan SCKA High Time ° 4 ns
tscKAL SCKA Low Time (] 4 ns
tsSDIScKA SD1 Setup Time from SCKAT (Note 13) ° 4 ns
tHsDISCKA SD1 Hold Time from SCKAT (Note 13) ® 1 ns
tpspoa SDOA Data Valid Delay from SCKAT Cp =20pF, OVpp =5.25V ° 8.5 ns

CL = 20pF, QVpp = 2.5V o 8.5 ns

Cy = 20pF, OVpp = 1.71V ° 9.5 ns

250032fb
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LTC2500-32

HDC TlmlnG CH ﬂﬂﬁCTEﬁISTICS The e denotes the specifications which apply over the full operating

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

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS

tHsDoA SDOA Data Remains Valid Delay from | G = 20pF (Note 12) ° 1 ns
SCKAT

{DSDOADRLL SDOA Data Valid Delay from DRL{ CL = 20pF (Note 12) ) 5 ns

tena Bus Enable Time After RDLAJ (Note 13) ° 16 ns

tpisa Bus Relinquish Time After RDLAT (Note 13) ° 13 ns

tscks SCKB Period (Notes 13, 14) ° 10 ns

tsckeH SCKB High Time ° ns

tsckBL SCKB Low Time ® ns

tospos SDOB Data Valid Delay from SCKBT G = 20pF, OVpp = 5.25V ° 8.5 ns

Gy = 20pF, OVpp = 2.5V ° 8.5 ns

Cy = 20pF, OVpp = 1.71V ° 9.5 ns

tHspoB SDOB Data Remains Valid Delay from | G = 20pF (Note 12) ° 1 ns
SCKBT

tpspoBBUSYL SDOB Data Valid Delay from BUSY{ Gy = 20pF (Note 12) o 5 ns

teng Bus Enable Time After RDLBY (Note 13) ° 16 ns

tpiss Bus Relinquish Time After RDLBT (Note 13) ° 13 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 ground.

Note 3: When these pin voltages are taken below ground or above REF or
Oypp, they will be clamped by internal diodes. This product can handle
input currents up to 100mA below ground or above REF or OVpp without
latchup.

Note 4: Vpp = 2.5V, OVpp = 2.5V, REF = 5Y, Vg = 2.5V, fgmpL = TMHzZ.
Note 5: Recommended operating conditions.

Note 6: Transition noise is defined as the noise level of the ADC with IN*
and IN~ shorted.

Note 7: The DC specifications at SDOA are measured and guaranteed at
SDOB. The operation of the digital filters is tested separately to guarantee
the same DC specifications at SDOA.

08¢ OVDD
0.2+ 0Vpp

<—1peLaAy >

08¢ OVDD
0.2+ 0Vpp

<—1pELAY
0.8« OVDD
0.2+ 0Vpp

Note 8: 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 9: Bipolar zero-scale error is the offset voltage measured from
-0.5LSB when the output code flickers between 0000 0000 0000 0000
0000 0000 0000 0000 and 1111 1111 1111 1111 1111 1111 1111

1111. Full-scale bipolar error is the worst-case of —=FS or +FS untrimmed
deviation from ideal first and last code transitions and includes the effect
of offset error.

Note 10: All specifications in dB are referred to a full-scale £5V input with
a 5V reference voltage.

Note 11: fgypL = TMHz, Irgr varies proportionally with sample rate.

Note 12: Guaranteed by design, not subject to test.

Note 13: Parameter tested and guaranteed at 0Vpp = 1.71V, OVpp = 2.5V
and OVpp = 5.25V.

Note 14: tgcka, tscks 0f 10ns maximum allows a shift clock frequency up
to 100MHz for rising edge capture.

twiDTH

250032 FO1

Figure 1. Voltage Levels for Timing Specifications
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LTC2500-32

TYPICAL PERFORMANCE CHARACTERISTICS 1, -25°c, vpy = 2.5V, 0Vpp = 2.5V, Vgy = 2.5V,

REF =5V, fgypL = 1Msps, no latency output, unless otherwise noted.
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LTC2500-32

TYPICAL PERFORMANCE CHARACTERISTICS 1, - 25°C, vpp = 2.5V, OVpp = 2.5V, Vgy = 2.5V,

REF =5V, fgypL = 1Msps, no latency output, unless otherwise noted.

128k Point FFT Filtered Output,
fin = 200Hz, DF = 64, SSINC Filter
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SNR, SINAD vs Input Frequency
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SNR, SINAD vs Reference
Voltage, fiy = 2kHz
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THD, Harmonics vs Input
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THD, Harmonics vs Reference
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LTC2500-32
TYPICAL PERFORMANCE CHARACTERISTICS 1, - 25:c, vy - 2.5v, 0vpp = 2.5V, gy = 2.5,

REF = 5V, fgypL = 1Msps, no latency output, unless otherwise noted.

SNR, SINAD vs Temperature, THD, Harmonics vs Temperature,
fin = 2kHz fin = 100Hz INL vs Temperature
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LTC2500-32

PIN FUNCTIONS

RDLA (Pin 1): Read Low Input A (Filtered Output). When
RDLAislow, the serial data output A (SDOA) pinis enabled.
When RDLA is high, SDOA pin is in a high impedance
state. Logic levels are determined by OVpp.

RDLB (Pin 2): Read Low Input B (No Latency Output).
When RDLB is low, the serial data output B (SDOB) pin
is enabled. When RDLB is high, SDOB pin is in a high
impedance state. Logic levels are determined by OVpp.

Vpp (Pin 3): 2.5V Power Supply. The range of Vpp is
2.375V to 2.625V. Bypass Vpp to GND with a 10pF ce-
ramic capacitor.

GND (Pins 4, 7, 11, 12, 23, 24): Ground.
IN* (Pin 5): Positive Analog Input.
IN™ (Pin 6): Negative Analog Input.

REF (Pins 8, 9): Reference Input. The range of REF is 2.5V
to 5.1V. This pin is referred to the GND pin and should be
decoupled closely to the pin witha 47pF ceramic capacitor
(X7R, 1210 size, 10V rating).

PRE (Pin 10): Preset Input. By setting PRE high, the SDI
pinisusedto select betweentwo preset digital filter modes.
Setting PRE low allows the digital filter to be configured
by entering a configuration word at SDI. Logic levels are
determined by REF, with range of REF being 2.5V t0 5.1V.

MCLK (Pin 13): Master Clock Input. A rising edge on this
input powers up the part and initiates a new conversion.
Logic levels are determined by OVpp.

SYNC (Pin 14): Synchronization Input. A pulse on this
input is used to synchronize the phase of the digital filter.
When applied across multiple devices, a SYNC pulse syn-
chronizes all the devices to the same phase. Logic levels
are determined by OVpp.

DRL (Pin 15): Data Ready Low Output. A falling edge
on this pin indicates that a new filtered output code is
available in the output register of SDOA. Logic levels are
determined by OVpp.

SDI (Pin 16): Serial Data Input. Data provided on this line,
insynchrony with SCKA, can be used to program the digital
filterand DGC/DGE modes. Input data on SDI is latched on
rising edges of SCKA. Logic levels are determined by OVpp.

SDOA (Pin 17): Serial Data Qutput A (Filtered Output).
The filtered output code appears on this pin (MSB first)
on each rising edge of SCKA. The output data is in 2’s
complementformat. Logic levels are determined by OVpp.

SCKA (Pin 18): Serial Data Clock Input A (Filtered Output).
When SDOA is enabled, the filtered output code is shifted
out (MSB first) on the rising edges of this clock. Logic
levels are determined by OVpp.

SCKB (Pin 19): Serial Data Clock Input B (No Latency
Output). When SDOB is enabled, the no latency output
code is shifted out (MSB first) on the rising edges of this
clock. Logic levels are determined by OVpp.

SDOB (Pin 20): Serial Data Output B (No Latency Output).
The 32-bit no latency composite output code appears on
this pin (MSB first) on each rising edge of SCKB. The
output data is in 2’s complement format. Logic levels are
determined by OVpp.

