:‘4 OPTICHRON OM1400A-105

14 Bit, 105 MSPS ADC Module

Analog-to-Digital Converter Module with Turbolinear™ Technology

Description Features

The OM1400A-105 is a high-speed and high-perfor-  « 14-bit resolution, 105 MSPS sampling rate

mance analog-tt_)-digital c_onve_rter rT_loduIe optimi;gd_ to - IF sampling to 205 MHz

achieve exceptionally high linearity when digitizing

signals at very high IF. The module has a maximum  * SFDR: 90dBc typical for one-tone 105-145 MHz fiy
sampling rate of 105 MSPS and is primarily built around measured at -1 dBFS peak amplitude

Optichron’s Linearizer with Turbolinear™ technology in . SNR: 70 dBFS typical for one-tone 105-145 MHz fy
addition to a 14-bit AD6645 analog-to-digital converter, measured at -1 dBFS peak amplitude

and an AD8351 buffer amplifier, which provides a
buffered, single-ended, 50 ohm input. The module
output is a digitized signal optimized for up to 25 dB « Single-ended, 50-ohm analog input buffer

improvement in SFDR when sub-sampling signals in . .
the 2Md 31 gng 4th Nyquist Zones. Selectable 2s complement or binary outputs

The OM1400A-105 iis targeted at a wide variety of appli-  * -3Y CMOS compatible
cations requiring high linearity. + Output clock for data output latching

» 5dBm full-scale input power

» Module power dissipation: 2.8W
» BGA footprint

Applications

* Multi-channel, multi-mode receivers
» Base station transceiver

» Communications instrumentation

» Test and measurement

» Radar, infrared imaging
 High-resolution medical imaging

* Power amplifier linearization

» Software defined radio
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OM1400A-105 14 Bit, 105 MSPS ADC Module

Absolute Maximum Ratings

Absolute Maximum Ratings

Absolute maximum ratings are over operating free-air temperature range unless otherwise noted.
Table 1: Absolute Maximum Ratings

Parameter Min Max Units
Electrical
Analog Input Voltage 6 \%
Digital Core Voltage 2 \%
Digital 1/0 3.6 \Y
Digital Output Current 30 mA
Analog Core Voltage 6 \Y
Environmental
Junction Temperature +125 °C
Operating Temperature Range =10 +85 °C
Storage Temperature Range =50 +150 °C

Caution: Stresses above those listed in Absolute Maximum Ratings may cause permanent damage to the device. Exposure to
absolute maximum conditions for extended periods may degrade device reliability. These are stress ratings only; func-
tional operation of the device at these or other conditions beyond those in the operational section of this specification is
not implied.

ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000V readily accumulate on the human
body and test equipment and can discharge without detection. Permanent damage may occur on devices subjected to
high energy electrostatic discharges. Therefore, proper ESD precautions are recommended to avoid performance degra-
dation or loss of functionality.
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OM1400A-105 14 Bit, 105 MSPS ADC Module

DC Specifications

DC Specifications

(Typical, min, max values at T = 25°C, AAV¢ = AVc = 5V, DVe33 = DVeepas = 3.3V, DV g = 1.8V; sampling rate =
105 MSPS with 50% clock duty cycle with -1dBFS analog signal input unless otherwise noted.)

Table 2: DC Specifications

Parameter Notes Min Typical Max Units
Resolution 14 Bits
Accuracy
No Missing Codes Guaranteed
Offset Error -75 +75 LSB
Offset Error Drift 1.5 ppm/°C
Analog Input
Input Voltage Range Fullscale 1.1 Vp-p
Input Return Loss 50 ohm system 20 dB
Analog 5.0V Supply Voltage? AVee, AAVgep |4.75 5.00 5.25 Vv
Analog 5.0V Supply Current Total 303 352 mA
AAVccp Supply 28 32 mA
AV Supply 275 320 mA
Digital 3.3V Supply Voltage® DVcc33DVecrss [3.0 3.3 3.6 V
Digital 3.3V Supply Current Total 106 137 mA
Total DV¢c33 Supply 106 119 mA
Flash Read Operation DVccgas Supply 14 18 mA
Flash Stand-by DVcEss Supply 0.025 0.05 mA
Digital 1.8V Supply Voltage DVce1s 1.72 1.80 1.88 Vv
Digital 1.8V Supply Current 500 650 mA
Module
Power Dissipation 2.8 w
Digital Core Power 900 mwW
a. Optimal performance is achieved by keeping the analog supply voltage within 1% of 5.00V.
b. Optimal performance is achieved by keeping the digital supply voltage within 5% of 3.30V.
Optichron Inc., Copyright 2006 004-0001-02 Revision 0.4 June 2006 3



OM1400A-105 14 Bit, 105 MSPS ADC Module

Digital Specifications

Digital Specifications

(AAVCC = AVCC = 5V, DVCC33 = DVCCF33 = 3.3V, DVCC18 = 1.8V; TMIN and TMAX at rated Speed grade unless
otherwise noted.)

