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ABSTRACT

To more accurately determine the role of glacier ice systems in sea level rise,
glacier accumulation rate measurements are needed. This information has traditionally
been gathered using core samples resulting in a measurement error exceeding 20 percent
when sparse measurements are extrapolated over the entire ice sheet. To improve
temporal and spatial accuracy of these measurements, the University of Kansas Radar
and Remote Sensing Laboratory is developing a wideband, 600- to 900-MHz pulse
compression airborne accumulation radar system. This thesis presents a 1 Gsample/sec
radar data acquisition system developed for this accumulation radar. The system has the
ability to digitize signals with bandwidth as high as 500-MHz and frequencies as high as
2.2 GHz. A specia digital timing system is also presented which provides precision
timing signals to the acquisition system as well as general timing for the entire radar.
The analog to digital conversion section of the system was shown to operate at 1
Gsample/sec with an input up to 2.2 GHz as stated in the manufacturers datasheet. The
timing system was shown to operate up to 2.4 GHz. The entire acquisition system could
not be completed because one card in the system could not be made to work properly due
to manufacturability issue. The logical design of this card has been shown to be correct

and the system could be completed with arevision of this one board.
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CHAPTER 1 INTRODUCTION

To more accurately determine the role of glacier ice systems in sea level rise,
glacier accumulation rate measurements are needed. Historically, this information has
been gathered using core samples collected at various points on a glacier resulting in an
accumulation rate measurement error of 20 to 24 percent [I]. For improved accuracy,
remote sensing techniques are required to improve temporal and spatial coverage of
accumul ation measurements.

During the summers of 1998-99, the University of Kansas Radar and Remote
Sensing Laboratory (RSL) operated a prototype ground based frequency modulated
continuous wave (FMCW) radar on the Greenland ice sheet. Results from the prototype
demonstrated a long-term accumulation measurement error of less than 5 percent. The
results also showed the optimum frequency of operation for an accumulation radar was
500 to 1000 MHz [1]. Based on these results, it was desired to build an airborne pulse
radar operating from 600 to 900 MHz. This project was the first attempt at building a
wide bandwidth radar data acquisition system for this high-resolution radar.

The enabling technology for this system is the introduction of gigahertz speed
analog to digital converters (ADCs) onto the consumer market. The converters selected
for this project can directly digitize signals with frequencies as high as 2.2 GHz with
bandwidths up to 500 MHz. The immediate goal of the acquisition system was to
directly digitize the accumulation radar output using a single acquisition channel. A

single acquisition channel is crucia for a high resolution radar because it eliminates the



need for quadrature demodulation which creates spurious components in the radar analog
output resulting in ghost images in the processed data.

The final system consists of a computer system and five unique circuit boards:
ADC Card, Averaging Card, Multiplexer Card, Timing Main Card, and Timing
Mezzanine Card. The ADC Card samples the radar analog signal at up to 1 Gsample/sec
and outputs digital signals in sixteen 8-bit streams. The Averaging Card buffers those
digital streams and performs a coherent averaging algorithm using four digital signal
processors. The Multiplexer Card is used to switch multiple acquisition channels into a
single channel for transfer to the acquisition computer. The final two boards (Main Card
and Mezzanine Card) create a precision timing system that is required to maintain
coherency with system clock speeds of 1 GHz.

In this project, each of the five circuits was designed and constructed. The timing
system was completed and shown to work with clock frequencies as high as 2.4 GHz.
The ADC Card was also validated and shown to have a frequency response similar to the
manufacturers ratings up to 2.2 GHz. The Averaging Card concept was validated but the
circuit could not be made to work properly due to manufacturability issues. The board's
functionality was correct but the DSP’'s were found to operate intermittently either due to
a solderability problem or inability to implement “jumper wire” changes. It is believed
that this board would operate if a PCB revision was implemented. The Multiplexer Card
was shown to work athough the full capabilities could not be tested without fully
functional Averaging Cards.

Chapter 2 is a review of the theory necessary to understand the full potential of

this wide bandwidth acquisition system. Chapter 3 is a detailed description of the ADC



Card, Averaging Card, Multiplexer Card, and computer interface. Chapter 4 is a detailed
description of the precision timing system including the Main Card, Mezzanine Card, and
timing system microcontroller. Chapter 5 is a description of specia test and
measurement circuits that were built for system validation and debugging. Chapter 6
presents laboratory measurement results.  Chapter 7 presents conclusions and

recommendations for further development.



CHAPTER 2 THEORY AND CONCEPTS

In order to understand the full potential of the ADCs used in this project, a
complete understanding of the Nyquist sampling theorem and ADC characteristics is

required. This chapter isan overview of these fundamentals.

2-1 Nyquist Sampling Theorem Review

The Nyquist sampling theorem defines the frequency domain limits for a sampled
signal versus the sampling frequency. The most common interpretation of the theoremis
that the sample frequency must be greater than twice the highest analog frequency to be
digitized. Once the sample rate has been defined, the frequency spectrum can then be
broken into “Nyquist zones’ where each zone has a bandwidth equal to half the sample

Figure 2-1 with an arbitrary signa present in the

| HER~ Aty ey

frequency. Thisis shown graphically in
first Nyquist zone. By the previous definition, any signal falling into the first Nyquist

zone can be precisely reconstructed.

1st Nyquist W 2nd Nyquist W 3rd Nyquist W 4th Nyquist ‘

0 500MHz 1GHz 15GHz 2 GHz
F F

Nyquist ‘Sample

Figure2-1 Frequency Domain of Traditional Sampling



that figure, a 490-MHz sine wave and a 510-MHz sine wave produce identical samples

when the Nyquist frequency is 500 MHz. The figure clearly shows that once an analog

signal is diqgitized, it is impossible to determine which Nyquist zone it came from. In

practice, aliasing can be eliminated by attenuating all frequencies outside the first
Nyquist zone. The filter must attenuate unwanted signals until their amplitude is below
the noise floor of the ADC [2]. Thisis called an antidiasing filter and is present in most

real-world acquisition systems.

1st Nyquist 2nd Nyquist W 3rd Nyquist W 4th Nyquist {

0 500MHz 1GHz 1.5GHz 2GHz
F F,

Nyquist Sample

Figure 2-2 Aliasing Example (Frequency Domain)

Amplitude (V)

Time (Sec) % 10°

Figure 2-3 Aliasing Example (Time Domain)



The previous definition of the Nyquist theorem is only a partial application of the
theorem. A broader definition would be that in order to perfectly reconstruct an analog
signal, the following three conditions must be met:

1. The sampling rate must be at least twice the bandwidth of the analog signal.

2. Theanalog signal must lie entirely within asingle Nyquist zone.

3. Theoriginal Nyquist zone must be known during reconstruction.

By this definition, a signal does not have to be in the first Nyquist zone. For example, if
a signa lies entirely within the second Nyquist zone, the signal’s spectrum will “fold
back” into the first Nyquist zone after sampling but all necessary information is retained.
be used athough even zones produce a “frequency folding” effect where odd Nyquist
zones have only a “frequency shifting” effect. This “frequency shifting” effect is
equivalent to downconversion and is highly desirable in many radar and radio
applications.  This type of sampling outside the first Nyquist zone is caled

“undersampling” or “bandpass sampling.” When it is used for a downconversion

application it is called “direct downconversion” [21| .

1st Nyquist ﬁ\zm Nyquist I 3rd Nyquist I 4th Nyquist I

0 500M 1GHz 1.5GHz

1st Nyquist m 3rd Nyquist W 4th Nyquist I

0 500M 1GHz 1.5GHz

Figure 2-4 Under sampling from Even and Odd Nyquist Zones

Special ADCs must be designed for undersampling. Ordinary ADCs are designed
strictly to operate in the first Nyquist zone. The frequency response of the analog input

section of the ADC normally rolls off rapidly above the Nyquist frequency to reduce the



requirements of the antialiasing filter. Because of this, undersampling even in the second
Nyquist zone is not possible. Specia ADCs with an analog bandwidth that extend into
multiple Nyquist zones are necessary for undersampling applications. The MAX104
ADCs chosen for this project have a Nyquist frequency of 500 MHz with an analog
bandwidith of 2.2 GHz thus enabling undersampling into the 5" Nyquist zone.

Assuming direct downconversion is not desired, additional post-processing is

necessary to recreate a signal after undersampling. Following the previous example

Zone, reconstruction is a two-step process. First, an interpolation filter must be applied to
double the sample frequency. Next, the signal is moved back to its original frequency
band by either folding across 500 MHz in the frequency domain or by multiplying with a

500-MHz sine wave in the time domain.

2-2 Limitationsand Characteristics of Real Analog-to-Digital Converters

The first and most obvious limitation of areal ADC is quantization. Real ADCs
can be purchased with output resolutions ranging typically from 6 to 16 bits. The effect
of quantization is to raise the noise floor in the digital domain thus increasing the
amplitude of the smallest signal that can be discerned. The performance measure used to
characterize this is the signal-to-noise ratio (SNR). The SNR of an idea ADC is

cal culated using the following formula [2):

f
NR=6.02B +1.76 + 10|0910[#j 1)
where,
B = number of converter output bits, no units
fs = samplefrequency, Hz
frex =  maximum frequency of alowpassinput, Hz



Ignoring the frequency dependent term for now (discussed below), the SNR is
directly proportiona to the number of output bits. Using the equation, an ideal 8-bit
ADC has a maximum SNR of 49.9 dB. This SNR is only achieved with a full scale
input. For amplitudes less than full scale, the quantization step size becomes a larger
percent of the signal and the SNR is degraded. In practice, real ADCs will approach this
value but fall short by 2 to 5 dB due to analog limitations, thermal noise, and non-
linearity in the conversion process.

Real ADCs are sometimes rated using the effective number of bits (ENOB). This
is the number of bits of an ideal ADC (found using the equation 1) necessary to produce
the SNR of the real ADC. For example, the MAX104 8-bit ADC achieves an SNR of
47.4 dB which isan ENOB of 7.74 hits.

The frequency dependent term of (1) applies to one special case and actually
allows the ENOB to increase beyond the normal rating of the converter. This term
applies for the case of oversampling (when the sample frequency (bandwidth) is much
greater than the minimum frequency specified by the Nyquist theorem). Oversampling
improves performance because the quantization noise has a fixed amount of power. As
the sample rate is increased, the quantization noise is spread over a larger bandwidth. By
applying digital filtering that passes only the desired signal, some of the quantization
noise power is removed. Without this special processing, the SNR does not improve
because the full quantization noise power is till present in the sampled waveform. With
this special technique, an 8-bit ADC, sampling a 100 kHz signal at 20 MHz can provide

an SNR of 68 dB resulting in an ENOB of 11 bits[2].



One additional rating of area ADC is the spurious free dynamic range (SFDR).
The SFDR is measured by inputting a very pure sinusoid into the ADC an observing the
fast Fourier transform (FFT) of the output data. The FFT will contain a single large
impulse representing the sine wave, but will also contain smaller impulses that extend
above the noise floor. These smaller impulses are generaly due to non-linearities in the
conversion process [2] The SFDR is then the difference (in dB) between the sine wave
and the largest spurious component. An example of SFDR can be seen graphically at the

bottom of Figure 2-6: For wideband applications, the SFDR will limit the difference

between the largest and smallest signals that can be received because it is difficult to

discern between atiny signal and the spurious component of alarge signal.

2-3 Interleaving of Analog-to-Digital Converters
For ADCs with analog bandwidth extending into multiple Nyquist zones,

interleaving of multiple converters can be used as an aternative to undersampling of high
frequency signals. With interleaving, the analog waveform is sampled by multiple
converters, each with a unigue sampling phase, and the converter digital output streams
are then combined together to effectively increasing the sample rate. Examples of this

are two converters sampling at 0° and 180° to double the sample rate or four converters

sampling at 0°, 90°, 180° and 270° to quadruple the sample rate. A time domain
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Figure2-5 Time Domain Example of Two Converter Interleaving

Theoretically, interleaving should produce results identical to a single high speed
converter. Based on the high-speed characteristics of real ADCs it would seem
interleaving would produce better results than a single converter since the interleaved
converters operate at lower individual speeds. In practice, interleaving introduces
spurious components because the two channels cannot be precisely matched in amplitude

or phase. As the frequency of the input waveform and sample clock increases, the timing

2-6:shows the output of a Matlab simulation illustrating the effects of even a slight phase

offset when interleaving with converters operating at 1 GSPS with an input frequency of

310 MHz.
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Figure 2-6 Spurious Componentsdueto Mismatched Interleaving

As seen in the figure, an SFDR of 70 dB is achieved with perfect 180° timing.
With the interleaved clock skewed by only 5 ps (1.8°) from the ideal value, the SFDR is
reduced to 46 dB as a spurious component is mirrored across the Nyquist frequency (500
MHz). Using the same simulation it can be shown that a 1% difference in amplitude gain
of the ADC’s has a nearly identical effect. Surprisingly, the ssmulation shows that having
aDC offset of afew LSBs on one channel does not create spurious components and only
adds to the DC value of the interleaved signal (which can be easily removed during post
processing).

In practice, it may be possible to achieve less than 5 ps clock skew through
calibration but it would be extremely difficult to hold that calibration for any meaningful

amount of time. Therefore, interleaving at very high speeds with the intent of increasing
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the digitized bandwidth is not practical without sacrificing SFDR or applying special post
processing to compensate for non-uniform sampling (algorithms for this are discussed in
[.'3] and [".51]). If the input signal is confined within a Nyquist zone, al spurious
components can be filtered out during post processing and thus the side effects of
interleaving are eliminated.

If the signal lies inside of a Nyquist zone, it is not necessary to interleave but
interleaving does have three advantages in that situation. First, post-processing is
simplified versus undersampling, requiring only a bandpass filter instead of interpolation
and shifting in the frequency domain. Second, the SNR is improved by around 3 dB (for
two converter interleaving) since half of the quantization noise will be filtered out by the
bandpass filter operation [:2] Third, the system is more reliable since redundant data are
being recorded. If one of the converters fails during acquisition, the data can still be

recovered by treating the remaining converter stream as an undersampled signal.

2-4 Coherent Averaging of Radar Signals

The dynamic range of an ADC is significantly improved if a measurement can be
taken multiple times in the presence of noise. The basic theory behind coherent
averaging isthat if asignal is repetitive and the ADC is coherent to that signal, it can be
sampled at exactly the same locations for each repeated measurement. The repeated

measurements will then be identical except for random noise. Thisis shown graphically

number) of a coherent (noisy) waveform is equivalent to sampling a DC voltage in the

presence of noise.

12
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The precison gain due to averaging is illustrated in the following example.

Figure 2-7 Coherent Sampling of Repetitive (Radar) Signals

Assume a DC voltage is input into an ideal 8-bit ADC with a voltage such that the
guantization level would be 131.576839. In the absence of noise, this would quantize to
level 132 for every measurement taken, thus there is nothing to be gained by averaging
without noise. However, if %2 LSB of uniformly distributed noise is present in addition to
the DC voltage, the converter will statistically output both 131 and 132. The histogram
of these two values would favor 132 dlightly since the DC voltage is slightly higher than

131.5 (the decision threshold). The expected histogram values for a varying number of

13




Histogram Histogram
Averages 131 132 Average Value Averages 131 132 Average Value
10 4 6 131.6 2 1 1 1315
100 42 58 131.58 4 2 2 1315
1000 423 577 131.577 8 3 5 131.625
10000 4232 5768 131.5768 16 7 9 131.5625

Table 2-1 Histogram and Averaging for alnput Level of 131.576839

From the right hand side of the table, the following formula can be derived for

estimating the effective number of bits with averaging (ENOB,):

ENOB, =B +1og,(N) 2
where,
B = number of converter output bits
N = number of averages

It isimportant to note that this relationship is only valid for alarge number of averages as
the noise will not be sufficiently uniform over a small number of samples. Additionally
the equation is setting an upper bound on ENOB gain as a rea system will not have
exactly %2 LSB of uniform noise. A rea system will typically have a few LSBs of
Gaussian noise resulting in an ENOB gain less than that of the ideal case. A simple way
to find ENOB, experimentally is to measure the SNR of area signal with aknown noise

distribution and convert SNR into ENOB using equation 1.
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CHAPTER 3 DATA ACQUISITION SYSTEM DESCRIPTION

3-1 System Overview

The data acquisition system consists of four modules. A/D Converter Card,

Averaging Card, Multiplexer (MUX) Card, and Computer Interface Card. The

card contains a gigasample A/D integrated circuit (IC) that is the enabling technology of
the entire system. Since the output signals of the converter change too rapidly for current
memory/processing technologies, the A/D converter card aso performs a 1:16 de-
multiplexing to widen the bus and slow the clock rates. The Averaging Card performs
averaging on the coherent data using four digital signal processors (DSPs) and also
multiplexes the data into the correct order after processing. Finaly, data from the
Averaging Card pass through a multiplexer card which switches access from the four

acquisition channelsto asingle digital input/output (DIO) card on the host computer.

Channel 1 A/D Channel 1

Module " Averaging Module
Analog Channel 1
Host Computer
Channel 2 A/D - Channel 2

Module Averaging Module

Multiplexing o | Digital /O
Module = card

Channel 3 A/D Channel 3
Module Averaging Module

Analog Channel 2

N

Channel 4 A/D Channel 4
Module Averaging Module

Figure 3-1 Overview of the Data Acquisition System
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channels. Using independent analog inputs the system can be operated with 4
independent channels at 1-GSPS each. By placing a power divider at the inputs of
channels 1-2 and 3-4 as shown in the figure and providing 180° clock timing to the
converters a 2 channel, 2-GSPS (interleaved) system is realized. This demonstrates the

easy reconfigurability which is amajor advantage of amodular system.

3-2 Analogto Digital Converter Card

Overview

3-2i The 8-bit ADC is clocked using a 1-GHz sine wave from the timing system. The
analog waveform is sampled upon every rising edge of this clock and the ADC divides
the clock and bus frequency by two using a built in 1:2 demultiplexer. The 16-bit output
from the ADC changes at a 500 MHz rate and has PECL voltage levels. These high
speed signals are input directly into four 4:32 demultiplexers (demuxes) synchronized as
a 16:128 demux. This serves to further reduce the bus rate to 62.5 MHz where it is
output through a 272 pin connector to the Averaging Card. A synchronization signal is
needed from the timing system to synchronize the demux structures so that the first
sample after the PRF pulse will always be present in the same demux slot. Timing on
thissignal is critical as it must be consistently timed with the 1-GHz sine wave. Without
this signal, coherency of the system would be lost as the first sample after the PRF pulse

would be in arandom demux channel.
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Figure3-2 A/D Converter Card Overview

Detailed Description
Board Physical Properties

Specia low loss board material is necessary for the ADC card due to the high
frequencies that the analog signals may operate at (up to 2-GHz). Although the trace
length is only one inch, the attenuation due to dielectric losses increases with frequency.
For precise measurement of wideband signals this loss must either be minimized or
compensated for digitally (in post processing). A comparison of board loss vs. frequency

for a50 Q microstrip line (8 mil dielectric thickness) for two board materialsis shownin

from 0.05 dB to over 0.2 dB in the frequencies of interest where 0.2 dB represents about

2 least significant bits (LSBs) of the ADC with a full scale input voltage. For the same
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configuration, the Rogers 4403 varies from 0.02 to 0.065 over the same range. This
represents less than one LSB of error and can therefore be neglected. Additiondly, if the
ADCs were ever used up to the full 2.2-GHz input bandwidth, the loss difference

between the two materials would become even more prominent.

0.25 I
— FR4
—— Rogers 4403

0.15 =

Loss (dB)

0.05 - 7

0 | | | | |
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Frequency (GHz)

Figure 3-3 Tangential Lossvs. Frequency for a Onelnch Trace

An additional advantage of using low loss (RF) materia is the ability to control
line impedances more closely. When line impedances are closer to the ideal value,
standing waves are reduced resulting in more accurate analog measurements over a wide
frequency band. For digital signas, the tighter tolerance line impedance results in

smaller reflections, lowering the probability of abit error or false trigger.

dedicated to any particular power supply and are highly segmented due to the multiple
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power sources of the mixed signal 1C as seen in the board layout of APPENDIX F;, The

general layout of the board is modeled after the manufacturers recommended layout used

in the evaluation board of the MAX104 ADC [f].

1.00z

Prepreg Rogers 4403, 8 mil, Er=3.17

0.50z
Core Rogers 4003, 20 mil, Er=3.4.

050z

Prepreg Rogers 4403, 8 mil, Er=3.17 70 mils
—1 I— 0.50z

Core Rogers 4003, 20 mil, Er=3.4

0.50z

Prepreg Rogers 4403, 8 mil, Er=3.17

| E— | E— =

1.0 0z

Figure3-4 ADC Circuit Board Stackup

Since the logic levels of the ADC outputs are al differentia PECL, a special
coupled microstrip transmission line structure was used to reduce board space. The rule

of thumb for digital transmission lines is to allow a spacing greater than three times the

therefore be 24 mils. The 50 Q line width is 18 mils resulting in a minimum width of 60
mils for two microstrip traces side by side. By taking advantage of the differentia
signaling, a coupled transmission line structure was used which acts as an RF coupler in
the odd mode. The 50 Q dimensions for this were found using the Linecalc [_8] software
tool and were determined to be 11 mil line widths with an 8 mil gap thereby using half
the board area of regular microstrip. Since this board operates at such high frequencies,
the PCB manufacturers undercut factor of 1.25 mils was added onto all high speed lines

to make them as close the ideal value as possible after processing. A drawing of the two
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Figure 3-5 Microstrip StructuresUsed on High Speed Lines

-—

For low speed (62-MHz) TTL signals the main goa was to minimize the board
area while maintaining some impedance control. To minimize board area the
manufacturer’s minimum standard line width of 8 mils was selected (6.75 mils finished
width). Thisresultsin an impedance of about 80 Q for the microstrip and about 60 Q for
the offset stripline on layer 4. Although there is a dlight impedance mismatch between
these lines, Advanced Design System (ADS) simulations (and later prototype
verification) showed that this was insignificant when the lines were properly terminated.

