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1.0 Reference Board Overview 

 

 

 

Figure 1:  SP16160CH1RB board (front side) 
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Figure 2:  SP16160CH1RB board (back side) 
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2.0 Evaluation Kit Contents 

The SP16160CH1RB evaluation kit includes the 
following items: 

• SP16160CH1RB reference design board 

• PIC microcontroller board (ADC14PIC REV. A) 

The SP16160CH1RB reference board is fully 
assembled for immediate evaluation. A PIC 
microcontroller board is included with the evaluation kit 
to properly configure the on-board clock solution. 

The following items are required to evaluate the 
SP16160CH1RB but NOT included in the evaluation 
kit. See section 5.0 Quickstart for more information. 

• Signal generator and connecting cables 

• +5V, 1A power supply and cable 

• Data capture hardware and analysis software 

3.0 System Description 

The SP16160CH1RB is a high IF receiver reference 
design board that utilizes the following components 
from National Semiconductor:  

• ADC16DV160 A dual channel, 16-bit, 160 MSPS 
(Megasamples-per-second) analog-to-digital 
converter (ADC) with parallel LVDS outputs. 

• LMH6517 A high performance, dual channel 
digitally controlled variable gain amplifier (DVGA) 
with a 31.5 dB gain range in 0.5 dB steps. 

• LMK04031B A clock conditioning solution 
composed of a low-noise jitter cleaner, clock 
multiplier, and clock distribution stage. 

• Several energy-efficient power management ICs 

including the LM2734 switching regulator and the 

LP3878-ADJ and LP5900 low drop-out (LDO) 
regulators. 

Figure 3:  SP16160CH1RB block diagram 
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As shown in block diagram of Figure 3, this subsystem 
reference design provides single-to-differential 
conversion, digitally controlled gain, bandpass filtering 
of dual channel input signals and high dynamic range 
digitization. The low-noise optimized clock path 
provides a 153.6 MHz low-jitter, single-ended CMOS 
sampling clock for the ADC. 

The measured system performance demonstrates an 
Nyquist band SNR of 72 dBFS for a -3 dBFS, 192 MHz 
input signal and SFDR greater than 85 dBFS for single 
tone input frequencies between 182 and 202 MHz and 
a sampling frequency of 153.6 MSPS. 

This reference design enables immediate evaluation of 
a high dynamic range, high-IF sampling application 
such as a wireless communications sampling receiver     
subsystem. 

4.0 Data Capture 

The digital data from the SP16160CH1RB reference 
design board can be captured with a suitable 
instrument, such as a logic analyzer, or with National 
Semiconductor’s WaveVision signal path data 
acquisition hardware and software platform.  The 
SP16160CH1RB board is connected to the data 
acquisition hardware through the FutureBus connector 
(schematic reference designator H4). 

The SP16160CH1RB is compatible with National 
Semiconductor’s WaveVision 5.1 Signal Path Digital 

Interface Board and associated WaveVision 5 
software.  Please note that the SP16160CH1RB board 
is not compatible with previous versions of the 
WaveVision hardware (WaveVision 4.x Digital Interface 
Boards). 

The WaveVision hardware and software package 
allows fast and easy data acquisition and analysis.  The 
WaveVision hardware connects to a host PC via a USB 
cable and is fully configured and controlled by the latest 
WaveVision software.  The latest version of the 
WaveVision 5 software and information about the 
WaveVision 5.1 Signal Path Digital Interface hardware 
(part number: WAVEVSN BRD 5.1) are available 
through the National Semiconductor website at 
http://www.national.com/analog/adc. 

5.0 Quick Start 

5.1 WaveVision Software and Hardware Installation 

• Begin by installing the latest version of WaveVision 
5 and be sure to enable the update manager to 
keep up to date with the most current version.  Do 
not start the WaveVision software application at 
this point. 

 The WaveVision software must be installed 
before connecting the WaveVision hardware. 

Figure 4:  Connection diagram for the SP16160CH1RB board and WaveVision 5.1 data capture hardware 
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• Connect the WaveVision 5.1 Digital Interface 
Board to your PC through the supplied USB cable 
and apply power to the WaveVision 5.1 board 
through the +12V AC-DC power adapter included 
in the WaveVision 5.1 hardware kit.  The 
connection diagram is shown in Figure 4.   

If this is the first time connecting a WaveVision 5.1 
board to your PC, follow the on-screen instructions for 
installing the drivers for the hardware. 

For more information on installing the WaveVision data 
acquisition hardware or software, please refer to the 
Quick Start Guide in the WaveVision User’s Guide 
which can be found on the National Semiconductor 
website at http://www.national.com/ 
appinfo/adc/evalboards_datacapture.html. 

Please note that the SP16160CH1RB is only 
compatible with National Semiconductor’s WaveVision 
5.1 Digital Interface board. 

5.2 Reference Board Jumper Positions 

• Verify that the JP1 jumper is installed to provide 
power to the PIC microcontroller board. The PIC is 
used for programming the LMK04031B registers. 

  Remove JP1 if using CodeLoader to program the 
LMK04031B (see Section 8.2 of this guide). 

5.3 Connecting Power and Signal Sources 

• Connect the SP16160CH1RB reference board to 
the WaveVision 5.1 board through the FutureBus 
connector as shown in Figure 4.  The 
SP16160CH1RB reference board should not be 
powered up, as the WaveVision hardware does not 
support hot-swapping of boards.   

• Power up the WaveVision 5.1 board and connect it 
to the PC with a USB cable. 

• Plug the PIC microcontroller board onto the dual-
row header labeled “H3” as shown in Figure 5.  
Align the arrows on the two boards to ensure 
proper orientation. JP1 should have a jumper 
installed on the main board to provide power to the 
PIC microcontroller board.  Lastly, flip the switches 
on the PIC microcontroller board to the following 
positions: Switch 1 = ON, Switch 2 = ON. 

