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INTRODUCTION

The LMH1983 Evaluation Kit (EVK) allows for the evaluation of the LMH1983
3G/HD/SD Video Clock Generator with Audio Clock. The LMH1983 device is
configured and controlled using National Semiconductor’s Analog Launch Pad (ALP)
software graphical user interface (GUI).

The GUI with the LMH1983 profile runs on Windows PC and can be used to program the
device’s control registers through the I’C interface. The Serial Peripheral Adapter (SPA)
board included in the kit provides I°C read/write control via the USB port of the PC with
the GUIL. For more information about the GUI software and device register descriptions
and programming, please refer to the GUI software manual and LMH1983 datasheet.

Overview of LMH1983

The LMH1983 clock generator generates four video specific clocks. The device has four
PLLs in it.

e PLLI uses an external 27 MHz VCXO, and always generates a 27MHz reference
clock. This clock may be locked to an input reference which can be any of a
number of different types of reference — from video specific references to single
frequency reference signals.

e PLL2 is dedicated to generating a 148.5 MHz clock (27 MHz * 5.5) , and is
locked to PLLI.

e PLL3 is dedicated to generating a clock at 148.35 MHz (27 MHz * 5500/1001)

e PLLA4, by default is locked to PLL1, and generates a 24.576MHz clock which can
be used as an audio clock. PLL4 has a lot of versatility built in to it and can be
used for a broad variety of applications.
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LMH1983 EVALUATION BOARD OVERVIEW

The following block diagram shows an overview of the LMH1983 evaluation board and
general location of the main features, which will be discussed in the following sections of

this manual.
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Applying power to the board:
The default configuration to apply power is to apply +5V across the top two pins on J8.
With a jumper on JP17, and on board LDO is used to generate the 3.3V rail that powers

the circuits on the evaluation board.

Alternately, JP17 may be removed, and a 3.3V rail may be applied directly to the bottom
two pins of J§.
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Installing the software:

The evaluation kit contains a CD which has the control software on it. Running the
program on the CD will install the software on your computer.

Apply power to the Evaluation Board, and then attach a USB cable between the computer
and the board. Windows will recognize the board and pop up the

Found Mew Har dware Wizard

Welcome to the Found New
Hardware Wizard

YWindows will search for curment and updated software by
[oaking on pour cormputer, on the hardware installation CO, ar an

the YWindows Update "Web zite [with your permiszion].
Fead our privacy policy

Can Windows connect to Windows pdate to search for
software?

(1 ez, thiz time only
() Y'es, now and every time | connect a device

{3 Mo, nat thiz time

Click. Mest to continue.

Cancel

When this window comes up, select ‘No, not this time” and ‘Next>’
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Found New Hardware Wizard

Thiz wizard helps you install zoftware faor:

MHSC ALP Mano Atrel

3;;'} IF your hardware came with an installation CD

B2 or floppy dizk. inzert it now.

What do you want the wizard to do?

(7 Inztall the software automatically [Fecommended]
(%) Install fram a list or specific lacation [Advanced)

Click Mest to continue.

[ < Back ” Meut » ][ Cancel

Select “Install from a list or specific location”
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Found New Hardware Wizard

Pleasze choose your zearch and installation options.

(%) Search for the best driver in these locations.

Ize the check bowes below ta limit ar expand the default zearch, which includes local
paths and removable media. The best driver found will be installed.

[] 5earch removable media (floppy, CO-ROM...]

[nzlude this lozation in the search;

e NRGREINGENEEE v | Browss

) Don't zearch. | will chooze the diver to install.

Choose thiz option to select the device driver from a list. "Windows does not guarantee that
the driver you chooze will be the best match for your hardware,

¢ Back ” Hest > ][ Caricel
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For the location, enter “C:\Program Files\National Semiconductor Corp\Analog
Launchpad Vxxx\DRIVERS” This directory was installed on your computer during the
ALP software installation.

The computer will warn you that the software has not passed Windows Logo Testing. Go
ahead and Continue Anyway.

