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LM1292
Video PLL System for Continuous-Sync Monitors
General Description
The LM1292 is a very low jitter, integrated horizontal time
base solution specifically designed to operate in high perfor-
mance, continuous-sync video monitors. It automatically
synchronizes to any H frequency from 22 kHz to 125 kHz
and provides the drive pulse to the high power deflection cir-
cuit.

Available sync processing includes a vertical sync separator
and a composite video sync stripper. An internal sync selec-
tion scheme gives highest priority to separate H and V sync,
then composite sync, and finally sync on video; no external
switching between sync sources is necessary. The LM1292
provides polarity-normalized H/HV and V sync outputs.

The LM1292 design uses an on-chip FVC
(Frequency-to-Voltage Converter) to set the center fre-
quency of the VCO (Voltage-Controlled Oscillator). This
technique allows autosync operation over the entire fre-
quency range using just one optimized set of external com-
ponents.

The system includes a second phase detector which com-
pensates for storage time variation in the horizontal output
transistor; the picture’s horizontal position is thus indepen-
dent of temperature and component variance.

The LM1292 provides DC control pins for H Drive duty cycle
and flyback phase.

Features
n Wide continuous autosync range — 22 kHz–125 kHz

(1:5.7) with no component switching or external
adjustments

n No manufacturing trims required — internal VCO
capacitor trimmed on chip

n No costly high-precision components needed
n Very low phase jitter (below 800 ps at 125 kHz)
n DC controlled H phase and duty cycle
n Video mute pulse for blanking during H frequency

transitions
n Input sync prioritization
n Clamp pulse position and width control
n Continuous clamp pulse output, even with no sync input
n Resistor-programmable minimum and maximum VCO

frequency
n X-ray input disables H drive and mutes video until VCC

powered down
n H drive disabled for VCC < 9.5V
n Horizontal output transistor protected against accidental

turn-on during flyback
n Capacitor-programmable frequency ramping, df vco/dt,

protects H output transistor during scanning mode
changes

Connection Diagram

DS012844-1

FIGURE 1. Order Number LM1292N
See NS Package Number N28B
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Absolute Maximum Ratings (Notes 1, 3)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

Supply Voltage 14V
Input Voltage, VDC

Pin 14
Pin 24
Pins 5, 6
Pins 8, 28
Pins 2, 9, 12, 13, 15, 18

5V
1.3V < VIN < 7.2V

8V
10V
VCC

Power Dissipation (PD) 2.5W
(Above 25˚C, derate based on θJA and TJ)

Thermal Resistance (θJA) 50˚C/W
Junction Temperature (TJ) 150˚C
ESD Susceptibility (Note 5) 2 kV
Storage Temperature −65˚C to +80˚C
Lead Temperature

(Soldering 10 sec.) 265˚C

Operating Ratings (Note 2)

Operating Temperature Range −20˚C to +80˚C
Supply Voltage 10.8V ≤ VCC ≤ 13.2V

Electrical Characteristics See Test Circuit (Figure 2); TA = 25˚C; VCC = 12V; V14 = 0V; V15 = 0V unless
otherwise stated

Parameter Conditions
Typical
(Note 6)

Limit
(Note 7)

Units

Supply Current
30 41

mA
(max)

Minimum Composite Video
Input Amplitude (Pin 9)

Cap Coupled (0.01 µF), Sync Tip to
Black Level

0.14 VPP

DC Clamp Level, Composite Video Input 2.0 V

Clamp Charging Current, Composite
Video Input

6 mA

Minimum H/HV Sync Input Amplitude
(Pin 12)

Cap Coupled, 10% Duty Cycle (Note 8)
1.0 VPP

Minimum V Sync Input Amplitude (Pin 8) Cap Coupled, 1% Duty Cycle 1.0 VPP

High Level Output Voltage VOH (Pins 10,
16)

IOH = −100 µA
4.3 3.8 V (Min)

Low Level Output Voltage VOL (Pins 10,
16)

IOL = 1.6 mA
0.25 0.4 V (Max)

Video Mute Low Level Output Voltage
(Pin 4)

IOL = 2 mA
0.4 V (Max)

Mute Detection Voltage Threshold ∆V, | FVC Cap 1 - FVC Cap 2 | for Mute
Output Low

100 mV

Flyback Input Threshold (Pin 18) Positive Going Flyback Pulse 1.4 V

Under-Voltage Lockout (Pin 7) VCC Below Threshold: H Drive Output
Open (Unlatched)

