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PC Board Layout
Silk screen parts placement drawings are shown below.
The complete board layout package can also be provided.
Primary areas of concern are the analog inputs to the ADC
and the ADC digital outputs.
Care has been exercised to prevent ground loops and noise
coupling on the circuit board at the inputs. Noise coupling
is reduced by aligning the split between analog and digital
planes across all layers.
The ADC outputs have been kept as short as possible to
minimize capacitive loading. The internal ground plane
has been removed under these traces to reduce the para-

sitic capacitance. Higher capacitance values will load the
ADC output drivers causing additional noise on the inter-
nal analog signals. This will degrade the ADC perfor-
mance. Analog and digital grounds have been star
(common-point) connected to minimize crosstalk. The
supplies have series inductors for each section to provide
extra isolation.

Figure 43, Figure 44, Figure 45, and Figure 46 show the
LDRCS Board parts placement and PC board layers. PCB
layout tips are annotated on the plots.

 

Figure  43 LDRCS Board layout, Top, L1 + Silk
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Figure  44 LDRCS Board layout, GND, L2

AGND

DGND

Line up split between analog
and digital planes across all layers.

Minimize parasitics at
the LC filter since these
are high-impedance nodes.

Common-point ground
where the analog and
digital planes join.

Minimize capacitive loading
on the ADC output by removing
power and ground planes.
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Figure  45 LDRCS Board layout, Power, L3

Line up split between analog
and digital planes across all layers.

Minimize parasitics at
the LC filter since these
are high-impedance nodes.

Minimize capacitive loading
on the ADC output by removing
power and ground planes.
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Figure  46 LDRCS Board layout, Bottom, L4

Line up split between analog
and digital planes across all layers.

Minimize parasitics at
the LC filter since these
are high-impedance nodes.

Minimize capacitive loading
on the ADC output by removing
power and ground planes.
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Appendix
Input Circuit and Signal Levels
The AIN1 and AIN2 IF inputs are transformer coupled
into the DVGA inputs. The transformers convert the sin-
gle-ended input signal to differential and match the 200
input of the DVGAs to the 50  input connectors. They
have a voltage gain of 2:

(EQ. 10)

In a production system, the transformer might be replaced
by an IF SAW with differential output drive capability.
With the DVGA set to maximum gain (+30dB), the total
analog gain from the input connector to the ADC is
33.8dB and an input level of -23.8dBm will drive a
full-scale input at the ADC. With the DVGA set to mini-
mum gain (-12dB), the total analog gain is -8.3dB and a
+18.3dBm input level is required to drive the ADC to full
scale. Typically, the AGC reference level will be set such
that the ADC will never see full scale and the lowest gain
setting of the DVGA will not be used.
The total gain of the LDRCS Board, including both the
analog and digital parts is best described by the equation,

, (EQ. 11)

where the first term has already been introduced and the
others will be in subsequent sections of this manual.

DVGA
The DVGA is a 350MHz amplifier that has a digi-
tally-controlled voltage gain range from -12 to +30dB in
6dB steps. It has a 3rd-order output intercept point of 24dB
at 150MHz and an output noise spectral density of
69 . At 150MHz, the data sheet plots place the
maximum gain at about 28.5dB or,

, (EQ. 12)

where  is the 3-bit data word into the DVGA digi-
tal input of channel A. Refer to the CLC5526 data sheet
for further details.
The DVGA, in conjunction with the DDC/AGC, forms an
automatic leveling loop that compresses the dynamic
range of the input IF signal prior to sampling by the ADC.
By doing so, it extends the dynamic range of the ADC by
as much as 42dB. The loop dynamics and threshold of the
AGC are set by programming the control registers within
the CLC5903. It is also possible to inhibit the loop and
force specific DVGA gain values.

ADC
The ADC is a 12 bit, wideband converter capable of inputs
as high as 300MHz at sample rates of 66MSPS. The SNR
for an input 3dB below the full scale input of 2VPP differ-
ential is 61dBFS at an IF frequency in the range of
150MHz. For levels much below this, however, the SNR
improves to 68dBFS (or, 55  at 52MSPS). This

behavior is due to the fact that the large-signal, high-fre-
quency SNR is dominated by clock jitter.
GSM systems typically require no more than 9dB of SNR
(C/I) which can be achieved at input levels of 59dB below
full scale. EDGE systems typically require 23dB SNR for
full rate operation. This requirement can be met with an
input signal at -45dBFS, still low enough to minimize the
effects of clock jitter.
The ADC acts as though it were a 68dB device for these
systems (Figure 47). The digital filters following the ADC
provide processing gain that improve further upon this by
24dB (factory default configuration, 200kHz output BW).
Assuming that a single sampling image interferes at a level
of -4dB (Figure 7), the total noise voltage density at the
ADC input is,

. (EQ. 13)

When this is referred through the 33.8dB maximum gain
to the input connector, this yields a 13dB noise figure for
the LDRCS Board.