The driver for the LMH1983 evaluation board will now be installed, and you can start the
ALP software.

When you start the Analog LaunchPAD software, it should recognize the evaluation
board and the screen will look like the figure below.

&l National Semiconductor, - Analog LaunchPAD

Tasks

&% ALP Nana LISE 1
¢ LMH1983

= B
“§

National
Semicondncror

ALP Framewark. J

If the board is not connected properly, or not powered up, the ALP software will start up
in a demo mode which will look like the normal mode, but will not control the board.

Once the startup screen appears, click on the LMH1983 icon on the left side of the
window, and this will bring up the GUI:
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ALP Framework

The status indications on the GUI are only updated when the Read Controls/Status button
is clicked. To have continuous updates, click the checkbox ‘Auto Refresh Status’, I also
like to check the ‘Perform ReadAll after write’ box — this will update all of the status
controls whenever something is written. In some cases, writing to one register will result
in multiple things changing, and checking this button will make sure that everything is
kept updated.

There are several panels in the GUI - the first is the main control panel and allows for

basic control over the board. Also very useful is the Registers tab, which will allow for
detailed manipulation of the various registers in the LMH1983.
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1°C SLAVE ADDRESS

The I°C address select jumper JP9 (3-way) can be configured as follows to select one of
the three I°C slave addresses offered by the LMH1983. The default for the board, and
for the ALP software is address ‘66h which corresponds to no jumper installed.

Table 1: LMH1983 I°C Slave Address Selection

7-bit I°C Slave Address | JP1 Jumper Setting LMH1983 Address Input State
65°h (hex) Short Pins 1-2 Externally tied low

66’h Open Pins Internally biased to mid-supply
67’h Short Pins 2-3 Externally tied high

Observing the Outputs

The LMH1983 generates four clock signals (CLKoutl, CLKout2, CLKout3, CLKout4)
and four timing signals (TOF1, TOF2, TOF3, TOF4). The LMHI1983 outputs are
differential outputs, and can be observed directly at JP13, JP14, JP15 and JP16. There
are 100Q2 termination resistors situated near the connectors (R60,R66, R73 and R78). If
the differential signals are to be observed with a high impedance differential scope probe,
it can be attached directly to the pins. If it is desired that the differential outputs drive a
load, the load resistor should be moved to be adjacent to the final load. In addition to the
differential outputs, there are 500hm single ended outputs as well. These are provided
by using LMHO0302 SDI cable drivers. On the initial version of the evaluation board
these outputs exhibit some undershoot and ringing at 4GHz which degrades the jitter
performance of these outputs.

Configuring the board for operation with an analog video
reference signal

The LMH1983 Evaluation board includes an LMH1981 sync separator which is able to
extract the timing signals from a broad range of analog sync signals. To use this feature,
install a jumper on JP4 (MUX ENABLE), and one on JP3 (Input Select). Supply the
reference signal to J1 (analog Ref In), and you can monitor the extracted H, V and F
signals at the yellow test points just to the left of the LMH1983.

The GUI will display what format is being detected under the PLL1

The LMH1983 can automatically detect and synchronize to the following reference input
formats received at its input pins:
e HVF Sync timing from SMPTE standard video formats
0 5251/29.97/30
0 525p/59.94/60
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6251/25
625p/50
720p/23.98/24/25/29.97/30/50/59.94/60
10801/25/29.97/30
1080p/23.98/24/25/29.97/30/50/59.94/60
0 1080pS1/23.98/24/25/29.97/30
e Audio Word Clock
0 32kHz, 48 kHz, 96 kHz, 44.1 kHz
e System Clock
o 27MHz
0o 10 MHz

O O0OO0OO0Oo

Configuring the board for operation with a digital video
reference signal

An external digital reference signal, consisting of H,V and F may be applied to J2, a
jumper should installed on JPS5, and the jumper on JP3 should be removed.

