| t i \D LTC 140/-1/LTC140/A-1

TECHNOLOGY  seriul 12-Bit/14-Bit, 3Mspus
Simultfaneous Sumpling
ADCs with Shutdown

FEATURES DESCRIPTION

= 3Msps Sampling ADC with Two Simultaneous The LTC®1407-1/LTC1407A-1 are 12-bit/14-bit, 3Msps
Differential Inputs ADCs with two 1.5Msps simultaneously sampled differ-

= 1.5Msps Throughput per Channel ential inputs. The devices draw only 4.7mA from a single

= Low Power Dissipation: 14mW (Typ) 3V supply and come inatiny 10-lead MS package. A sleep

= 3V Single Supply Operation shutdown feature lowers power consumption to 10pW.

m +1.25V Differential Input Range The combination of speed, low power and tiny package

= Pin Compatible 0V to 2.5V Input Range Version makesthe LTC1407-1/LTC1407A-1 suitable for high speed,
(LTC1407/LTC1407A) portable applications.

® 2.5V Internal Bandgap Reference with External

The LTC1407-1/LTG1407A-1 contain two separate differ-

. g_\/vfi/(drl\ée al Interf ential inputs thatare sampled simultaneously on the rising
. Sleege“;ﬁ/) gt?urtggzvn Mode edge of the CONV signal. These two sampled inputs are
then converted at a rate of 1.5Msps per channel.
® Nap (3mW) Shutdown Mode en converted at a rate 0 PSP .
= 80dB Common Mode Rejection at 100kHz The 80dB common mode rejection aIIowg usersto ehmmgte
= Tiny 10-Lead MS Package ground loops and common mode noise by measuring
signals differentially from the source.
APPLICATIONS The devices convert —1.25V 10 1.25V bipolar inputs differ-
o entially. The absolute voltage swing for CHO*, CHO~, CH1*
= Bemczmmun'cat'(smst and CH1~ extends from ground to the supply voltage.
® Data Acquisition Systems ) ,
= Uninterrqupted Powyer Supplies The serial interface sends outthe two conversion resultsin 32
= Multiphase Motor Control clocks for compatibility with standard serial interfaces.
= | & Q Demodulation Tochndlogy Corporation. Al ther tademars ars e proper o tht respectve ouners.
] |ndu3tr|a| Rad|0 Protected by U.S. Patents including 6084440, 6522187.
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LTC 1407-1/LTC1407A-1

ABRSOLUTE MAXIMUM RATINGS PIN CONFIGURATION
(Notes 1, 2) TOP VIEW
Supply Voltage (Vpp) ceeeeeeeeererereererceerereeseresenenns 4V CHO* 1P 10 conv
Analog Input Voltage (Note 3) ..... 0.3V to (Vpp + 0.3V) e 1= [P S
Digital Input Voltage .................... —0.3V to (Vpp + 0.3V) A= I Bl
D|g|ta| Ou’[put VOltage ................. —03V tO (VDD + 03\/) MSE PACKAGE
Power DisSSipation ..........cccoeeerieniennieiiene 100mW 10-LEAD PLASTIC MSOP
Operation Temperature Range EXPOSED PAD 15 L ?P1II%I51 %,?\%ET“%ECQVSLDERED T0 PCB
LTC1407C-1/LTC1407AC-1 ... 0°C to 70°C
LTC14071-1/LTC1407AI-1 ..o -40°C to 85°C
Storage Temperature Range................... -65°C to 150°C
Lead Temperature (Soldering, 10 SEC) .....coovnve... 300°C
ORDER INFORMATION
LEAD FREE FINISH TAPE AND REEL PART MARKING PACKAGE DESCRIPTION TEMPERATURE RANGE
LTC1407CMSE-1#PBF | LTC1407CMSE-1#TRPBF | LTBGT 10-Lead Plastic MSOP 0°C to 70°C
LTC1407IMSE-1#PBF LTC1407IMSE-1#TRPBF | LTBGV 10-Lead Plastic MSOP —~40°C to 85°C
LTC1407ACMSE-1#PBF | LTC1407ACMSE-1#TRPBF | LTBGW 10-Lead Plastic MSOP 0°C t0 70°C
LTC1407AIMSE-1#PBF | LTC1407AIMSE-1#TRPBF | LTBGX 10-Lead Plastic MSOP ~40°C to 85°C

Consult LTC Marketing for parts specified with wider operating temperature ranges.

