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FEATURES

Low Power, 8-Bit, 20Msps ADC

250MHz Internal Sample-and-Hold

1 Effective Bits at 70MHz Input Frequency
+1LSB DNL and INL Max

Single 5V Supply and 150mW Dissipation

Power Down to 1pA

True Differential Inputs Reject Common Mode Noise
Accepts Single-Ended or Differential Input Signals
+1V Differential or 2V Single-Ended Input Span
Analog Inputs Common Mode to Vpp and GND
24-Pin Narrow SSOP Package

APPLICATIONS

Telecommunications

Wireless Communications

Digital Cellular Telephones

CCDs and Image Scanners

Video Digitizing and Digital Television
Digital Color Copiers

High Speed Undersampling

Personal Computer Video

High Speed Data Acquisition
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TECHNOLOGY

Low Power, 8-Bit, 20Msps,
Sampling A/D Converter

March 1998
DESCRIPTION

The LTC ©1406 is a 20Msps, 8-bit, sampling A/D converter
which draws only 150mW from a single 5V supply. This
easy-to-use device includesahigh dynamic range sample-
and-hold with a 250MHz bandwidth.

The LTC1406’s full-scale input range is +1V. The inputs
can be driven differentially or one input can be tied to a
fixed voltage and the other input driven with a+1V bipolar
input. Maximum DG specifications include £1LSB DNL
and INL over temperature. Qutstanding AC performance
includes 48.5dB S/(N + D) and 62dB THD with a 1MHz
input; 47.5dB S/(N + D) and 59dB THD at the Nyquist input
frequency of 10MHz.

The unique differential input sample-and-hold can acquire
single-ended or differential input signals up to its 250MHz
bandwidth. The 60dB common mode rejection allows
users to eliminate ground loops and common mode noise
by measuring signals differentially from the source.

The ADC has an 8-bit parallel output port with separate
power supply and ground allowing easy interface to 3V
digital systems. The pipelined architecture has five clock
cycles of data latency.

ALY, LTC and LT are registered trademarks of Linear Technology Corporation.
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LTC 1406

ABSOLUTE MAXIMUM RATINGS

AVDD = OVDD = DVDD = VDD (NOIES 1, 2)

PACKAGE/ORDER INFORMATION

Supply Voltage (Vpp) .eeeeeeeeeeeeeeeeeeineereeeseeerissiensenees 6V TOP VIEW ORDER PART
Analog Input Voltage (Note 3) ... - 0.3V to (Vpp + 0.3V) onp [T 24] ik NUMBER
Digital Input Voltage (Note 4) .................. -0.3Vto 10V Ovpp [2] 23] OF/UF
Digital Output Voltage.................. ~0.3V to (Vpp + 0.3V) srion (3] 22] 07 LTC1406CGN
POWETr DiSSIPALION ... 500mW Vans (4] 21] o8 LTC14061GN
Operation Temperature Range AZ:IE[: % % ij
LTC1406C.........ccovrirereeieceeeeercienns 0°C to 70°C i 7] 73] 3
LTC14061 .........coeeereiieceeeecieieins -40°C to 85°C "
an (8] [17] D2
Storage Temperature Range ................. -65°C to 150°C oo [3] 55 o1
. DD
Lead Temperature (Soldering, 10 S€C).................. 300°C achD [10] 5] po
DGND [11] [14] NC
DVpp [12] 13] Ne
GN PACKAGE
24-LEAD PLASTIC SSOP
Tymax = 110°C, 84 = 95°C/W
Consult factory for Military grade parts.
CONVERTER CHARACTERISTICS (Notes 5, 6)
PARAMETER CONDITIONS MIN TYP MAX UNITS
Resolution (No Missing Codes) o 8 Bits
Integral Linearity Error (Note 7) o +0.5 +1 LSB
Differential Linearity Error o +0.25 +1 LSB
Offset Error (Note 8) o +1 +8 LSB
Gain Error With External 2.5V Reference +1 15 LSB
ANALOG INPUT (Notes)
SYMBOL | PARAMETER CONDITIONS MIN TYP MAX UNITS
Vin Analog Input Span [(Ain*) — (Ajy7)] (Note 9) | 4.75V < Vpp <5.25V o +1 Vv
Input (A;y* or Aiy") Range Voltage On Either Ayt or Ajy~ o 0 Voo Vv
m Analog Input Leakage Current CLK=0 . +5 PA
Cin Analog Input Capacitance CLK =1 4 pF
CLK=0 2 pF
Input Bandwidth 250 MHz
tap Sample-and-Hold Aperture Delay Time 3 ns
titter Sample-and-Hold Aperture Delay Time Jitter 5 PSRMS
CMRR | Analog Input Common Mode Rejection Ratio | —2.5V < (A~ = Aiyt) < 2.5V 60 dB
VBias Internal Bias Voltage No Load 2.2 V
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DYNAMIC ACCURACY  (Note5)

