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General Description

The LMH0026 SD SDI Reclocker retimes serial digital video
data conforming to the SMPTE 259M (C) standard. The
LMHO0026 operates at the serial data rate of 270 Mbps and
also supports DVB-ASI operation at 270 Mbps.

The LMH0026 retimes the incoming data to suppress accu-
mulated jitter. The LMHO0026 recovers the serial data-rate
clock and optionally provides it as an output. The LMH0026
has two differential serial data outputs; the second output may
be selected as a low-jitter, data-rate clock output. Controls
and indicators are: serial clock or second serial data output
select, SD indicator output, lock detect output, auto/manual
data bypass, and output mute. The serial data inputs, outputs,
and serial data-rate clock outputs are differential LVPECL
compatible. The CML serial data and serial data-rate clock
outputs are suitable for driving 100Q differentially terminated
networks. The control logic inputs and outputs are LVCMOS
compatible.

The LMHO0026 is powered from a single 3.3V supply. Power
dissipation is typically 330 mW. The device is housed in a 20-
pin e-TSSOP package.

SD SDI Reclocker with Dual Differential Outputs
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Features

m Supports SMPTE 259M (C) serial digital video standard
m Supports 270 Mbps serial data rate operation

m Supports DVB-ASI at 270 Mbps

m Single 3.3V supply operation

m 330 mW typical power consumption

m  Two differential, reclocked outputs

m Choice of second reclocked output or low-jitter,
differential, data-rate clock output

Single 27 MHz external crystal or reference clock input
SD indicator output

Lock Detect indicator output

Output mute function for data and clock

Auto/Manual reclocker bypass

Differential LVPECL compatible serial data inputs and
outputs

m LVCMOS control inputs and indicator outputs

m 20-Pin e-TSSOP package

m Industrial temperature range: -40°C to +85°C

Applications

m SDTV serial digital video interfaces for:
— Digital video routers and switchers
— Digital video processing and editing equipment
— DVB-ASI equipment
— Video standards and format converters

Typical Application
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Block Diagram
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The exposed die attach pad is the negative electrical terminal for this device. It must be connected to the negative power supply voltage.

20-Pin e-TSSOP
Order Number LMH0026 MH
See NS Package Number MXA20A
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Pin Descriptions

Pin Name Description

1 LF1 Loop Filter

2 LF2 Loop Filter

3 NC No Connect - Not bonded internally

4 RSVD Reserved - Do not connect or connect to ground

5 SDI Data Input true

6 SDI Data Input complement

7 Vee Positive power supply input

8 BYPASS/AUTO BYPASS  |Bypass/Auto Bypass mode select

9 OUTPUT MUTE Data and Clock Output Mute input (active low)

10 XTAL IN/EXT CLK Crystal or External Oscillator input

11 XTAL OUT Crystal Oscillator output

12 LOCK DETECT PLL Lock Detect output (active high)

13 SCO/SD02 Serial Clock or Serial Data Output 2 complement

14 SCO/SD02 Serial Clock or Serial Data Output 2 true

15 Veeo Positive power supply input (Output Driver)

16 SDO Data Output complement

17 SDO Data Output true

18 Veeo Positive power supply input (output driver)

19 SD SD indicator output

20 SCO_EN Serial Clock or Serial Data 2 Output select (active high enables serial clock output)
DAP Vee Connect exposed DAP to negative power supply (ground)

www.national.com
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LMH0026

tions.
Supply Voltage (Voc—Vee)
Logic Supply Voltage (Vi)

Logic Input Current (single input):
Vi=Vge-0.15V
Vi=V+0.15V

Logic Output Voltage (Vo)

Logic Output Source/Sink Current
Serial Data Input Voltage (Vgp))

eJA
e.JC

Serial Data Output Sink Current (I5p0)
Package Thermal Resistance, TSSOP

Absolute Maximum Ratings (Note 1)

It is anticipated that this device will not be offered in a
military qualified version. If Military/Aerospace specified
devices are required, please contact the National Semicon-
ductor Sales Office/Distributors for availability and specifica-

