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Features

¢ Clock Rates Up to 52MHz

» Selectable Matched Filtering with Root Raised Cosine
or Integrate and Dump Filter

» Second Order Carrier and Symbol Tracking Loop
Filters

¢ Automatic Gain Control (AGC)

* Discriminator for FM/FSK Detection and Discriminator
Aided Acquisition

« Swept Acquisition with Programmable Limits
* Lock Detector

« Data Quality and Signal Level Measurements

¢ Cartesian to Polar Converter

» 8-Bit Microprocessor Control - Status Interface

» Designed to work with the HSP50110 Digital
Quadrature Tuner

» 84 Lead PLCC

Applications

~ Satellite Receivers and Modems

« BPSK, QPSK, 8-PSK, OQPSK, FSK, AM and FM
Demodulators

 Digital Carrier Tracking

+ Related Products: HSP50110 Digital Quadrature
Tuner, D/A Converters HI5721, HI5731, HI5741

+« HSP50110/210EVAL Digital Demod Evaluation Board

Description

The Digital Costas Loop (DCL) performs many of the
baseband processing tasks required for the demodulation
of BPSK, QPSK, 8-PSK, OQPSK, FSK, AM and FM
waveforms. These tasks include matched filtering, carrier
tracking, symbol synchronization, AGC, and soit decision
slicing. The DCL is designed for use with the HSP5C0110
Digital Quadrature Tuner to provide a two chip solution for
digital down conversion and demodulation.

The DCL processes the In-phase (l) and quadrature (Q)
components of a baseband signal which have >een digi-
tized to 10 bits. As shown in the block diagram. the main
signal path consists of a complex multiplier, selectable
matched filters, gain multipliers, cartesian-to-polar con-
verter, and soft decision slicer. The complex multinlier
mixes the | and Q inputs with the output of a quadrature
NCO. Following the mix function, selectable matched fi‘iers
are provided which perform integrate and dump or root
raised cosine filtering (o ~ 0.40). The matched fiter output
is routed to the slicer, which generates 3-bit soft decisions,
and to the cartesian-to-polar converter, which generates
the magnitude and phase terms required by the AGC and
Carrier Tracking Loops.

The PLL system solution is completed by the HSP5C210
error detectors and second order Loop Filters that provide
carrier tracking and symbol synchronization signals. In appli-
cations where the DCL is used with the HSP50° 10, these
control loops are closed through a serial interface between
the two parts. To maintain the demodulator performance with
varying signal power and SNR, an internal AGC loop is pro-
vided to establish an optimal signal level at the irput to the
slicer and to the cartesian-to-polar converter.
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Pinout
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Ordering Information

PART NUMBER

TEMP. PKG.
RANGE (°C) PACKAGE NO.

HSP50210JC-52

0to70 84 Lead PLCC N84.1.15

HSP50210J1-52

-40t0 85 |84 Lead PLCC N84.1.15
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Pin Description

NAME TYPE DESCRIPTION
Ve - +5V Power Supply
GND - Ground
1INS-0 | in-Phase Parallel Input. Data may be two’s complement or offset binary format (see Table 14). Thase inputs
are sampled by CLK when the SYNC signal is active Low. IINQ is the MSB. See Input Controller Secticn.
QINS-0 l Quadrature Parallel Input. Data may be two's complement or offset binary format (see Tabte 14). These inputs
are sampled by CLK when the SYNC signal is active Low. QIN9 is the MSB. See Input Controller Sectior.
SYNC Data Sync. When SYNC is asserted “Low”, data on 1IN9-0 and QINS-0 is clocked into the crocessing
pipeline by the rising edge of CLK.

COF (0] Carrier Offset Frequency. The frequency term generated by the Carrier Tracking Loop Filter is output
serially via this pin. The new offset frequency is shifted out MSB first by CLK or SLOCLK starting with the
clock cycle after the assertion of COFSYNC.

COFSYNC O Carrier Offset Frequency Sync. This signal is asserted one CLK or SLOCLK cycle before the MSB of ine
serial data word. (Programmable Polarity. See Table 41, bit 11.)

SOF O Sampler Offset Frequency. Sample frequency correction term generated by the Symbol Traciing Loop
Filter is output serially via this pin. The frequency word is shifted out MSB first by CLK or SLOCLK starting
with the clock cycle after assertion of SOFSYNC.

SOFSYNC O Sampler Offset Frequency Sync. This signal is asserted one CLK or SLOCLK cycle before the hSB of the
serial data word. (Programmable Polarity. See Table 41, bit 12.)

A2-0 ! Address Bus. The address on these pins specify a target register for reading or writing (see Microaroces sor
Interface Section). AQ is the LSB.

C7-0 /O Microprocessor Interface Data Bus. This bi-directional bus is used for reading and writing to the arocessor
interface. These are the data IO pins for the processor interface. CO is the LSB.

WR 1 Write. This is the write strobe for the processor interface (see Microprocessor Interface section.

RD | Read. This is the read enable for the processor interface (see Microprocessor Interface section)

FZ_ST | Freeze Symbol Tracking Loop. Asserting this pin “high” zeroes the sampling error into the Symbc! Track:ng
Loop Filter (see Symbol Tracking Loop Filter section)
FZ_CT l Freeze Carrier Tracking Loop. Asserting this pin “high” zeroes the carrier Phase Error input to the Canier
Tracking Loop Filter.
LKINT 0] Lock Detect Interrupt. This pin is asserted “high™ for at least 4 CLK cycles when the Lock Detector
Integration cycle is finished (see Lock Detector section). Used as an interrupt for a processor. The Lcck
Detect Interrupt may be asserted “high” longer than 4 CLK cycles, depending on the Lock Detector mo-ie.
THRESH (0] Threshold Exceeded. This output is asserted “low” when the magnitude out of the Cartesian to Pciar
converter exceeds the programmable Power Detect Threshold (see Tabie 15 and AGC section).
SLOCLK o] Slow Clock. Optional serial clock used for outputting data from the Carrier and Symbol Tracking Lcop
Filters. The clock is programmable and has a 50% duty cycle. Note: Not used when the HSP50110 is
used with the HSP50210 (see Table 41).

ISER | In-Phase Serial Input. Serial data input for In-Phase Data. Data on this pin is shifted in MSB frst and is
synchronous to SERCLK (see Input Controller Section).

QSER | Quadrature Serial Input. Serial data input for Quadrature Data. Data on this pin is shifted in MSI3 first end
is synchronous to SERCLK (see Input Controller Section).
SSYNC | Serial Word Sync. This input is asserted “high” one CLK before the first data bit of the serial ‘~vord (see

Figure 2).
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Pin Description (continued)

NAME TYPE DESCRIPTION
SERCLK 1 Serial Clock. May be asynchronous to other clocks. Used to clock in serial data (ses Input Controlier
Section)
AQUT9-0 O A Output. Data on this output depend on the configuration of Output Selector. AOUT9 is the MSB. (se« Table 42).
BOUTS-0 0] B Output. Data on this output depend on the configuration of Output Selector. BOUTY is the MSB. (see Table
42).
SMBLCLK 0O Symbol Clock. 50% duty cycle clock aligned with soft bit decisions (see Figure 19).

OEA | A Output Enable. This pin is the three-state control pin for the AOUT9-0. When OEA is high, the AOUT2-0
is high impedance.

OEB B Output Enable. This pin is the three-state control pin for the BOUT9-0. When OEB is high, the AOUT3-0
is high impedance.

HI/LO 0 HI/LO. The output of the Input Level Detector is provided on this pin (see Input Level Detector section). This
signal can be externally averaged and used to control the gain of an amplifier to close an AGC loop around
the A/D converter. This type of AGC sets the level based on the median value on the input.

CLK | System Clock. Asynchronous to the processor interface and serial inputs.
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Functional Description

The HSP50210 Digital Costas Loop (DCL) contains most of
the baseband processing functions needed to implement a
digital Costas loop demodulator. These functions include LO
generation/mixing, matched filtering, AGC, carrier phase and
frequency error detection, timing error detection, carrier loop
filtering, bit sync loop filtering, lock detection,
acquisition/tracking control, and soft decision slicing for
forward error correction algorithms. While the DCL is
designed to work with the HSP50110 Digital Quadrature
Tuner (DQT) as a variable rate PSK demodulator for satellite
demodulation, functions on the chip are common to many
communications receivers.

The DCL provides the processing blocks for the three
tracking loops commonly found in a data demodulator: the
automatic gain control (AGC) loop, the carrier tracking loop,
and a symbol tracking loop. The AGC loop adjusts for input
signal power variations caused by path loss or signal-to-
noise variations. The carrier tracking loop removes the
frequency and phase uncertainties in the carrier due to
oscillator inaccuracies and doppler. The symbol tracking
loop removes the frequency and phase uncertainties in the
data and generates a recovered clock synchronous with the
received data. Each loop consists of an error detector, a loop
filter, and a frequency or gain adjustment/control. The AGC
loop is internal to the DCL, while the symbol and carrier
tracking loops are closed external to the DCL. When the
DCL is used together with the HSP50110, the tracking loops
are closed around the baseband filtering to center the signal
in the filter bandwidth. In addition, the AGC function is
divided between the two chips with the HSP50110 providing
the coarse AGC and the HSP50210 providing the fine or
final AGC.

A top level block diagram of the HSP50210 is shown in
Figure 1. This diagram shows the major blocks and the
multiplexers used to reconfigure the data path for various
architectures.

Input Controller

in-Phase (1) and Quadrature (Q) data enters the part through
the Input Controller. The 10-bit data enters in either serial or
parallel fashion using either two's complement or offset
binary format. The input mode and binary format is set in the
Data Path Configuration Control Register, bits 14 and 15
(see Table 14).

If Parallel Input mode is selected, | and Q data are clocked
into the part through 1INO-9 and QINO-9 respectively. Data
enters the processing pipeline when the input enable
(SYNC) is sampled “low” by the processing clock (CLK). The
enable signal is pipelined with the data to the various
processing elements to minimize pipeline delay where
possible. As a result, the pipeline delay through the AGC,
Carrier Tracking, and Symbol Tracking Loop Filters is mea-
sured in CLKs not input data samples.

If serial input mode is selected, the | and Q data enters via
the ISER and QSER pins using SERCLK and SSYNC. The
beginning of a serial word is designated by asserting

SSYNC ‘high’ one SERCLK prior to the first data bi:, as
shown in Figure 2. On the following SERCLKSs, daa is
shifted into the register until all 10 bits have been input. Data
shifting is then disabled and the contents of the ragister are
held until the next assertion of SSYNC. The assartion of a
SSYNC transfers data into the processing pipeline, and the
shift register is enabled to accept new data on th=2 following
SERCLK. When data is transferred to the processing pipe-
line by SSYNC, a processing enable is generated which fol-
lows the data through the pipeline. This enable allows the
delay through processing elements (like the loop fitters) to be
minimized since their pipeline delay is expressed in CLKs
not SSYNC periods. Note: SSYNC should not be
asserted for more than one SERCLK cycle.

SERCLK I I I I I | I I I l I I I E I I I

| | |

|
|
SSYNC / \ | ’ \ !
! ! —

A

ISER/
QSER

MSB

NOTE: Data must be loaded MSB first.
FIGURE 2. SERIAL INPUT TIMING FOR ISER AND QSER INPUTS

Input Level Detector

The Input Level Detector generates a one-bit erro- signal for
an external IF AGC filter and amplifier. The error signal is
generated by comparing the magnitude of the input samples
to a user programmable threshold. The HI/LO pin is then
driven “high” or “low” depending the relationship of its magni-
tude to the threshold. The sense of the HI/LO pin is program-
mable so that a magnitude exceeding the threshold can
either be represented as a “high” or “low” logic state. The
Input Level Detector (HI/LO output) threshold and the sense
are set by the Data Path Configuration Control Register bits
16-23 and 13 (see Table 14). Note: The Input Level Detec-
tor is typically not used in applications which use the
HSP50210 with the HSP50110.

The high/low outputs can be integrated by an external ioop
filter to close an AGC loop. Using this method, tie gain of
the loop forces the median magnitude of the input samples
to the threshold. When the magnitude of half of the samples
is above the threshold (and half is below), the error signal is
integrated to zero by the loop filter.

The magnitude of the complex input is estimated by:

Mag (1, Q) = || +0.375x|Q} if | >Q and (EN. 1)

Mag (I, Q) = |Q| +0.375 x|l if Q> |
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NCO/Mixer

The NCO/Mixer performs a complex multiply between the
baseband input and the output of a quadrature NCO
(Numerically Controlled Oscillator). When the HSP50210
(DQT) is used with the HSP50110 (DCL), the NCO/Mixer
shortens the Carrier Tracking Loop (i.e. minimizes pipeline
delay around the loop) while providing wide loop band-
widths. This becomes important when operating at symbol
rates near the maximum range of the part.

There are three configurations possible for closing the Car-
rier Tracking Loop when the DQT and the DCL are used
together. The first configuration utilizes the NCO on the DQT
and bypasses the NCO in the DCL. The Data Path Configu-
ration Control Register (see Table 14), bit 10, and Carrier
Loop Filter Control Register #1 (see Table 20), bit 6. are
used to bypass the DCL NCO/Mixer and route the Loop filter
outputs, respectively. The DQT provides maximum flexibility
in NCO control with respect to frequency and phase offsets.

The second configuration feeds the lead Carrier Loop filter
term to the DCL NCO/Mixer, and the lag Loop filter Term to
the DQT NCO. This reduces the loop transport delay while
maintaining wide loop bandwidths and reasorable loop
damping factors. This configuration is especially useful in
SATCOM applications with medium to high symbol rates.
The Carrier Loop Filter Control Register #1, bit 5, is where
the lead/lag destination is set.

The final configuration feeds both the lead and lag Carrier
Loop Filter terms back to the DCL NCO/Mixer. This provides
the shortest transport delay. The DCL NCO/Mixer provides
only for frequency/phase control from the Carrier Loop filter.
The center frequency of this NCO/Mixer is set to the average
of the Upper and Lower Carrier Loop Limits programmable
parameters. These parameters are set in the two control reg-
isters bearing their names (see Tables 22 and 23).

The NCO/Mixer uses a complex multiplier to multiply the
baseband input by the output of a quadrature NCO. This
operation is represented by:

'OUT = IINcos(mC)—Qlein(mC) (EQ. 2)

QayT = liN sin(eg) + Q) cos(we) (EQ. 3)

Equation 3 illustrates how the complex multiplier implicitly
performs the summing function when the DCL is configured
as a modulator. The quadrature outputs of the NCO are gen-
erated by driving a sine/cosine look-up table with the output
of a phase accumulator as shown in Figure 3. Each time the
phase accumulator is clocked, its sum is incremented by the
contents of the Carrier Frequency (CF) register. As the
accumulator sum increments from 0 to 232, the SIN/COS
ROM produces quadrature outputs whose phase advances
from O to 360°. The CF register contains a 32-bit phase
increment which is updated with the output of Carrier
Tracking Loop. Large phase increments take fewer clocks to
step through the sine wave cycle, which results in a higher
frequency NCO output.

The CF register sets the NCO frequency with th2 following
equation:

Fg = o @ (CF)/2% (EQ. 4)

CF = INT[(Fg/Fg 2% 1H

where Fg| k is the CLK frequency, and CF is the Z2-bit two’s
complement hexadecimal value loaded into the Carrier Fre-
quency register. As an example, if the CF registe - is loaded
with a value of 4000 0000 (Hex), and the CLK frequency is
40MHz, the NCO would produce quadrature terms with a
frequency of 10MHz. When CF is a negative value, a ciock-
wise cos/sin vector rotation is produced. When CF is posi-
tive, a counterclockwise vector rotation is produced.

NOTE: The NCO is set to a fixed frequency by programming the
upper and lower limits of the Carrier Tracking Loop Filter to the
same value and zeroing the lead gain.

Matched Filtering

The HSP50210 provides two selectable matched filters: a
Root Raised Cosine Filter (RRC) and an Integrate and Dump
(1&D) filter. These are shown in Figure 3. The RRRC filter is
provided for shaped data pulses and the 1&D filter 's provided
for square wave data. The filters may be cascaded for better
adjacent channel rejection for square wave data. it these two
filters do not meet baseband filtering requirements, then they
can be bypassed and an external digital filter (such as the
HSP43168 Dual FIR Filter or the HSP43124 Serial I/O Filter)
used to implement the desired matched filter. The desired fil-
ter configuration is set in the Data Path Configurat.on Control
Register, bits 1-7 (see Table 14).

The sample rate of the baseband input depends on the symbol
rate and filtering configuration chosen. In configura ions which
bypass both filters or use only the RRC Filter, the inaut sample
rate must be twice the symbol rate. In configurations whict: use
the I&D Filter. the input sample rate is decimated 2y the I1&D
filter, down to two samples per symbol. I&D configurations
support input sample rates up to 32 times the input symbol rate.