BUSY (Pin 21): BUSY Indicator. Goes high at the start of
a new conversion and returns low when the conversion
has finished. Logic levels are determined by OVpp.

OVpp (Pin 22): I/0 Interface Digital Power. The range of
OVpp is 1.71V to 5.25V. This supply is nominally set to
the same supply as the host interface (1.8V, 2.5V, 3.3V, or
5V). Bypass OVpp to GND (Pin 23) with a 0.1pF capacitor.

GND (Exposed Pad Pin 25): Ground. Exposed pad must
be soldered directly to the ground plane.

250032fb
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LTC2500-32
FUNCTIONAL BLOCK DIAGRAM
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LTC2500-32

APPLICATIONS INFORMATION

OVERVIEW

The LTC2500-32 is a low noise, low power, high perfor-
mance 32-bit ADC with an integrated configurable digital
filter. Operating fromasingle 2.5V supply, the LTGC2500-32
features a fully differential input range up to +Vgrgg, with
VRerranging from2.5Vt05.1V. The LTC2500-32 supports
a wide common mode range from 0V to Vrgr simplifying
analog signal conditioning requirements.

The LTC2500-32 simultaneously provides two output
codes: (1) a 32-bit digitally filtered high precision low
noise code, and (2) a 32-bit no latency composite code.
The configurable digital filter reduces measurement noise
by lowpassfiltering and down-sampling the stream of data
from the SAR ADC core, giving the 32-bit filtered output
code. The 32-bit composite code consists of an overrange
detection bit, a 24-bit code representing the differential
input voltage and a 7-bit code representing the common
modeinputvoltage. The 32-hit composite code is available
each conversion cycle, with no cycle of latency.

The digital filter is highly configurable through the SPI-
compatible interface and features many distinctfilter types
that suit a variety of applications. The digital lowpass filter
relaxes the requirements for analog anti-aliasing. Multiple
LTC2500-32 devices can be easily synchronized using
the SYNC pin.

CONVERTER OPERATION

The LTC2500-32 operates in two phases. During the ac-
quisition phase, a 32-bit charge redistribution capacitor
D/A converter (CDAC) is connected to the IN* and IN~ pins
to sample the analog input voltages. A rising edge on the
MCLK pin initiates a conversion. During the conversion
phase, the 32-bit CDAC is sequenced through a succes-
sive approximation algorithm, effectively comparing the
sampled inputs with binary-weighted fractions of the refer-
ence voltage (e.9. VRer/2, VRee/4 ... VRer/4294967296).
At the end of conversion, the CDAC output approximates
the sampled analog input. The ADC control logic then
passes the 32-bit digital output code to the digital filter
for further processing. The LTC2500-32 also has an over-
range detector. The overrange detector bit is flagged as
1 if the differential input exceeds +Vggr, and is updated
every conversion cycle. The 1-bit overrange detector bit,

a 24-bit code representing the differential voltage and a
7-bit code representing the common mode voltage are
combined to form a 32-bit composite code. The 32-bit
composite code isavailable each conversion cycle, without
any cycle of latency.

TRANSFER FUNCTION

The LTC2500-32 digitizes the full-scale differential voltage
of 2 x Vperinto 232 levels, resulting in an LSB size of 2.3nV
with a 5V reference. The ideal transfer function is shown
in Figure 2. The output data is in 2’s complement format.

011..111

011...110 BIPOLAR

ZERO

000..001 |
000...000
11,111
111..110 |

100...001
100...000

OUTPUT CODE (TWO’S COMPLEMENT)

FSR = +FS —-FS 1
1LSB = FSR/4294967296
[ N

W
-1 0V 1 FSR/2 - 1LSB
LSB  LSB

INPUT VOLTAGE (V)

-FSR/2

250032 F02

Figure 2. LTC2500-32 Transfer Function

ANALOG INPUT

The LTC2500-32 samples the voltage difference (IN* -
IN™) between its analog input pins over a wide common
mode input range while attenuating unwanted signals
common to both input pins by the common-mode rejec-
tion ratio (CMRR) of the ADC. Wide common mode input
range coupled with high CMRR allows the IN*/IN~ analog
inputs to swing withanarbitrary relationship to each other,
provided each pin remains between GND and Vggr. This
unique feature of the LTC2500-32 enables it to accept a
wide variety of signal swings, including traditional classes
ofanalog inputsignals such as pseudo-differential unipolar,
pseudo-differential bipolar, and fully differential, thereby
simplifying signal chain design.

In the acquisition phase, each input sees approximately
45pF (Cyy) from the sampling circuit in series with 40Q
(Ron) from the on-resistance of the sampling switch.

250032fb

For more information www.linear.com/LTC2500-32

13



LTC2500-32

APPLICATIONS INFORMATION

The inputs draw a current spike while charging the Cyy
capacitors during acquisition. During conversion, the
analog inputs draw only a small leakage current.

REF

; ON 45pF

= e BIAS
REF VOLTAGE

Cin
L ON 45pF

S el

= 250032 F03

Figure 3. The Equivalent Circuit for the Differential Analog
Input of the LTC2500-32

INPUT DRIVE CIRCUITS

Alowimpedance source can directly drive the high imped-
ance inputs of the LTC2500-32 without gain error. A high
impedance source should be buffered to minimize settling
time during acquisition and to optimize ADC linearity. For
best performance, a buffer amplifier should be used to
drive the analog inputs of the LTC2500-32. The amplifier
provides low output impedance, which produces fast
settling of the analog signal during the acquisition phase.
It also provides isolation between the signal source and
the ADC inputs.

Noise and Distortion

The noise and distortion of the input buffer amplifier and
other supporting circuitry must be considered since they
add to the ADC noise and distortion. Noisy input signals
should be filtered prior to the buffer amplifier with a low
bandwidth filter to minimize noise. The simple one-pole
RC lowpass filter (LPF1) shown in Figure 4 is sufficient
for many applications.

A coupling filter network (LPF2) should be used between
the bufferand ADCinputto minimize disturbances reflected
into the buffer from sampling transients. Long RC time
constants at the analog inputs will slow down the settling
of the analog inputs. Therefore, LPF2 typically requires a
wider bandwidth than LPF1. This filter also helps minimize
the noise contribution from the buffer. A buffer amplifier

SINGLE-ENDED-
INPUT SIGNAL LPF1

LTC2500-32

250032 FO4

BW = 48kHz TO- DIFFERENTIAL = |
BW =1.2MHz

Figure 4. The Equivalent Input for the Differential Analog
Input of the LTC2500-32

with a low noise density must be selected to minimize
degradation of SNR.

High quality capacitors and resistors should be used inthe
RCfilters since these components canadd distortion. NPO
and silver mica type dielectric capacitors have excellent
linearity. Carbon surface mount resistors can generate
distortion from self-heating and from damage that may
occurduring soldering. Metal film surface mount resistors
are much less susceptible to both problems.

Input Currents

Animportant consideration when coupling an amplifier to
the LTC2500-32 is in dealing with current spikes drawn
by the ADC inputs at the start of each acquisition phase.
The ADC inputs may be modeled as a switched capacitor
load of the drive circuit. A drive circuit may rely partially
on attenuating switched-capacitor current spikes with
small filter capacitors Cg 1 placed directly at the ADC
inputs, and partially on the driver amplifier having suffi-
cient bandwidth to recover from the residual disturbance.
Amplifiers optimized for DC performance may not have
sufficient bandwidth to fully recoveratthe ADC’s maximum
conversion rate, which can produce nonlinearity and other
errors. Goupling filter circuits may be classified in three
broad categories:

Fully Settled — This case is characterized by filter time
constants and an overall settling time that is consider-
ably shorter than the sample period. When acquisition
begins, the coupling filter is disturbed. For a typical first
order RC filter, the disturbance will look like an initial step
with an exponential decay. The amplifier will have its own

response to the disturbance, which may include ringing. If
250032fb
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APPLICATIONS INFORMATION

the input settles completely (to within the accuracy of the
LTC2500-32), the disturbance will not contribute any error.