Circuit Design
Analysis of the circuit design should begin with the MAX104 ADC shown in

center tapped output to produce 0° and 180° (-3 dB) replicas of the GHz clock. These
differential sine waves then drive the differential clock inputs on the MAX104. The
MAX104 has internal 50 Q laser trimmed termination resistors on the analog and clock

inputs, eliminating the need for external terminations. On the rising edge of the true
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clock input, the ADC’'s on board 2.2-GHz track and hold (T/H) amplifier latches the

voltage at the analog input and the internal flash converter digitizes that value.
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Figure 3-6 Schematic Layout of the MAX104 ADC

Revsion

The acquired sample is output from the MAX104 via complementary PECL
signaling that can operate at speeds equal to the input clock frequency. However, to
simplify integration into surrounding circuitry the chip includes an on-board 1:2
demultiplexer to widen the output bus and slow the output bus speed from 1 GHz to 500
(auxiliary). Jumper J4 was added so the output multiplexer could be enabled or disabled.
This was intended for debugging purposes as the downstream hardware is not capable of

operating above 625 MHz.
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When the demultiplexer is enabled there are two output paths that a particular

sample

may take. This would result in a potential loss of coherency in the radar because

the same sample must be output in exactly the same path after each PRF pulse. Thisis

complicated further because the ADC uses a pipelined architecture where the data are

delayed

by 6-8 clock cycles from acquisition to output. To resolve this issue, the

MAX104 has a synchronization input (reset) that is used to eliminate this ambiguity. By

asserting a copy of the PRF pulse onto this synchronization input, the same samples are

guaranteed to be on the same ADC output ports 12 clock cycles after the sync pulse is

sampled high. Because there are two possibilities for the arrival of the sync pulse (demux

8-7iand
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Figure 3-7 MAX104 Timing Diagram (Demux in Phase with Sync) [5]
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Figure 3-8 MAX104 Timing Diagram (Demux out of Phase with Sync) [

5]

22



For the case where RESET and DREADY are both sampled high, the output is
considered in phase and no change in the flow of data is observed. For the case where
DREADY is sampled low and RESET is sampled high, the immediate samples from the
demux are considered out of phase. This is corrected with the converter skipping one
clock cycle and losing one sample. As seen in the figures, the ADC will guarantee that
the same samples (N+5 and N+6) are in the primary and secondary ports 12 clock cycles

after RESET is sampled high. It is this synchronization feature of the demultiplexer that

enables the system to maintain coherency. Note that using this type of synchronization

places requirements on the timing system to consistently meet the setup and hold times of
the RESET signal with respect to the 1-GHz sample clock.

The 2:1 demultiplexed output from the MAX104 is then output into four

demultiplexing ratio of 1:16, reducing the clock rate from 1 GHz to 62.5 MHz while
increasing the bus width from 8 bits to 128 bits. Since additional demultiplexers are
used, the synchronization output from the MAX104 is repeated to each of the

demultiplexers to maintain coherency as described above. A 1:4 PECL fanout buffer is

shows the schematic layout of one GD16333. As seen in the layout, al input signals are
differential PECL pairs terminated through a high quality 50 Q resistorsto +3.0 V. The
GD16333 inputs the 500-MHz clock and outputs a 62.5-MHz clock that is routed directly
to the output connector for use by the Averaging Card. Note that each GD16333
demultiplexes signals from the ADC primary and auxiliary ports. Thisis because routing

of the 500-MHz signals was given priority over the natural logic flow. A timing diagram
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negative edge triggered device).

As seen in the figure, the setup and hold times of the GD16333 inputs are easily
met due to the additional 500 ps propagation delay of the fanout buffers. The parameter,
Tpadatas 1N the figure is rated in the manufacturer’s datasheet to be 3.2 ns. After board

construction, this was measured on four chips to be about 1 ns (as shown in the figure)

resulting in hold time violations on the output bus. To solvethis, inverters were added on
the clock output of each GD16333 resulting in the parameter Tpqmeas Which places the
rising clock edge nearly in the center of the eye. Also from the figure, it can be seen that
the overal delay from the sync pulse to valid (coherent) output is 41 ns. This places a
constraint on the timing system that acquisition cannot begin for at least 41 ns after the
ADC sync pulse occurs. For added margin, it is recommended to delay acquisition for at

least 60 ns.
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Figure 3-9 GD16333 Demultiplexer Schematics
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was used for optimum signal integrity and equal propagation delay to each demultiplexer.
Because the board layout and schematics are both designed around this one goal, the low
speed (62.5-MHz) data are fragmented with two bits from each of the output bytes going
to each demultiplexer. To defragment the low speed data before exiting through the card
connector approximately 25% of the board area was needed to route the lines from a

seemingly “random” to an orderly pattern.
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Figure 3-11 Photograph of a Completed ADC Card

Revision History/Future
This board has been revised once for a board material change. The origina board

material selected was the Roger 3000 series. The timing Mezzanine Card was
manufactured using this material and the physical properties were found to be highly
undesirable for multilayered boards. The 3000 series material is soft and pliable resulting
in excessive warpage around drill holes. The 4000 series material is very similar to
standard FR-4 except that it has low loss and a controlled dielectric constant making it
ideal for multilayered high frequency boards.

The goal of the original design was to have the data output through the connector

in chronological order with the 1% sample at the top and the 16™ sample at the bottom of
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the card. However, when testing the Averaging Card it was discovered that this ideal
pattern was not realized due to an oversight in the design. This was easily corrected with

a firmware change by re-ordering the data in the Averaging Card multiplexer. A

system is designed using similar technology, this should be corrected to simplify signal

flow in the downstream hardware.

Desired Order
Sample3 Sample4 | Sample 7 Sample 8 | Sample 11 Sample 12 ] Sample 15 Sample 16| 272
1] Samplel Sample2 | Sample5 Sample6 | Sample9 Sample 10| Sample 13 Sample 14

Actual Order
Sample 6 Sample 8 | Sample 14 Sample 16| Sample 5 Sample 7 | Sample 13 Sample 15| 272
1] Sample 2 Sample 4 | Sample 10 Sample 12| Sample1 Sample 3 | Sample 9 Sample 11

Table3-1 Comparison of Intended and Actual Output Connector Pinout

3-3 Averaging Card

Overview
The averaging card provides a link between the ADC and computer. In addition

to aphysical link, it must perform the following functions:

» Perform coherent averaging on the acquired data.

» Gate the output from the ADC card so only the desired number of samples
are acquired.

* Provide buffering between the computer DIO card and the ADC.

* Multiplex the 16-ADC output busses into a single bus for the computer
DIO card link.
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As seen in the figure, the 200-MHz DSPs are the focal point of the entire card.
The DSPs perform coherent averaging by adding incoming samples to the previous
samples stored in internal memory. Using the DSP' s interna memory results in a cleaner
PCB layout as no external memory chips are required. It also smplifies the design since
asigna level timing analysisis not required for the internal memory interface. After the

DSP has completed the required number of averages, the processed data are transferred to

Figure 3-12 Averaging Card Overview

the output FIFOs where they are stored until the computer DIO card is ready for transfer.

in the figure, the maximum PRF of the radar can be limited by the DSPs processing rate.
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The averaging card does not input araw PRF signal, the input must be a PRF pulse with a
delay and width equal to the desired sampling window. Thisis represented in the figure
asthe Acquire signal. For example, with asampling interval of 1 ns, if the user wishesto

acquire 8,000 samples the Acquire signal must have a pulse width of 8,000 ns. iFi gure !

_____

window. Asseenin the figure, the processing time was estimated to be approximately 45
us, which limits the PRI to around 50 ps (PRF = 20 kHz). This processing time could be
reduced by upgrading the DSPs to operate at a higher frequency. If 300-MHz DSPs were
used, the estimated maximum PRF would increase to approximately 30 kHz for an 8,000-

sample acquisition window.

ACQUIRE

Transfer Output Data
(Only on Integration Reset)

‘ DSP Processing Data ‘

DSP Busy T
\
|
0

\ \ \ \ } \ \ \ \
10 20 30 20 50 60 70 go M)

Figure 3-13 Averaging Card High Level Timing

When averaging is complete, the DSPs take approximately 20 us to transfer the
data to the output buffers and clear internal memory to start a new averaging cycle.
During this time, if the ACQUIRE signal becomes low, it is ignored until the output
transfer is complete. By implementing this “acquire blocking” feature, the PRF can be
increased until it is limited only by processing time and not by the output FIFO transfer

time that only occurs every 100-1000 acquisition cycles (the number of coherent

30



averages). If the transfer completes while the ACQUIRE signal is still low, the system
will not acquire apartial interval as the acquire circuitry is edge triggered.

Detailed Description
A detailed discussion of the Averaging Card should begin with the top level of the

FIFOs are empty and the signal processors are idle, waiting to process data. Data are
input from the ADC card through a 272-pin, 2-mm connector and are presented to the
input FIFOs of the four averaging card channels. Each channel receives it’'s own clock
from the ADC card and the data and clocks are always present (they are not gated in any
way). To capture data from the stream, an ACQUIRE signal is asserted at connector
CON1 which isinput into the acquire control circuitry. The acquire control circuitry then

activates the input FIFOs which capture the data.
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Figure 3-14 Top level Schematic of the Averaging Card
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As data are input into the FIFOs, the FIFO empty flags will toggle from high to
low. This triggers an interrupt in the associated DSP which then executes code to read
and processed data from the FIFO. After each new sample is read, an interna count is
incremented so that samples will be stored in consecutive locations in the processors
internal memory. After the desired number of samples have been acquired, the
ACQUIRE signadl is de-asserted which inhibits the input FIFOs from storing new data.
With no input data, the FIFO will eventually become empty as the DSP continues to read.
The FIFO empty flag then triggers an interrupt in the DSP causing the DSP to cease
reading new data and go into an idle state until another acquisition cycle begins.

An average counter operates in paralel to the FIFOs and DSPs. This counter is
incremented for each acquisition period and counts the number of coherent integrations
that have occurred. When the desired number of integrations is complete, the counter
toggles the resetint lines to tell each DSP that, at the end of the current processing period,
the data must be flushed to begin a new averaging sequence. When the input FIFOs
become empty, instead of immediately going to an idle state, the processors will output
the averaged data from internal memory to the output FIFOs where the data are stored
until the downstream hardware is ready for transfer to the computer. As data are
transferred to the output FIFOs, the FIFO empty flags are de-asserted signaling the
downstream hardware that the Averaging Card has data to transfer. After all data are
transferred to the output FIFOs, the DSPs clear their internal memory and go to an idle
state to wait for a new acquisition period.

When the computer DIO card is ready to input data, a control line on the

Averaging Card output multiplexer is toggled by the downstream hardware. The output
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multiplexer will then begin transferring data from the output FIFOs to the 60 pin output
connector. An additional (non obvious) function of the multiplexer is to resequence the
four processing channels to the correct temporal order to ease post-processing
requirements and reduce processing time for real time display on the computer monitor.

The remainder of this section will discuss the circuitry of each of the hierarchical
blocksin detail.
Input Connector

The purpose of the input connector is to provide a mechanical and electrical
connection between the Averaging Card and ADC card with minimal disturbance to the
integrity of the high-speed digital signals. The input busis 128 bits wide with four clock
signals for atotal of 132 signals that must be transmitted between the two boards. The
design constraint was to allow these signals to operate at 125 MHz to support a doubling
of the current 62.5-MHz rate. At these speeds signal integrity isaprime concern so a 1:1
ratio of grounds and signals was desired requiring approximately 264 total connections.
Based on connector availability, cost, and physical constraints, a double row of standard

2 mm connectors was selected. A photograph of the connectors with the signal-ground
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Figure 3-15 Input Connector and Pinout Pattern

reduce the possibility of crosstalk and provide a low inductance path for return currents.
As seen in the figure, three ground pins surround every signal and no two signal pins are
adjacent to each other. The impedance of this configuration was approximated by
treating the pins as parale wires [_1(;] Since the exact electrical properties of the
connector’s dielectric were unknown the impedance was calculated with a dielectric
constant varying from 2 to 5. Using this approximation, the impedance was estimated to
be around 40-60 Q. The entire transmission line structure was simulated in EESOF as
shown in the Input FIFO section below. The simulation shows that since the length of
the connector is only 200 mils, the impedance can vary drastically with little effect on

signal integrity and therefore a more precise impedance analysis is not necessary.

Acquire Controller
The purpose of the acquire controller is to fan out four copies of the acquire signal
and to allow disabling of the acquire signal when the DSPs are transferring data to the

output FIFOs. This function was implemented in a single Altera PLD. The PLD
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Figure 3-16 Acquire Control Timing Diagram

As seen in the timing diagram, when the WRITEN signa is high, the acquire
signa simply passes through the device to the five outputs. When the DSPs are busy
transferring data to the output FIFOs, they will pull the WRITEN signa low and any
ACQUIRE signals will be ignored. After the DSPs are ready for more data, the WRITEN
signal goes high and acquisition continues. Note again that the blocking is edge sensitive
so that if the WRITEN signal is released while ACQUIRE is still high (275 ns in the
figure), the output does not change until the next ACQUIRE rising edge (400 ns in the
figure).

Input FIFOs

each of the four DSP channels, however, due to availability constraints two 18 bit FIFOs
were paired to construct a 36 bit FIFO with four unused bits. The circuit operates as
described previously with the data and clock always present on the input. When the
acquire signa is asserted, the write enable is asserted on the FIFO input causing it to
capture the input data. After three output clock cycles [d], the output ready (OR) flag

toggles low signifying that the FIFO has data on the output ready to be transferred. This
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operating mode is called first word fall through (FWFT) [9] and it allows instant access
to the first word when the DSP is ready to read. The DSP will then assert the RENABLE
signa causing the first word to output immediately and the FIFO will increment it's

memory pointer to the next location in sequence. When the FIFO becomes empty, the

OR flag toggles high and further output accesses will return the same (final) value.
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Figure 3-17 Input FIFO Schematic

The disadvantages of this “dua FIFO” method are increased PCB area and
additional loading on the clock and enable signals which must drive two devices in
parallel instead of a single 36-bit device. The increased board space was not a significant
problem in this design as the only size constraint was the manufacturability of the PCB.
However, signal integrity of the clock and enable lines was a concern since the FIFOs

were designed to operate at 125 MHz. A split (matched length) transmission line
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structure was incorporated to minimize reflections and avoid daisy chaining on the series

/\ FIFO #1
L1
\ L2 |
20,
Source ‘ \
\ 20,
20,
L1
\/ FIFO #2

Figure 3-18 Split Transmission Line Structurefor Dual FIFOs

For the structure shown in the figure, no reflection will occur at the junction if Z0,
istwice Z0;. Additionally, for a source terminated line, the length, L1, of the two splits
must be exactly equal to create the ideal response. In practice, line impedances on a
dense board will typically range from 60 to 80 Q. To minimize reflections the source
line impedance would therefore need to be 30 to 40 Q for a matched condition. Since the

source line impedance on the ADC card is 75 Q, a significant mismatch is generated. An

simulation includes non identical loads (representing the two FIFO inputs) and non-

identical line lengths asisthe casein area PCB.
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Figure 3-20 Input Transmission Line Simulation Results
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The simulation shows that the impedance, length, and load mismatches are
acceptable since the length, L1, is relatively short (1.5 inches). The simulation also
shows that the series termination method produces a similar but dlightly smoother step
response than a parallel termination. The series termination was selected for this reason
and because a capacitively coupled or Thevenin termination is required for TTL parallel
terminations. This would require two termination components for each line where the
series termination method requires only one. Looking at the actual measurement results,
the exact shape of the clock waveform is not identical to the simulated waveform but the
smoothness and amplitude of the reflections are similar.

For the FIFO input data lines, the transmission line structure is more traditional

with a source termination and a single load. However, viewing the waveform of iFigure !

3-21, the rising edge of the data signals has a significant distortion. This is due to the
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differing source impedance of the data line driver for a high or low state. Again, using

EESOF simulation, the line response was recreated with a source impedance of 60 Q for

alogic high and 25 Q for alogic low. The simulation and results are shown iniFigure !

_____________

given the logic levels shown in the figure. If it is desired to optimize waveform
distortion, a smaller value of series resistor (25-35 Q) could be selected to compromise
between rising edge and falling edge distortion. The clock signals shown above do not

exhibit this non-symmetric behavior because a separate buffer with different output

characteristics was used as a source on those lines.
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Figure 3-22 EESOF Simulation of the FIFO Input Data Lines
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Figure 3-23 EESOF FIFO Input Data Simulation Results

Integration Counter and Reset Controller

The integration counter and reset controller were both implemented using Altera

acquisition system will have multiple averaging cards and the integration count on all
cards must be synchronized, the reset and integration circuit operates in either a master or

slave mode. The mode is manually selected using jumper JO.
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Master Averaging Card

The master Averaging Card is the only card in the system that actually counts the
number of integrations. This is performed by PLD U21 by incrementing an internal
counter at each rising edge of the ACQUIRE signal. After reset, the computer system
programs the desired number of integrations into the integration counter. When the
internal count is equal to the programmed value, the RESETINT signals are asserted to
signal the DSPs that an averaging cycle is complete.

The master Averaging Card must pass the RESETINT signal to the slave cards in
the system. This is output via pin 33 on the integration counter and transferred to the
other boards via connectors J11 and J12. Two connectors are used so that multiple
boards may be chained together vertically. Connector J11 is located on the top of the

PCB and J12 on the bottom. When the cards are mounted horizontally and stacked
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vertically in a rack, the user connects J11 of the bottom card to J12 of the top card to
distribute the RESETINT signal through the entire stack of cards. Note, with this
configuration, the master card can be placed anywhere in the stack. The master PLD
output is set to a dow slew rate mode, reducing the edge rate of the PLD to over 10 ns
thus making transmission line effects negligible for the chain.

The master Averaging Card is connected directly to the timing system
microcontroller through connector J10. This connector contains the necessary signals to
transfer the number of integrations and the reset signa from the system microcontroller
to the integration counter and reset controller. The number of integrations is asserted on
the 16 data lines and the load line (J10 pin 2) is asserted to latch the value into the
integration counter chip. The reset signal is asserted onto the reset controller chip. In
master mode, the reset controller distributes the signal with the correct polarity (active
high or active low) to 13 lines on the master Averaging Card. Additionally, line 25 is
used as an output and distributes the reset signal to the other Averaging Cards via
connectors J11 and J12 as described previoudly.

Originaly, the system was designed for a 16-hit latched parallel connection to
transfer the integration count. In order to reduce the pin count on the microcontroller, the

integration counter was later modified for a serial load connection. The serial connection
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Parallel Load | Serial Load Parallel Load | Serial Load

Pin Function Function Pin Function Function
1 GND GND 14 Data8

2 Latch Latch 15 Data9

3 GND GND 16 DatalO

4 Data0 Ser Data 17 Datall

5 Datal Ser Clock 18 GND GND
6 Data2 19 Datal2

7 Data3 20 Datal3

8 GND GND 21 Datal4

9 Data4 22 Datal5

10 Datab 23 GND GND
11 Data6 24 GND GND
12 Data7 25 Reset Reset
13 GND GND 26 GND GND

Table3-2 Serial and Parallel L oad Pinouts of Connector J10

From the schematics, two additional signals (RDATAINS and RDATAOUTM) are
shown from the integration counter to connectors J11 and J12. The RDATAOUTM signal
is asserted by the master Averaging Card when the integration count is set to one (raw
data). The RDATAINS is used by a dave card as an input for the same signal. These
lines were originally intended so the DSP could execute different code to improve the
throughput of raw data. This feature was never implemented in the DSPs and these lines
are currently unused.

Save Averaging Card

In dave mode, the reset and integration complete signals are input from
connectors J11 and J12. These signals are asserted on pin 25 of the reset controller and
pin 33 of the integration counter. The reset controller operates identically in master or
slave mode except that in slave mode the reset input comes from the master Averaging
Card instead of the microcontroller. In dave mode, the integration counter simply fans
the INTCOUNT signal from connectors J11 and J12 to the four DSPs and does not

perform any other function.



Digital Signal Processors

The Texas Instruments TMS320C6202 200-MHz digital signa processors were
selected for this design based on their high speed and dua 32-bit memory interface
the two main DSP interface busses can be seen. The 32-bit external memory interface
(EMIF) bus shown on the left side of the schematic is used for the input FIFOs and the
flash memory used for processor boot loading. The 32-bit expansion memory interface
(XMIF) bus shown on the right side of the schematic is used solely for the output FIFOs.
In the lower left of the schematic are the reset, input FIFO empty, and reset integration
interrupts al of which were previously described. The JTAG programming interface
seen at the top of the schematic is used to interface the DSP directly to a computer for
programming and debugging. A disable signal is output from the general purpose output
TOUTO. Thissignal is used to disable the acquire signal when the DSP is sending data to

the output FIFO.
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Figure 3-25 DSP Schematic




EMIF Interface

The EMIF interface is a 32-bit synchronous or asynchronous bus that provides a
glueless interface to a variety of standard memory types. Four separate address spaces
can be accessed without glue logic and are activated using signals CEO-CE3. In
asynchronous mode, the bus can be used as a generic interface to amost any |1/O device.
In this design, a standard 8-bit asynchronous mode is used for boot loading and
programming the flash memory while a custom interface was designed for interfacing
with the input FIFOs. As seen in the schematic, the flash interface uses address space
CE1 and it directly connects to the asynchronous write enable (AWE) and asynchronous
output enable (AOE) lines of the DSP. To read and write from the flash memory, the
programmer simply sets the CE1 address space for an 8-bit asynchronous interface, then
accesses the associated address.