SYMBOL | PARAMETER CONDITIONS MIN TYP MAX UNITS
S/(N + D) | Signal-to-Noise Plus Distortion Ratio 1MHz Input Signal 48.5 dB
10MHz Input Signal 475 dB
THD Total Harmonic Distortion 1MHz Input Signal, First 5 Harmonics -62 dB
10MHz Input Signal, First 5 Harmonics -59 dB
SFDR Spurious Free Dynamic Range 1MHz Input Signal 63 dB
10MHz Input Signal 60 dB
IMD Intermodulation Distortion fing = 3.4MHz, fiyo = 3.5MHz 60 dB
DIGITAL INPUTS AND OUTPUTS  (Note 5)
SYMBOL | PARAMETER CONDITIONS MIN TYP MAX UNITS
m High Level Input Voltage Vpp=5.25V o 2.4 Vv
ViL Low Level Input Voltage Vpp =4.75V o 0.8 V
In Digital Input Current Vin=0Vto Vpp o +5 PA
Ciy Digital Input Capacitance 5 pF
Vou High Level Output Voltage Vpp =4.75Y, Ig=-10pA 45 V
Vpp = 4.75V, Ig = —200pA . 4.0 V
VoL Low Level Qutput Voltage Vpp =4.75V, Ig = 160pA 0.05 V
Vpp =4.75V, Ig = 1.6mA . 0.10 0.4 Vv
Isource | Output Source Current Voyr =0V -20 mA
IsiNk Output Sink Current Vout = Vop 30 mA
POWER REQUIREMENTS (Notes)
SYMBOL | PARAMETER CONDITIONS MIN TYP MAX UNITS
AVpp Analog Positive Supply Voltage (Note 10) 4.75 5.25 V
DVpp Digital Positive Supply Voltage (Note 10) 4.75 5.25 V
OVpp Output Positive Supply Voltage (Note 10) 2.7 5.25 v
VBias Internal Bias Voltage When Externally Driven (Note 10) 1.9 2.2 2.5 V
VRer Reference Voltage (Note 10) 2 2.5 V
OGND Output Ground (Note 10) 0 Vv
Iop Positive Supply Current AVpp = DVpp = OVpp =5V, fgmpL = 20MHz . 30 40 mA
Pp Power Dissipation o 150 200 mW
Power Down Positive Supply Current SHDN = 0V, CLK = Vpp or 0 1 10 pA
Power Down Power Dissipation SHDN = 0V, CLK = Vpp or 0 5 50 pW
TIMING CHARACTERISTICS (note 5)
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
fsmpL(MAX) Maximum Sampling Frequency o 20 MHz
1y Clock Period (Notes 11, 12) o 50 ns
to Pulse Width High (Notes 11, 12) o 25 ns
i3 Pulse Width Low (Notes 11, 12) o 25 ns
iy Output Delay Cp = 15pF 15 25 ns
tg Pipeline Delay 5 Cycles
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TIMING CHARACTERISTICS  (note 5)

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
tg Aperture Delay 3 ns
Aperture Jitter 5 PSRMS

The e denotes specifications which apply over the full operating
temperature range; all other limits and typicals TA = 25°C.

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

Note 2: All voltage values are with respect to ground with DGND, OGND
and AGND wired together (unless otherwise noted).