Consult LTC Marketing for information on non-standard lead based finish parts.

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/

COﬂVGﬂTGﬂ CHHRHCTGRBTKS The @ denotes the specifications which apply over the full operating

temperature range, otherwise specifications are at Ty = 25°C. With internal reference, Vpp = 3\.

LTG1407-1 LTC1407A-1

PARAMETER CONDITIONS MIN TYP MAX | MIN TYP MAX
Resolution (No Missing Codes) e 12 14 Bits
Integral Linearity Error (Notes 5, 17) e -2 025 2 -4 +05 4 LSB
Offset Error (Notes 4, 17) e 10 +1 10 | -20 +2 20 LSB
Offset Match from CHO to CH1 (Note 17) -5 205 5 -10 +1 10 LSB
Gain Error (Notes 4, 17) e -30 +5 30 -60 10 60 LSB
Gain Match from CHO to CH1 (Note 17) -5 +1 5 -10 +2 10 LSB
Gain Tempco Internal Reference (Note 4) +15 +15 ppm/°C

External Reference +1 +1 ppm/°C
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LTC 1407-1/LTC1407A-1

nnﬂLOG InPUT The @ denotes the specifications which apply over the full operating temperature range,
otherwise specifications are at Ty = 25°C. With internal reference, Vpp = 3V.

SYMBOL | PARAMETER CONDITIONS MIN TYP MAX UNITS
Vin Analog Differential Input Range (Notes 3, 8, 9) 2.7V <\Vpp < 3.3V -1.251t01.25 v
Vem Analog Common Mode + Differential 0to Vpp V
Input Range (Note 10)

In Analog Input Leakage Current ) 1 HA
Cin Analog Input Capacitance (Note 18) 13 pF
taca Sample-and-Hold Acquisition Time (Note 6) ° 39 ns
tap Sample-and-Hold Aperture Delay Time 1 ns
tiTTER Sample-and-Hold Aperture Delay Time Jitter 0.3 ps
tsk Sample-and-Hold Aperture Skew from CHO to CH1 200 ps
CMRR Analog Input Common Mode Rejection Ratio fiy = TMHz, V) = 0V to 3V -60 dB

fiy = T00MHz, Vi = 0V to 3V -15 aB

D'n'nﬂmIC ﬂCCUﬁ ﬂC'n' The e denotes the specifications which apply over the full operating temperature range,

otherwise specifications are at Ty = 25°C. With internal reference, Vpp = 3V. Single-ended signal drive CHO*/CH1* with
CHO=/CH1~ = 1.5V DC. Differential signals drive both inputs of each channel with V¢ = 1.5V DC.

LTC1407-1 LTC1407A-1
SYMBOL | PARAMETER CONDITIONS MIN TYP MAX| MIN TYP MAX | UNITS
SINAD | Signal-to-Noise Plus | 100kHz Input Signal (Note 19) 70.5 73.5 aB
Distortion Ratio 750kHz Input Signal (Note 19) 68 705 70 735 aB
100kHz Input Signal, External Vggr = 3.3V, 72.0 76.3 dB
Vpp > 3.3V (Note 19)
750kHz Input Signal, External Vggg = 3.3V, 72.0 76.3 aB
Vpp 2 3.3V (Note 19)
THD Total Harmonic 100kHz First 5 Harmonics (Note 19) -87 -90 aB
Distortion 750kHz First 5 Harmonics (Note 19) -83 77 -86 -80 aB
SFDR Spurious Free 100kHz Input Signal (Note 19) 87 90 dB
Dynamic Range 750kHz Input Signal (Note 19) 83 86 aB
IMD Intermodulation 0.625Vp_p 1.4MHz Summed with 0.625Vp.p, 1.56MHz -82 -82 dB
Distortion into CHO* and Inverted into CHO™. Also Applicable
to CH1* and CH1~
Code-to-Code VRer = 2.5V (Note 17) 0.25 1 LSBrums
Transition Noise
Full Power Bandwidth | V}y = 2.5Vp.p, SDO = 11585LSBp.p (-3dBFS) (Note 15) 50 50 MHz
Full Linear Bandwidth | S/(N + D) > 68dB 5 5 MHz
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LTC 1407-1/LTC1407A-1