A non-standard asynchronous interface was designed for the input FIFO because
the synchronous interface was designed for random access memory (RAM) and the
standard asynchronous mode is not appropriate for a synchronous (clocked) FIFO. As
seen in the schematic, the asynchronous read enable (ARE) line is used as the FIFO clock
signal and the CEO signa is used as a FIFO read enable. The disadvantage to this
connection is that a bogus asynchronous read must be repeatedly asserted by the DSP in
order to clock the FIFO to update the FIFO flags. This manual clocking must only be
performed when the DSP is in the idle state waiting for data to arrive so performance is
not compromised in any significant way. During a FIFO read operation, the DSP simply
reads a single address in CEO causing the CEO and ARE lines to toggle and the FIFO to

output a 32-bit word.
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XMIF Interface

The XMIF interface is an auxiliary 32-bit bus for interface to standard memory
devices including synchronous FIFOs. Up to four devices can be connected to the XMIF
without glue logic by using the address spaces mapped to XCEO-XCE3. As seenin the
schematic, XCEO was used to connect to the output FIFOs. The FIFOs connect directly
and seamlessly to the XMIF using the XFCLK, XDO0-31, and XCEO signals. The
disadvantage to using the XMIF is that the DSP core does not have direct access to it.
The only way to access devices on the XMIF is through the use of direct memory access
(DMA) transfers. Therefore, the bus is used for large block transfers where the size of
the transfer is known (such as the output stage of the data acquisition algorithm) or when
an interrupt can signal the DMA system to start/stop transfers.
DSP Boot Configuration

Since the DSP can interface to a variety of memory types, the memory type for

the boot ROM must be programmed prior to power up. This is selected via 23-
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XMIF pin Function Set to Value
0-4 BOOTMODE Internal Memory at Address 0, 8 bit ROM bootload 10110
5-7 RESERVED

8 LEND Little Endian 1
9 FMOD XOE Reserved for a single FIFO in XCE3 1
10 XARB Internal Expansion Bus Arbiter Enabled 1
11 HMOD External Host Interface in Synchronous Mode 1
12 RWPOL XR Signal is Active High 1
13 BLPOL XBLAST is Active High 1

14-15 |RESERVED

16-18 [MTYPE XCEO 32 Bit Synchronous FIFO Interface for XCEO 101
19 RESERVED

20-22 [MTYPE XCE1 32 Bit Synchronous FIFO Interface for XCE1 101
23 RESERVED

24-26 [MTYPE XCE2 32 Bit Synchronous FIFO Interface for XCE2 101
27 RESERVED

28-30 [MTYPE XCE3 32 Bit Synchronous FIFO Interface for XCE3 101
31 RESERVED

Table 3-3 Processor Boot Configuration
Flash Memory

The flash memory selected for the design is the Atmel AT29LV010A. Thisflash

memory has 128 kB of storage which was deemed appropriate since the DSP code for

this application is around 30 kB. The advantage to flash memory over traditional

EEPROMs is that flash memory does not require special programming voltages and can

be reprogrammed directly by the DSP by following a special programming algorithm

prior to performing a write operation. As a result, flash memory can be packaged in

small surface mount devices and soldered directly to the PCB. The algorithm for the

START
»

LOAD DATA AA
TO >

LOAD DATA 55 LOAD DATA A0 LOAD EXACTLY
TO - TO —m 128 BYTES OF
ADDRESS 5555 ADDRESS 2AAA ADDRESS 5555 DATA

More Data?

Yes

No

DONE

Figure3-26 Flash Programming Algorithm [iL1]
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memory to be overwritten. Special keywords must be written to three registers inside the
flash followed by exactly 128 bytes of data. If any key iswrong or the wrong amount of
data are written, the memory location will not be overwritten. For data larger than 128
bytes, the algorithm may be repeated after a short delay. The exact delay does not need
to be measured as the processor can loop, reading the last memory location written to the
flash, until data are read back as valid.
DSP Clock

The selected DSPs operate at speeds up to 200 MHz. The processors can be
directly clocked at that frequency, or, to simplify clock system design, the processors
have a built in phase locked loop (PLL) which is used to multiply a lower frequency

clock. For the averaging card, a 50-MHz clock signa is input to the DSP and the PLL

_____

were specified as 1% tolerance. However, due to problems obtaining the exact values
and tolerances, close nomina values of 5% tolerance were selected. These values were
empirically found to be acceptable as the 200-MHz clock output was stable and excessive
jitter was not observed. In the future, the exact 1% values shown in the schematic should
be used if possible.

Clock Generator

Figure 3-274. Oscillator U27 outputs

| MR~ g S

The DSP clock generation circuit is shown in
a50 MHz LVTTL clock signal to the Reset PLD. Thereit is fanned out through asingle

transmission line to each processor on the board. This fanout was necessary to preserve
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signal integrity of the oscillator signal since it must traverse the entire PCB, connecting to

four loads.
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Figure 3-27 DSP Clock Generation Schematic

Output FIFOs
The output FIFOs are used to store the averaged data until the computer is ready
to transfer to the hard drive. The same IDT FIFOs are used as for the input FIFOs and

are used in an identical dual-18-bit configuration. A schematic of the output FIFOs is
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Figure 3-28 Output FIFO Schematic

The input to the FIFOs is the XMIF bus of the associated DSP. Since the DSP
provides a glueless interface, the data, write enable, and clock lines are connected directly
to the DSP. Again, a series terminated, split transmission line structure was used with
results similar to the input FIFOs. The output of the FIFOs is connected to the output
multiplexer circuit. The output clock operates at 20 MHz and is constantly asserted in
order to update the FIFOs output ready flag. When the output multiplexer is ready to
transfer data and the FIFO has data (OR flag is low) the multiplexer asserts the read
enable (RE) line and data are immediately present on the FIFO outputs since FWFT mode
is used (just as the input FIFO). When all data have transferred, the OR flag goes high

and the multiplexer will de-assert the RE line and stop the transfer.
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Output Multiplexer and Connector
The output multiplexer transfers data from the output FIFOs to the downstream

hardware when the acquisition computer is ready. The multiplexer circuit was designed

32-bit busses into a single 32-hit bus. This requires 160 pins for data plus additiona pins
for controlling and synchronizing the structure. The large pin count was satisfied by
using two 144-pin PLDs used solely for switching the data lines while a separate 44-pin

PLD is used to control and synchronize the switching.
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The multiplexer operation begins when the OR signals from the FIFOs are asserted.
The internal logic of U23 is such that a FIFO ready condition is only detected when al 8
output FIFOs are ready to transfer data. When this condition is met, the /OR signa is
output from U23 signaling the downstream hardware that the Averaging Card has data
ready to transfer. When the downstream hardware is ready to accept data, it responds with
the ENABLE signal and U23 initiates the transfer. U23 will assert the RENABLE line for a
single FIFO while asserting the SEL[0:1] signals to U24-25 so that the associated data lines
are switched to the Averaging Card outputs. After transferring data from the first FIFO, the
RENABLE line of the second FIFO is selected along with the associated SEL[0:1] signals
and data are transferred from the second FIFO to the output connector. U23 continues
selecting between the FIFOs until all data are transferred and the FIFOs become empty.

When the FIFOs become empty, the /OR flags will go high. The internal logic of
U23 is such that all /OR flags must be high before a FIFO empty condition is detected. At
that time, the /OR output of U23 will be de-asserted signaling to the downstream hardware
that the FIFOs are empty. The downstream hardware will de-assert the ENABLE signal to
halt the transfer of data.

Due to the ordering of data on the input connector of the Averaging Card, the

multiplexer must switch the output data in a non-obvious way. The input connector data
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DSP Sample
Number Numbers

1 2,4,6,8
2 10,12,14,16
3 1,3,5,7
4 9,11,13,15

Table 3-4 Correlation Between DSP and Temporal Sample Numbers

Sample | MUX FIFO
Number number SELO SEL1
1

w
=
o
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9
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Table 3-5 Output Multiplexer Circuit Switching Pattern

(N1 FNY 1N N S Y ) (RS N F0V] RN V] T V) B
R|o|r|o|r|olr|olr|o|r|ol+|o
N R R R E R

o

and is used to connect the Averaging Card to the multiplexer card via a standard 60-pin
ribbon cable. The connector carries a 32-bit output word, the /OR flag, and the ENABLE
flag discussed above. The connector also inputs the 20-MHz output clock used to clock the
output FIFOs as well as two error detection signals, INPUTFULL and OUTPUTFULL,
described in the next section. The connector has a ground wire between each control/clock
signal and one ground wire between each pair of data signals in order to maintain signal
integrity. To reduce the possibility of transmission line effects, the slow slew rate outputs
were used on al PLDs and all lines were seriesterminated. Since the signals operate at less

than 20 MHz, the design results in excellent signal integrity.
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Error Detection Circuitry

Error detection circuitry is used to detect an overflow of the input or output FIFOs.
This circuit was implemented as a single Altera PLD, U28, which asserts a separate output
if any of the input or output FIFOs become full. These two signals are passed to the output
connector for use by the acquisition computer and/or LED indicators on the front of the
system.
Averaging Card PCB

The averaging card PCB is constructed using industry standard FR-4 board material.
Due to the ultra fine pitch BGAs used on the DSPs, unusually small feature sizes were

required to produce the board including 4 mil/4 mil line width/spacing and 10 mil via holes

Controlled Impedance Substrate 6 Laye r B O ard StaC ku p
. i 1.00z
-
X Prepreg 12.5 mil
GND/1.8V 0.50z
FR-412.5 mil
3.3V/1.8V 0.50z
Prepreg 12.5 mil 65 mils
— F 0.50z
X FR-412.5 mil
GND/1.8V 0.50z
Prepreg 12.5 mil
— — 4 v_
1.00z
*Individual thicknesses do not include copper

Figure 3-30 Averaging Card PCB Stackup

As seen in the figure, the stackup is highly standard. The only unusual feature about
the board stackup is that a split 1.8 V plane is routed on the plane layers to supply the core
voltage to the DSPs. The planes had to be segmented beneath the DSPs so that the DSPs
would have access to 1.8V, 3.3V, and ground. At the same time, care was taken so that the

1.8V plane did not disturb the return path for any critical transmission lines. The split plane
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Figure 3-31 Averaging Card Photograph

DSP Programming
Processing Program

The processing program is a DSP based implementation of the coherent integration

algorithm. This program is implemented using raw assembly language, analyzed to single
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clock cycles at times, to yield the maximum possible performance from the system. The

Initialize DSP Memory
Interfaces.
Setup Variables.
Clear Internal Memory.

Is Integration
Complete Variable
Set??

-l Reset Memory
Counter

Y 7y
FIFO Empty Interrupt
Toggle Input FIFO Input FIFO #
Clock Line YES Empty??
Disable Acquire INTS:
"y Signal FIFO Empty
Variable=0
Read 32 bits From
Input FIFO.
Seperate into 4
Individual Samples. Initiate DMA
Transfer to Output FIFO Has Data Interrupt
‘ FIFOs ‘
Read 4-32 Values ‘
from Internal INT6:
Memory FIFO Empty

Clear Internal Variable=1

Memory

Add 4 New # Integration Complete
Samples to 4 Old Interrupt
Values
Clear Internal
‘ Memory
INT4:
Set Integration

Store New Sum ‘ Complete Variable
back to the same

memory locations

Reset Integration
‘ Complete Variable

Increment Memory
Counter

{s FIFO Empty
Variable Set??

Figure 3-32 Flow Diagram of the DSP Assembly Program
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As seen in the figure, the program consists of two main loops. In the first loop, the
FIFO is empty and the DSP loops while toggling the FIFO clock line (in order to update the
FIFO empty flag). When the FIFO receives data, the empty flag will toggle triggering
interrupt #6 in the processor which toggles the FIFO empty variable. Returning from the
interrupt the processor will still be in the first loop which will then exit because the empty
variable has changed.

The second loop is entered in which the DSP reads and processes data from the
input FIFO. Data are input as four packed 8-bit words. These words must be unpacked
into individual 8-bit words and added to the associated values in memory. After the four
words are written to memory, the memory counter is incremented by four and new data are
read from the input FIFO. Eventually, the input FIFO will empty, triggering interrupt #5
which clears the FIFO EMPTY variable. The processor returns from this interrupt into the
averaging loop which will then exit since the FIFO EMPTY variable is changed.

Upon exit from the second loop, the processor will either return to the main loop
(with the memory count reset) or it will transfer the averaged data to the output FIFO
depending on whether the INTEGRATION COMPLETE variable has been set. If the
integration is complete, the length of memory is calculated from the current memory
pointer and this value is used to initiate a DMA transfer to the output FIFOs via the XMIF
bus. Once the DMA transfer is underway, the program performs a loop, clearing al data
memory up to the depth of the input FIFOs (anything beyond this is not necessary).
Finally, after clearing memory, the INTEGRATION COMPLETE variable and memory
counter are reset and the processor enters back into the first loop waiting for new data at the

input FIFO.
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The time needed to process one acquisition cycle of data can be estimated based on
the assembly language loops and can be used as a measure of the performance of the
system. The exact number of CPU cycles for register based instructions and internal
memory access is given in [12]. For external memory accesses the delay consists of a
pipeline delay, a setup delay, and an external device delay. The pipeline delay is ssmply the
number of clock cycles that must pass before the data are available, assuming the setup and
device delay is zero. The setup delay represents the processors overhead in the memory
controller. Finally, the device delay in this case is zero since the FIFOs are used in first

word fall through (FWFT) mode (the first word input into the FIFO is available

number of clock cycles for each operation shown in braces.

acqui re_dat a_| oop:

ldw *A3, A2 ;grab 4 bytes from FI FO {10}*
ldw  *+A8[ 0], Al0 ;get old data byte 1 from nenory {2}
ldw  *+A8[ 1], All ;get old data byte 2 from nenory {2}
ldw  *+A8[ 2], B10 ;get old data byte 3 from nenory {2}
ldw  *+A8[ 3], Bll ;get old data byte 4 from nenory {2}
nop ;5 cycles needed to access FIFO {1}
nm A2, B2; ;copy data into B register {1}
and A2, A12, A14 ;unpack data by masking {1}
and A2, A13, A15 ;masked data is R s 14, 15

and B2, B12, B14
and B2, B13, B15

shru Al5, 8, Al5 ;unpack data by shifting {1}
|| shru B14, 16, B14
shru B15, 24, B15 {1}
add Al10, Al4, A10 ;add new and old data byte 1 {1}
|| add All, Al15, A11 ;add new and ol d data byte 2
|| add B10, B14, B10 ;add new and ol d data byte 3
|| add Bl11, B15, B11 ;add new and ol d data byte 4
cnpeq 0, B3, BO ;check | oop condition (updated by interrupt) {1}
['BO] B acquire_data_loop ;Use 5 delay slots after a branch {1}
stw  Al0, *A8++; ;store to nmenory, increnment data address {1}
stw  All, *A8++; " {1}
stw  B10, *A8++; " {1}
stw  Bll, *A8++; " {1}
nop {1}
nop

Figure 3-33 Performance Analysis of the Integration Code

As seen in the figure, the total number of CPU clock cycles to process four 8-bit

samples of data is 35. This can be reduced to 29 cycles by parallelizing internal memory
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accesses, cutting the memory access penalty in half. This code was implemented but makes
the agorithm more difficult to understand and the 5 clock cycle benefit is not significant
enough to justify it. The 2 cycle penalty on memory accesses was discovered only after the
system was designed and represents one cycle of execution and one cycle of pipeline stall
as the processors internal memory bus is 16-bits and all memory accesses in this code are
32 hits. The FIFO access latency is an empirica value found after the system was
designed. It appears to be EMIF latency as it exists on the evaluation board for other
memory types as well.

The minimum PRI can then be estimated as follows:

PRI . = N, xCPU xT_, (3)
Nd
where,
Ns = Number of samples acquired during an acquisition interval, samples
Ng = Number of DSPson the Averaging Card, no units
CPU = Number of CPU cycles per input sample, cycles/sample
Tepu =  Period of the CPU clock, ns/cycle

For a typical acquisition session, the number of samples per channel would be 8,000
divided among the 4 DSPs. For a clock frequency of 200 MHz, the clock period is 5 ns.
Based on the calculations above, the CPU cycles per sample for the non-optimized code is

calculated to be 8.75 cycles/sample. The minimum PRI is therefore calculated to be:

8,000 samples j( 8.75 cycl esJ( 5ns

=87.5 5
4 sample cycle

PRI min = (

The maximum PREF is therefore 11 kHz, far below the design goal of 30 kHz. Even with
the optimized code, the maximum PRF is calculated to be 13 kHz. The origina design
estimates were calculated based on a memory and FIFO latency of 1 clock cycle each

resulting in an initial performance estimate of 18 cycles per loop and a predicted PRF of 22
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kHz which would approach the goal of 30 kHz with 300 MHz DSPs. Because most of the
performance penalty is due to the slow EMIF access it would be worthwhile to focus on this
aspect of the design for a speed improvement. The specification for this could not be found
in any of the documentation so it would be worthwhile to contact Texas Instruments for
more information if, in the future, it is desired to optimize the current design.

Flash Loading Program
In order to boot load the processor from the flash memory, the processor must write

it's own program into the flash memory. Thisis accomplished via an in-circuit debugging

(JTAG) cable and special flash programming code. An overview of the processors memory

Programming Boot Loading

0x00000000 0x00000000

Internal Program Memory

(Flash Programming Code) Internal Program Memory

0x01400000 0x01400000

Flash Memory
Flash Memory (Desired Boot Code)

0x80000000 0x80000000

Internal Data Memory

! Internal Data Memory
(Desired Boot Code)

Figure 3-34 Overview of Flash Programming and Boot L oading

The flash programming operation is shown on the left side of the figure. The user
compiles the desired boot code (i.e., averaging program) with start address 0x80000000.

This code is then uploaded to the processor viathe JTAG cable and is placed in the internal

data memory. The flash loader code given in;APPENDIX L!is then compiled for start

address 0x00000000 and uploaded in the same fashion. When the DSP is run, it will
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execute the flash loader program which copies the boot code from data memory to the flash
memory (using the flash programming algorithm discussed previously). Once finished, the
JTAG cableis removed and, upon reset, the processor will perform a boot load as shown on

the right side of the figure and immediately begin executing the boot code.

Revision History/Future
The circuit schematics and PCB have each been revised once. The BGA for the

DSP is shown as a bottom view and was originally entered into the PCB layout as a top
view. The simplest solution for this problem was to move the BGAs to the bottom side of
the board thus preserving the internal routing pattern but swapping the top and bottom
routing and components in that area. The BGASs should be moved back to the top layer to
improve manufacturability if the board is ever re-routed in the future.

The original schematics and PCB had a number of errors that were corrected with
the use of jumper wires and trace cutting on the prototype PCBs. These errors include the
following:

- The PCB land pattern for oscillator U27 was drawn as a top view when the
manufacturer has supplied a bottom view. The pads must therefore be swapped
left to right.

- The pull up/down resistors for the DSP boot load were not included in the
original design. These were hand soldered onto unused series resistor pads.

- The WCLK and WENABLE signals from each DSP were swapped in the
schematics. Thiswas corrected using jumper wires on the PCB.

- The/LD pin on all FIFOs was incorrectly tied to the /WEN pin in the schematics.
Thiswas corrected by lifting the pin and soldering it to VCC.

- The RSVO, RSV1, and RSV2 lines on the DSPs were left floating in the
schematics. These lines must be pulled up for correct operation of the DSP.
This was corrected through a manual artwork change on the PCB combined with
jumper wires.

represent an operational board. However, since these changes were implemented by hand,



future board production.

The design of this card utilizes cutting edge technology for PCB manufacturing
through the use of the 0.8-mm pitch BGAs used on the DSPs. This ultra-dense packaging
results in via sizes and copper widths/spacings that push the limits of manufacturability. As
a result of this, the blank PCBs had a low yield (less than 25%) from the manufacturer.
Additionally, the DSPs on the finished cards operated sporadically. Thisis believed to be
due to either inadequate soldering of the BGASs or poor connectivity of required jumper
wires to the BGA pads (also a soldering issue). Either way, a new board revision will be
required to have a usable design. The design of the logic is known to be good as the board
will perform as designed for a short period of time before a connection failure occurs
causing intermittent operation of one or more DSPs.

The manufacturability issues, combined with the excessive number of jumper wires
and hand soldering needed for this board, result in the need for an immediate PCB revision.
The simplest solution is to re-route the board with larger (1.27 mm) BGASs for the DSPs.
Additionally, the board should be made thicker (80-90 mils) to reduce flexibility and
increase BGA adhesion. This, combined with implementing the jumper wire changes,

should result in a solid and usable version of the board.

3-4 Multiplexer Card

Overview
The final data acquisition system will consist of two to four sets of ADC cards and

Averaging Cards (each set making up one channel). It would be impractical to supply a
separate paralel link to the acquisition computer for each channel, therefore additional
hardware is needed to switch the four channels into a single channel for transfer to the
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computer. The Multiplexer (Mux) Card performs this function and supports the physica

layer handshaking required for interfacing with the computer DIO card. An overview of

DIO 20
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20 MHz Clocks #
To DAQ Channels
DIO i
-~ Handshaking -t lock Ack, Rea Signes
<+ ool
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32
DAQ Channel 1
32 ! '
DAQ Channel 2 —I e
> _ 32 DIO 32-bit
Multiplexer r—| Connector
| -
DAQ Channel 3 —
32 A
2
DAQ Channel 4
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:: S nErnrgtion
——L
Error Signals From
DAQ Channels ‘

LED
Interface

Figure 3-35 Multiplexer Card Overview

Detailed Description

begins with the ACK signa being asserted by the DIO card signifying that it is ready to
transfer data. When an averaging card has data, it asserts it's /OR flag to tell the
multiplexer card that it has data to transfer. The multiplexer control circuitry senses this
flag and selects the correct Averaging Card channel. When the channel is found, one word
of the data is transferred when the Mux Card sends the ENABLE signal to the averaging

card’ s output FIFO. When the word arrives at the Mux Card, it is latched to the DATAOUT
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bus and asserted on the DIO cable. Asthe output word is transferred to the DATAOUT bus,
the multiplexer control circuitry asserts the REQ signa to tell the DIO card that it has data

ready to transfer. Aslong asthe REQ and ACK signals are both asserted, the DIO card will

latch data and the multiplexer circuit will continue to get new data upon every rising edge

of the 20-MHz clock. The peak data transfer rate of the DIO card link is therefore 80 MB/s

since the DATAOUT busis 4 bytes wide.