Partially Settled — In this case, the beginning of acquisi-
tion causes a disturbance of the coupling filter, which then
begins to settle out towards the nominal input voltage.
However, acquisition ends (and the conversion begins)
before the input settles to its final value. This generally
produces a gain error, but as long as the settling is linear,
no distortion is produced. The coupling filter's response
is affected by the amplifier's output impedance and other
parameters. A linear settling response to fast switched-
capacitor current spikes can NOT always be assumed for
precision, low bandwidth amplifiers. The coupling filter
serves to attenuate the current spikes’ high frequency
energy before it reaches the amplifier.

Fully Averaged - If the coupling filter capacitors (Cgy 1) at
the ADC inputs are much larger than the ADC’s sample
capacitors (45pF), then the sampling glitch is greatly at-
tenuated. The driving amplifier effectively only sees the
average sampling current, which is quite small. At 1Msps,
the equivalent input resistance is approximately 22kQ
(as shown in Figure 5), a benign resistive load for most
precision amplifiers. However, resistive voltage division
will occur between the coupling filter’s DC resistance and
the ADC’s equivalent (switched-capacitor) input resistance,
thus producing a gain error.

LTC2500-32

BIAS
P VOLTAGE

250032 F05

Req =

1
fsmpL * 45pF

Figure 5. Equivalent Circuit for the Differential
Analog Input of the LTG2500-32 at 1Msps

The input leakage currents of the LTC2500-32 should
also be considered when designing the input drive circuit,
because source impedances will convert input leakage
currents to an added input voltage error. The input leakage
currents, bothcommon mode and differential, are typically

10

ViN = VRer

DIFFERENTIAL e
.r//

INPUT LEAKAGE (nA)

-2

-5
-40 -15 10 35 60 85

TEMPERATURE (°C)

250032 F06

Figure 6. Common Mode and Differential
Input Leakage Current Over Temperature

extremely small over the entire operating temperature
range. Figure 6 shows the input leakage currents over
temperature for a typical part.

Let Rgq and Rgo be the source impedances of the dif-
ferential input drive circuit shown in Figure 7, and let I 1
and I o be the leakage currents flowing out of the ADC’s
analog inputs. The differential voltage error, Vg, due to the
leakage currents can be expressed as:

IRELIW:

_Rsi+Rsp

v
E 2

*(IL1=I2) + (Rs1—Rs2) ©

LTC2500-32

250032 FO7

Figure 7. Source Impedances of a Driver and Input
Leakage Currents of the LTG2500-32

The common mode input leakage current, (1.1 + 112)/2, is
typically extremely small (Figure 6) over the entire operat-
ing temperature range and common mode input voltage
range. Thus, any reasonable mismatch (below 5%) of the
source impedances Rg1 and Rgo will cause only anegligible
error. The differential leakage current is also typically very
small, and its nonlinear component is even smaller. Only
the nonlinear component will impact the ADC’s linearity.

250032fb
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LTC2500-32

APPLICATIONS INFORMATION

For optimal performance, it is recommended that the
source impedances, Rg1 and Rgp, be between 5Q and
502 and with 1% tolerance. For source impedances in
this range, the voltage and temperature coefficients of
Rsy and Rgp are usually not critical. The guaranteed AC
and DC specifications are tested with 5Q source imped-
ances, and the specifications will gradually degrade with
increased source impedances due to incomplete settling.

Arbitrary Analog Input Signals

The wide common mode input range and high CMRR of
the LTC2500-32 allow analog inputs IN* and IN™ pins to
swing withanarbitrary relationship to each other, provided
that each pin remains between Vggr and GND. This unique
feature of the LTC2500-32 enables it to accept a wide
variety of signal swings, simplifying signal chain design.

1/2 116203 VW ‘]

B 100 |
AAA

1/2 LT6203
Vin~ +

Buffering AC Input Signals

It is recommended that the LTC2500-32 be driven using
the LT6203 configured as two unity gain buffers when
buffering high bandwidth input signals, as shown in
Figure 8a. The LT6203 combines fast settlingand good DC
linearity with 1.9nV/RT(Hz) input-referred noise density,
enabling it to achieve the full ADC data sheet SNR and
THD specifications as shown in the FFT plot in Figure 8b.

Maximizing the SNR Using Fully Differential Input
Drive

In order to maximize the SNR, the input signal swing must
be maximized. A fully differential signal with a common-
mode of Vgrgr/2 maximizes the input signal swing. The
circuit in Figure 8a is capable of buffering such a signal.

2.5V 1.8VT05.1V

10pF 0.1yF
X X

Vpp 0Vpp

LTC2500-32

IN™

@D
=
o

REF

|||—

2.5V
T05.1V

—e
—L_ 47pF
—T— (X7R, 1210 SIZE)
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Figure 8a. Buffering Two Single-Ended Analog Input Signals
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Figure 8b. 128k Point FFT Plot with Fyy = 2kHz for Circuit Shown in Figure 8a
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APPLICATIONS INFORMATION

If the input signal does not have a common-mode of
VRer/2 oris single-ended, the LTC6363 differential ampli-
fier may be used in conjunction with the LT5400-4 preci-
sion resistors to produce a fully differential signal with a
common-mode of Vrer/2. Figure 9a shows the LTC6363
buffering, level-shifting and performing a single-ended to
differential conversion on a 5V single-ended true bipolar
inputsignal. The FFTin Figure 9b shows that near data sheet
performance is obtained with this driver solution. Though
not shown here, the LTC6363 may also be configured to
amplify or attenuate a signal to match the full scale input
range of the LTC2500-32.

Buffering DC Input Signals

The LTC2500-32 has excellent INL specifications. This
makes the LTC2500-32 ideal for applications which re-
quire high DC accuracy, including parameters such as
offset and offset drift. To maintain high accuracy over the

entire DC signal chain, amplifiers have to be selected very
carefully. A large-signal open-loop gain of at least 126dB
may be required to ensure 1ppm linearity for amplifiers
configured for a gain of negative 1. However, less gain is
sufficient if the amplifier’s gain characteristic is known to
be (mostly) linear. An amplifier’s offset versus signal level
must be considered for amplifiers configured as unity
gain buffers. For example, 1ppm linearity may require that
the offset is known to vary less than 5pV for a 5V swing.
However, greater offset variations may be acceptable if the
relationship isknownto be (mostly) linear. Unity-gain buffer
amplifiers typically require substantial headroom to the
power supply rails for best performance. Inverting ampli-
fier circuits configured to minimize swing at the amplifier
input terminals may perform better with less headroom
than unity-gain bufferamplifiers. The linearity and thermal
properties of an inverting amplifier’s feedback network
should be considered carefully to ensure DC accuracy.
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Figure 9a. Buffering and Converting a 5V True Bipolar Input Signal to a Fully Differential Input
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Figure 9b. 128k Point FFT Plot with Fyy = 2kHz fgp. = 800ksps for Circuit Shown in Figure 9a
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Figure 10 shows a typical application where two single
ended analog input voltages are buffered using the
LTC2057. The LTC2057 is a high precision zero drift
amplifier which complements the low offset and offset
drift of the LTC2500-32. The LTC2057 is shown in a non-
inverting amplifier configuration. The LTC2500-32 has a
guaranteed maximum offset error of 130pV (typical drift
+0.007ppm/°C), and a guaranteed maximum full-scale
error of 150ppm (typical drift £0.05ppm/°C). Low drift is
important to maintain accuracy over a wide temperature
range in a calibrated system.

Buffering Single-Ended Analog Input Signals

While the circuits shown in Figures 8a and 10 are capable
of buffering single-ended input signals, the circuit shown
in Figure 11 is preferable when the single-ended signal
reference level is inherently low impedance and doesn’t
require buffering. This circuit eliminates one driver and
lowpass filter, reducing part count, power dissipation, and
SNR degradation due to driver noise.