Note 3: When these pin voltages are taken below ground or above Vpp,
they will be clamped by internal diodes. This product can handle input
currents greater than 100mA below ground or above Vpp without latchup.
Note 4: When these pin voltages are taken below ground they will be
clamped by internal diodes. This product can handle input currents greater
than 100mA below ground without latchup. These pins are not clamped to
Note 5: Vpp = 5V, fgypL = 20MHz and t; = t; = 2ns unless otherwise
specified.

Note 6: Linearity, offset and full-scale specifications apply for a single-
ended Ajy* input with Ay~ tied to Vpgr = 2.5V.

Note 7: 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 8: Bipolar offset is the offset voltage measured from —0.5LSB
when the output code flickers between 0111 1111 and 1000 0000.

Note 9: Guaranteed by design, not subject to test.
Note 10: Recommended operating conditions.
Note 11: The falling CLK edge starts a conversion.

Note 12: At the maximum conversion rate, deviation from a 50% duty
cycle results in interstage settling times <25ns and performance may
be affected.
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PIN FUNCTIONS

OGND (Pin 1): Digital Data Output Ground. Tie to analog
ground plane. May be tied to logic ground if desired.

OVpp (Pin 2): Digital Data Output Supply. Normally tied to
9V, can be used to interface with 3V digital logic. Bypass
to OGND with 10pF tantalum in parallel with 0.1uF or 10pF
ceramic.

SHDN (Pin 3): Power Shutdown Input. Logic low selects
shutdown.

Vgias (Pin4): Internal Bias Voltage. Internally setto 2.2V.
Bypass to analog ground plane with 10uF tantalum in par-
allel with 0.1pF or 10pF ceramic.

VRer (Pin 5): External 2.5V Reference Input. Bypass to
analog ground plane with 10uF tantalum in parallel with
0.1uF or 10pF ceramic.

AGND2 (Pin6): Analog Ground. Tietoanalog ground plane.

Ay* (Pin 7): £1V Input. The maximum output code
occurs when [(Aint) = (Aiy7)] = 1V. The minimum output
code occurs when [(An) — (Ay7)] =—1V.

Ay~ (Pin 8): £1V Input. The maximum output code
occurs when [(Aint) = (Aiy7)] = 1V. The minimum output
code occurs when [(Ant) — (An7)] = —1V. For single-
ended operation, tie Ay~ to a DC voltage (e.g., VRep)-

AVpp (Pin 9): Analog 5V Positive Supply. Bypass to ana-
log ground plane with 10uF tantalum in parallel with 0.1pF
or 10pF ceramic.

AGND (Pin 10): Analog Ground. Tie to analog ground
plane.

DGND (Pin 11): Digital Ground for Internal Logic. Tie to
analog ground plane.

DVpp (Pin12): Digital 5V Positive Supply. Bypassto DGND
with 10pF tantalum in parallel with 0.1uF or 10pF ceramic.

NC (Pins 13, 14): No Internal Connection.

D7 to DO (Pins 15 to 22): Digital Data Outputs. The out-
puts swing between 0Vpp and OGND.

OF/UF (Pin 23): Overflow/Underflow Bit. OF/UF high with
D7 to DO all highindicates an overrange, OF/UF high with
D7toDO0alllowindicates an underrange condition. OF/UF
low indicates a conversion within the normalinput range.
The outputs swing between OVpp and OGND.

CLK (Pin24): Clock Input. Internal sample-and-hold tracks
the input signal when CLK is high and samples the input
signal on the falling edge.
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APPLICATIONS INFORMATION

Conversion Details

The LTG1406 usesaninternal sample-and-hold circuitand
a pipeline quantizing architecture to convert an analog
signal to an 8-bit parallel output. With CLK high the input
switches are closed and the analog input will be acquired
on the input sampling capacitors Cg (see Figure 1).

Onthe falling edge of CLK the input switches open, captur-
ing the input signal. The sampling capacitors are then
shorted together and the charge is transferred to the hold
capacitors Cy resulting in a differential DC voltage on the
output of the track-and-hold amplifier that is proportional
to the input signal. This differential voltage is fed into a
comparator that determines the most significant bit and
subtracts the result. The residue is then amplified by two
and passed to the next stage viaa similar sample-and-hold
circuit. This continues down the eight pipeline stages. The
comparator outputs are then combined in a digital error
correction circuit. The 8-bit word is available at the output,
five clock cycles after the sampling edge.

