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DESIGN IDEAS

High Clock-to-Center Frequency Ratio
LTC1068-200 Extends Capabilities
of Switched Capacitor Highpass Filter

by Frank Cox
The circuit in Figure 1 is a 1kHz

8th order Butterworth highpass filter
built with the LTC1068-200, a
switched capacitor filter (SCF) build-
ing block. In the past, commercially
available switched capacitor filters
have had limited use as highpass
filters because of their sampled-data
nature. Sampled-data systems gen-
erate spurious frequencies when the
sampling clock of the filter and the
input signal mix. These spurious fre-
quencies can include sums and
differences of the clock and the input,
in addition to sums and differences of
their harmonics. The input of the
filter must be band limited to remove
frequencies that will mix with the
clock and end up in the passband of
the filter. Unfortunately, the pass-
band of a highpass filter extends
upward in frequency by its very
nature. If you have to band limit the

input signal too much you will also
limit the passband of the filter, and
hence its usefulness.

What makes this filter different is
the 200:1 clock-to-center frequency
ratio (CCFR) and the internal sam-
pling scheme of the LTC1068-200.
Figure 2a shows the amplitude
response of the filter plotted against
frequency from 100Hz to 10kHz. For
comparison, Figure 2b shows the
same filter built with an LTC1068-25.
This is a 25:1 CCFR part. The 200:1
CCFR filter delivers almost 30dB more
ultimate attenuation in the stopband.
A standard amplitude vs frequency
plot of a highpass filter can be mis-
leading because it masks some of the
aforementioned spurious signals
introduced into the passband. Figure
3a is a spectrum plot of the 200:1
filter with a single 10kHz tone on the
input. This plot shows that the

INV B

HPB/NB

BPB

LPB

SB

NC

AGND

V+

NC

SA

LPA

BPA

HPA/NA

INV A

1

2

3

4

5

6

7

8

9

10

11

12

13

14

INV C

HPC/NC

BPC

LPC

SC

V–

NC

CLK

NC

SD

LPD

BPD

HPD/ND

INV D

28�

27�

26�

25�

24�

23�

22�

21�

20�

19�

18�

17�

16�

15

LTC1068-200

RH3 1.47k

R22 10k

R32 24.3k

R42 10k

R44 16.9k

R34 10k

R24 16.9k

RH4 14.7k

R43 11.3k

R23 11.3k

R33 10k

R11 10k

R41 20k

R21 20k

R31 10k

–5V

200kHz

VOUT

5V

VIN

RH2 10k

0.1µF

0.1µF

Figure 1.  LTC1068-200 1kHz 8th order Butterworth highpass filter

continued on page 33
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Figure 2a. Amplitude vs frequency response of
Figure 1’s circuit
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Figure 2b. Amplitude vs frequency response
of comparable filter using the LTC1068-25
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Figure 3a. Spectrum plot of Figure 1’s circuit
with a single 10kHz input
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Accessing the Functionality
Table 1 shows the DAC ADDRESS/
CONTROL codes that update each of
the DACs, activate the SLEEP mode,
cause “No Update”, or update all DACs
with the same 10-bit value.

The four MSBs (Bit15–Bit12) of the
16-bit data word sent to the LTC1660
select a DAC for updating or a control
function such as SLEEP. The next ten
bits (Bit11–Bit2) are the data that sets
the selected DAC’s output voltage.
For example, with a 2.5V reference
voltage applied to the LTC1660’s pin
6, a value of 819 (1100110011) on
Bit11–Bit2 sets the DAC’s output volt-
age to 819/1024 • 2.5V, = 2.0V. The
last two bits (Bit1–Bit0) are “don’t care.”
When a 4-bit “no update” code is sent
(Bit15–Bit12 = 0000 and 1001–1101),
the contents of Bit11–Bit0 are ignored.
The SLEEP mode is selected by send-
ing Bit15–Bit12 = 1110. The LTC1660
is awakened by applying a logic low to
the CLR pin or by completing a data
load cycle. To awaken the part with a
load cycle and return to the same

output voltages as before SLEEP, use
address/control locations Bit15–Bit12
= 0000 or 1001–1101. Using CLR to
awaken the LTC1660 changes the
contents of all DAC registers to zeros
and the output voltage to 0V. Finally,
all DACs can be forced to the same
output voltage by using address/con-
trol location Bit15–Bit12 = 1111.

Layout, Bypassing and
Grounding Considerations
Like all data converters, the LTC1660
performs best when it is properly
grounded, bypassed and placed on a
PCB layout optimized for low noise.
Proper grounding is achieved by plac-
ing the part over an analog ground
plane. Ideally, no traces should cut
through the analog ground plane. If a
digital ground plane is present, it
should make contact with the analog
ground plane at only one point, usu-
ally where the board is grounded to
the power supply ground. If the board
consists of multiple layers, the digital

and analog ground planes should not
overlap each other. The ground pin
(pin 1) should be connected to the
analog ground plane.

Two 0.1µ F bypass capacitors
should be connected between the
LTC1660 and the analog ground
plane. One capacitor is connected to
the VCC input (pin 16) and the other is
connected to the reference input (pin
6). Lead lengths should be as short as
possible.

To help ensure that digital switch-
ing noise does not contaminate the
analog output, pins 7–11 should be
placed over the digital ground plane
and not cross the analog ground plane.

Conclusion
The LTC1660 10-bit octal DAC fea-
tures a very small narrow SSOP-16
package, micropower operation and
power saving SLEEP mode. These fea-
tures make this the ideal part for
dense circuit boards and battery-pow-
ered applications.

spurious free dynamic range (SFDR)
of the LTC1068 highpass filter is in
excess of 70dB. In fact, the filter has
a 70dB SFDR for all input signals up
to 100kHz. In a 200kHz sampled-
data system, you would normally need
to band limit the input below 100kHz,
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the Nyquist frequency. Because the
LTC1068 uses double sampling tech-
niques, its useful input frequency
range extends to the Nyquist fre-
quency and even above, albeit with
some care. Figure 3b shows the
LTC1068-200 highpass filter with an
input frequency of 150kHz. There is a
spurious signal at 50kHz, but even
though there is no input filtering, the
SFDR is still 60dB. For input signals
from 100kHz to 150kHz, the filter
demonstrates an SFDR of at least
60dB. The SFDR plot of the same
filter built with the LTC1068-25 is
shown in Figure 4. Note that the lower
CCFR (25:1) part still manages a
respectable 55dB SFDR with a 10kHz
input. The LTC1068-25 is used pri-
marily for band-limited applications,
such as lowpass and bandpass
filters.

LTC1068-200 continued from page 23

Figure 3b. Spectrum plot of Figure 1’s circuit
with a single 150kHz input

Figure 4. Spectrum plot of a comparable filter
using the LTC1068-25 with a single 10kHz
input shows a respectable 55dB SFDR.

Note:

The filters for this article were designed using
Linear Technology’s FilterCAD™ (version 2.0) for
Windows®. This program made the design and
optimization of these filters fast and easy.
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