INTERNAL REFERENCE CHARACTERISTICS 7, -25°c. vpp = 3v.

PARAMETER CONDITIONS MIN TYP MAX UNITS
VRrer Output Voltage lour=0 2.5 \Y
VRer Output Tempco 15 ppm/°C
VRer Line Regulation Vpp = 2.7V 10 3.6V, Vger = 2.5V 600 A%
VRer Output Resistance Load Current = 0.5mA 0.2 Q
VRer Setting Time 2 ms

DIGITHL InPUTS ﬂnD DIGITHL OUTPUTS The e denotes the specifications which apply over the

full operating temperature range, otherwise specifications are at Ty = 25°C. Vpp = 3V.

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
Viy High Level Input Voltage Vpp =3.3V ® 2.4 \
ViL Low Level Input Voltage Vpp=2.7V ° 0.6 \
m Digital Input Current Viy=0Vto Vpp [ 10 pA
Cin Digital Input Capacitance 5 pF
Vou High Level Output Voltage Vpp = 3V, loyt = -200pA ° 2.5 2.9 \
VoL Low Level Output Voltage Vpp = 2.7V, Igyt = 160pA 0.05 V
Vpp = 2.7V, Iyt = 1.6mA ° 0.10 0.4 v
loz Hi-Z Output Leakage Doyt Vour =0V to Vpp [} +10 HA
Coz Hi-Z Output Capacitance Doyt 1 pF
IsouRce Output Short-Circuit Source Current Vout =0V, Vpp = 3V 20 mA
ISINK Output Short-Circuit Sink Current Vout = Vpp =3V 15 mA
POI.I.IGB RGQUIRGméﬂTS The e denotes the specifications which apply over the full operating temperature
range, otherwise specifications are at Ty = 25°C. With internal reference, Vpp = 3V.
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
Voo Supply Voltage 2.7 v
Iop Supply Current Active Mode, fsampLe = 1.5Msps ) 47 7.0 mA
Nap Mode [ 1.1 1.5 mA
Sleep Mode (LTC1407) 2.0 15 HA
Sleep Mode (LTC1407A) 2.0 10 pA
PD Power Dissipation Active Mode with SCK in Fixed State (Hi or Lo) 12 mWw
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LTC 1407-1/LTC1407A-1

TlmlnG CH ﬂﬂﬁCTEﬁISTICS The @ denotes the specifications which apply over the full operating temperature

range, otherwise specifications are at Ty = 25°C. Vpp = 3V.

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
fsampLeuax) | Maximum Sampling Frequency per Channel ) 15 MHz
(Conversion Rate)
ttHrRougHPUT | Minimum Sampling Period (Conversion + Acquisition Period) o 667 ns
tsck Clock Period (Note 16) ® | 196 10000 ns
tconv Conversion Time (Note 6) 32 34 SCLK cycles
ty Minimum Positive or Negative SCLK Pulse Width (Note 6) 2 ns
to CONV to SCK Setup Time (Notes 6, 10) 3 10000 ns
t3 SCK Before CONV (Note 6) 0 ns
iy Minimum Positive or Negative CONV Pulse Width (Note 6) 4 ns
t5 SCK to Sample Mode (Note 6) 4 ns
tg CONV to Hold Mode (Notes 6, 11) 1.2 ns
t; 32nd SCKT to CONVT Interval (Affects Acquisition Period) (Notes 6, 7, 13) 45 ns
tg Minimum Delay from SCK to Valid Bits 0 Through 11 (Notes 6, 12) 8 ns
tg SCK to Hi-Z at SDO (Notes 6, 12) ns
t10 Previous SDO Bit Remains Valid After SCK (Notes 6, 12) 2 ns
tyo VRer Settling Time After Sleep-to-Wake Transition (Notes 6, 14) 2 ms

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 GND.