0—| I—O
C
CLK 1
An' [ + —

CLK/  ¢g CLK Z TO NEXT STAGE

_ CLK |

AN —M—g—l | - —
0—| I—O

o0 1406 FO1
CLK

Figure 1. Input Sample-and-Hold Amplifier

Dynamic Performance

The LTC1406 has excellent wideband sampling capability.
The sample-and-hold amplifier has a small-signal input
bandwidth of 250MHz allowing the ADC to undersample
input signals with frequencies well beyond the converter’s
Nyquist frequency. FFT (Fast Fourier Transform) test tech-
niques are used to test the ADC’s frequency response,
distortion and noise at the rated throughput. By applying

alow distortion sine wave and analyzing the digital output
using an FFT algorithm, the ADC’s spectral content can be
examined for frequencies outside the fundamental.

Signal-to-Noise Ratio

The signal-to-noise plus distortion ratio [S/(N + D)] is the
ratio between the RMS amplitude of the fundamental input
frequency and the RMS amplitude of all other frequency
components at the ADC output. The output is band limited
to frequencies above DC to below half the sampling fre-
quency. The effective number of bits (ENOBs) is a mea-
surement of the resolution ofan ADC and is directly related
to the S/(N + D) by the equation:

ENOB = [S/(N + D) - 1.76]/6.02

where ENOB is the effective number of bits and S/(N + D)
isexpressedindB. Atthe maximum sampling rate of 20MHz
the LTC1406 maintains near ideal ENOBs up to and be-
yond the Nyquistinput frequency of 10MHz (see Figure 2).
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Figure 2. Effective Bits and Signal-to-(Noise + Distortion)
vs Input Frequency

Total Harmonic Distortion

Total harmonic distortion is the ratio of the RMS sum of all
harmonics oftheinput signal to the fundamentalitself. The
out-of-band harmonics alias into the frequency band be-
tween DC and half the sampling frequency. THD is ex-
pressed as:
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APPLICATIONS INFORMATION

\/V22+V§+V42+. V2
Vi

THD =20 log

where V4 is the RMS amplitude of the fundamental fre-
quency and Vs, through V,, are the amplitudes of the sec-
ond through nth harmonics. The LTC1406 has good
distortion performance up to the Nyquist frequency and
beyond.

Intermodulation Distortion

If the ADC input signal consists of more than one spectral
component, the ADC transfer function nonlinearity can
produce intermodulation distortion (IMD) in addition to
THD. IMD is the change in one sinusoidal input caused by
the presence of another sinusoidal input at a different fre-
quency.

If two pure sine waves of frequencies f, and f, are applied
to the ADC input, nonlinearities in the ADC transfer func-
tion can create distortion products at the sum and differ-
ence frequencies of mf £nf,, wheremandn=0,1, 2, 3,
etc. Forexample, the 2nd order IMD terms include (f5 + fp).
If the two input sine waves are equal in magnitude, the
value (in decibels) of the 2nd order IMD products can be
expressed by the following formula:

Amplitude at (f; + y)
Amplitude at f,

IMD(f, + fo) =20 log

Peak Harmonic or Spurious Noise

The peak harmonic or spurious noise is the largest spec-
tral component excluding the input signal and DC. This
value is expressed in decibel relative to the RMS value of
a full-scale input signal.

Input Bandwidth

The input bandwidth is that input frequency at which the
amplitude of the reconstructed fundamental is reduced by
3dB for a full-scale input signal. The LTC1406 has been
designed for wide input bandwidth (250MHz), allowing
the ADC to undersample input signals with frequencies

above the converter’s Nyquist frequency. The noise floor
stays very low at high frequencies; S/(N + D) becomes
dominated by distortion at frequencies far beyond Nyquist.