Table 3: Digital Specifications

Parameter (Conditions) Notes Minimum Typical Maximum Units
Logic Inputs
Logic 1 Voltage 2.2 3.6 \%
Logic 0 Voltage 0.0 1.0 \%
Logic Outputs \%
Logic Compatibility CMOS
Logic 1 Voltage (DV¢ = 3.3V) 2.7 3.6 \Y
Logic 0 Voltage (DV¢c = 3.3V) 0.0 0.5 \Y
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OM1400A-105 14 Bit, 105 MSPS ADC Module

Switching Specifications

Switching Specifications

(AAVCC = AVCC = 5V, DVCC33 = DVCCF33 = 33V, DVCC18 = 18V, CLOAD 10 pF)
Table 4: Switching Specifications

Parameter (Conditions) Name Minimum Typical Maximum Units
Conversion Rate @ MSPS
OM1400A-1050NZx 100 105
OM1400A-1000NZx 95 100
OM1400A-0950NZx 90 95
OM1400A-0900NZx 85 90
ClkinP, CIkInN Inputs
Differential Input Voltage® 0.4 Vp-p
Differential Input Resistance 10 kQ (kOhm)
Differential Input Capacitance 25 pF
CIkInP, CIkInN Input Parameters
Clock Period® toin 10.0 1000 ns
Clock Pulsewidth High toINHI 4.0 5.0 ns
Clock Pulsewidth Low tcinLo 4.0 5.0 ns
50% Duty Cycle for Optimum Performance
CIkOut/DATA (D13:0)
ClkOut Rising to DATA (Hold Time) ty_cLkout 2.0 ns
ClkOut Rlsmg to DATA (Setup Tlme) tS_CLKOUT 2.0 ns
Latency 55 clocks
Aperture Delay tp =500 ps
Aperture Jitter 0.1 ps rms

a. The ‘X’ in NZx refers to the Nyquist zone versions 2, 3, or 4 of the product. Each part number is calibrated at the maximum
listed specification where the best performance is obtained. It is highly recommended that the module is operated at
that rate. For a complete part number listing, see Ordering Guide on page 26.

b. Refer to the Applications Information “Clock Input” section on page 17 for optimal clocking conditions.

c. If the maximum clock period is exceeded or if the minimum pulsewidth is exceeded, the reset signal must be asserted.

Optichron Inc., Copyright 2006 004-0001-02 Revision 0.4 June 2006 5




OM1400A-105 14 Bit, 105 MSPS ADC Module

Timing Diagram

Timing Diagram

Figure 1. Timing Diagram
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OM1400A-105 14 Bit, 105 MSPS ADC Module

AC Specifications

Table 5: Nyquist Zone 2 (52.5-105 MHz, Temp = 25°C, fs = 105 MSPS)

AC Specifications

Parameter (Conditions) Notes Minimum Typical Maximum Units
SNR (input at -1 dBFS)

fin = fmin + 5%fs 70 dB

fin = (fmax + fmin)/2 70 dB

fin = fmax — 5%fs 70 dB
SINAD (input at -1 dBFS)

fin = fmin + 5%fs 70 dB

fin = (fmax + fmin)/2 70 dB

fin = fmax — 5%fs 70 dB
SFDR (input at -1 dBFS)

fin = fmin + 5%fs 92 dBFS

fin = (fmax + fmin)/2 91 dBFS

fin = fmax — 5%fs 90 dBFS
Two Tone IMD (F1, F2 at -7 dBFS)

fin = {(fmax + fmin)/2} — 4.9 MHz TBD dBFS
{(fmax + fmin)/2} + 6.1 MHz
Two Tone SFDR

fin = {(fmax + fmin)/2} — 4.9 MHz TBD dB
{(fmax + fmin)/2} + 6.1 MHz
Analog Input Bandwidth 270 MHz
Accuracy

Gain Error TBD TBD dB

Gain Error Drift TBD ppm/°C
Power Supply Rejection
5.0V Supply TBD dB/V
3.3V Supply TBD dB/V
Note: ‘fs’is the sampling rate.

fmax = fs
fmin = fs/2

Optichron Inc., Copyright 2006
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OM1400A-105 14 Bit, 105 MSPS ADC Module

Table 6: Nyquist Zone 3 (105-157.5 MHz, Temp = 25°C, fs = 105 MSPS)

AC Specifications

Parameter (Conditions) Notes Minimum Typical Maximum Units
SNR (one-tone input at -1 dBFS)
fin = fmin + 5%fs 70 dB
fiy = (fmax + fmin)/2 70 dB
fin = fmax — 5%fs 69 dB
SINAD (input at -1 dBFS)
fin = fmin+5%fs 70 dB
fin = (fmax + fmin)/2 70 dB
fiy = fmax — 5%fs 69 dB
SFDR (one-tone input at -1 dBFS)
fin = fmin + 5%fs 87 dBc
fin = (fmax + fmin)/2 87 dBc
fin = fmax — 5%fs 87 dBc
Two Tone IMD (F1, F2 at -7 dBFS)
fiy =129.8757MHz; 152.347MHz 85 dBFS
Two Tone SFDR
fin = 126.349686MHz; 137.349686MHz 95 dB
-100dBF S<Ain<-2dBFS
Analog Input Bandwidth 270 MHz
Accuracy
Gain Error -0.9 0 0.7 dB
Gain Error Drift TBD ppm/°C
Power Supply Rejection
5.0V Supply 0.37 dB/NV
3.3V Supply 0.007 dB/V
Note: ‘fs’is the sampling rate.
fmax = 3fs/2
fmin = fs
8 004-0001-02 Revision 0.4 June 2006 Optichron Inc., Copyright 2006



OM1400A-105 14 Bit, 105 MSPS ADC Module

AC Specifications

Table 7: Nyquist Zone 4 (157.5-210 MHz, Temp = 25°C, fs = 105 MSPS)

Parameter (Conditions) Notes Minimum Typical Maximum Units
SNR (input at -1 dBFS)

fin = fmin + 5%fs 69 dB

fiy = (fmax + fmin)/2 69 dB

fin = fmax — 5%fs 68 dB
SINAD (input at -1 dBFS)

fin = fmin+5%fs TBD dB

fin = (fmax + fmin)/2 TBD dB

fin = fmax — 5%fs TBD dB
SFDR (input at -1 dBFS)

fin = fmin + 5%fs 87 dBc

fin = (fmax + fmin)/2 85 dBc

fin = fmax — 5%fs 85 dBc
Two Tone IMD (F1, F2 at -7 dBFS)

fin = {(fmax + fmin)/2} — 4.9 MHz TBD dBFS
{(fmax + fmin)/2} + 6.1 MHz
Two Tone SFDR

fin = {(fmax + fmin)/2} — 4.9 MHz TBD dB
{(fmax + fmin)/2} + 6.1 MHz
Analog Input Bandwidth 270 MHz
Accuracy