• Connect a 5.0V power supply capable of sourcing 
up to 1A to the green, 2-terminal power connector 
located along the side edge of the SP16160CH1RB 
board.  This is shown in Figure 4.  Ensure that the 
polarity of the wires going to the green power 
connector match the “+5V” and “GND” labels on 
the reference board.  After the polarity is verified, 
turn on the 5V supply. 

• Press the “RESET” button on the PIC 
microcontroller to load the register settings into the 
LMK04031B.  The three LED’s on the PIC 
microcontroller board will flash four times to 
indicate that the register bits have been sent to the 
LMK04031B. If the lights to not flash, ensure that 
JP1 is connected to supply power to the PIC board. 

• Connect the signal source to the “SMA_AMP_I” 
SMA connector indicated in Figure 1.  The 
recommended signal generators are the HP8644B 
(HP/Agilent) or the SMA100A (Rohde & Schwarz).  
A bandpass filter between the signal generator 
output and the SP16160CH1RB SMA connector is 
required to measure the true performance of the 
board.  A Trilithic bandpass filter is recommended. 
See Figure 4. 

• Set the signal source frequency to 190 MHz and 
the starting input amplitude to -15 dBm.   

• Start the WaveVision software. The WaveVision 
software will automatically load the appropriate 
firmware to initialize data capture from the 
SP16160CH1RB.  Allow the firmware file to finish 
downloading before continuing. When finished, the 
board should be ready to capture digital data. 

• Capture the data and display the FFT of the 
captured data with the WaveVision software. 
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Figure 5:  PIC microcontroller Board Connection 
and Configuration 
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6.0 Functional Description 

6.1 Signal Path 

The critical signal path of the SP16160CH1RB travels 
from the signal source input through a transformer, the 
DVGA, a bandpass filter, and then to the ADC. Circuit 
details are shown in Figure 6. 

A transformer is necessary to match the 50 ohm 
impedance of the signal generator to the 200 ohm input 
impedance of the LMH6517. The 1:4 impedance ratio 
of the transformer provides ~6 dB of voltage gain at the 
input of the DVGA. AC coupling capacitors isolate the 
internal common-mode bias of the DVGA from the 
grounded center tap of the transformer. 

The DVGA is composed of a ladder attenuator followed 
by a 22 dB, fixed-gain amplifier. The ladder has a 31.5 
dB attenuation range in 0.5 dB steps and is controlled 
by a 6-bit internal register.   

The T-matched bandpass anti-aliasing filter between 
the LMH6517 DVGA and the ADC16DV160 provides 
attenuation of amplifier distortion and noise. The 
SP16160CH1RB filter has been designed for an 
intermediate frequency (IF) of 192 MHz and a 20 MHz 
bandwidth. 

Frequencies above the bandpass center have greater 
than 4

th
 order roll-off (> 24dB/octave) with this filter 

topology whereas low frequencies have only a 1
st
 order 

roll-off. This architecture can provide > 40 dB harmonic 
attenuation with minimal filter complexity and nearly 0 
dB insertion loss to allow the DVGA to drive the ADC 
input to full scale without compressing at the supply 
rails. Ripple in the passband is easily kept below 1 dB. 
The equivalent noise bandwidth (ENBW) of this filter is 
approximately 44 MHz. 

Filter component values for the circuit in Figure 6 are 
given in Table 1 and the normalized filter profile is 
shown in Figure 7. The load resistors of the filter are 
chosen to provide a low impedance input common-
mode reference for the ADC and 0 dB voltage insertion 

loss. The source resistors and 3 pF shunt capacitor at 
the DVGA output are necessary to maintain amplifier 
stability and provide an adequate passband profile. 

The ADC samples the input signal at 153.6 MSPS, 
quantizes it to 16-bits, and outputs LVDS data. The full 
scale input range of the ADC is 2.4 V differential peak-
to-peak (Vdiff-PP) and must be fully utilized to maximize 
the SNR performance.  

 

Table 1: Bandpass filter component values 
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Figure 7:  Bandpass filter profile centered at 192 MHz 

 

A low noise signal generator such as the HP8644B 
(HP/Agilent) or SMA100A (Rohde & Schwarz) is 
recommended to drive the signal input of the 
SP16160CH1RB evaluation board.  The output of the 
signal generator must be filtered to suppress the 
harmonic distortion and noise produced by the signal 
generator and to allow accurate measurement of the 
system’s distortion performance.  A tunable bandpass 
filter made by Trilithic (Indianapolis, IN) is 

Figure 6: Single channel analog input signal path 
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recommended. Using only a lowpass filter is not 
recommended as the SNR performance is significantly 
degraded by the broad-band signal generator noise in 
the passband. 

6.2 IF-Sampling Sub-System Frequency Plan 

The SP16160CH1RB sub-samples the 192 MHz IF 
with a 153.6 MSPS clock so that the 20 MHz signal 
band aliases to the center of the first Nyquist zone at 
38.4 MHz. 

A large benefit of this plan is the placement of of the 
second order harmonic, H2, completely out of the band 
of interest when it aliases. H3 cannot be excluded from 
the signal band and must be reduced in the system as 
much as possible. The frequency ranges of the H2 and 
H3 aliases are shown in Figure 8. 

 

6.3 ADC Reference 

The SP16160CH1RB reference board is configured to 
use the internal 1.2V reference on the ADC16DV160.  
This is the recommended reference configuration for 
the ADC16DV160. 

The ADC has an internal register option to reduce the 
reference voltage for improved distortion at the cost of 
reduced SNR. The register can be configured using the 
WaveVision 5 data capture platform. 

6.4 Clock Path 

The clock signal used to sample the analog input is 
generated using the LMK04031B. The LMK04031B is a 
low-jitter precision clock conditioner that consists of 
cascaded phase locked loops (PLLs), an internal 
voltage controlled oscillator (VCO) and a distribution 
stage. The first PLL locks an external voltage controlled 
crystal oscillator (VCXO) to an incoming reference 
clock and filters the phase noise of the reference. The 
output of the first PLL becomes the reference input to 
the second PLL stage which uses a VCO to multiply the 
external VCXO frequency. The VCO output is passed 
to the distribution stage which provides frequency 
division, buffering and conversion to a number of clock 
output formats including CMOS, LVPECL and LVDS. 