.
Vin 100 25V 1.8VT05.1V
W
10yF 0.1yF
4.74F - -
= = =
‘,_l I_ Vb OVop
0.047pF
L M AN———— | IN*
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0—| |— REF GND
25V 7051V —e =
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=

250032 F10a

Figure 10. Buffering Two Single-Ended DC Analog Input Signals
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Figure 11. Buffering Single-Ended Signals
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Using Digital Gain Compression for Single Supply
Operation

The LTG2500-32 offers a digital gain compression (DGC)
feature which defines the full-scale input swing to be be-
tween 10% and 90% of the +Vgeranalog input range. This
feature allows the SAR ADC driver to be powered off of a
single positive supply since each input swings between
0.5V and 4.5V as shown in Figure 12, while maintaining
full-scale output codes. Needing only one positive supply
to power the SAR ADC driver results in additional power
savingsforthe entire system versus conventional systems
that have a negative supply for the ADC driver.

Figure 12. Input Swing of the LTC2500-32 with Gain
Compression Enabled

With DGC enabled, the LTC2500-32 can be driven by the
low power LTC6362 differential driver which is powered
fromasingle 5V supply. Figure 13a shows howto configure
the LTC6362 to accept a +3.28V true bipolar single-ended
input signal and level shift the signal to the reduced input

5V

range of the LTC2500-32 when digital gain compression
is enabled. When paired with the LTC6655- 4.096 for the
reference, the entire signal chain solution can be powered
from a single 5V supply, minimizing power consumption
and reducing complexity. As shown in the FFT of Figure
13b, the single 5V supply solution can achieve up to 100dB
of SNR. To enable DGC, set DGC(C[9]) = 1 in the configu-
ration word. The common-mode output is also subjected
to DGC, thereby limiting the input common mode of the
input to between 0.5V to 4.5V.

Using Digital Gain Expansion for System Calibration

The LTC2500-32 offers a digital gain expansion (DGE)
feature, allowing the differential full-scale input swing to
exceed the +VRgr analog input range by 0.78% before the
digital output code saturates. This is useful for system
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Figure 13b. 128k Point FFT Plot with fjy = 2kHz for
Circuit Shown in Figure 13a
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Figure 13a. LTC6362 Configured to Accept a +3.28V Input Signal While Running from a Single
5V Supply When Digital Gain Compression Is Enabled in the LTC2500-32
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Table 1. Ideal Qutput Code vs Input Signal for Different DGC and DGE Conditions

DGC DGE | ANALOG INPUT VOLTAGE (Vix* - Vi) DOUTA (32-BIT) DOUTB (24-BIT)
off |2 Veer 7FFFFFFFh 7FFFFFh
< —Vper 80000000h 800000h
oFF >1.0078xVger 407FFFFFh 407FFFh
on Ve 3FFFFFFFh 3FFFFFh
T~ £0000000h £00000h
<1.0078xVper BF800000h BF8000h
oFf | 208V 7FFFFFFFh 7FFFFFh
<—-0.8Vper 80000000h 800000h
on > 0.80624Vper 407FFFFFh 407FFFh
o | 08Veer 3FFFFFFFh 3FFFFFh
~0.8Vper £0000000h C00000h
< 0.80624Vper BF800000h BF8000h

calibration where a full-scale input voltage may need to be
measured, causing the digital output code to saturate. To
enable DGE, set DGE(C[8]) = 1 in the configuration word.

Figure 14 shows the ADC transfer function with DGE=0
and DGE=1. The DGE=0 is the nominal transfer function
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i ! VREF
|
| I
| 1.0078 x VRer
S L 10078 28
| 4
|
|
-D,
(T —— | —fS FILTERED OUTPUT:  Dpg =232
2 NO LATENCY OUTPUT: Dfg = 2%
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Figure 14. ADC Transfer Functions with DGE = 0 and DGE =1

5V SYSTEM

CALIBRATION —0—0—— I———————"————

VOLTAGE

of the ADC, with a +VRgr full-scale analog input range.
A +Vper full-scale analog input corresponds to digital
output codes +Dgg/2 respectively, with Dgg being equal
to 232 or 224 depending on whether the output code is
read from the filtered output or the no latency output.
When DGE=1, the full-scale analog input range increases
to +1.0078xVRer. To accommodate the increased analog
input range, the digital output is divided by a factor of 2.
Therefore, a +1.0078xVggr analog input corresponds to
digital output codes of +1.0078xDgg/4. Table 1 summarizes
the input voltages and their corresponding ideal digital
output codes for different DGE conditions with DGC turned
OFF Note that the common-mode output does remains
unaffected by DGE.

Figure 15 shows a use case of the DGE feature, where an
ideal differential amplifier is driving the LTG2500-32. The
feedback resistors have a +0.1% tolerance and the refer-
ence driving the REF is a 5V reference with a £0.025%

- 4.99875V

(6V REFERENCE - 0.025%)

o |

V”\]+ —O/C

250032 F15

AA
VVv

1.001 x RQ

DIFFERENTIAL AMPLIFIER

Vi =1.002 x (Vin* = Vi)

DESIGNED FOR NORMAL GAIN = 1

ACTUAL GAIN = 1.002

Figure 15. LTC2500-32 Driven By an Ideal Differential Amplifier with 0.1% Resistors
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tolerance. Inapractical case where the resistors mismatch
and the reference is at the low end of its specified range
asshown, applyinga5V system calibration voltage results
in an analog input voltage to the ADC is 0.225% greater
than 5V, i.e. 5.01125V. With DGE=0, this input voltage
would saturate the digital output code of the LTC2500-32.
With DGE=1, however, the output code does not saturate
and the gain error due to non-idealities can be measured
and calibrated.

Using DGC and DGE Simultaneously

The LTC2500-32 allows for simultaneous operation of
the DGC and DGE features. With DGC feature turned ON
and DGE turned OFF, the input voltage range is limited to
+0.8VRrgr. Turning DGE ON, along with DGC, increases
this input voltage range by 0.78%, thereby resulting in
an input voltage range equal to +0.8VRgrx1.0078 (i.e.
+0.80624VRer). Table 1 also summarizes the input volt-
ages and their corresponding ideal digital output codes
for this mode of operation.

ADC REFERENCE

An external reference defines the input range of the
LTC2500-32. Alow noise, low temperature drift reference
is critical to achieving the full data sheet performance
of the ADC. Linear Technology offers a portfolio of high
performance references designed to meet the needs of
many applications. With its small size, low power and
highaccuracy, the LTC6655-5 s particularly well suited for
use with the LTC2500-32. The LTC6655-5 offers 0.025%
(max) initial accuracy and 2ppm/°C (max) temperature
coefficient for high precision applications.

When choosing a bypass capacitor for the LTC6655-95, the
capacitor’s voltage rating, temperature rating, and pack-
age size should be carefully considered. Physically larger
capacitors with highervoltage and temperature ratings tend

UL

MCLK

to provide a larger effective capacitance, better filtering
the noise of the LTC6655-5, and consequently facilitating
a higher SNR. Therefore, we recommend bypassing the
LTC6655-5 with a 47uF ceramic capacitor (X7R, 1210
size, 10V rating) close to the REF pin.

The REF pin ofthe LTC2500-32 draws charge (Qgony) from
the 47pF bypass capacitor during each conversion cycle.
The reference replenishes this charge with an average
current, Irer = Qgonv/toye. The current drawn from the
REF pin, Irgr, depends on the sampling rate and output
code. If the LTC2500-32 continuously samples a signal
at a constant rate, the LTC6655-5 will keep the deviation
of the reference voltage over the entire code span to less
than 0.5ppm.

When idling, the REF pin on the LTG2500-32 draws only
a small leakage current (< 1pA). In applications where a
burst of samples is taken after idling for long periods as
shown in Figure 16, Irgr quickly goes from approximately
OpAto a maximum of 1mA at 1Msps. This step in average
current drawn causes a transient response in the refer-
ence that must be considered, since any deviation in the
reference output voltage will affect the accuracy of the
output code. In applications where the transient response
of the reference is important, the fast settling LTC6655-5
reference is also recommended.