4.0V

Vige—0.15V 1o Vg
+0.15V

-5 mA

+5 mA
Vge-0.15V to V¢
+0.15V

+8 mA

Ve to V2.0V
24 mA

26.6°C/W
2.4°C/W

DC Electrical Characteristics

Over Supply Voltage and Operating Temperature ranges, unless otherwise specified. (Notes 2, 3)

Storage Temp. Range

Junction Temperature

Lead Temperature (Soldering 4 Sec)
ESD Rating (HBM)

ESD Rating (MM)

ESD Rating (CDM)

-65°C to +150°C
+150°C

+260°C (Pb-free)
7 kV

350V

1250V

Recommended Operating

Conditions

Supply Voltage (Voe—Veg)
Logic Input Voltage

Differential Serial Input Voltage

Serial Data or Clock Output Sink
Current (Igo)

Operating Free Air Temperature (T,)

3.3V +5%
Veeto Ve
800 mV +10%

16 mA max.
-40°C to +85°C

Symbol Parameter Conditions Reference Min Typ Max Units
Viu Input Voltage High Level Logic level inputs 2 Vee \"
Vi Input Voltage Low Level Vee 0.8 \
Iy Input Current High Level [V, =V 1 65 HA
I Input Current Low Level |V =V -1 -25 HA

Vou Output Voltage High Level [l = -2 mA All logic level 2 \
VoL |Output Voltage Low Level [l = +2 mA outputs Vee + 0.6 %
Vgpip |Serial Input Voltage, SDI
\Y
Differential 200 1600 MVe-p
Vem Input Common Mode Vgpip = 200 mV
Veet+1.2 Vee—0.2
Voltage Eet ce v
Vsbop Sgrial Ol_ltpUt Voltage, 100Q differential load SDO, SCO 720 800 880 MVp.p
Differential
Vomo | Output Common Mode | 100Q differential load Voc v
Voltage Vspop
lec Power Supply Current, 270 Mbps, NTSC color bar
100 mA
3.3V supply, Total pattern
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AC Electrical Characteristics

Over Supply Voltage and Operating Temperature ranges, unless otherwise specified. (Note 3)

Symbol Parameter Conditions Reference Min Typ Max Units
BRgp |Serial Data Rate SMPTE 259M-C SDI, SDO 270 Mbps
TOL,r |Serial Input Jitter 270 Mbps, SDI -6 ul
Tolerance (Notes 7, 8, 9) p-P
TOL,; |Serial Input Jitter 270 Mbps, 206 ul
Tolerance (Notes 7, 8, 10) : P-p
tyr Serial Data Output Jitter |270 Mbps, (Notes 8, 11) |SDO 0.02 0.08 Ulpp
BW, oop |Loop Bandwidth 270 Mbps,
<0.1dB Peaking 800 kHz
Fco Serial Clock Output 270 Mbps data rate SCO 570 MHz
Frequency
tyr Serial Clock Output Jitter 2 3 PShMs
Serial Clock Output SDO, SCO
Alignment with respect to 40 60 %
Data Interval
Serial Clock Output Duty SCO 45 55 %
Cycle
Taca Acquisition Time (Notes 4, 6) 15 ms
t, Input rise/fall time 10%—-90% Logic inputs 1.5 3 ns
t, & Input rise/fall time 20%—-80% SDI 1500 ps
t, & Output rise/fall time 10%—-90% Logic outputs 1.5 3 ns
t, Output rise/fall time 20%—80%, (Note 5) SDO, SCO 90 130 ps
Frer Reference Clock o7 MHz
Frequency
FroL Reference Clock
Frequency Tolerance 50 Ppm

Note 1: “Absolute Maximum Ratings” are those parameter values beyond which the life and operation of the device cannot be guaranteed. The stating herein of
these maximums shall not be construed to imply that the device can or should be operated at or beyond these values. The table of “Electrical Characteristics”

specifies acceptable device operating conditions.