For a lower cost implementation, the first PLL can also 
be configured to use an internal, low-noise oscillator 
circuit with an external crystal and varactor diode. 

In the SP16160CH1RB system shown in Figure 9, the 
clock is generated with the LMK04031B by locking a 
76.8 MHz VCXO (Crystek CVHD-950-76.8) to the 
61.44 MHz reference oscillator, cleaning the phase 
noise, multiplying the VCXO to 1536 MHz and then 
dividing the frequency down to output a 153.6 MHz, 
single-ended CMOS clock. The external loop filter 
components for PLL1 and PLL2 are optimized for low 
jitter performance.  

The single-ended CMOS clock signal from the 
LMK04031B is passed through a narrow bandwidth 
SAW filter and then buffered with a low-noise CMOS 
buffer to create a very low jitter, single-ended clock 
source at the CLK+ input of the ADC16DV160. Filtering 
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and buffering the clock reduces broadband white noise 
present on the clock output from the LMK04031B. 
Reducing the broadband noise is important because 
the noise present at the wideband clock input of the 
ADC convolves with the input signal during the 
sampling process and aliases back into the first Nyquist 
zone to degrade the SNR. A capacitive divider is then 
used to reduce the clock amplitude to within tolerable 
levels for the ADC. 

6.5 Output Data 

The dual channel, 16-bit digitized outputs from the 
SP16160CH1RB reference board consist of 38 lines 
that are arranged into 17 LVDS pairs.  These 17 pairs 
of lines carry the 16-bit output data (16 pairs) and the 
DRDY output clock signal (1 pair) across the FutureBus 
connector on the edge of the reference board to the 
data capture hardware.  

The data is clocked out of the ADC using the DRDY 
signal with a dual date rate (DDR) such that the even 
bits of both channels are available on the rising edge of 
DRDY while the odd bits are available on the falling 
edge. 

Channel I data is available on the reference board at 
pins A5/B5 (MSB +/-) through A12/B12 (LSB +/-) of the 
FutureBus connector and Channel Q data is available 
at pins A14/B14 through A21/B21. The DRDY signal is 
at pins A13/B13. 

Please see the SP16160CH1RB reference board 
schematic in Section 10.0 of this guide and the 
ADC16DV160 datasheet for further details. 

6.6 Power requirements. 

Power to the SP16160CH1RB evaluation board is 
supplied through the green power connector labeled 
“POWER” located along the side edge of the board. 
The power supply must be capable of sourcing +5V up 
to 1A. The SP16160CH1RB reference board draws 
approximately 800 mA when digitizing a full scale input. 
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Figure 11: Typical Nyquist-band SNR performance vs. input signal frequency 
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Figure 10: Typical SFDR performance vs. input signal frequency 

SP16160CH1RB Typical SFDR

75

80

85

90

95

100

181 186 191 196 201

Frequency [MHz]

M
a
g
n
it
u
d
e
 [
d
B
F
S
]

Ch.I Average -1dBFS

Ch.I Average -3dBFS

Ch.I Average -6dBFS

Ch.Q Average -1dBFS

Ch.Q Average -3dBFS

Ch.Q Average -6dBFS



SP16160CH1RB Reference Design Board User’s Guide 

 

 - 11 -  www.national.com 

7.0 System Performance 

Figure 10 and Figure 11 show the typical SFDR and 
SNR performance respectively over frequency. The 
input signal is measured at -1, -3, and -6 dBFS and the 
sample rate is 153.6 MSPS. Figure 12 (a) and (b) show 
typical spectra for single and two-tone signals near 192 
MHz. 

7.1 Sources of Distortion 

Harmonic distortion is introduced by the DVGA but 
does not appear at the ADC input due to the high 
attenuation of the anti-aliasing filter. Third-order 
intermodulation distortion falls into the filter bandpass 
and cannot be filtered out due to its proximity to the 
bandwidth of interest. Two-tone test measurements 
show that the third order products remain below 84 
dBFS for a two-tone composite signal that has a 1 MHz 
tone separation and swings 90% of full scale (-1 dBFS, 
peak-to-peak). 

The second- and third-order harmonic distortion (H2 
and H3) that limits the SFDR of the system dominantly 
occurs at the interface to the ADC. Charge kickback 
from CMOS switches in the input stage of the ADC is a 
significant cause of the harmonic distortion and can be 
kept low with an empirical choice of capacitance in the 
filter’s LC tank. Input signals near -1 dBFS amplitude 
result in an SFDR typically greater than 82 dBFS 
across the passband while -6 dBFS inputs typically 
have an SFDR of greater than 92 as shown in Figure 
10. 

7.2 Sources of Noise 

The SNR of the SP16160CH1RB is limited by the 
thermal noise in the DVGA, thermal noise in the ADC, 
and the jitter on the sampling clock. 

Thermal noise in the ADC sets the hard SNR limit in 
the system. An ideal 16-bit ADC is capable of a 98 
dBFS SNR if quantization noise is the only contributor. 
Additional noise in the ADC16DV160 limits the small 
signal SNR to 78 dBFS and large signal SNR to 76.5 
for a 192 MHz signal. 

The signal bandwidth of the anti-aliasing filter is 20 
MHz, considered here as the bandwidth with 0.5 dB 
ripple, but the effective noise bandwidth is 44 MHz due 
to the gradual roll-off of the filter profile. Noise from the 
DVGA passes through the filter bandpass to contribute 
to the total noise of the system. With the LMH6517 
output noise density of 22 nV/sqrt(Hz) at 192 MHz and 
a 1 dB insertion loss through a filter with a 44 MHz 
ENBW, the small signal SNR due to the DVGA noise 
(SNRDVGA) is 76.3 dBFS. The SNRDVGA can be 
improved using a filter with a narrower effective noise 
bandwidth. It can also be improved by increasing the 

insertion loss of the filter but will result in worse 
intermodulation distortion. 