The RRC filter is a fixed coefficient 15 Tap FIR filter. It has
~40% excess bandwidth beyond Nyquist which equates to
o = ~0.4 shape factor. The filter frequency response is shown
in Figure 4 and Figure 5. In addition, the 9-bit filter =oefficients
are listed as integer values in Table 1. The noise equivalent
bandwidth of the RRC filter and other filter configura-ions possi-
ble with the HSP50110/210 chipset are given in Appendix A.
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TABLE 1. ROOT RAISED COSINE COEFFICIENTS
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FIGURE 5. PASSBAND RIPPLE OF RRC FILTER IN HSP50210

The 1&D filter consists of an accumulator, a programmable
shifter and a two sample summer as shown in Figure 3. The
programmable shifter is provided to compensate for the gain
introduced by the accumulator (see Table 14). The ascumulator
provides Integrate and Dump Filtering for decimatior. factors up
to 16. The two sample summer provides the moving average
required for an additional decimation factor of 2. A decimation
factor of 1 (bypass), 2, 4, 8, 16, or 32 may be selected. At the
maximum decimation rate, a baseband signal sarrpled &t 32
times the symbol rate can be filtered.

The output of the two sample summer is demultiplexad intc two
sample streams at the symbol rate. The demultiplexed data
streams from the | and Q processing paths are fed t> the Sym-
bol Tracking Block and Soft decision slicer. The multiplexed
data streams on | and Q are provided as one of the selectable
inputs for the Cartesian to Polar Converter.

Cartesian/Polar Converter

The Cartesian/Polar Converter maps samples on the | and Q
processing paths to their equivalent phasesmagnilude
representation. The magnitude conversion is equivalent to:

Mag (I, Q) = (0.81)*4(12 + Q).

where 0.81 is the gain of the conversion process. The
magnitude output is an 8-bit unsigned value rarging trom
0.0 to 1.9922.

(EQ. 5)

The phase conversion is equivalent to:

Phase (I, Q) = tan™ ' (Q/1), (EN. 6)
where tan'1( ) is the arctangent function. The phase conversion
output is an 8-bit two’s complement output which ranges from
-1.0 to 0.9922 (80 to 7f HEX, respectively). The -1 1o almost 1
range of the phase output represents phase values from -n lo &,
respectively. An example of the I/Q to phase mapping is shown
in Figure 6. The phase and magnitude values may be output
via the Output Selector bits 0-3 (see Table 42).
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The I/Q data path selected for input to the Cartesian to Polar
converter determines the input data rate of the AGC and carrier
tracking loops. If the I/Q data path out of the Integrate and Dump
Filter is selected, the AGC is fed with magnitude values produced
by the end-symbol samples. Magnitude values produced by
midsymbol samples are not used because these samples occur
on symbol transitions, resulting in poor signal magnitude
estimates. The Carrier Tracking block is fed with phase values
generated from both the end and mid-symbol samples. The
carrier tracking loop filter, however, is only fed with Phase Error
terms generated by the end symbol samples. If the input of the
I1&D is selected for input to the coordinate converter, the control
loops are fed with data at the I/Q data rate. The desired data path
input to the Cartesian to Polar converter is specified in the Data
Path Configuration Control Register, bit 8 (see Table 14).
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AGC

The AGC loop operates on the main data path (| and Q)
and performs three signal level adjusting functiors: 1) max-
imizing dynamic range, 2) compensating for SNR varia-
tions, and 3) maintaining an optimal level into the Soft
Decision Slicer. The AGC loop block diagram, shown in
Figure 7, consists of an Error Detector, a Loop Filter, and
Signal Gain Adjusters (multipliers). The AGC Error Detec-
tor generates an error signal by subtracting the program-
mable AGC threshold from the magnitude output of the
Cartesian to Polar Converter. This difference signal is
scaled (gain adjusted via multiplier and shifter), ther fil-
tered (integrated) by the AGC Loop Filter to geerate the
gain correction to the | and Q signals at the multisliers.

The AGC responds to the magnitude of the sun of al. the
signals in the bandpass of the narrowest filter prece:ing
the Cartesian to Polar Coordinate Converter. This filter may
be the Integrate and Dump filter shown in Figure 8, the
RRC filter upstream in the HSP50210 data path, or some
other filter outside the DCL chip. The magnitude signal usu-
ally contains several components: 1) the signal of interest
component, 2) the noise component, and 3) interfering sig-
nals component. At high SNR’s the signal of interest is sig-
nificantly greater than the other components. At lower
SNR’s, components 2 or 3 may become greater than the
signal of interest. Narrowing the filter bandwidth is the pri-
mary technique used to mitigate magnitude contr butiors of
component 3. This will also improve the SNR by reducing
the magnitude contributions of element 2. Consideraticn of
the range of signal amplitudes expected into the
HSP50210, in conjunction with a gain distributior: analysis,
will provide the necessary insight to set the signal level into
the Soft Decision Slicer to yield optimum performance.
Note: Failure to consider the variations due to nois2 or
interfering signals, can result in signal limiting in the
HSP50210 processing algorithms, which wil' degrade
the system Bit Error Rate performance.

The AGC Loop is configured by the Power Detect Thiesholc and
AGC Loop Parameters Control Registers (see Tabes 15 and
16). Seven programmable parameters must be set t> configure
the AGC Loop and its status outputs. Two parameters, the Power
Threshold and the AGC Threshold are associated wi:h the Zrror
Detector and are represented in 8-bit fractional unsicned binary
format: 20.271222-32425627. \While the format providas a
range from 0 - 1.9961 for the thresholds, the Cartesian to Folar
Converter scales the | and Q input magnitudes by 0.81. Thus, ifa
full scale( +1) complex (| and Q) input signal is presented to the
converter, the output will be V(0.81)% + (0.81)% = 1 1455, The
AGC Threshold parameter value is the desired magnitude cf the
signal as it enters the Soft Decision Slicer. It is the parameter that
will determine the error signal in the AGC loop. The Pawer
Threshold, on the other hand, determines only the power thresh-
old at which the THRESH signal is asserted. If the signal magni-
tude exceeds the threshold, then the THRESH is asserted. This
may be used for signal detection, power detection or external
AGC around the A/D converter. The AGC Threshold parameter
is set in the AGC Loop Parameters Control Register bits 15-23
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(see Table 16). The Power Threshold parameter is set in the
Power Detect Threshold Control Register, bits 0-7 (see Table 15).
Note that these two threshold parameters are not required to be
set to identical or even related values, since they perform inde-
pendent functions

The Enable AGC parameter sets the AGC Error Detector out-
put to zero if asserted and to normal error detection output
when not asserted. This control bit is set in the AGC Loop
Parameter Control Register, bit 31 (see Table 16). This bit is
used to disable the AGC loop.

The remaining AGC parameters determine the AGC loop
characteristics: gain tracking, tracking rate and tracking limits.
The AGC Loop gain is set via two parameters: AGC Loop
Gain Exponent and AGC Loop Gain Mantissa. In general, the
higher the loop gain, the faster signal level acquisition and
tracking, but this must be tempered by the specific signal
characteristics of the application and the remaining program-
mable loop parameters. For the HSP50210, the AGC Loop
Gain provides for a variable attenuation of the input to the loop
filter. The AGC gain mantissa is a 4-bit value which provides
error signal scaling from 0.000 to 0.9375, with a resolution of

AGC loop Gain is 0.0000 to [0.9375][2-7]. This will scale
the AGC error signal to a range of 0.000 to
(1.1455)(0.9375)(2-7) = 1.07297(2-7).

TABLE 2. AGC LOOP GAIN BINARY MANTISSA TO DECIMAL

SCALED MANTISSA MAPPING
BINARY DECIMAL BINARY DECIMAL
CODE SCALED CODE SCALED
(MMMM) MANTISSA (MMMM) MANTISSA
0000 0.0000 1000 1.5000
0001 0.0625 1001 1.5625
0010 0.1250 1010 1.6250
0011 0.1875 1011 0.6875
0100 0.2500 1100 1.7500
0101 0.3125 1101 n.8125
0110 0.3750 1110 0.8750
0111 0.4375 111 0.9375

TABLE 3. AGC LOOP BINARY EXPONENT TO SCALED
DECIMAL EXPONENT MAPPING

0.0625. Table 2 details the discrete set of decimal values pos- BINARY CODE DECIMAL/ HEX DECIMAL SCALED
sible for the AGC Loop Gain mantissa. The exponent provides (EEE) EXPONENT EXPONENT
a shift factor scaling from 27 to 2714, Table 3 details the dis- 000 0 2’
crete set of decimal values possible for the AGC Loop Gain 001 1 o8
Exponent. When combined, the exponent and mantissa pro- 010 > P
vide a loop gain defined as: ~3
AGC Loop Gain: G, = [(M)(2 12”7 * By (EQ.7) o 2 2
AGe 100 4 2!
where M is a binary number with a range from 0 to 15 and 101 5 5 2
E is a 3-bit binary value from 0 to 7. M and E are the 0 5 >3
parameters set in the AGC Loop Parameters Control Reg- 7
ister, bits 24-30 (see Table 16). The composite range of the 111 7 2
A O ECLOOP  AGE LOOP , ' AGC ERROR DETECT
AGC AGC GAIN GAIN I i
UPPER LOWER MANTISSA+ EXPONENT + . THRESH
LIMIT £ LIMIT+ 7 75 914) (0.000TO 0.9375) |

READQR
REG

I

| 0.000 TO 1.07297(27)

0.0000 TO 15.8572
_ (070 24dB)

1
ENABLE AGC 34
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THRSHLD t

¥ ]
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FIGURE 7. AGC LLOOP BLOCK DIAGRAM
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TABLE 4. AGC GAIN MANTISSA TO DECIMAL MAPPING

The AGC Loop filter integrates the scaled error signal to
provide a correction control term to the multipliers in the | and
Q path. The loop filter accumulator has internal upper and
lower limiters. The upper eight bits of the accumulator output
map to an exponent and mantissa format that is used to set
these upper and lower limits. The format, illustrated in Figure
8, is used for the AGC Upper Limit, AGC Lower Limit and the
correction control term (AGC output). This format shoulc not
be confused with the similar format used for the AGC L.oop
Gain. The input to the AGC Loop Filter is included in Figure 8
to show the relative weighting of the input to output of the ioop
filter. The loop filter input is represented as the eieven latter
“G”s. Lower case “e” and “m” detail the format for the AGC
Upper and Lower Limits. This change in type case should help
keep the AGC Limits and AGC Gain formats from teing
confused. The AGC Upper and Lower Limits are set in the
AGC Loop Parameters Control Register, bits 0-15, (see Table
16). This 6-bit unsigned mantissa format provides for an AGC
output control range from 0.0000 to 0.9844, with a resolution
of 0.015625. The 2-bit exponent format provides an AGC
output control range from 1 to 8. The decimal values for e:ach
of the 64 binary mantissa values is detailed in Tatle 4, while
Table 5 details the decimal value for the 4 exponen™ values.

TABLE 5. AGC GAIN EXPONENT TO DECIMAL MAPPING

DECIMAL/ HEX | DECIMAL SCALED
BINARY CODE EXPONENT EXPONENT
00 0 2)
01 1 2!
10 2 2?
11 3 23

DECIMAL DECIMAL

VALUE VALUE

BINARY CODE OF AGC BINARY CODE OF AGC

(MMMMMMagc) | MANTISSA | (MMMMMMuGc) | MANTISSA

000000 0.000000 100000 0.500000
000001 0.015625 100001 0.515625
000010 0.031250 100010 0.531250
000011 0.046875 100011 0.546875
000100 0.062500 100100 0.562500
000101 0.078125 100101 0.578125
000110 0.093750 100110 0.593750
000111 0.109375 100111 0.609375
001000 0.125000 101000 0.625000
001001 0.140625 101001 0.640625
001010 0.156250 101010 0.656250
001011 0.171875 101011 0.671875
001100 0.187500 101100 0.687500
001101 0.203125 101101 0.703125
001110 0.218750 101110 0.718750
001111 0.234375 101111 0.734375
010000 0.250000 110000 0.750000
010001 0.265625 110001 0.765625
010010 0.281250 110010 0.781250
010011 0.296875 110011 0.796875
010100 0.312500 110100 0.812500
010101 0.328125 110101 (1.828125
010110 0.343750 110110 0.843750
010111 0.359375 110111 0.859375
011000 0.375000 111000 0.875000
011001 0.390625 111001 0.890625
011010 0.406250 111010 0.906250
011011 0.421875 111011 0.921875
011100 0.437500 111100 0.937500
011101 0.453125 111101 0.953125
011110 0.468750 111110 0.968750
011111 0.484375 111111 0.984375

The AGC Output is implemented in the multiplier according
to Equation 8.

e
Outage -tinear = (1:0+Magc)(@) (EQ B8A)

OUtAGC_dB = 20 log [(1~0+mAec)(28)] (EQ 8B)

where m and e are the binary values for mantissa and e:xpo-
nent found in Tables 4 and 5.

NOTE: This format is identical to the format used to pro-
gram the AGC Upper and Lower Limits, but in this usage
itis not a programmed value. It is a representation of the
digital AGC output number which is presented to the
Gain Adjuster (multipliers) to correct the gain of the | and
Q data signals in the main data path.

These equations yield a composite (mantissa and
exponent) AGC output range of 0.0000 to 1.9844{_23) which
is a logarithmic range from O to 24dB. Figure 9 has graphed

2120 o1 229354 250657 28 5-9 2-10 o1 2-12 213 5-14 215 2-16 17 2-18

ee.mmmmmm

GGG G G G G G G G G

FIGURE 8. AGC OUTPUT AND AGC LIMITS BIT WEIGHTING
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the results of Equation 8 for both the linear and logarithmic
equations. Figure 9 also has a linear estimate of the
logarithmic equation. This linear approximation will be used
in calculating the AGC response time.

16 24
<%
12 18
GAINdB —1_ ]
£ 1] 3" -
w LINEAR ESTIMATE IN dB a
= ] 12 =
498 GAIN ]
Z R, T T LINEAR -]
< L/
o
4 6
04 //
1
0 0
O W N ® ¥ O 0 N O T O © N O T O O
TreYoeeoe - dIR2E2RRAISR

GAIN CONTROL WORD
{8 MSBs OF LOOP FILTER ACCUMULATOR)

FIGURE 9. GAIN CONTROL TRANSFER FUNCTION

The HSP50210 provides two mechanisms for monitoring
signal strength. The first, which involved the THRESH
signal, has already been described. The second
mechanism is via the Microprocessor Interface. The 8 most
significant bits of the AGC loop filter output can be read by
a microprocessor. Refer to the Microprocessor Interface
Section for details of how to read this value. This AGC
value has the format described in Figure 8.

AGC Bit Weighting and Loop Response

The AGC loop response is a function of the programmable
gain, the bit weightings inherent in the connection of ¢ach
element of the loop, the AGC Loop filter limits and the mag-
nitude of the input gain error step. Table 6 details the: bit
weighting between each element of the AGC Loop from the
error detector through the weighting at the gain adjuster in
the signal path. The AGC Loop Gain sets the growth rate of
the sum in the loop filter accumulator. The Loop filter output
growth rate determines how quickly the AGC loop traces the
transfer function shown previously in Figure 9. To calcuiate
the rate at which the AGC can adjust over a given pericd of
time, a gain step is introduced to the gain error detector and
the amount of change that is observed between clocks a: the
AGC Level Adjusters (multipliers) is the AGC response 'ime
in dB per symbol.This AGC loop will respond immediately
with the greatest correction term, then asymptotically
approach zero correction.

We begin calculation of the loop response with & full scale
error detector input of +1. This error input is scaled by the Car-
tesian to Polar converter, the error detector and the AGC Loop
Gain, accumulated in the loop filter, limited and output to the
gain adjusters. The AGC loop tries to make the error correc-
tion as quickly as possible, but is limited by the AGC Loop
Gain and potentially, the AGC limits. The maximum AGC
response is the maximum gain adjustment made ir any given
clock cycle. This involves the applying maximum Loop gain
and setting the AGC limits as wide as possible. A zalculation
using only exponent terms of the various gains w Il be suffi-
cient to yield a rough order of magnitude of the range of the
AGC Loop response. The results are shaded in the last col-
umn of Table 6 and provided in detail in Equations YA anc 9B.
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TABLE 6. AGC BIT WEIGHTING

AGC
AGC LOOP LOOP AGC
AGC GAIN FILTER FILTER OUTPUT
ACCUM GAIN | ERROR | AGC LOOP GAIN GAIN BITS AND AGC AGC GAIN
BIT ERROR BIT FILTER GAIN | MULIPLIER KEPT SHIFT | SHIFT | LIMITS BIT | RESOLUTION
POSITION | INPUT | WEIGHT | (MANTISSA) | (OUTPUT) (rnd) = =7 WEIGHT (dB)
22 Shifter - | E 1 12
21 Shifter - | E 0 6
20 Multiplier — M -1 3
19 M -2 1.5
18 M -3 0.75
17 M -4 0.375
16 M -5 J).1875
15 Multiplier — 1 M -6 €.0937t
14 Oe . -7 €.04688
13 1 G -8 £.02344
12 2 G -9 C.0117z
11 3 G -10 €.0058¢
10 4 G -1 €.0029%
9 5 G -12 €.0014¢
8 8 =1 0. 12 12 =1 1 6 G -13 0.000732
7 7 = Qe X 11 11 =0e Qe G -14 0.000366
6 6 =1 X 10 10 =1 1 G -15 0.000183
5 5 =2 X 9 9 =2 2 G -16 0.0000915
4 4 =3 X 8 8 =3 3 G -17 0.0000453
3 3 =4 7 7 =4 4 G -18 0.00002z3
2 2 =5 6 6 =5 5 -19 0.0000114
1 1 =6 5 5 =6 6 -20 0.00000572
0 0 =7 4 -21 0.£00002%6
3
2
1
o}

AGC Responsepmax = Input (Cartesian to Polar Converter Gain)(Error Detector Gain)(AGC Loop Gain)(AGC Output Weighting)

AGC Responsepax = +1 (0.5)(0.5)(2‘7)(24) =1 (2'9)(24) = 0.04688dB/symbol time

(EQ 9A)

where (0.5) is the MSB of the 0.81 scaling in the Cartesian to Polar Coordinate Converter, (0.5) is the MSB of the: mantissa
of the Loop Gain, (27 is the maximum shift gain, and 24 is the maximum loop filter gain.