Reference Noise

The dynamic range of the ADC will increase approximately
6dB for every 4x increase in the down-sampling factor
(DF). The SNR should also improve as a function of DF in
the same manner. For large input signals near full-scale,
however, any reference noise will limit the improvement
of the SNR as DF increases, because any noise on the
REF pin will modulate around the fundamental frequency
of the input signal. Therefore, it is critical to use a low
noise reference, especially if the input signal amplitude

UUULIL

IDLE

IDLE

PERIOD

PERIOD
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Figure 16. MCLK Waveform Showing Burst Sampling
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approachesfull-scale. For smallinput signals, the dynamic
range will improve as described earlier in this section.

DYNAMIC PERFORMANCE

Fast fourier transform (FFT) techniques are used to test
the ADC’s frequency response, distortion and noise at the
rated throughput. By applying a low distortion sine wave
and analyzing the digital output using an FFT algorithm,
the ADC’s spectral content can be examined for frequen-
cies outside the fundamental. The LTC2500-32 provides
guaranteed tested limits for both AC distortion and noise
measurements.

Dynamic Range

The dynamic range is the ratio of the RMS value of a full
scale inputtothe total RMS noise measured with the inputs
shorted to VRee/2. The dynamic range of the LTC2500-
32’s 32-bit ADC core is 104dB. The dynamic range of the
filtered output improves by 6dB for every 4x increase in
the down-sampling factor.

Signal-to-Noise and Distortion Ratio (SINAD)

The signal-to-noise and distortion ratio (SINAD) is the
ratio between the RMS amplitude of the fundamental input
frequency and the RMS amplitude of all other frequency
components atthe ADC output. The output is band-limited
to frequencies from above DG and below half the sampling
frequency. Figure 17 shows that the 32-bit ADC core of
the LTG2500-32 achieves a typical SINAD of 104dB at a
1MHz sampling rate with a 2kHz input.

SNR = 104dB
-20 THD = -120d8B
SINAD = 104dB
-40 SFDR = 121dB
P -60
o
=
o -80
S
2 -100
-
(=
S -120
~140 }
160
180
125 250 375 500

FREQUENCY (kHz)
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Figure 17. 128k Point FFT Plot of the LTG2500-32 with,
fin = 2kHz and fgyp. = 1MHz

Signal-to-Noise Ratio (SNR)

The signal-to-noise ratio (SNR) is the ratio between the
RMS amplitude of the fundamental input frequency and
the RMS amplitude of all other frequency components
except the first five harmonics and DC. Figure 17 shows
that the 32-bit ADC core of the LTG2500-32 achieves an
SNR of 104dB when sampling a 2kHz input at a 1TMHz
sampling rate.

Total Harmonic Distortion (THD)

Total harmonic distortion (THD) is the ratio of the RMS sum
ofallharmonics of the input signal to the fundamental itself.
The out-of-band harmonics alias into the frequency band
between DC and half the sampling frequency (fspp1/2).
THD is expressed as:

JV224V324 V42,4 4 VN2
g V1

THD =20lo

where V1 is the RMS amplitude of the fundamental
frequency and V2 through VN are the amplitudes of the
second through Nth harmonics.

POWER CONSIDERATIONS

The LTC2500-32 has two power supply pins: the 2.5V
power supply (Vpp), and the digital input/output interface
power supply (OVpp). The flexible OVpp supply allows
the LTC2500-32 to communicate with any digital logic
operating between 1.8V and 5V, including 2.5V and 3.3V
systems.

Power Supply Sequencing

The LTC2500-32 does not have any specific power sup-
ply sequencing requirements. Care should be taken to
adhere to the maximum voltage relationships described
in the Absolute Maximum Ratings section. The LTC2500-
32 has a power-on-reset (POR) circuit that will reset the
LTG2500-32 at initial power-up or whenever the power
supply voltage drops below 1V. Once the supply voltage
reenters the nominal supply voltage range, the POR will
reinitialize the ADC. No conversions should be initiated

250032fb
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until 200ps after a POR event to ensure the reinitialization
period has ended. Any conversions initiated before this
time will produce invalid results.

TIMING AND CONTROL

MCLK Timing

Arising edge on MCLK will power up the LTC2500-32 and
start a conversion. Once a conversion has been started,
further transitions on MCLK are ignored until the conver-
sioniscomplete. For best results, the falling edge of MCLK
should occur within 40ns from the start of the conversion,
or after the conversion has been completed. For optimum
performance, MCLK should be driven by a clean low jitter
signal. Converter status is indicated by the BUSY output
which remains high while the conversion is in progress.
Once the conversion has completed, the LTC2500-32
powers down and begins acquiring the input signal.

Internal Conversion Clock

The LTC2500-32 has internal timing circuity that is trimmed
to achieve a maximum conversion time of 660ns. With a
maximum sample rate of 1Msps, a minimum acquisition
time of 327ns is guaranteed without any external adjust-
ments.

Auto Power Down

The LTC2500-32 automatically powers down after a
conversion has been completed and powers up once a
new conversion is initiated on the rising edge of MCLK.
During power-down, data from the last conversion can be
clocked out. To minimize power dissipation during power-
down, disable SDOA, SDOB and turn off SCKA, SCKB. The
auto power-down feature will reduce the power dissipa-
tion of the LTC2500-32 as the sampling rate is reduced.
Since power is consumed only during a conversion, the
LTC2500-32 remains powered downforalarger fraction of
the conversion cycle (tgyc) at lower sample rates, thereby
reducing the average power dissipation which scales with
the sampling rate as shown Figure 18.
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Figure 18. Power Supply Current of the LTC2500-32
vs Sampling Rate

DECIMATION FILTERS

Many ADC applications use digital filtering techniques
to reduce noise. An FPGA or DSP is typically needed to
implementadigital filter. The LTC2500-32 features a highly
configurable integrated decimation filter that provides a
variety offiltering functions withoutany external hardware,
thus simplifying the application solution. Figure 19 shows
the LTC2500-32 digitally filtered output signal path, wherein
the output Dapg(n) of the 32-bit SAR ADC core is passed
on to the integrated decimation filter.

INTEGRATED DECIMATION FILTER
r—————————=—=== bl

pigitaL |21 [ pown

|
32-BIT [ pape(m !
I FILTER SAMPLER

SAR ADC
CORE

ViN—>

| T T 5

Figure 19. LTC2500-32 Digitally Filtered Output Signal Path

Digital Filtering

The input to the LTC2500-32 is sampled at a rate fgyp(,
and digital words Dapc(n) are transmitted to the digital
filter at that rate. Noise from the 32-bit SAR ADC core is
distributed uniformly in frequency from DC to fgypL/2
Figure 20 shows the frequency spectrum of Dapg(n) at the

Danc

fg fsmpL/2

Figure 20. Frequency Spectrum of SAR ADC Core Qutput
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outputofthe SARADC core. Inthis example, the bandwidth
of interest fg is a small fraction of fgpyp /2.

The digital filter integrated in the LTC2500-32 suppresses
out-of-band noise power, thereby lowering overall noise
andincreasing the dynamic range (DR). The lower the filter
bandwidth, the lower the noise, and the higher the DR.
Figure 21 shows the corresponding frequency spectrum of
D1(n) at the output of the digital filter, where noise beyond
the cutoff frequency is suppressed by the digital filter.

D1
DIGITAL FILTER CUTOFF FREQUENCY

|
e |
fg fsmpL/2

250032 F21

Figure 21. Frequency Spectrum of Digital Filter Core Qutput

Down-Sampling

The output data rate of the digital filter is reduced by a
down-sampler without causing spectral interference in
the bandwidth of interest.

The down-sampler reduces the data rate by passing ev-
ery DF!" sample to the output, while discarding all other
samples. The sampling frequency fq at the output of the
down sampler is the ratio of fgyp. and DF, i.e., fg = fspp/
DF. DF is adjustable through the digital interface, allowing
the filter bandwidth to be tailored to the application.