Jitter plays a role in limiting the SNR for large signal 
inputs. A 192 MHz, -1 dBFS input signal yields phase 
noise that results in an SNR, due to jitter (SNRJitter), of 
~75 dBFS. This SNRJitter performance suggests a total 
clock jitter of less than 200 fs. 

Combining the noise sources from the ADC, DVGA, 
and clock results in the total SNR (SNRT) of 71 dBFS 
for a -1 dBFS input signal as shown in Figure 11. SNRT 
also improves for lower DVGA gain settings due to a 
reduction in DVGA noise. 

7.3 Wireless Base-Station Specific Performance 

Base-station applications are concerned with 
maximizing the sensitivity in a certain channel 
bandwidth which can be limited by noise and spurs that 
appear in the channel. 

Blocking signals that appear close in frequency to the 
channel not only limit the ability of the DVGA to apply 
gain to the signal, but also contribute more noise to the 
channel due to the phase noise skirt and the higher 
broadband phase noise level that accompanies large 
signals. To prevent overloading the ADC, a receiver’s 
automation gain control (AGC) loop will keep the 
blocking signal at a reasonable level such as -4 dBFS. 

Assuming a GSM-type channel bandwidth of 200 kHz 
and a -4 dBFS blocking signal that is 800 kHz from the 
channel center, the SP16160CH1RB achieves a SNR 
of 94 dBFS in the channel. In the absence of a blocking 
signal, the system achieves a channel SNR of greater 
than 99 dBFS. 
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8.0 Device Configuration 

8.1 ADC16DV160 and LMH6517 Programming 

The ADC16DV160 and LMH6517 are both 
programmable via a shared serial programming 
interface (SPI) bus that is accessible on the FutureBus 
connector. Writing to a device is handled with individual 
chip selects and is transparent to the user when using 
the WaveVision 5 capture platform and software. 

Registers are programmed via the Registers tab in the 
WaveVision 5 software as shown in Figure 13 and 
Figure 14. After the reference board is been identified 
by the software, the Registers tab appears on the right-
hand side of the window. Opening the tab reveals 
options for modifying the individual registers with high-
level nomenclature. 

ADC Device Registers (Figure 13) 

• Operation Mode: Changes the operation of the 
ADC from normal operation to sleep, power-
down, or fixed pattern modes. 

• Data Format: Selects the output data format as 
Offset Binary or 2’s Complement. 

• Full Scale Reference Voltage: Varies the 
reference range of the ADC from 2.4 Vpp to 
1.0 Vpp. 

• Sample Phase: Selects the sampling edge of 
the clock. 

• Clock Divider: Sets the internal clock to be 
divided by 1 or 2. 

• Output Clock Phase: Varies the phase offset of 
the output data clock. 

LMH Device Registers (Figure 14) 

• Ch. A/B Enable: Enables or disables the DVGA 
output stage. 

• DVGA A/B Attenuation (bits): Varies the 
attenuation of the ladder attenuator from 0 dB 
(value = 0) to 31.5 dB (value = 64). 

The ADC16DV160 can only be programmed via SPI 
but the LMH6517 can operate in multiple modes. 
These modes include a Serial Mode in which the 
device is programmed via SPI, Parallel Mode in which 
the gain of the DVGA is controlled by manual switches, 
and Pulse Mode. The SP16160CH1RB is factory 
configured for Serial Mode but can be modified to 
operate in Parallel Mode. Pulse Mode is not supported 
on the SP16160CH1RB. Refer to the Optional 
Configurations section for more information. 

 

8.2 LMK04031B Programming 

The LMK04031B, which provides the sample clock for 
the ADC, must be configured correctly for the desired 
clock frequency. Programming can be accomplished by 
two methods. 

The first method is to attach a small PIC-based module 
that is included in this evaluation kit. This module is 
plugged onto the 10-pin uWire header labeled “H3” as 
described in section 5.3 of this user’s guide.  If this 
module is used, the JP1 jumper must be installed to 
provide power from the main board to the PIC module.  
The PIC module will program the LMK04031B to output 
a 153.6 MHz single ended CMOS signal.  

The second method for programming the LMK04031B 
uses the 10-pin uWire header to connect the 
LMK04031B’s serial programming interface (DATA, 
CLK, LE) to a PC.  To use this programming interface, 
a special parallel port (LPT) cable supplied by National 
Semiconductor allows the device to be directly 

Figure 13:  ADC16DV160 Registers tab in 
the WaveVision 5 software (Default) 

Figure 14:  LMH6517 Registers tab in the 
WaveVision 5 software 

Max 
Attenuation 
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programmed with a PC using National Semiconductor’s 
CodeLoader software.  The serial programming 
interface can also be programmed over the USB port of 
the PC. To program the LMK04031B through the USB 
port, a separate interface board is available from 
National Semiconductor. 

See 
http://www.national.com/appinfo/interface/clk_condition
ers.html to download CodeLoader, obtain a user’s 
guide and to order any necessary hardware such as 
programming cables or USB interface boards. 

  Remove JP1 if using CodeLoader to program the 
LMK04031B. 

The procedure for programming the LMK04031B 
through National’s CodeLoader software and special 
parallel port cable is described here if the user intends 
to program the SP16160CH1RB reference board for 
sampling rates other than 153.6 MSPS.  Please note 
that the achievable sample rates are limited by the 
61.44 MHz reference crystal oscillator and the 76.8 
MHz VCXO if they are used. Hardware changes are 
also necessary to modify the clock path from the 

standard 153.6 MHz path. Some output frequencies 
may also require loop filter changes for optimal jitter 
performance. In the default hardware configuration, 
153.6 MHz is the only possible clock frequency due to 
the narrowband SAW filter in the clock path. 

Figure 17 through Figure 25 illustrate each CodeLoader 
configuration screen and its contents used to properly 
program the LMK04031B Clock Conditioner through 
either a parallel port or USB PC interface and 
appropriate cable. These configuration screens are for 
programming the LMK04031B to output 153.6 MHz at 
CLKout2, which is the same output produced by using 
the PIC-module included in this evaluation kit. 