The GUI will display what format is being detected under the PLL1

For a comprehensive list of formats that can be detected, please refer to the LMH1983
datasheet. To determine format, the device measures the period of the Hsync input by
counting 27MHz clock pulses over several Hsync periods. There are some standards
where Hsync may be the same, in which case V and F are examined to determine if the
reference is an interlaced or progressive format before format detection is complete.

Configuring the board for operation in free-run mode, using
the on board reference oscillator

To operate the board in ‘stand-alone mode’, remove the jumper for JP3, make sure that
the jumper is removed from JP5, and in this mode, the frequency can be trimmed via R20
— the trim pot near the lower left corner of the board.

Configuring the board for operation, locked to an external
clock oscillator.

To operate the board locked to an external clock, supply the reference signal through the
SMA connector ‘J3’, remove the jumper form JP3 and install a jumper on JP5.

The automatic format detect algorithm in the LMH1983 will recognize reference clocks
of 27MHz or 10MHz. Other reference rates can be manually programmed.
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PLL1 LOOP FILTER AND VCXO
The LMH1983’s primary phase lock loop, PLL1, provides the following key functions:

e Synchronizes the 27 MHz VCXO clock to the reference input
e Attenuates (cleans) input jitter
e Provides a stable, low-jitter 27 MHz clock for PLLs 2, 3, 4

The external loop filter and 27 MHz VCXO are essential to the performance of PLLI,
which dominates the overall loop response of the LMH1983. The loop response of PLL1
is influenced by the external loop components and can be characterized by its loop
bandwidth and damping factor.

PLL1 is designed for a nominal loop bandwidth of about 3 Hz (min) and damping factor
0f 0.70 (min). These were calculated using the approximations below, which assume
nominal Icp; = 250uA and DIV_N1 = 1716 for the NTSC input format:

Loop Bandwidth (BW) = R47*I¢p;*Kyco / DIV_N1
Damping Factor (DF) = 0.5*R47*sqrt[ (C33 || C39)*Icp1*Kyco / DIV_NI1 |

Loop Filter

The loop filter components include R47, C39 || C40, and C33. It’s recommended to
avoid use of ceramic capacitors in the loop filter since they exhibit piezoelectric
properties that can cause electrical noise when the board/component is subjected to
vibration or shock. This “shock noise” in the loop filter circuit can result in low-
frequency phase modulation on the VCXO output clock and thus on the downstream PLL
output clocks. Tantalum and film capacitors are used for the loop filter since they do not
exhibit piezo effects.
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Figure 1: Loop Filter and LMP7711 Buffer Schematic

Op Amp Buffer

The LMP7711 Precision, Low-Noise Op Amp (U4) is used as a buffer to isolate the
relatively low input impedance of the VCXO, which would otherwise be the dominant
source of leakage current for loop filter circuit. The op amp offers very high input
impedance to minimize this leakage current and high slew rate to ensure proper loop
operation. The VCXO input control voltage input can be measured at TP29 (VC_BUF).

Note that when the LMH1983 is operating in free run mode, the VC_LPF output set by

the user-defined free run voltage control register may be limited by the output voltage
range of the LMP7711, as it is not a rail-to-rail op amp.
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VCXO

The 27 MHz VCXO (X2) is specified for £50 ppm APR (min) and +50 ppm frequency
stability. The calculated VCXO gain is 1000 Hz/V (min). The VCXO gain parameter
(Kvco) affects the PLL1 loop response, so it must be considered when designing the
nominal loop bandwidth and damping factor.

The VCXO’s single-ended output clock can be measured at TP26 (XOclk+). The VCXO
clock is received at the XOin+ input of the LMH1983. XOin+ (pin 34) and XOin- (pin
33) are differential inputs for the internal op amp that drives the clock signal to the PLL
blocks. Because XOin is a differential input, the XOin- pin is biased to about 1.25V
using a voltage divider formed by R52 and R56. This input configuration presents a
pseudo-differential signal to the XOin pins.