If during transfer the DIO card’ s input buffer becomes full, it will de-assert the ACK
signa and all datain the pipeline will freeze until the signal is reasserted. When the output
FIFO of the averaging card becomes empty, the /OR signal is de-asserted and the REQ
signa is de-asserted after the last word is latched by the DIO card. The multiplexer
circuitry will either select the next Averaging Card that has data or become idle if there are

no more data to transfer.
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Figure 3-36 Top Level of the Multiplexer Card Schematics

Two FIFO full flags are output from each Averaging Card (one for the input buffer
and one for the output buffer). These signals are then used to drive LED error indicators
located on the front panel of the card enclosure. The eight error signals are also combined
into two signals (INFULL and OUTFULL) that are output to the DIO card and transferred
as the top two bits of data. These two bits allow the computer software to detect that an

error condition has occurred and halt processing. The remainder of this section will be a

Input Connectors
The input connectors are standard 60-pin, 50-mil latched header connectors. The

latched connector was used because a non-laiched 60-pin connector requires excessive

force to disconnect. Standard 60 pin ribbon cables mate with each of the four headers to
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connect the Mux Card to the four averaging cards. Since the signals are terminated and

only operate at 20 MHz, the signal integrity through 2 feet of ribbon cable was found to be
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Figure 3-37 Mux Card Input Connector Pinout

Multiplexer Circuit
The multiplexer circuit is the heart of the Mux Card as it provides the actual

As seen in the figure, the multiplexer switches four 32-bit busses into a single 32-bit bus.
The multiplexer circuit is nearly identical to the multiplexer on the averaging card. In fact,
the same PLD program is used for the EPM3128s on the Mux Card and the averaging card.
The difference in these two multiplexers lies in the control circuitry, implemented as a

single AlteraPLD, U3.

multiplexer operation begins with all averaging card FIFOs empty, oscillator U5 free
running at 20 MHz, and the DIO card asserting the ACK signal (ready to transfer data). The

clock signal is fanned out by U3 to the switching chips (U1 and U2) and the DIO card. The
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clock is fanned out again by U1 and U2 to become the FIFO clocks that will eventually
clock data from the averaging cards. When an averaging card has data to transfer it will
lower its /OR flag. The multiplexer controller will select that card and raise the ENABLE
line to clock data out of the output FIFO. The ENABLE signals are repeated as signas
REQ[1:4]. When a particular channel is selected, it's REQ signal will also be asserted on
Ul and U2 along with the first word of data. The REQ signals are then switched through a
separate 4:1 multiplexer located in U2 resulting in the REQOUT signal being output to the
DIO card synchronous to the first word of data. The DIO card then latches 32-bits of data
on each rising edge of the 20-MHz clock in which the REQOUT and ACK signas are

asserted.
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Figure 3-38 Multiplexer Schematic




If the DIO card input buffers become full before all data are transferred, it will
deassert the ACK signal. When this signal is deasserted, the FIFO and multiplexer clocks
are disabled thus freezing all data in the transfer pipeline. When the DIO card is ready
for more data, the ACK signal is re-asserted and transfer continues exactly where it
ceased. When the last word of datais transferred from the averaging card, the /OR signal
from the output FIFO is pulled high causing the REQOUT signal to de-assert after the
last word of datais transferred to the DIO card. The multiplexer controller will then seek
out the next Averaging Card that has data to transfer or it will freezein it’s current state if

there are no more datato transfer.

transferred from the averaging card and the 4 MSBs are thrown away after the
multiplexing stage. Thisis because 4 of the 32 DIO channel bits are used for control and
error information (two bits indicate the current acquisition channel number and two bits
indicate input and output FIFO overflow flags). This does not result in a loss of data
because a maximum of 24 bits is expected from the Averaging Card for the case when a
sample is aways at a maximum (255) and the number of averages is set to 10,000 (an

unreasonably high value). If the Averaging Card is ever used in a 12-hit system, only 28-

bits are needed to perform 10,000 averages. Therefore the 32-bit output from the

multiplexer card only contains 28 bits of waveform data and the upper four bits (of the

32) must be stripped in order to view the actual waveform in post processing.
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Error Logic
The error logic serves the following two functions:
1. Drivethe 8 Averaging Card error signalsto LED indicators.
2. Combine those 8 signdls into two signals for communication with the
computer.

These functions were implemented as a single Altera PLD as shown in the schematics of

...........

signals are input into the circuit, one pair of signals from each Averaging Card. These
signals are buffered and output as LED drivers through series resistors R20-R27.
Connector CON16 is then used to attach a single row ribbon cable between the board and
the LED panel. Each set of four inputs is aso ORd together to create the INFULL and
OUTFULL signals. These two signals are output to the DIO card and allow the computer

to detect if an input or output buffer overrun has occurred.
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Output Connector

The purpose of the output connector is to connect the Mux Card directly to the

DIO card. A reverse gender 68-pin SCSI cable and pinout was specified by the DIO

_____
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Figure 3-41 Output Connector Schematic
Physical Layout

The Mux Card was layed out using standard FR-4 with a standard 4-layer stackup.

simple enough to allow the PCB autorouter to route the entire board. Asaresult of using

the autorouter and restricting it to 2 signal layers, the signal and via density is very high
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Figure 3-42 Multiplexer PCB Stackup

Revision History/Future

This board has not been revised. Two minor problems were found during testing.

First, pins 6 and 9 on the output connector CON2 were shorted to pins 5 and 2 and these
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must be left floating for the DIO card to operate properly. Thisis seen on the right side
of the board photograph as the two pins that have been removed from the SCS
connector. The second error is that the oscillator package was drawn as a top view when
the manufacturer supplied a bottom view. This was corrected with four jumper wires on

the prototype and should be updated for future revisions.

3-5 Computer Interface

The purpose of the computer interface is to store the processed data and display a
sample of the data every few seconds so that the operator can see what is being recorded.
The interface consists of a personal computer (PC) running the Windows operating
system, one DIO card, and custom data acquisition software.

The DIO card selected for this system is the National Instruments PCI-DIO-32HS.
This board was selected for it's high speed operation (80 MB/s peak), 32-bit bus width,
and PCl interface. Since the board is made by National Instruments, drivers and
programming support are readily available to simplify programming. This pre-existing

board greatly ssmplified the system design as the only hardware design requirement was

The custom data acquisition software was written using Nationa Instruments
Labview software. This software provides a graphical programming environment
designed specifically for instrument control and data acquisition. Since Windows and
Labview drivers were supplied by the manufacturer the only programming required was

to write the actual acquisition program. The graphical code for thisis shown in Diwith a
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selects the PRF and timing values (width and delay) on the left side of the screen. Thisis
divided into two sections with four channels and the PRF for the data acquisition timing
and five channels for the radar analog timing. Once the values are entered, the user
presses the “Update Values’ button. The “Sending Data” indicator illuminates and the
indicators to the right of each of the values will illuminate as each of the values is
programmed in the timing system (via the RS-232 interface). The update operation takes
approximately 2 seconds for each of the two sections.

The number of integrations is selected in the upper left pane. After the value is

entered, the user must click the “Update and Reset” button for the new value to become
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active.  When this button is clicked, a special command is sent to the timing
microcontroller which will pass the new integration number to the master Averaging
Card. The reset signal is then sent to reset the integration count and clears all FIFOs in
the Averaging Cards.

Other acquisition items include the data storage and screen update options seen in
the center of the display. Data storage options include the data storage directory, the
filename, and the number of acquisitions per file. The data directory may be typed in
manually or selected via a standard windows “browse” window available by clicking the
button at the right of the “Data Directory” box. Finally, the user chooses a screen update
option. Normally, if the internal PRF generator is used, the user specifies the number of
seconds between screen updates. If the external PRF signal is used, the user entersin the
number of acquisitions to skip between screen updates. The updating is designed this
way because the externa PRF is normally used for single shot acquisitions and the
repetition frequency is unknown therefore it does not make sense to update versus time.

When the user has al of the settings entered and the timing system has been
updated, the system is ready to acquire data. The user clicks the “Acquire Data’ button
to initiate the process. Once acquisition is initiated, all settings are “grayed out” so they
cannot be changed during acquisition. The software sends the reset command to the
Averaging Card, then sends a command to the timing system to turn the PRF signal on.
After a number of acquisition cycles (based on the screen update rate), one cycle of data
is processed and displayed on the right of the screen. When the user is satisfied that all
settings are correct and the output is acceptable to record, the “Disk On” button is pressed

to activate disk storage. With disk storage activated, every byte of data entering the DIO
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card is stored directly to disk with no processing. The screen graph will be updated at the
rate specified for a live display of the acquisition data. When the user is finished
acquiring data, they must de-activate the “ Acquire Data’ button and the screen returns to
the original “start up” state.

During acquisition, a maximum number of acquisitions per file is specified so that
long acquisition periods do not result in a single, excessively large data file. To
accommodate this, a sequence number is always appended to the filename entered by the
user. For example, if the user enters the filename “mydata’ the first file generated in a
new directory would be “mydata0000.dat”. After the maximum number of acquisitions
has been reached, a new data file is opened with the next sequence number. Following
the example, the next file would be “mydata0001.dat”. If acquisition is started in a non-
empty directory and the filename is reused, the software will continue the pre-existing

number sequence. Thefilesizeis calculated using the following relation:

FileSze=N ¢ xN; xB (4
where,
Ns = Number of samples acquired during an acquisition interval, samples
N = Number of acquisitions per file, no units
B =  Storage bytes per sample, 4 bytes/sample

For an acquisition interval of 8,000 samples and 150 acquisitions per file the size of each
filewould be 4.8 MB.

Future Work
The acquisition software could not be fully completed due to the malfunctioning

Averaging Card prototypes. Two key features have not yet been implemented. First, a

data file header is needed to describe the acquisition settings. Without this, post
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processing is nearly impossible because the number of samples in an acquisition cycle
must be known to extract each line from the data. Second, the current graphing function
assumes only a single data channel is used. An additional graphing window should be

added for each additional acquisition channel along with code to send data to the correct

graph.
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CHAPTER 4 TIMING SYSTEM DESCRIPTION

4-1 Universal Timing System Overview
A specia timing system was needed for the acquisition system due to the speed

and precision required by the gigasample converters. The timing system has been
specifically designed as a generic standalone module. By building the system in this
way, the range of use is greatly extended as this can be used to provide timing on all
radar systemsin the foreseeable future. The requirements of this system are as follows:

. The system must accept an input clock frequency of at least 1 GHz.

. The system must accept the following input clock formats. AC coupled sine
wave, single ended PECL, and differential PECL.

. The ADC card sync signal must be consistent and adjustable to within a 400 ps
setup and hold "window" with respect to the 1 GHz clock.

. The system should have a "single shot" PRF input for taking raw ADC samples
and to accept an external PRF signal.

. The system must be controllable from the data acquisition computer.

. The system should generate multiple divided versions of the input clock signal
and multiple copies of the PRF signal to provide maximum flexibility in timing
radar systems that have not yet been defined.

TTL technologies would be too slow with propagation delays too inconsistent to
meet the strict timing requirement (400 ps setup and hold window) of the gigasample
converter. Therefore, the system was built primarily using PECL technology
components. These components operate at speeds in excess of 2 GHz with nominal
propagation delays of 250-600 ps and a typical propagation delay variance of 100-200 ps

making them ideal for this application. A block diagram overview of the entire timing

1
_________ 1
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Figure4-1 Timing System Overview

As seen in the figure, the system inputs a 1-GHz clock and outputs five divided
versions of that clock as well as a PRF pulse and 9 copies of that pulse with adjustable
delay and width. After some preliminary work it was obvious that the amount of
circuitry required to support all of this functionality using PECL technology would not fit
on a single PCB. Therefore, a natural break point was identified and the design was
broken into two mating circuit boards, dubbed the Mezzanine Card and Main Card. In
addition to these two custom circuit boards, a microcontroller is used to electronically
control the PRF and the delay and width of the 9 PRF pulse copies. The microcontroller
also provides an RS-232 link to the computer to give the data acquisition software control
over the timing system. In addition to computer control, the system can be manually
controlled viaan LCD pushbutton panel that interfaces directly into the microcontroller.

About ECL Technology
The timing system is comprised amost entirely of emitter coupled logic (ECL)

components. This is a special digital technology used in instances where speed and
precision take priority over cost and power consumption. The key to ECL technology is

that it is a “current steering” technology as compared to TTL and CMOS which are
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“current switching” technologies. A simplified schematic of an ECL gate is shown in

\elo)
VCCA

Q3 Q4
Input %7 Q1 Q2 ‘\l/

vTT VTT

VEE

Figure4-2 Simplified Schematic of an ECL Gate [\13]

The “current steering” concept is seen in the figure as the current flow through the
VCCA node is constant and a different path is taken for a logic high or logic low. This
results in a significant reduction in power supply noise compared to current switching
technologies. The output transistors are designed to always operate in the active region
resulting in fast switching speeds at the expense of power consumption [14]. The power
consumption is nearly constant with frequency (due to the current steering) with each
differential output pair drawing approximately 24 mA of current (from a—2.0 V supply).
Since the output drivers are single transistors with no internal DC biasing an external

biasing/termination network is reguired before an ECL gate will produce any output. The
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50 12
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Figure4-3 Typical Biasing and Termination Methodsfor ECL Gates

The standard termination scheme shown in the figure is preferred when an
additional power supply is available to generate the specia termination voltage. The
Thevenin termination is used in applications where small amounts of ECL are used and a
single supply is preferred. For the timing system, since many ECL devices were used, it
was only natural to select the standard termination scheme and provide a dual power
supply for the system.

Because the output transistor is connected directly to a supply and the quietist

supply on a PCB is typicaly ground, traditional ECL circuits are designed by tying the

Using this scheme the termination voltage is —2.0 V. In most systems, the ECL signals
must be converted to TTL in order to interface with traditional circuitry (i.e., display,
memory, microcontroller, etc.). Therefore, a minimum of three supply voltages is
required, two negative supplies for the ECL components and one positive supply for the
TTL components. In order to reduce these supply requirements, the ECL supplies can be

#-4. The advantages of this are a reduction in the number of power supplies and the
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ability to directly interface a TTL output into a PECL input. The disadvantage is that the
VCC supply used by TTL will typically be noisier than ground and care must be taken to
ensure the VCC plane does not become excessively noisy. Because few TTL signals

were used in the timing system, excessive noise was not a concern and PECL was

selected for this design.
ECL Positive ECL
-20V
Regulator +5V
| —= -20V
ved \L VCC Regulator
I
VOH=-1V ] VOH=4V
VOL=-1.8 V voL=32v 13V
VEE VEE
50 50
N/ ——
5.2V o
2V +3V

Figure4-4 ECL and PECL Supply Requirements

The specia termination voltage required by the standard termination scheme must

the output transistor is conducting, the ECL output pin pulls the node toward +5.0 V. An

ordinary +3.0 V supply is designed only for the load to pull towards ground and will not

remain regulated if the load pulls toward a more positive voltage. A negative regulator is

designed for the load to pull toward a more positive supply. Therefore, a —2.0 V
regulator is connected to the +5.0 V supply to create the +3.0 V termination voltage for

the entire system.
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4-2 Timing System Mezzanine Card

Overview
The purpose of the Mezzanine Card is to input a clock signal at speeds exceeding

1 GHz, output 5 divided copies of that signal, and generate a PRF pulse based on one of
those signals. In the case of the current radar, the input is a 1-GHz sine wave and the

PRF pulse is based on the 5" division of that signal (62.5 MHz). A block diagram of the

DAQ USE ONLY

-— — —
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TTL Input
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Figure4-5 Mezzanine Card Overview

As seen in the figure, the 1-GHz input is divided into 500, 250, 125, and 62.5
MHz. The 4 higher frequencies are al output from the board as differentia PECL
signaling while the 62.5 MHz isoutput at TTL levels. A multiplexer alows selection of
the 62.5 or 125 MHz signals for use as the PRF generator clock. This clock is input to

the PRF generator circuit which outputs a PRF pulse at the frequency programmed by the
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microcontroller. A fina multiplexer selects between the internally generated PRF pulse
or an externally generated signal that can be converted into a PRF pulse. Thissignal can

be used for single shot acquisitions or for synchronizing to an external PRF signal.

Detailed Description

1-GHz clock signal input into connector CON5S (note that input connector CON2 is for
differential inputs and is currently unused). The 1-GHz clock is input into the GHz
Divider section which then outputs a PECL level copy of the clock and two 500-MHz
divided versions. The 1-GHz copy is output immediately as differential PECL signals
through connectors CON5 and CON16. One 500-MHz clock is sent to downstream
hardware while the other is sent through a trim delay section which allows adjustment of
the clock edges down to 20 ps of accuracy. After the trim delay section, the 500-MHz
signal is output as differential PECL signals through connectors CON6 and CON17.
Note that differential signaling is used wherever possible on the Mezzanine Card to

maximize speed and precision.

89



2 3 4 5 ‘ 6

SMA Connector Bypass Caps (VCC Reference Plane)
vee

06

CON CON17 CON18 CON19 CON11 For Low Frequency Return Currents < 50 MHz
A A
vIT
N g s g O
= = = = u Bt u u
KGSMAGUT  [B0oM SMA OUT PSOM SMA OUT [125M SMA OUT [52M SMA OUT
vee
CON16 CONG CONT cong
SVA SVA SVA SVA
Externd Comectors
AL 16 Bit DataBus =
1G SMA GUT | |/500M SMA ouT 1250M SMA OU[T 125M SMA OUIr = { > DATA[0.15]
U e ADDRI0.4] vee  VIT
5 3 vee DQ
.0 E DDRI[0..4] Vit
1] GND
L UJT [UUEE| <= AesDeote 5
ol ag AcktessDeoodker.<h ¥ CHIP_EN[0.17]
38 33 5 33 Rl gE ¥ ADDR[0.4] L
TR 8 =& I = =
T ) BB 9 mT ©F
5 88 3 B8 g 88 g
i - 3 - 3 - HIP_EN[0.17]
% == ®2 =5 |a%| == CHIP_EN[0.17) [ o
33 =8 35| ®% [Bf &% PR Address Out [
EE 889 E5 88 |5 88 i
EE 8 =
N M N U
55
.| 33 PRF Cip Erble
3 ®@
g 88
£ Qe
ol .=
GHz Divider Clock Frequency Divider &gl = =
GHz Divider.Sch Frequency Divider.sch 8F _g‘,,
Egl a8
= PRF Genertor
1G Ped Output T
/1G Pedl Ouput 250M Clock Out (N ERECaaralorsch S SRt
/250M Clock Out [ PRFADDRESS
> Sinelnput 500M Pecl Output 0 b DATA[0..15] A
/500M Pedl Output 0 125M Clock Out 0 A contz
> /sinelnput /125M Clock Ot 0 PRE | S PRE SMA
500M Pecl Output 1 Clock In 1PRF 5 IPRF EET
/500M Pecl Output 1 > /Clock In125M Clock Out 1 Hoosn | PRF MUX OUT /WFOUT
/125M Clock Out 1 > /125M In PRF CLOCK OUT (} {_> CLK IN/PRF MUX OUT
62M Clock Out > eMin 62M Out [} I PREMUX SELECT \H_
/62M Clock Out = /62M In /62M Out [—— = IPRFENABLE |
——> SINGLESHOT IN
MUX out [ I PRECLOCK
MUX Out1 [ = IPRFCLOCK
MUX Ou2 [
IMUX Ou2 [
Clock MUX z z
Clock MUX.sch X z 5
g g o
g g 2 d
. E cn2 £ @)
3 2 veek—]|
T 5| b1
g A=
g g Low Speed TTL Inputs
= cas  CON9
3 SVA
8 veek—]|
.IUf
c105 Title N
CON10
g veot—| 1+ S Mezzanine Card
SM, Size Nurmber Revison
Bypassng for VCC Réermce Plae -
CON: CON14
SMA A Date: 9-Ju-2001 [ Sheet of
File C Deson Expl Timing Board\Timing Boarf.

Figure4-6 Mezzanine Card Top Level Schematic

®




The 500-MHz signal that remains on the board is then input into the Frequency
Divider section. Here the frequency is divided three more times resulting in one 250-
MHz clock, two 125-MHz clocks, and one 62.5-MHz clock. From that section, the 250-
MHz and one 125-MHz signal are passed through individual trim delays and output as
differential PECL signals through connectors CON7, CON8, CON18, and CON19. The
remaining 125-MHz signal and the 62.5-MHz signal are input into the Clock Mux
section.

The Clock Mux section is used to select the clock that will drive the PRF
Generator section. Two copies of the selected clock are output. One copy goes to the
PRF Generator and one copy is sent to connectors CON3 and CON4 to drive the Main
Card. The Clock Mux section also outputs the 62.5-MHz signal where it passes through
atrim delay and a PECL to TTL converter. The TTL version is then output from the
Mezzanine Card through connector CON11.

An Address Decoder block and microcontroller connection operate in parallel to
the clock sections discussed thus far. These two sections connect directly to the timing
system microcontroller through a 16-bit data bus and a 5-bit address bus. The 5-bit
address is decoded for the entire timing system in the Address Decoder section of the
Mezzanine Card. The decoder inputs the 5-bit address and outputs 19 chip enable
signals, 18 of which are passed to the Main Card and one that is used in the Mezzanine
Card PRF Generator.

The PRF Generator section inputs the clock from the Clock Mux section along
with a 16-bit word from the microcontroller and produces a PRF pulse with a frequency

proportional to the 16-bit word. Since the PRF pulse is based on the clock input, the
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period of that clock determines the resolution of the PRF as well as the frequency range
that can be attained. A single chip enable signal is input from the Address Decoder
section to latch the 16-bit word when it appears on the data bus.

Finally, the generated PRF signal is input into the PRF Mux section. This section
is used to switch between the constantly generated PRF signal and an external PRF input.
The ADC card timing constraint requires the PRF signal to always be synchronized to the
system clock. Therefore, the external PRF input is synchronized in the PRF Mux section
prior to switching. This section also adds the ability to enable and disable the PRF signd
electronically. This PRF disable feature is used by the acquisition computer to disable
acquisition until the Averaging Card has been reset and is ready for data. It could also be
used to silence the radar while still maintaining system power. The final PRF signal is
output from the PRF Mux section as differential PECL signals and is output from the
board via connectors CON12 and CON13.

The remainder of this section will be a detailed description of each of the
hierarchical blocks discussed thus far. For this discussion we will assume the input clock
frequency is1 GHz.

