
What’s the difference between ac coupling and dc coupling in
video and high-speed amps?

Using capacitors on inputs and outputs, ac coupling simplifies circuit
design by removing dc voltages on the transmission line and isolating
ground connections between the transmit and receive systems. On the
other hand, the presence of those capacitors compromises signal quality.
Some systems can accommodate those compromises, while others can-
not. Eliminating the cost of the output capacitor, which must be on the

order of several hundred micro-
farads to minimize those compro-
mises, makes dc coupling particu-
larly attractive in high-volume,
price-sensitive products. But it
loses that attraction when the
input signal swings positive and
negative. (Think negative video-
sync pulses.) That’s because that
complication introduces the need
for an additional, negative supply
to ensure an input common-volt-
age range that accommodates plus-
and-minus signal swings. 

How do you size an input
capacitor for ac coupling?
Video signal bandwidths require
capacitors large enough to pass the
minimum frequency (Fig. 1). In
video, this is most commonly the
50- or 60-Hz vertical frame rate.
Given values of 10 kΩ each for R1
and R2, a value of 0.1-µF for input
capacitor CIN would place a pole
at 318 Hz. For a 6.5-µF capacitor,
f0 would be 6 Hz.

How do you size an output
capacitor? 
Output capacitor COUT cannot be
anywhere close to as small as CIN,
because the amplifier has to drive a
relatively low-impedance transmis-
sion line. Passing a 50- or 60-Hz
signal requires an output capacitor
considerably larger than 100 µF,
which is the point at which physi-
cal size and cost take a consider-
able upward jump. In Figure 1, the
transmission line is back-terminat-
ed, so the output capacitor is
working into an effective resistance
of 150 Ω instead of the 5 kΩ on
the input side. Although this is in
parallel with the feedback net-
work, the feedback resistors are
relatively large, so their impact can
be assumed to be negligible. The
low impedance puts the required
value of COUT to pass a 60-Hz ver-
tical sync signal at 220 µF (f0 = 9.6
Hz) or higher. 

What about sag? Doesn’t
addressing sag also shrink the
size of the required output
capacitor?
Sag occurs when charge accumulates
across the output coupling capacitor.
In a field or line bar test signal, it
manifests itself as a tilt in the video
waveform from the start of the
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1. Values for input and output capacitors should be calculated based on the need to pass
the lowest-frequency component of the applied signal.

2. Adding further frequency compensation for sag has the benefit of reducing the size of
the required output capacitor at the expense of adding components. The use of dc cou-
pling would eliminate the capacitor issue altogether.
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sweep to the end. On a TV monitor,
sag would show up as brightness
variation from side to side or from
the top to the bottom of the picture.
The effect may not be noticeable in
low-end products, but it is definitely
unacceptable in professional and
broadcast equipment. 

The cure for sag results in a
smaller output capacitor, but at the
cost of additional circuit compo-
nents. Correcting for sag is based
on low-frequency compensation
for the high-pass filter formed by
the back-terminated transmission
line and the output capacitor.
Figure 2 shows a sag-compensated
circuit. Datasheets usually provide
optimum component values. In a
typical case, RFB might be 10 kΩ,
RIN and RSAG each 1 kΩ, COUT 47
µF, and CSAG 22 µF. 

What about dc coupling using
amplifiers that can handle the
common input voltage?
Many output drivers, with and
without internal gain-setting resis-
tors, can handle signals that swing
above and below ground. Their
drawback is that they require ±5-V
supplies. That extra complexity is
acceptable in professional and
high-end equipment, but it’s less
attractive for a designer facing cost
and board-space constraints.
Fortunately, recent amplifiers have
internal charge pumps that can
generate VEE as much as 1.6 V
below ground, resulting in a 4.9-V
common input voltage range with
only a single 3.3-V supply. 

What’s available in dc-coupled
video amplifiers?
It’s a small field as yet. Two chip
vendors introduced direct-coupled
video amplifiers based on integrated
charge pumps in mid-2005. One
package provides a single amp, and
the other is a triple. Both provide 6
db of gain per channel. The single
integrates a six-pole Butterworth fil-
ter to perform reconstruction filter-
ing on video inputs from a digital-
to-analog converter. There are subtle
differences in the way the two ven-
dors deal with charge-pump noise,
although the results are excellent in
both cases. The single uses a charge
pump followed by linear regulator,
while the triple has a multiphase
charge pump. ED Online 11046

INTERSIL VIDEO PRODUCTS
Eliminate Extra Voltage Supply with Integrated Triple +3-V
Video Buffer

Intersil’s new ISL59830 not only
operates on just +3.3 V, but we’ve
integrated the required negative
voltage, eliminating the need for
output dc blocking capacitors and
external voltage regulation—final-
ly, a true single-supply video
buffer. The ISL59830 triple video
buffer delivers dc-accurate cou-
pling of video onto a 75-W dou-
ble-terminated line and 300 MHz of –3-dB bandwidth performance.

Industry’s First Fully Integrated 16x5 RGB Video Crosspoint
Solution

Intersil’s EL4544 is a 300-MHz fully buffered RGB video crosspoint
switch with video sync extraction and pixel-by-pixel overlay for on-
screen display. With crosstalk rejection of 70 dB and low offset enabled
by an auto-calibration mode, the EL4544 provides razor-sharp video
performance.  

World’s Only Programmable Triple Analog Delay Line
Intersil’s EL9115, a triple analog delay line, compensates skew intro-

duced by CAT-5 cable, enabling high-quality video through 1000 feet of
cheap twisted-pair cable. The EL9115 allows three channels to be inde-
pendently delayed in 2-ns steps, up to 62 ns. This allows deskewing of
signals, such as RGB video that is transmitted over CAT-5 cabling. Now,
signals can be exactly aligned at the receiver for a razor-sharp image.

World’s Only QXGA-Capable Video Analog Front End
The X98027 three-channel, 8-bit analog front end (AFE) contains all

the components necessary to digitize analog RGB or YUV graphics sig-
nals from personal computers, workstations, and video set-top boxes.
The fully differential analog design provides a high power-supply rejec-
tion ratio and dynamic performance to meet the stringent requirements
of the graphics display industry. The AFE’s 275-Msample/s conversion
rate supports resolutions up to QXGA at a 60-Hz refresh rate while the
front end’s high input bandwidth ensures sharp images at the highest
resolutions.

For free online design tools, white paper, samples,
evaluation boards, datasheets, and more,

visit us today at 
www.intersil.com/video.