Note 3: When these pins are taken below GND or above Vpp, they will be
clamped by internal diodes. This product can handle input currents greater
than 100mA below GND or greater than Vpp without latchup.

Note 4: Offset and range specifications apply for a single-ended CHO*

or CH1* input with CHO™ or CH1~ grounded and using the internal 2.5V
reference.

Note 5: Integral linearity is tested with an external 2.55V reference and is
defined as the deviation of a code from the straight line passing through
the actual endpoints of a transfer curve. The deviation is measured from
the center of quantization band.

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

Note 7: Recommended operating conditions.

Note 8: The analog input range is defined for the voltage difference
between CHO* and CHO™ or CH1* and CH1~. Performance is specified
with CHO™ = 1.5V DC while driving CHO* and with CH1~ = 1.5V DC while
driving CH1*.

Note 9: The absolute voltage at CHO*, CHO~, CH1* and CH1~ must be
within this range.

Note 10: If less than 3ns is allowed, the output data will appear one

clock cycle later. It is best for CONV to rise half a clock before SCK, when
running the clock at rated speed.

Note 11: Not the same as aperture delay. Aperture delay (1ns) is the
difference between the 2.2ns delay through the sample-and-hold and the
1.2ns CONV to hold mode delay.

Note 12: The rising edge of SCK is guaranteed to catch the data coming
out into a storage latch.

Note 13: The time period for acquiring the input signal is started by the
32nd rising clock and it is ended by the rising edge of CONV.

Note 14: The internal reference settles in 2ms after it wakes up from sleep
mode with one or more cycles at SCK and a 10pF capacitive load.

Note 15: The full power bandwidth is the frequency where the output code
swing drops by 3dB with a 2.5Vp_p input sine wave.

Note 16: Maximum clock period guarantees analog performance during
conversion. Output data can be read with an arbitrarily long clock period.
Note 17: The LTC1407A-1 is measured and specified with 14-bit
Resolution (1LSB = 152pV) and the LTC1407-1 is measured and specified
with 12-bit Resolution (1LSB = 610pV).

Note 18: The sampling capacitor at each input accounts for 4.1pF of the
input capacitance.

Note 19: Full-scale sinewaves are fed into the noninverting inputs while
the inverting inputs are kept at 1.5V DC.
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LTC 1407-1/LTC1407A-1

TVP'CHL PEBFOBmﬂﬂCG CHHBHCTGGBTICS Vpp =3V, Ty = 25°C. Single-ended signals drive

+CH0/+CH1 with ~-CHO/~CH1 = 1.5V DC, differential signals drive both inputs with V¢ = 1.5V DC (LTC1407A-1)
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LTC1407-1/LTC1407A-1

T"PICHL PGBFOBMHHCE CH“RHCTGRISTICS Vpp =3V, Ty = 25°C. Single-ended signals drive

+CH0/+CH1 with ~-CHO/~CH1 = 1.5V DC, differential signals drive both inputs with V¢ = 1.5V DC (LTC1407A-1)
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LTC 1407-1/LTC1407A-1

TVP'CHL PEBFOBmﬂﬂCG CHHBHCTGGBTICS Vpp =3V, Ty = 25°C. Single ended signals drive

+CH0/+CH1 with ~-CHO/~CH1 = 1.5V DC, differential signals drive both inputs with V¢ = 1.5V DC (LTC1407A-1)

AMPLITUDE (dB)