GHz Divider

entire timing system is input as signals Sne Input and /Sne Input. These signals enter a
selection network that can be reconfigured (by soldering components) for three input
signal types. single ended sine wave (800 mV p-p), differential PECL, and single ended

PECL. The exact components required for each mode is shown in the schematic text, the

1:4 signal driver (U8) to produce two differential PECL versions of the clock. The 1:4

92



signal driver was selected because the available 1:2 drivers did not have the VBB pin
which is required for biasing single ended inputs. One 1-GHz copy is output from the
block immediately and is sent directly to output connectors. The remaining copy is input
into U5 which is a specia divide-by-two chip. This specia chip was selected over aflip-
flop because it operates at the highest frequency in the system and a flip-flop would cause
additional output loading as external feedback would be required to perform a divide by
two. The output of U5 is then a 500-MHz signal which is input into a 1:2 fanout driver
so that the module will output one copy for driving off of the PCB and one copy of

further use on board.
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Figure 4-8 Mezzanine Card Clock Input Configurations

Note that in all Mezzanine card schematics, the bypass capacitor values are
specified as “stack”. This is used to denote that a stack of two capacitors (1000 pF and
22 pF) was used to increase the bypass bandwidth to help achieve maximum operating
frequency for this board. This stacking is necessary because all capacitors have multiple
self-resonant frequencies where the impedance is substantially higher than that of an ideal

component. A comparison of the impedance characteristics of two 1000 pF capacitorsis

selected for the Mezzanine Card due to the excellent frequency response shown in the

figure.
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Figure4-9 Comparison of Standard and RF Capacitor Frequency Response

Although the bypass capacitor stacks are only necessary on the first few stages of
the frequency divider structure, they were used throughout the design to maximize
precision and reduce noise.

Frequency Divider

500-MHz clock signal is input as signals Clock In and /Clock In. This then drives Flip-
Flop U4 which is configured as a divide-by-two circuit. The 250-MHz output of U4 is
then fed back to its input and daisy chained to U7 and on to one additiona device outside
the module. Flip-Flop U7 is configured in the same fashion and outputs a 125-MHz
clock. The 125-MHz clock is input into flip-flop U10 which divides the signal one last
time to achieve a frequency of 62.5-MHz. The 62.5-MHz and 125-MHz signals must

both drive the Clock MUX and Trim Delay sections downstream. If the 125-MHz clock
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were daisy chained, it would therefore be driving four loads which was thought to be
excessive. Therefore a 1:2 fanout driver (U12) was added so that the worst case fanout

on any of these critical clocksislimited to three devices.
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Figure4-10 Frequency Divider Schematic

Clock Mux

all functionality in this block comes from the 4:1 multiplexer chip, U11l. Only two of the
four inputs of the multiplexer are used to switch between the 125-MHz and 62.5-MHz
clocks. Note that unused inputs in any of the PECL devices of this design are internally
pulled up/down and may be left floating without the possibility of self oscillation.
Jumper J2 connects to the select input of the multiplexer and is used by the operator to
select between the two clocks. The selected clock is output to a 1:2 fanout chip so that

two copies of the clock are available on the board.
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Figure4-11 Clock Mux Schematic

PRF Generator
The PRF Generator is the heart of the entire timing system. This circuit generates

a narrow pulse with a repetition frequency of a few kilohertz that is synchronized to the

steady state condition (the circuit will reach this state within a few milliseconds
regardless of the startup state of the counters and flip-flops). In the steady state, the PRF
data from the microcontroller are aready loaded into latches Ul4 and U18 and is
constantly asserted onto the inputs of counters U15 and U17. Also, the /PRF signal will

be high thus disabling the parallel loading function of counters U15 and U17. The two 8-
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bit counters are chained together to form a 16-bit counting structure with a 16-bit parallel
load. With the parallel loading function disabled and counting enabled on U15 the
counters will increment upon each rising edge of the input clock (assume to be 62.5

MHz).
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As the LSB counter increments, it will eventually reach the al ones state. When
this happens it’s /TC output will become low for a single clock cycle enabling the MSB
counter to increment by one and asserting the /TC signal onto the OR gate, U20. Finally,
when the MSB counter reaches the all ones state, its /TC signal will be asserted onto the
OR gate for 255 clock cycles at which time the LSB counter’s /TC will be asserted for a
single clock cycle. When both /TC signals are asserted, the output of the OR gate (PRF
and /PRF) will toggle for one clock cycle. At the start of the next clock cycle, the
counters roll over to the all zeros state. During the rising edge of that clock, the /PRF
signa will be asserted onto the counter paralel enable inputs since it is delayed by one
clock cycle through the flip-flop U13. On the next rising edge of the clock the counters
will load the parallel data onto their outputs. A few hundred picoseconds later, the flip-
flop output will toggle releasing the parallel load signal. With the count values |oaded
into the counters and the /PE signal de-asserted, the cycle starts al over and the counters
run from the loaded value to OXFFFF. Timing analysis of this circuit (including trace
delays) results in a maximum operating frequency of around 400 MHz. Since the current
maximum operating frequency is 125 MHz, the circuit is operated well below it's
maximum speed.

The pulse repetition interval for the PRF generator is calculated using the

following relation:

PRI = (65537 — N) xT (5)
where,
N = base 10 equivaent of 16-bit counter load value, no units
T = period of the generator clock, seconds
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With a 62.5-MHz source clock the minimum PRF of 953.6 Hz is achieved by asserting
al zeros into the counter paralel load. The maximum PRF is 32.25 MHz, although in
real world radar systems the maximum PRF would be limited to tens of kilohertz. Note
that increasing the generator clock frequency results in finer frequency resolution but
raises the lowest PRF attainable. For example, with the 125-MHz clock the minimum
PRF increases to 1.907 kHz but the PRI resolution is 8 nsinstead of 16 ns.

PRF Mux
The PRF Mux section selects between internal and external PRF signals. A

two major sections. The first section is U23 and U24 which are used to synchronize the
external PRF signal, SINGLE SHOT IN, to the PRF clock. The second section consists of
U22 which is the actual multiplexer chip that selects between internal and external PRF

signals.
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Figure4-14 PRF Mux Schematic

The circuit operates as follows. The PRF clock is driving the two flip-flops of

U23. When the PRF input changes from low to high, the synchronizing circuit will

output a single pulse with width equal to one cycle of the PRF clock. This synchronized
external pulse and the internally generated PRF signal both appear at the inputs of the
multiplexer, U22. When /PRF ENABLE is low one of the two PRF signals will pass
through the mux and become the PRF signa that drives the entire system. The PRF
MUX SELECT signd is connected to a switch on the front panel and selects which of the

two PRF signalsis used. The /PRF ENABLE signal is connected to the microcontroller

and is used to mute the PRF signal output for the entire system.
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Trim Delay
The trim delay is used to trim the edges of various output signals so they can be

accurately aligned with respect to the 1-GHz clock. A schematic of atypical trim delay

programmable delay IC and a set of dip switches. The switches select the delay in
powers of two with the LSB adding 20 ps and the MSB adding 1.1 ns. The overall delay
range is 2 nswith 20 ps steps. Note the terminator and series capacitor option on the trim
delay outputs. These appear in the trim delay schematic because it is used as the coaxid
cable driver that outputs the signals off board. On the current board, the capacitors have
been replaced with 0 Q resistors and the resistors left open but the pads are in place so

that a capacitively coupled PECL output could be easily configured in the future.
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Figure4-15 Trim Delay Schematic

Address Decoder and Microcontroller Connection
The timing system microcontroller transmits the timing information to the two

PCBs via a 16-bit data bus and a 5-bit address bus. The Mezzanine Card contains a
decoder network that converts the 5-bit addresses into 24 chip enable signals for the
entire system. Of the 24 chip enable signals, one is used on the Mezzanine Card to latch

the PRF control data, 5 are unused, and the remaining 18 are passed on to the Main Card.
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Figure4-16 Ad

dress Decoder Schematic
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The microcontroller data and address busses interface with the Mezzanine Card
through a standard 26-pin 50-mil ribbon cable. The pinout for this is seen on connector
passed directly to the Main Card through J4. The decoded chip enable signals are passed
to the Main Card through J3. In addition to the microcontroller bus electrical connection,
connectors J3 and M are digned on the Main and Mezzanine cards to provide a

mechanical connection to tie the two cards together.
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Figure 4-17 Mezzanine Microcontroller Connection Schematic

Mezzanine Card Physical Description
The Mezzanine Card was constructed as a 6-layer PCB. Rogers 3000 series high

frequency, low loss board material was selected due to the high frequency of the input
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Figure 4-18 Mezzanine Card Board Stackup

Figure4-19 Mezzanine Card Photograph
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of the differential pairs are kept equal in length by “meandering” the shorter lines.
Specia pads are used to match the transmission line width to the pad width in order to
reduce signal reflections when a signal passes beneath an input pin. These specia pads
are seen on pins 6 and 7 of U6 in the figure. Additionally, each bypass capacitor
connects to the interna layers with three adjacent vias placed directly on the capacitor
pads to reduce via and trace inductance. These details, combined with the low loss board
material, enable the input section to operate with an input clock frequency in excess of 2

GHz.

it
R

lll

Figure4-20 Mezzanine Card PCB Routing Style

Revision History/Future
This board has not been revised although extensive hand wiring of the Address

Decoder section was needed for it to operate. In the initial design, the input polarity of
the data bus latches was overlooked. As a result, the CHIP ENABLE outputs of the

address decoders al had the wrong polarity. Since it was not feasible to hand wire 19
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invertors on the board, a small PCB was constructed with an Altera PLD that performs

the address decoder function (with the outputs inverted). For future revisions, the

4-3 Timing System Main Card

Overview
The purpose of the timing system Main Card is to generate numerous copies of

the radar PRF pulse to synchronize the analog and digital sections of the radar. In
addition to outputting direct copies of the PRF pulse, nine copies are output as specia
timing channels with user adjustable delay and pulse width. These adjustable channels

are used to precisely define the radar transmit, receive, and data acquisition windows. A
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Figure 4-21 Block Diagram of the Timing Main Card

From the figure it is seen that most functionality on the card lies within the delay
and width adjust circuits which are repeated nine times each. For the data acquisition
section, the card outputs four PRF copies for the ADC synchronization and four
adjustable channels to define the data acquisition window. For the radar analog section,
five adjustable channels are output that can be used for genera-purpose timing
throughout the system. The most likely usage of these signals is transmitter and receiver

blanking. A PRF flip flop signal is provided that toggles state with each PRF pulse. This
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signal will be used for the special case when the radar toggles between two states on
aternating PRF pulses (i.e., two transmit waveforms). Additionaly, two PRF copies are

output directly for future expandability.

Detailed Description

clock and input PRF signals fanning out to the various sections of the circuit. Some
copies of the PRF pulse enter the Delay Adjust circuits which output a PRF pulse after
the time delay specified by the user (via the timing microcontroller). These delayed
pulses then enter the Width Adjust circuits which output pulses with a width defined by
the user. The width and delay adjust circuits operate by counting the specified number of
input clock pulses. Since the delay and width are determined by digital counters, they are
precisely repeatable with a resolution limited by the input clock period. The width
adjusted pulses then pass through the Trim Delay circuits (similar to the Mezzanine Card)
that allow the pulse edges to be adjusted to 20 ps of accuracy. Finaly, the delay and
width adjusted pulses are converted to TTL level signals and output to the radar and data
acquisition systems.

In addition to the adjustable circuits, direct copies of the PRF signal are also
output. The ADC synchronization signals are shown on the left of the schematic. These
signals are generated by passing the PRF pulse through a trim delay circuit and outputting
it directly as differential PECL level signals. Other PRF copies include a PECL level
differential pair (similar to the ADC sync signals) and a single ended TTL version, both

with trim delay circuits. The final circuit is a specia flip-flopped PRF signal that toggles
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state for each PRF pulse. Thisis passed through atrim delay and output as single ended
TTL signal.

The Mezzanine Card interface connectors are shown on the top level schematic.
Connector J2 transfers the 16-bit data bus directly from the microcontroller (via the
Mezzanine Card connection). Connector J1 transfers the 18 chip enable lines from the
Mezzanine Card address decoder. These lines are used to latch the delay and width
counter values for the 9 delay/width adjust channels.

The remainder of this section is a detailed discussion of each of the hierarchical

blocks in the schematic.

111



AN

FipFopCirat TimDday Adut PECL 10 TTL Comvertor
AipFopan Timbeaoh PECLto TTL6
— CoNZ2
PRER  FrOW Timin Timou {eeano oo Poves ommetor Cops
COMMVCC  COMBVCE  COMBVCC  CONNVCE N Mt e O Bl e o= o Lo Fremy et S0 e 2
i e ot s 3t e | =
v i 2
oz 21 T Dy A B o
S e IE = E= R e o S S e
= ) N
TP SO0 PECLInl  TTLOWL [} W Tay T T & Lo Ve PowERs
K —Frsusio JPECLIn1 = c29 = =c20 mczpm—c14 g Mg 1y
o = ek [ sk ] v w I+ 3 il e
3_1a
o
M Lo [T Lo [T Lo [ Lo % s
stack. RAW PRF OUT feonaz
preBUSIL oz,
N RFEURIL c202 J‘(‘AZD ‘Lam sz ‘L(‘AZS ‘LcAzo ‘L(‘AZS ‘L(‘Azﬁ “L(‘AN J‘(‘AZ&
P O WD O R P
8 glg| gl g vee JE DL DL DECDE: LD B 2)
25 i 8 2l ek T
ol & i &l
gl glal gl gl
< <5 < < 16Bit DataBus 16 Bit DataBus.
FRXe]
j CUEEE -
" n P Wi AGuse crpeneten
- (I e iz s R I T
- im PECLto TTLh s
£ £ cLock BUS) akm  okow ctKin fimpda<h CHPENABLE: ) H
g 75 | zgl TR |2 I3 moad SereH—: | §
=3 =3 73 22 bt DATA.15) b DATAD.15] Widhou [ ] rect s H i
ii=sn] olesl) <3 b b H e~ peaou Delayin  MWicthout (1 EEct =3 cupEuSLE g g
i5 EE | B4 = | & £ [ e mamon Ioday il = CHPENABLE q
e ' Eg ' Eg Eg nobeiiin IAdesErble L TG IAd¥esEntle sk anpevsLe g
=l Frl = F Frl I & ,
o oI5 ol R0l Adute e el TomD At conas cwovat—12 | 3
S| | 2| ERELE CHPENABLE: 3 H
33 Bl 23| CLOCKBUSI aKin cLk out CLKin o z 3
28 o e ; il k
EE| B 4 b DaTa0.15 bt DATA0.15) Without [ (] PECLINO TTLOWO [ CHPENABLETT | 15
e EEHEIOE oo Dapie ™ Maanon 53 Sl = b
~ ) p) P H e meayou foday! AR vee —+ 19
Crip ENABLE2 CHIPENABLELL A sak g
Indtes Eretle . »
p
PR
g adtian Tim Delay Adust PECL (0 TTL Comeror cons e 2
ook TimDeadecn PECL o TTL2 20 e g
akm  ckow axin CHPENABLERT——] 2
m1 TLow1 Y
bt DATA. ) DATA.15) Withou [ Timin Timow 7 Pect int o
K] eove  peCjpAmiodE o Deayin . MAdhou [ timin /TimOu {7 peci ina =@
com ThrrEUy k] PEn - Dawou 1D AH Fvee
" pEvoLE: cHpENBLE
pEaudo e el IAdbesErle IndiresEretie sax
R PuleDdy At PusmWidh Aduser o o
I cLockeus Gl @ axin =
Cio7
PECLINO  TTLOWO [
s b DATA.151 b oarag0.15 wiahou [ a
T Nl erovs  JeCipamiods Dayin” waahou 5 7 reect ino <m
vee PREEUSS 3 PRFIn /Delay Out /Ddlay| “‘ e
P BN cipeweLEs —
CHPENABLES IAdemErtie IAdiesErtie sk
PulseDday Adusie: PuiseWidh Aduste TEETRo PECL to TTL Comvertor conzs
Tim PECLio TTL3 0
cLockBUSE akm oo ki L
cone Clock it b DATA.15) b DATA.15) widnou [y
cont ok i N BTN . O e Ddayin aahow
PREUSE 3 PRFIn /Deay Out /Dday|
cHpoveLEr IAdremtrie cupeweLEn PO
I PuteDda Adustr PusmWidh Aduser TmDday AR PECLt0 TTL Corvertor con
& Trim PECL to TTL4 sch.
sk cLockeus n T oon T Ddas
no TLowo
vee b DATAD.S ] DATAD.15) Widthout [ Trmin TrimOut £ PECL In0
NP Srr . o o o fmes g =]
TRFEUS 3 PREIn /Delay Out /Dday| “‘ e
cHpoveLEs IAdremtrie cupeweLer PO mH
e i e Trim Delay Adust CONZS.
Lok o oon Tk bty
PECLIn1  TTLOut1 [
b oATA.15) b DATA.15) widnou [y 0
N BTN o Qo Ddayin Midhout [ K Pectin 0
TRPEUS 3 PRFIn /Delay Out /Dday| “‘ b
P BN cupeweLE —
cHpeveLEs IAdbesEretie IndresEntie sk
PulseDday Adusie: Pulse Width Aduster TEETTCT PECL toTTL Comvertor cons
Tim PECLio TTLs v
clockeusy akm  okow cKin et
no TLowo
(] DATA[D. (] DATA[0.15] WicthOut [t Trimin  TrimOut K] PECL In0
NIFSE S, o o o fmes g
TPRE B e Ioday - vee
HpENABLET cupeweLEs
CHPENABLE IASvesErie IAdiresEreble sk
et o ey Trim Delay Adust ‘coN27
Tim
clockeus akm  ckow cKin =t
PECLIn1  TTLOut1 [
bt ] DATA[0.15] (] DATA[0.15] Wicth Out [t £
NI T QR Ddayin  MAdhout [ K Pectin =
oot e o N o Ioday AHH Fvee
HpENABLER cupeweLEr
CHPENABLES | jagyessratie 1O IndresEnctle sk
L
Main Card
S o R
3
[GET: 2001 T Shest_of
Fle ot 3D BT Hebre e T BoaaTirg B
3 s s
, : | x | : | |

Figure4-22 Main Card Top Level Schematic
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Clock and PRF Splitters
The clock and PRF splitters are fanout circuits used to create multiple copies of

the input signal. The schematics for both circuits are shown in Figure 4-23 and [Figure !

| S A s

4-24, From the figures, it is seen that the same 1:4 and 1:9 fanout buffers are used in
both circuits. The PRF signal isfanned out to a maximum width of 16 differential signals
and the clock signal is fanned out to 9 signals. Differential signaling is preferred over
single ended, especially on clock signals, however the downstream components using the
clock signals have single ended clock inputs so the complementary clock signals are
unused. From the schematic level it would appear that both fanout circuits could be
reduced by 1-2 chips. The additional fanout chips are placed near their loads in order to
streamline the PCB layout as opposed to having a single chip centrally located with

numerous long PCB traces.
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Pulse Delay Adjust
The pulse delay adjust is used to delay the PRF pulse by an amount specified by

___________

Circuit operation begins with PRF low, /PRF high, and the clock operating at 62.5 MHz.
In the steady state, U14 will have triggered on the previous cycle and will be asserting a
high signa on the /CE pin of U4 and U5, disabling the counters. The desired count
values will be previously programmed into U1 and U3 by the timing microcontroller via
the 16-hit data bus and the /Address Enable signal. When the PRF pulse arrives, PRF
will go high and /PRF will go low for one clock cycle. This will force the counters to
load their paralel values from Ul and U3. At the same time, U14 will reset enabling the
counters to count after the parallel load signal is released. On the next clock cycle, PRF

returns low (/PRF high) and counting begins. Upon each rising edge of the input clock,
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U4 will increment it’s count value by one. When it reaches 255, its /TC signal will go
low for one clock cycle, enabling the second counter, U5, to increment its count by one.
The low counter then rolls back to zero and starts counting to 255 again. When U5
reaches 255 it's /TC signal will go low for 255 clock cycles (the time it takes for the low
order counter to roll over again). Finaly, when U4 reaches 255, its /TC signal goes low
for asingle clock cycle. When U4 and U5 both assert their /TC signals, the output of the
OR gate, U10, will go low. On the next clock cycle, both /TC signas will go high
causing U10 to toggle from low to high. The rising edge output of U10 causes the flip
flop (U14) output to go high thus disabling the counting process. The output of U10 is
therefore a single clock cycle pulse that is delayed by the count value loaded by the
timing microcontroller. This output is converted from single to differential signaling by

U11 and output to the next block.
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Figure 4-25 Delay Adjust Schematic
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Detailed anaysis of the circuit timing yields the following equation for

calculating the circuit delay:
T, =T, (255 - X) + 256(255 - Y)) (6)
where
Tq = timedeay through the circuit, seconds
Taock =  period of theinput clock signal, seconds
X = decimal value of the lower byte latched by the user, no units
Y = decima vaue of the upper byte latched by the user, no units

From the equation, the maximum time delay is 65,535 clock cycles which is 1.049 ms
with a62.5 MHz clock.

The circuit is speed limited by the propagation delay from the first counters /TC
output to the second counters /CE input. This restricts the maximum clock frequency to
about 400 MHz. Under normal operating conditions, the maximum speed anticipated is
125 MHz.

Width Adjust

The width adjust circuit inputs the delayed PRF pulse (single clock period width)

and outputs a replica pulse with a width programmable by the timing microcontroller.