Gain Error TBD TBD dB

Gain Error Drift TBD ppm/°C
Power Supply Rejection
5.0V Supply TBD dB/V
3.3V Supply TBD dB/V
Note: ‘fs’is the sampling rate.

fmax=2fs
fmin=3fs/2
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OM1400A-105 14 Bit, 105 MSPS ADC Module

Typical Performance Characteristics (Nyquist Zone 3)

Typical Performance Characteristics (Nyquist Zone 3)

Figure 2. SFDR vs fy
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Figure 3. Single Tone (147.8MHz)
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Figure 4. Two Tone (110.7, 116.8MHz)
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OM1400A-105 14 Bit, 105 MSPS ADC Module

Typical Performance Characteristics (Nyquist Zone 3)

Figure 8. Three Tone (111.2, 115.0, 134.0MHz) Figure 10. Three Tone (111.2, 115.0, 134.0MHz)
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OM1400A-105 14 Bit, 105 MSPS ADC Module

Definition of Specifications

Analog Bandwidth

The analog input frequency at which the spectral power of
the fundamental frequency (as determined by the FFT
analysis) is reduced by 3 dB.

Aperture Delay

The delay in time between the falling edge of the input
sampling clock and the actual time at which sampling
occurs.

Aperture Uncertainty (Jitter)

The sample-to-sample variation in aperture delay.

Differential Input Voltage

The peak-to-peak differential voltage that must be applied
to generate a full scale response. The peak differential
voltage is calculated by measuring the voltage on one
input pin and subtracting the voltage on the other input pin
which is 180° out of phase. The peak to peak value is then
calculated by obtaining the voltages of the input pins with
the phases reverses and calculating the difference
between the peak measurements.

Differential Non Linearity (DNL)

The deviation of any code width from an ideal 1 LSB step.

Effective Number of Bits (ENOB)

An indication of the quality of an analog-to-digital
converter. ENOB can be calculated with the following
formula:

SINAD-1.76

ENOB = .02

Equation 1.

Gain Error

The amount of deviation (expressed in dB) between the
nominal input signal required to achieve -1dBFS at the
mid-point frequency of the Nyquist Zone and the
measured input signal power to achieve -1dBFS at any
given frequency in the specified Nyquist Zone.

Integral Non Linearity (INL)

The deviation of the transfer function from a reference line
measured in fractions of 1 LSB using a linear least
squares curves fit.

Definition of Specifications

Maximum Conversion Rate

The clock rate at which parametric testing is performed.

Minimum Conversion Rate

The clock rate at which the SNR of the lowest analog
signal frequency drops by no more than 3 dB below the
guaranteed limit.

Nyquist Zone

The product performance is specified for input
frequencies in three Nyquist zones. Typical performance
is delivered over the middle 80% of each Nyquist zone.

* Nyquist Zone 1: 0 - fg)»

* Nyquist Zone 2: fgs - fg

* Nyquist Zone 3: fg - 3f),

* Nyquist Zone 4: 3fg, - 2fg

* Nyquist Zone 5: 2fg - 5f)»

Offset Error

Offset error is the deviation of output code from mid-code
when both inputs are tied to common-mode.

Power Supply Rejection

The change in full scale from the value with the supply at
the minimum limit to the value with the supply at the
maximum limit measured at the mid-band frequency of
the Nyquist zone under test.

Propagation Delay
The delay between the input clock rising edge and the
time when all data bits are within valid logic levels.

Signal-to-Noise and Distortion (SINAD)

The ratio of the rms signal amplitude (set 1 dB below full
scale) to the rms value of the sum of all other spectral
components, including harmonics but excluding dc.

Signal-to-Noise Ratio (Without Harmonics)

The ratio of the rms signal amplitude (set at 1 dB below
full scale) to the rms value of the sum of all other spectral
components, excluding the first five harmonics and dc.

Spurious-Free Dynamic Range (SFDR)

The ratio of the rms signal amplitude to the rms value of
the peak spurious spectral component. The peak
spurious component may or may not be a harmonic.

12 004-0001-02 Revision 0.4 June 2006
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OM1400A-105 14 Bit, 105 MSPS ADC Module

Temperature Drift

As measured for offset or gain error, it specifies the
maximum change from the initial temperature value to the
value at Tyin or Tpax-

Total Harmonic Distortion (THD)

The ratio of the rms signal amplitude of the input to the
rms value of distortion appearing at multiples (harmonics)
of the input.

Two-Tone Intermodulation Distortion Rejection

The ratio of the rms value of either input tone to the rms
value of the worst third order intermodulation product;
reported in dBc.

Two-Tone SFDR

The ratio of the rms full scale input to the rms value of the
peak spurious component which may or may not be an
IMD product.

Definition of Specifications

Optichron Inc., Copyright 2006 004-0001-02 Revision 0.4 June 2006
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OM1400A-105 14 Bit, 105 MSPS ADC Module

Theory of Operation

The OM1400A-105 is an analog-to-digital converter
module with exceptional linearity. Its design provides the
user with an ultra-low distortion digital output enabling
high-performance applications in communications, test
and measurement, medical imaging, scientific and indus-
trial markets.

The module is comprised of a high-performance AD8351
buffer amplifier, AD6645 14-bit high-speed analog-to-
digital converter and Optichron's Linearizer with embedded
Turbolinear™ technology. Optichron's Linearizer performs
the signal linearization function.