Note 2: Current flow into device pins is defined as positive. Current flow out of device pins is defined as negative. All voltages are referenced to V¢ (equal to
zero volts).

Note 3: Typical values are stated for: Vo = +3.3V, T, = +25°C.

Note 4: Specification is guaranteed by design.

Note 5: R, = 100Q2 differential.
Note 6: Measured from first SDI transition until Lock Detect (LD) output goes high (true).
Note 7: Peak-to-peak amplitude with sinusoidal modulation per SMPTE RP 184-1996 paragraph 4.1. The test data signal shall be color bars.
Note 8: This parameter is guaranteed by characterization over voltage and temperature limits.
Note 9: Refer to “A1” in Figure 1 of SMPTE RP 184-1996.

Note 10: Refer to “A2” in Figure 1 of SMPTE RP 184-1996.

Note 11: Serial Data Output Jitter is total output jitter with 0.2 Ul input jitter.

www.national.com
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Device Description

The LMHO0026 SD SDI Reclocker is used in many types of
digital video signal processing equipment. The LMH0026
supports the SMPTE 259M (C) serial digital video standard,
with a corresponding serial data rate of 270 Mbps. DVB-ASI
data at 270 Mbps may also be retimed. The LMH0026 retimes
the serial data stream to suppress accumulated jitter. It pro-
vides two low-jitter, differential, serial data outputs. The sec-
ond output may be selected to output either serial data or a
low-jitter serial data-rate clock. Controls and indicators are:
serial data-rate clock or second serial data output select, SD
indicator output, lock detect output, auto/manual data bypass,
and output mute.

Serial data inputs are CML and LVPECL compatible. Serial
data and data-rate clock outputs are differential CML and
produce LVPECL compatible levels. The output buffer design
can drive AC or DC-coupled, terminated 100Q differential
loads. The differential output level is 800 mVp_ +10% into
100Q AC or DC-coupled differential loads. Logic inputs and
outputs are LVCMOS compatible.

The device package is an e-TSSOP20 with an exposed die
attach pad. The exposed die attach pad is electrically con-
nected to device ground (Vgg) and is the negative electrical
terminal for the device. This terminal must be connected to
the negative power supply or circuit ground.

Serial Data Inputs, Serial Data and
Clock Outputs

SERIAL DATA INPUT AND OUTPUTS

The differential serial data input, SDI, accepts 270 Mbps serial
digital video data. The serial data input is differential LVPECL

compatible. The input is intended to be DC interfaced to de-
vices such as the LMH0024 adaptive cable equalizer. The
input is not internally terminated or biased. The input may be
AC-coupled if a suitable input bias voltage is provided.
Figure 1 shows the equivalent input circuit for SDI and SDI.
The LMH0026 has two, retimed, differential, serial data out-
puts, SDO and SCO/SDO2. These outputs provide low jitter,
differential, retimed data to devices such as the LMHO0001 or
LMHO0002 cable driver. Output SCO/SDO?2 is multiplexed and
can provide either a second serial data output or a serial data-
rate clock output. Figure 2 shows the equivalent output circuit
for SDO, SDO, SCO/SDO2, and SCO/SDO2.

The SCO_EN input controls the operating mode for the SCO/
SDO2 output. When the SCO_EN input is high the SCO/
SDO2 output provides a serial data-rate clock. When
SCO_EN is low, the SCO/SDO2 output provides retimed se-
rial data.

Both differential serial data outputs, SDO and SCO/SDO2,
are muted when the MUTE input is a logic low level. SCO/
SDO2 also mutes when the Bypass mode is activated when
this output is operating as the serial clock output. When mut-
ed, SDO and SDO (or SDO2 and SDO2) will assume opposite
differential output levels. The CML serial data outputs are dif-
ferential LVPECL compatible. These outputs have internal
50Q pull-ups and are suitable for driving AC or DC-coupled,
100Q2 center-tapped, AC grounded or 100Q un-center-
tapped, differentially terminated networks.

