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Introduction The signal bandwidth comes from the following eguation,
With the world dominance of personal computer systems,
demand for long distance component video transmissionis  BWS=1/2[(K*AR*(VLT)"2* FR)*(KH /KV)] =51.9MHz

Where

BWS = Signal bandwidth

K = Kdll factor, Visua information is lost due to the
probability that some of the video information will be dis-
played during the retrace rather than the active portion of
the scan line. Assuming 30% of the visual information is
loss, we have K = 0.7.

AR = Agpect ratio (the display width divided by
display height) =1.33

VLT = Total number of vertical pixels= 1067

FR = Framerate or refresh rate = 76

KH = Ratio of total horizontal pixelsto active pixels
=1720/1280=1.34

KV = Ratio of total vertical linesto active lines= 1.04
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Amplifier bandwidth and slew rate requirements
To maintain video signal integrity, we need to maintain
0.1dB bandwidth to the signal bandwidth (BWS). When
selecting amplifiers, special attention should be giventoits
frequency response characteristics; for instance, for asig-
nal pole amplifier the 3dB bandwidth required to handle
51.9MHz is 6.5*51.9MHz = 337MHz. For multiple pole
amplifiers (most modern high speed amplifiersare multiple
poleamplifiers), the 3dB bandwidth should be set to 3times
thesignal bandwidth, which for the previous examplewould
be 155.7 MHz. The slew-rate can be calculated from the
signal amplitude and pixel rate. So to maintain video signal
integrity with a pixel rate of 139.5MHz while allowing the
signal to completeitstransition during 1/4 of aclock period
use the following equation.

Slew Rate= 1/(1/4* Pixel Time) = 1/( 1/4*(1/139.5MHz))

=558V/uS

VESA DMT standards also define 60 Hz refresh rates
and 80 Hz refresh rates but the most common usage is the
76 Hz refresh rate.

CAT 5 cable characteristics

Figure 1 shows the cross section of Standard Cat 5 cable
consists of 4 twisted pairs of AWG 24 cable, which has a
characteristic impedance of 100 ohm. The DC resistanceis
10 ohm/100m with a capacitance 4.6nF/100m. One impor-
tant characteristic of SXGA video transmission is high fre-
guency cable attenuation, which increases exponentially
over frequency and distance. Figure 2 shows the effects of
signal frequency and cable length on the signal attenuation.
Therelationship between cable attenuation, signal frequency
and cable lengthis

.05

Atten [ F, L) ==L |1 %T-‘JF+D.EI!.‘*I-‘-|—
j.‘
L iscable distance in 100 meter and F isthe signal fre-
quency.
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Figure 1. Cat 5 Cable Cross Section
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Figure 2. Cat 5 cable attenuation characteristics

Differential line driver topologies

Figure 3 illustrates a standard differential input and output
line driver system built with discrete operational amplifi-
ers. The differential output driver doubles the output volt-
age swing - while the resistors RF and RG determine the
circuit voltage gain with the following equation:

Vout/Vin = 1+2* RF/RG.

High noise rejection such as 60Hz power line interfer-
ence is accomplished by amplifying only the differential
input voltage signals and not amplifying the common mode
input voltage.

Theonly real disadvantage of thiscircuit istherequired
differential input signal sources.

Figure 3. Differential line driver with amplifiers

Typicaly, signals originate in single ended rather than
differential form. Converting a single ended signal to dif-
ferential mode prior to line transmission reaps the benefit
of high common mode noise reduction. The circuit in fig-
ure 4 provides avery simple way to generate a differential
output signal from a single ended input signal using two
operational amplifiers; the upper amplifier is non-inverting
while the bottom isinverting. Note the amplifiers have dif-
ferent feedback ratios (closeloop gain) which resultsin dif-
ferent bandwidths for voltage feedback amplifiers. The dif-
ference in bandwidth causes higher frequency signal mis-
match and can lead to higher distortion. For current feed-
back amplifiers, the bandwidth stays relatively constant at
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different gain settings. Since the bandwidth is primarily a
function of the value of the feedback resistors, one should
keep the feedback resistor the same for current feedback
amplifiers.
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Figure 4. Single-Ended to Differential Line Driver

Figure 5 illustrated the complete block diagram of the
EL5177, a550MHz single/differential input to differential
output amplifier which can be used as singled ended to dif-
ferential converter. This device is internally compensated
for aclosed loop gain of +1 stable, the gain is set by Rf &
Rg. VODM isthe output in differential modeand VOCM is
the common mode output voltage.