DDC
The ADC outputs feed into the two channel DDC/AGC.
This part consists of two down converter channels (DDC)
and automatic gain control (AGC) loops. The DDC per-
forms the final mix to baseband and baseband filtering
(see Figure 48).
The NCO can tune across the full Nyquist band with 32 bit
precision. With phase dither enabled, the spurious perfor-
mance is -101dBc or better and SNR is 84dBFS. The fre-
quency and phase of the two channels are completely
independent. In addition, the phase dither of the two are
uncorrelated.
The baseband filtering is performed by a cascade of three
decimating FIR filters. The overall decimation ratio can be
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Figure  47 ADC12L066 SNR Extrapolates to 68dBFS
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programmed from 8 to 16,384. The two final filters feature
21 and 63 channel-independent user-programmable taps,
respectively. Two independent sets of filter coefficients
can be selected via crossbar switch. A set of tap coeffi-
cients are published in the CLC5903 data sheet which pro-
vide adequate filtering to meet the GSM blocker and
interferer requirements. The frequency response for these
filters at a sample rate of 52MSPS is shown in Figure 49.

Although the ADC combined with the processing gain of
the digital filters provides 92dB of instantaneous SNR,
this is not enough to meet the requirements of the
GSM900 specification without some analog filtering to
attenuate the blocker. Nonetheless, the digital filters can be
used to relax the requirements on the analog filter. In par-
ticular, the digital filters can meet the reference interfer-
ence level of ETSI GSM 05.05 paragraph 6.3 without any
assistance from the analog filter. Further, the blocker per-

formance of ETSI GSM 05.05 paragraph 5.1 can be met
with only minor assistance from the analog filter.

The FLOAT TO FIXED CONVERTER within the DDC
will match any change in gain by the DVGA with a com-
pensating digital gain change. It does this by treating the
complement of the DVGA control word as an exponent to
the ADC output. The overall effect of this is to make the
LDRCS Board appear as a fixed gain channel with
extremely large dynamic range as shown in Figure 50.
This mode can also be inhibited by asserting EXP_INH.
An expression for the gain through the DDC channel A is,

, (EQ. 14)

Figure  48 CLC5903 Digital Down Converter, Channel A
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Figure  49 Frequency Response of GSM Filter Set
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, (EQ. 15)

. (EQ. 16)

The numerators of  and  equal the sums of the
impulse response coefficients of F1 and F2, respectively.
For the STD and GSM sets,  and  are nearly equal

to unity. Observe that the  term in (EQ. 14) is can-
celled by the corresponding term appearing in (EQ. 12) so
that the entire gain of the LDRCS Board is independent of

the DVGA setting when EXP_INH=0. The  appearing

in (EQ. 14) is the result of the 6dB conversion loss in the
mixer.
When the DVGA gain is changed, there is a delay before
the FLOAT TO FIXED CONVERTER is changed to mini-
mize the effect of the gain steps on the output signal. In the
CLC5903 this delay is programmable to allow the use of
ADCs with more than three-clock pipeline delays. For the
ADC12L066, set EXT_DELAY to 3 since it has a 6-clock
pipeline delay.

AGC
The AGC loop for channel A is shown in Figure 51. Each
channel has its own loop. The ADC output power is mea-
sured with an envelope detector and used to adjust the
DVGA gain. Envelope detection is performed by an abso-
lute value circuit followed by a programmable lowpass fil-
ter whose response is shown in Figure 52. The filtered
signal is used to address a lookup table which generates an
error signal based on the programmed threshold, dead-
band, and loop time constant targets. This error is inte-
grated to produce the 3 bit control signal for the DVGA.
Integrator gain is programmable via the shifter preceding
it to allow loop time constants that can be varied by factors

of 2. Fractional control of time constant can be achieved
by altering the slope of the transfer function stored within
the lookup table.

In the course of measuring ADC power, the absolute value
block within the envelope detector also generates a second
harmonic of the aliased IF frequency. For example, an IF
of 150MHz aliases to -6MHz at the ADC output when the
sample rate is 52MHz. The absolute value block produces
from this a dc term and a second harmonic at -12MHz, the
latter of which is rejected by the low pass filter. If the alias
frequency is too low, though, its second harmonic will fall
within the passband of the filter and a clean power detec-
tion will not occur. This problem can be avoided by choos-
ing the IF and sample rates such that the alias frequency
magnitude is greater than FCK/16. Optimum power detec-
tion will occur with AGC_COMB_ORD = 2.

The user interface software makes programming of the
AGC very easy. The user need only specify the loop time
constant, reference, and deadband. The lookup table val-
ues and shifter values can then be computed. A Matlab
script which will calculate the AGC values is also avail-
able upon request. As shown in Figure 53, deadband in
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Figure  51 CLC-LDRCS-PCASM AGC circuit, Channel A
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excess of 6dB shows up as hysteresis. Hysteresis will
eliminate excessive DVGA gain changes caused by
the input signal level dwelling at a transition point.

The AGC can either be allowed to free-run or set to a
fixed gain. In free-run mode, the loop is closed contin-
uously and the DVGA gain setting is constantly
updated in response to the signal level applied to the
board. This mode is suitable for most applications. The
default configuration of the LDRCS Board and user
software allows the AGC to free-run. 
By using the configuration registers, it is possible to
write the initial gain condition of the loop into the inte-
grator and hold a fixed AGC gain value. This tech-
nique can be used to aid in system verification and
debugging. Consult the CLC5903 data sheet for fur-
ther details.

Figure  53 Relationship between deadband and 
hysteresis
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