Aliasing

The maximum bandwidth that a signal being sampled can
have and be accurately represented by its samples is the
Nyquist bandwidth. The Nyquist bandwidth ranges from
DC to half the sampling frequency (a.k.a. the Nyquist
frequency). An input signal whose bandwidth exceeds
the Nyquist frequency, when sampled, will experience
distortion due to an effect called aliasing.

When aliasing, frequency components greater than the
Nyquist frequency undergo a frequency shift and appear
withinthe Nyquist bandwidth. Figure 22 illustrates aliasing
inthe time domain. The solid line shows a sinusoidal input
signal of a frequency greater than the Nyquist frequency

(fo/2). The circles show the signal sampled at f. Note that
the sampled signal is identical to that of sampling another
sinusoidalinputsignal of alower frequency shown withthe
dashed line. To avoid aliasing, it is necessary to band limit
an input signal to the Nyquist bandwidth before sampling.
A filter that suppresses spectral components outside the
Nyquist bandwidth is called an anti-aliasing filter (AAF).

SAMPLED SIGNAL
(ALIASED)

INPUT SIGNAL

Figure 22. Time Domain View of Aliasing

Anti-Aliasing Filters

Figure 23 shows a typical signal chain including a lowpass
AAF and an ADC sampling at a rate of fg. The AAF rejects
input signal components exceeding fo/2, thus avoiding
aliasing. If the bandwidth of interest is close to fp/2, then
the AAF must have a very steep roll-off. The complexity of
the analog AAFincreases with the steepness of the roll-off,
and it may be prohibitive if a very steep filter is required.

Alternatively,a simple low orderanalogfilterin combination
with a digital filter can be used to create a mixed-mode
equivalent AAF with a very steep roll-off. A mixed-mode
filter implementation is shown in Figure 24 where an
analog filter with a gradual roll-off is followed by the
LTC2500-32 sampling at a rate of fgyp. = DF  fg. The
LTC2500-32 has an integrated digital filter at the output
of the ADC core. The equivalent AAF Hgq(f), is the product
of the frequency responses of the analog filter H1(f) and
digital filter Ho(f), as shown in Figure 25. The digital filter
provides a steep roll-off, allowing the analog filter to have
a relatively gradual roll-off.

The digital filter in the LTC2500-32 operates at the ADC
sampling rate fgypr and suppresses signals at frequencies
exceeding fo/2. The frequency response of the digital filter
Ho(f) repeats at multiples of fgyp(, resulting in unwanted
passhands at each multiple of fgypL. The analog filter

250032fb
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Figure 23. ADC Signal Chain with AAF
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Figure 26. Digital Filter Block Diagram

should be designed to provide adequate suppression of
the unwanted passhands, such that Hgq(f) has only one
passband corresponding tothe frequency range of interest.
Larger DF settings correspond to less bandwidth of the
digital filter, allowing for the analog filter to have a more
gradual roll-off. A simple first- or second-order analog
filter will provide adequate suppression for most systems.

DIGITAL FILTER TYPES

The LTC2500-32 offers seven digital filter types that are
selected and configured through the digital interface with
the C[3:O1] bits in the configuration word. The filter types
are: sinc', sinc?, sinc3, sinc*, spread-sinc (ssinc), flat
passhand and averaging as shownin Figure 26. The output
ofthe selected digital filter type is multiplexed intoadown-
samplerwithaprogrammable down-sampling factor (DF).

DF is set through the digital interface with the C[7:4] bits
in the configuration word for all of the filter types except
the averaging filter. The averaging filter determines DF
by how data is read from the device through the serial
interface. The configurability of the digital filter type and
down-sampling rates offered in the LTC2500-32 allows
the frequency response, filter settling time and output
data rate to be tailored to the application.

Frequency Response of the Digital Filters

All of the filter types available on the LTC2500-32 are
finite impulse response (FIR) filters with lowpass ampli-
tude response and linear phase responses. The FIR filter
coefficients for each filter are available at www.linear.com/
docs/55712. The sections below describe the amplitude
response of each filter in more detail.

250032fb
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Figure 27

Sinc Filters

There are five types of sinc filters available on the
LTC2500-32: sinc!, sinc?, sinc3, sinc* and spread-sinc
(ssinc). Figure 27 shows an overlay of the five sinc filter
amplitude responses with DF = 4 at a sampling rate of
fsmpL. In this case, fq is fgypL/4. Note that nulls occur
in the amplitude responses of the sinc', sinc?, sinc3 and
sinc? filters at multiples of fo, except at multiples of fgayp
where replicas of the passhand reside. There is a large
suppression of frequencies at the nulls, making it possible
to reject specific frequencies by properly choosing fg. The
peaks in the amplitude response between nulls are often
referred to as side-lobes. The magnitude of the side-lobes
decreases with increasing filter order and provides at
most 45dB of attenuation with the sinc? filter. This may
be an unacceptable level of attenuation if the analog input
contains unwanted signals in the side-lobe regions.

4+fo="fompL

250032 F27

. Magnitude of Frequency Response Overlay of Sinc Type Digital Filters with DF = 4

The spread-sinc (ssinc) filter is a composite sinc filter
with the nulls distributed or spread in such a way as to
minimize the magnitude of the side-lobes to at most 80dB,
providing substantially more attenuation of unwanted
signals outside of the passband.

Sinc filters are often used in data acquisition applications
where DC or low frequency signals are being digitized.
Sinc filters are also very often the first stage in multistage
digital decimation filters.

Averaging Filter

The frequency response of the averaging filter on the
LTC2500-32 is the same as that of a sinc’ filter. The DF of
theaveragingfilterranges from1to 16384 and isadjustable
on the fly, providing more flexibility than the sinc’ filter.

250032fb
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Flat Passhand Filter

Figure 28a shows the amplitude response of the flat pass-
band filter with DF = 4 at a sampling rate of fgyp.. AS in
the previous section, fg = fgappr/4. Note that a replica of
the passhand occurs at fgyyp; and multiples thereof.

Figure 28b shows the amplitude response inthe frequency
range from DC to fg. Labels are shown for four distinct
regions:alowripple passhand, a 3dB passhand, atransition
bandandastopband. The low ripple passhand ranges from
DC to fo/4 and provides a constant amplitude (+0.001dB)
as shown in Figure 28c. The 3dB passhand ranges from
DC to fo/3 where the amplitude response has dropped by
3dB. The transition band is defined from fo/3 to fp/2 and is
where the magnitude of the amplitude response undergoes
a sharp decrease. At fo/2, the stopband begins. There is
a minimum of 65dB attenuation over the entire stopband
region for frequencies in the range of fp/2 to fgypy - fo/2.
The minimum attenuation in the stopband improves to
80dB over the frequency range of 2fg/3 to fgypr - 2fo/3.

The flatness of the flat passband filter lends itself to signal
processing applications where large bandwidth signals
are digitized.

20

Settling Time and Group Delay

The length of each digital filter’s impulse response deter-
minesit’s settling time. Linear phase filters exhibit constant
delay time versus input frequency (that is, constant group
delay). Group delay of the digital filter is defined to be the
delay to the center of the impulse response.

The ssinc and flat passband filters unique to the LTC2500-
32 are optimized for low latency and provide fast settling.
Figure 29 shows the output settling behavior of the sinc
type filters after a step change on the analog inputs of the
LTC2500-32. Figure 30 shows the output settling behavior
of the flat passband filter after a step change on the analog
inputs of the LTC2500-32. The X axis in both figures is
given in units of output sample number.

Digital Filter Summary

Table 2 summarizes various parameters of each digital
filter type across all down-sampling factors. When op-
erating at 1.024Msps, the acquisition time (tagq) of the
LTC2500-32 is reduced to 303.6ns and the output data
rate correspondingly increases. Note that the dynamic
range and noise values are not affected by sampling rate.