10.8 V

Frequency to Voltage Gain 22 kHz ≤ fH ≤ 125 kHz 0.047 V/kHz

VCO Gain Constant fVCO = 100 kHz 1.34 x 105 Rad/s/V

PD1 Phase Detector Gain Constant fVCO = 100 kHz 130

µA/RadfVCO = 60 kHz 78.1

fVCO = 22 kHz 28.6

Frequency to Voltage Linearity 22 kHz ≤ fH ≤ 125 kHz 1.0 %

VCO Linearity 22 kHz ≤ fVCO ≤ 125 kHz 1.0 %

Jitter fH = 30 kHz (Note 9)
fH = 60 kHz

3.25
1.45

ns p-p

fH = 100 kHz
fH = 125 kHz

895
763

ps p-p

H Drive Duty Cycle Control Gain V13 = 0V–4V; 30%–70% Allowed 0.11 TH/V

H Drive Phase Control Gain V24 = 1.5V–7V (Note 10) 32 ˚/V

PD1 Phase Detector Leakage Current
+ VCO Input Bias Current (Pin 28)

1 µA
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Electrical Characteristics See Test Circuit (Figure 2); TA = 25˚C; VCC = 12V; V14 = 0V; V15 = 0V unless
otherwise stated (Continued)

Parameter Conditions
Typical
(Note 6)

Limit
(Note 7)

Units

H Drive Low Level Output Voltage (Pin
19)

IOL = 100 mA
0.7 V

H Drive EN Low Level Input Voltage (Pin
14)

H Drive Output Active
0.8 V (Max)

H Drive EN High Level Input Voltage (Pin
14)

H Drive Output Open (Unlatched)
2.0 V (Min)

X-Ray Shutdown Threshold Voltage (Pin
15)

V15 Above Threshold, H Drive
Output Open (Latched)

1.8
1.7
1.9

V (Min)
V (Max)

H/HV Sync Out Propagation Delay
Change

H/HV In vs Comp Video In
32 ns

Clamp Pulse Width (Back Porch)RSET = 15 kΩ; VSET = 0V 0.4 µs

(Back Porch)RSET = 15 kΩ; VSET = 1.5V 1.4 µs

(Sync Tip)RSET = 15 kΩ; VSET = 4V 0.6 µs

Clamp Pulse Delay (Back Porch) Trailing Edge H/HV Sync
In to Leading Edge Clamp Pulse

0.1 µs

(Sync Tip) Leading Edge H/HV Sync In
to Leading Edge Clamp Pulse

0.025 TH s

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur.

Note 2: Operating Ratings indicate conditions for which the device is functional, but do not guarantee specific performance limits. For guaranteed specifications and
test conditions, see the Electrical Characteristics. The guaranteed specifications apply only for the test conditions listed. Some performance characteristics may de-
grade when the device is not operated under the listed test conditions.

Note 3: All voltages are measured with respect to GND, unless otherwise specified.

Note 4: The maximum power dissipation must be derated at elevated temperatures and is dictated by TJMAX, θJA and the ambient temperature, TA. The maximum
allowable power dissipation at any elevated temperature is PD = (TJMAX − TA)/θJA or the number given in the Absolute Maximum Ratings, whichever is lower. For
this device, TJMAX = 150˚C. The typical thermal resistance (θJA) of these parts when board mounted follow: LM1292N 50˚C/W.

Note 5: Human Body model, 100 pF capacitor discharged through a 1.5 kΩ resistor.

Note 6: Typical specifications are at TA = 25˚C and represent most likely parametric norm.

Note 7: Tested limits are guaranteed to National’s AOQL (Average Outgoing Quality Level).

Note 8: The typical duty cycle range allowed for the H sync tip is from 5%–26%.

Note 9: The standard deviation, σ, of the flyback pulse period is measured with HP 53310A Modulation Domain Analyzer. Peak-to-peak jitter of the flyback pulse is
defined by 6σ.

Note 10: Phase Limits: ,

expressed as a fraction of the horizontal period TH, where TDFB is the horizontal output transistor turn-off delay from the rising edge of H Drive to the FBP peak. A
positive phase value represents a phase lead of the FBP peak with reference to the leading edge of H sync.
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Test Circuit
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Block Diagram

Pin Descriptions
See Figure 4 through Figure 14 for input and output sche-
matics.