Nonlinear distortion in analog-to-digital data conversion
applications is generated in both the buffer amplifier and
the analog-to-digital converter and results in undesired
harmonics and inter-modulation products that degrade
system performance. The phenomenon of nonlinear
distortion is very difficult to overcome because its sources
are modeled as higher-order mathematical functions that
can have many shapes and forms. The resulting nonlinear
signal interferes with the desired linear output. This inter-
ference is problematic as it can be continuous or discon-
tinuous, static or dynamic as well as temperature-
dependent.

Nonlinear distortion results in poor Spurious Free Dynamic
Range (SFDR) and Total Harmonic Distortion (THD).
Optichron's Linearizer operates on the digital output of the
ADG6645 to produce a linearized digital signal with a typical
25 dB improvement in SFDR and THD. Optichron's
Linearizer does not affect the AD6645’s output signal-to-
noise ratio.

OM1400A-105 ADC Module

The ADC, differential amplifier, Linearizer and the
supporting components that constitute the module are
assembled on a FR4 substrate that is 2.05" x 1.4" in
dimension. The bottom of the module has a ball grid array
with a pitch of 0.05". The module requires supply voltages
of 5V (analog), 3.3V (digital) and 1.8V (I/Os).

At the input to the module is the AD8351, a low distortion,
low noise differential amplifier that can be used in RF/IF
applications up to 2.2GHz. The module presents a single-
ended 50 ohm load to the driving circuit and hence needs
to be driven from a source capable of delivering +4 dBm
into 50 ohms. The AD8351 buffer amplifier converts the
single-ended input to a differential signal to drive the
AD6645 ADC directly. The buffer amplifier also provides
gain, isolation, source matching and a balanced input to
the AD6645 easing the drive requirements of the appli-
cation circuit.

Theory of Operation

The AD6645 is a monolithic 14-bit 105 MSPS pipelined
ADC with a typical SFDR of 89 dBc at 70 MHz fy. Due to
the dynamic nature of the nonlinear effects at higher input
frequencies and when a buffer amplifier is used to drive an
ADC, the degradation in linearity is typically greater with
the combination of the ADC and amplifier than with the
ADC alone.

A differential 2.2 Vp_p is applied at the input of the ADC.
Applying differential inputs provides a high common-mode
rejection of stray signals such as local oscillator feed
through, ground and power noise. The differential inputs
help enhance AC performance at high sample rates and
enable a very high usable input bandwidth which is
important in undersampling applications.

Nonlinear distortion in a typical pipelined ADC arises from
imbalances in component tolerances at many nodes in the
pipe, as well as from the actual nonlinear nature of circuit
elements such as amplifiers, resistors, capacitors or diode
effects on the chip. Unlike noise effects, nonlinear effects
are deterministic and reproducible and are a function of the
input signal and some external variables such as the input
impedance of the amplifier and the ADC, supply voltage
and temperature.

The Linearizer with Turbolinear™ technology is a high-
performance hard-wired signal processing engine
customized to handle nonlinear filtering operations. The
input to the Linearizer is the 14-bit parallel CMOS output of
the AD6645. While the input to the AD6645 can be in the
Nyquist zones 2, 3 or 4, the digital output is always aliased
to baseband as dictated by sampling theory. The Linearizer
performs nonlinear filtering operations in real-time on the
output of the AD6645 and provides a linearized version.
Typical improvements in SFDR are on the order of 25 dB.

Nearly every element in the analog signal path can cause
nonlinear distortion. However, distortion products grow
progressively worse as the signal amplitude increases. In
most applications the signal must be amplified significantly
to drive the ADC input, causing the signal to reach its
maximum amplitude at the input of the ADC. Therefore the
ADC and buffer amplifier typically contribute the most
distortion, limiting the overall system linearity. The
Linearizer is able to remove the nonlinear distortion
associated with these two components, thereby eliminating
a primary bottleneck to building highly linear systems. By
including a buffer amplifier with gain, the full scale power
required to drive the OM1400A-105 is reduced, easing the
burden of maintaining high linearity in the rest of the
system.

The following sections illustrate the performance of the
differential amplifier and ADC combination before and after
the Linearization process.

14 004-0001-02 Revision 0.4 June 2006
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OM1400A-105 14 Bit, 105 MSPS ADC Module

Performance Prior to Linearization

For a single tone at 72.7MHz, in the 2nd Nyquist zone at an
amplitude -1.25 dBFS the typical SFDR at the output of the
amplifier and ADC combination is 70.4dB.

Figure 11. Single Tone at 72.7MHz, 70.4dB (typ)
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For a single tone at 142.9MHz, in the 3rd Nyquist zone at an
amplitude -1.22 dBFS the typical SFDR at the output of the
amplifier and ADC combination is 67.9dB.

Figure 12. Single Tone at 142.7MHz, 67.8dB (typ)
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For a single tone at 170.7MHz, in the 4th Nyquist zone at an
amplitude -1.23 dBFS the typical SFDR at the output of the
amplifier and ADC combination is 65.5dB.

Figure 13. Single Tone at 170.7MHz, SFDR 65.5dB
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As illustrated above, the signal degradation due to nonlinear
distortion progressively increases in the higher Nyquist zones.

Theory of Operation

Performance After Linearization

In the 2nd Nyquist zone, the SFDR upon linearization is around
94.9dB typical, a 25dB improvement.

Figure 14. Single Tone at 72.7MHz, SFDR 94.9dB (typ)
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In the 3rd Nyquist zone, the SFDR upon linearization is around
90.5dB typical, a 22dB improvement.

Figure 15. Single Tone at 142.73 MHz, 90.5dB (typ)
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In the 4th Nyquist zone, the SFDR upon linearization is around
91.6dB typical, a 26 dB improvement.

LINC e L L

Figure 16. Single Tone at 170.7MHz, SFDR 91.6dB
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As shown in the plots above, the linearizer effectively cancels
nonlinear distortion in the relevant Nyquist zone enhancing the
linearity of the ADC and amplifier combination.