Before programming the device, it is important that the 
LMK04031B go through a proper reset cycle. Check 
and then uncheck the RESET checkbox in the Bits/Pins 
tab in Figure 18 to accomplish the reset. Then 
configure the CodeLoader software according to the 
following figures and select Load Device from the  
Keyboard Controls file menu to program the device. 

 

 

 

 

 

Figure 15:  LMK04031B CodeLoader software communication port setup for programming 

 The user may be required to select a different LPT port that is compatible with the capabilities of the 
PC being used to program the device. Using the USB port requires a separate interface board, 
available from National Semiconductor. 
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Figure 16:  LMK04031 CodeLoader configuration, Bits/Pins tab. 

Figure 17:  LMK04031B CodeLoader configuration, PLL1 tab. 
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Figure 18:  LMK04031B CodeLoader configuration, PLL2 tab. 

 Using PLL parameter values different from the values shown in Figure 17 and Figure 18 may result 
in degraded performance of the reference board. 

Figure 19:  LMK04031B CodeLoader configuration, Clock Outputs tab. 

 The LMK04031B clock outputs are not easily accessible on the SP16160CH1RB reference board. 
See http://www.national.com/appinfo/interface/clk_conditioners.html for information on acquiring the 
LMK04031B Evaluation board that provides full access to all clock outputs on the LMK04031B. 
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9.0 Optional Hardware Configurations 

Some optional hardware configurations are available 
on the SP16160CH1RB to evaluate the sub-system 
with different specified parameters and controls. 

9.1 DVGA Gain DIP Switches 

The SP16160CH1RB board is factory configured for 
programmable control of the DVGA gain via the SPI 
bus that is accessible on the FutureBus connector 
H4. 8-position DIP switches can be installed in the 
case that manual control of the gain is desired. The 
following changes must be made to the reference 
board to control the DVGA gain with switches. Table 
2 gives the functions of the individual switches. 

• Remove R71-R78 and R91-R98. 

• Populate R61-R68 and R81-R88 with 10k ohm, 
0402 resistors. 

• Populate R71-R78 and R91-R98 with 20k ohm, 
0402 resistors. 

• Populate SWI and SWQ with 8-position, 10 mil 
spaced DIP switches. Note the orientation of the 
switch ON position in Figure 20. 

• Remove R32. Populate R31 and R32 with 11k 
and 24k ohm, 0402 resistors respectively. These 
footprints are located on the back of the board 
under the DVGA. 

• Remove resistors R4-R7 located on the back side 
by the FutureBus Connector. 

 

 

Figure 20:  Orientation of the DIP switches that 
control the DVGA gain 

 

Part Sw # Description 

1 Latch (active high) 

2 DVGA Enable (active high) 

3 Gain[0] (LSB) 

4 Gain[1] 

5 Gain[2] 

6 Gain[3] 

7 Gain[4] 

 

 

SWQ 

(Controls 
Q-Channel 
DVGA) 

8 Gain[5] (MSB, active high) 

1 Gain[5] (MSB, active high) 

2 Gain[4] 

3 Gain[3] 

4 Gain[2] 

5 Gain[1] 

6 Gain[0] (LSB) 

7 DVGA Enable (active high) 

 

 

SWI 

(Controls  
I-Channel 
DVGA) 

8 Latch (active high) 

Table 2: Function of optional DVGA DIP switches 

9.2 Sampling Clock Options 

Utilizing the SAW filter and CMOS buffer with a 
single-ended CMOS clock optimizes the clock path 
for minimal jitter. There are additional available 
clocking schemes as listed below. Each non-default 
option requires hardware and software modification of 
the reference board. 

1. External signal generator clock source 

2. Single Ended CMOS with SAW and Buffer 
(Default configuration) 

3. Differential LVPECL 

4. Differential CMOS 

The clock options above are listed in order from 
potentially least jitter (#1) to most jitter (#4). 

Perform the following changes to modify the board for 

a 153.6 MHz differential LVPECL clock: 

• Remove R171, C174, C176 and C177 

• Populate R154, R155, R159, and R160 with 0 
ohm, 0402 resistors 

• Populate R157 and R158 with 121 ohm, 0402 
resistors 

• Populate C172 and C173 with 0.1uF, 0402 
capacitors 

SWQ 

SWI 
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• Program the LMK04031B with the PIC Loader 
board set with Switch 1 = ON, Switch 2 = OFF 

Perform the following changes to modify the board for 

a differential CMOS clock: 

• Remove R171, C174, C176 and C177 

• Populate R152, R153, R159 and R160 with 0 
ohm, 0402 resistors 

• Populate C172 and C173 with 0.1uF, 0402 
capacitors 

• This mode requires programming the 
LMK04031B via the CodeLoader software 

Perform the following changes to modify the board for 

an External signal generator clock source: 

• Remove R171, C174, C176 and C177 

• Populate R151 and R158 with 0 ohm, 0402 
resistors 

• Populate T4 with a MA/COM MABA007159 or 
equivalent transformer 

• Populate C172 and C173 with 20pF, 0402 
capacitors 

• Populate C174 with a 5 pF, 0402 capacitor 

• Populate SMA_CLK with a SMA connector 

• Provide a low-jitter, +18 dBm sinusoidal signal 
through a bandpass filter. 

9.3 Varactor Controlled Crystal Oscillator 

Very low-jitter clock performance is in-part achieved 
by using low noise oscillators for the frequency 
reference and VCXO. The reference board comes 
standard with Crystek CCHD-950 and CVHD-950 
model oscillator modules that achieve low noise 
performance with -162 dBc/Hz broadband phase 
noise. Low phase noise comes with an associated 
high cost. 

A lower cost solution is achieved for this reference 
board design with a varactor controlled crystal at the 
expense of lower noise performance at high input 
signal frequencies due to jitter. This circuit can be 
installed on the back side of the board to replace the 
VCXO module. 

Please contact National Semiconductor for more 
information on configuring the reference board if this 
option is desired.  