VODM = (Vin+ - Vin-) * (1 + (2Rf/Rg))
VOCM = Vref.

The voltage applied at REF pin setsthe output common
mode voltage.

Figure 5. EL5177 Differential Twisted Pair Line Driver Block Diagram

Differential line receiver topologies

Figure 6 showsadifferential to singleended converter imple-
mented with high speed amplifiers. This circuit receives a
differential voltage, reduces the common mode input gain
to zero and terminates in asingle ended output. The advan-
tageisboth avery high input impedance and very high com-
mon mode rejection achieved with simplicity. Bandwidth
mismatch of thetwo amplifiersintroducesthe possibility of
high frequency distortion. Further more, high output swing
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is required to achieve good common mode rejection. The
differential gain is determined by R1 and R2 resistors with
the relationship

Gain = 1+R1/R2
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Figure 6. Differential to Single Ended Converter

Figure 7 shows the complete block diagram of the
EL5175, a 550MHz differential input to single ended out-
put amplifier which can be used as a differential to single
ended converter. This device isinternally compensated for
closed loop gain of +1 stableand thegainisset by Rf & Rg.
The output voltage is equal to the difference of the inputs
plus Vref and then multiplied by the gain.

VODM = (Vin+ - Vin- + Vref) * (1 + (RF/Rg))
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Figure 7. EL5175 Differential to Single Ended Amplifier Block Diagram

Termination techniques

To avoid reflections and maintain integrity of theinput video
signals, the line driver output must be properly terminated.
The characteristic impedance of a standard Cat 5 cable is
100 ohm which is split into two 50 ohm resistors for driv-
ing theline differentially. Figure 8 and 9 show the termina-
tion scheme on the driver and receiver sides. C1 and RT of
the receiver form alow passfilter to reject high frequency
common noise picked-up by the cable. C2 isused toisolate
the DC voltage difference caused by grounding inequalities
between thedriver & receiver systems. RB setsup the bias
voltage for the receiving amplifiers. The BW of the high
pass filter formed by RB and C2 must be low enough to
pass all the video signals. For SXGA video signalsthe low
pass band must be less than 20Hz. A small resistor Rs is
placed to isolate the input capacitance of the receiver from
the PCB trace inductance to avoid LC resonance effect at
the receiving amplifier inputs.
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Figure 11 shows a 3 pole compensation circuit using a
1GHz bandwidth high slew rate amplifier. The circuit is
configured around the gain setting resistor that setsthe poles
at 1.2MHz, 15MHz and 100M Hz respectively. The amount
of high frequency compensation is determined by the gain
setting resistor. The capacitor and resistor combinations set
the pole frequencies. Theoreticaly, this circuit can be used
for both pre and post equalization. In practicethelinedriver
slew rate and output swing limit the pre-equalization per-
formance; for instance, a 1V 60MHz input signal becomes
a12.6V 60MHz signal at the line driver output requiring a
approximately a 5KV/uS dew rate. The slew rate of the
EL5166 is 5.5KV/uS with a maximum supply voltage of
12V and its maximum output swing is 8V. Most modern
high speed amplifiers are built on less than 12V processes.
Thiscircuit should aways be implemented in a post-equal -
ization configuration where the incoming high frequency
signal islow in amplitude.

Figure 9. Cat 5 Cable Termination Scheme - Receiver Side

Somevideo systemsdo not have anegative supply avail-
able and require single supply operation. The above circuit
shows a simple implementation of single supply operation.
The video signal is AC coupled into the driver inputs and
the input DC bhias is setup by R1 and R2 resistors from a
biasvoltage. The output is centered around the bias voltage
which should be set to 1/2 the supply voltage. AC coupling
maybe needed to avoid a DC voltage presence on the line.
Atthereceiver, theincoming video signal isfirst terminated
into 2 50 ohm resistors. The center tap of these resistorsis
AC coupled to ground to eliminate high frequency com-
mon mode noise pickup by the cable. The signal is once
again AC coupled into the input in the same fashion as the
single supply differential line driver.

