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ABSTRACT

This paper describes the design of the TCM Plus, an integrated 500 MSample/second
snapshot recording system that achieves high performance in a compact, modular
implementation. The system can record and playback analog and digital signals at sample
rates from 10 KHz - 500 MHZ with RAM-based storage of up to 256 MBytes. High
density multi-layer circuit card designs and custom and semi-custom chips were required
to meet the physical size design objective of a 7" high rack mount chassis for the memory
unit. A highly graphical computer with standard busses was imbedded as the system
controller, resulting in the capability to tightly couple wideband acquisition with signal
processing application software which can turn the system into an ultrahigh performance
signal processing workstation.

SYSTEM ARCHITECTURE

The fundamental system requirements for the TCM Plus system were as follows.

o500 MS/sec sample rates when acquiring and playing back data
osingle and dual channel acquisition at full sample rates
oRAM-based memory storage at 500 MS/sec rates with minimum data fan out
ohighly modular architecture that allows easy enhancements
ominimum size, weight, and power
ohighly graphical imbedded processor for stand-alone signal processing
oself-contained high density archival storage media for long term storage

These requirements were met with the design of the TCM Plus system. A photograph of
the TCM Plus system complete with a high resolution monitor is shown in Figure 1. The
general system architecture is shown in Figure 2. Two chassis make up the TCM Plus
system. The VP2 host chassis contains a Macintosh IIx computer mothercard with 6
NuBus slots and 8 MBytes of system RAM, along with a 650 MByte magneto-optic (MO)



disk drive, a 45 MByte hard disk drive, and a 1.4 MByte floppy drive. The host chassis is
a 5.25" rack mount unit. All drives have removable media, and are mounted so that the
media can be inserted or removed through the chassis front panel. The 650 MByte MO
and the 45 MByte hard drive are both SCSI devices, and were selected to provide straight
forward inexpensive paths for next generation SCSI storage upgrades when devices with
higher densities and transfer rates become available. The Macintosh IIx was chosen
because of its excellent graphical user interface, its cost effectiveness, and the large
number of available software applications and hardware peripherals.

The VP2x memory chassis contains the 500 MHZ data acquisition card, the 500 MHZ
data playback card, the memory controller card, an anti-aliasing filter and gain control
card, and up to eight 32 MByte memory cards. The memory chassis mothercard has two
regions which can be jumpered together for single channel systems with up to 256 MBytes
of storage, or left unjumpered for completely independent dual channel operation with up
to 128 MBytes of storage per channel. A proprietary high speed data bus, called a
FLASHBus, transfers data between the data acquisition card, data playback card, and
memory. Each FLASHBus is a 64 bit TTL level data bus capable of operating at 250
MB/second. Two FLASHBus data busses are required for 500 MB/second acquisition and
playback. Each FLASHBus transfers data in 4 KByte packets at a constant 250
MB/second rate. FIFOs on the data acquisition and data playback cards packetize the data
and match real-time acquisition and playback data rates with the FLASHBus packetized
rates. Each memory card has a high speed data port that can read from and write data to
the FLASHBus. The memory cards also have a low speed data port that operates
independently from the high speed port, allowing data to be passed through the memory
controller to the Macintosh computer for storage or processing. The memory controller
card controls all modes of memory record and playback operations. The standard NuBus
interface in the Macintosh IIx. is extended in the VP2x memory chassis, and all cards
except for the 32 MByte memory cards have NuBus interfaces.

SYSTEM OPERATION

The TCM Plus was designed for highly flexible snapshot recording and playback
capabilities. The design of multiple recording modes ensures maximum utilization of the
system. The standard SNAPSHOT record mode allows the system to record from a
Record Start Address for a Record Length when Armed and Started. The PRETRIGGER
record mode allows the system to store data up to one half of the total memory prior to the
Record Start trigger event. This mode is useful in capturing the initial part of a signal
waveform where the signal waveform is responsible for generating the trigger. The
BURST record mode allows the system to record an amount of data equal to the Burst
Record Length whenever a burst trigger event occurs. This mode provides the unique 



capability to capture multiple snapshots of burst-type waveforms and efficiently pack them
together in memory for storage or analysis.

