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ABSTRACT

A Communication Subsystem has been developed capable of 25 Megasymbol per
Second (MSPS) data rates.  The unit operates in the 8300 to 8400 MHz band and uses
shaped QPSK for excellent spectral containment properties.  The Communication
Subsystem (CSS) has a number of features which make it attractive for many
applications:

(1) Data is convolutionally encoded inside the transmitter resulting in
excellent link performance without using external hardware.

(2) Data is encrypted inside the transmitter.  The DES standard is currently
implemented, however, military encryption is an option which requires
minimal changes in the CSS design.

(3) Frame Synchronization Sequences and Block Identification Numbers are
inserted into the data by the CSS.

(4) Cyclic Redundancy Checked Codes for each data block are generated
within the CSS.

(5) Health and Status of the CSS is formatted into digital words.
(6) Mode Control, Key Maintenance, and Health and Status Reporting is

easily handled through an RS-422 interface.
(7) The CSS is ruggedized for launch environments and is highly reliable for

space applications.
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INTRODUCTION

Cincinnati Electronics has developed and is delivering high data rate X-Band
Communications Subsystems (CSS) for commercial and NASA spacecraft.  The ever
increasing volume of data required to be transmitted from spacecraft payloads to
ground stations necessitates wide bandwidth transmitters.  Frequency allocations
migrate towards X-Band frequencies and higher.  Historically, wide band high carrier
frequency transmitters for spacecraft have been prohibitively expensive and the
hardware non-flexible for mission specific requirements.  The CSS (CE model number
T-704) addresses the low cost needs of the satellite community with a highly flexible,
high bit rate transmitter.

THEORY OF OPERATION

Overview

The block diagram of the CSS is shown in Figure 1.  The unit is controlled by RS-422
command words sent via the processor interface Universal Asynchronous
Receiver/Transmitter (UART).  The commands control data formats, encryption status
and keys, convolution encoding, and operating modes.  Telemetry information,
operating status, and data transmission status information can be requested via
command. The CSS response is sent through the RS-422 processor interface UART.
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Figure 1.  CSS Block Diagram



The payload data is received by the CSS on two 12.5 MBPS RS-422 inputs.  The data
is encrypted, Frame Sync and Block ID prepended to the block of data, and a CRC
appended to the block.  The data stream is divided into two paths (I and Q) in
preparation for modulation.  This is easily accomplished in the rate = 1/2 convolutional
encoder. Using this clever implementation results in 25 MBPS being convolutionally
encoded into 25 Mega QPSK Symbols per second.  This implementation has no
requirement to clock data at 50 MBPS allowing the use of standard, high reliability,
low power digital devices.

The I and Q data is converted to a balanced signal (± voltage), filtered for spectral
containment, and phase modulated onto an I.F. with a linear QPSK vector modulator.
The I.F. source, L.O., Data Clock, and UART clock, are all coherently generated from
a 50.06 MHz Temperature Compensated Crystal Oscillator (TCXO).  See Figure 2 for
the frequency plan for the CSS.  By generating all frequencies required in the CSS
from a single source, internal frequency incompatibility and "beat-noting" is
eliminated. Also, all functions in the CSS have a frequency accuracy equivalent to the
TCXO's tolerance of ± 2 ppm.
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Figure 2.  Frequency Plan



The modulated I.F. is upconverted to X-Band using a high side Local Oscillator and is
filtered to remove the image.  The X-Band signal is amplified by 44 dB in a 5 stage
solid-state power amplifier (SSPA).  The RF output signal is fed through an isolator to
protect against antenna mismatches; a low pass filter to reject harmonics of the
carrier; and an RF power detector used for telemetry.  The nominal RF output power is
4 watts.

The high efficiency power converter operates in two modes.  The first mode supports
the standby operation of the CSS where only the command interfaces and frequency
synthesizer are active.  This mode results in less than 3 watts of power consumed.  In
the active mode less than 30 watts of prime power are required including the 4 watts
of RF delivered to the antenna.

Digital Processing

The CSS is highly versatile providing a plenitude of commandable functions to
control and modify the data flow.  The commands are interpreted and executed in the
digital circuitry designated "Processor Interface".  The block diagram of the digital
processing circuitry is shown in Figure 3.  All commands and responses are transferred
over a RS-422 interface using an 8 bit asynchronous words at 19.2 K -Band. The
commands are validated by the CSS via a cyclic redundancy check. 1

A control register write allows the user to command the CSS to "ON" or "Standby",
Encryption ON or OFF, and Convolutional Encoder ON or OFF.  A data transmit
command designated the "Send Blocks Command" allows the user to assign a block
identification, the number of blocks to be transmitted, and the number of bits in each
block. A Data Encryption Standard (DES) key can be loaded into the CSS with a Key
Register Write Command.

A number of requests are also available.  The Status Request returns the operating
mode of the CSS and the status of the command register.  The Flush Request clears all
send blocks commands in the CSS.  The Query Request returns the Block ID of the
data currently being transmitted.  In addition internal voltages, temperatures, and RF
output power can be requested prompting the CSS to return an 8 bit word read from a
multiplexed Analog to Digital converter.