9.4 Bypassed Switching Regulators 

LM2734 Switching regulators are utilized in this 
reference board design to minimize LDO regulator 
losses for the high current ADC supplies.  

Noise on the supplies, especially the sensitive 1.8 V 
analog supply to the ADC, can cause a performance 
degradation in the form of small spurs offset ~500 
kHz from a large input tone as shown in Figure 21. 
These spurs may be insignificant in many 
applications but can be reduced further if needed by 
reducing the supply ripple at the output of the 
switching regulators or eliminated completely by 
bypassing the switching regulators. 

 

Bypassing the switching regulators reduces the noise 
on the ADC supplies at the expense of expending 
more power in the LDO regulators. Perform the 
following changes to bypass the switching regulators. 

• Remove the resistor jumpers on L22 and L24. 

• Remove R212 and R232. 

• Populate R211 and R231 with 0805 0 ohm 
resistors.  

-115

-110

-105

-100

-95

-90
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Figure 22:  The on-board switching regulators 
can cause small spurious tones offset ~500 

kHz from a large input signal 
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11.0 Layout 

 

 

 

Figure 27:  Layer 1 - Signal 
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Figure 28:  Layer 2 - Ground 
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Figure 29:  Layer 3 - Ground 

 



SP16160CH1RB Reference Design Board User’s Guide 

 

 - 26 -  www.national.com 

 

 

Figure 30:  Layer 4 - Power 
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Figure 31:  Layer 5 - Ground 
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Figure 32:  Layer 6 - Signal 
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SP16160CH1RB BOM Rev 2.4

Item Quantity Schematic Reference Part Name     Description                                  PCB Footprint Manufacturer Supplier Supplier Part Number Unit Cost Price Break (# Units) Total Cost Notes

1 2 - 3p CAP CER 3PF 50V C0G 0402 Murata Electronics Digi-Key 490-3205-1-ND $0.0220 10 $0.04 Place capacitors across R41/R42 and R46/R47 pads on the filter side (not the DVGA side)

Place AFTER the resistors have been placed

2 6 C74, C75, C78, C84, C85, C88 4p CAP CERAMIC 4PF 50V C0G 0402 smd_size0402 Murata Electronics Digi-Key 490-3206-1-ND $0.0220 10 $0.13

3 1 C174 10p CAP CER 10PF 50V 5% C0G 0402 smd_size0402 Murata Electronics Digi-Key 490-1278-1-ND $0.0220 10 $0.02

4 2 C73, C83 16p CAP CER 16PF 50V S 0402 UHI Q smd_size0402 Johanson Technology Inc. Digi-Key 712-1263-1-ND $0.1940 10 $0.39
5 1 C176 20p CAP CER 20PF 50V 5% C0G 0402 smd_size0402 Murata Electronics Digi-Key 490-1282-1-ND $0.0330 10 $0.03

6

14 C101, C102, C103, C104, C105, 

C106, C107, C121, C122, C123, 

C124, C125, C144, C156

100p CAP 100PF 50V CERAMIC X7R 0402 smd_size0402 Panasonic - ECG Digi-Key PCC1709CT-ND $0.0260 10 $0.36

7 3 C214, C248, C268 2.2n CAP CERM 2200PF 5% 100V X7R 0603 smd_size0603 AVX Corporation Digi-Key 478-3705-1-ND $0.2970 10 $0.89

8 1 C163 12n CAP .012UF 16V CERAMIC X7R 0402 smd_size0402 Panasonic - ECG Digi-Key PCC1700CT-ND $0.0260 10 $0.03

9 19 C21, C23, C25, C27, C31, C33, 

C35, C62, C64, C71, C72, C76, 

C81, C82, C86, C146, C213, C247, 

C267

0.01u CAP .01UF 25V CERAMIC X7R 0402 smd_size0402 Panasonic - ECG Digi-Key PCC2270CT-ND $0.0260 10 $0.49

10 2 C242, C262 0.01u CAP CER 10000PF 50V X7R 10% 0603 smd_size0603 Digi-Key 445-1311-1-ND $0.0480 10 $0.10

11 2 C1, C11 0.1u CAP CERAMIC .1UF 6.3V X5R 0201 smd_size0201 Panasonic - ECG Digi-Key PCC2366CT-ND $0.0430 10 $0.09

12

61 C2, C4, C5, C6, C7, C8, C9, C12, 

C14, C15, C16, C17, C18, C19, 

C22, C24, C26, C28, C30, C32, 

C34, C36, C39, C41, C42, C44, 

C45, C51, C52, C53, C54, C55, 

C56, C57, C58, C61, C63, C77, 

C87, C111, C112, C113, C114, 

C115, C116, C117, C126, C127, 

C128, C129, C130, C132, C145, 

C148, C149, C151, C155, C157, 

C158, C175, C177, C252

0.1u CAP .1UF 10V CERAMIC X5R 0402 smd_size0402 Panasonic - ECG Digi-Key PCC2146CT-ND $0.0380 10 $2.32

13 10 C202, C204, C206, C217, C219, 

C226, C236, C238, C251, C271

0.1u CAP .1UF 16V CERAMIC X7R 0603 smd_size0603 Panasonic - ECG Digi-Key PCC1762CT-ND $0.0360 10 $0.36

14 1 C152 0.68u CAP CER .68UF 6.3V Y5V 0402 smd_size0402 Murata Electronics Digi-Key 490-3278-1-ND $0.0780 10 $0.08

15 2 C133, C134 1u CAP 1UF 6.3V CERAMIC Y5V 0402 smd_size0402 Panasonic - ECG Digi-Key PCC2268CT-ND $0.1040 10 $0.21

16

7 C212, C222, C224, C232, C234, 

C246, C266

1u CAP 1UF 16V CERAMIC Y5V 1206 smd_size1206 Panasonic - ECG Digi-Key PCC1896CT-ND $0.1220 10 $0.85