The playback modes were designed to provide flexible analog and digital playback control
of the memory for analysis of the stored signals with analog and digital processors
downstream. The flexible analog output control was widely used in a predecessor to the
TCM Plus, and greatly enhances the signal analysis possible using standard oscilloscopes
and spectrum analyzers. The analog output also allows the TCM Plus to be used to
optimally match signal bandwidths to input bandwidths of existing signal processing
equipment.

The disk storage/retrieval modes make use of the hard disk removable storage capability of
the system. Storing to disk from memory or retrieving data from disk is simplified with the
highly graphical system control interface.

The imbedded Mac IIx processor in the system allows the addition of high speed signal
processing analysis software that turns the TCM Plus recorder into a stand alone wideband
signals workstation. Signal processing applications can be written which make use of the
real-time data acquisition to perform on-line signal detection and analysis as well as off-
line processing.

500 MHZ DATA ACQUISITION CARD DESIGN

The VP-ADC500 500 MHZ data acquistion card is a wideband input card responsible for
digitizing signals and formatting the signals into 64 bit or 128 bit wide words. The card has
three signal inputs: analog, parallel digital, and high speed serial. The data stacked into the
64 bit or 128 bit words is temporarily stored in a lKword FIFO before being sent over high
speed wide word busses (FLASHBus) in 512 word packets to the designated destination,
which most often is the memory. The analog signal is passed unbuffered to the Tektronix
TKAD10C 500 MHZ A/D converter. Standard operation makes use of anti-aliasing low
pass filters on the AGF200 anti-aliasing filter and gain control card to limit the input signal
frequency range from DC-200 MHZ. The A/D converter has 8 bits of resolution and an
input bandwidth of 1.1 GHz, allowing undersampled down conversion if care is taken to
avoid out of band aliasing. The digital outputs of the A/D converter are stacked in 64 or
128 bit words and passed to FIFOs for output over the high speed FIASHBus. The parallel
digital input allows differential ECL-level signals to be acquired at rates of 500
MB/second (8 bit input) or 250 MW/second (16 bit input). The digital input data is latched
and, like the A/D data, is stacked in 64 or 128 bit words and passed to the FIFOs for
output over the high speed FLASHBus. The high speed serial input allows a serial bit
stream to be recorded at rates up to 1 Gbit per second. The input is latched synchronous
with the record clock, stacked into 64 or 128 bit words, and again passed to the FIFOs for



output over the high speed FLASHBus. Control of all functions on the card is via a
standard Macintosh NuBus interface, and both NuBus and FLASHBus interfaces connect
with the VP2x motherboard. An on-card 500 MHZ crystal clock is used as the internal
clock, and this clock can be divided down in multiples of 2 to provide 500 MHZ, 250
MHZ, 125 MHZ, 62.5 MHZ, 31.25 MHZ, 15.625 MHZ, 7.8125 MHZ, and 3.906 MHZ
internal sample rate clocks. An external clock can be used to control the A/D converter at
an external sample rate. This clock is nominally a 10 dBm sine or square wave, and allows
sample rates in two ranges: 10 KHz-250 MHZ and 250 MHz500 MHZ. Any clock
frequency in these two ranges is valid as a record sample rate clock.

The card has built in data path test capabilities via two internal test signal generators. A
ramp generator generates a 0-255 level ramp at any valid input clock rate to test the digital
signal data paths of the data acquisition card, data playback card, and the memory cards.
The ramp can be stored in memory and viewed as plots on the monitor or played back
using the data playback card to view the DAC analog output or the digital data output.
Automatic testing of all digital data paths of the TCM Plus system is achieved by an LRS
scrambler chip, which generates a maximal length R7 or R15 bit stream that can be used
for bit error rate testing and isolation of digital data path faults to the card level. A high
speed companion descrambler chip on the D/A playback card descrambles this data and
provides an indication of any bit errors, which indicates data errors. Software in the host
computer also can descramble the data stored in memory and determine errors on the low
speed port.

