DESIGN IDEAS

LTC1668 DAC and LT1807 Op Amp
Achieve 90ns Settling to 16 Bits and
83dB SFDR in a Small Footprint
by Glen Brisebois, Ken Haastrup and Derek Redmayne
The LTC1668 is a new 16-bit,
50Msps differential, current output
DAC in a small SSOP package. It has
a 10mA full-scale output and a 1V
output compliance and it achieves
20ns settling to 0.1% into 50Ω loads.
The LT1807 is a 325MHz, 140V/µs
precision, low noise dual op amp available in a small MSOP package. Its
combination of precision, low noise,
high bandwidth and fast slew rate
make it ideal for high performance
signal conditioning and acquisition
systems. Together, these components
create a fast, precise, versatile, low
distortion VOUT DAC with minimal
PCB space requirements.
The circuit in Figure 1 shows the
LT1807 applied as a dual I/V converter to extend the LTC1668’s
effective output compliance. With
200Ω feedback resistors (R1 and R2),
the circuit gives output voltages of 0V
to 2V or 4V differential. C8 and C9 are
placed at the DAC outputs to roll off
the bandwidth and reduce the step
slew rate of the extremely fast DAC.
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Figure 2. Settling-time measurement using the methods described in
LTC Application Notes AN74 and AN79

The compensation capacitors C1 and
C2 ensure stability and best possible
settling time by canceling the pole
that would otherwise be created by
the total capacitance at the DAC outputs (parasitic and component).
Output swings other than 0V to 2V
can be achieved by selecting other

values for R1 and R2 or by changing
the DAC reference. The rail-to-rail
outputs of the LT1807 allow designs
with output swings approaching the
upper supply rail.
With a 2V output swing, 16-bit
resolution dictates an error band
continued on page 36
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Figure 1. LTC1668 current output DAC followed by two 200Ω I/V converters using the LT1807
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Table 1. Comparison of input and output
ripple current for single-phase and 2-phase
configurations (L = 1µH, fS = 250kHz)

Input Ripple Output Ripple
Phases Current (ARMS) Current (AP-P)
1

10

8.7*

2

6.5

4.75

*Assumes that the single-phase circuit uses two
10µH/15A inductors in parallel to provide 30A output

Greater than 85% efficiency can be
maintained throughout the load range
of 3A to 30A.
Features of the LTC1709-85
include true output remote sensing
for high current applications, constant frequency operation for lower

EMI, current mode control to ensure
true load current sharing and OPTILOOP™ compensation for optimum
transient response with minimized
output capacitance. Protection features such as overvoltage soft latch,
current foldback, output short-circuit latch-off and soft start are
included to ensure smooth operation
and to protect the device itself as well
as the load (CPU) during faults on the
input and output. It is also pin-to-pin
compatible with the LTC1709-7.
The LTC1709-85’s 4 MSB (VID0 to
VID3) VID input bits are backward
compatible with the previous generation of Pentium microprocessor (VRM

8.4). The new LSB, VID25mV, provides 25mV interval steps to the
output. VRM 8.5 voltage range is from
1.05V to 1.825V.
Compared to single-phase switching regulators, a 2-phase converter
such as the LTC1709-85 reduces the
input ripple current by 35% and the
output ripple current by 45% through
ripple-current cancellation, a benefit
of the two output stages being driven
180° out of phase (see Table 1). As a
result, the reduction in the cost and
size of the input and output capacitors and the elimination of heat sinks
combine to minimize the overall cost
of the power supply.

ure 2, with settling time measuring
less than 90ns. Reducing the error
band to ±1/2LSB moves the measured settling time out to just inside
120ns, at which point the effects of
the transient are clearly finished. Persistence over a 500ns window was
excellent but, although no longer settling tails were seen, the circuit was
not intended or fully characterized for
longer term 16-bit precision.
AC linearity of the circuit was measured operating with a sinusoidal
output of 1MHz1 and a 25Msps clock.
The results are shown in Figure 3,
with the second harmonic down 83dB
and the third harmonic down 86dB.
The circuit’s DC linearity was mea-

sured at less than ±1LSB INL and
DNL. Power consumption was measured at 30mA from the +5V supply
and 50mA from the –5V supply, efficient for a DAC of this speed.

LT1807/LTC1668, continued from page 34
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Figure 3. Frequency spectrum of 1MHz,
25Msps sinusoidal output shows 83dB SFDR

(±1LSB) of 60µV. We evaluated the
circuit’s single-ended settling time
according to the methods described
in LTC Application Notes AN74 and
AN79. The results are shown in Fig-

Conclusion
The LT1807 and LTC1668 combine to
make a small, fast, versatile and precise voltage output DAC. The excellent
AC specifications make the circuit
suitable for demanding waveform synthesis applications, whereas the fast
settling and 16-bit resolution make it
suitable for precise closed-loop control systems.
1 1.00708MHz to be exact, with recurring data
every 4096 samples or 165 cycles.

For more information on parts featured in this issue, see
http://www.linear-tech.com/go/ltmag
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