17 23 C3, C13, C29, C43, C46, C131, 

C201, C203, C205, C211, C216, 

C218, C221, C223, C225, C231, 

C233, C235, C237, C245, C250, 

C265, C270

10u CAP TANTALUM 10UF 6.3V 20% SMD smd_size3216 Kemet Digi-Key 495-2181-1-ND $0.0160 10 $0.37

18

7 C215, C241, C243, C249, C261, 

C263, C269

10u CAP CER 10UF 6.3V X5R 20% 1206 smd_size1206 TDK Corporation Digi-Key 445-1389-1-ND $0.4950 10 $3.47

19 2 D2, D4 BAT54WS DIODE SCHOTTKY 30V 200MW SOD-323 sod323 Diodes Inc Digi-Key BAT54WS-FDICT-ND $0.9000 10 $1.80

20 2 D3, D5 MBR0530 DIODE SCHOTTKY 30V 0.5A SOD123 sod_123 ON Semiconductor Digi-Key MBR0530T1GOSCT-ND $0.2490 10 $0.50

21 2 L3, L6 33n 33nH Chip Inductor 0603CS Series smd_size0603 Coilcraft Coilcraft 0603CS-33NXGLU $1.0000 200 $2.00

22 4 L1, L2, L4, L5 110n 110nH Chip Inductor 0603CS Series smd_size0603 Coilcraft Coilcraft 0603CS-R11XGLU $1.0000 200 $4.00

23 4 L7, L8, L9, L10 200n 200nH Chip Inductor 0603CS Series smd_size0603 Coilcraft Coilcraft 0603CS-R20XGLU $1.0000 200 $4.00

24 1 L11 EXC-CL4532U1 BEAD CORE 4.5X3.2X1.8 SMD l4532 Panasonic - ECG Digi-Key P9812CT-ND $0.6140 10 $0.61

25 2 L12, L13 100u INDUCTOR UNSHIELDED 100UH SMD smd_size1812r API Delevan Digi-Key DN42113JCT-ND $1.2200 10 $2.44

26 2 L21, L23 4.7u 4.7uH LPS3008 Series Low Profile Power Inductor lps3008_472ml Coilcraft Coilcraft LPS3008-472MLB $0.8900 250 $1.78

27 25 R22, R25, R32, R34, R35, R36, 

R71, R73, R78, R91, R92, R93, 

R94, R95, R96, R98, R115, R116, 

R125, R127, R135, R148, R202, 

R206, R208

0 RES ZERO OHM 1/16W 5% 0402 SMD smd_size0402 Panasonic - ECG Digi-Key P0.0JCT-ND $0.0810 10 $2.03

28 4 R212, R232, L22, L24 0 RES 0.0 OHM 1/8W 5% 0805 SMD smd_size0805 Panasonic - ECG Digi-Key P0.0ACT-ND $0.0770 10 $0.31 Place 0805 resistor across footprint of L22 and L24

29 10 R1, R2, R3, R4, R5, R7, R41, R42, 

R46, R47

10 RES 10 OHM 1/10W 5% 0402 SMD smd_size0402 Panasonic - ECG Digi-Key P10JCT-ND $0.0810 10 $0.81

30 2 R45, R50 24.9 RES 24.9 OHM 1/16W 1% 0402 SMD smd_size0402 Panasonic - ECG Digi-Key P24.9LCT-ND $0.0980 10 $0.20

31 1 R171 49.9 RES 49.9 OHM 1/16W 1% 0402 SMD smd_size0402 Panasonic - ECG Digi-Key P49.9LCT-ND $0.0980 10 $0.10

32 4 R43, R44, R48, R49 100 RES 100 OHM 1/16W 1% 0402 SMD smd_size0402 Panasonic - ECG Digi-Key P100LCT-ND $0.0980 10 $0.39

33 6 R111, R112, R123, R124, R132, 

R134

200 RES 200 OHM 1/16W 1% 0402 SMD smd_size0402 Panasonic - ECG Digi-Key P200LCT-ND $0.0980 10 $0.59

34 2 R172, R173 402 RES 402 OHM 1/16W 1% 0402 SMD smd_size0402 Panasonic - ECG Digi-Key P402LCT-ND $0.0980 10 $0.20

35 1 R238 806 RES 806 OHM 1/16W 1% 0402 SMD smd_size0402 Panasonic - ECG Digi-Key P806LCT-ND $0.0980 10 $0.10

36 4 R121, R203, R219, R239 1k RES 1.00K OHM 1/16W 1% 0402 SMD smd_size0402 Panasonic - ECG Digi-Key P1.00KLCT-ND $0.0980 10 $0.39

37 1 R149 1.8k RES 1.80K OHM 1/16W 1% 0402 SMD smd_size0402 Panasonic - ECG Digi-Key P1.8KLCT-ND $0.0980 10 $0.10

38 1 R218 2k RES 2.00K OHM 1/16W 1% 0402 SMD smd_size0402 Panasonic - ECG Digi-Key P2.00KLCT-ND $0.0980 10 $0.10

39 3 R113, R114, R204 2.32k RES 2.32K OHM 1/16W 1% 0402 SMD smd_size0402 Panasonic - ECG Digi-Key P2.32KLCT-ND $0.0980 10 $0.29

40

7 R34, R102, R104, R106, R216, 

R220, R236

11k RES 11.0K OHM 1/16W 1% 0402 SMD smd_size0402 Panasonic - ECG Digi-Key P11.0KLCT-ND $0.0980 10 $0.69

41 6 R33, R101, R103, R105, R221, 24k RES 24.0K OHM 1/16W 1% 0402 SMD smd_size0402 Panasonic - ECG Digi-Key P24.0KLCT-ND $0.0980 10 $0.59

42 2 R126, R215 39k RES 39.0K OHM 1/16W 1% 0402 SMD smd_size0402 Panasonic - ECG Digi-Key P39.0KLCT-ND $0.0980 10 $0.20

43 2 R213, R233 100k RES 100K OHM 1/16W 1% 0402 SMD smd_size0402 Panasonic - ECG Digi-Key P100KLCT-ND $0.0980 10 $0.20