A similar procedure is used to calculate the minimum AGC response rate.

AGC Responsepyn = £1(0.5)(0.5)(2 14)(24) = +1(2716)(24) = 0.000366dB/symbol time

Thus, the expected range for the AGC rate is approximately 0.0004 to 0.0469dB/symbol time.

(EQ 9B)
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AGC GAIN
A,
MANTISSA EXPONENT
1.0-1.9844 2053
(0.0156 STEPS) INTEGRATE AND
| G = 1.0 - 1.9844*23 DUMP FILTER
A
SYNTHESIZER/ RRC INT/DUMP INT/DUMP SAMPLE PAIR
MIXER FILTER ACCUMULATOR  SHIFTER SUMMER

G=1.0,05(NOTE1) G=1.0,1.13 (NOTE 2) G=1-16 G =20.24 G = 0.5, 1.0 (NOTE 3)

PART
INPUT : ’ . . 1 1 1 1 I INPUT TO
i ! 1 1 ! | 1 ! SOFT DECISION
I 1 1 ! I I !
1 y ! ! ; SLICER
\ : . 2 : 28 24 ! 1 AND
' ! . 3 ! 1 SYMBOL TRACKING
' ! 2 : 2 23 ' ! BLOCK
. 1 ) 1 ]
! 22 I 22 22 1 '
Y 21 1 21 a1 1 '
0 (NOTE4) 20 20 20 .20 20 20 _2'0 .20
Bl:SmIT - - - - » - - -
T 2 i-1 12" i—‘ T 21 2! 2
29 210 210 9 o7 27 pa g 26 26
RND RND RND 27
INPUT TO CARTESIAN TO POLAR CONVERTER J
IF AGC OUTPUT SELECTED INPUT TO CARTESIAN TO POLAR CONVERTER
IF INT/DUMP OUTPUT SELECTED
NOTES:

1. Ifthe Mixer is enabled the result of the complex multiply is scaled by two (G = 0.5). If the mixer is bypassed, the data passes unmodif-ed (G == 1.0).
2. It the Root Raised Cosine Filter is enabled, a gain of G = 1.13 is introduced. If the RRC filters bypassed, the gain is unity.

3. If the integrate and Dump Filter is bypassed the Sample Pair summer has a gain of G = 1.0 and the 27 bit position is set to 1. If the inte-
grate and dump is enabled, the sample pair sum is scaled by one half (G = 0.5).

4. The negative sign on the MSBs indicates use of 2's complement data format.

FIGURE 10. GAIN DISTRIBUTION AND INTERMEDIATE BIT WEIGHTINGS

Gain Distribution

The gain distribution in the DCL is shown in Figure 10.
These gains consist of a combination of fixed, programma-
ble, and adaptive gains. The fixed gains are introduced by
processing elements such as the Mixer and Square Root of
Root Raised Cosine Filier. The adaptive gains are set to
compensate for variations in input signal strength.

The main signal path, with processing block gains and path
bit weightings, is shown in Figure 10. The quadrature inputs
to the HSP50210 are 10-bit fractional two’s complement
numbers with relative bit weightings, as shown in the
Figure 10. The first element in the processing chain is the
Mixer, which scales the quadrature outputs of the complex
multiplier by 1/2 providing a gain of G = 0.5. If the Mixer is
bypassed, the signal is passed unmodified with a gain of 1.0.
Following the mixer, the quadrature signal is passed to the
fixed coefficient RRC filtering block, which has a gain of 1.13
if enabled and 1.0 if bypassed. Next, the AGC supplies gain
to maintain an optimal signal level at the input to the Soft
Decision Slicer, Cartesian to Polar Converter, and the
Symbol Tracking Loop. The gain supplied by the AGC
ranges from 1.0 to 1.9844*23,

Following the AGC, the signal path is limited to 3 bits and
passed through the Integrate and Dump Filter en route to the
Soft Decision Slicer and Symbol Tracking Block.The: 1&D Filter
uses an accumulator together with a sample pair summer to
achieve the desired decimation rate. The 1&D shiter is pro-
vided to compensate for the gain introduced by the I1&D Accu-
mulator. The accumulator introduces gain eqial to the
decimation factor R, and the shifter gain can be set to 1/R For
example, if the an |1&D Filter decimation of 16 is choser the
I1&D Accumulator wili accumulate 8 samples before: dumping,
which produces a gain of 8. Thus, for unity gain, the 1&D
Shifter would be set for a gain of 23 The Sample Pair Sum-
mer is unity gain since its output is scaled by one-half.

Symbol Tracking

The symbol tracking loop adjusts the baseband sampling fre-
quency to force sampling of the baseband waveform at opti-
mal points for data decisions. The key elements cf this loop
are the Sampling Error Detector and Symbol Tracking L.oop
Filter shown in Figure 11. The output of these two blocks is a
frequency correction term which is used to adjust the base-
band sample frequency external to the HSP50210. In tynical
applications, the frequency correction term is fed back tc the
HSP50110 to adjust baseband sampling via the Fesampling
NCO (see HSP50110 datasheet).

5-67




HSP50210

ONDIOVHL T0GNAS “L1 3HNOIL

NIVO DV "
L, A —
]
1
OVHL DOV .
VSSILNVYN <mw=.z<i.
oVl 5V

o2}
thZOuxm

MOovHl
AININOdX3
ov1
moE._:s__._ou<
534
'HIMOTMIddN
SLINM 20V 20V
JOV4HILNI _ avol
d D3y
ol I
]
) | xni |
ONASJ0S ! r
! £ m Q
<] 43L1VYIWHO4 “ S
1nd1no
<« Aviyas
408

VSSILNVN

MOvHL oov avan Dov
ININOdX3 ANINOJX3 VSSIINVW
avai avai aval

- ’
NIvD av3l
43174 OO
MOVHL TOHWAS

HouH3 I !
ONITdWVS I 109WAS-QIN !
LH3ANI 1 ‘ + ’
v vl .
1 w.w%%_m INIOd-QIN 1
) NOLLISNVHL Noisioaal !
! viva
! 103130 !
=1 ! NOILISNVHL 1
>m = b 1 1
(23] <3
Q2 e T & et 1
s oli EE I !
: 1 ) T0aWAS-aIW 1
1 A 1
1 1
: INIOJ-QIN .
. NOILISNVH1 Noisiozal
1 10313Q yva !
" XOW Y] notusnvaL "
1 1
' 4k 0 you03130 MO ONNAWYS !

aw

anN3

o

awn

SITdNVYS TOENAS
GN3 NV dIN

an3a

3 15 z4d

31vH X110 = ¥NV8
ALVH TOANAS = |

31VH 379VN3I HILSIDIH

5-68



HSP50210

Sampling Error Detector

The Sampling Error Detector is a decision based error
detector which determines sampling errors on both the | and
Q processing paths. The detector assumes that it is fed with
samples of the baseband waveform taken in the middle of
the symbol period (mid-symbol sample) and between sym-
bols (end-symbol sample) as shown in Figure 12. The sam-
pling error is a measure of how far the mid-symbol sample is
from the symbol transition mid-point. The transition mid-point
is half way between two symbol decisions. The detector
makes symbol decisions by comparing the end-symbol sam-
ples against a selectable threshold set (see Modulation
Order Select bits 9-10 in Table 28). The error term is gener-
ated by subtracting the mid-symbol sample from the transi-
tion mid-point. The sign of the error term is negated for
negatively sloped symbol transitions. If no symbol transitions
are detected the error detector output is zeroed. Errors on
both the | and Q processing paths are summed and divided
by two if Double Rail error detection is selected (see Symbol
Tracking Configuration Control Register, bit 8: Table 28).

The sampling Error Detector provides an error accumulator
to compensate for the processing rate of the loop filter. The
error detector generates outputs at the symbol rate, but the
loop filter can only accept inputs every eight Fok clocks.
Thus, if the symbol rate is faster than 1/8 CLK, the error
accumulator should be used to accumulate the error until the
loop filter is ready for a new input. If the error accumulator is
not used when the symbol rate exceeds 1/8 CLK, some error
outputs will be missed. For example, if Fg| k = 40MHz, then
error accumulation is required for symbol rates greater than
5 MSPS (FcLk/8). Note: The loop filter lead gain term
must be scaled accordingly if the accumulator is used.

MID-SYMBOL END-SYMBOL
SAMPLE \\ / SAMPLE
---------- <—|
¥ \ EXPECTED
SAMPLING = = = 3= = = -- SYMBOL
ERROR - LEVELS
----- -

TRANSITION
MIDPOINT

FIGURE 12. TRACKING ERROR ASSOCIATED WITH BASE-
BAND SAMPLING ON EITHER | OR Q RAIL
(BPSK/QPSK)

Symbol Tracking Loop Filter

The Symbol Tracking Loop Filter is a second order lead/lag fil-
ter. The sampling error is weighted by the lag gain and accu-
mulated to give the integral response (see Figure 11). The
Lag Accumulator output is summed with the sampling error
weighted by the Lead Gain. The result is a frequency term
which is output serially, via the SOF output, to the NCO/VCO
controlling the baseband sample rate (see Serial Output sec-
tion). In basic configurations, the SOF output of the
HSP50210 is connected to the SOF input of the HSP50110.

Two sets of registers are provided to store the loop gain
parameters associated with acquisition and tracking. The
appropriate loop gain parameters are selected manually via

the Microprocessor Interface or automatically via the Carrier
Lock Detector. The loop filter's lead and lag gain terms are
represented as a mantissa and exponent. The mantissa is a
4-bit value which weights the loop filter input from 1.0 to
1.9375. The exponent defines a shift factor that provides
additional weighting from 271102732 Together the loop gain
mantissa and exponent provide a gain range between 232
and ~1.0 as given by,

Lead/Lag Gain = (1.0+M*2"%)=2-(32 -E) (EQ 10)

where M = a 4-bit binary number from 0 to 15, and E is a 5-bit
binary value ranging from 0 to 31. For example, if M = (*101
and E = 00110, the Gain = 1.3125*2"26_ They are stored in the
control registers described in Table 31 and Table 32.

A limiter is provided on the lag accumulator output 1o keep the
baseband sample rate within a user defined range (see Table
29 and Table 30). If the lag accumulator exceeds either the
upper or lower limit, the accumulator is loaded with the imit.
For additional loop filter control, the loop filter output ca1 be
frozen by asserting the FZ_ST pin which null the: sampling
error term into the loop filter. The lag accumulator can be ini-
tialized to a particular value and can be read via the: micropro-
cessor interface as described in the section “Reading fron: the
Microprocessor Interface”, and Table 33. The symtol tracking
loop filter bit weighting is identical to the carrier trecking :oop
bit weighting, shown in Figures 9 and 10.

Soft Decision Slicer

The Soft Decision Slicer encodes the I/Q exd-symbol
samples into 3-bit soft decisions. The input to the slicer is
assumed to be a bi-polar (2ary) baseband signal
representing encoded values of either ‘1' or ‘0’. The most
significant bit of the 3-bit soft decision represerts a hard
decision with respect to the mid-point between the expected
symbol values. The 2 LSBs represent a level of confidence
in the decision. They are determined by comparing the
magnitude of the slicer input to multiples (1x, 2x, and 3x) of a
programmable soft decision threshold (see Figure 13).

HARD DECISION
THRESHOLD

‘0’ DECISION ===
o ‘0

‘1’ DECISION

STRONGER 4 WEAKER | WEAKER 4 STRONG:R

PROBABILITY
DENSITY
FUNCTION

999099 205 ]

558 a8®gaal

I I X I I X

N ww N n o

w w w W ow

CC @ & X

XX r I I XX X

FRERFE FFF

x x » X

™ N o~N ™

FIGURE 13. OVERLAY OF THE HARD/SOFT DECISION THRESH-
OLDS ON THE SYMBOL PROBABILITY DENSITY
FUNCTIONS (PDFs) FOR BPSK/QPSK SIGNALS)
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The soft decision threshold represents a range of
magnitude values from 0.0 to ~0.5. Note: Since the input
to the slicer has a range of 0.0 to ~1.0, the threshold
setting should be set to less than 1.0/3 = 0.33. The slicer
decisions are output in either a two’s complement or
sign/magnitude format (see Soft Decision Slicer
Configuration Control Register, bit 7: Table 40). The slicer
input to output mapping for a range of input magnitudes is
given in Table 7. For example, a negative input to the slicer
whose magnitude is greater than twice the programmable
threshold but less than 3x the threshold would produce a
sign/magnitude output of 110 (BINARY). The | and Q inputs
to the slicer are encoded into 3-bit soft decisions
ISOFT(2-0) and QSOFT(3-0). These signals are routed to
the OUTA(9-4) outputs by the Output Configuration Control
Register Selector bits 0-3 (see Table 42).

TABLE 7. SLICER INPUT TO OUTPUT MAPPING

SLICER INPUT MAGNITUDE w
i RELATIVE TO ] =
[ E - E I
235 o a a Z> ns>
Z0 ot | | ga ouwd
oa o o o <5 |25
B = x T x & x T £0 =0
2 -0 YRy m z
a w w "] Q
s [ [+ [ g o
- I I e (72
(= [~ -
+ > > > 011 011
+ > > < 010 010
+ > < < 001 001
+ < < < 000 000
- < < < 100 111
- > < < 101 110
- > > < 110 101
- > > > 111 100

Carrier Phase Error Detector

The Carrier Phase Error is computed by removing the phase
modulation from the phase output of the Cartesian to Polar
Converter. To remove the modulation, the phase term is rotated
and multiplied (modulo 2x) to fold the Phase Error into an arc
centered about 0° but encompasses the whole plane, as
shown in Figure 14. The phase rotation is performed by adding
a 4-bit two's complement phase offset (resolution 22.5°) to the
4 MSBs of the 8-bit phase term. The muitiplication is performed
by left shifting the result from 0-3 positions with the MSB’s
discarded and zeros inserted into the LSB’s. For example, Car-
rier Phase Error produces 1/Q constellation points which are
rotated from the expected constellation points as shown in Fig-
ure 14. By adding an offset of 45° (0010 0000 binary) and mul-
tiplying by 4 (left shift by two positions) the phase modulation is
removed, and the error is folded into a 90° arc centered at 0°.
The left axis represents a decision boundary of +45°C, implying
the vertical axis is £22.5° as shown in Figure 14. The phase off-

set and shift factors required for different PSK orders is given in
Table 8. Configuration of the Carier Phase Error Detecror is
done via the Carrier Phase Error Detector Control Register, bits
0-5, (see Table 17). The Phase Error term may be selected for
output via the Output Selector Configuration Contrml Register,
bits 0-3 (see Table 42).

In applications where Phase Error terms are generated
faster than the processing rate of the Carrier Loop Filter, an
error accumulator is provided to accumulate errors untii the
loop filter is ready for a new input. Phase Error terms are
generated at the rate I/Q samples are input to the Cartesian
to Polar Converter. However, the Carrier Loop Filter car: not
accept new input faster than CLK/6 since six CLK(Fgk)
clock edges are required to complete its processing cycle. it
the error accumulator is not used and the I/Q sample rate
exceeds CLK/6, error terms will be missed.

NOTE: The carrier Phase Error terms input to the locp filter are
only generated from the end-symbol samples when he ourput
of the I&D filter is selected for input to the Cartesian-to-Poiar
converter.

NOTE: The loop filter lead gain term must be scaled accordingly
if the accumulator is used.

90° EXPECTED
: CONSTELLATION
POINT
ACTUAL
CONSTELLATION +180°
POINT
DECISION
REGION
oo BOUNDARY
INPUT TO CARTESIAN/POLAR CONVERTER
90°
DECISION — Q@ 450

REGION

MULTIPLICATION BY 4
(MODULO 21)

PROJECTION OF PHASE ERROR (6g) ABOUT 0°

PHASE ROTATION BY 45°

FIGURE 14. PHASE ERROR DETECTOR OPERATION (QPS$K)

TABLE 8. BASIC PHASE ERROR DETECTOR SETINGS

MODULATION |  PHASE SHIFT | PHASE ERROR
TYPE OFFSET FACTOR FANGE
cwW 0° (00 HEX) | 0 (no shift) +180
BPSK 0° (00 HEX) | 1 (left shift 1) +90
QPSK 45° (20 HEX) | 2 (left shift 2) +45
8-PsK  |22.5° (10 HEX)| 3 (left shift 3) +22
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Carrier Loop Filter

The Carrier Loop Filter is second order lead/lag filter as
shown in Figure 14. The loop filter is similar to the Symbol
Tracking Loop Filter except for the additional terms from the
AFC Loop Filter and the Frequency Sweep Block. The out-
put of the Lag Accumulator is summed with the weighted
Phase Error term on the lead path to produce a frequency
control term. The Carrier Loop Filter is configured for opera-
tion by the control registers described in Tables 20 to 27.