MAGNITUDE (dB)

HIGHLIGHTED AREA
SHOWN IN FIGURE 28b

-

fsmpL/2

Ll

fsMPL 250032 F28a
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Figure 28a. Magnitude of Frequency Response of Flat Passhand Filter with DF = 4
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Figure 28b. Highlighted Portion of Frequency Response from Figure 28a
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Figure 28c. Low Ripple Passhand Portion of Frequency Response from Figure 28b
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Figure 30. Step Response of Flat Passhand Filter
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Table 2. Digital Filter Parameters for Different Filter Types and Down-Sampling Factors

DOWN-
SAMPLING OUTPUT DATA RATE -3dB BANDWIDTH GROUP | DYNAMIC
FILTER FACTOR FILTER DELAY RANGE | NOISE (pV
TYPE (DF) fsmpL = 1Msps | fgypL = 1.024Msps | fsmpL = 1IMsps| fgypL = 1.024Msps | LENGTH | (fsmpL = 1Msps)|  (dB) RMS)
4 250ksps 256ksps 113.85kHz 116.58kHz 6 3us 109.1 12.87
8 125ksps 128ksps 55.75kHz 57.08kHz 10 ous 112.2 9.09
16 62.5ksps 64ksps 27.73kHz 28.40kHz 18 9us 115.5 6.19
32 31.25ksps 32ksps 13.85kHz 14.18kHz 34 17ps 118.4 442
64 15.63ksps 16ksps 6.92kHz 7.09kHz 66 33us 121.2 3.21
128 7.81ksps 8ksps 3.46kHz 3.54kHz 130 65)s 124 2.31
SINC! 256 3.91ksps 4ksps 1.73kHz 1.77kHz 258 129us 127.4 1.56
512 1.95ksps 2ksps 865.13Hz 885.89Hz 514 2578 130.4 11
1024 977sps 1ksps 432.57Hz 442 95Hz 1026 513us 133.1 0.81
2048 438sps 500sps 216.28Hz 221.47Hz 2050 1025y 136 0.58
4096 244sps 250sps 108.14Hz 110.74Hz 4098 2049us 138.3 0.44
8192 122sps 125sps 54.07Hz 55.37Hz 8194 4097ps 1414 0.31
16384 61sps 62.5sps 27.04Hz 27.68Hz 16386 8195ps 143.3 0.25
4 250ksps 256ksps 82.16kHz 84.13kHz 9 4.5ps 111 10.37
8 125ksps 128ksps 40.16kHz 41.12kHz 17 8.50s 114.3 714
16 62.5ksps 64ksps 19.97kHz 20.45kHz 33 16.5ps 117 5.21
32 31.25ksps 32ksps 9.97kHz 10.21kHz 65 32.50s 120.2 3.59
64 15.6ksps 16ksps 4,98kHz 5.10kHz 129 64.50s 123.3 2.51
128 7.8ksps 8ksps 2.49kHz 2.55kHz 257 128.5s 125.9 1.86
SINC? 256 3.9ksps 4ksps 1.25kHz 1.28kHz 513 256.511s 128.9 1.31
512 1.95ksps 2ksps 622.89Hz 637.84Hz 1024 512.5ps 131.9 0.94
1024 977sps 1ksps 311.44Hz 318.92Hz 2049 1024.5ps 135 0.65
2048 488sps 500sps 155.72Hz 159.46Hz 4097 2048.5s 137.6 0.48
4096 244sps 250sps 77.86Hz 79.73Hz 8193 4096.5ys 1401 0.36
8192 122sps 125sps 38.93Hz 39.86Hz 16385 8192.5us 142.5 0.27
16384 61sps 62.5sps 19.47Hz 19.93Hz 32769 16384.5ps 144.5 0.21
4 250ksps 256ksps 67.53kHz 69.15kHz 12 6us 111.6 9.67
8 125ksps 128ksps 32.99kHz 33.78kHz 24 12us 114.9 6.59
16 62.5ksps 64ksps 16.40kHz 16.80kHz 48 24ps 118.1 458
32 31.25ksps 32ksps 8.19kHz 8.39kHz 96 48us 121.1 3.26
64 15.6ksps 16ksps 4.09kHz 4.19kHz 192 96ps 124.1 2.3
128 7.8ksps 8ksps 2.05kHz 2.10kHz 384 192us 126.7 1.69
SING3 256 3.9ksps 4ksps 1.02kHz 1.05kHz 768 384y 130.1 115
512 1.95ksps 2ksps 511.60Hz 523.88Hz 1536 768s 132.9 0.82
1024 977sps 1ksps 255.80Hz 261.94Hz 3072 1536ps 135.6 0.61
2048 488sps 500sps 127.90Hz 130.97Hz 6144 3072us 138.6 0.43
4096 244sps 250sps 63.95Hz 65.48Hz 12288 6144ys 140.9 0.33
8192 122sps 125sps 31.97Hz 32.74Hz 24576 12288ys 143 0.26
16384 61sps 62.5sps 15.99Hz 16.37Hz 49152 24576 145.2 0.2
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Table 2. Digital Filter Parameters for Different Filter Types and Down-Sampling Factors

DOWN-
SAMPLING OUTPUT DATA RATE -3dB BANDWIDTH GROUP | DYNAMIC
FILTER FACTOR FILTER DELAY RANGE | NOISE (pV
TYPE (DF) fsmpL = 1Msps | fgypL = 1.024Msps | fsmpL = 1IMsps| fgypL = 1.024Msps | LENGTH | (fsmpL = 1Msps)|  (dB) RMS)
4 250ksps 256ksps 58.68kHz 60.08kHz 15 7.5us 112.7 8.56
8 125ksps 128ksps 28.66kHz 29.34kHz 31 15.5)s 115.8 5.97
16 62.5ksps 64ksps 14.25kHz 14.59kHz 63 31.5ps 118.6 434
32 31.25ksps 32ksps 7.11kHz 7.28kHz 127 63.50s 121.8 2.98
64 15.6ksps 16ksps 3.56kHz 3.64kHz 255 127.58 1247 215
128 7.8ksps 8ksps 1.78kHz 1.82kHz 511 255.518 127.4 1.56
SINCH 256 3.9ksps 4ksps 888.72Hz 910.05Hz 1023 511.5ps 130.3 112
512 1.95ksps 2ksps 444 36Hz 455.02Hz 2047 1023.5ps 133.6 0.76
1024 977sps 1ksps 222.18Hz 227.51Hz 4095 2047.5ps 136 0.58
2048 438sps 500sps 111.09Hz 113.76Hz 8191 4095.50s 139 0.41
4096 244sps 250sps 55.54Hz 56.88Hz 16383 8191.5ps 141.8 0.3
8192 122sps 125sps 27.7THz 28.44Hz 32767 16383.51s 143.3 0.25
16384 61sps 62.5sps 13.89Hz 14.22Hz 65535 32767.5s 145.6 0.19
4 250ksps 256ksps 30.93kHz 31.67kHz 36 18ps 114.5 6.97
8 125ksps 128ksps 15.44kHz 15.81kHz 72 36us 1177 4.8
16 62.5ksps 64ksps 7.72kHz 7.90kHz 144 72us 120.8 3.36
32 31.25ksps 32ksps 3.86kHz 3.95kHz 288 144ps 123.7 2.39
64 15.6ksps 16ksps 1.93kHz 1.98kHz 576 288us 126.8 1.68
128 7.8ksps 8ksps 964.45Hz 987.59Hz 1152 576us 129.7 1.2
SSINC 256 3.9ksps 4ksps 482.21Hz 493.78Hz 2304 1152us 132.9 0.83
512 1.95ksps 2ksps 241.10Hz 246.89Hz 4608 2304ps 135.9 0.59
1024 977sps 1ksps 120.55Hz 123.45Hz 9216 4608ps 138 0.46
2048 488sps 500sps 60.28Hz 61.72Hz 18432 9216ps 141.1 0.32
4096 244sps 250sps 30.14Hz 30.86Hz 36864 18432us 142.7 0.27
8192 122sps 125sps 15.07Hz 15.43Hz 73728 36864s 145.3 0.2
16384 61sps 62.5sps 7.53Hz 7.72Hz 147456 73728us 147.6 0.15
4 250ksps 256ksps 85.74kHz 87.80kHz 140 70us 110.7 10.69
8 125ksps 128ksps 42.92kHz 43.95kHz 280 140ps 114 7.34
16 62.5ksps 64ksps 21.47kHz 21.98kHz 560 280us 116.8 5.33
32 31.25ksps 32ksps 10.73kHz 10.99kHz 1120 560us 120 3.68
64 15.6ksps 16ksps 5.37kHz 5.50kHz 2240 1120ps 122.8 2.66
128 7.8ksps 8ksps 2.68kHz 2.75kHz 4480 2240ps 126.1 1.83
}El:;sban d 256 3.9ksps 4ksps 1.34kHz 1.37kHz 8960 4480ps 129 1.31
512 1.95ksps 2ksps 670.85Hz 686.95Hz 17920 8960us 1314 0.98
1024 977sps 1ksps 335.42Hz 343.47Hz 35840 17920ps 134 0.73
2048 488sps 500sps 167.71Hz 171.74Hz 71680 35840ps 136.8 0.53
4096 244sps 250sps 83.85Hz 85.87Hz 143360 71680us 138.1 0.45
8192 122sps 125sps 41.93Hz 42.93Hz 286720 143360us 139.8 0.37
16384 61sps 62.5sps 20.96Hz 21.47Hz 573440 286720ps 140.6 0.34
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Table 2. Digital Filter Parameters for Different Filter Types and Down-Sampling Factors