44 2 SAM_AMP_Q, SMA_AMP_I WM5534 CONN JACK SMA 50 OHM EDGE MOUNT rf_sma_end_launch Molex/Waldom Electronics Digi-Key WM5534-ND $4.4700 1 $8.94

45 2 T1, T2 TCM4-19+ SURFACE MOUNT RF TRANSFORMER 50 OHM 10 TO 1900 MHz db714 MINI-CIRCUITS Mini-Circuits TCM4-19+ $2.0900 10 $4.18

46 1 U1 ADC16DV160 Dual 16-bit 160 MSPS ADC with LVDS outputs sc-mkt-lqa68a National Semiconductor ADC16DV160 $140.00 1000 $140.00

47 1 U2 24C02/SO8 2K SERIAL EEPROM soic8_050_wg244_l200 ATMEL Digi-Key AT24C02BN-SH-B-ND $0.3200 25 $0.32

48 1 U3 LMH6517 Multi Standard, IF and Baseband Dual DVGA 32LLP_SQA32A National Semiconductor LMH6517 $6.90 1000 $6.90

49 1 U4 LMK04031B IC CLOCK CONDITIONER W/PLL 48LLP llp48_p5m_7x7_ep National Semiconductor Digi-Key LMK04031BISQECT-ND $20.7000 1 $20.70
50 1 U5 TSF153F 153.6 MHz SAW Filter tfs153f Vectron Vectron TFS153F - - Special order request through Vectron

51 1 U6 NC7WV125 Tinylogic Buffer 3-STATE Out nc7wv125_8p Fairchild Semiconductor Mouser Electronics 512-NC7WV125K8X $0.2900 100 $0.29

52 3 U11, U13, U15 LP3878SD-ADJ IC VREG 800MA ADJ 8-LLP sc-mkt-sdc08a_llp National Semiconductor Digi-Key LP3878SD-ADJCT-ND $2.98 1 $8.94

53 2 U12, U14 LM2734Y IC PWM STP-DWN REG 1A TSOT23-6 tsot-6 National Semiconductor Digi-Key LM2734YMKCT-ND $2.98 1 $5.96
54 1 U16 LP5900SD-1.8 IC REG 1.8V LDO 100MA RF/ANLG 6-LLP llp6_65m_wg2p5_l2p2_ep NATIONAL SEMICONDUCTOR Digi-Key LP5900SD-1.8CT-ND $1.6200 1 $1.62
55 1 U17 LP5900SD-3.3 IC REG 3.3V LDO 100MA RF/ANLG 6-LLP llp6_65m_wg2p5_l2p2_ep NATIONAL SEMICONDUCTOR Digi-Key LP5900SD-3.3CT-ND $1.6200 1 $1.62
56 1 Y2 OSC 76.8MHz CVHD-950-76.800 76.8 MHz Voltage Controlled Crystal Oscillator soic6_100_wg272_l560 Crystek Mouser Electronics CVHD-950-76.800 $21.92 1 $21.92 Special order request through Crystek

57 1 Y3 OSC 61.44MHz CCHD-950-25- 61.44 MHz Crystal Oscillator soic6_100_wg272_l560 Crystek Mouser Electronics CCHD-950-25-61.44 $21.32 1 $21.32 Special order request through Crystek

58 6 Z1, Z2, Z3, Z4, Z5, Z6 NFM41PC204F1H3 FILTER LC HIGH FREQ .2UF 1806 nfm41p Murata Electronics Digi-Key 490-2550-1-ND $0.7250 10 $4.35

59 1 H3 HDR2x5 2X5 JUMPER BLOCK HEADER blkcon_5x2 Samtec Samtec MTSW-105-07-T-D-240 - -

60 1 H4 4 - 6x4 FutureBus Connector Z-PACK 2mm FB (Futurebus+) RIGHT ANGLE HEADER CONNECTOR fbus_rs_96_ecl AMP Tyco Electronics 5223514-1 $6.9000 - $6.90

61 1 JP1 HDR-1x2 1X2 JUMPER BLOCK HEADER blkcon_2x1 Samtec Samtec MTSW-101-07-T-D-240 - -

62 1 POWER Power Connector Terminal Block CONN HEADER RT ANG 2POS 5.08MM mstba_ra_200_2 Phoenix Contact Digi-Key 277-1095-ND $0.5000 1 $0.50

63 1 - Power Connector Plug CONN TERM BLOCK PLUG 2POS 5.08MM - Phoenix Contact Digi-Key 277-1011-ND $1.5300 1 $1.53
64 1 - 2-position Jumper 2-POSITION JUMPER - FCI Electronic Arrow Electronics 68786-302LF $0.0630 1 $0.06 PLACE JUMPER ON JP1

65 5 - Rubber Bump-ons PLACE BUMP ONS AT THE 4 CORNERS, ON BOTTOM OF BOARD - 3M Digi Key SJ5003-0-ND $0.0911 56 $0.46 PLACE BUMP ONS AT THE 5 CORNERS, ON BOTTOM OF BOARD

PCB $56.00

Assembly $149.00

Total Cost $495.95
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The SP16160CH1RB Reference Design Board is intended for product evaluation purposes only and is not intended 
for resale to end consumers, is not authorized for such use and is not designed for compliance with European EMC 

Directive 89/336/EEC. 

 

National does not assume any responsibility for any circuitry described. No circuit patent licenses are implied and 
National reserves the right at any time without notice to change said circuitry and specifications. 

   

WaveVision is a trademark of National Semiconductor Corporation 

 

LIFE SUPPORT POLICY 

 

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT 
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL 
SEMICONDUCTOR CORPORATION. As used herein: 

 

1. Life support devices or systems are devices or systems which, (a) are intended for surgical implant into the body, or (b) support or sustain life, and whose failure to 
perform, when properly used in accordance with instructions for use provided in the labeling, can be reasonably expected to result in a significant injury to the user. 

2. A critical component is any component in a life support device or system whose failure to perform can be reasonably expected to cause the failure of the life 
support device or system, or to affect its safety or effectiveness. 
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