The card is a very high frequency design, and makes use of controlled impedance stripline
and microstripline for all high frequency signals. The card is a 10 layer design, and is
predominantly double-sided surface mount with a few through-hole parts. A custom
Vitesse GaAs gate array was custom designed for this card, and four are used for all high
speed fan-out from 16 bits to 128 bits as well as ECL-to-TTL conversion of the input
signal data. Most of the other high speed components are Sony SPECL parts.

500 MHZ DATA PLAYBACK CARD DESIGN

The VP-DAC500 data playback card is a wideband output playback card responsible for
formatting the signals from 64 bit or 128 bit wide words into 8 bit bytes and converting the
bytes into analog data using a D/A converter. The card functionally is a mirror of the VP-
ADC500 500 MHZ data acquistion card. The card has two signal outputs: analog and
parallel digital. Data packets of 512 words per packet are input from the high speed
FLASHBus data busses and temporarily stored in lKword FIF0s before being unstacked
into 8 bit bytes. The 8 bit byte is converted to an analog signal with a Triquint 600 MHZ
DAC and passed unbuffered to an output connector. Standard operation makes use of
reconstruction low pass filters on the AGF200 anti-aliasing filter and gain control card to



limit the output signal frequency range from DC-200 MHZ. The parallel digital output
allows differential ECL-level signals to be output at rates of 500 MB/second (8 bit output).
Control of all functions on the card is via a standard Macintosh NuBus interface, and both
NuBus and FLASHBus interfaces connect with the VP2x motherboard. The card uses the
same clock source as the VP-ADC500 data acquisition card, and a twisted pair differential
ECL-level signal cable brings the clock from the VP-ADC500 card. This clock can be
divided down in multiples of 2 for 500 MHZ, 250 MHZ, 125 MHZ, 62.5 MHZ, 31.25
MHZ, 15.625 MHZ, 7.8125 MHZ, and 3.906 MHZ internal sample rate clocks. An
external clock can be used to control the D/A converter at an external sample rate. Any
clock frequency from 10 KHz - 500 MHZ is valid as a playback sample rate clock.

The card has built in test capabilities via the descrambler test signal receiver. The LRS
scrambler chip on the VP-ADC500 data acquistion card which generates a maximal length
R7 or R15 bit stream can be used for bit error rate testing and isolation of digital data path
faults to the card level. The high speed descrambler chip on the VP-DAC500 playback
card descrambles this data at full playback rates and provides an indication of any bit
errors, which indicates data errors.

This card, like the 500 MHZ data acquisition card, is a very high frequency design and
makes use of controlled impedance stripline and microstripline for all high frequency
signals. The card is a 10 layer design, and is predominantly double-sided surface mount
with a few through-hole parts. The same custom Vitesse GaAs gate array that was used on
the 500 MHZ data acquisition card is used for this card. Four are used for TTL-to-ECL
conversion of the signal data and high speed fan-in from 128 bits to 16 bits before being
sent to the D/A converter chip. A novel design of the GaAs gate array allows its use in
both fan-in and fan-out modes, resulting in the requirement for only one unique custom
part for the entire TCM Plus system. As in the data acquisition card, most of the other high
speed components are Sony SPECL parts.

32 MBYTE MEMORY CARD DESIGN

The VP-M32 32 MByte memory card is a high density memory card assembly responsible
for storing the signals via the high speed FLASHBus data busses. It is controlled by the
VP-MCG general purpose memory controller. The memory assembly has five unique
circuit cards. A NuBus style mothercard with SIMM-style sockets allows an ultra-high
density configuration of custom 4 MByte memory SIMMs, packing 32 MBytes of storage
into a card with dimensions of approximately 14" wide by 4" high by 0.9" thick. The 4
MByte memory SIMM’s are arranged in a 64 bit by 64K configuration. The memory chips
used on the SIMM’s are 1 Mbit VDRAM (Video DRAM) technology, a dual ported
technology that offers fast access times coupled with the high density low power attributes
of DRAM. Eight 4 MByte memory SIMMs, a high speed data (HSD) SIMM-style



daughtercard, a low speed data (LSD) SIMM-style daughtercard, and a decoder SIMM-
style daughtercard are mounted on the mothercard to make up the complete assembly. The
assembly is capable of 250 MB/second data transfers via the FLASHBus, both reading and
writing. A second slow speed memory access port allows data to be written to or read
from the card while the high speed port is operating at full rate. Up to 8 memory card
assemblies can be used in a VP2x chassis for a maximum storage capability of 256
MBytes. Increases in VDRAM densities to 4Bit chips expected in 1992 will allow each
card to hold 128 MBytes and a system of 8 cards to have a maximum storage of 1 GByte.
The memory card assembly does not have any NuBus controls, and relies on the VP-MCG
for all memory transfer controls, both high speed FLASHBus and low speed transfers.