Optichron Inc., Copyright 2006

004-0001-02 Revision 0.4 June 2006 15



OM1400A-105 14 Bit, 105 MSPS ADC Module

System Benefits

High linearity enabled by the Linearizer with embedded-
Turbolinear™ technology offers several benefits in
various applications.

In IF sampling receivers, the Linearizer enables the
sampling of signals at higher IF thus resulting in the elimi-
nation of an IF stage. This reduces component count,
board area, filtering requirements, power dissipation, and
system cost while improving overall system reliability.

IF receivers using a single IF stage, the Linearizer allows
the use of low power buffer amplifiers while enhancing the
linearity and reducing system power consumption.

The improvement in SFDR that the Linearizer provides
helps a receiver discern a weak signal in the presence of
a strong interfering signal that otherwise would not be
recovered.

In wide band RF receiver applications, the nonlinearities
of the ADC and buffer amplifier introduce intermodulation
(IMD) products between different channels. This forces
the use of separate filters and ADCs for each channel.
Optichron’s Linearizer allows a single receive path to
handle multiple channels by eliminating the nonlinear
distortion and IMD products.

In test and measurement equipment, the Linearizer
enables highly linear digitized signal capture. This allows
for better characterization of high-speed mixed-signal
products.

Theory of Operation
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Applications Information

Clock Input

The user should make sure that the clock input signal is of
high quality; a low jitter, low phase noise source is
required to ensure optimal performance. Additionally, in
order to keep the accuracy of the 14-bit conversion, there
is a requirement to drive the clock inputs differentially and
to have the input signal AC coupled to the CIkInN and
CIkInP clock inputs. For a single-ended sinusoidal
reference signal, the conversion to differential can be
done with a transformer like the ADT4-1WT. Figure 17
shows a typical circuit where the clock is transformed from
single-ended to differential using an RF transformer. It is
recommended that the single-ended sinusoid have a
signal power of at least 13 dBm for best performance.
Narrow band-pass filtering of this sinusoid will help reduce
the jitter on this reference. The Schottky diodes across the
secondary of the transformer limits the noise into the clock
input pins and limits the voltage swing at the rails. It is
important that the differential clock signal lines be placed
closely together and that they are isolated from other
analog inputs and from digital outputs. This is the circuit
used on the OM1400A-105 Evaluation Board. Alternately,
a low-jitter differential ECL/PECL clock signal may be AC
coupled with series capacitors to the ClkinP and CIkinN
inputs.

Figure 17. Single-Ended to Differential Clock Input

1

Applications Information

Analog Input

The module provides a 50 ohm load AC input impedance,
therefore the user needs to provide a single-ended analog
input source capable of driving 50 Ohms at 4 dBm to
achieve full-scale. The module uses an AD8351 RF
Amplifier to convert the single-ended analog input to a
differential pair that drives the AD6645 Aln and Aln_n
inputs as shown in Figure 18. The module Aln input signal
is AC coupled to to the InHi input of the AD6645 while the
InLo input is AC coupled to ground. R24 is used as a
feedback resistor to balance the differential outputs and
R23 is used to set the gain.
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Figure 18. Single-Ended to Differential Analog Input
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Supplies and By-passing

Power supply characteristics are important in high perfor-
mance analog-to-digital converters. It is recommended
that linear power supplies be used or if switching power
supplies are used that they are appropriately shielded and
filtered to avoid introducing spurious signals into the ADC.
Both the 3.3V and 5.0V supplies should be turned on
simultaneously. The power on rise time of the power
supplies should be less than 45ms. Decoupling capacitors
need to be positioned as close to each power pins as
possible to minimize high frequency supply noise by satis-
fying local current demands. It is recommended to use
10%, 16V X7R 0603 0.1 uF and 20%,10V X7R 1206 10uF
capacitors for optimal results with the 0.1 uF being the
closest to the pin.

Grounding

To minimize the chance of digital switching creating
current coupling into analog ground, the recommendation
is to use a multi-layer board with a single ground plane. It
is also necessary to ensure that the digital and analog
sections are kept physically apart from each other and
that digital traces are not routed near or under unshielded
analog lines. The ADC module pin-out is such that this
can be straightforward. The ball rows 1-19 on the top side
of the module are allocated to analog functions, power
and ground and the ball rows from 20-39 on the bottom
side are all allocated to digital functions, power and
ground.

Applications Information

Digital Outputs

There are 13 data output pins that provide the digital
output from the Linearizer. The format of that output
(binary or 2s complement) is selected via the Binary/2s
input. The port is a standard 8-mA, 3.3V CMOS output.
Therefore, the digital outputs should be routed to
minimize capacitive loading and fan out (it is recom-
mended to use only one gate on each output line); for
example, to maintain a 2-ns edge, the total capacitance
on a given output line should not exceed 5 pF. Digital
output timing is maintained for loads up to 10 pF provided
the capacitive loading on data and clock lines are well
matched. External series resistors on the output lines are
included inside the module and are not required on the
board to which the module attaches.
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Pin Configuration Top View

Pin Configuration Top View
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OM1400A-105 14 Bit, 105 MSPS ADC Module

Pin Assignments

Table 8: Pin Assignments by Function

Pin Assignments

Output.

Function Ball Number Signal Name
Active High Reset B34 RST_N
Active Low Reset A34 RST (NC on this

module)
Amplifier Positive Supply Voltage M1, M2, N1, N2 AAVccp
Amplifier Negative Supply Voltage E1, E2, F1, F2, AAVceN
(Linearized ADC Module standard family

pinout; not required for the OM1400A-105)

Analog Ground A1-4, A7-8, A11-12, A15-19, B1-4, B7-8,B11-12,B15-19, | AGND
C1-19, D1-3, E3, F3, G1-3, H1-3, J1-3, K2-3, L1-3, M3, N3,
P1-3,R3, T3, U1-3, V2-3, W2-3, Y1-3, AA1-3, AB1-3, AC1-
3, AD1-15, AE3-6, AE8-11, AE14-15, AF3-6, AF8-11,
AF14-15
Analog Input Signal K1 AIN
Clock Input Negative. Complement of ClkInP, | W1 CLKINN

Differential Input.