Pin 1 — FVC CAP 2: Secondary FVC filter pin. CFVC2 is con-
nected from this pin to ground. The width of the VIDEO
MUTE (pin 4) pulse is controlled by the time constant differ-
ence between the filters at pins 1 and 25.

Pin 2–CLAMP CNTL: This low-impedance current-mode in-
put pin is internally biased to 2V. The direction of current sets
the pulse position (back porch or sync-tip), while the current
magnitude sets the pulse width. In a typical application, a
control voltage of 0V–4V is applied to this pin through a
15 kΩ resistor. A voltage below 2V positions the pulse on the
back porch of the horizontal sync pulse and decreasing volt-
age narrows the pulse. A voltage above 2V sets the pulse on
the H sync-tip (slightly delayed from the leading edge) and
increasing voltage narrows the pulse. At the boundary of the
switchover between the two modes, there is a narrow region
of uncertainty resulting in oscillation, which should be no
problem in most applications.

When there is no H sync in sync-tip mode, the clamp pulse
is generated by the VCO at the frequency preset by pin 6
(fMIN). This feature is intended for use in On Screen Display
systems.

Pin 3 — CLAMP PULSE: Active-low clamp pulse output.
See Figure 4 for the output schematic.

Pin 4 — VIDEO MUTE: This NPN open-collector output pro-
duces an active-low pulse when triggered by a step change
of H sync frequency. See Figure 5 for the output schematic.

Pin 5 — f MAX: A resistor from this pin to ground sets the up-
per frequency limit of the VCO. fMAX is approximately:

Pin 6 — f MIN: A resistor from this pin to ground sets the lower
frequency limit of the VCO. fMIN is approximately:

Pin 7 — VCC: 12V nominal power supply pin. This pin should
be decoupled to pin 21 (GND) via a short path with a cap of
at least 47 µF.

Pin 8 — V SYNC IN: This pin accepts AC-coupled V sync of
either polarity. The pin is internally biased at 5.2V; its input
resistance is approximately 50 kΩ. For best noise immunity,
a resistor of 2 kΩ or less should be connected from the input
side of the coupling cap to pin 21 (GND) via a short path.
See Figure 6 for the input schematic.

Pin 9 — COMP VIDEO IN: The composite video sync strip-
per is active only when no signal is present at pin 12 (H/HV
IN). The signal to pin 9 must have negative-going sync tips
which are at least 0.14V below black level. For best noise im-
munity, a resistor of 2 kΩ or less should be connected from
the input side of the coupling cap to pin 21 (GND) via a short
path. See Figure 7 for the input schematic.

Pin 10 — H/HV SYNC OUT: The sync processor outputs
active-low H/HV sync derived from the active sync input (pin
9 or pin 12). Pin 10 stays low in the absence of sync input.
See Figure 4 for the output schematic.

Pin 11 — H/HV CAP: A capacitor is connected from this pin
to ground for detecting the polarity and existence of H/HV
sync at pin 12.

Pin 12 — H/HV SYNC IN: This pin accepts AC-coupled H or
composite sync of either polarity. For best noise immunity, a

DS012844-3

FIGURE 3.
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Pin Descriptions (Continued)

resistor of 2 kΩ or less should be connected from the input
side of the coupling cap to pin 21 (GND) via a short path.
See Figure 8 for the input schematic.

Pin 13 — H DR DUTY CNTL: A DC voltage applied to this pin
sets the duty cycle of the horizontal drive output (pin 19),
with a range of approximately 30%–70%. 2V sets the duty
cycle to 50%. See Figure 9 for the input schematic.

Pin 14 — H DRIVE EN : A low logic level input enables H
DRIVE OUT (pin 19). See Figure 10 for the input schematic.

Pin 15 — X-RAY SHUTDOWN: This pin is for monitoring
CRT anode voltage. If the input voltage exceeds an internal
threshold, H DRIVE OUT (pin 19) is latched high and VIDEO
MUTE (pin 4) is latched low. VCC has to be reduced to below
approximately 2V to clear the latched condition, i.e., power
must be turned off. See Figure 11 for the input schematic.

Pin 16 — V SYNC OUT: The sync processor outputs
active-low V sync derived from the active sync input (pin 8,
pin 9 or pin 12). Pin 16 stays low in the absence of sync in-
put. See Figure 4 for the output schematic.

Pin 17 — V CAP: A capacitor is connected from this pin to
ground for detecting the polarity and existence of V sync at
pin 8.

