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DESIGN IDEAS

Level Shift Allows CFA Video Amplifier
to Swing to Ground on a Single Supply

A current feedback (CFA) video
amplifier can be made to run off a
single supply and still amplify ground-
referenced video with the addition of
a simple and inexpensive level shifter.
The circuit in Figure 1 is an amplifier
and cable driver for a current output
video DAC. The video can be compos-
ite or component but it must have
sync. The single positive supply is
12V but could be as low as 6V for the
LT1227.

The output of the LT1227 CFA
used here can swing to within 2.5V of
the negative supply with a 150Ω load
over the commercial temperature
range of 0°C to 70°C. Five diodes in
the feedback loop are used, in con-
junction with C5, to level shift the
output to ground. The video from the
output of the LT1227 charges C5 and
the voltage across it allows the output
to swing to ground or even slightly
negative. However, the level of this
negative swing will depend on the

video signal and so will be unpredict-
able. When the scene is black, there
must be sync on the video for C5 to
remain charged. A zero-level compo-
nent video signal with no sync will not
work with this circuit. The CFA out-
put will try to go to zero, or as low as
it can, and the diodes will turn off.
The load will be disconnected from
the CFA output and connected
through the feedback resistor to the
network of R6 and R7. This causes
about 150mVDC to appear at the
output, instead of the 0V that should
be there.

The ground-referenced video sig-
nal at the input needs to be level
shifted into the input common mode
range of the LT1227 (3V above nega-
tive supply). R4 and R5 shift the input
signal to 3V. In the process, the input
video is attenuated by a factor of 2.5.
For correct gain, no offset and with a
zero source impedance, R4 would be
1.5k. To compensate for the presence

of R3, R4 is made 1.5k minus R3, or
1.46k. The trade off is a gain error of
about 1.5%. If R4 is left 1.5k, the gain
is correct, but there is an offset error
of 75mV. R6, R7 and R8 set the gain
and the output offset of the amplifier.
A noninverting gain of five is taken to
compensate for the attenuation in the
input level shifter and the cable ter-
mination.

The voltage offset on the output of
this circuit is a rather sensitive func-
tion of the value of the input resistors.
For instance, an error of 1% in the
value of R6 will cause an offset of
30mV (1% of 3V) on the output. This
is in addition to the offset error intro-
duced by the op amp. Precision resistor
networks are available (BI technolo-
gies, 714-447-2345) with matching
specifications of 0.1% or better. These
could be used for the level shifting
resistors, although this would make
adjustments like the one made to R4
difficult.
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Figure 1. Amplifier and cable driver for current-output video DAC
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Fortunately, there is always syn-
chronization information associated
with video. A simple circuit can be
used to DC restore voltage offsets
produced by resistor mismatch, op
amp offset or DC errors in the input
video. Figure 2 shows the additional
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circuitry needed to perform this func-
tion. The LTC201A analog switch and
C1 store the offset error during blank-
ing. The clamp pulse should be 3µs or
wider and should occur during blank-
ing. It can conveniently be made by
delaying the sync pulse with one shots.

If the sync tip is clamped, the clamp
pulse must start after and end before
the sync pulse or offset errors will be
introduced. The integrator made with
the LT1632 adjusts the voltage at
point B (see Figure 1) to correct the
offset.

Figure 2. DC restore subcircuit

configuration, the part performs one
conversion, then automatically enters
the power-down mode. The duration
of the power-down mode is propor-
tional to the capacitor value.

While CS is held high, the serial
data out pin is high impedance. Once
CS is pulled low, the part begins
outputting data under the control of
the SCLK pin.

This device can operate with either
an internal or external serial clock. If
the SCLK pin is left floating, the
LTC2400 automatically detects this
state and switches to internal clock
mode. If the user drives the SCLK pin
with his own clock, the part is auto-
matically switched to external clock
mode.

Many delta-sigma ADC’s on the
market include a PGA. These PGAs
require that the designer deal with
more device pins, status registers and
timing sequences. Additionally, they
limit the circuit’s input range. For
example, if the PGA’s gain is 256 and
the reference is 2.5V the resulting
input range is 0mV to 10mV.
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The LTC2400 provides better noise
and TUE (total unadjusted error) per-
formance than previous delta-sigma
ADCs; moreover, the user is no longer
confined to a 10mV input range. The
input can still range between –12.5%
× VREF and 112.5% × VREF. The eight
MSBs determine the coarse input
range. For example, if the eight MSBs
= 00h, the input (VIN) is in the range:
0 < VIN < 10mV, whereas 01h corre-
sponds to 10mV < VIN < 20mV, and so
on. This enables the LTC2400 to
directly digitize a variety of low level
sensors with large offsets.

The LTC2400 package is the small-
est on the market (SO-8). This tiny
chip combined with no external com-
ponents enables the user to greatly

reduce the board area required by
existing designs.

Conclusion
The LTC2400 is the first of a family of
delta-sigma converters from LTC. It
offers a combination of the best char-
acteristics of delta-sigma converters
and conventional converters. Its
attributes include latency-free
operation and high precision INL, DNL
and offset. It frees the user from adding
external components and is easy to
use. The on-chip sinc4 filter reduces
line frequency noise and its harmon-
ics by 120dB, making it ideal for use
in noisy environments. With only eight
pins, an on-chip oscillator, 24-bit DNL,
4ppm INL and 10ppm TUE, the
LTC2400 is the new state of the art in
analog-to-digital conversion.
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Figure 8. LTC2400 typical application
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