Differential and Integral Linearity
vs Conversion Rate

SINAD vs Conversion Rate

8 78
7 77
6 % 76
5 - 75 \\
=z 4 MAX INL 4444 SN
&a 4 = ANAN
= 3 /', g 74 B st T i n e G SN
= —T A i i i il R B > SN
= ™~ | -~ MAX DNL 2 ~Y
g ! — S 72
-0 MIN DNL 71 .
H \ (b il el
-1 VN INE = 70 |~ EXTERNAL Vper = 33V, fiy - 15/3 |
) — — EXTERNAL Vg = 3.3V, fiy ~ 15/40
5 69 | ====INTERNAL VRgr = 2.5V, fiy ~ f8/3 __|
o L INTERNAL VR = 2.5V, fiy ~ 5/40
2 225 25 275 3 325 35 375 4 2 25 3 35 4
CONVERSION RATE (MSPS) CONVERSION RATE (Msps)
° 14071 G19 14071 G20
Vpp =3V, Ty = 25°C (LTC1407-1/LTC1407A-1)
Full-Scale Signal Frequency
Response CMRR vs Frequency Crosstalk vs Frequency
12 0 -20
6 _
-20 = 30
/|
0 ~ E" -40 /
-6 _ 0 o ) /
g /“ 5 -50 /|
-12 N\ < 60 y; = 4 ’
= CHo /yflCH1 A 60 ~
-18 1N (&} ‘ P g ‘,l
-80 4 s CH1TO CHO 1
4 -70 HZ
-24 il =7 CHO TO CH1||[| |4
-30 =100 T -80 T4
—-——-"
-36 -120 90 C
M 10M 100M 16 100 1k 10k 100k 1M 10M 100M 100 1k 10k 100k 1M 10M
FREQUENCY (Hz) FREQUENGY (Hz) FREQUENCY (Hz)
14071 G21 14071 G22 14071 G23
Output Match with Simultaneous
Input Steps at CHO and CH1
from 25Q PSSR vs Frequency
16384 —\ = -25
T CHO AND CH1 -30
14336 / RISING
-35
12288 j /
. | / 0
& 10240 = \
° —CHo = 4 )i W
— [a
§ 8192 A — © 50 /
= L \
=2
3 6144 /\ 55
4096 R -60 \
hiN CHO AND CH1 \
2048 N FALLING =65 \
0 Tl -70
-5 0 5 10 15 20 25 110 100 1k 10k 100k 1M
TIME (ns) FREQUENGY (Hz)

14071 G24

14071 G25

14071fb

LY N


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

LTC 1407-1/LTC1407A-1

TYPICAL PERFORMANCE CHARACTERISTICS v, -3v, 1, - 25°¢ (LTC1407-1/LTC1407A1)
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CHO* (Pin 1): Noninverting Channel 0. CHO* operates
fully differentially with respect to CHO™, with a —1.25V to
1.25V differential swing with respect to CHO™ and a 0 to
Vpp absolute input range.

CHO™ (Pin 2): Inverting Channel 0. CHO™ operates fully
differentially with respect to CHO*, with a 1.25V to —1.25V
differential swing with respect to CHO* and a 0 to Vpp
absolute input range.

VRrer (Pin 3): 2.5V Internal Reference. Bypass to GND and
asolid analog ground plane with a 10pF ceramic capacitor
(or 10pF tantalum in parallel with 0.1puF ceramic). Gan be
overdriven by an external reference voltage >2.55V and
<Vpp.

CH1* (Pin 4): Noninverting Channel 1. CH1* operates
fully differentially with respect to CH1~, with a —1.25V to
1.25V differential swing with respect to CH1=and a 0 to
Vpp absolute input range.

CH1~ (Pin 5): Inverting Channel 1. CH1~ operates fully
differentially with respect to CH1*, witha 1.25V to —1.25V
differential swing with respect to CH1* and a 0 to Vpp
absolute input range.

GND (Pins 6, 11): Ground and Exposed Pad. This single
ground pin and the Exposed Pad must be tied directly to

the solid ground plane under the part. Keep in mind that
analog signal currents and digital output signal currents
flow through these connections.