Delay Adjuster except that the output is taken from the flip flop instead of the terminal
count outputs. Circuit operation is also identical and the pulse width may be calculated

using the same formula as that given in the Delay Adjust section.
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Trim Delay
The Trim Delay circuit provides a precision (20 ps step) edge delay for

synchronizing the timing system outputs to other synchronous circuits. A schematic of

discussed in the Mezzanine Card section. The user selects the amount of delay in a
binary fashion using the dip switch, SW11. This binary word loaded onto the delay chip

provides approximately 2 ns of delay with 20 ps increments.
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Figure4-27 Trim Delay Schematic
Flip Flop
The purpose of the Flip Flop circuit is to toggle its output for each PRF pulse that

the circuit consists of a single frequency divider chip. For each rising edge on the input,

the output toggles state.
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Figure 4-28 Flip Flop Schematic
PECLto TTL
The PECL to TTL block converts the timing system onboard signals from PECL

levels to TTL levels before exiting the system to be used by other hardware. The

signals and outputs two TTL signals. The TTL outputs may be capacitively coupled if
desired by the user but the capacitors are initially populated with 0 Q resistors during

board production.
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Figure4-29 PECL to TTL Schematic

Number Revision

Main Card Physical Description
The Main Card is built of 8-layer FR-4 construction with standard 8 mil line

___________

figure, the board layers and layer thicknesses were carefully chosen to allow a 50 ohm
line impedance on the microstrip layers (with a 14 mil line width) and 56 Ohms on the
offset stripline (lower limited by the 8 mil line width). The offset stripline results from
the desire to have the board as thick as possible (to reduce warpage) and the restriction of
core material to afew discrete thicknesses. Taking these variables into account, the three
prepreg layers are about 17.5 mils thick if they are evenly distributed. In hind site, the
center prepreg layer could have been made 12.5 mils thick resulting in ordinary stripline

with an impedance of around 52 ohms.
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Figure4-30 Main Card Stackup

Because of the large number of ECL components, both sides of the board are

of the difficulty in routing such a board to strict controlled impedance specifications, the
circuits are laid out with most high speed signals routed on a single layer with the
components they connect to. Since the circuit contains nine identical channels, the
component layout is repeated nine times with four channels on the top layer and five
channels on the bottom. Because vias from each side of the board would interfere with
the components on the opposite side, blind vias were used wherever possible. The blind
vias go from layer 1 to layer 4 and from layer 5 to layer 8. Using this via layering, the

card is constructed as two four layer boards which are then pressed together for the final
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Figure 4-31 Photograph of the Main Card

With the fast edge rates (as low as 200 ps) of the ECL logic, low dielectric loss
board material was considered during the design phase. This was deemed unnecessary
after smulation of tangential loss on short transmission lines using EESOF. Because the
signals operate at relatively low frequencies, the dielectric loss only affects the signal

edges. The effect of dielectric loss on the signa edges was determined to be negligible
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for the relatively short lines used on a PCB (less than 12 inches). Thisis in contrast to
the case when the ECL signals toggle at frequencies greater than 1 GHz where the
fundamental component of the signal becomes attenuated resulting in a reduction of the
maximum operating frequency.

Revision History/Future

This board has been revised once in order to change the board material and blind
via style. The board was originally designed to use the Rogers 3000 series material.
After seeing the results of this material on the Mezzanine Card and performing anaysis
on the effects of tangentia loss, it was determined that FR-4 would be adequate for this
lower frequency design. Additionally, the original blind vias overlapped the middie layer
resulting in the need for controlled depth drilling in the manufacturing process. At the
advise of the PCB manufacturer, the blind vias were altered to go from layers 1 and 8 to
layers 4 and 5 as described previously. The PCB is then constructed as two four layer
PCBs which are then stacked together to form the 8-layer board.

Some hand wiring was necessary to make the board operate due to three errors in
the schematics. Pins 3 and 4 on all SY100EL51s were swapped in the original
schematics. This was corrected on the prototype by cutting PCB traces and swapping the
differentia pins of the driving devices. In the Delay Adjust schematics, the input of the
second OR gate (single to differential) was attached to the wrong differential output.
This was corrected automatically when the EL51 problem was corrected. Finally, pins 3
and 4 on al SY100ELT23s were swapped in the schematics. This was corrected by

lifting and crossing pins on the PCB. All of these errors have been corrected in the
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schematics that appear in this document so that the documentation reflects a working

circuit.

4-4  Timing System Microcontroller

Description
The Timing System Microcontroller is used to provide an interface for

programming the timing system hardware. The F16-Mite evaluation kit was selected for
this based on cost and speed of development. This evaluation kit includes the following
key components:
* MotorolaHC16 microcontroller (including evaluation PCB with RAM and flash
memory)
* Incircuit debugging cable with PC debugging software

* PCbased “C” compiler with an extensive set of libraries written specifically for
the evaluation board.

| Fié-mite
Zx128-v2

e

Figure4-32 Timing System Microcontroller Photograph

A pinout of the microcontroller connectors and their application is shown iniTable |

#-2 From the table, the custom pinouts used for the timing system are an 8-bit data bus,

5-bit address bus, one PRF enable line, and one single shot line. Note that only an 8-bit
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data interface is provided for the 16-bit timing data bus. This bus was multiplexed using
circuit was implemented on a smal PCB which was mounted adjacent to the
microcontroller in the timing system chassis. To multiplex the data, the microcontroller

writes in the following sequence:

1. Writethe lower data byte to the 8-bit data bus.

2. Togglethe latch address to latch 8-bits to the 16-bit data bus L SB.

3. Write the upper data byte to the 8-bit data bus.

4. Toggle the timing system address to latch al 16 bits.

Connector/| Microcontroller Connector/ | Microcontroller
Pin Port/Bit Function Pin Port/Bit Function

CN2-10 PFO DATAO CN4-11 OC1 RESET INT
CN2-9 PF1 DATA1 CN4-10 0ocC2 INT SER DATA
CN2-8 PF2 DATA2 CN4-9 0oC3 INT LATCH
CN2-7 PF3 DATA3 CN4-8 OC4 INT SER CLK
CN2-6 PF4 DATA4
CN2-5 PF5 DATA5S CN5-ALL RS232 LINK
CN2-4 PF6 DATA6
CN2-3 PF7 DATA7 CN3-ALL LCD-TOUCHPAD
CN2-18 PEO ADDRO
CN2-17 PE1 ADDR1
CN2-16 PE2 ADDR?2
CN2-15 PE4 ADDRS3
CN2-14 PE5 ADDR4
CN2-13 PE6 SINGLE SHOT
CN2-12 PE7 PRF ENABLE

Table4-2 Microcontroller Pinout
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Figure4-33 Microcontroller Interface Schematic

Other interfaces shown in iTable 4-2i include an RS-232 connection, the
LCD/Touchpad connection, and a custom interface for the Averaging Card. The
Averaging Card interface is used to transfer the integration count from the acquisition
computer and also supplies the reset signal for all Averaging Cards. The integration
count interface is a three wire connection with serial clock, serial data, and data latch
signals. The 16-bit data are written by shifting a single bit at a time (LSB first) onto the
data wire while toggling the serial clock signal for each bit. After al 16 bits are written,
the data latch signal istoggled to latch the bitsinto the integration counter circuit.

The microcontroller can be controlled directly by the user via an LCD-Touchpad

panel or via an RS-232 link to the acquisition computer. The LCD interface pand is

backlit LCD display. To operate, the user presses the left/right and center buttons to
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navigate through the menu system. When a value is selected that the user wishes to
modify, the up/down buttons are pressed to increase or decrease that timing value. The
Cycle Digits button is used to move the cursor to each of 6 digits to speed programming
(i.e., user can increment in 1, 10, 100 ns, etc.) A Single Shot button is provided that

allows the microcontroller to output a single (debounced) pulse that can be input into the

Figure4-34 Microcontroller LCD Interface

Menu 1 2 3-4 5 6 7-9 10
Line 1 PRF Period DCH1Delay | ... |DCH4 Delay |RCHL1 Delay ... |RCHS Delay
Line 2 PRF Frequency |DCH1 Width | ... [DCH4 Wdith |RCH1 Width ... |RCH5 Width

Table4-3 Microcontroller I nterface Menus

For interfacing directly to a computer, the F16-Mite system provides an RS-232
serial connection. This link alows the acquisition computer to control al timing
parameters by sending special commands through the serial port. Library routines were
provided with the microcontroller kit to initialize the port and send and receive data,

eliminating the need for knowledge of the low level circuitry and signaling. Valid
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must be sent as a three byte packet to be received properly. After each byte is sent, the
microcontroller will respond by sending the value OxF back to the computer. This alows

handshaking between the two units so that a sequencing error can be detected at either

end of thelink.
First Byte | Second Byte | Third Byte
Function (Address) (Data) (Data)
Send Timing Data 0x00-0x12 Data MSB Data LSB
Single Shot Pulse 0x20 Any Any
Reset Averaging Cards 0x21 Any Any
Send Integration Count 0x22 Data MSB Data LSB
. 1=enable
Enable/Disable PRF 0x23 O=disable Any

Table4-4 Valid Microcontroller Serial Commands

_______________ '
1
_______________ 1

The code was compiled using the Imagecraft ICC16 compiler which was included in the
F-16 Mite kit. Extensive use of the special libraries included in the kit for the LCD
interface, general 1/0, and RS-232 1/0O resulted in a large reduction of design time versus

assembly language programming.
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CHAPTER S SPECIAL TEST AND MEASUREMENT DEVICES

5-1 ECL-to-Sine Wave Converter

An ECL-to-sine wave converter can be used in the system to convert the timing
system (high frequency) output clock signals to sine waves. The converter can be used to
produce a coherent sine wave for input into the A/D converters (for testing purposes) or

for generating specia clocking configurations of multiple channels. One possible clock

ADC
Timing Channell

System

1 GHz ECL 1 GHz ECL True ADC
Complement 1 GHz Sine, 0 degrees Channel2

» ECL-Sine

ECL-Sine 1 GHz Sine, 180 d - ADC
z Sine, egrees Channel3

ADC
Channel4

Figure5-1 Interleaved ADC Clock Configuration

circuit operates as follows. A PECL signal isinput into connector CON1. Thissignal is
DC biased with 50 Q to +3 V through inductor L1. The signal is AC-coupled to the
amplifier Q2 through capacitor C6. The amplifier has an input impedance of 40 to 50 Q
at frequencies up to 3 GHz. A small value resistor can be inserted into R6 to be used as a

voltage divider for the amplifier input athough in most cases it will be populated with a
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zero Q resistor. The amplifier is biased as recommended by the manufacturer using the
bias and AC-coupled network of L6, R3, C9, and C1. Thisamplified “square wave” then
enters the filter section. The filter was implemented as a removable PCB section so the
filter could be characterized prior to insertion into the circuit. The generic layout of the
filter PCB alows the designer to easily change filter configurations. Finadly, the filter

outputs a sine wave which isinput into the power divider, U2, which produces two copies

PR huripuigi i

\ E \ E \ g \ E \ E

Board Type: FR-4, 30 mil thick
DK.:4.

M-Strip Width: 57 mil
1 0z dladding, 60 mil thick

Q
&
Q
g

18p

J\Fg\fg\_g;”_“\‘
ne 2

‘gwc 2
8¢

SMA
CONg

=2 gk g
I—2— o
>
3
5
B
|

&8
58

"ECL - Sine Convertor

\ 2 E \

Figure5-2 ECL-Sine Wave Converter Schematic
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Figure5-3 ECL-Sine Wave Converter Photograph

5-2 ADC Card Test Circuit
A simple method was needed to validate the basic operation of the ADC cards.

The two basic test methods are to capture and analyze the digital signals or to convert the
digital signals back to analog for viewing on an oscilloscope. While the first method is
most accurate, it is aso the most complex requiring a logic analyzer with a special test
fixture to connect to the ADC Card. The second method was chosen for this project for

simplicity and because it can be used to validate a card in the field with only an

Analog
Output

ADC Card 625 MHz Clk ADC Test

Chlapaa g,/ Circuit
62.5 MHz Clk
CH 5-8 Data

O-Scope

Sine
RF Sine |(<226Hy)

Analog 625MHzClk "
Generator Input CH 8-12 Data
_ 625MHzCK
1-GHz
Cor? syne CH12:16Data gy
* A
RF Sine Timing

Generator | gu,sne | System

Figure5-4 ADC Card Testing Diagram
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The ADC test circuit contains four 100-MHz DACs that each convert a single

circuit connects to two of the eight ADC card connectors at a time. Each pair of
connectors inputs four of the demultiplexed 8-bit paths and a single clock operating at
62.5 MHz. Each “channel” of data and the clock signal are input into the four 8-bit
DA Cs which regenerate the analog waveform that is input into the ADC card.

Although the A/D converter is sampling at 1 GSample/s the output waveform is
recreated at a rate of 62.5 Msamples/s (since only 1 out of 16 samples is recreated per
channel) and therefore has a Nyquist frequency of 31.25 MHz. Because of this, only
signals up to 31.25 MHz are recreated with the correct frequency. This does not limit
evaluation of the ADC Card as the input can still be operated to the full bandwidth of 2.2

GHz, the frequency will simply be folded to the first Nyquist zone as if it were aliased. A

input frequency was 66.4 MHz resulting in a DAC output of 3.9 MHz. Note, the DAC
steps are clearly visible as only 16 samples are output per period of the input waveform.
It is important to realize that the A/D converter is actually converting 256 samples per

input period for this measurement but only 1 of every 16 is being displayed.
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Figure5-6 ADC Card Tester Photograph
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Figure5-7 ADC Card Tester Output Waveform

5-3 Averaging Card Test Circuit

A specia test circuit was needed to generate a known stimulus for validating the

sequence, four bytes at atime, into one Averaging Card channel at atime. The output is
asserted onto the input FIFOs and eventually flows into the DSPs. Once read into the
DSPs internal memory, it can be viewed using the DSP in-circuit debugger. The data can
therefore be used to validate all input and output functionality of the Averaging Cards
including al input and output PCB connections, acquisition windowing circuitry, DSP
interrupts, and the DSP averaging agorithm.

The circuit operates as follows. A 62.5-MHz clock and a TTL level PRF signa
are input from the timing system through the SMA connectors CON1 and CON2. These

signals drive the Altera PLD, U1, which generates the continuous counting sequence
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making the sequence coherent to the timing system. The signals are output through two

34 pin connectors which directly connect to a single Averaging Card channel. A

photograph of the completed circuit is shown in Figure 5-9
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Figure5-8 Average Card Tester Schematic

Output | Channel [ Channel|Channel[ Channel
Clock Cyc 1 2 3 4

1 0 1 2 3
2 4 5 6 7
3 8 9 10 11

N

63 248 249 250 25
64 252 253 254 255
65 0 1 2 3

Table5-1 Average Card Tester Output
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5-4 Other Special Equipment

ECL/PECL Coaxia Terminators
Measurement of ECL/PECL signals creates difficulties for traditional test

equipment (i.e., oscilloscopes, spectrum analyzers) because of the special termination
requirements of ECL. These measurement devices typically terminate high speed cabling
with 50 Q to ground where ECL devices require 50 Q to the termination voltage. In
order to view the signals for circuit validation and signal integrity checking, special
terminators are required that satisfy the ECL termination requirements, operate with an
output load of 50 Q to ground, and have a bandwidth greater than 2 GHz. These special

terminators are commercially available and a single terminator can be used for both ECL
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Figure5-10 ECL Terminator Photograph

High Speed Oscilloscope
With edge rates of 200 ps and frequencies in excess of 2 GHz, the timing system

signals exceed the limits of most digital oscilloscopes available today. To have
confidence in circuit performance and signal integrity, 3 GHz is the minimum analog
bandwidth needed to view a 1-GHz ECL square wave since this will include the signal’s
third harmonic. With less bandwidth the signal will appear as a sine wave. Even greater
bandwidth is required to accurately see al signal features. For this project a 20-GHz

oscilloscope was available which provided ample bandwidth for accurate signal

output of the timing system captured on the screen. As seen in the figure, the output eye
a this frequency is still nearly full a 750 mVp-p and the 10-90% edge rates are

approximately 200 ps.
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Figure 5-11 Oscilloscope Output of a 1-GHz PECL Signal
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CHAPTER 6 MEASUREMENTS

6-1 Timing System Measurements

The system was operated with an input clock frequency of 1 GHz. With the oscilloscope
triggering on the PRF signal, the output of each channel was viewed on the oscilloscope.
The pulse width and delay was shown to be independently adjustable in 16 nsincrements
up to a maximum of 1.048 ms when operated from the LCD front panel. Additionaly,
the system was placed in seria control mode and each channel was operated with

computer control.

Computer

O-Scope

A4
. CH1 CH2 Tri
RS2%2  Timing L Y

System Clk Out
Div2

. Sine Diva

RF Sine  |(800mV p-p) Div8

Generator 7| Clockin D16

Data/Radal
Channels

PRF

Figure6-1 Timing System Validation Setup

To verify the input operating range, the system was again setup as shown in

1 GHz. Theclock divider outputs were viewed on the oscilloscope and found to be stable
with input voltages between 400 mV and 1 Vp-p (voltages greater than 1 Vp-p were not

tested as it exceeds the normal input range of the ECL circuitry).
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Finally, the maximum operating frequency of the system was tested by leaving
the input voltage at 800 mVp-p and increasing the input frequency. By viewing the
divided clock outputs on the oscilloscope it is possible to see the frequency where input

failure occurs. This frequency was found to be 2.45 GHz. An oscilloscope screenshot of

6-2i In the figure, channel 1 is the divide by 8 PECL output operating at 300 MHz and
channel 2 is the divide by 16 TTL output operating at 150 MHz. Note from the figure

that signal integrity is excellent and system noiseis low.
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Figure6-2 Timing System Divided Outputs With 2.4 GHz Input Frequency

6-2 ADC Card Measurements

For all ADC Card tests, the input clock was a 1-GHz, 800 mVp-p sine wave. For thefirst
test, the sine wave generator was connected to the ADC analog input and the output of

the ADC card tester was viewed on the oscilloscope. For input frequencies below 32.25
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MHz, the output is a sine wave with the same frequency as the input waveform, sampled
at 64.5 MHz (since only 1 out of 16 samplesis being displayed). This test was repeated

for al 16 channels of the ADC card and all were shown to be functional. The

_——y o Do

Spectrum
Analyzer Analog
Output
i
625MHzCk | ADC Test
ADC Card | cH140um Circuit [ €1 O-Scope
| 625MHzCK
. CH 5-8 Data
RF Sine gd? 62.5 MHz Clk
Generator it sine CHe12Data gy
(<22 GH2)| Apgiog 62.5MHz Clk
T Input 1-GHz
npul Clock Sync CH12.16 Data_,
* A
PRF
RF Sine Timi
> imin
Generator | 1_gu; sine Syster?’n

Figure6-3 ADC Card Validation Setup

To verify the 2.2 GHz input bandwidth of the ADC card, the input frequency of
the sine wave generator was manually swept from 64 MHz to 2.5 GHz. In this test the
ADC test card output is an analog representation of the ADC digital output. The output
frequency of the ADC tester “aliases’ every 32.25 MHz since only 1 out of 16 samplesis
being displayed. To obtain accurate measurements, the input frequency was set
approximately 1 MHz above the “alias’ frequencies to obtain a stable 1-MHz output
signal with small step sizes. At each frequency, the input voltage was measured using the
spectrum analyzer and the output voltage of the ADC tester was measured using the
oscilloscope. Since the output DAC of the ADC tester does not output the exact voltage
levels of the input analog waveform, the output voltage must be scaled for comparison.

To accurately compare the input and output voltages, the output voltage was scaled by a
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factor of 1.127 which corresponds to O dB loss at a frequency of 65.5 MHz. Theraw and

__________

demonstrates that the A/D converter does operate with input frequencies over 2.2 GHz

and shows the same general trend as the curve specified by the manufacturer.

Compens
DAC ated Calculated Rated
Freq Input Ouput Qutput Loss Loss
(MHz) (mVrms) | (mVrms) | (mVrms) (dB) (dB)
62.5 263 233 263 0.0 0
125 258 225 254 -0.1
187.5 248 225 254 0.2
250 248 215 242 -0.2 -0.1
3125 242 216 244 0.1
375 239 214 241 0.1
4375 235 209 236 0.0
500 223 215 242 0.7 -0.25
562.5 235 208 234 0.0
625 232 203 229 -0.1
687.5 220 210 237 0.6
750 222 200 225 0.1 -0.6
812.5 222 210 237 0.6
875 206 184 207 0.1
937.5 228 199 224 -0.2
1000 187 185 208 1.0 -0.75
1062.5 221 182 205 -0.6
1125 209 181 204 -0.2
1187.5 195 189 213 0.7
1250 209 174 196 -0.6 -1.15
1312.5 194 182 205 0.5
1375 212 168 189 -1.0
1437.5 208 171 192 -0.7
1500 184 175 197 0.6 -1.4
1562.5 210 154 174 -1.7
1625 183 165 185 0.1
1687.5 172 147 166 -0.3
1750 174 124 140 -1.9 -2.1
1812.5 116 110 124 0.5
1875 109 76 85 -2.1
1937.5 107 80 90 -1.5
2000 102 84 95 -0.7 -2.5
2062.5 152 87 98 -3.9
2125 149 116 130 -1.2
2187.5 147 92 103 -3.1 -2.9
2250 181 90 101 -5.1
2312.5 149 112 126 -14
2375 160 83 94 -4.6
2437.5 200 84 95 -6.5 -4

Table6-1 ADC Frequency Response Data
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Figure 6-4 Measured vs. Datasheet ADC Analog Frequency Response

6-3 Averaging Card M easurements

The Averaging Card input section was tested using the Averaging Card tester with

input FIFOs were verified by connecting the debugging cable to the DSP and verifying
the card tester output values were input properly into each DSP. This procedure validates

all datalines and interrupts associated with the input section of the Averaging Card.
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Figure6-5 Averaging Card Test Setup

Next, the computer system was connected and the output section of the Averaging
Card was validated. A special test program was written into the flash memory of each
DSP so that, upon reset, a 32-bit counting sequence was output from the four DSPs. The
output of this test should be a triangle wave on the acquisition display as the counting
sequence runs from 0x0000000 to OxFFFFFFF (since only 28 bits are output to the
computer system). The triangle wave was displayed but would sometimes have corrupt
or missing data from one or two DSPs. This problem appears to be due to inadequate
soldering of the fine pitch BGAs as described in sectioni3-3. When all four DSPs operate
properly, this test produced the correct results thus validating the logic and circuit layout

of the Averaging Cards and downstream hardware.