MEMORY CONTROLLER CARD DESIGN

The VP-MCG CCA is a general purpose memory controller that controls all functions of
the VP-M32 memory card assemblies via an address/control interface. The card controls
the system record modes of snapshot, pretrigger, and burst, and the playback modes of
auto, single, and step. The memory address space capability of the card is 2 GBytes, but
the system memory is currently limited to 256 MBytes due to memory card limitations.
This card is the hardware ‘brains’ of the system, making use of high density PALs and
ACTEL gate arrays to pack many features and functions into a small card. The card
controls the VP-M32 memory assembly high speed FLASHBus and low speed data ports.
It also controls all memory refreshing and arbitration. The low speed data bus from the
memory is connected directly to the VP-MCG controller and allows direct transfer of
stored memory data via the NuBus between the VP-M32 memory cards and any source
and destination on the NuBus. The maximum transfer rate of the low speed data bus is
approximately 10 MBytes per second, although the current NuBus handshaking speeds on
the Macintosh IIx limit the transfers to less than 2 MBytes per second. The VP-MCG
controller card has sync signal outputs for synchronizing system outputs with record or
playback events, as well as TTL-level control inputs for external control of the TCM Plus
record and playback events. These sync outputs and control inputs allow the system to
control other systems or be controlled by other systems. System control of all functions on
the card is via a standard Macintosh NuBus interface, and both NuBus, address/control,
and slow speed data interfaces connect with the VP2x motherboard. An on-card 33 MHZ
crystal clock is used as the internal clock which controls all high speed and low speed data
transfers. The high speed data transfers over the FLASHBus interfaces take place in 512
word packets at a constant 33 Mword per second transfer rate.

The card has built in test capabilities to extensively test most on board registers. The card
can be used to exhaustively test all system VP-M32 memory assemblies via the low speed
data port. The VP-MCG controller is also instrumental in reading test data from the
memories or writing test data to the memories so that the VP-ADC500 data acquisition



card and the VP-DAC500 data playback card can be tested. The entire system can also be
tested in system level operational readiness tests. The card makes use of field
programmable ACTEL gate arrays and PALs to yield a design with very high functionality.
The card is a 10 layer design, and is predominantly double-sided surface mount with a few
through-hole parts.

ANTI-ALIASING FILTER AND GAIN CARD DESIGN

The VP-AGF200 anti-aliasing filter and gain control card is a wideband analog
input/output card responsible for conditioning the analog signal prior to digitization. The
card has a 1 dB bandwidth of 200 MHZ, and allows selection of 1 of 2 wideband inputs,
selectable anti-aliasing low pass filters with 3 dB cutoff frequencies of 200 MHZ, 100
MHZ, 50 MHZ, 25 MHZ, and 12.5 MHZ, and input gain/attenuation control of ±30 dB.
The card also measures input power levels and passes this information to the host via the
NuBus connector. The card has a buffered signal output with levels compatible with the
VP-ADC500 card.

MMI AND CONTROL SOFTWARE DESIGN

The ViewIDAP system control software is the main control application for the system.
This software makes use of the Macintosh-style windows, menus, edit fields, and mouse
driven cursors to allow full set up and control of all features and functions of the TCM
Plus. The software is highly graphical and designed to be intuitive to use. Preliminary tests
have shown that an average system operator requires less than four hours to be able to
fully utilize all features of the system. The software controls data acquisition, data
playback, and data storage of wideband signals, along with the graphical monitoring of
input and stored waveforms via time, frequency, and histogram plots. Figures 3 and 4
show examples of the control software screens for the TCM Plus system.