Analog Inputs

The LTC1406 has a unique differential sample-and-hold
circuit that allows rail-to-rail inputs. The A* and Ay~
inputs are sampled at the same time and the ADC will
always convert the difference of [(Ajn*) — (Ajy7)] indepen-
dent of the common mode voltage. Any unwanted signal
thatis common to both inputs will be rejected by the com-
mon mode rejection of the sample-and-hold circuit. The
common mode rejection holds up to extremely high fre-
quencies

The inputs can be driven differentially or single-ended. In
differential mode, both inputs are driven +0.5V out of
phase with each other. In single-ended mode, the nega-
tive input is tied to a fixed voltage and Ajy* is used as the
single input providing a+1V bipolar input range centered
around A;y~. Likewise, Ajy* can be tied to a fixed voltage
and Ay~ used as the single input. In any configuration the
maximum output code (1111 1111) occurs when [(An*)
- (Ay7)] =1V and the minimum output code (0000 0000)
occurs when [(An®) = (Ay7)] =-1V.

Each analog input can swing from ground to Vpp but not
beyond. Therefore, the input common mode voltage can
range from 0.5V to 4.5V in differential mode and from 1V
to 4V in single-ended mode.

As an example, with Ay~ connected to the VRgg pin (2.5V)
the input range will be 1.5V to 3.5V (see Figure 3a). To
achieve otherranges the input may be capacitively coupled
to achieve a 2V span with virtually any common mode
voltage (see Figure 3b).

ANALOG INPUT An*

ANALOG INPUT At
1.5V T0 3.5V IN

2V SPAN
LTC1406

£ A~ AN~
2.5V VRer 2.5V VREF

1406 F03a 1406 FO3b

Figure 3b. AC Coupled

LTC1406

Figure 3a. DC Coupled
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Toachieve other input spans, the reference voltage (Vrgr)
canvary between 2V to 3V. The Vrgr pin can also be driven
with a DAC or other means. This is useful in applications
where the peak input signal amplitude may vary. The input
span of the ADC can then be adjusted to match the peak
input signal, maximizing the signal-to-noise ratio.

The analog inputs of the LTC1406 are easy to drive. The
inputs draw only one small current spike while charging
the sample-and-hold capacitors followingarising CLK edge.
While CLK is low the analog inputs draw only a small leak-
age current. If the source impedance of the driving circuit
is low, then the LTC1406 inputs can be driven directly. As
source impedance increases, so will acquisition time. For
minimum acquisition time with high source impedance, a
buffer amplifier should be used. The only 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 25ns for full throughput rate).

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 (<50Q) 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 out-
put impedance at 50MHz must be less than 50Q. The
second requirementisthatthe closed-loop bandwidth must
be greater than 70MHz to ensure adequate small-signal
settling for full throughput rate.

The following list is a summary of the op amps that are
suitable for driving the LTC1406. More detailed informa-
tion is available in the Linear Technology Databooks and
on the LinearView™ CD-ROM.

LT®1223: 100MHz Video Current Feedback Amplifier. 6mA
supply current. £5V to £15V supplies. Low distortion at
frequencies above 400kHz. Low noise. Good for
AC applications.

LinearView is a trademark of Linear Technology Corporation.

LT1227:140MHzVideo Current Feedback Amplifier. 10mA
supply current. £5V to £15V supplies. Lowest distortion
at frequencies above 400kHz. Low noise. Best for AC
applications.

LT1229: Dual and Quad 100MHz Current Feedback Ampli-
fiers. £2V to +15V supplies. Low noise. Good AC specifi-
cations, 6mA supply current each amplifier.

Input/Output Characteristics

Figure 4 shows the ideal input/output characteristics for
the LTC1406. The code transitions occur midway between
successive integer LSB values (i.e., —FS + 0.5LSB, —FS +
1.5LSB, —FS + 2.5LSB...FS — 1.5LSB, FS - 0.5LSB). The
output s straight binary with 1LSB = FS - (—FS)/256 = 2V/
256=7.8125mV. The OF/UF bitindicates thatthe input has
exceeded full scale and can be used to detectan overrange
or underrange condition. A logic high output on the OF/UF
pin with an output code of 0000 0000 indicates the input
is less than the negative full scale. A logic high output on
the OF/UF pin with an output code of 1111 1111 indicates
that the input is greater than the positive full scale. A logic
low output on the OF/UF pin indicates the input is within
the full-scale range of the converter.

