Digital Frequency/Phase Comparator (DFPC)

Introduction

The AT6000 Series field programmable
gate array (FPGA) lets the designer
implement a digital frequency/phase
comparator (DFPC) that interfaces to a
voltage controlled oscillator (VCO).

Description

The DFPC has two periodic input sig-
nals, a reference frequency of some
desired value and a variable frequency

from the VCO. Two output signals from
the DFPC, ~UP and ~DOWN, control the
VCO. These two signals change the
VCO output frequency so as to match
the reference frequency entering the
DFPC. Once the reference and the vari-
able signals have the same phase and
frequency, the DFPC continues to make
small adjustments to the VCO frequency
to maintain the match.

Figure 1. Digital Frequency/Phase Comparator Circuit
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A representation of the circuit is shown in Figure 1. The Figure 2. DFPC Implementation
exact implementation of the circuit in the AT6000 architec- ~DOWN
ture is shown in Figure 2. The performance of the DFPC

was determined with the aid of another specially designed VCO

test circuit, which measures three performance characteris- v

tics of the DFPC: Tt

1. The minimum phase difference in nanoseconds ND2 ND2 ,
which the DFPC can detect between the reference 0 I
and variable VCO signals;

2. The width of the common mode time when both
~UP and ~DOWN are asserted during the reset 1 ! 1 !
operation of the DFPC; and > AN2 : |

3. The operation of the circuit when the reference and D . 5 R
VCO output frequencies are an octave apart. Since
the circuit is symmetrical the test need only be done
once for either case where the reference is twice r ‘
that of the VCO frequency, or vice versa. el ND2 ND2 '

Figure 3 shows the test circuit for generating signals of dif- N I
ferent frequencies. A ring oscillator circuit contained within
the device generates a base frequency that is used as the
reference signal into the DFPC. The reference signal is fed
into a frequency divider and the output of the divider drives
the VCO input into the DFPC.

Figure 3 also shows the circuit for generating signals with a
phase difference. The same ring oscillator used in the pre-
vious test circuit is used to generate a base frequency that RRRREE
provides the reference signal. This reference is also used «/<— ND2 AN2
as the input into a programmable phase shifter. The phase

shifter is controlled using the standard device down-loading | 7777
software normally used for loading the device bit stream
from a personal computer. Phase adjustments are made in
increments of 100 ps.

This phase shifted signal, which has the same base fre-
guency as the reference, is used as the VCO input for the l ------ M
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When compared to a stable reference frequency, initial . A R B
tests show that at typical operating conditions, the DFPC ! 1 ! 1
has a common mode pulse width, teypw, Of approximately > AN2 s
10.5 ns. Figure 4 shows the time difference between a level - L
change in ~UP and ~DOWN, tppyy, is exactly equal to the
phase shift of the two input signals, ty,p. The symmetry of

the circuit layout in the AT6000 device enables the differ- r
ence between tppy and tpp to be less than 500 ps. ND2 ND2
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The performance and utilization statistics are givenin L | L___ |  +______.
Table 1. The DFPC implementation is available in sche- 4
matic and layout form. REF

~UP




Figure 3. DFPC Test Circuits
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Figure 4. DFPC Timing Diagram
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Table 1. 16 x 8 FIFO

ol

Cell Count®

Minimum Bounding Box (X X Y)

2
tCMPW( )

tDPW - tDIP(Z)

DFPC 24

3x8

10.5ns

0.5ns

Notes: 1. Includes cells used as wires.

2. Typical Operating Conditions: 25°C, 5.0V, AT6000-4.
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