The data is formatted internal to the CSS as shown in Figure 4.  A 32 bit frame sync is
followed by 96 bits of Block ID.  The encrypted data block follows the Block ID with
a 32-bit CRC appended to the data. 1 The complete data structure, Frame Sync through
CRC, is then convolutionally encoded with a Rate = 1/2, K = 7 encoder.  The G1



Figure 3.  Interface Functional Block Diagram

output becomes the I data stream and the G2 output (staggered by 1/2 bit) becomes the
Q data stream.

All of the above functions are implemented in two Field Programmable Gate Arrays
including the DES encryptor.  The DES is implemented to be compliant with Federal
Information Processing Standards Publication 74 (FIPS PUB 74). 2
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Figure 4.  Data Formatter

Modulator

The modulator block is shown in Figure 5.  The formatted I and Q TTL compatible
data, offset by 1/2 bit from the digital processing circuitry is converted to bipolar (±
voltage) with radiation hard CMOS drivers.  These standard 0-5V CMOS drivers are
set-up in a unique configuration to achieve a bipolar data stream.
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Figure 5.  Modulator Block Diagram

The bipolar signal pulses are shaped with filters for spectral containment.  Pulse
shaping filters have been designed to minimize intersymbol interference. 3 The filters
provide 19 dB of rejection at 1.5 times the data rate and 39 dB of rejection at 2.5 times
the data rate.



The filtered I and Q signals, offset by 1/2 bit, are faithfully modulated onto an I.F.
carrier with a linear QPSK vector modulator.  Critical parameters such as amplitude
balance, phase balance, and carrier suppression are controlled by the high performance
vector modulator.  The I.F. frequency is generated by dividing the local oscillator with
a ÷ 8 prescaler and filtering to remove the harmonics.  The vector modulator output is
amplified by 18 dB and filtered to further remove modulation products outside the
transmit bandwidth.  The output of the modulator is shown in Figure 6.

Figure 6.  Modulation Output Spectrum

Solid State Power Amplfier (SSPA)

The SSPA is a five stage GaAs FET implementation.  The SSPA block diagram is
shown in Figure 7.  The first two stages are identical devices and provide greater than
9 dB of gain in each stage.  The two devices consumed 52 mW and 125 mW of DC
power respectively.  The output of the second stage has boosted the signal to 20
mWatts of RF power.  The third stage adds 9.4 dB of gain and consumes 450 mWatts
of DC power, resulting in an RF signal level of 167 mWatts.  The fourth stage provides
7.4 dB of gain, consumes 2.8 watts of DC power, and delivers 870 mWatts of RF
power. The fifth stage provides 7.2 dB of gain, consumes 9.5 watts of DC power, and
delivers 4.6 watts of RF power.



Figure 7.  Power Amplifier Block Diagram

The SSPA operates in Class AB with approximately 2 dB of gain compression.
Straight QPSK modulation with shaped data results in a non-constant envelope of RF
output power where the RF drops to zero at bit transitions.  Any compression the
SSPA has will undo the pre-modulation filtering and result in spectral containment
problems. By staggering the I and Q channel by 1/2 bit the RF envelope never
collapses to zero and the SSPA compression has a much lower impact to spectral
containment.4

Isolators are used not only at the output to protect the SSPA from antenna mismatch,
but also between driver stages.  The isolators between the stages maintain consistent
SSPA performance with variations of drive level, power supply voltages, and
temperature effects.  The gain and power output of the SSPA versus drive level is
shown in Figure 8.  The RF power output varies by 0.024 dB/°C with low temperatures
resulting in higher RF power output and high temperatures lower RF output.

A lowpass filter on the SSPA output assures harmonics are < -60 dBc.  The RF output
power is coupled to an RF detector diode via a 25 dB coupler.  The detector diode
allows an accurate indication of RF output power while degrading the output by only
14 mWatts (0.015 dB).
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Figure 8.  Power Amplifier (Gain/P OUT) Vs. PIN

Power Converter

The power converter has two sections; the first is the "standby" converter and powers
the digital circuitry and has on/off outputs for the modulator and local oscillator; the
second is the "active" converter which supplies the DC current to the SSPA and also
powers the modulator.  In "Standby" mode the CSS's processor command interface and
TCXO is operational.  This mode consumes only 2.6 watts of prime power.  The
"active" mode with 4 watts modulated RF power output consumes 27.6 watts of prime
power. The "active" converter is shut down by the digital circuitry while in standby
mode. The power converter provides greater than 10M½ isolation between power
input and all secondaries.  Filtering is provided to assure MIL-STD-461 EMI
compliance. In-rush current is 50 Amps maximum for 25µs.  Transient protection to
200V is provided.

CONCLUSION

A cost effective, highly versatile communication subsystem is available to transmit
large volume of data from payloads to ground stations.  The programmability of the
unit combined with its high performance and low power consumption make the
communication subsystem attractive for many applications.
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