OF/UF BIT

111 1111
11111110
1111101 |

w1000 0001 |-

gmoooooo

E 0111 1111

301111110 |
0000 0010 |-
0000 0001
0000 0000

-FS -1.0 1 FS-1LSB
LSB LSB

INPUT VOLTAGE (V)

1406 F04

Figure 4. LTG1406 Transfer Characteristics
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In applications where absolute accuracy is important, off-
set and full-scale errors can be adjusted to zero. Offset
error must be adjusted before full-scale error. Zero offset
isachieved by adjusting the offsetapplied tothe Ay~ input.
For zero offset error, apply a voltage equal to the input
common mode voltage minus 3.90625mV (i.e.,—0.5LSB)
and adjust the offset at the Ay~ input until the output code
flickers between 0111 1111 and 1000 0000. For full-scale
adjustment, an input voltage equal to the input common
mode voltage plus 988.28125mV (i.e., FS — 1.5LSBs) is
applied to Ayt and the Vggr input is adjusted until the
output code flickers between 1111 1110 and 1111 1111,

Clock

The LTC1406 requires a 50% duty cycle clock. The duty
cycle should be timed from the nominal threshold of the
CLK input which is 1.9V. At conversion speeds below the
maximum conversion rate of 20MHz, the duty cycle can
deviate from 50% with no degradation in performance as
long as each clock phase is at least 25ns long. At the
maximum conversion rate, deviationfroma50% duty cycle
clock results in interstage settling times of <25ns and
performance may be affected.

With the CLK pin high, the ADC will track the difference of
the two analog inputs. On the falling edge of CLK the input
is sampled and the conversion begins. At the end of five
clock cycles (on the fifth falling CLK edge following the
start of conversion) the data from the conversion will be
available at the digital outputs until the next falling CLK
edge. Each falling edge of CLK starts a new conversion so
successive conversion results are available on successive
falling CLK edges.

While the falling edge starts the conversion, both rising
and falling edges are used internally during the conver-
sion. Itistherefore important to provide a clock signal that
has low jitter and fast rise and fall times (<2ns). Much of
theinternal circuitry operates dynamically limiting the mini-
mum conversion rate to 10kHz. To ensure proper opera-
tion after power is firstapplied, or the clock stops for more
than 100ps, a minimum of 20 clock cycles must be per-
formed to a sample rate above 10kHz before the output
data will be valid.

Power Shutdown

The quiescent power of the LTC1406 can be further
reduced between conversions by taking the SHDN pin low.
This powers down all of the internal amplifiers and bias
circuitry and the part draws only a small quiescent current
of 1A from the 5V supply. During shutdown the clock
input should be stopped to eliminate unnecessary internal
digital switching current. There is a nominally 4k internal
resistor between Vggr and AGND2 that will continue to
draw current during shutdown as long as Vggr is driven.
Toresume normal operation, the SHDN pin must be brought
high and typically 20 clock cycles must be performed at a
sample rate above 10kHz before the output data will be
valid.

Board Layout and Bypassing

Wire wrap boards are not recommended for high resolu-
tion or high speed A/D converters. To obtain the best per-
formance from the LTC1406, a printed circuit board with
ground plane is required. Layout for the printed circuit
board should ensure that digital and analog signal lines are
separated as much as possible. In particular, care should
be taken not to run any digital track alongside an analog
signal track or underneath the ADC.

An analog ground plane separate from the logic system
ground should be established under and around the ADC.
Pin 1 (OGND), Pin 6 (AGND), Pin 10 (AGND) and Pin 11
(ADC’s DGND) and all other analog grounds should be
connected to this single analog ground point. The Vg,
VRer, DVpp and OVpp bypass capacitors should also be
connected to this analog ground plane. No other digital
grounds should be connected to this analog ground plane.
In some applications it may be desirable to connect the
OVpp to the logic system supply and OGND to the logic
system ground. In these cases OVpp should be bypassed
to OGND instead of the analog ground plane.

Low impedance analog and digital power supply common
returns are essential to low noise operation of the ADC and
the foil width for these tracks should be as wide as pos-
sible. In applications where the ADC data outputs and
control signals are connected to a continuously active
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microprocessor bus, it is possible to get errors in the con-
version results. These errors are due to feedthrough from
the microprocessor to the comparators. The problem can
be eliminated by forcing the microprocessor into a wait
state during conversion or by using three-state buffers to
isolate the ADC data bus.