Vee
%20 kQ

1pFl
y L l 80 kQ X y
CcC CcC
<§2kn 2kQ<§

—

30001808

FIGURE 1. Equivalent SDI input Circuit (SDI, SDI)
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SDO, SCO/SDO2

SDO, SCO/SDO2

30001809

FIGURE 2. Equivalent SDO Output Circuit (SDO, SDO, SCO/SD02, SCO/SD02)

SERIAL DATA CLOCK/SERIAL DATA 2 OUTPUT

The Serial Data Clock/Serial Data 2 Output is controlled by
the SCO_EN input and provides either a second retimed se-
rial data output or a low jitter differential clock output appro-
priate to the serial data rate being processed. When operating
as a serial clock output, the rising edge of the clock will be
positioned within the corresponding serial data bit interval
within 10% of the center of the data interval.

Differential output SCO/SDO2 functions as the second serial
data output when the SCO_EN input is a logic-low level. This
output functions as the serial data-rate clock output when the
SCO_EN input is a logic-high level. The SCO_EN input has
an internal pull-down device and the default state of SCO_EN
is low (serial data output 2 enabled). SCO/SDO2 is muted
when the MUTE input is a logic low level. When the Bypass
mode is activated and this output is functioning as a serial
clock output, the output will also be muted.

Control Inputs and Indicator
Outputs

LOCK DETECT

The Lock Detect (LD) output, when high, indicates that data
is being received and the PLL is locked. LD may be connected

to the MUTE input to mute the data and clock outputs when
no data signal is being received. See Table 1.

MUTE

The MUTE input, when low, mutes the serial data and clock
outputs. It may be connected to Lock Detect or externally
driven to mute or un-mute the outputs. If MUTE is connected
to LD, then the data and clock outputs are muted when the
PLL is not locked. This function overrides the Bypass function:
see Table 1. MUTE has an internal pull-up device to enable
the output by default.

BYPASS/AUTO BYPASS

The Bypass/Auto Bypass input, when high, forces the device
to output the data without reclocking it. When this input is low,
the device automatically bypasses the reclocking function
when the device is in an unlocked condition or the detected
data rate is a rate which the device does not support. See
Table 1. BYPASS/AUTO BYPASS has an internal pull-down
device.

9200HINT

TABLE 1. Control Functionality

LOCK DETECT | OUTPUT MUTE | BYPASS/AUTO BYPASS DEVICE STATUS
0 1 0 PLL unlocked, reclocker bypassed
1 1 0 PLL locked to supported data rate, reclocker not bypassed
X 0 X Outputs muted
0 LOCK DETECT X Outputs muted
1 LOCK DETECT 0 PLL locked to supported data rate, reclocker not bypassed
1 LOCK DETECT 1 PLL locked to supported data rate, reclocker bypassed
X 1 1 Outputs not muted, reclocker bypassed

sSD

The SD output indicates that the LMHO0026 is locked and pro-
cessing SD data rates. It may be used to control another
device such as the LMHO002 cable driver. When this output
is high it indicates that the data rate is 270 Mbps. The SD
output is a registered function and is only valid when the PLL

is locked and the Lock Detect output is high. When the PLL
is not locked (the Lock Detect output is low), the SD output
defaults to low. The SD output is undefined for a short time
after lock detect assertion or de-assertion due to a data
change on SDI. See Figure 3 for a timing diagram showing
the relationship between SDI, Lock Detect, and SD.

www.national.com
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SDI NO DATA X 270 MBPS DATA X

Taca T2
Lock
Detect

NO DATA X 270 MBPS DATA NO DATA
Taca T2

i

R

. W [

SCO_EN

Input SCO_EN enables the SCO/SDO2 differential output to
function either as a serial data-rate clock or second serial data
output. SCO/SDO2 functions as a serial data-rate clock when
SCO_EN is high. This pin has an internal pull-down device.
The default state (low) enables the SCO/SDO2 output as a
second serial data output.