Pin 18 — FLYBACK IN: Input pin for phase detector 2. For
best operation, the flyback peak should be at least 5V but not
greater than VCC. Any pulse width greater than 1.5 µs is ac-
ceptable. See Figure 12 for the input schematic.

Pin 19 — H DRIVE OUT: This is an open-collector output
which provides the drive pulse for the high power deflection
circuit. The pulse duty cycle is controlled by pin 13. Polarity
convention: Horizontal deflection output transistor is on
when H DRIVE OUT is low. See Figure 5 for the output sche-
matic.

Pin 20 — H DRIVE GND: Ground return for H DRIVE OUT.
For best jitter performance, this pin should be kept separate
from the system ground (pin 21); the respective ground
traces should meet at a single point, located as close as pos-
sible to the power supply output.

Pin 21 — GND: System ground. For best jitter performance,
all bypass capacitors should be connected to this pin via
short paths.

Pin 22 — VREF CAP: This is the decoupling pin for the inter-
nal 8.2V reference. It should be decoupled to pin 26 (RE-
TURN) via a short path with a cap of at least 470 µF.

Pin 23 — PHASE DET 2 CAP: The low-pass filter cap for the
output of phase detector 2 is connected from this pin to pin
26 (RETURN) via a short path.

Pin 24 — H DRIVE PHASE: A DC control voltage applied to
this pin sets the phase of the flyback pulse with respect to
the leading edge of H sync. See Figure 13 for the input sche-
matic.

Pin 25 — FVC CAP 1: Primary FVC filter pin. CFVC1 is either
connected from this pin to pin 21 (GND) or pin 26 (RETURN)
via a short path. The voltage at this pin is buffered to pin 27
(FVC OUT).

Pin 26 — RETURN: Ground return for the decoupling ca-
pacitor at pin 22 (VREF CAP), the filter capacitor at pin 23
(PHASE DET 2 CAP) as well as the loop filter at pin 28 (PD1
OUT/VCO IN). This pin must be isolated from GND and H
DRIVE GND.

Pin 27 — FVC OUT: Buffered output of the
Frequency-to-Voltage Converter, which sets the VCO center
frequency through an external resistor to pin 28. Care should

be taken when further loading this pin, since during the ver-
tical interval it presents a high output impedance. Excessive
loading can cause top-of-screen phase recovery problems.
See Figure 14 for the output schematic.

Pin 28 — PD1 OUT/VCO IN: Phase detector 1 has a gated
charge pump output which requires an external low-pass fil-
ter. For best jitter performance, the filter should be grounded
to pin 26 (RETURN) via a short path. If a voltage source is
applied to this pin, the phase detector is disabled and the
VCO can be controlled directly.

Application Hints

1. PHASE CONTROL FOR GEOMETRY CORRECTION

Pin 24 (H DRIVE PHASE) is designed to control static phase
(picture horizontal position), while pin 23 (PHASE DET 2
CAP) controls dynamic phase for geometry correction. With
the use of both pins 23 and 24, complete control of static and
dynamic phase can be achieved. To accomplish this, the
low-pass filter cap at pin 23 is not connected to pin 26 (RE-
TURN), but is connected instead to a modulating AC voltage
source. The cap then functions both as a low-pass filter (for
phase detector 2) and as an input coupling cap (for the AC
source).

2. PROGRAMMABLE FREQUENCY RAMPING

H frequency transitions from high to low present a special
problem for deflection output stages without current limiting.
If, during such a transition, the output transistor on-time in-
creases excessively before the B+ voltage has decreased to
its final level, then the deflection inductor current ramps too
high and the induced flyback pulse can exceed the break-
down voltage, BVCEX, of the output transistor. To prevent
this, the rate of change of the VCO frequency must be lim-
ited.

Consider a scanning mode transition at t = 0 from f1 to f2.
The VCO frequency as a function of time, fVCO(t), is de-
scribed by the equation,

fVCO (t) ≈ f1 + (f2 − f1) (1 − exp(−t/τ)),

where τ = 40 x 103 x CFVC1.

The above equation can be used to predict VCO behavior
during frequency transitions, but in practice the value of
CFVC1 is most easily determined empirically. In general,
large values minimize the chance of exceeding BVCEX, but
generate long PLL capture times.