Vpp (Pin 7): 3V Positive Supply. This single power pin
supplies 3V to the entire chip. Bypass to GND pin and
solid analog ground plane with a 10pF ceramic capacitor
(or 10pF tantalum) in parallel with 0.1uF ceramic. Keep in
mind thatinternalanalog currents and digital output signal
currents flow through this pin. Care should be taken to
place the 0.1pF bypass capacitor as close to Pins 6 and 7
as possible.

SDO (Pin 8): Three-State Serial Data Output. Each pair of
outputdatawords representthetwo analoginputchannels
at the start of the previous conversion. The output format
is 2’s complement.

SCK (Pin 9): External Clock Input. Advances the conver-
sion process and sequences the output data on the rising
edge. One or more pulses wake from sleep.

CONV (Pin 10): Convert Start. Holds the two analog input
signals and starts the conversion on the rising edge. Two
pulses with SCK in fixed high or fixed low state starts nap
mode. Four or more pulses with SCK in fixed high or fixed
low state starts sleep mode.
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LTC 1407-1/LTC1407/A-1
BLOCK DIRGRAM
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TIMING DIRGRAMS
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LTC 1407-1/LTC1407/A-1
TIMING DIRGRAMS

Nap Mode Waveforms
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LTC 1407-1/LTC1407A-1

APPLICATIONS INFORMATION

DRIVING THE ANALOG INPUT

The differentialanalog inputs ofthe LTC1407-1/LTC1407A-1
are easy todrive. The inputs may be driven differentially or
asasingle-endedinput (i.e.,the CHO™ inputis AC grounded
atVgc/2). All four analog inputs of both differential analog
input pairs, CHO* with CHO™ and CH1* with CH1~, are
sampled at the same instant. Any unwanted signal that is
commonto bothinputs of each input pair will be reduced by
the common mode rejection of the sample-and-hold circuit.
Theinputsdraw only one small current spike while charging
the sample-and-hold capacitors at the end of conversion.
During conversion, the analog inputs draw only a small
leakage current. If the source impedance of the driving
circuit is low, then the LTC1407-1/LTC1407A-1 inputs can
be driven directly. As source impedance increases, so will
acquisition time. For minimum acquisition time with high
source impedance, a buffer amplifier must be used. The
main requirement is that the amplifier driving the analog
input(s) must settle after the small current spike before
the next conversion starts (settling time must be 39ns for
full throughput rate). Also keep in mind, while choosing
an input amplifier, the amount of noise and harmonic
distortion added by the amplifier.

CHOOSING AN INPUT AMPLIFIER

Choosing an input amplifier is easy if a few requirements
are taken into consideration. First, to limit the magnitude
of the voltage spike seen by the amplifier from charging
the sampling capacitor, choose an amplifier that has a low
output impedance (<100€) at the closed-loop bandwidth
frequency. For example, if an amplifier is used in a gain
of 1 and has a unity-gain bandwidth of 50MHz, then the
outputimpedance at 50MHz must be less than 100Q. The
second requirementisthatthe closed-loop bandwidth must
be greater than 40MHz to ensure adequate small-signal
settling for full throughput rate. If slower op amps are
used, more time for settling can be provided by increasing

the time between conversions. The best choice for an op
amp to drive the LTC1407-1/LTC1407A-1 depends on the
application. Generally, applications fall into two categories:
AC applications where dynamic specifications are most
critical and time domain applications where DC accuracy
and settling time are most critical. The following list is a
summary of the op amps that are suitable for driving the
LTC1407-1/LTC1407A-1.

LTC1566-1: Low Noise 2.3MHz Continuous Time Low-
pass Filter.

LT®1630: Dual 30MHz Rail-to-Rail Voltage FB Amplifier.
2.7V to +15V supplies. Very high Ayg, 500pV offset and
520ns settling to 0.5LSB for a 4V swing. THD and noise
are —93dB to 40kHz and below 1LSB to 320kHz (Ay =1,
2Vp.p into 1kQ, Vg = 5V), making the part excellent for
AC applications (to 1/3 Nyquist) where rail-to-rail perfor-
mance is desired. Quad version is available as LT1631.