Clock Input Positive. Conversion on Rising V1 CLKINP

Edge.

Clock Output of Linearizer AC39 CLKOUT
Core Analog Supply for ADC A5-6, A9-10, A13-14, B5-6, B9-10, B13-14, R1-2, T1-2, | AVcc
AE1-2, AE6-7, AF1-2, AF6-7
Core Supply for Linearizer A26-28, A36-37, B26-28, B36-37, AE29-30, AE33-35, DVccis
AF29-30, AF33-35, AF37-39
Data Output of Linearizer in 2s Complementif | C39, D39, E39, G39, H39, J39, L39, M39, N39, R39, T39, | D(0-13)
binary/2s is set. V39, W39, AA39
Digital Ground A20-22, A29, A35, B20-22, B29, B35, B38, C20-38, D37-| GND
38, E37-38, F37-38, G37-38, H37-38, J37-38, K37-38,
L37-38, M37-38, N37-38, P37-38, R37-38, T37-38, U37-
38, V37-38, W37-38, Y37-39, AA37-38, AB37-39, AC37-
38, AD16-39, AF19-28, AF32, AF36
Digital 1/0 Supply for ADC AE12-13, AE16-18, AF12-13, AF16-18 ADVceas
Flash Memory Supply Voltage AF22 Vcerss
I/O Supply for Linearizer A23, A38-39, B23, F39, K39, P39, U39, AE31, AE37-39, | DV¢c33
AF31
JTAG B30 TRST
JTAG A30 TCK
JTAG A31 TDO
JTAG A32 TMS
JTAG B32 TDI
No Connect A24, A25, B24, E5, E35, AB5, AB35, AF21, AF23 NC
Set 2s Complement Output. Reset Binary A33 Binary/2s
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OM1400A-105 14 Bit, 105 MSPS ADC Module

Table 8: Pin Assignments by Function (Continued)

Pin Assignments

Function Ball Number Signal Name
Serial Peripheral Interface AF23 SCS_N
Serial Peripheral Interface AF24 MOSI
Serial Peripheral Interface AF25 MISO
Serial Peripheral Interface AF26 MCS_N
Serial Peripheral Interface AF27 SCLK

Table 9: Pin Assignments by Pin
Number

Table 9: Pin Assignments by Pin

Number (Continued)

Table 9: Pin Assighments by Pin
Number (Continued)

Pin Number |[Signal Pin Number |Signal Pin Number |Signal
A1 AGND A28 DVCC18 B16 AGND
A2 AGND A29 GND B17 AGND
A3 AGND A30 TCK B18 AGND
A4 AGND A31 TDO B19 AGND
A5 AVCC33 A32 TMS B20 GND

A6 AVcc33 A33 BINARY 2S B21 GND

A7 AGND A34 NC (RST) B22 GND

A8 AGND A35 GND B23 DVCC33
A9 AVce33 A36 DVCC18 B24 NC

A10 AVcc33 A37 DVCC18 B25 GND
A11 AGND A38 DVCC33 B26 DVCC18
A12 AGND A39 DVCC33 B27 DVCC18
A13 AVcc33 B1 AGND B281 DVCC18
A14 AVce33 B2 AGND B29 GND
A15 AGND B3 AGND B30 TRST
A16 AGND B4 AGND B31 GND
A17 AGND B5 AVcc33 B32 TDI

A18 AGND B6 AVcc33 B33 GND
A19 AGND B7 AGND B34 RST_N
A20 GND B8 AGND B35 GND
A21 GND B9 AVce33 B36 DVCC18
A22 GND B10 AVcc33 B37 DVCC18
A23 DVCC33 B11 AGND B38 GND
A24 NC B12 AGND B39 NC

A25 NC B13 AVce33 C1 AGND
A26 DVCC18 B14 AVce33 Cc2 AGND
A27 DVCC18 B15 AGND C3 AGND

Optichron Inc., Copyright 2006
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OM1400A-105 14 Bit, 105 MSPS ADC Module

Pin Assignments

Table 9: Pin Assignments by Pin Table 9: Pin Assignments by Pin Table 9: Pin Assignments by Pin

Number (Continued) Number (Continued) Number (Continued)
Pin Number |Signal Pin Number |[Signal Pin Number |Signal
C4 AGND D1 AGND K1 AIN

C5 AGND D2 AGND K2 AGND
C6 AGND D3 AGND K3 AGND
Cc7 AGND D37 GND K37 GND

C8 AGND D38 GND K38 GND

C9 AGND D39 D1 K39 DVCC33
c10 AGND E1 AAVCCN L1 AGND
Cc11 AGND E2 AAVCCN L2 AGND
C12 AGND E3 AGND L3 AGND
C13 AGND E37 GND L37 GND
c14 AGND E38 GND L38 GND
C15 AGND E39 D2 L39 D6

c16 AGND F1 AAVCCN M1 AAVCC5
c17 AGND F2 AAVCCN M2 AAVCC5
Cc18 AGND F3 AGND M3 AGND
C19 AGND F37 GND M37 GND
Cc20 GND F38 GND M38 GND
Cc21 GND F39 DVCC33 M39 D7

C22 GND G1 AGND N1 AAVCC5
C23 GND G2 AGND N2 AAVCC5
C24 GND G3 AGND N3 AGND
C25 GND G37 GND N37 GND
C26 GND G38 GND N38 GND
c27 GND G39 D3 N39 D8