The Carrier Tracking Loop is closed by using the loop filter
output to control the NCO or VCO used to down convert the
channel of interest. In basic configurations, the frequency
correction term controls the Synthesizer NCO in the
HSP50110 Digital Quadrature Tuner via the COF and
COFSYNC pins of the HSP50210’s serial interface (see
Serial Output Section). In applications where the carrier
tracking is performed using the NCO on board the
HSP50210, the loop filter output is fed to the on-board NCO
as a frequency control.

The gain for the lead and lag paths of the Carrier Loop Filter
are set through a programmable mantissa and exponent.
The mantissa is a 4-bit value which weights the loop filter
input from 1.0 to 1.9375. The exponent defines a shift factor
that provides additional weighting from 2110232 Together
the loop gain mantissa and exponent provide a gain range
between 2732 and ~1.0 as given by,

Lead/Lag Gain = (1.0+M*2"%)*232 -E) (EQ. 11)

where M = a 4-bit binary number from 0 to 15. and £ is
a 5-bit binary value ranging from 0 to 31. For example, if
M = 0101 and E = 00110, the Gain = 1.3125*2°26_ The i00p
gain mantissa and exponent are set in the Carrier Loop Gain
Control Registers (see Tables 24 - 25).

The Phase Error input to the Carrier Loop Filter is an 3-bit
fractional two’s complement number between ~1.0 to -1.0
(Format -20. 2:1222-32-42-5262-7)  gome LSB's are rero
for BPSK, QPSK and 8-PSK. If minimum loop gan is used,
the Phase Error is shifted in significance by 232 ith
maximum loop gain, the Phase Error is passed almost
unattenuated. The output of the Carrier Loop filter is a 43-bit
fractional two's complement number between ~1.J and -1.0
(Format -29. 212203 2‘392'40). In typical applications,
the 32 MSBs of the loop filter output represent the
frequency control word needed to adjust the down
converting NCO for phase lock. Tables 9 and 10 illustrate
the bit weighting of the Carrier Loop Filter into the NCC: for
both tracking and acquisition sweep modes.

A limiter is provided on the Carrier lag accumulator output to
keep frequency tracking within a user defined range (see
Tables 22 - 23). If the lag accumulator exceeds either the
upper or lower limit the accumulator is loaded with the I:mit.
For additional loop filter control, the Carrier Loop Filter
output can be frozen by asserting the FZ_CT pin which riulls
the Phase Error term into the loop filter. Also, the lag
accumulator can be initialized to a particular value via the
Microprocessor Interface as described in Table 27 and can
be read via the microprocessor interface as describeri in
“Reading from the Microprocessor Interface Secticn”.
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TABLE 9. BIT WEIGHTING IN THE CARRIER LOOP FILTER TO THE NCO - TRACKING

oe BITS OUTPUT
BIT (AND | MANTISSA| MuLT | KEPT SHIFT | NCO BIT | FREQUENCY
WEIGHT | Accom,) | GAIN ouT | (RND) SHIFT = 0 | SHIFT =32| COUNTS | WEIGHT | RESOLUTION
40 0 Foik
39 Obtained with a shift of 31 and a Gain of 01.1111 (~-2) —> (8) - shift31 1 Fowk/2
38 7. - shift31 2 FoLk/4
a7 6 - shift30 3 FoLk/8
36 5 - shift29 4 FoLk/1€
35 4 - shift28 5 Foik/32
34 3 - shift27 6 FoLk/64
33 2 - shift26 7 Feuk 1128
32 1 - shift2s 8 FeLx /256
31 0 - shift24 9 Fouk /512
30 - shift23 10 FoLk /1024
29 - shift22 11 Feik /2043
28 - shift21 12 Feik /4086
27 - shift20 13 FoLk /8162
26 - shift19 14 Feuk /2™
25 - shift18 15 Fok /21"
24 - shift17 16 Fouk /2'°
23 - shift16 17 Fok /2"
22 - shift15 18 Fcik /2"
21 - shift14 19 Fouk /27
20 - shift13 20 Fouk /21°
19 - shift12 21 FoLk /2
18 - shift11 22 FeLk /2%
17 - shift10 23 FoLk /25°
16 - shiftg 24 FeLk /22
15 - shift8 25 FeLk /228
14 - shift7 26 FeoLk /2%
13 17 - shifté 27 Fouk /22
12 (12) 16 17 |=02| 2 - shifts 28 Fook /22
1 (11 15 16 |=¢n] v - shiftd 29 FeLk /22
10 (10) 14 15 =010 @0 - shift3 30 Fook /2%
9 9) 13 14 | =0 9) - shift2 31 Fork /2%
8 8) 0 12 13 | =@ 8) - shift1 32 Fouk /2%
7 7. 1. 11. 2. | = 7. - shift0 a3 Fouk /2
6 6 X 10 11 = 6 34 FeLk /2>
5 5 x 9 10 = 5 35 Fouk /2%
4 a X 8 9 = 4 36 FoLk /2%°
3 3 x 7 8 = 3 37 Fork /2%
2 2 6 7 = 2 38 Fouk /2%
1 1 5 6 =1 1 39 Fouk /2%
0 0 4 5 =0 0 40 Fok 2%
3 (RND)
2
1
0
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TABLE 10. BIT WEIGHTING IN THE CARRIER LOOP FILTER TO THE NCO - SWEEP

OUTPUT
BIT SWEEP FREQUENCY
WEIGHT e MANTISSA GAIN | SHIFT =0 | SHIFT =32 | SHIFT COUNTS | NCO BIT WEIGHT RESOLUTION
40 0 Fok
39 Shift 27 and Gain = 01.1111 — (@®) - shift28 1 Foux /2
38 7. - shift27 2 FoLx /4
a7 6 - shift2e 3 Foux /8
36 5 - shift2s 4 FoL: /16
35 4 - shift24 5 FoLy: /32
34 3 - shift23 6 FoLy: /64
33 2 - shift22 7 FoLk /128
32 1 - shift21 8 FoLk /256
31 0 - shift20 9 FoLk /512
30 - shift19 10 FoLk 1024
29 - shift18 11 FoLk /2048
28 - shift17 12 FoLk 4096
27 - shift16 13 FoLk 8192
26 - shift15 14 Fok /214
25 - shift14 15 Fouk 210
24 - shift13 16 Fouk /216
23 - shift12 17 Fok 1217
22 - shift11 18 Fouk /218
21 - shift10 19 Foik /21°
20 - shiftg 20 Fouk /210
19 - shifts 21 Fouk /227
18 - shift7 22 FoLk /222
17 - shift6 23 FoLk /223
16 - shifts 24 FoLk /224
15 - shift4 25 FoLk /225
14 - shift3 26 FeLk /228
13 - shift2 27 Fok /227
12 (12) 0 5 - shift1 28 FoLk /228
11 (11 1. 4. - shifto 29 FoLk /229
10 (10) x 3 30 FoLk /230
9 9) X 2 31 Fork /22!
8 {8) X 1 32 FoLk /22
7 7. X 0 33 FoLk /234
6 6 z 34 FoLk /234
5 5 z 35 Fouk 7232
4 4 z 36 FoLk /236
3 3 z 37 Fork 1257
2 2 z as Fouk /238
1 1 z 39 Fouk /2%°
0 0 z 40 Fouk /240
NOTE:

5. SWpin = 229 at 1% FLB, 4Mcy, 0.075Hz/Baud = 12 Kbps.
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Frequency Sweep Block

The Frequency Sweep Block is used during carrier acquisition
to sweep the range of carrier uncertainty. The Sweep Block is
loaded with a programmable value which is input to the lag path
of the Carrier Tracking Loop Filter when frequency sweep is
enabled. The sweep value is accumulated by the loop filter’s lag
accumulator which causes a frequency sweep between the
accumulator’s upper and lower limits. When one of the limits is
reached, the sweep value is inverted to sweep the frequency
back toward the other limit. The Frequency Sweep Block is
controlled by the Lock Detector and is only enabled during
carrier acquisition (see Lock Detector Control Section).

A stepped acquisition mode is provided for microprocessor
controlled acquisition. In the stepped acquisition mode, the lag
accumulator is incremented or decremented by the
programmed sweep value each time the lock detector is
restarted during acquisition. This technique prevents the loop
from sweeping past the lock point before the microprocessor
can respond. Typically in stepped acquisition mode, the step
value is set to a percentage of the loop bandwidth. A dwell
counter is also provided for stepped acquisition. This counter
holds off the lock detector integration from 1 to 129 symbols to
allow the loop to settle before starting the integration.

The sweep value is set via a programmable mantissa and
exponent. The format is 01.MMMM * 2728 - EEEEE) \ypore
MMMM is the 4-bit mantissa and EEEEE is the 5-bit exponent
and the weighting is relative to the MSB of the NCO control
word. In swept acquisition mode, the sweep value is the amount
that the carrier lag accumulator is incremented or decremented
each time a new filter output is calculated. In stepped
acquisition mode, it is the amount the lag accumulator is
incremented or decremented each time that the lock detector is
restarted. (see Frequency Sweep/AFC Control Loop Control
Register, Table 26.)

Carrier Frequency Detector

The Frequency Detector generates a frequency term for use
in Automatic Frequency Control (AFC) configurations. The
Frequency Detector (discriminator) subtracts a previous
Phase Error sample from the current one (d/dt) to produce a
term proportional to the carrier frequency. The discriminator
gain is adjusted by programming a variable delay (1-16)
between the samples subtracted (see Frequency Detector
Control Register; Table 18).

NOTE: The Input to the discriminator corresponds to phase terms
taken from baseband samples at either the SYNC rate or iwice
symbol rate depending on the input source chosen for the Carte-
sian to Polar converter.

Carrier Frequency Error Detector

The Frequency Error Detector is used to generate a frequency
error term for FSK modulated wave forms. The error is
computed by adding an offset and shifting the frequency
detector output in a manner similar to that used by the Phase
Error Detector. For PSK demodulation, this block is bypassed
by setting the offset and shift terms to zero (see Frequency
Error Detector Control Register; Table 19). The frequency error
term may be selected for output via the Output Select Block.
(see Serial Output Configuration Control Register, Table 42).

Automatic Frequency Control (AFC)
Loop Filter

The AFC Loop Filter supplies a frequency correction term to
the lag path of the Carrier Loop filter. The frequency correc-
tion term is generated by weighting the output of the Fre-
quency Error Detector by a user programmable weight (see
Sweep/AFC Control Register; Table 26). Note: If AFC is not
desired, the frequency error term to the loop filter is
nuiled via the Carrier Tracking Configuration Ccntrol Reg-
ister #2 (see Table 21).

Lock Detector

The Lock Detector consists of the Dwell Counter, Integration
Counter, Phase Error Accumulator, False Lock/Frequency
Accumulator, Gain Error Accumulator and the Lock Detect
State Machine (see Figure 16). The function of the lL.ock
Detector is to monitor the baseband symbols and to decide
whether the Carrier Tracking Loop is locked to the input sig-
nal. Note: The Symbol Tracking Loop locks indepen-
dently; under most circumstances, it will lock before the
Carrier Tracking Loop locks up. Based on the in-lock out-
of-lock decision, either the Acquisition or Tracking parame-
ters are selected in the Carrier Tracking Loop, the Syrnbol
Tracking Loop and in the Lock Detector itself. The lock
Detector can be configured either to make the “lock” decision
automatically using the State Machine Control Mode, or to
collect the necessary data so that an external microprozes-
sor can control the acquisition/tracking process via the
Microprocessor Control Mode.

In State Machine Control Mode, the Lock Detector State
Machine monitors the outputs of the Phase Error Accumulator
and the False Lock Accumulator to determine the Lack Detec-
tor state. Accumulation effectively averages the Plase Error
and false lock count, reducing their variance. Lock is detected
by accumulating the magnitude of the Phase Error over a pre-
determined interval up to 1025 symbols (the Integration Time).
When the Carrier Loop is locked, the Integration Per:od will end
before an overflow occurs in the Phase Error Accumulatcr, At
the beginning of a lock detection cycle, the Phase Error Accu-
mulator and the Integration Counter are loaded with their
respective pre-load values. With each end bit sample, the
Phase Error Accumulator adds the magnitude of the curent
Phase Error to its accumulated sum, while the Integration
Counter decrements one count. The Lock Detector State
Machine monitors the overflow bit of the Phase Error Accuimu-
lator and the output of the Integration Counter. If the Phase
Error Accumulator overflows before the Integraticn Counter
reaches zero, then the accumulated Phase Error is t00 largaz for
the Carrier Tracking Loop to be in lock and the Lock Detector
State Machine goes into the Search state (see Lock Detector
State Machine below). In the search state, the loop parameters
are reloaded with “Acquisition” rather than “Tracking” values.
When the Phase Accumulator overflows or when the Integra-
tion Counter reaches zero, the Integration Counter and the
accumulators are re-initialized and the process begins
again. The Integration Counter Pre-load corresponds tc the
number of symbols over which to integrate. The Phase Error
Preload corresponds to the distance the Phase Error Azcu-
mulator starts away from overflow. This distance divide: by
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the Integration Period equals the average Phase Error. The
pre-load value is calculated using:

Preload = (EQ. 12)
" Lock Threshold )

Full Scale - (m x 128 x Integration Count)

where

Full scale = 218-1

Full scale phase = 180° for CW, 90° for BPSK, 45° for QPSK,
etc;

Lock Threshold <45° for BPSK, <22.5° for QPSK, etc. (typi-
cal); and Integration Count = integration Period measured in
symbol times.

The False Lock Detector is used to indicate false lock on
square wave data in a high SNR environment. A false lock
condition is detected by monitoring the final integration stage
in the Q branch of the Integrate and Dump Filter (see Figure
3). If the magnitude of the integration over the symbol period
is less than the integration over half a symbol period, a
possible false lock condition is detected; (integration over a
symbol period has gone from end-bit to end-bit, while
integration over half the symbol period has gone from the
previous end-bit to mid-bit). By accumulating the number of
these occurrences over the Integration Period, the Lock
Detector State Machine determines whether a faise lock
condition exists. The False Lock Accumulator is used to
accumulate the number of possible false lock occurrences
over the Integration Period. The False Lock Accumulator can
also be configured to accumulate the output of the
Frequency Error Detector (see Lock Detection Configuration
Control Register bit 27: Table 34).

The Gain Error Accumulator provides a mechanism to esti-
mate data quality (E¢/Ng). The accumulator integrates the
magnitude of the gain error of the end-bit samples, over the
Integration Period. Note: The Gain Error end-bit data is
valid only after lock has been declared, and the demod
is the tracking mode. The accumulated value gives an
indication of the variance about the ideal constellation
points. The accumulator output is read via the Microproces-
sor Interface. The Gain Error Accumulator is always pre-
loaded with zero.

For applications where stepped acquisition is used, a Dwell
Counter is provided. In this mode, the lag accumulator in
the Carrier Loop Filter is stepped to a new frequency after
each Lock Detector integration. The Dwell Counter is used
to hold off Lock Accumulator integration until the loop has a
chance to settle.

Lock Detector Control

The selection of acquisition and tracking modes is controlled
by either the internal state machine or an external
microprocessor. The internal state machine monitors the

rollover of the Phase Error Accumulator and the -alse ..ock
Accumulator relative to the Integration Counter. Depending
on whether the accumulators or counter roll over first. the
acquisition or tracking parameters are selected for the L.oop
Filters and the Lock Detector Accumulators. In acdition. the
state machine controls the frequency sweep input to the
Carrier Tracking Loop.

The flow of the acquisition control is shown in the state dia-
gram in Figure 17. The state machine controls the acquisi-
tion process as described below:

Search. The frequency uncertainty is swept by enabling the
Frequency Sweep Block to the lag path of the Carrier Track-
ing Loop Filter. The acquisition parameters are enabled to
the Loop Filters and the Lock Detector Accumulators. Phase
fock is obtained when the Lock Counter rolls over before the
Phase Error Accumulator (average Phase Error is less ihan
the iock threshold).

Verify. Once phase lock is obtained, the frequency sweep is
disabled and the tracking parameters are enabled. Lock is
verified if the accumulated Phase Error is below the thrash-
old for a programmable number of Integration Periods. False
lock conditions are also monitored by comparing the roll over
of the False Lock Accumulator to that of the ntegration
Counter. If the False Lock Accumulator rolls over before the
Integration Counter, a faise lock condition exists.

False Lock. Once a false lock has been determined, the
Frequency Sweep block is enabled to move the carrier track-
ing beyond the false lock region. The Frequency Sweep is
performed for a programmable number of Integration Peri-
ods before returning to the search state.

Lock. When phase lock has been verified, the Lack status
output is asserted and the False Lock Detector is disabied.
The lock state is maintained as long as the Integration
Counter rolls over before the Phase Error Accumuiator.