LT1632: Dual 45MHz Rail-to-Rail Voltage FB Amplifier.
2.7V to £15V supplies. Very high Aygr, 1.omV offset and
400ns settling to 0.5LSB for a 4V swing. It is suitable for
applications with a single 5V supply. THD and noise are
—-93dB to 40kHz and below 1LSB to 800kHz (Ay = 1,
2Vp_p into 1kQ, Vg = 5V), making the part excellent for
AC applications where rail-to-rail performanceis desired.
Quad version is available as LT1633.

LT1801: 80MHz GBWP —75dBc at 500kHz, 2mA/ampli-
fier, 8.5nV/y/Hz.

LT1806/LT1807: 325MHz GBWP -80dBc distortion at
5MHz, unity-gain stable, rail-to-rail in and out, 10mA/am-
plifier, 3.5nV/\Hz.

LT1810: 180MHz GBWP —90dBc distortion at 5MHz,
unity-gain stable, rail-to-rail in and out, 15mA/amplifier,
16nV/\Hz.

LinearView is a trademark of Linear Technology Corporation.
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LTC 1407-1/LTC1407A-1

APPLICATIONS INFORMATION

LT1818/LT1819: 400MHz, 2500V/ps, 9mA, Single/Dual
Voltage Mode Operational Amplifier.

LT6200: 165MHz GBWP -85dBc distortion at 1MHz,
unity-gain stable, rail-to-rail in and out, 15mA/amplifier,
0.95nV/y/Hz.

LT6203: 100MHz GBWP -80dBc distortion at 1MHz,
unity-gain stable, rail-to-rail in and out, 3mA/amplifier,

1.9nV/JHz.

LT6600: Amplifier/Filter Differential In/Out with 10MHz
Cutoff.

INPUT FILTERING AND SOURCE IMPEDANCE

The noise and the distortion of the input amplifier and
other circuitry must be considered since they will add
to the LTC1407-1/LTC1407A-1 noise and distortion. The
small-signal bandwidth of the sample-and-hold circuit is
50MHz. Any noise or distortion products that are pres-
ent at the analog inputs will be summed over this entire
bandwidth. Noisy input circuitry should be filtered prior
to the analog inputs to minimize noise. A simple 1-pole
RC filter is sufficient for many applications. For example,
Figure 1 shows a 47pF capacitor from CHO* to ground
and a 51Q source resistor to limit the net input bandwidth
to 30MHz. The 47pF capacitor also acts as a charge
reservoir for the input sample-and-hold and isolates the
ADC input from sampling-glitch sensitive circuitry. High
quality capacitors and resistors should be used since these

ANALOG

—‘\/Wr CHo*
INPUT 47pF
Voum '—2 -
1.5V DC il
LTC1407-1/
3 LTC1407A-1
VRer
10pF
L GND
51Q* =
ANALOG 4
|NPUT_~M$ CH1+
=
oV T
1.5V DC Bal

14071 FO1

*TIGHT TOLERANCE REQUIRED TO AVOID
APERTURE SKEW DEGRADATION

Figure 1. RC Input Filter

components can add distortion. NPO and silvermica type
dielectric capacitors have excellent linearity. Carbon surface
mount resistors can generate distortion from self heating
and from damage that may occur during soldering. Metal
film surface mount resistors are much less susceptible to
both problems. When high amplitude unwanted signals
are close in frequency to the desired signal frequency a
multiple pole filter is required.

High external source resistance, combined with 13pF
of input capacitance, will reduce the rated 50MHz input
bandwidth and increase acquisition time beyond 39ns.