6-4 Acquisition System M easurements

operated in both raw data (single shot) and averaging modes. For the raw data mode, a
non-coherent function generator was used as the input source. Because of the

malfunctioning Averaging Card, continuous valid results were difficult to obtain. An

144



entire acquisition window with 7,250 samples of a 300-kHz sine wave was obtained. A
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Figure 6-6 Complete System Test Setup
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Figure 6-7 System Time Domain Output with a 300-kHz I nput
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Finally, the maximum transfer rate to the acquisition computer was measured.
The computer was tested with a 300-MHz, Intel Pentium Il processor running the
Windows 2000 operating system with 128 MB of RAM and an IDE (33 MB/s peak) hard
drive. The acquisition system was operated with the number of integrations set to 10 and
the PRF was increased until the Averaging Card output FIFOs overflowed. Hard drive
recording was then activated for 30 seconds. The average hard drive transfer rate was
measured to be 1.3 MB/s. Based on experience using the software, it is believed that
Labview is very processor intensive and is most likely the limiting factor in this transfer
rate. The transfer rate should be measured in the future on a faster computer to see if this

maximum rate could be increased.
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CHAPTER 7 CONCLUSIONSAND RECOMMENDATIONS

Conclusion
Overdl, the project was highly successful and is an excellent first attempt at a

new concept. Of the five circuit boards designed, four are stable and meet or exceed
specifications. The remaining board (Averaging Card) has been shown to operate
intermittently due to manufacturability issues which a minor PCB revision should correct.
With this PCB revision and some additional fine-tuning, the entire system will be
operational and is expected to significantly impact future radar development at the
University.

Lessons Learned
The following lessons were learned during this project that | would like to pass on

to aid future designers of systems such asthis:

1. Therole of FPGAs in large circuit board design. The averaging circuitry of

the previous acquisition system was designed with EEPROM based programmable logic.
That design was rejected for the new Averaging Card because it does not scale
reasonably to 16 data paths. Field programmable gate arrays (FPGAS) are designed for
this exact situation, when it is necessary to pack a large amount of programmable logic
into asingle device. With today’ s average sized FPGA it would be possible to implement
4 to 8 Averaging Card data paths in a single programmable chip. This would greatly
simplify the board design and would likely process data faster than the rate of the current
ADC Card outpuit.

2. Recognizing the scale of aproject. In hindsight, | feel that this project was too

large for a single person. At the point in the project where | recognized that this would
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require five complex circuit boards, | should have broken the project into two parts and
left the second half for another person. The timing of this project was such that if a
single card could not be made to work, there would be no time for another revision. A
more proper way to scale this project would have been to allow enough time for a
complete redesign of one PCB.

3. The importance of designing for manufacturability. As a new designer, it is

exciting to work with the latest trends and technologies. This was taken too far with the
Averaging Card and resulted in a PCB that few manufacturers could produce, even in
prototype quantities. The lesson learned here is, all things being equal, the technology
that is the most manufacturable should be selected. |If space is not a limitation, choose
the largest packaging that will perform at the desired speed. When given a choice
between a fine pitch flat pack, fine pitch BGA, and standard BGA, the best overall choice
isthe standard BGA package because it is the easiest to manufacture with.

Suggestions for the Future
In light of the degraded performance of the DSP based Averaging Card, | would

propose an FPGA based Averaging Card for future system revisions. A block diagram of

DSP-RAM based Averaging Card with the DSPs replaced by FPGAs. With current
FPGA speeds, this circuit should be limited entirely by the transfer rate of the RAM. If
double data rate RAM is used, the circuit could actually process data at rates higher than
the ADC Card output. This circuit has an additional advantage in that it can average
multiple waveforms by storing each waveform in a different section of RAM. This

would enabling a radar to change it’s transmit waveform on consecutive PRF pulses for
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maximum diversity. The number of distinct waveforms would be limited only by the size
of the RAM.

Averaging Card
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Channels Peak
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Figure7-1 FPGA Based Averaging Card Design
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Capacitor Stacksare: 1000pF, 22pF in perallel
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Capacitor Sacksare: 1000pF, 22pF in parallel
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Capacitor Sacksare: 1000pF, 22pF in parallel
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Capacitor Stacksare: 1000pF, 22pF in perallel
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Capacitor Stacksare: 1000pF, 22pF in perallel
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Capacitor Stacksare: 1000pF, 22pF in perallel
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Capacitor Sacksare: 1000pF, 22pF in parallel
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Capacitor Stacksare: 1000pF, 22pF in perallel
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Capacitor Stacksare: 1000pF, 22pF in perallel
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APPENDIX L  AVERAGING CARD DSP CODE

Averaging Card Program

.title "Average Card DSP Progrant

.data
EM F_GLOB . equ 0x01800000 ;address of EMF gl obal control reg
EMF_GLOB 32 .equ 0x000000FE ; gl obal control reg val ue
EM F_CEO .equ 0x01800008 ;address of EMF CEO control reg
EM F_CEO_32 . equ 0x00000020 ; CEO control value (FIFO
EM F_CE1 . equ 0x01800004 ;address of EMF CEl control reg
EM F_CE1_32 .equ OxFFFFFFOF ; CE1 control value (Flash Menor
EM F_CE2 .equ 0x01800010 ;address of EMF CE2 control reg
EM F_CE2_32 . equ 0x00000020 ; CE2 control value (FIFO
XBUS_GCR . equ 0x01880000 ;address of XBUS gl obal control reg
XBUS_CCR_32 .equ 0x00007000 ; XBUS GCR mask val ue
XBUS_XCEO .equ 0x01880008 ;address of XBUS CEO control reg
XBUS_XCEO_32 .equ 0x00000000 ; XBUS CEO val ue
DVA_PC .equ 0x01840000 ; DMA Primary Control reg
DVA_SOURCE .equ 0x01840010 ; DMA Source reg
DVA_DEST .equ 0x01840018 ; DMA destination reg
DMA_COUNT .equ 0x01840020 ; DMA counter reg
TI MERO_REG .equ 0x01940000 ;Timer O reg
I NT_POL .equ 0x019C0008 ;lnterrupt polarity reg
I NFI FO_ADDR . equ 0x00400000 ;start address of input fifo on CEO
FLASH_ADDR .equ 0x01400000 ;start address of flash nmenory on CE1
CE2_ADDR .equ 0x02000000 ;start address of CE2
DATA_ADDR .equ 0x80000000 ;address where data will be stored
FI FO_SI ZE . equ 32768 ;depth of input fifo X width in bytes
; AKA t he maxi mum anount of 32 bit menory space
;needed to store all contents of the FIFO
. text

B R

;Setup Interrupt Service Table at address 0000h

B e
’

RESET

b

nop
nop
nop
nop
nop
nop
nop

NM _I SFP;
nop
nop
nop
nop
nop
nop
nop
nop

RESERVED_1:
nop
nop

mai n

; reset vector
; start branch to main code
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nop
nop
nop
nop
nop
nop

RESERVED 2:

nop
nop
nop
nop
nop
nop
nop
nop

mvk
b

nop
nop
nop
nop
nop
nop

mvk
b

nop
nop
nop
nop
nop
nop

nmvk
b

nop
nop
nop
nop
nop
nop

; Set
vkl
nvkl
mvkh
nmvkh
stw

EM F gl obal register
EM F_GLOB, A4
EMF_GLOB 32, B4
EM F_GLOB, A4
EM F_G.OB 32, B4
B4, * A4

;Setup EM F CEO for input

vkl
vkl
mvkh
mvkh
stw

EM F_CEO, A4
EM F_CEO_32, B4
EM F_CEO, A4
EM F_CEO_32, B4
B4, *Ad

;set flag that averaging is conplete
;return frominterrupt

;Interrupt for input FlIFO output ready
;set flag that FIFO has data
;return frominterrupt

;lnterrupt for input FIFO enpty
;set flag that FIFO is enpty
;return frominterrupt

; EM F_GLOB address

; EM F_GLOB val ue

;wite value to register
FI FO

; EM F_CEO address
; EM F_CEO val ue

;wite value to register

;Setup EMF CE1 for flash nenory

vkl
vkl
mvkh
mvkh
stw

EM F_CEL, A4
EM F_CE1_32, B4
EM F_CEL, A4
EM F_CE1_32, B4
B4, *Ad

; EM F_CE1 address
; EM F_CE1 val ue

; Setup EM F CE2 for fast access

vkl

EM F_CE2, A4

; EM F_CE2 address
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mvKl EM F_CE2_32, B4 ; EM F_CE2 val ue

mvkh EM F_CE2, Ad

nvkh EM F_CE2_32, B4

stw B4, * A4 ;wite value to register

; Setup XBUS gl obal control register

mvkl XBUS_CCR, A4 ; XBUS_GCR addr ess
mvkl XBUS_CCR_32, B4 ; XBUS_GCR nmask
mvkh XBUS_CCR, A4

mvkh XBUS_CCR_32, B4

| dw *Ad, B5

nop 5

or B4, B5, B5

stw B5, * A4

; Setup XBUS_CEO for output fifo nenory

mvkl XBUS_XCEO, A4 ; XBUS_CEO address
mvkl XBUS_XCEO_32, B4 ; XBUS_CEO val ue
nmvkh XBUS_XCEO, A4

mvkh XBUS_XCEO_32, B4

stw B4, * Ad

;preparing to clear the data nmenory

vkl 0x80000000, A3 ;Data start address

mvkh 0x80000000, A3

zero Ad

zero B6

mvkl FI FO_SI ZE, B7 ;max nenory length to clear

mvkh FI FO_SI ZE, B7

clrnmem
stw Ad, * A3++
add 4, B6, B6
cnpgt B6, B7, BO

['BO] b cl rmem
nop 5
nop

;menory clear conplete

;put setup data/fifo addresses

vkl I NFI FO_ADDR, A3
mvkh I NFI FO_ADDR, A3
mvkl DATA_ADDR, A8
mvkh DATA_ADDR, A8
mvk 0x04, A5

mvk 0x01, B5
vkl 0x80000000, A6
nvkh 0x80000000, A6

;set up 8 bit nmasks

mvkl 0x000000FF, A12
mvkh 0x000000FF, A12
nvkl 0x0000FF00, A13
nvkh 0x0000FF00, A13
vkl 0x00FF0000, B12
mvkh 0x00FF0000, B12
nvkl 0xFF000000, B13
nvkh 0xFF000000, B13

;set interrupt polarities

mvkl I NT_PQOL, A4 ;interrupt polarity register address
mvk 0x02, B4 ;interrupt polarity nmask

m/kh  INT_POL, A4

stw B4, * A4

;enabl e interrupt nasks
MVK 0x0073, BO ;interrupt enabl e nask
wC BO, | ER ;wite mask to | ER

;enable interrupts globally
M/C CSR, BO
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R 1, BO, BO
wC BO, CSR

; Enabl e TOUTO so hardware knows DSP is ready for acquisition
mvkl TI MERO_REG, A4
| mvkl 0x00000004, B4
nmvkh TI MERO_REG, A4
| nvkh 0x00000004, B4
stw B4, * Ad

B X

; Purpose: Inifinite loop, toggling input FIFO clock Iine. Wen FIFO
; has data, it will trigger an interrupt to break out of this | oop.

LR R e R E R

mvkl CE2_ADDR, A0 ;EMF CE2 start address

nvkh CE2_ADDR, A0

zero B3 ;initial condition is to | oop

zero Al ;initial condition is to average
infinite:

;if B3is 1, fifo has data, else keep | ooping
cmpeq 1, B3, BO

[ BO] b acquire_data ;junmp out of loop only if there is data
nop 5
;else toggl e FIFO cl ock, check variable, and | oop again
b infinite
I dw * A0, A2
nop 4
nop
nop
nop
nop

ckkkhkhkhkhkhkhkhhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkkhkhkkhkhkhkhkhkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkkkkkkkkkkkkkk*x*x
’

; Purpose: This loop perforns the data processing. It |oops through,

; getting 4 bytes fromthe input FIFO

; unpacki ng, averaging the new data with the old, and storing
; the new results data to nenory.

; Regi ster A0 contains the |oop requirenment which will be

; updated by an interrupt routine when the fifo is enpty.

; After the FIFOis enpty, the data is DVA transfered straight
; to the output FIFOif register ?? has been updated

; by Interrupt 5 (averaging counter), otherw se the data

; in menory will be left for the next acquisition.

B R R R R

acquire_dat a:
mvkl DATA_ADDR, A8
nmvkh DATA_ADDR, A8

acquire_data_l oop:

| dw *A3, A2 ;grab 4 bytes fromfifo

| dw *+A8[ 0], A10 ;get old data byte 1

| dw *+A8[ 1], All ;get old data byte 2

| dw *+A8[ 2] , B10 ;get old data byte 3

| dw *+A8[ 3], B11 ;get old data byte 4

nop

nmv A2, B2; ;copy data into B register
and A2, A12, A14 ;unpack data by masking
and A2, A13, Al5 ;masked data is Rs 14, 15
and B2, B12, B14

and B2, B13, B15

shru Al5, 8, Al5 ;unpack data by shifting
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|| shru B14, 16, B14
shru B15, 24, B15
add Al10, A14, A10 ;add new and ol d data byte 1
| add Al1l, A15, Al11 ;add new and ol d data byte 2
| add B10, B14, B10 ;add new and ol d data byte 3
| add B11, B15, B11 ;add new and ol d data byte 4
cnpeq O, B3, BO ;check | oop condition (updated by interrupt)
['BO] B acquire_data_l oop
stw Al0, * A8++; ;store to menory, increment data address
stw All, * AB++; o
stw B10, * A8++; o
stw B11, * A8++; "
nop
nop
; Toggl e TOUTO for testing purposes
vkl TI MERO_REG, A4
|| zero B4
nvkh TI MERO_REG, A4
stw B4, * A4
| vkl 0x00000004, B4
nmvkh 0x00000004, B4
stw B4, * Ad
;Back to inifinite | oop unless averaging is done
cmpeq 1, Al, BO ;check flag updated by interrupt
[ BO] B ave_conp ;if flag set, averagi ng conplete
nop 5
B infinite ;else go back to infinite | oop
nop 5
ave_conp:
;Averaging is conplete, now DVA transfer data to the output FlIFO on XBUS
; Setup DVA source
vkl DMA_SOURCE, A4 ; DMA_SOURCE regi ster address
| mvkl 0x80000000, B4 ; DMA source address
nmvkh DVA_SOURCE, A4
| nvkh 0x80000000, B4
stw B4, * Ad
; Setup DVA destination
mvkl DVA_DEST, A4 ; DVA destination register address
| mvkl 0x40000000, B4 ; DVA destination register val ue
mvkh DVA_DEST, A4
|l mvkh 0x40000000, B4
stw B4, * A4
; Setup DVA counter
vkl DATA_ADDR, A7
| mvkl DVA_COUNT, B4 ; Get DMA counter address
nvkh DATA_ADDR, A7
| nmvkh DVA_COUNT, B4
sub A8, A7, A8 ;calcul ate the nunber of words to transfer
shr A8, 2, A8 ;divide by 4, A8 now has nunber of 32 bit words
stw A8, *B4 ;wite the nunber of DVA counts
;start DMVA transfer
vkl DVA _PC, Ad4 ; DMVA control address
| mvkl 0x01000011, B4 ;start and i ncrenent
nvkh DVA_PC, A4
|l mvkh 0x01000011, B4
stw B4, * A4
;clear the nenory for a new acquisition
vkl DATA_ADDR, A8 ;Data start address
| mvkl FI FO_SI ZE, B7 ;menory length to clear
nvkh DATA_ADDR, A8
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|l mvkh FI FO_SI ZE, B7
| zero Al
| zero B6

cl rmeng:

stw A4, * AB++
cnpgt B6, B7, BO

['BO] b cl rmen
add 4, B6, B6
nop 4

;menory clear conplete, ready to begin a new acquisition
zero Al ;clear flag to start new average

; Toggl e TOUTO for testing purposes
vkl TI MERO_REG, A4
|| zero B4
mvkh TI MERO_REG A4
stw B4, * A4
|l vkl 0x00000004, B4
mvkh 0x00000004, B4
stw B4, * Ad

b infinite ; processi ng conpl ete
nop 5

nop

nop
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Flash Write Program

Fl ash bootup utility for 6202 average card

Oiginal Code fromthe TI
; Modi fied by Ryan Eakin, Jan-2001
.option D, T
.length 102
.width 140
PAGE_SI ZE . equ 0x80
FLASH START .equ 0x01400000
CCDE_SI ZE .equ 0x500
CODE_START . equ 0x80000000
FLASH REGL .equ 0x01415554
FLASH_REG2 .equ 0x0140AAA8
FLASH_KEY1 .equ OxAA
FLASH _KEY2 .equ 0x55
FLASH KEY3 .equ 0xAO0
EM F_GCR .equ 0x01800000
EM F_CE1 .equ 0x01800004
EM F_CE1_8 .equ oxffffffo3
TI MERO_REG .equ 0x01940000
.def _flash_prog
.sect ".boot_| oad"
_flash_prog:
nvkl EM F_CCR, A4
|l nmvkl  0x3300, B4
mvkh  EM F_CGCR, A4
| mvkh  0x3300, B4
stw B4,*A4
mvk 0x100, BO
|l mvk 1, Al
mvec BO, CSR
mc Al, | ER
mvk -1, B0
|l nvk  0,Al
mvec BO, I CR
| mvk 0, A0
nvkl EM F_CE1, A4
| nvkl EM F_CE1_8, B4
nvkh EM F_CE1, A4
|l nvkh EM F_CE1_8, B4
stw B4,*Ad
mvk oxff, B6
nvkl  FLASH_START, B4
nvkh FLASH_START, B4
nvkl ~ CODE_START, A4
|l nvkl  CODE_SI ZE, B2

6211 eval uation Kkit.

;flash page size in byte
;flash start address

;application code size in byte
;application code start address

;address of the flash control reg 1
;address of the flash control reg 2

; EM F gl obal control

;address of EMF CEl control reg.

; CE1 register value for Flash nenory
;Timer O register

; EM F_GCR address ->A4

; CSR = 0x100

yIER =1

;couter = 0

ICR = Oxffff
; checksum =0

; EM F_CEL regi ster address ->A4
; CE1 register value

;flash start address -> B4
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mvkh
[|  nvkh

vkl
mvkh

CODE_START, A4
CODE_SI ZE, B2

PAGE_SI ZE, A6
PAGE_SI ZE, A6

_flash_prog_|
b

;repeat prog loopl unti

zero Al

oopl:
_flash_page_prog

mvkl _flash_prog_branchl, B3
mvkh _flash_prog_branchil, B3

add A6, Al, Al
cnplt A1, B2, BO

nop

;as indicated by BO
_flash_prog_branchl

[BO] b

nop 5

;program a 128 Byte page
;subroutine return address

al | pages have been witten

_flash_prog_| oopl

;all pages have been witten,
mvkl _flash_prog_success, B3
mvkh _flash_prog_success, B3

b B3
nop 6

perform success routine

BRI Sk Sk Sk Sk S S Sk Sk Sk Sk S R Sk S Sk kS Sk Sk Sk Sk Sk Sk Sk Sk Sk Sk Sk Sk Sk Sk Sk Sk Sk Sk Sk Sk Sk Sk Sk Sk Sk Sk Sk Sk Sk Sk Sk kS Sk Sk Sk kg kS o ko

_flash_page_prog

.k

-k

-k

FUNCTI ON NAME

Regs Modi fi ed

_flash_page_prog
;unl ock the flash nenory

kK

MVKL

MVK
|l MVKH

STB
nop
MVKL

MVK
|l MVKH

STB
nop

MVKL

MVK
| MVKH

STB
nop

ZERO
vkl
mvkh

. S2

. S1
. S2

. D2T1

.82

.S1
. S2

. D2T1

.82

.S1
. 82

. D2T1

.L2

A3, A4, A6, B1, B4, B5, B6

FLASH REGL, B6

FLASH_KEY1, A3
FLASH_REGL, B6

A3, *B6
9
FLASH REG2, B6

FLASH_KEY2, A3
FLASH_REG2, B6

A3, *B6
9

FLASH_REGL, B6

FLASH _KEY3, A3
FLASH _REGL, B6

A3, *B6
9

B5
4, B7
4, B7

;flash nenory is now unl ocked

;1 oop copying 128 bytes frominternal nemto flash nem
FLASH PAGE_PROG_LOOP:

LDB *Ad++, B6
ADD 1,B5, B5

NOP 4

;get data
;increment counter
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STB . D2T2 B6, *B4 ;wite data to flash

nop 9
add B4, B7, B4 ;increnent flash address
CVPLT . L2x B5, A6, B1 ; check | oop condition
[ Bl] B .S1 FLASH _PAGE_PROG LOOP ;

NOP 5
;calcul ate read address
vkl FLASH_START, B8
nmvkh FLASH_START, B8
add B8, Al, B8

- kK *

;wai t until the last data is accessible to exit subroutine
FLASH PAGE_PROG WAI T:

LDB .D1IT1  *-A4(1), A3 ;get last data from nem
| LDB *-B8(1), B5 ;try to get last data fromflash

NOP 4
CWEQ . L2X A3, B5, Bl ;conmpare mem and fl ash

['B1] B .81 FLASH PAGE PROG WAI T ;
NOP 5
B . S2 B3 ;
NOP 5

BRI Sk Sk Sk Sk S S Sk Sk Sk Sk Sk S S R Sk S Sk kR Sk Sk Sk Sk Sk S Sk Sk Sk Sk Sk Sk Sk Sk Sk Sk Sk Sk kS Sk Sk Sk Sk Sk kS Sk Sk kS kS Sk ok kS Sk ko kS
’

;* FUNCTI ON NAMVE: _fl ash_prog_success *

B R R R R
’

_flash_prog_success:

nvkl  TI MERO_REG A4 ;Qutput "1" on TOUTO
nvkh Tl MERO_REG, A4

success_| oop: ;produces 35% positive cycle on TOUTO
nvkl  0x00000004, B4
mvkh  0x00000004, B4
stw B4, * A4

mvkl  0x00000000, B4
mvkh  0x00000000, B4
stw B4, * A4

B success_| oop ;infinite loop 1,0,1,0
nop 5

NOP

NOP
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APPENDIXM MICROCONTROLLER ‘C' CODE

[ FR R Kk kK Kk kKR R Kk kK KR R Rk R K R R Rk R K R R R Rk R R R R R R Rk R R R Rk Rk R R Rk R Rk R Rk ok ok kK

FI LE:

Timng. C

AUTHOR: Ryan Eakin
PURPCSE: This program provides a user interface for the radar timng system

LR E R R R RS E R R R R R R R R R R Ry

#i ncl ude <hc16. h>

#i ncl ude <stdio. h> Il printf(..)