Cc28 GND H1 AGND P1 AGND
C29 GND H2 AGND P2 AGND
C30 GND H3 AGND P3 AGND
C31 GND H37 GND P37 GND
C32 GND H38 GND P38 GND
C33 GND H39 D4 P39 DVCC33
C34 GND J1 AGND R1 AVce33
C35 GND J2 AGND R2 AVce33
C36 GND J3 AGND R3 AGND
C37 GND J37 GND R37 GND
C38 GND J38 GND R38 GND
C39 DO J39 D5 R39 D9
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OM1400A-105 14 Bit, 105 MSPS ADC Module

Pin Assignments

Table 9: Pin Assignments by Pin Table 9: Pin Assignments by Pin Table 9: Pin Assighments by Pin

Number (Continued)

Number (Continued)

Number (Continued)

Pin Number |[Signal Pin Number |Signal Pin Number |Signal

T AVce33 AB1 AGND AD25 GND

T2 AVce33 AB2 AGND AD26 GND

T3 AGND AB3 AGND AD27 GND

T37 GND AB37 GND AD28 GND

T38 GND AB38 GND AD29 GND

T39 D10 AB39 GND AD30 GND

U1 AGND AC1 AGND AD31 GND

u2 AGND AC2 AGND AD32 GND

u3 AGND AC3 AGND AD33 GND

u37 GND AC37 GND AD34 GND

u38 GND AC38 GND AD35 GND

U39 DVCC33 AC39 CLKOUT AD36 GND

V1 CLKINN AD1 AGND AD37 GND

V2 AVce33 AD2 AGND AD38 GND

V3 AGND AD3 AGND AD39 GND

V37 GND AD4 AGND AE1 AVcc33
V38 GND AD5 AGND AE2 AVcc33
V39 D11 AD6 AGND AE3 AGND
W1 CLKINN AD7 AGND AE4 AGND
W2 AVce33 AD8 AGND AE5 AGND
W3 AGND AD9 AGND AE6 AVcc33
W37 GND AD10 AGND AE7 AVcc33
W38 GND AD11 AGND AES8 AGND
W39 D12 AD12 AGND AE9 AGND

Y1 AGND AD13 AGND AE10 AGND

Y2 AGND AD14 AGND AEN AGND

Y3 AGND AD15 AGND AE12 ADVCC33
Y37 GND AD16 GND AE13 ADVCC33
Y38 GND AD17 GND AE14 AGND
Y39 GND AD18 GND AE15 AGND
AA1 AGND AD19 GND AE16 ADVCC33
AA2 AGND AD20 GND AE17 ADVCC33
AA3 AGND AD21 GND AE18 ADVCC33
AA37 GND AD22 GND AE19 GND
AA38 GND AD23 GND AE20 GND
AA39 D13 AD24 GND AE21 GND
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OM1400A-105 14 Bit, 105 MSPS ADC Module

Table 9: Pin Assignments by Pin

Number (Continued)

Table 9: Pin Assignments by Pin
Number (Continued)

Pin Number |Signal Pin Number |[Signal
AE22 GND A19 GND
AE23 GND AF20 GND
AE24 GND AF21 NC
AE25 GND AF22 VCCF33
AE26 GND AF23 SCS_N
AE27 GND AF24 MOSI
AE28 GND AF25 MISO
AE29 DVCC18 AF26 MCS_N
AE30 DVCC18 AF27 SCLK
AE31 DVCC33 AF28 GND
AE32 GND AF29 DVCC18
AE33 DVCC18 AF30 DVCC18
AE34 DVCC18 AF31 DVCC33
AE5 DVCC18 AF32 GND
AE36 GND AF33 DVCC18
AE37 DVCC33 AF34 DVCC18
AE38 DVCC33 AF35 DVCC18
AE39 DVCC33 AF36 GND
AF1 AVcc33 AF37 DVCC18
AF2 AVcc33 AF38 DVCC18
AF3 AGND AF39 DVCC18
AF4 AGND

AF5 AGND

AF6 AVcc33

AF7 AVcc33

AF8 AGND

A9 AGND

AF10 AGND

AF11 AGND

AF12 ADVCC33

AF13 ADVCC33

AF14 AGND

AF15 AGND

AF16 ADVCC33

AF17 ADVCC33

AF18 ADVCC33

Pin Assignments
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OM1400A-105 14 Bit, 105 MSPS ADC Module

Mechanical Dimensions

Mechanical Dimensions

2.050" +-0.005" (52.07 mm) _

A

38 x0.050"
1.900" (48.26 mm)

A
v

| |« 0050" (1.17mm)

O000000000OOOOOOOOOOOOOOOODOLOOOOOO
O00O0O0O00O0O0OOOOOOOOOODOOOOOOLOODOOOOOO
O000000000O0O0OO0OO0OOOOLOOOLOOOOOOOOOO

W
&

AF

.l

i
OO0
OO0

1.250" (31.75 mm)

Top View
Grid 26x39

1.400" +/- 0.005" (35.56 mm)
25 x 0.050"

ool oNoRoNoNoNoNoNoNeNoNONONoNORONONONG)
[cNoNoNoNoNoNoNoNoNoReNONONONONORONONONONONONG]
ol cNoNoNoNoNoNONONONONONONONONONONORONONONONONORONG]

O00OO000O00O0OO0OO0OOOOOO0OOOOLOOOOOOOOOOOOO
O00O0000O0OO0OO0OO0OOO0OO0OOOOOOOOLOOOOOOOOOOOOO
O0000O0OO0000OO0OOOOO0OOOOLOOOOOOOLOOOOOOO

ol eoNoNoNoNoNoNoNoNONoNONoNoNoNONONoNoNoNONONORORONG
OO0OO0O00O0O0OO0OO0O0O0OO0OO0OO0OODOOOOOOOOOO
OO0OO0O000O0OO0OOO0OO0OO0OOOO0ODODOOOOOOOOOO

>
\
>

0.025" +/- 0.00079" (.635 mm)
0.062" +/- 0.007" (1.57 mm)

—

I

‘
—

* 1. Non-collapsible ball composition, Tin plated copper
[>] 0.006" 2. Balls anchored to pad with either SAC305 or SAC387
(.154 mm)

Optichron Inc., Copyright 2006 004-0001-02 Revision 0.4 June 2006 25



OM1400A-105 14 Bit, 105 MSPS ADC Module

Ordering Guide

Ordering Guide

Optichron's OM1400A-105 ADC module is available in different versions depending on the desired Nyquist zone of
operation and desired sampling frequency. The Linearizer is programmed to cancel nonlinear distortion in the desired
combination of Nyquist zone and sampling frequency. When ordering, the user must specify the Nyquist zone in which
the input signal will fall for the desired sampling frequency.