INPUT RANGE

The analog inputs of the LTC1407-1/LTC1407A-1 may be
driven fully differentially with a single supply. Either input
may swing up to 3V, provided the differential swing is no
greater than 1.25V. In the valid input range, each input of
each channel is always up to +1.25V away from the other
input of each channel. The —1.25V to 1.25V range is also
ideally suited for AC-coupled signals in single supply
applications. Figure 2 shows how to AC-couple signals
in a single supply system without needing a mid-supply
1.5V DC external reference. The DC common mode level
is supplied by the previous stage that is already bounded
by single supply voltage of the system. The common
mode range of the inputs extends from ground to the
supply voltage Vpp. If the difference between the CHO*
and CHO™ inputs or the CH1* and CH1~ inputs exceeds
1.25V. the output code will stay fixed at zero and all ones,
and if this difference goes below —1.25V, the output code
will stay fixed at one and all zeros.

1uF

LTC1407-1/

1 6k 1 LTC1407A-1
51Q 0_Wv A d ) CHO*
Vin —VW\N—— \—¢ CHO™
& v | 4,09V 3
L 1.6k c1 C4

VRer

. L
56pFF_1UF 10HFE 14071 F02
— C1, C2: FILM TYPE =

(C3: COG TYPE
C4: CERAMIC BYPASS

Figure 2. AC Coupling of AC Signals with 1kHz Low Cut
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APPLICATIONS INFORMATION
INTERNAL REFERENCE

The LTC1407-1/LTC1407A-1 have an on-chip, temperature
compensated, bandgap reference that is factory trimmed
near 2.5V to obtain a precise +1.25V input span. The ref-
erence amplifier output VReg, (Pin 3) must be bypassed
with a capacitor to ground. The reference amplifier is
stable with capacitors of 1yF or greater. For the best noise
performance, a 10pF ceramic ora 10pF tantalum in paral-
lel with a 0.1pF ceramic is recommended. The VRgg pin
can be overdriven with an external reference as shown
in Figure 3. The voltage of the external reference must be
higher than the 2.5V of the open-drain P-channel output
of the internal reference. The recommended range for an
external reference is 2.55V to Vpp. An external reference
at 2.55V will see a DC quiescent load of 0.75mA and as
much as 3mA during conversion.

VRer
100F LTC1407-1/

11 LTC1407A-1

14071 F02

Figure 3

INPUT SPAN VERSUS REFERENCE VOLTAGE

The differential inputrange has a unipolarvoltage spanthat
equals the difference between the voltage at the reference
buffer output VReg (Pin 3) and the voltage at the Exposed
Pad ground. The differential input range of ADC is —1.25V
to 1.25V when using the internal reference. The internal
ADC is referenced to these two nodes. This relationship
also holds true with an external reference.

DIFFERENTIAL INPUTS

The ADC willalways convertthe bipolar difference of CHO*
minus CHO™ orthe bipolar difference of CH1* minus CH1~,
independent of the common mode voltage at either set
of inputs. The common mode rejection holds up at high
frequencies (see Figure 4). The only requirement is that
both inputs not go below ground or exceed Vpp. Integral
nonlinearity errors (INL) and differential nonlinearity

errors (DNL) are largely independent of the common
mode voltage. However, the offset error will vary. CMRR
is typically better than 60dB.

Figure 5 shows the ideal input/output characteristics for
the LTC1407-1/LTC1407A-1. The code transitions occur
midway between successive integer LSB values (i.e.,
0.5LSB, 1.5LSB, 2.5LSB, FS —1.5LSB). The output code
is 2’s complement with 1LSB = 2.5V/16384 = 153V for
the LTC1407A-1 and 1LSB = 2.5V/4096 = 610pV for the
LTC1407-1. The LTC1407A-1 has 1LSB RMS of Gaussian
white noise. Figure 6a shows the LTC1819 converting a
single-ended input signal to differential input signals for
optimum THD and SFDR performance as shown in the
FFT plot (Figure 6b).

20 Bl
‘45’
-40 pia
z A1
- 7|
= 60 v
= HoO :f CH1
-80 A
W
-100 [T
-120
100 1k 10k 100k 1M 10M 100M

FREQUENCY (Hz)

14071 FO4

Figure 4. CMRR vs Frequency
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Figure 5. LTC1407-1/LTC1407A-1 Transfer Characteristic
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Figure 6a. The LT1819 Driving the LTC1407A-1 Differentially

Board Layout