#i ncl ude <string. h>

#include "..\rtl16_h\serio. h" /1 getchr(), putchr(c)...

#include "..\rtl16_h\del ay. h" /1 Function delay( ns )

#include "..\rtl16_h\lcd. h" /1 lcd_putch(), lcd_puts()..
#include "..\rtl16_h\kpd. h" /'l kpd_l ookup[] array of key val ues..
#include "..\rtl16_h\dio. h" /1 Digital 1/0 functions

#include "..\rtl16_h\ ndefi ne. h" /1 Defines ports and their inmages
#i ncl ude "vectrsil6.c"

#define LINEL O /1 Line 1 of LCD

#define LI NE2 0x40 /1 Line 2 of LCD starts at position 0x40
#define nmenuitens 10 /1# of nmenu itens for data storage
#define cl ock_period 16 //clock period in nanoseconds
#defi ne UPARR 0x41 /! Ret code of UP arrow key

#defi ne DNARR 0x36 /!l Ret code of DOM arrow key
#define LARR 0x42 /'l Ret code of LEFT arrow key
#defi ne RARR 0x30 /'l Ret code of RIGHT arrow key
#defi ne CARR 0x39 /! Ret code of Center arrow key
#define LAUX 0x44 /1 Ret code of Left aux key

#defi ne RAUX 0x43 /'l Ret code of Right aux key

/1 gl obal vari abl es

int nmenu;

int singleshot=0;

int di spl ayupdat e=0;

int prfmask=0x00;

unsi gned int data[nenuitens][2], address[nenuitens][2], cursorline, cursorpos,
char display_str[20] = { 0 }; /1 used to assenble LCD nessage before

/1 calling | cd_putstr()

char nmenu_str[10][4][10]; /1 contains all nmenu | abels

//Function to initialize variables
voi d d ear Vars(void)

{

nt i;

for(i=0;i<menuitens;i++)

{

dat a[i][ 0] =0x0000; /llnitalize to all zeros
data[i][1] =0x0000;

}

strcpy(menu_str[0][O],"PRF");
strcpy(menu_str[0][1],"uS");
strcpy(menu_str[0][2]," ");
strcpy(menu_str[0][3],"kHz");

strcpy(nmenu_str[1][0]," 1 DEL");
strepy(menu_str[1][1],"uS");
strcpy(menu_str[1][2]," WD) ;

strcpy(menu_str[1][3],"uS");
strcpy(menu_str[2][0],"DCH2 DEL");
strepy(menu_str[2][1],"uS");
strcpy(menu_str[2][2]," WD) ;
strcpy(menu_str[2][3],"uS");
strcpy(menu_str[3][0],"DCH3 DEL");
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strcpy(menu_str[3][1],"uS");
strcpy(nmenu_str[3][2]," WD");
strepy(menu_str[3][3],"uS");
strcpy(menu_str[4][0],"DCH4 DEL");
strcpy(menu_str[4][1],"uS");
strcpy(nmenu_str[4][2]," WD");
strcpy(menu_str[4][3],"uS");
strcpy(menu_str[5][0],"RCHL DEL");
strcpy(menu_str[5][1],"uS");
strcpy(nmenu_str[5][2]," WD");
strcepy(menu_str[5][3],"uS");
strcpy(menu_str[6][0],"RCH2 DEL");
strcpy(menu_str[6][1],"uS");
strcpy(nmenu_str[6][2]," WD");
strcpy(menu_str[6][3],"uS");
strcpy(menu_str[7][0], " RCH3 DEL");
strecpy(menu_str[7][1],"uS");
strepy(menu_str[7][2]," WD");
strepy(menu_str[7][3],"uS");
strcpy(menu_str[8][0],"RCH4 DEL");
strcpy(menu_str[8][1],"uS");
strcpy(nmenu_str[8][2]," WD");
strcpy(menu_str[8][3],"uS");
strcpy(menu_str[9][0],"RCH5 DEL");
strcpy(menu_str[9][1],"uS");
strecpy(nmenu_str[9][2]," WD");
strepy(menu_str[9][3],"uS");

/1 Setup external chip addresses

addr ess[ 0] [ 0] =0x00; /| PRF

addr ess[ 0] [ 1] =0xFF; // NOT USED, PREVENTS DUPLI CATI ON OF ADDRESSES DURI NG SEARCH
address[ 1] [ 0] =0x01; /1 DAQ CH1 Del ay
addr ess[ 1] [ 1] =0x0A; /1 DAQ CHL W dth
addr ess[ 2] [ 0] =0x03; /1 DAQ CH2 Del ay
address[ 2] [ 1] =0x0C; /1 DAQ CH2 W dth
addr ess|[ 3] [ 0] =0x05; /1 DAQ CH3 Del ay
addr ess|[ 3] [ 1] =0xO0E; /1 DAQ CH3 Wdth
addr ess[ 4] [ 0] =0x07; /1 DAQ CH4 Del ay
address[ 4] [ 1] =0x10; /1 DAQ CH4 W dth
addr ess|[ 5] [ 0] =0x02; // Radar CHL Del ay
addr ess[ 5] [ 1] =0x0B; // Radar CHL Wdth
addr ess[ 6] [ 0] =0x04; // Radar CH2 Del ay
address[ 6] [ 1] =0x0D; // Radar CH2 Wdth
addr ess[ 7] [ 0] =0x06; // Radar CH3 Del ay
addr ess[ 7] [ 1] =0xO0F; // Radar CH3 Wdth
addr ess[ 8] [ 0] =0x08; // Radar CH4 Del ay
address[ 8] [ 1] =0x11; // Radar CH4 Wdth
addr ess[ 9] [ 0] =0x09; // Radar CH5 Del ay
addr ess[ 9] [ 1] =0x12; // Radar CH5 Wdth

}

void WiteData(int nmenununber, int |inenunber)

{

unsi gned int byteaddress, |b, hb, la, ha, line;
unsi gned int |atchaddress=0x27;
unsi gned i nt bogusaddr ess=0x3F;

i ne=l i nenunber/ LI NE2;

| at chaddr ess| =pr f nask; /1 Apply PRF mask anytinme an address is witten to Port E
bogusaddr ess| =pr f mask; 11 "

| a=addr ess[ nenununber] [l i ne]; /1 get desired chip address

ha=l a;

| b=dat a[ menununber][1i ne]; //get high and | ow data bytes

hb=l b;

hb=hb>>8; //shift to lower 8 bits

hb&=0x00FF; //sift out lower 8 bits

| b&=0x00FF; "

/] CGet address ready (conpensate for pin 3 nmissing!!!)
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| a&=0x07; /1 Get lower 3 bits of address

ha&=0x18; /1 Get upper 2 bits of address
ha=ha<<1; /1sShift upper part of address 1 space to |eft one space
ha&=0x30;

//Filter upper part of address
byt eaddr ess=0;

byt eaddr ess| =l a; [/ Put new byt eaddress toget her
byt eaddr ess| =ha; I
byt eaddr ess| =pr f mask; /1 Apply PRF nmask anytinme an address is witten to Port E

//1atch | ower byte
poke(_REG PG _PORTF,1b); //wite |lower data byte to Port F

del ay(1);

poke(_REG PG _PORTE, | at chaddr ess); //wite |latch address to Port E
del ay(1);

poke( _REG PG, _PORTE, bogusaddr ess) ; /1 Bogus address to Port E
delay(1);

/I place upper byte on the lines

poke( _REG PG, _PORTF, hb) ; //wite upper data byte to Port F
del ay(1);

I/ place real address on lines

poke( _REG PG, _PORTE, byt eaddr ess) ; //wite real chip address to Port E
del ay(1);

//always return to bogus address when done

poke(_REG PG, _PORTE, bogusaddr ess) ; /1 Bogus address to Port E
delay(1);

/1 Display function
voi d D spMenu(voi d)
{

unsigned int tenp,i,hb,|Db,period,freq, thousand, hundred, count;

VR R R R R EE R EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEREE

/I Cal cul ate and di spl ay PRF period/frequency

/I PRF period is: (!LB+1)*(!HB+1)*cl ock_period

I =(!'LB*!'HB + !'LB + ! HB +1)*cl ock_peri od

11 where LB and HB are high and | ow bytes
//We nust cal cul ate high order answer and | ow order answer
//seperately due to 16 bit limtations in the HCl16

//*******************************************************

i f (menu==0)
cursorline=LI NE1; //Only 1 line allowed on PRF
I cd_clear(0); //Clear entire LCD, cursor at Hone
I cd_putstr(menu_str[nmenu][0]); /lwite a string
| cd_| ocat e(18); // position cursor
lcd_putstr(nenu_str[menu][1]); //wite a string
| cd_| ocat e( LI NE2+17) ; [/ position cursor
I cd_putstr(menu_str[nmenu][3]); /lwite a string
count =dat a[ menu] [ 0] ; /1 Get del ay counter val ue
count =~count ; /| Conpl enent t he nunber
t housand=count/ 1000; /1 Get thousands, ten thousands pl aces
hundr ed=count - t housand* 1000; /1 Get |owest three digits
hundr ed=( hundr ed+2) *cl ock_peri od; 1"
t emp=hundr ed/ 1000; // Conpute the carry to thousands
t housand=t housand*cl ock_peri od+tenp; //Add carry
hundr ed=hundr ed- t enp* 1000; /1 Subtract carry anmount from hundreds
sprintf(display_str,"%d.%3d", t housand, hundred); //format string

/linsert zeros into string before displaying decinals
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for(i=3;i<10;i ++)

if(display_str[i]==32)
di splay_str[i]=48;
}

| cd_l ocat e(10); /] position cursor
| cd_putstr(display_str); /lwite string
Wi teData(nmenu, cursorline)

//Send data to the chips

//format frequency string
sprintf(display_str,"%l. %", 1000/t housand, 1000% housand* 10/ t housand) ;

/linsert zeros into string before displaying
for(i=0;i<10;i++)

if(display_str[i]==32)
di splay_str[i]=48;

| cd_| ocat e( LI NE2+12) ; // position cursor
| cd_putstr(display_str); //wite string
| cd_I ocat e( cur sor pos) ; /'l position cursor for user input

}

//*******************************************************

//Cal cul ate and di splay period for regular channels (delay and w dth)

VR R R R R R R R R R R EEEEEEEEEEEEEEEEEE

el se

{
I cd_clear(0); /1 clear entire LCD, cursor at Hone
I cd_putstr(nmenu_str[menu][0]); //wite a string
| cd_l ocate(18); /] position cursor
lcd_putstr(menu_str[menu][1]); //wite a string
| cd_| ocat e( LI NE2+0) ; [/ position cursor
lcd_putstr(nmenu_str[{menu][2]); //wite a string
| cd_| ocat e( LI NE2+18) ; // position cursor

lcd_putstr(menu_str[menu][3]); //wite a string

VR R R R AR EE R EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEREE]

/1 DELAY

//*******************************************************

count =dat a[ menu] [ 0] ; /1 Get delay counter val ue

count =~count ; /| Conpl enent the nunber

t housand=count/ 1000; /1 Get thousands, ten thousands pl aces
hundr ed=count - t housand* 1000; //Get lowest three digits

hundr ed=( hundr ed+1) *cl ock_peri od; /e

t emp=hundr ed/ 1000; // Conpute the carry to thousands

t housand=t housand*cl ock_peri od+tenp; //Add carry

hundr ed=hundr ed- t enp* 1000; /] Subtract carry anmount from hundreds
sprintf(display_str,"%d. %3d", t housand, hundred); //format string

/linsert zeros into string before displaying decinals
for(i=4;i<10;i++)

if(display_str[i]==32)

di splay_str[i]=48;
}

| cd_| ocat e(10); //position cursor
I cd_putstr(display_str); //wite string

//*******************************************************

/1 W DTH

VRS AR R R AR EE RS EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE

count =dat a[ menu] [ 1] ; /1 Get del ay counter val ue
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}

count =~count ; /| Conpl enent t he nunber

t housand=count/ 1000; /1 Get thousands, ten thousands pl aces

hundr ed=count - t housand*1000; //Get |owest three digits

hundr ed=( hundr ed+1) *cl ock_peri od; I

t enp=hundr ed/ 1000; /1 Conmpute the carry to thousands

t housand=t housand*cl ock_peri od+tenp; //Add carry

hundr ed=hundr ed- t enp* 1000; /1 Subtract carry anmount from hundreds
sprintf(display_str,"%d. %3d", t housand, hundred); //format string

/linsert zeros into string before displaying decimals
for(i=4;i<10;i++)

{
if(display_str[i]==32)
di splay_str[i]=48;
}
| cd_| ocat e( LI NE2+10) ; // position cursor
| cd_putstr(display_str); /lwite string
| cd_l ocat e(cursorline+cursorpos); /I position cursor for user input
Wi teData(nenu, cursorline); //Send data to the chips

voi d I ncrenment _Dat a(voi d)

{

/1l ocal vars
unsi gned int increnment, old_value, line;

//cal cul ate value to increnent data by dependi ng on cursorposition
swi t ch(cursor pos)

case 10:
i ncrement =10000/ cl ock_peri od*10;
br eak;

case 11:
i ncrenent =10000/ cl ock_peri od;
br eak;

case 12:
i ncrenent =1000/ cl ock_peri od;
br eak;

case 14:
i ncrement =100/ cl ock_peri od;
br eak;

case 15:
i ncrement =10/ cl ock_peri od;
br eak;

case 16:
i ncrenent =1;
br eak;

}

|l prepare for data increment

Ii ne=cursorline/LlI NE2; /10 for line 1, 1 for line 2

ol d_val ue=dat a[ menu] [ | i ne] ;
swi t ch(key)

{
case DNARR
//increnent data
dat a[ menu] [ | i ne] =dat a[ nenu] [ | i ne] +i ncrenent ;

//check for overflow condition
i f(old_val ue>data[ menu] [line])
dat a[ menu] [ | i ne] =0xFFFE;

br eak;

case UPARR
// decrenent data
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data[ menu] [l i ne]=data[ nenu] [line]-increnent;

/1 check for overflow condition
i f(ol d_val ue<data[ nenu] [line])

dat a[ menu] [ | i ne] =0x0000;
br eak;

defaul t:
br eak;
}

}

voi d Si ngl eShot (voi d)

{
i nt singl eshotval =0x7F;
int bogusaddr ess=0x3F;

/1 Apply PRF mask anytinme an address is witten to Port E
si ngl eshot val | =pr f mask;

/1 Apply PRF mask anytinme an address is witten to Port E
bogusaddr ess| =pr f mask;

/1 Toggl e single shot pin
poke( _REG PG, _PORTE, si ngl eshotval ) ; /1 Bringing single shot |ine high
del ay(1);

//always return to bogus address when done
poke(_REG PG, _PORTE, bogusaddr ess) ; /1 Bogus address to Port E
del ay(1);

}

voi d Check_Keys(voi d)
{
int attenpt=0;
int tenpkey=0; //used for signed conparisons only

//if input from keyboard, perform action

//1oop until a value is received fromthe keypad or tinput
whi | e( (t enpkey==0) &&( at t enpt <100))
{

t empkey=kpd_chkch();
att enpt ++;
del ay(1);

}

//tell main programto update display if a key was pressed
i f(tenpkey! =0)
di spl ayupdat e=1;

key=t enpkey; //wite the value to key global Iocation
swi t ch(key)
{

case LARR
menu- - ;
i f (menu<0)
menu=0;
br eak;

case RARR
menu++;
i f (menu>nenui tens- 1)
menu=nenui t ens- 1;
br eak;

case UPARR
Increnent _Data();
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br eak;

case DNARR
Increnent _Data();
br eak;

case CARR
i f(cursorline==LI NE1)
cursorline=LI NE2;
el se
cursorline=LI NE1;
br eak;

case LAUX:
Si ngl eShot () ;
br eak;

case RAUX
CUr SOor pos++;
i f(cursorpos>16)
cur sor pos=10;
i f(cursorpos==13)
CUr SOr pos++;
br eak;

defaul t:
key=0;
br eak;

] R R Kk ok ok ok ok ok kK R Kk ok KR Kk kR R Rk kR K Rk R kK K R Rk R Rk R Rk Rk kK

//Smal|l function to read serial input with tineout

//*********************************************************

int Getlchar(void)

{
int attenpt=0;
int val ue=-1;
//1oop until a value is received fromthe serial port or tinout
whi | e((val ue==-1) &&( at t enpt <100) )
val ue=chkchr ();
at t enpt ++;
del ay(1);
}
return(val ue);
}

7R R R AR E R R EEEREEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE

/1 Wites nunber of integrations through portGP as a serial connection.
/1 Lines are designated as foll ows:

11 OCl - Device reset, not used here

11 OC2 - data line

11 OC3 - latch data line

I o4 - clock line

//*******************************************************************

void Wite_Integration(int Intaddress, int Intdata)
{

unsi gned int tenpval ue=0x00;

unsi gned int tenpmask=0x8000;

unsi gned int out put;

unsi gned int cl ockhi gh=0x40; //clockline is a1l
unsi gned int cl ockl ow=0xBF; //clockline is a0
int i;

//start with all lines at zero
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poke( _REG PG, _PORTGP, t enpval ue);

//1oop, witing one bit of the data at a time, MSB first
for(i=1;i<17;i++)

{
t enpval ue=I nt dat a;
t enpval ue&=t enpnask; /1 Get only one bit
t enpval ue=t enpval ue/ t enpmask; //shift remaining bit to the LSB
i f(tenmpval ue==1)
out put =0x10;
el se
out put =0x00;
poke( _REG PG, _PORTGP, out put) ; //put the output bit on the data line
out put | =cl ockhi gh;
poke( _REG PG, _PORTGP, out put) ; //toggle clock high
out put &=cl ockl ow,
poke( _REG PG, _PORTGP, out put) ; //toggle clock | ow
t enpmask=t empmask>>1; /1shift the mask one bit to the right
t enpmask&=0x7FFF; //force MSB to zero
}
/lall data has been shifted out, now toggle the latch |ine
poke(_REG PG, _PORTGP, 0x20); /1bring latch Iine high
poke( _REG PG, _PORTGP, 0x00) ; //bring all lines |ow
}
voi d Reset (void)
{
poke( _REG PG, _PORTGP, 0x08); /1 Bringing reset line high
poke(_REG PG, _PORTGP, 0x00); //Bringing reset line | ow

] R R KKk kK ok ok ok kKK K ok ok kK R Kk ok K R Rk kK K R Rk R kK R Rk R Rk Kk Rk ok ok kK

/] Check serial port for input fromthe conputer
//*********************************************************

voi d Check_Seri al (voi d)

{
int first=-1; //1st serial port input byte
int second=-1; //2nd serial port input byte
int third=-1; /13rd serial port input byte

int tenpnenu, tenpline, i, j;
int final=0;

first=CGetlchar(); /11 o0k for garbage
if(first !=-1) //Data is coming in
first=CGetlchar(); /1 get real nunber
putch('1"); //send 1lst acknow edgenent
second=Cet 1char () ; /1 get gar bage
second=Cet 1char () ; /1 get real nunber
if(second !=-1)
{
putch('2"); //send 2nd acknow edgenent
t hi rd=Get 1char (); /1 get garbage
t hi rd=CGet 1char(); //get real nunber
putch('3"); //send 3rd acknow edgenent
}
}
if(third! =-1) /A valid sequence was received
{
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di spl ayupdat e=1;

//1nput address is for the width or delay |atches
if((first>=0)&&(first<=0x12))

{

/11 oop through all latch addresses and see if
//serial input matches one of them

for(i=0;i<nmenuitens;i++)
for(j=0;j<2;j++)

if(address[i][j]==first) //1f input address is the sane
as this one, get nenu and |ine#
{
t enprenu=i ;
tenpl i ne=j;
}
//now that address is known, concatenate the upper and | ower bytes
second=second<<8; /1shift and filter the high order byte
second&=0xFFOO;
final | =second; / | conbi ne high and | ow order into one
final|=third;

//wite value to menory to be consistent with LCD interface
dat a[ t enpnenu] [t enpl i ne] =fi nal ;

//change format for consitency with LCD interface

tenpl i ne=t enpl i ne* LI NE2;

WiteData(tenpnenu,tenpline); //send the data to the hardware
}

//check if single shot is being addressed
if(first==0x20)
Si ngl eShot () ;

//Check if Reset is being addressed
if(first==0x21)
Reset () ;

//Check if integration counter is being addressed
if(first==0x22)

{
//concat enate the upper and | ower bytes
second=second<<8; //Shift and filter the high order byte
second&=0xFFOO;
final | =second; /[ conbi ne high and | ow order into one
final | =third;
//Wite data to the integration counter
Wite_Integration(first,final);

}

/1 Check if PRF enable is being addressed
if(first==0x23)

i f (second==1)

pr f mask=0x80;
el se

pr f mask=0;

// Main function
voi d mai n(voi d)

/11 ocal variables
unsigned int serorkey; //wll select serial port or keypad operation through |C3
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/linitialation

menu=0; //Start at nenu O, line 1
cursorline=LI NE1; /llnitial cursor line
cur sor pos=11; /llnitial editing cursor |ocation

set baud( BAUD9600 );

led_init( 2, 0, 2); /12 line, 5x7, cursor (#2 normal, #3 shifted)
Cl earVars(); //Clear all values in nmenory

poke(_REG PG, _DDRE, OxFF); //set all Port E as output

poke(_REG PG, _DDRF, OxFF); //set all Port F as output

poke(_REG PG, _DDRGP, 0x78) ; /1 OC pins as output (port GP)

/1 Display 1st nenu
Di spMenu() ;
del ay(1000);

//begin interactive |oop
whi | e( nenu<=20)

{
seror key=peek(_REG PG _PORTGP);
ser or key&=0x04; //filter only IC3 pin
i f(serorkey==4)
Check_Keys();
el se
Check_Serial ();
i f (di spl ayupdat e! =0)
{
Di spMenu();
di spl ayupdat e=0;
i f(serorkey==4)
del ay(250); //delay if using the keypad
}
}
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APPENDIX N LABVIEW DATA ACQUISITION PROGRAM
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