Tacaq = Acquisition Time, defined in the AC Electrical Characteristics Table
T4 = Time from Lock Detect assertion or deassertion until SD output is valid, typically 37 ns (one 27 MHz clock period)
T2 = Time from SDI input change until Lock Detect de-assertion, 1 ms maximum. SD output is not valid during this time.

30001805

FIGURE 3. SDI, Lock Detect, and SD Timing

CRYSTAL OR EXTERNAL CLOCK REFERENCE

The LMHO0026 uses a 27 MHz crystal or external clock signal
as a timing reference input. A27 MHz parallel resonant crystal
and load network may be connected to the XTAL IN/EXT CLK
and XTAL OUT pins. Alternatively, a 27 MHz LVCMOS com-
patible clock signal may be input to XTAL IN/EXT CLK. Pa-
rameters for a suitable crystal are given in Table 2.

www.national.com




TABLE 2. Crystal Parameters

Parameter

Value

Frequency

27 MHz

Frequency Stability

+50 ppm @ recommended
drive level

Operating Mode

Fundamental mode, Parallel
Resonant

Parameter Value
Shunt Capacitance 7 pF
Series Resistance 40Q max.
Recommended Drive Level |100 pW
Maximum Drive Level 500 pW

Load Capacitance

20 pF

Operating Temperature
Range

-10°C to +60°C

www.national.com
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Coaxial Cable

75Q

10 nH

75Q

Application Information

Figure 4 shows an application circuit for the LMH0026 along
with the LMH0024 SMPTE 259M / 344M Adaptive Cable
Equalizer and LMH0001 SMPTE 259M / 344M Cable Driver.

Yoo Yo
56 nF
d SCO_EN
SD
1 20
| LF1 SCO_EN[—
LMH0024 Adaptive 3 [LF2 SDI7s
Cable Equalizer —4 RSVD VCCO 17
1.0 uF —|Rsvo SDOJ== ,; A
H sDlI SDO L 5 g LMH0026 SDO 5 V4 B
SDI v
100Q 7 CCO| 14
1.0 puF =1 Vee SCO/SDO2 T.Additional
(—{so soo . 5|BP/AUTOBP  SCO/SDOZ [-—1ll Outputs
~o| O WUTE LOCK DET[==
+ . XTAL IN/EXT CLK XTAL OUT
(@] (@]
3740 | @ o
J_DAP
—L_ LK 27 MHz
- 1.0 uF _ I[ll _
BP/AUTO-BP l————— 39 pFl 39 pFJ_ M LOCK DET
OP MUTE Il——— :I: :I:

+3.3V

750 750

5.6nH

LMHO0001
Cable Driver
100Q2
00 75Q

5.6 nH

750Q

FIGURE 4. Application Circuit

Coaxial Cable

4.7 yF

4.7 yF  Coaxial Cable 750

75Q
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Physical Dimensions inches (millimeters) unless otherwise noted
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LMHO0026 SD SDI Reclocker with Dual Differential Outputs

Notes

For more National Semiconductor product information and proven design tools, visit the following Web sites at:

Products Design Support
Amplifiers www.national.com/amplifiers WEBENCH www.national.com/webench
Audio www.national.com/audio Analog University www.national.com/AU
Clock Conditioners www.national.com/timing App Notes www.national.com/appnotes
Data Converters www.national.com/adc Distributors www.national.com/contacts
Displays www.national.com/displays Green Compliance www.national.com/quality/green
Ethernet www.national.com/ethernet Packaging www.national.com/packaging
Interface www.national.com/interface Quality and Reliability |www.national.com/quality
LVDS www.national.com/lvds Reference Designs www.national.com/refdesigns
Power Management www.hational.com/power Feedback www.national.com/feedback

Switching Regulators www.national.com/switchers

LDOs www.national.com/Ido
LED Lighting www.national.com/led
PowerWise www.national.com/powerwise

Serial Digital Interface (SDI) |www.national.com/sdi

Temperature Sensors www.national.com/tempsensors

Wireless (PLL/VCO) www.national.com/wireless
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