If the acquisition and tracking process is controlled externally,
the Phase Error Accumulator and False Lock Accurrulator: are
monitored by an external processor to determine when lock has
been achieved. In this mode the accumulator pre-loads are
typically set to zero and the accumulator output is compared in
the processor against a threshold equal to the maximum Phase
Error per sample times the number of samples per Integration
Period. The accumulators stop after each Integration Pericd to
hold their outputs for reading via the Microprocessor Interface
(see Read Enable Address Map; Table 11). The accumulators
are restarted by writing the Initialize Lock Detecior Centrol
address (see Initialize Lock Detector Control Register: Table
44). To simplify the processor interface, the LKINT output is pro-
vided to interrupt the processor when the accumulator integra-
tion period is complete. The processor controls the use oi the
acquisition/tracking parameters and lock status line by setting
the appropriate bits in the Acquisition/Tracking Configuration
Control Register (see Table 37). In addition, the frequ=ncy
sweep function is enabled via the Microprocessor Interface.
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Serial Output Controller

The frequency correction terms generated by the Symbol
and Carrier Loop Filters are output through two separate
serial interfaces. The symbol frequency offset used to close
the symbol Tracking Loop is output via the SOF and SOF-
SYNC outputs. The carrier offset frequency used to close
the Carrier Tracking Loop is output via the COF and COF-
SYNC outputs.

The serial output timing, identical for both of the loop filter
outputs, is shown in Figure 18. The data word is output MSB
first starting with the first rising edge of either CLK or
SLOCLK that follows the assertion of sync (COFSYNC or
SOFSYNC). The HSP50210 is configured to output the
serial data with either CLK or SLOCLK (see Serial Qutput
Configuration Control Registers bit 7, Table 41). The
SLOCLK output is a programmable sub-multiple of CLK
which is provided for applications requiring a slower serial
clock. In applications where the HSP50210 is used with the
HSP50110, both parts must be supplied with the same CLK
and the HSP50210 is configured to use CLK as the serial
clock. The serial output can be configured for word
containing from 8 to 40 bits.

e U
SLOCLK
COFSYNC/

SOFSYNC

COF/
SOF

NOTE: COFSYNC and SOFSYNC shown Configured as active

“High”.

FIGURE 18. SERIAL OUTPUT TIMING FOR COF AND SOF
OUTPUTS

Output Selector

The output selector determines which internal signals are multi-
plexed to the AOUT9-0 and BOUT9-0 outputs. Nine different
output options are provided, and each is detailed in the Qutput
Selector Configuration Control Register, bits 0-3 (see Table 42).

To simplify the output interface, a symbol clock (SMBLCLK)
is output which is synchronous to the soft bit decisions
produced by the Slicer. The SMBLCLK is a 50% duty cycle
clock whose rising edge is centered in the middle of the
output data period for both the soft bit decisions and the end-
symbol samples, as shown in Figure 19.

SMBLCLK \%’ A\ J VvV J vJ
ISOFT2-0/
QSOFT2-0/ _x x x

IEND7-1/
QEND7-1

FIGURE 19. OUTPUT DATA CLOCK TIMING

Microprocessor Interface

The Microprocessor Interface is used to write the
HSP50210’s control registers and monitor various read
points within the demodulator. Data written to the interface is
loaded into a set of four 8-bit holding registers, one write
address register, or one read address register. These regis-
ters are accessed via the 3-bit address bus (A0-2) and an
8-bit data bus (C0-7) as shown in Table 11. The R'W column
indicates whether the data is read from or written tc the
given address.

TABLE 11. READ/WRITE ADDRESS MAP FOR MICRO-
PROCESSOR INTERFACE

R/W | A2-0 DESCRIPTION

W | 000 |Input Holding Register 0. Transfers to bits 7-0 of the target|

control register. Bit O is the LSB of the target ‘egister.

W | 001 |Input Holding Register 1. Transfers to bits 15-8 ot the

target control register.

W 1 010 |Input Holding Register 2. Transfers to bits 23-16 of a

32-bit target control register.

Input Holding Register 3. Transfers to bits 21-24 o! the
target control register. Bit 31 is the MSB of the 3.2-bit
register.

W | 100 |Write Address Register. The register is loaced with: the
address of the control register targeted for update. The
address map for the control registers is give:: in
Tables 1C-32C.

NOTE: Addresses outside the range 0-31 are invalic:

W | 101 |Read Address Register. The address load:d into this
register specifies an internal read point as civen tha by
address map in Table 12. Addresses outsids the range

0-4 are invalid.

R | 000 |Selects output holding register bits 7-0 for output on
C7-0 respectively. Bit 0 is the LSB of the internal

holding register.

R | 001 }Selects output holding register bits 15-8 fo- outpu! on

C7-0, respectively.

R | 010 | Selects output holding register bits 23-16 fcr outpL.t on

C7-0, respectively.

R | 011 | Selects output holding register bits 31-24 fcr output on

C7-0, respectively. Bit 31 is the MSB.

R | 100 |Multiplexes 8 bits of internal status out on C7-0. See

Table 13 for bit map.

Data is read from an internal status register and a series of
output holding registers. The output holding registers range
in size from 8 to 32 bits, and their contents are multiplexed
out a byte at a time on C7-0 by contralling A2-0 and assert-
ing RD. The addresses listed in Table 11 with the R indicator
provide the address map used for reading date from the
Microprocessor Interface.
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Writing to the Microprocessor Interface

The HSP50210 is configured for operation by loading a set
of thirty-two control registers which range in size from 0 to
32 bits. They are loaded by first writing the configuration
data to the Microprocessor interface’s four holding registers
and then writing the target address to the Write Address
Register as shown in Figure 19. The Control Register
Address Map and bit definitions are given in Tables 14 - 45.
The configuration data is transferred from the holding
registers to the target control register on the fourth clock
following a write to the address register. As a result, the
holding registers should not be updated any sooner than 4
CLKs after an address register write (see Figure 20).

NOTE: The holding registers which map to the unused bits of a
particular control register do not have to be loaded.

Reading from the Microprocessor Interface

The Microprocessor Interface is used to monitor
demodulator operation by providing the ability to read the
accumulator contents in the Lock Detector and Loop
Filters. In addition, the interface is used to monitor the
HSP50210’s internal status register. A different read
procedure is required depending on whether the Lock
Detector Accumulators, loop filter accumulators, or the
status register is to be read. The read procedures are
summarized in Figures 21 - 23.

The accumulators in the AGC Loop Filter, Carrier Loop
Filter and Symbol Tracking Loop can be read via the
Microprocessor Interface. Since these accumulators are
free running, their contents must be loaded into output
holding registers before they can be read. Each
accumulator has its own output holding register. The three
holding registers are updated by loading 29 (decimal) into
the Write Address Register of the Microprocessor Interface.
The output of a particular holding register is then enabled
for reading by loading its address into the Read Address
Register (see Tables 13 and 14). The holding register
addresses for the loop filter accumulators range from 0 to 2
as given in Table 12. The contents of the output holding
registers are multiplexed out a byte at a time on C7-0 by
changing A2-0 and asserting RD (see Read/Write Address
Map in Table 11).

TABLE 12. READ ENABLE ADDRESS MAF

ADDRESS HOLDING REGISTER ENABLE
0 Carrier Loop Filter Lag Accumulator. Enables output
of holding register containing 32 MSBs of the lag
accumulator.
1 Symbol Tracking Loop Filter Lag Accumulator.

Enables output of holding register containing 32
MSBs of the lag accumulator.

2 AGC GAIN. Enables output of holding register
containing 8 MSBs of the AGC accumulator.

3 Lock Detector 1. The 16 MSBs of the Lock
Detector's Phase Error Accumulator and the 16
MSB's of the False Lock Accumulator aie enat:led
for output. The accumulator contents ar3 selected
for output as follows, A2-0 = 3(decimal) selects
MSByte of the Phase Error Accumulator A2-0 = 2
{decimal) selects LSByte of the Phase Error
Accumulator, A2-0 = 1(decimal) selects VUSByte of
the False Lock Accumulator, and A2-0 = (+ (decimal)
selects LSByte of the False Lock Accumtlator.

4 Lock Detector 2. Enables the 16 MSBs cf the Lock
Detector's Gain Error Accumulator for output. The
MSByte of the accumulator is selected for outpu’ by
setting A2-0 = 1, and the L.SByte is selected by
A2-0=0.

The contents of the three accumulators in the Loc< Detector
can also be read via the Microprocessor Interface. However,
the Lock Detector must be stopped before a read car: be
performed. In State Machine Control Mode, the lock
Detector is stopped by loading 24 (decimal) into the V/rite
Address Register. In Microprocessor Control Mode:, the L.ack
Detector stops after each Integration Period. To determine
when the Lock Detector has stopped and is ready for
reading, bits 7 and 6 of the internal status register (SR7&6)
must be monitored (see Table 15). The control sequence for
reading a Lock Detector Accumulator is shown in Figure 22.
The control sequence for reading a Lock Detector
Accumulator using the LKINT signal is shown in Figure 23.

An 8-bit internal status register (SR7-0) can also be
monitored via the Microprocessor interface. The status
register indicates loop filter and Lock Detector status as
listed in Table 13. The Status Register contents are output
on C7-0 by setting A2-0 to 100(binary) an assert:ng R[> as
shown in Figure 24. The register contents are updated
each CLK.
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NOTE: These processor signals are meant to be representative. The actual shape of the waveforms will be set by the microprociassor used.
Verify that the processor waveforms meet the parameters in the Waveforms section of this data sheet to ensure proper opsration. The ro-
cessor waveforms are not required to be synchronous to CLK. They are shown that way to clarify the illustration.

FIGURE 20. CONTROL REGISTER LOADING SEQUENCE
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e e
AL

) ¥

co-7 23 X 0 )
Erirsirsrs

PROCESSOR
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LOAD OUTPUT ENABLE WAIT ELAY READ READ READ READ
HOLDING REG HOLDING 6 CLKs TO
REG RD
FOR ASSERT
READ

NOTE: These processor signals are meant to be representative. The actual shape of the waveforms will be set by the microprocessor used.
Verify that the processor waveforms meet the parameters in the Waveforms section of this data sheet to ensure proper operation. The Pro-
cessor waveforms are not required to be synchronous to CLK. They are shown that way to clarify the illustration.

@ Load the Write Address Register with 294, to load the output holding registers.
@ Enable Carrier Loop Filter Lag Accumulator holding register for reading.
@ Select the MSByte of the output holding register for output.
@ Assert RD low to output data on C0-7. (Must wait for 6 CLKs after loading the holding registers.)
@ Select other bytes of holding register by changing A0-2 and asserting RD.
FIGURE 21. LOOP FILTER ACCUMULATOR READ SEQUENCE
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NOTE: These processor signals are meant to be representative. The actual shape of the waveforms will be set by the microprocessor used.
Verify that the processor waveforms meet the parameters in the Waveforms section of this data sheet to ensure proper operation. The Pro-
cessor waveforms are not required to be synchronous to CLK. They are shown that way to clarify the illustration.

@ lLoad the Write Address Register with 244 to halt the Lock Detector after the current integration cycle.

@ Load the Read Address Register with 34 to enable the Lock Detector Phase Error Accumulator for reading.

@ Read Internal Status Register to monitor SR-7 to determine when the Lock Detector is stopped and ready to be read.
@ SR-7 goes high, indicating the Lock Detetor integration cycle is complete, and ready to be read.

@ Read Internal Status Register and find SR-7 = 1; the Lock Detector is ready to be read.

@ Change Read address to (3; 2; 1; 0) for (Phase Error MSW; PE LSW; False Lock MSW; FL LSW) read.

® End of Internal Status Valid Data.

Assert RD to Read Lock Detector Status

@ Load The Write Address Register with 304, to initialize Lock Detector Accumulators and Reset the Intergration counters. (Mot nee:led
for state machine mode).

@ Load the Write Address Register with 254, to restart the Lock Detector.

FIGURE 22. PROCESSOR MONITORING INTERNAL STATUS/READING LOCK DETECTOR

TABLE 13. INTERNAL STATUS REGISTER (SR7-0) BIT MAP

BIT BIT DESCRIPTION BIT BIT DESCRIPTION
7 | Lock Detector Stopped and Ready for Reading 3 | Lock. Carrier Lock state achieved by Lock Detector.
(State Machine Control Mode). 0 = Not Locked
0 = Lock Detector Not Stopped 1 = Locked

1 = Lock Detector Stopped, Ready for Read — - -
2 | Acquisition/Track. Indicates whether the Lock Detector s in

6 |Lock Detector Stopped and Ready for Reading acquisition or tracking mode.
{Microprocessor Control Mode) 0 = Tracking Mode
0 = Lock Detector Not Stopped 1 = Acquisition Mode

1 = Lock Detector Stopped, Ready for Read
1 ] Reserved.

5 | Carrier Loop Filter Lag Accumulator Load Complete. This bit

is used to determine when a 32-bit load of Carrier Lag Accu- 0 | Frequency Sweep Direction, defined for upper siceband sig-

mulator is Complete. The accumulator load is initialized by nals.
loading the Write Address Register with 13(decimal) as de- ? = ggWN

scribed in Table 27.

0 = Load Not Complete
1 = Load Complete

4 |Symbol Tracking Loop Filter Lag Accumulator Load
Complete. This bit is used to determine when a 32-bit load
of Symbol Track Lag Accumulator is Complete. The
accumulator load is initialized by loading the Write Address
Register with 19(decimal) as described in Table 33.

0 = Load Not Complete

1 = Load Complete
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NOTE: Thessa processor signals are meant to be representative. The actual shape of the waveforms will be set by the microprocessor used.
Verify that the processor waveforms meet the parameters in the Waveforms section of this data sheet to ensure proper operation. The “ro-
cessor waveforms are not required to be synchronous to CLK. They are shown that way to clarify the illustration.

@ LKINT Asserts Indicating End of Lock Detector Accumuiation Cycle; Accumulators Ready to Read.

@ Set AD-2 to 5 for Reading Lack Detector.

@ Load Read Address Register with 34¢ to enable the Lock Detector Phase Error Accumulator for Reading
(@ Set A0-2 to 3 for Phase Error (PE) Read.

@ Assert RD and read (Phase Error (PE) MSW: PE LSW, False Lock (FL) MSW; FLLLSW).

@ Change Read Address to (2; 1; 0) to read various Lock Detection values.

@ Change Address to 4 to Initialize the Lock Detector.

Load Write Address Register with 30ge to initialize the Lock Detector Accumulators and Reset integration Counters. (Only has an eifect
in uP mode).

@ Keep Address to 4 to Restart the Lock Detector.
@ Load Write Address Register with 254¢. to restart the Lock Detector. (Only necessary if not in the uP mode).

FIGURE 23. PROCESSOR INTERRUPT MONITOR/LOCK DETECTOR READ
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FIGURE 24. INTERNAL STATUS REGISTER READ
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TABLE 14. DATA PATH CONFIGURATION CONTROL REGISTER

DESTINATION ADDRESS =0

BIT
POSITION FUNCTION DESCRIPTION
31-27 Reserved Reserved. Set to 0 for proper operation.
26-24 Integrate/Dump Shifter | These bits set the shifter attenuation in the Integrate/Dump Filter.
Gain 000 = No Shift (Gain = 20)
001 = Right Shift 1 (Gain = 2"
010 = Right Shift 2 (Gain = 2°2)
011 = Right Shift 3 (Gain = 2°3)
100 = Right Shift 4 (Gain = 2°%)
Other Codes are invalid.
23-16 Input Level Detector This register sets the magnitude threshold for the Input Level Detector (see Input Level Detector
Threshold section). This 8-bit value is a fractional unsigned number whose format is given by:
20 01229854 5526 57,
The possible threshold values range from 0 to 1.9961 (00 - FF hex). The magnitude renge fo-
complex inputs is 0.0 - 1.4142 while that for real inputs is 0.0 - 1.0. Note: The algorithin used to
estimate threshold produces a maximum output of 1.375, therefore a threshold of greater
than 1.375 wiil never be exceeded.
15 Input Data Format 0 = Two's Complement Input
Select 1 = Offset binary Input
14 Serial/Parallel Input 0 = Parallel input
Select 1 = Serial Input
13 input Level Detector 0 = HI/LO output of 1 means input < threshold
Output Select 1 = HI/LO output of 1 means input > threshold
12 Q Input to Complex 0 = QIN9-0 enabled to Complex Multiplier
Multiplier 1 = Q input to Complex Multiplier zeroed
11 | Input to Complex 0 = lIN9-0 enabled to Complex Multiplier
Multiplier 1 = | input to complex multiplier set to negative full scale (200 Hex)
10 Complex Multiplier 0 = Data enabled to Complex Multiplier (Multiplied by output of NCO)
Bypass 1 = Complex Multiplier Bypassed
9 Demodulation/Loop 0 = Error detector outputs routed to Loop Filters (Normal Mode of Operation).
Filter Mode 1 = Part functions as dual Loop Filters. The IIN3-0 input is routed to the Symbol Loop Filter; the
Select QIN9-0 input is routed to the Carrier Loop Filter. Data is gated into the Loop Filters witn the
assertion of SYNC.
8 Cartesian/Polar Input 0 = Enable output of AGC Multiplier to Cartesian to Polar Converter
Select 1 = Enable output of Integrate and Dump Filter to the Cartesian to Polar Converter
7 RRC Filter Enable 0 = Enable RRC filter
1 = Bypass RRC filter
6 Integrate and Dump 0 = End-Symbol Samples routed to Output Formatter
Filter Test Mode 1 = Both End and Mid Symbol routed to Output Formatter: End-symbol samples occur when
SMBLCLK is high; Mid-Symbol samples occur when SMBLCLK is low.
5 Integrate and Dump 0 = Input taken from output of Frequency Discriminator (FSK routing)
Input Select 1 = Input taken from output of AGC Multiplier (Select this setting for PSK demodulaticn)
4-1 Integrate and Dump Bit 4 is the MSB.
Decimation Select 1000 = No Decimation (no accumulation, no sample pair summing)
0000 = Decimation by 2 (no accumulation, sample pair summing)
0001 = Decimation by 4 (accumulate 2 samples, sample pair summing)
0010 = Decimation by 8 (accumulate 4 samples, sample pair summing)
0011 = Decimation by 16 (accumulate 8 samples, sample pair summing)
0100 = Decimation by 32 (accumulate 16 samples, sample pair summing)
All other codes are invalid.
0] OQPSK Data 0 = Disables C channel data delay

De-Skew Select

1 = Delays Q Channel by 1/2 Symbol time to remove OQPSK stagger
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TABLE 15. POWER DETECT THRESHOLD CONTROL REGISTER

DESTINATION ADDRESS = 1

BIT
POSITION FUNCTION DESCRIPTION

31-8 Not Used No programming required.