Alternatively, the single-ended VCXO may be replaced with a different 27 MHz VCXO
with differential clock outputs (e.g. LVDS); in this case, R52, R56, and C48 should be
removed, R54 should be populated with 49.9R to match R55, and R37 should be
populated with a 100R differential load. Using a true differential input signal can provide
more common-mode rejection and reduce noise/crosstalk, and thus reduce sources of
deterministic jitter.

INDEPENDENT AUDIO CLOCK GENERATION

By default, the audio clock generated from PLL4 is phase-locked to the 27 MHz VCXO
clock reference from PLL1, and in turn, is synchronized to the reference input.

It is possible to have the audio clock independently generated from an external 27 MHz
clock source by changing the PLL4 input mux mode via register programming. Once the
PLL4 input mode is properly programmed, pin 17 (normally Fout4) is switched to an
input pin (OSCin) and can be driven with an external 27 MHz clock.

There are two options for an independent 27 MHz clock source. The first option is to use
an on-board 27 MHz VCXO in the footprint X2. The second option is to receive an
external 27 MHz via the SMA clock input, J3. Either one of the options can be used as
long as it’s not being used to drive the Hin reference of the LMH1983. To make use of
this option, populate R21 and R28, then to use the on board oscillator, enable it by
removing the jumper on JP5, and to use the external SMA, disable the oscillator with a
jumper on JP5 and provide the reference on J3.
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Appendix A

Schematics
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications, enhancements, improvements,
and other changes to its products and services at any time and to discontinue any product or service without notice. Customers should
obtain the latest relevant information before placing orders and should verify that such information is current and complete. All products are
sold subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its hardware products to the specifications applicable at the time of sale in accordance with TI's standard
warranty. Testing and other quality control techniques are used to the extent Tl deems necessary to support this warranty. Except where
mandated by government requirements, testing of all parameters of each product is not necessarily performed.

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for their products and
applications using TI components. To minimize the risks associated with customer products and applications, customers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any Tl patent right, copyright, mask work right,
or other Tl intellectual property right relating to any combination, machine, or process in which Tl products or services are used. Information
published by TI regarding third-party products or services does not constitute a license from Tl to use such products or services or a
warranty or endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual
property of the third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration and is accompanied
by all associated warranties, conditions, limitations, and notices. Reproduction of this information with alteration is an unfair and deceptive
business practice. Tl is not responsible or liable for such altered documentation. Information of third parties may be subject to additional
restrictions.

Resale of Tl products or services with statements different from or beyond the parameters stated by TI for that product or service voids all
express and any implied warranties for the associated Tl product or service and is an unfair and deceptive business practice. Tl is not
responsible or liable for any such statements.

Tl products are not authorized for use in safety-critical applications (such as life support) where a failure of the Tl product would reasonably
be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement specifically governing
such use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications of their applications, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products
and any use of Tl products in such safety-critical applications, notwithstanding any applications-related information or support that may be
provided by TI. Further, Buyers must fully indemnify Tl and its representatives against any damages arising out of the use of Tl products in
such safety-critical applications.

Tl products are neither designed nor intended for use in military/aerospace applications or environments unless the TI products are
specifically designated by Tl as military-grade or "enhanced plastic." Only products designated by Tl as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of Tl products which Tl has not designated as military-grade is solely at
the Buyer's risk, and that they are solely responsible for compliance with all legal and regulatory requirements in connection with such use.

Tl products are neither designed nor intended for use in automotive applications or environments unless the specific Tl products are
designated by Tl as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any non-designated
products in automotive applications, TI will not be responsible for any failure to meet such requirements.

Following are URLs where you can obtain information on other Texas Instruments products and application solutions:

Products Applications
Audio www.ti.com/audio Automotive and Transportation www.ti.com/automotive
Amplifiers amplifier.ti.com Communications and Telecom www.ti.com/communications
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DLP® Products www.dlp.com Consumer Electronics www.ti.com/consumer-apps
DSP dsp.ti.com Energy and Lighting www.ti.com/energy
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