The LTC1406 has differential inputs to minimize noise cou-
pling. Common mode noise on the Ayt and Ay~ leads will
be rejected by the input CMRR. The LTC1406 will hold and
convert the difference voltage between Ajy*and Ay~ The
leads to A;y* (Pin 7) and Ay~ (Pin 8) should be kept as
short as possible. In applications where this is not pos-
sible, the Ay and Ay~ traces should be run side by side
to equalize coupling.

Supply Bypassing

High quality, low series resistance ceramic, 10uF bypass
capacitors should be used at the Vpp, Vgm and Vggr pins
as showninthe Typical Application on the first page of this
data sheet. Surface mount ceramic capacitors such as
Murata GRM235Y5V106Z016 provide excellent bypass-
ing in a small board space. Alternatively, 10uF tantalum
capacitorsin parallel with 0.1F ceramic capacitors can be
used. Bypass capacitors must be located as close to the
pins as possible. The traces connecting the pins and the
bypass capacitors must be kept short and should be made
as wide as possible.
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PHCKHGE DESCRIPTIOI‘I Dimensions in inches (millimeters) unless otherwise noted.

GN Package
24-Lead Plastic SSOP (Narrow 0.150)
(LTC DWG # 05-08-1641)

0.337 - 0.344*
(8.560 - 8.738)

24 23 22 21 20 19 18 17 16 15 14 13

H

0.229 - 0.244 0.150 — 0.157**
(5.817 - 6.198) (3.810 - 3.988)

===

10 11 12

] e %{??84 x 45° 0.053 - 0.068 0.004 - 0.0098
(0.38+0.10) (1.351-1.727) (0.102-0.249)
0.007 - 0.0098 0°—8° TYP
&% -1 vy T
A »‘ ‘« 0.016 - 0.050 4 0008-0012 | | | |, 002 i
(0.406 - 1.270) (0.203 - 0.305) (0.635)
BSC

* DIMENSION DOES NOT INCLUDE MOLD FLASH. MOLD FLASH
SHALL NOT EXCEED 0.006" (0.152mm) PER SIDE GN24 (SSOP) 1197
**DIMENSION DOES NOT INCLUDE INTERLEAD FLASH. INTERLEAD
FLASH SHALL NOT EXCEED 0.010" (0.254mm) PER SIDE



LTC 1406

RELATED PARTS
PART NUMBER | DESCRIPTION COMMENTS
ADCs
LTC1196/LTC1198 Single Supply, 8-Bit, 1Msps/750ksps ADCs Single 3V or 5V Supply, Low Power, Serial Interface, SO-8 Package
LTC1197/LTC1199 Single Supply, 10-Bit, 500ksps ADCs Single 3V or 5V Supply, Low Power, Serial Interface, SO-8 Package
LTC1410 12-Bit, 1.25Msps Sampling ADC with Shutdown Best Dynamic Performance, THD = 84dB and SINAD = 71dB at Nyquist
LTC1415 Single 5V, 12-Bit, 1.25Msps ADC Single Supply 55mW Dissipation
LTC1419 14-Bit, 800ksps Sampling ADC with Shutdown 81.5dB SINAD, 150mW from +5V Supplies
LTC1604 16-Bit, 333ksps ADC 90dB SINAD, 100dB THD, 250mW Dissipation
LTC1605 Single 5V, 16-Bit, 100ksps ADC Low Power, +10V Inputs
DACs
LTC1446/LTC1446L Dual 12-Bit Vgyt DACs in SO-8 Package LTC1446: Ve = 4.5V to 5.5V, Vgyr = 0V to 4.095V
LTC1446L: Vgp = 2.7V 10 5.5V, Vour = 0V to 2.5V
LTC1448 Dual 12-Bit Rail-to-Rail Output DAC in SO-8 Package | Vgg = 2.7V to 5.5V, Output Swings from GND to REF, REF Input Can Be
Tied to Vg
LTC1458/LTC1458L Quad 12-Bit Rail-to-Rail Output DACs LTC1458: Voo = 4.5V to 5.5V, Vgyt 0V t0 4.095V
LTC1458L: Vgg = 2.7V 10 5.5V, Vour = 0V to 2.5V
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