7-0 Power Threshold The THRESH output is driven low when the magnitude output of the Cartesian to Polar Converter
exceeds the threshold programmed here. The threshold is represented as an 8-bit fract onal
unsigned value with the following format:

20 21222854 555657
Using this format, the possible range of threshold values is between 0 to 1.9961. Bit position 7 is the MSB.
TABLE 16. AGC LOOP PARAMETERS CONTROL REGISTER
DESTINATION ADDRESS =2
BIT
POSITION FUNCTION DESCRIPTION
31 Enable AGC 0 = Gain error enabled to AGC Loop Filter
1 = Gain error into AGC Loop Filter set to zero
30-28 AGC Loop Gain These bits set the loop gain exponent as given by:
Exponent (E) AGC Loop Gain Exponent = 2 14 + EEE
where EEE corresponds to the 3-bit binary value programmed here. Thus, a gain range from 214
to 27 may be achieved for EEE = 000 to 111 Binary. Bit position 30 is the MSB. See Tzble 3.
27-24 AGC Loop Gain The loop gain mantissa is represented as a 4-bit unsigned value with the following format:
Mantissa (M) AGC Loop Gain Mantissa = 0. 2" 1222-3274. 0. MMMM
This format provides a mantissa range from 0.0 to 0.9375 for mantissa settings from 0C(0 to 1~ 11
Binary. Bit position 27 is the MSB. Mantissa resolution = 0.0625. See Table 2.
23-16 AGC Threshold The AGC gain error is generated by subtracting the threshold value programmed here f-om the:
magnitude value out of the Cartesian to Polar Converter. The binary format for the AGC Threshold
is the same as that for the Power Threshold given in Table 15.

15-8 AGC Upper Limit The upper 8 bits of the AGC Accumulator set the AGC gain as given by Equation BA. The: value
programmed here sets upper limit for AGC gain by specifying a limit for the upper 8 bits cf the AGC
accumulator. If the accumulated sum exceeds the upper limit, the accumulator is loaded with the limit.
These bits are packed as eemmmmmm where the e's correspond to the exponent bits ard the ro's
correspond to the mantissa bits of Equation 8 (see also Figure 8). Bit position 15 is the M3B.

7-0 AGC Lower Limit The value programmed here sets the lower limit for the upper 8 bits of the AGC accumulator in a
manner similar to that described for the upper limit. If the accumulated sum falls beiow the tower limit,
the accumulator is loaded with the limit. The format for these bits is as described for the upper lirit.

TABLE 17. CARRIER PHASE ERROR DETECTOR CONTROL REGISTER
DESTINATION ADDRESS =3
BIT
POSITION FUNCTION DESCRIPTION

31-8 Not Used No programming required.

7-6 Reserved Reserved. Set to 0 for proper operation.

5-2 Phase Offset These bits set the phase offset added (modulo 2m) to the phase output of the Cartesian to Polar
Converter. The phase offset is represented as a 4-bit fractional 2's Complement value with the
following binary format:

Phase Offset = -20, 2712223
This format provides a range from 0.875 to -1 (0111 to 1000) which corresponds to phase offset
settings from 718 to - respectively. Resolution of 22.5° is provided. Bit position 5 is ths MSB

1-0 Shift Factor The bits set the left shift required by the Carrier Phase Error Detector. These two bits spacify a iaft

shift of 0, 1, 2 or 3 places. MSBs are discarded and LSBs are zero-filled. Bit 1 is the MSB.
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TABLE 18. FREQUENCY DETECTOR CONTROL REGISTER

DESTINATION ADDRESS =4

BIT
POSITION FUNCTION DESCRIPTION
31-8 Not Used No programming required.

7-3 Reserved Reserved. Set to O for proper operation.

2-0 Discriminator Delay | The frequency detector (discriminator) computes frequency by subtracting a delayed phase term
from the current phase term (d6/dt). A programmable delay is used to set the discriminator gair:.
These bits set the delay as given by:

Delay = 2K,
where K is the 3-bit value programmed here. Delays of 1, 2, 4, 8, and 16 are possible.
TABLE 19. FREQUENCY ERROR DETECTOR CONTROL REGISTER
DESTINATION ADDRESS =5
BIT
POSITION FUNCTION DESCRIPTION
31-8 Not Used No programming required.

7-3 Freguency Offset These bits set the frequency offset added (modulo) to the frequency output of the discriminatcr. The
frequency offset is represented as a 5-bit fractional 2's complement value with the following binary format:
Frequency Offset = 20, 21229354
This format provides a range from 0.9375 to -1.0 (0111 to 1000). The range and resolution of the
frequency offset depend on the discriminator delay and input rate. The frequency offset i added to
the 5 MSBs of the discriminator output. Note: set the frequency offset to 0 when using frequency
aided acquisition with PSK waveforms.

2-0 Shift Factor These bits set the left shift required by the Frequency Error Detector. These two bits se a left shift
of 0, 1, 2, 3, or 4 places. Bit 2 is the MSB. Values greater than 4 are invalid. Note: Set the shist
factor to 0 when using frequency aided acquisition with PSK waveforms.

TABLE 20. CARRIER LOOP FILTER CONTROL REGISTER #1
DESTINATION ADDRESS =6
BIT
POSITION FUNCTION DESCRIPTION
31-8 Not Used No programming required.
7 Reserved Reserved. Set to Q for proper operation.
6 Lead/Lag to Serial 0 = The Carrier Loop Filter's Lag Accumulator is routed to the Serial Output Controller
Output Routing 1 = The lead and lag paths in the Carrier Loop Filter are summed and routed to the Serial Output
Controller.
5 Lead/Lag to Internal | 0 = Sum of lead and lag paths routed to the internal NCO. (32 MSBs of sum are routed)
NCO Routing 1 = The lead term is routed to the internal NCO. (32 MSBs of lead term are routed)
4-0 Error Accumulation These bits set the number of phase and frequency error measurements that are accumulated

before the Carrier and AFC Loop Filters are run. Since the Loop Filters can only accept rew inputs
every 6 CLKs, the error accumulation is required to insure that no phase or frequency errar outputs
are missed when error terms are generated at a rate greater than 1/6 CLK (see Carrier Phase Error
Detector section). The 5-bit value programmed here should be set to one less than the desired
number of error terms to accumulate. For example, setting these bits to 0011 (BINARY) would
cause 4 error terms to be accumulated. A total range from 1 to 32 is provided.
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TABLE 21. CARRIER LOOP FILTER CONTROL REGISTER #2

DESTINATION ADDRESS =7

BIT
POSITION FUNCTION DESCRIPTION
31-8 Not Used No programming required.
7-6 Reserved Reserved. Set to 0 for proper operation.
5 Lead Phase Error 0 = Carrier Phase Error enabled to lead processing path of loop filter
Enable 1 = Carrier Phase Error to lead processing path of loop filter zeroed.
4 Lag Phase Error 0 = Carrier Phase Error enabled to lag processing path of loop filter
Enable 1 = Carrier Phase Error to lag processing path of loop filter zeroed (First Order Loop)
3 AFC Enable 0 = Frequency error enabled to lag processing path of Carrier Loop Filter.
1 = Frequency error zeroed
2 Carrier Sweep 0 = Frequency sweep input to the lag path of the Carrier Loop Filter enabled
Enable 1 = Sweep input to Carrier Loop Filter zeroed.
1 Invert Carrier Phase | 0 = Carrier Phase Error is normal into Carrier Loop Filter
Error 1 = Carrier Phase Error is inverted into Carrier Loop Filter
0 Invert Carrier 0 = Carrier Frequency Error is normal into AFC loop filter
Frequency Error 1 = Carrier Frequency Error is inverted into AFC Loop filter.
TABLE 22. CARRIER LOOP FILTER UPPER LIMIT CONTROL REGISTER
DESTINATION ADDRESS =8
BIT
POSITION FUNCTION DESCRIPTION
31-0 Carrier Loop Filter The 32-bit two's complement value programmed here sets the upper sweep and tracking limit of ths
Upper limit Carrier Loop Filter by setting the upper limit of the loop filter's lag accumulator. If the limit is 2xceedz:d,
the upper 32 bits of the 40-bit accumulator are set to the limit, and the 8 LSBs are set to zeto.
TABLE 23. CARRIER LOOP FILTER LOWER LIMIT CONTROL REGISTER
DESTINATION ADDRESS =9
BIT
POSITION FUNCTION DESCRIPTION
31-0 Carrier Loop Filter The 32-bit two's complement value programmed here sets the Lower sweep and tracking lirit of the
Lower limit Carrier Loop Filter by setting the lower limit of the loop filter's lag accumulator. If the running sum faiis
below the limit, the upper 32 bits of the 40-bit accumulator are set to the limit, and the 8 LSBs are setto
zero.
TABLE 24. CARRIER LOOP FILTER GAIN (ACQ) CONTROL REGISTER
DESTINATION ADDRESS = 10
BIT
POSITION FUNCTION DESCRIPTION
31-24 Not Used No programming required.
23-18 Reserved Reserved. Set to 0 for proper operation.
17-14 Carrier Lead Gain These bits are the 4 fractional bits of the lead gain mantissa shown below.

Mantissa
(Acquisition)

Lead Gain Mantissa = 0 1. 27122234
This format provides a mantissa range from 1.0 to 1.9375 for mantissa settings from 0000 to 1- 11
Binary. Bit position 17 is the MSB.
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TABLE 24. CARRIER LOOP FILTER GAIN (ACQ) CONTROL REGISTER (Continued)

DESTINATION ADDRESS =10

BIT
POSITION FUNCTION DESCRIPTION
13-9 Carrier Lead Gain These bits set the lead gain exponent as given by:
Expon.e_n.t Carrier Lead Gain Exponent = 2 “(32°E)
{Acquisition) where E corresponds to the 5-bit binary value programmed here. Thus, a gain range from
21102732 (relative to the MSB position of the NCO control word) may be achieved for E: = 11111
to 00000 Binary. Bit position 13 is the MSB.
8-5 Carrier Lag Gain Format same as lead gain mantissa. Bit position 8 is the MSB.
Mantissa
(Acquisition)
4-0 Carrier Lag Gain Format same as lead gain exponent. Bit position 4 is the MSB.
Exponent
(Acquisition)
TABLE 25. CARRIER LOOP FILTER GAIN (TRK) CONTROL REGISTER
DESTINATION ADDRESS = 11
BIT
POSITION FUNCTION DESCRIPTION
31-24 Not Used No Programming required.
23-18 Reserved Reserved. Set to 0 for proper operation.
17-14 Carrier Lead Gain Format same as lead gain mantissa (see Table 24). Bit position 17 is the MSB.
Mantissa (Track)
13-9 Carrier Lead Gain Format same as lead gain exponent (see Table 24). Bit position 13 is the MSB.
Exponent (Track)
8-5 Carrier Lag Gain Format same as lead gain mantissa (see Table 24). Bit position 8 is the MSB.
Mantissa (Track)
4-0 Carrier Lag Gain Format same as lead gain exponent (see Table 24). Bit position 4 is the MSB.
Exponent (Track)
TABLE 26. FREQUENCY SWEEP/ AFC LOOP CONTROL REGISTER
DESTINATION ADDRESS = 12
BIT
POSITION FUNCTION DESCRIPTION
31-27 Reserved Reserved. Set to 0 for proper operation.
26-23 Sweep Rate Sets carrier track sweep rate used during acquisition (see Frequency Sweep Block section). Forrat
Mantissa same as lead gain mantissa (see Table 24). Bit position 22 is the MSB.
(Acquisition)
22-18 Sweep Rate Sets carrier track sweep rate used during acquisition (see Frequency Sweep Block section). Forrnat
Exponent same as lead gain exponent (see Table 24). Bit position 22 is the MSB. M = 0000,
(Acquisition) E = 00000 is 2728.
17-14 AFC Gain Mantissa | Sets Frequency Error Gain. Format same as lead gain mantissa (see Table 24). Bit position 11 is
(Acquisition) the MSB.
13-9 AFC Gain Exponent | Sets Frequency Error Gain. Format same as lead gain exponent (see Table 24). Bit position 4 is the
(Acquisition) MSB.
8-5 AFC Gain Mantissa Sets Frequency Error Gain. Format same as lead gain mantissa (see Table 24). Bit position 11 is
(Track) the MSB.
4-0 AFC Gain Exponent | Sets Frequency Error Gain. Format same as lead gain exponent (see Table 24). Bit position 4is the

(Track)

MSB.
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TABLE 27. CARRIER LAG ACCUMULATOR INITIALIZATION CONTROL REGISTER

DESTINATION ADDRESS = 13

BIT
POSITION FUNCTION DESCRIPTION
N/A Carrier Lag Writing this address initiatizes the lag accumulator with the contents of the 4 Microprocessor
Accumulator Interface holding registers at the start of the next Carrier Loop Fllter Computation cycle The
Initialization contents of the holding registers should not be changed until after the start of a new compute cy:le,
since the current contents of the holding registers are loaded at the compute cycle start. The
Microprocessor Interface can be used to read an internal status register which signals when the lag
accumulator load is complete (see Microprocessor Interface Section). The contents of the holcing
registers are loaded into the 32 MSBs of the lag accumulator and the 8 LSBs are zeroel.
TABLE 28. SYMBOL TRACKING LOOP CONFIGURATION CONTROL REGISTER
DESTINATION ADDRESS = 14
BIT
POSITION FUNCTION DESCRIPTION
31-16 Not Used No programming required.
15-13 Reserved Reserved. Set to 0 for proper operation.
12-11 Sampling Error Shift | The sampling error shifter is provided to left shift the sampling error to full scale before input to the
Factor Symbol Tracking Loop Filter. The magnitude of the sampling error varies with the number of syrr ool
decision levels, and a left shift of 1 to 4 places is provided as required by modulation order.
Suggested settings are provided below:
00 = x2 2 levels on each rail (BPSK, QPSK)
01 = x4 4 levels on each rail (8 PSK)
10 = x8 8 levels on each rail
11 = x16 16 levels on each rail
Note: Saturation is provided in case of overflow.
10-9 Modulation Order These bits set the threshold levels used by the symbol decision blocks in the Sampling =rror
Select detector. The end-symboi samples on either the | or Q processing path are compared ajainst the
selected threshold set to determine the expected symbol value used in caiculating the transitio~
midpoint. The threshold levels can be set for up to 16ary signals on both the | and Q processing
path. The decision thresholds are set as given below.
00 = 2ary signal (Use this setting for BPSK, QPSK, and OQPSK signals)
01 = 4ary signal
10 = 8ary signal
11 = 16ary signal
The threshold levels are determined by equally dividing up the signal range by the order of the
signal. For example, a 2ary signal would divide the ~1.0 to -1.0 signal range by two forcing
threshold at 0.0. A 4ary signal would have thresholds at:
-0.5, 0, and +0.5
8 Single/Double Rail This bit sets whether sampling error is derived from symbol transitions on just the | rail {single rait)
Sampling Error or both the 1&Q rails (dual rail). In single rail operation sampling error from the Q rail is rulled and
only the | rail is used. In dual rail operation the sampling error from both the | an Q rails is summed
and then scaled by one half.
0 = Dual Rail Operation
1 = Single Rail Operation
Note: Set to 1 for BPSK operation and 0 for QPSK operation.
7-3 Sampling Error These bits set the number of sampling error measurements to accumulate before running the

Accumulation

Symbol Loop Filter. The loop filter requires 8 CLKs to compute an output. The Sampling error
detector generates error terms at the symbol rate. Thus, the error accumulator must be used if the
symbol rate exceeds 1/8 CLK to ensure that no error terms are missed (see Sampling E rror
Detector Section). The 5-bit value programmed here is set to one less than the desired tumbe- of
error terms to accumulate. For example, setting these bits to 00011 (BINARY) would cause 4 error
terms to be accumulated. A total range from 1 to 32 is provided.
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TABLE 28. SYMBOL TRACKING LOOP CONFIGURATION CONTROL REGISTER (Continued)