Libraries of driver calls for each of the TCM Plus cards are available for C, Pascal, and
QuickBasic to allow the user to create their own applications utilizing full control of all
functions on the cards. These libraries have been used to create the ViewIDAP software
and the test software for testing and debugging each card as well as isolating errors in the
complete TCM Plus system.

Signal specific applications called Software Toolkits are being developed that are
optimized to turn the TCM Plus into a signal processing workstation for a variety of signal
types. These applications include wideband spectrum analysis and signal detection.



SYSTEM PERFORMANCE

The TCM Plus system was designed to have a worst case spur free dynamic range of 40
dB while sampling at 500 MS/sec. This goal has been exceeded, and the spur free dynamic
range is typically 45-50 dB. The system’s effective number of bits has not been measured,
but this specification in the Tektronix TKAD10C A/D converter is typically 6.5 bits with a
200 MHZ sine wave sampled at 500 MS/sec. Figures 5 and 6 shows time plots of 1 MHZ
and 10 MHZ sine waves sampled at 500 MS/s, respectively. The ‘fuzz’ on the waveform
in Figure 5 is due to misalignment in the two A/D converter paths which are ping-ponged
to achieve the 500 MS/sec rate in the TKAD10C. This fuzz can be minimized by gain and
offset potentiometers. Figures 7 and 8 show plots of the power spectra of 10 MHZ and
125 MHZ sine waves, respectively, sampled at 500 MHZ. Both spectral plots were
generated using 4 KPoint FFTs of the time data and rectangular weighting. The dominant
spur in both plots at 33 MHZ is due to the FLASHBus clock.

FUTURE DEVELOPMENTS

The TCM Plus system is by design a flexible, highly modular system that can be enhanced
and upgraded by adding or replacing single cards, peripherals, or components rather that
by replacing the entire system. This modularity is reflected in the plans for future cards and
system components. A new memory controller card has just been completed that when
exchanged with the standard memory controller card, turns the TCM Plus into a wideband
signal delay line with a maximum sample rate of 240 MS/s, a maximum bandwidth of 100
MHZ, and a maximum analog time delay of 1 second. A new data acquisition card that can
sample 12 bits at 20 MS/sec will be developed early in 1992. The spur free dynamic range
goal for this is at least 65 dB. A VLDS recorder controller/data transfer NuBus card is
planned for late 1991, and will allow the TCM Plus to transfer data between the RAM
memory and the VHS format tape recorder at a 2 MB/sec rate. Finally, a two suitcase
portable system is planned for late 1991 which will replace the two rack-mount chassis
with two 24" by 18" by 9" shock-mounted suitcases. The host suitcases will also contain a
high resolution electro-luminescent flat panel display in its cover.

CONCLUSION

The system design goals for a compact 500 MS/s snapshot recorder were achieved,
resulting in a high performance wideband data acquisition system with an input signal
frequency range of DC to 200 MHZ and greater than 40 dB spur free dynamic range. The
entire system requires only 12.5" of rack height. The imbedded Mac IIx controller allows
the system to operate in a stand alone acquisition mode with virtual control panels and
real-time graphical signal monitoring. The Mac IIx also allows the development of custom
signal processing applications that utilize the wideband snapshot recording capabilities for



real-time signal processing applications. The system is very flexible and highly modular,
making use of standard interfaces and peripherals to allow system enhancements and
upgrades by adding or replacing single cards, peripherals, or components rather that by
replacing the entire system.

ACKNOWLEDGEMENTS

The TCM Plus design team was a small but highly motivated and talented group, and
deserves recognition for their contributions in key areas of the development. Hugh Brown
was responsible for the VDRAM memory concept and card design, as well as the 500
MHZ data acquisition card design. Dean Kobashigawa designed the memory controller
card and the 500 MHZ data playback card. Margaret Gong developed the ViewIDAP
system control application and the driver libraries for all custom cards. And last but not
least, Erik Murstig wrote the test applications so helpful in bringing up each card, as well
as made sure that all of the parts of the system actually fit together.

Finally, I would like to acknowledge our God above, who by his creativity has given us the
desire and ability to create.



Figure 1. TCM Plus System.

Figure 2. TCM Plus System Architecture.





 



 