Video equalization strategies - Pre-equalization Vs
Post-equalization

Figure 10 shows a very simple method of pre-equalizing
thelinewith theinclusion of aparallel 1.6nF capacitor with
the termination resistor. The 1.6nF capacitor shorts out the
50 ohm termination resistor at high frequencies and allows
a larger amount of high frequency signal on the line. The
1.6nF capacitor in parallel with 50 ohm termination resistor
isasingle pole high passfilter with 3dB zero at 2MHz. The
maximum achievable gain at high frequency is limited to
6dB because the termination resistor is shorted and al the
signal isrealized ontheline. In this scheme, cable parasitic
capacitance appears at the amplifier output and can lead to
oscillation.
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Figure 11. 3 Pole Pre-Equalization Scheme

Figure 12 shows a simplified block diagram of the
EL9110, adifferential linereceiver with anintegrated Cat 5
cable compensation network. The differential input signal
is used to recover the common mode input signal which
after recovery is amplified and buffered to the output at
CMout. Thedifferential input signal isbuffered to drivethe
LOW FREQ BOOST amplifier. The high frequency com-
ponents are processed in a proprietary EQUALIZING
BOOST amplifier while the frequency response of thisam-
plifier isvoltage-controllable and matches cablelosses. The
control voltage input is the high frequency gain boost
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Figure 10. Single Pole Pre-Equalization Scheme
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Figure 12. EL9110 Differential Line Receiver with Cat 5 Cable Compensation
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control CTRLREF is the reference for the control voltage.
The differential signals are summed and amplified further
by the variable gain (CONTRAST) amplifier. The signal
level adjustment isaccomplished by switching the gain with
adigital control X2- of the following amplifier “ X2/X1".
Thelogic input hasits own reference LOGICREF. Finaly,
the differential signal is converted to a single ended signal
and comes out of the Vout pin. The output signal is refer-
enced to the OV input pin. For power economy the entire
chip can be turned off with the ENBL pin.

Figure 13 shows a 100 meter Cat 5 cable attenuations
characteristic and the frequency responses of the 3 cable
compensation circuits. The 1.6pF//Rout compensation cir-
cuit works well up to 10MHz. The frequency response of
the 3 pole compensation circuit comes very close to match-
ing the Cat 5 cable attenuation. EL9110Vgainisset t0 0.24V
for 100 meter Cat 5 cable, the EL9110 compensates per-
fectly for signal frequencies up to 100MHz.

It is clearly shown that the sum of the common mode
voltages results in some finite DC level with no AC con-
tent. Thiseliminates EMI radiation into any common mode
signal along the CAT 5 cable. Hsync and Vsync can be re-
generated from the voltage differencesin the common mode
voltages.
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Figure 13. 100m Cat 5 Cable Attenuation and Compensation

Video sync/timing transmission

As described earlier, the standard SXGA video consists of
5 signals- RGB video signals, vertical and horizontal sync
signals. Standard Cat 5 cable has 4 pairs of twisted wires.
To passall 5 SXGA signals, one can encodethe vertical and
horizontal signs into a composite sync signal by using the
Super Sync Separator EL4511. The composite video signal
can then be transmitted through the fourth twisted wire pair
of Cat 5 cable. The EL1883 can be used on thereceive side
to separate horizontal and vertical Sync Signals from com-
posite Sync input signals.

In cases where the fourth twisted wire pair is not avail-
able becauseit is being used to pass KVM or other signals,
the EL4543 is capable of encoding the Hsync and Vsync on
the common mode of the video signal. The block diagram
of the EL4543 isshown onfigure 14. TheVsync and Hsync
inputs and the common mode outputs of the EL4543 are
shown infigure 15. Therelationship between Hsync, Vsync
and the Common Mode Outputs is shown below

Vecm-A =Vsync - Hsync
Vem-B =-2*Vsync

Vcem-C =Vsync + Hsync
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Figure 15. EL4543 Test results

The circuit in figure 16 accepts and decodes Common
Mode signalsto regenerate Hsync and V sync waveforms at
their respective outputs. The Common Mode Channel B sig-
nal is passed through an inverting comparator and level
shifted 2.5V to generate Vsync. The Common Mode Chan-
nel A signal is level shifted, inverted and summed with a
level shifted Channel C signal to generate Hsync.
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Figure 16. EL4543 Sync Decoder
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