DESTINATION ADDRESS = 14

BIT
POSITION FUNCTION DESCRIPTION
2 Lead Sampling Error | 0 = Sampling error enabled to lead path of loop filter
Enable 1 = Sampling error to lead path of loop filter zeroed.
1 Lag Sampling Error 0 = Sampling error enabled to lag path of loop filter
Enable 1 = Sampling error to lag path of loop filter zeroed (First Order Loop)
0 Invert Sampling Error | 0 = Sampling error normal
1 = Sampling error inverted
TABLE 29. SYMBOL TRACKING LOOP FILTER UPPER LIMIT CONTROL REGISTER
DESTINATION ADDRESS = 15
BIT
POSITION FUNCTION DESCRIPTION
31-0 Symbol Tracking The 32-bit two's complement value programmed here sets the upper tracking limit of the Synbol
Loop Filter Upper Tracking Loop Filter by setting the upper limit of the loop filter's lag accumulator. if the limit is exceeced,
Limit the upper 32 bits of the 40-bit accumulator are set to the limit, and the 8 LSBs are set to zero.
TABLE 30. SYMBOL TRACKING LOOP FILTER LOWER LIMIT CONTROL REGISTER
DESTINATION ADDRESS = 16
BIT
POSITION FUNCTION DESCRIPTION
31-0 Symbol Tracking The 32-bit two's complement value programmed here sets the Lower tracking limit of the Symtol Tracking
Loop Filter Lower Loop Filter by setting the lower limit of the loop filter's lag accumulator. If the running sum falls below tne
Limit limit, the upper 32 bits of the 40-bit accumulator are set to the limit, and the 8 LSBs are set to zero.
TABLE 31. SYMBOL TRACKING LOOP FILTER GAIN (ACQ) CONTROL REGISTER
DESTINATION ADDRESS = 17
BIT
POSITION FUNCTION DESCRIPTION
31-24 Not Used No programming required.
23-18 Reserved Reserved. Set to 0 for proper operation.
17-14 Symbol Tracking These bits are the 4 fractional bits of the lead gain mantissa shown below:
Lead Gam Mantissa | Symbol Tracking Lead Gain Mantissa = 01, 2712°22-34
{Acquisition) This format provides a mantissa range from 1.0 to 1.9375 for mantissa settings from 00C0 to 1111
Binary. Bit position 17 is the MSB.
13-9 Symbol Tracking These bits set the lead gain exponent as given by:
Lead Gain Exponent | symbol Tracking Lead Gain Exponent = 2 “(32-E)
{Acquisition) where E corresponds to the 5-bit binary value programmed here. Thus, a gain range from
271 to 2732 relative to the MSB position of the NCO control word may be achieved for E = 11117 to
00000 Binary. Bit position 13 is the MSB.
8-5 Symbol Tracking Lag | Foermat same as lead gain mantissa. Bit position 8 is the MSB.
Gain Mantissa
{Acquisition)
4-0 Symbol Tracking Lag | Format same as lead gain exponent. Bit position 4 is the MSB.

Gain Exponent
(Acquisition)

5-89




HSP50210

TABLE 32. SYMBOL TRACKING LOOP FILTER GAIN (TRK) CONTROL REGISTER

DESTINATION ADDRESS = 18

BIT
POSITION FUNCTION DESCRIPTION

31-24 Not Used No programming required.

23-18 Reserved Reserved. Set to 0 tor proper operation.

17-14 Symbol Tracking Lead Gain Mantissa Format same as lead gain mantissa (see Table 31). Bit position 17 i5 the MSB.
(Track)

13-9 Symbol Tracking Lead Gain Exponent Format same as lead gain exponent (see Tabie 31). Bit position 13 i3 the MSB.
(Track)

8-5 Symbol Tracking Lag Gain Mantissa Format same as lead gain mantissa (see Table 31). Bit position 8 is the M&B.
(Track)
4-0 Symbol Tracking Lag Gain Exponent Format same as lead gain exponent (see Table 31). Bit position 4 is the MSB.
(Track)
TABLE 33. SYMBOL TRACKING LOOP FILTER LAG ACCUMULATOR INITIALIZATION CONTROL REGISTER
DESTINATION ADDRESS =19
BIT
POSITION FUNCTION DESCRIPTION
N/A Symbol Tracking Writing to this address initializes the lag accumulator with the contents of the four Microsrocessor
Loop Filter Lag Interface holding registers at the start of the next loop filter computation cycle. The contents of the
Accumulator holding registers should not be changed until after the start of a new compute cycle since the currant
Initialization contents of the holding registers are loaded at the compute cycle start. The Microprocessor
Interface should be used to read an internal status register which signals when the lag accumulztor
load is complete (see Table 13 in the Microprocessor Interface Section). The contents of t1e holcing
registers are loaded into the 32 MSBs of the lag accumulator and the 8 LSBs are zeroed.
TABLE 34. LOCK DETECTOR CONFIGURATION CONTROL REGISTER
DESTINATION ADDRESS =20
BIT
POSITION FUNCTION DESCRIPTION
31-28 Reserved Reserved. Set to 0 for proper operation.
27 False Lock This bit selects the input to the False Lock Accumulator.
Accumulator 0 = Frequency Error input enabled to accumulator
Operation 1 = False Lock Bit enabled to accumulator

26-20 Dwell Counter The Dwell Counter holds off the Lock Accumulator integration for the number of integration cycles

Pre-load programmed here. The length of the integration cycle is setin the bit positions 19-10. The 7-bit value
programmed here should be set to 1 less than the desired hold off time in integration cycles. Tne
pre-load is zeroed during Track Mode. Only used during stepped acquisition mode.

19-10 Integration Counter The Integration Counter controls the number Phase Error samples accumulated by the _ock
Pre-Load Accumulator. The 10-bit number ioaded here is set to two less than the number of Phase Error
(Acquisition) samples desired in the Integration Period. Total Range 2-1025. Bit 19 is the MSB.

9-0 Integration Counter Function is identical to Acquisition Integration Counter Pre-Load. See Above.

Pre-Load (Track)
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TABLE 35. LOCK ACCUMULATOR PRE-LOADS CONTROL REGISTER

DESTINATION ADDRESS = 21

BIT
POSITION FUNCTION DESCRIPTION
31-16 Lock Accumulator The lock threshold is set by an accumulator pre-load which is backed off from the accunmulator tull
Pre-Load scale by the threshold amount. The Lock Accumulator is 18 bits and the accumulator bit weightings
{Acquisition) relative to the magnitude of the Phase Error input and the pre-load is given below:
BIT WEIGHTING OF ACCUMULATOR PRE-LOAD
210292857 20, 27122 53 2-4 55 36 -7
/ BIT WEIGHTING OF
BINARY POINT PHASE ERROR MAGNITUDE
The accumulator roll over is at the 217 bit position.
15-0 Lock Accumulator Function is identical to Acquisition Lock Accumulation Pre-Load. See Above.
Pre-Load (Track)
TABLE 36. FALSE LOCK ACCUMULATOR PRE-LOAD CONTROL REGISTER
DESTINATION ADDRESS =22
BIT
POSITION FUNCTION DESCRIPTION
31-16 False Lock Depending on configuration, the input to the False Lock Accumulator is either the false lack
Accumulator indicator bit or the magnitude of the frequency error detector output. Like the Lock Accumulator, -he
Pre-Load threshold is set by an accumulator pre-load that is backed off from accumulator full scale. The False
(Acquisition) Lock Accumulator can accumulate sums up to 18 bits, and the bit weightings of the false lock
indicator bit and the frequency error input relative to accumulator full scale are shown telow.
BIT WEIGHTING OF ACCAUMULATOR PRE-LOAD
210292897 20, 2719293 54 25 36 7
. v s\___ BIT WEIGHTING OF
FALSE LOCK INDICATOR BIT
BIT WEIGHTING OF
BINARY POINT FREQUENCY ERROR MAGNITUDE
The accumulator rall over is at the 211 bit position.
15-0 False Lock See Above. The Lock Detector State Machine only uses the accumulator during the verify state
Accumulator during which the Track parameters are used.
Pre-Load (Track)
TABLE 37. ACQUISITION/TRACKING CONTROL REGISTER
DESTINATION ADDRESS =23
BIT
POSITION FUNCTION DESCRIPTION
31-16 Not Used No programming required.
15 Reserved Set to 0 for proper operation.
14 False Lock Detect This bit enables the false lock detection during the verify state of state machine controlied

Enable

acquisition. The overflow of the False Lock Accumulator before the Integration Counter iorces :he
false lock state. If disabled, the overflow of the False Lock Accumulator has no effect or state
machine operation.

0 = Disable False Lock

1 = Enable False Lock

Note: The false Lock Detector is designed for false lock detection on square wave data. For
shaped waveforms false lock detection should be disabled or frequency error should be used.
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TABLE 37. ACQUISITION/TRACKING CONTROL REGISTER (Continued)

DESTINATION ADDRESS = 23

BIT
POSITION FUNCTION DESCRIPTION
13 Frequency Sweep This bit selects whether stepped or continuous frequency sweep mode is used (see Lock Detector
Mode Section).
0 = Stepped Frequency Sweep (provided for microprocessor controlied acquisition moce)
1 = Continuous Frequency Sweep

12-9 Verify State Length These bits set the number of integration cycles over which carrier lock must be maintained before
the Lock State is declared. The verify state is used to make sure that lock detection was not tha
result of noise or false lock.The 4-bit value programmed here sets the Verify state from 0 to 1£
Integration Periods.

8-5 False Lock Sweep These bits set the duration of forced frequency sweep before returning to the acquisition state
When continuous frequency sweep mode is selected, the programmed number represents the
number of Lock Accumulator integration cycles to sweep before returning to the acquisition stzte.
In stepped frequency sweep mode, the number represents the number of loop filter comg ute cycles
over which to enable the sweep input to the lag accumulator.

4 Lock Detector This bit selects whether the acquisition/tracking process is controlled externally by a
Control microprocessor or internally by the state machine. If microprocessor control is chosen, the lock.
detect accumulator integrates for the programmed period of time and ignores accumulator rol over,
if any. The Lock Detector Accumulator halts after each Integration Period and waits to be restarted
by the microprocessor. In addition, the microprocessor must select the acquisition/track ng
parameters as well as enable the Frequency Sweep Block.
0 = Microprocessor Control
1 = Internal State Machine Control
3 Microprocessor 0 = Track Parameters Chosen
Acquisition/Track 1 = Acquisition Parameters Chosen
Select
2 Microprocessor Lock | This bit controls the state of the lock bit (STATUS4) in the status output STATUS6-0 (se:e Output
Select Section). In addition, this bit sets the internal state machine to the locked state when Lock
Detector Control is switched from microprocessor control to state machine control.
1 Reserved Set to zero for proper operation.
o] Microprocessor This bit is used to enable the output of the Frequency Sweep Block to the lag path of th2 Symt.ol
Frequency Sweep Tracking Loop Filter. This bit is only used under microprocessor control of the Lock Detactor
Enable
TABLE 38. HALT LOCK DETECTOR FOR READING CONTROL REGISTER
DESTINATION ADDRESS =24
BIT
POSITION FUNCTION DESCRIPTION
N/A Stop Lock Detector Writing this location halts the Lock Detector State Machine at the end of the current Locik Detector

for Reading

Accumulator integration cycle. This function is provided so that the Lock Detector integrators can
be stopped for reading via the microprocessor interface (only useful when the Lock Detector s
under internal state machine control). Bit 7 of the internal status register can be monitored via the
Microprocessor Interface to determine when the Lock Detector has stopped and is rezdy for
reading. The Lock Detector will remain stopped until restarted (see Restart Lock Detector Control
Register: Table 39).
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TABLE 39. RESTART LOCK DETECTOR CONTROL REGISTER

DESTINATION ADDRESS = 25

BIT
POSITION FUNCTION DESCRIPTION
N/A Restart Lock Wiriting this location restarts the Lock Detector State Machine following a read of the Lock Detecror.
Detector Note: Stopping the Lock Detector for reading is not required in Microprocessor Contro!
Mode since the Lock Detector Accumulators stop at the end of each integration c/cle. Sze
also Table 44.
TABLE 40. SOFT DECISION SLICER CONFIGURATION CONTROL REGISTER
DESTINATION ADDRESS = 26
BIT
POSITION FUNCTION DESCRIPTION
31-8 Not Used No programming required.
7 Slicer Output Format | 0 = Soft decision outputs are in sign/magnitude format
1 = Soft decision outputs are in two's complement format
6-0 Soft Decision The input to the slicer is compared against thresholds which are 1x, 2x and 3x the value
Threshold programmed here. The slicer output depends on the relationship of the | or Q magnitude to the 3

soft thresholds as given in Table 7. The threshold is programmed as a fractional unsignad value
with the following bit weightings:

0.2712223 2425267

Note: Since the signal magnitude on either the | or Q path ranges between 0.0 and ~1.0, the
threshold value should not exceed 1.0/3 = 0.33. Bit position 6 is the MSB.
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TABLE 41. SERIAL OUTPUT CONFIGURATION CONTROL REGISTER

DESTINATION ADDRESS = 27

BIT
POSITION FUNCTION DESCRIPTION
31-16 Not Used No programming required
15-13 Reserved Set to zero for proper operation.
12 Serial Data Sync 0 = SOFSYNC pulses "High” one serial clock before data word on SOF
Polarity 1 = SOFSYNC pulses “Low" one serial clock before data word on SOF
(SQOF output) Set to 0 for use with the HSP50110.
11 Serial Data Sync 0 = COFSYNC pulses "High” one serial clock before data word on COF
Polarity 1 = COFSYNC pulses “Low” one serial clock before data word on COF
(COF output) Set to 0 for use with the HSP50110.
10 Serial Clock Phase 0 = Rising edge of serial clock at center of data bit
Relative to Data 1 = Falling edge of serial clock at center of data bit. Set to 0 for use with the HSP50110.
9-8 Serial Clock Divider | These bits set the clock rate of SLOCLK.
00 -> SLOCLK = CLK/2
01 -> SLOCLK = CLK/4
10 -> SLOCLK = CLK/8
11 -> SLOCLK = CLK/16
7 Serial Clock Select 0 = CLK is used as the serial clock
for COF Qutput 1 = SLOCLK is used as the serial clock
Note: If the HSP50210 is used together with the HSP50110, CLK must be selected as the
serial clock for the SOF and COF outputs, and the same CLK must be used by both chips.
6-4 Serial Word Length 000 = 8 Bits
for COF Output 001 = 12 Bits
010 = 16 Bits
011 = 20 Bits
100 = 24 Bits
101 = 28 Bits
110 = 32 Bits
111 = 40 Bits
3 Serial Clock Select 0 = CLK is used as the serial clock
for SOF Output 1 = SLOCLK is used as the serial clock
Note: If the HSP50210 is used together with the HSP50110, CLK must be selected as the
serial clock for the SOF and COF outputs, and the same CLK must be used by both chips.
2-0 Serial Word Length 000 = 8 Bits
for SOF Output 001 = 12 Bits
010 = 16 Bits
011 = 20 Bits
100 = 24 Bits
101 = 28 Bits
110 = 32 Bits
111 = 40 Bits
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TABLE 42. OUTPUT SELECTOR CONFIGURATION CONTROL REGISTER

DESTINATION ADDRESS = 28

BIT POSITION FUNCTION DESCRIPTION
31-8 Not Used No programming required.
7-4 Reserved Set to zero for proper operation.
3-0 Output Select | These bits select which input signals are routed to the 20 output pins AOUTS-0 and BOUT9-0. The

signal selections are listed below in Tables 42A and 428.
Definition of Signal Bus Names

Data Signal Busses:

ISOFT(2:0) This bus is the | channel soft decision slicer output data, expressed in 2’s complimant
format with one sign bit (ISOFT2) and two soft decision bits.

QSOFT(2:0) This bus is the Q channel soft decision slicer output data, expressed in 2's complimant
format with one sign bit (ISOFT2) and two soft decision bits.

IEND(7:1)  This bus is the 7 MSB's of | end symbol sample into the soft decision slicer, \n 2’s com-
pliment format. (MSB = lend7).

QEND(7:1) This bus is the 7 MSB’s of Q end symbol sample into the soft decision slicar,in 2 s
compliment format. (MSB = Qend7).

Status Signal Parameter Busses:

AGC(7:1) ... .. This bus is the 7 MSB’s of the AGC Accumulator register. (MSB = AGC7)

MAG (7:0) ... .This bus is the 8-bit magnitude output of the Cartesian to Polar converier, in un-
signed binary format. (MSB = MAG7)

PHASE (7:0) .. This bus is the 8-bit phase output of the Cartesian to Polar converter, in unsigr.ed
binary format. (MSB = PHASE7)

FE(7:1)....... This bus is the seven MSB's of the Frequency Error Detector output register, in 2's
compliment format. (MSB = FE7)

GE(7:1) ...... This bus is the seven MSB's of the Gain Error (AGC) Accumulator register, in 2's
compliment format. (MSB = GE7)

TE@:1) ... .. This bus is the seven MSB's of the Bit Phase Error Detector output register, in 2's

compliment format. (MSB = TE7)

CARPE (7:1) .. This bus is the seven MSB’s of the Carrier Phase Error Detector outpu - registar,
in 2's compliment format. (MSB = PE7)

LKACC(6:0) ... This bus is the seven LSB’s of the Phase Error Accumulator register in the Lock Je-
tector, in unsigned offset binary format. (MSB = LKACCB8) If accumulation bits 14-17
= 1, then bits 7-13 are output as LKACC(6.0). These outputs are zero otherwise.