Table 10: Ordering Guide

Product

Ordering Number

Sampling rate (MSPS)

|Nyquist Zone

Linearized ADC Module

OM1400A-105 OM1400A-1050NZ2 105.0 2
OM1400A-105 OM1400A-1050NZ3 105.0 3
OM1400A-105 OM1400A-1050NZ4 105.0 4
OM1400A-105 OM1400A-1000NZ2 100.0 2
OM1400A-105 OM1400A-1000NZ3 100.0 3
OM1400A-105 OM1400A-1000NZ4 100.0 4
OM1400A-105 OM1400A-0950NZ2 95.0 2
OM1400A-105 OM1400A-0950NZ3 95.0 3
OM1400A-105 OM1400A-0950NZ4 95.0 4
OM1400A-105 OM1400A-0900NZ2 90.0 2
OM1400A-105 OM1400A-0900NZ3 90.0 3
OM1400A-105 OM1400A-0900NZ4 90.0 4
Evaluation Board
OM1400A-1050NZ2EVAL 105.0 2
OM1400A-1050NZ3EVAL 105.0 3
OM1400A-1050NZ4EVAL 105.0 4
OM1400A-1000NZ2EVAL 100.0 2
OM1400A-1000NZ3EVAL 100.0 3
OM1400A-1000NZ4EVAL 100.0 4
OM1400A-0950NZ2EVAL 95.0 2
OM1400A-0950NZ3EVAL 95.0 3
OM1400A-0950NZ4EVAL 95.0 4
OM1400A-0900NZ2EVAL 90.0 2
OM1400A-0900NZ3EVAL 90.0 3
OM1400A-0900NZ4EVAL 90.0 4

Other bandwidths, offset intermediate frequencies, and other Nyquist zones are available upon request.

Please contact Optichron Sales for more information 510-249-5230 or sales@optichron.com.
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Contact Information

Optichron Sales
Phone: 510-249-5230
Fax: 510-249-5231
sales@optichron.com
www.optichron.com

Revision History

Revision History

Disclaimer

Customer is responsible for its implementation of
Optichron technology in Customer applications and
products. Optichron has no responsibility nor liability for
the design or support of any such Customer applications
or products. Optichron reserves the right at any time to
change the circuitry, specifications, features or functions
of any Optichron product. All orders for Optichron product
are subject to Optichron’s standard terms and conditions.

TurboLinear is a trademark of Optichron, Inc. Any product
name of another company mentioned is the property or
trademark of its owner.

Revision Change Page Number Date
OM1400A-105 rev0.3 |Initial Publication 28 10/18/05
27 004-0001-02 June 2006Revision 0.4 June 2006 Optichron Inc., Copyright 2006



	Figure 1. Timing Diagram
	Figure 2. SFDR vs fIN
	Figure 3. Single Tone (147.8MHz)
	Figure 4. Two Tone (110.7, 116.8MHz)
	Figure 5. THD vs fIN
	Figure 6. Single tone (147.8MHz)
	Figure 7. Two Tones (110.7, 116.8MHz)
	Figure 8. Three Tone (111.2, 115.0, 134.0MHz)
	Figure 9. SNR vs FIN
	Figure 10. Three Tone (111.2, 115.0, 134.0MHz)
	Analog Bandwidth
	Aperture Delay
	Aperture Uncertainty (Jitter)
	Differential Input Voltage
	Differential Non Linearity (DNL)
	Effective Number of Bits (ENOB)
	Gain Error
	Integral Non Linearity (INL)
	Maximum Conversion Rate
	Minimum Conversion Rate
	Nyquist Zone
	Offset Error
	Power Supply Rejection
	Propagation Delay
	Signal-to-Noise and Distortion (SINAD)
	Signal-to-Noise Ratio (Without Harmonics)
	Spurious-Free Dynamic Range (SFDR)
	Temperature Drift
	Total Harmonic Distortion (THD)
	Two-Tone Intermodulation Distortion Rejection
	Two-Tone SFDR
	OM1400A-105 ADC Module
	Performance Prior to Linearization
	Figure 11. Single Tone at 72.7MHz, 70.4dB (typ)
	Figure 12. Single Tone at 142.7MHz, 67.8dB (typ)

	For a single tone at 170.7MHz, in the 4th Nyquist zone at an amplitude -1.23 dBFS the typical SFDR at the output of the amplifier and ADC combination is 65.5dB.
	Figure 13. Single Tone at 170.7MHz, SFDR 65.5dB

	Performance After Linearization
	Figure 14. Single Tone at 72.7MHz, SFDR 94.9dB (typ)
	Figure 15. Single Tone at 142.73 MHz, 90.5dB (typ)
	Figure 16. Single Tone at 170.7MHz, SFDR 91.6dB

	System Benefits
	Clock Input
	Analog Input
	Figure 17. Single-Ended to Differential Clock Input
	Figure 18. Single-Ended to Differential Analog Input

	Supplies and By-passing
	Grounding
	Digital Outputs



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