DOWN-
SAMPLING OUTPUT DATA RATE -3dB BANDWIDTH GROUP | DYNAMIC
FILTER FACTOR FILTER DELAY RANGE | NOISE (pv
TYPE (DF) fsmpL = 1Msps| fgypL = 1.024Msps | fsmpL = 1Msps| fsmpL = 1.024Msps | LENGTH | (fsmpL = 1Msps)|  (dB) RMS)
2 500ksps 512ksps 227.34kHz 232.8 2 1s 106.4 17.57
4 250ksps 256ksps 113.85kHz 116.58kHz 4 248 109.1 12.87
8 125ksps 128ksps 55.75kHz 57.08kHz 8 4ps 112.2 9.09
16 62.5ksps 64ksps 27.73kHz 28.40kHz 16 8s 1155 6.19
32 31.25ksps 32ksps 13.85kHz 14.18KHz 32 16ps 118.4 4.42
64 15.6ksps 16ksps 6.92kHz 7.09kHz 64 32)s 121.2 3.21
Averaging 128 7.8ksps 8ksps 3.46kHz 3.54kHz 128 64yus 124 2.31
256 3.9ksps 4ksps 1.73KkHz 1.77kHz 256 128ps 1274 156
512 1.95ksps 2ksps 865.13Hz 885.89Hz 512 256415 130.4 1.1
1024 977sps 1ksps 432 57Hz 442.95Hz 1024 512us 133.1 0.81
2048 488sps 500sps 216.28Hz 221.47Hz 2048 1024ps 136 0.58
4096 244sps 250sps 108.14Hz 110.74Hz 4096 2048y 138.3 0.44
8192 122sps 125sps 54.07Hz 55.37Hz 8192 4096s 1414 0.31
16384 61sps 62.55ps 27.04Hz 27.68Hz 16384 8192us 1433 0.25
DIGITAL INTERFACE edges of SCKA and output data from serial interface B

The LTC2500-32 features two digital serial interfaces.
Serial interface A is used to read the filtered output data.
Serial interface B is used to read the no latency output
data. Both interfaces support a flexible OVpp supply, al-
lowing the LTC2500-32 to communicate with any digital
logic operating between 1.8V and 5V, including 2.5V and
3.3V systems.

Serial interface A is enabled when RDLA is low and serial
interface B is enabled when RDLB is low. Serial data is
clocked outonthe SDOA pinand serial configuration datais
clocked in at the SDI pin when an external clock is applied
to the SCKA pin if serial interface A is enabled. Serial data
is clocked out on the SDOB pin when an external clock
is applied to the SCKB pin if serial interface B is enabled.
Output data from serial interface A transitions on rising

transitions on rising edges of SCKB. Serial input data at
SDI is latched on rising edges of SCKA.

The configuration of the LTC2500-32 is programmed
through serial interface A with a configuration word that
isinputat SDI. The following sections describe the various
ways the LTC2500-32 can be configured and general use
of the LTC2500-32.

LTC2500-32 Control Word

The various modes of operation of the LTC2500-32 are
programmed by 10 bits of a 12-bit control word, C[11:0].
The control word is shifted in at SDI on the rising edges of
SCKA, MSB first. The control word is defined and shown
in Figure 31.

c[11] | cr101 | croy | crs)

c[7) | cie] | ci5] | Cl4]

ci31 | cf21 | cfl | cfo]

X X DGC | DCE

DOWN-SAMPLING FACTOR(DF)

FILTER TYPE

250032 F31

Figure 31. Control Word
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C[11] and C[10] are used during the programming of
the LTG2500-32 and do not control the configuration of
the digital filter or ADC. Bits C[3:0] select the filter type.
Bits C[7:4] select the down-sampling factor (DF). C[8]
enables/disables digital gain expansion (DGE) and C[9]
enables/disables digital gain compression (DGC). Table 3
summarizes the configuration options.

Table 3. Configuration Option Summary

BITS VALUE SETTING
C[3:0] = FILTER TYPE 0001 SINC!
0010 SING2
0011 SING3
0100 SING4
0101 SSING
0110 FLAT PASSBAND
0111 AVERAGING
OTHER CODES INVALID CODE
C[7:4] = DF 0010 4
0011 8
0100 16
0101 32
0110 64
0111 128
1000 256
1001 512
1010 1024
1011 2048
1100 4096
1101 8192
1110 16384
OTHER CODES INVALID CODE
C[8] = DGE 0 DGE OFF
1 DGE ON
C[9] = DGC 0 DGC OFF
1 DGC ON

MCLK / \

Programming the Configuration

Atransaction window opensat power-up, atthe falling edge
of DRL, at the falling edge of a RDLA pulse, or when the
filter configuration is reset using a SYNC pulse. A trans-
action window opening allows the filter configuration of
the LTC2500-32 to be programmed. Once the transaction
window opens, the state machine controlling the program-
ming of the configuration is in a reset state, waiting for a
control word to be shifted in at SDI on the first 12 SCKA
clock pulses. The transaction window closes at the start
of the next conversion when DRL transitions from low
to high as shown in Figure 32, or at the end of the 12th
SCKA pulse since the transition window opened. Serial
input data at SDI should be avoided when BUSY is high.

Input Control Word

The input control word is used to determine whether or
not the configuration is programmed. In many cases, the
user will simply need to configure the converter once for
their specific application after power-up and then drive
the SDI pin to GND. This will force the control word bits
to all zeros and the LTC2500-32 will operate with the
programmed configuration.

The control word is a 12-bit word as described in the
LTG2500-32 control word section. A valid input control
word is one where C[11:10] = 10 and the remaining lower

/I

DRL / \

[\
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TRANSACTION WINDOW

Figure 32. Sequencer Programming Transaction Window
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MCLK _\

DRL
RDLA
SCKA
DONT
SDI — CARE
DA30 DA% DA%
pouTh —HZ
DA29  DAZ7 DA DA23 DA
START OF NEW
TRANSACTION VALID CONTROL WORD ENTERED
WINDOW FILTER CONFIGURATION UPDATED

NEW CONFIGURATION APPLIED
AT BEGINNING OF NEXT CONVERSION

250032 F33a

Figure 33a. Valid Control Word Successfully Programmed,
C[11:10]1 =2"h10

DRL ’

RDLA \

SCKA 11 (2} J3) J4) /5| /6| |7\ [8) ol Jto| [r1| [12

soi - QONT jcm] 0[16]‘(

DONT CARE

DA28 DA26 DA24 DA22 DA20

DOUTA —Z
DA25  DA23  DA2 DA19
250032 F33b