LKCNT(6:0) ... This bus is the seven LSB’s of the Integration Counter in the Lock Detector, ir
one's compliment format. (MSB = LKCNT®6) If bits 7-9 of the accumulato- are zero,
then bits 0-6 are output as LKCNT(6-0). These outputs are zero othernise.

NCOCOS(9:0) . This bus is the 10-bit two’s compliment output of the DCL NCO, in 2's complim=nt
format. (MSB = NCOCOS7)

Applications for the Various Output Signals:

ISOFT(2:0) and QSOFT(2:0)
These signals provide a simple interface to a FEC decoder. As the most likely to be used cutput tus,
these signals are included in all but one of the programmable muiltiplexer output configurztions.

IEND(7:1) and QEND(7:1)
These signals are useful when input to a D/A converter and displayed on an oscilloscope in the >.-Y
plot. This will yield the constellation signal display with which analog modem designers ara familiar.

STATUS(6:0)
These signals can be used in fault detection for use in BIT/BITE applications and are use-ful dur ng
system debug.

AGC(7:1)
This signal is useful in monitoring the AGC operation, signal detection and antenna tracking appli-
cations. Other single bit signals are provided for direct use in external AGC.

MAG(7:0) and PHASE(7:0)
These signals are useful in signal detection applications, where presence of a signal is re sresen:ad
by a particular signal magnitude or phase.

FREQERR(7:1), GAINERR(7:1), BITPHERR(7:1), and CARPHERR(7:1)

These signals are useful in applications that need these signals output at the symbol rate and avail-
able for hardwiring, rather than at the processor access rate. Configurations that use the DCL as a
stand alone demodulator and matched filter are examples of such applications.
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TABLE 42. OUTPUT SELECTOR CONFIGURATION CONTROL REGISTER (Continued)

DESTINATION ADDRESS = 28

BIT POSITION FUNCTION DESCRIPTION
LKACC(6:0) and LKCNT(6:0)
These signals are provided for applications which require a lock detection interface that is not pro-
cessor dependent. These signals are also useful in fault detection in BIT/BITE applications.
NCOCOSS9-0
This signal is provided for use when the DCL is configured as a stand alone Loop Filter and NCO.
This signal can be useful in fault detection in BIT/BITE applications.
TABLE 42A. AOUT BIT DEFINITIONS
OUTPUT
SELECT| AOUT9 AOUT 8 AOUT 7 AOUT 6 AQUT 5 AOUT4 | AOUT3 | AOUT2 | AOUT1 | AOUTO
0000 |ISOFT2 ISOFT1 ISOFTO QSOFT2 |QSOFT1 QSOFT0 | STATUSE | STATUSS | STATUS4 | STATUS3
0001 |iSOFT2 QSOFT2 |MAG7 MAGS6 MAGS5 MAG4 MAG3 MAG2 MAG1 MAGO
0010 [iSOFT2 ISOFT1 ISOFTO QSOFT2 [QSOFT1 QSOFT0 | STATUSE | STATUSS | STATUS4 | STATUS3
0011 |ISOFT2 ISOFT1 ISOFTO QSCFT2 | QSOFTH QSOFT0 | STATUS6 ] STATUSS | STATUS4 | STATUS3
0100 |ISOFT2 ISOFT1 ISOFTO QSOFT2 ] QSOFT1 QSOFT0 | STATUSE | STATUSS | STATUS4 ] STATUS3
0101 |ISOFT2 ISOFT1 ISOFTO QSOFT2 |JQSOFT1 |QSOFT0 |STATUSE | STATUSS | STATUS4 | STATLIS3
0110 |ISOFT2 ISOFT1 ISOFTO QSOFT2 |QSOFTt |QSOFTO |LKACCE& |LKACC5 |LKACC4 |LKAC(3
0111 |ISOFT2 ISOFT1 ISOFTO QSOFT2 |QSOFT1 |QSOFTO |lend? lend6 lend5 lend4
1000 |RSRVD7 |RSRvD6 |RSRVD5 |RSRVD4 |RSRVD3 |RSRVD2 |RSRVD1 |RSRVDO |STATUSS | STATLS6E
TABLE 42B. BOUT BIT DEFINITION
OQUTPUT
SELECT| BOUTS9 BOUT 8 BOUT 7 BOUT 6 BOUT 5 BOUT 4 BOUT 3 BOUT 2 BOUT 1 BOUT 0
0000 [STATUSZ |STATUS1 |STATUSO |AGC7 AGC6 AGC5 AGC4 ACG3 AGC2 AGCA
0001 {STATUS6 {STATUSO |PHASE7 |PHASE6 |PHASES |PHASE4 |PHASE3 JPHASE2 |PHASEt1 |PHASEOD
0010 |STATUSZ |STATUS1 |STATUSO |FE7 FEB FES FE4 FE3 FE2 FE1
0011 |STATUSZ |STATUS1 |STATUSO |GE7 GE6 GE5 GE4 GE3 GE2 GE1
0100 |STATUSZ |STATUS1 |STATUSO |TE? TES TE5S TE4 TE3 TE2 “Eq
0101 |STATUS2 |STATUS1 |STATUSO |CARPE7 |CARPE6 |CARPES |CARPE4 |CARPE3 |JCARPE2 |CARPE!
0110 JLKACC2 [LKACCA LKACCO |JLKCNT6 |JLKCNTS |JLKCNT4 |JLKCNT3 |JLKCNT2 JLKCNT1 LKCNT?
0111 |]lend3 lend2 lend1 Qend? Qend6 Qend5 Qend4 Qend3 Qend2 Qend1
1000 |NCOCOS9 |[NCOCOS8 [NCOCOS7 [NCOCQOS6 [NCOCOS5 [NCOCOS4 [NCOCOS3 [NCOCOS2 [INCOCOS1 [NCOCCSo
TABLE 43. UPDATE READ REGISTER CONFIGURATION CONTROL REGISTER
DESTINATION ADDRESS = 29
BIT
POSITION FUNCTION DESCRIPTION
N/A Load Qutput Holding | Loading the address register with this destination address samples the contents of the Cerrier Loop
Register for Filter Lag Accumulator, Symbol Tracking Loop Filter Lag Accumulator, and the AGC Accumulasor.
Microprocessor Read | The sampled accumulator values are loaded into the output holding registers for reading via the
Microprocessor Interface. Allow 6 CLKs until the output holding register is stable for reading.
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TABLE 44. INITIALIZE LOCK DETECTOR (1P CONTROL MODE) CONTROL REGISTER

DESTINATION ADDRESS = 30

BIT
POSITION FUNCTION DESCRIPTION
N/A Initialization of Lock | Loading the address register with this destination address pre-loads all of the Lock Detector
Detector Accumulators and resets the Integration Counters to restart the integration process. Note: A write
Accumulators to this address only initializes the Lock Detector when it is in microprocessor con:rol mecde
(see Acquisition/Tracking Control Register; Table 37).
TABLE 45. TEST CONFIGURATION CONTROL REGISTER
DESTINATION ADDRESS = 31
BIT
POSITION FUNCTION DESCRIPTION
31-16 Not Used No programming required.
15-6 Reserved Set to 0 for proper operation.
5 Initialize NCO This bit is used to zero the feed back in the NCO's phase accumulator. This is useful in setting the
output of the NCO to a known value.
0 = Enable normal NCO operation.
1 = Zero phase accumulator feedback for test.
4 Zero Symbol This bit is used to zero the lag accumulator in the Symbol Tracking Loop Filter.
Tracking Loop Filter | 0 = Enable normal loop filter operation
Accumulator 1 = Zero Lag Accumulator
3 Zero Carrier Loop This bit is used to zero the lag accumulator in the Carrier Loop Filter.
Filter Accumulator 0 = Enable normal loop filter operation
1 = Zero Lag Accumulator
2-0 Reserved Set to 0 for proper operation.
TABLE 46. STATUS 6-0 SIGNAL DESCRIPTIONS
BIT
POSITION FUNCTION DESCRIPTION
6 Carrier Lock 0 = Lock Detector is not in locked state (Carrier Tracking Loop is not locked)
1 = Lock Detector has achieved the locked state (Carrier lock has been achieved)
5 Acquisition/Track 0 = Tracking Parameters currently being used by Tracking Loops
indicator 1 = Acquisition Parameters currently being used by Tracking Loops
4 Reserved N/A
3 Frequency Sweep This bit indicates the direction of the frequency sweep selected by the Frequency Sweep input "0
Direction the lag path of the Carrier Tracking Loop Filter (Defined for upper sideband signals).
0 = Up (Sweep increasing in frequency)
1 = Down (Sweep decreasing in frequency)
2 High Power This bit is one clock cycle long and indicates when the AGC is at its lower limit (see AGC sectitn
and Table 15).
0 = AGC above lower limit
1 = AGC at lower limit
1 Low Power This bit is one clock cycle long and indicates when the AGC is at its upper limit (see AGT section
and Table 15).
0 = AGC is at or below its upper limit
1 =AGC is above its upper limit
0 Data Ready Strobe This bit pulses “High” for one CLK synchronous with a new signal output on OUTB6-0 (see Outaut

Selector Control Register: Table 45). For example if the lower 4 bits of the Output Selectcr Register
are set to 0010 (BINARY), This bit will pulse active on the same CLK that new FE7-1 data is outout.
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Appendix A

Noise Bandwidth Summary

For a given decimation rate, the double-sided noise equiva-
lent bandwidth is shown using various combinations of the
CIC filter and the compensation filters in the HSP50110.

Each combination of filters is also shown with and without
the root raised cosine filter in the HSP50210. The noise
bandwidth is measured relative to the output sample rate:.

TABLE A
INTE- |INTEGRATE/ INT/DUMP 3RD ORDER 3RD) ORDER
GRATE/ DUMP INT/DUMP W/COMP 3RD cic 3RD ORDER CIC w/comMpP
DEC DUMP w/cCoMP AND RRC AND RRC | ORDER CIC| W/COMP CIC AND RRC AND RRC
2 1.0000 1.3775 0.492771 0.5348 0.6250 1.3937 0.420829 0.53105¢
10 1.0000 1.3775 0.492771 0.5348 0.5525 1.0785 0.402135 0.50152¢%
18 1.0000 1.3775 0.492771 0.5348 0.5508 1.0714 0.401628 €.50073"
26 1.0000 1.3775 0.492771 0.5348 0.5504 1.0698 0.401510 C.500547
34 1.0000 1.3775 0.492771 0.5348 0.5502 1.0691 0.401465 €.500477
42 1.0000 1.3775 0.492771 0.5348 0.5501 1.0688 0.401443 €.50044%
50 1.0000 1.3775 0.492771 0.5348 0.5501 1.0687 0.401431 G.500424
58 1.0000 1.3775 0.492771 0.5348 0.5501 1.0686 0.401424 0.500410
66 1.0000 1.3775 0.492771 0.5348 0.5501 1.0685 0.401424 0.50040<
74 1.0000 1.3775 0.492771 0.5348 0.5500 1.0684 0.401415 0.50040&
82 1.0000 1.3775 0.492771 0.5348 0.5500 1.0684 0.401462 0.500215
90 1.0000 1.3775 0.492771 0.5348 0.5500 1.0684 0.401598 0.50127:
98 1.0000 1.3775 0.492771 0.5348 0.5500 1.0684 0.400708 0.49934¢
106 1.0000 1.3775 0.492771 0.5348 0.5500 1.0684 0.400933 0.497418
114 1.0000 1.3775 0.492771 0.5348 0.5500 1.0683 0.403557 0.50142¢
122-4096 1.0000 1.3775 0.492771 0.5348 0.5500 1.0683 - -
NOTE:

6. Noise Bandwidth of RRC Filter is 0.492676.

5-98




HSP50210

Absolute Maximum Ratings

Supply Voltage . . . . ........ .. ... ... +7.0V
Input, Output Voltage . .. ............. GND -0.5V to Vg +0.5V
Storage Temperature .. ...................... -65°C to 150°C
Junction Temperature PLCC .. ....................... 150°C
Lead Temperature (Soldering 10s) (Leads Only) .. .. ...... 300°C

Thermal Information

Thermal Resistance (Typical, Note 7). . ... ... ..... a2°CcwW
PLCCPackage ................... .. ....... 24
GateCount .. ... ... .. 48 000
ESD. ...Class 3
Operating Conditions
Operating Voltage Range .. ................. +4.75'7 to +5.25V
Operating Temperature Range
Commercial . ..... ... £°C to T0°C
Industrial .. ............ -42°C to £5°C

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and ope -ation
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

NOTE:

7. 8,4 is measured with the component mounted on an evaluation PC board in free air.

DC Electrical Specifications V¢ = 5.0V £5%, Tp = 0°C to 70°C (Commercial), T, = -40°C to 85°C (Industrial)

PARAMETER SYMBOL TEST CONDITIONS MIN MAX UNITS
Power Supply Current lccop Ve = Max, CLK = 52.6MHz - 225 mA
(Notes 8, 9)
Standby Power Supply Current lccs Ve = Max, Outputs Not Loaded - 500 pA
Input Leakage Current I Ve = Max, Input =0V or Vo -10 10 uA
Output Leakage Current lo Ve = Max, Input=0V or Vo -10 10 nA
Clock input High VIHC Vce = Max, CLK 3.0 - \
Clock Input Low ViLe Ve = Min, CLK - 08 \
Logical One Input Voltage ViR Ve = Max 2.0 - \
Logical Zero Input Voltage ViL Voo =Min - 0.8 \
Logical One Output Voltage VoH loH = -400pA, Vog = Min 2.6 - Vv
Logical Zero Output Voltage VoL loL = 2mA, Vg = Min - 0.4 \
Input Capacitance CiNn FCLK = SCLK = 1MHz - 10 pF
Al measurements referenced to GND.
Output Capacitance Cout Tp = 25°C (Note 10) - 10 pF
NOTES:
8. Power supply current is proportional to frequency. Typical rating is 4mA/MHz.
9. Output load per test circuit and C_ = 40pF.
10. Not tested, but characterized at initial design and at major process/design changes.
AC Electrical Specifications V¢c = 5.0V 5%, Ta = 0°C to 70°C (Commercial), Ta = -40°C to 85°C (Industrial),
(Note 11)
52MHz
PARAMETER SYMBOL MIN MAX COMMENTS
CLK Periocd Tep 19 - ns
CLK High TcH 7 - ns
CLK Low TeoL 7 - ns
SERCLK High TsH 7 - ns
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AC Electrical Specifications V¢ =5.0V +5%, Ta = 0°C to 70°C (Commercial), T4 = -40°C to 85°C (Industrial),

(Note 11} (Continued)

52MHz

PARAMETER SYMBOL MIN MAX COMMENTS
SERCLK Low TsL 7 - ns
Setup Time 1IN9-0,QIN9-0,SYNC,FZ_CT,FZ_ST to CLK Tps 8 - ns
Hold Time 1IN9-0,QIN9-0,SYNC,FZ_CT,FZ_ST FROM CLK TpH 1 - ns
Setup Time ISER, QSER, SSYNC to SERCLK Toss 8 - ns
Hold Time ISER. QSER, SSYNC FROM SERCLK TbsH 0 - ns
Setup Time A0-2, C0-7 to Rising Edge of WR Tws 15 - ns
Hold Time A0-2, C0-7 from Rising Edge of WR TwH 0 - ns
WR to CLK. Twe 15 ns, (Note 14}
SERCLK to CLK. Tsc 10 - ns, {Note 12
ClLK to AOUTQ-O.BOUTQ-_O,COF, COFSYNC,& Tpo - 8 ns
SOFSYNC,SMBLCLK, HI/LO,SLOCLK,LKINT, THRES
Read Address Low to Data Valid Tapo - 26 ns
CLK to Status Out on CO-7 Tcpo - 15 ns
WR High TwRH 16 i s
WR Low TwRL 16 - ns
RD Low TRL 16 - ns
RD LOW to Data Valid TRDO - 15 ns
RD HIGH to Output Disable TROD - 10 ns, (Note 12
Output Enable Toe - 8 ns
Output Disable Time Top - 8 ns, (Note 12;
Output Rise, Fall Time TRE - 5 ns, (Note 12,

NOTES:

11. AC tests performed with C_= 40 pF, lo_ = 2mA, and lpy = -400mA. Input reference level for CLK is 2.0V, all other inputs 1 5V.

Test Vi = 3.0V, Viyc = 4.0V, V|_=0V.

12. Controlled via design or process parameters and not directly tested. Characterized upon initial design and after major proce:s and/or

design changes.
13. Set up time required to insure action initiated by WR or SERCLK will be seen by a particular CLK.

AC Test Load Circuit

S1
DUT

IcL+

SWITCH S1 OPEN FOR Igcsg AND Igcop

T Test head capacitance.
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Waveforms
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