3. VIDEO MUTE

Numerous designs require video blanking during scanning
mode transitions. The LM1292 provides an active-low pulse
at pin 4 when triggered by a step change of H sync fre-
quency from f1 to f2. The pulse width is controlled by the time
constants set up through capacitors CFVC2 and CFVC1, at
pins 1 and 25 respectively. For CFVC2 ≥ 3 x CFVC1, the pulse
width is approximately:

Many sync sources fail to exhibit a clean step change of H
sync frequency during scanning mode transitions. For this
reason, in most applications a pulse smoothing circuit is
needed at pin 4. Typically a 2.2 µF cap to ground is used in
conjunction with a 100 kΩ pull-up resistor. See Figure 15.
The resulting pulse has a slow rise time at the trailing edge,
which extends the effective mute duration slightly.
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Input/Output Schematics

DS012844-4

FIGURE 4.

DS012844-5

FIGURE 5.

DS012844-6

FIGURE 6.

DS012844-7

FIGURE 7.

DS012844-8

FIGURE 8.

DS012844-9

FIGURE 9.

DS012844-10

FIGURE 10.
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Input/Output Schematics (Continued)

DS012844-11

FIGURE 11.

DS012844-12

FIGURE 12.

DS012844-13

FIGURE 13.

DS012844-14

FIGURE 14.
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Typical Application

DS012844-15

FIGURE 15.

LM
1292

www.national.com9



Physical Dimensions inches (millimeters) unless otherwise noted

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 AND GENERAL
COUNSEL 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 of 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.

National Semiconductor
Corporation
Americas
Tel: 1-800-272-9959
Fax: 1-800-737-7018
Email: support@nsc.com

National Semiconductor
Europe

Fax: +49 (0) 180-530 85 86
Email: europe.support@nsc.com

Deutsch Tel: +49 (0) 69 9508 6208
English Tel: +44 (0) 870 24 0 2171
Français Tel: +33 (0) 1 41 91 8790

National Semiconductor
Asia Pacific Customer
Response Group
Tel: 65-2544466
Fax: 65-2504466
Email: ap.support@nsc.com

National Semiconductor
Japan Ltd.
Tel: 81-3-5639-7560
Fax: 81-3-5639-7507

www.national.com

28-Lead (0.600" Wide) Molded Dual-In-Line Package
Order Number LM1292N

See NS Package Number N28B
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National does not assume any responsibility for use of 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.



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.

TI 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 TI deems necessary to support this warranty. Except where
mandated by government requirements, testing of all parameters of each product is not necessarily performed.

TI 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 TI patent right, copyright, mask work right,
or other TI intellectual property right relating to any combination, machine, or process in which TI products or services are used. Information
published by TI regarding third-party products or services does not constitute a license from TI 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 TI under the patents or other intellectual property of TI.

Reproduction of TI information in TI 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. TI is not responsible or liable for such altered documentation. Information of third parties may be subject to additional
restrictions.

Resale of TI 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 TI product or service and is an unfair and deceptive business practice. TI is not
responsible or liable for any such statements.

TI products are not authorized for use in safety-critical applications (such as life support) where a failure of the TI 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 TI products in such safety-critical applications, notwithstanding any applications-related information or support that may be
provided by TI. Further, Buyers must fully indemnify TI and its representatives against any damages arising out of the use of TI products in
such safety-critical applications.

TI products are neither designed nor intended for use in military/aerospace applications or environments unless the TI products are
specifically designated by TI as military-grade or "enhanced plastic." Only products designated by TI as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of TI products which TI 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.

TI products are neither designed nor intended for use in automotive applications or environments unless the specific TI products are
designated by TI 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 Communications and Telecom www.ti.com/communications

Amplifiers amplifier.ti.com Computers and Peripherals www.ti.com/computers

Data Converters dataconverter.ti.com Consumer Electronics www.ti.com/consumer-apps

DLP® Products www.dlp.com Energy and Lighting www.ti.com/energy

DSP dsp.ti.com Industrial www.ti.com/industrial

Clocks and Timers www.ti.com/clocks Medical www.ti.com/medical

Interface interface.ti.com Security www.ti.com/security

Logic logic.ti.com Space, Avionics and Defense www.ti.com/space-avionics-defense

Power Mgmt power.ti.com Transportation and Automotive www.ti.com/automotive

Microcontrollers microcontroller.ti.com Video and Imaging www.ti.com/video

RFID www.ti-rfid.com

OMAP Mobile Processors www.ti.com/omap

Wireless Connectivity www.ti.com/wirelessconnectivity

TI E2E Community Home Page e2e.ti.com

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2011, Texas Instruments Incorporated
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