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I. INTRODUCTION

In June 1973 the Electronics and Space Division of the Emerson Electric Co.
proposed its AN/APQ-153 Fire Control Radar modified to provide angle tracking
capability for evaluation by the National Aeronautics and Space Administration,
Manned Space Center, for application as a test bed rendezvous system for the Space
Shuttle.

This proposal was accepted and in July 1974 the Tracking and Communications
Development Division of NASA/Johnson Space Center, Houston, received delivery of
the Emerson Elec“ric modified version of the operational AN/APQ-153 Fire Control
Radar system.

In the time period from December 1974 to June 1975 Emersons' system underwent
comparafive evaluation with an RCA modified Apollo Rendezvous Radar (MARR). These
activities in Rendezvous Radar test and evaluation were carried out by Lockheed
Electronics Co., Inc., for the Tracking Techniques Branch, TACD of NASA/Johnson.

In November 1975 Emerson was placed under contract (NAS 9-14760) titled Radar

Performance Improvements in order to provide some low cost but very desirable per-
formance increases. This work was completed in June 1976 and the following consti-
tutes the final engineering report. Consider the Contract Statement of Work, and
the amendment to the Statement of Work, paragraph 3.3 on Interface Design, both
reproduced in Appendix A. Consistent with this statement this final report is
divided into three major sections: II. Frequency Agile AFC Modifications,
III. Range Rate Improvement Modifications, and IV. Radar to Computer Interface
Design. The Mods Marked-Up drawings are included in Appendix B. Finally, a Com-
parison B~tween Non-Coherent and Coherent Radars was done as an extra task and is
included in Section V.

In Section II the Frequency Agile AFC Modifications are outlined in d-tail.

With these changes it is estimated that the range at which the probability of single



scan detection is 0.8 or greater is increased by at least 35%. Perhaps of more
importance is the prediction that the target-induced range tracking part of the
errors will be reduced by at least a factor of 2.5. These improvements may be
confirmed in the coming test program by the ability to switch the Frequency Agility
in and out.

In Section III the Range Rate Improvement Modifications are well indicated.
The analysis shows that the éhahées made relative to the range-rate output should
result in range-rate noise errors onthe order of + 3 ft/sec. With these modifica-
tions, and an additional simple single pole RC filter (RC = 1 second) on the range-

' over a 30 second

rate output point the maximum excursion due to system "noise'
observation period on an oscilloscope presentation was + 1 foot per second.

In Section IV the Radar to Computer Interface Design is presented. This
design includes a schematic, parts list, and functional description. The design
provides the necessary conversion to digitally interface with sufficient isolation
to prevent excessive loading and/or listortion and pick-up.

Section V contains a preliminary parametric design and comparison of non-
coherent and coherent radar systems for the Shuttle Rendezvous range and range-
rate error requirements.

In summary, these analyses indicate that the Shuttle Rendezvous range and range-
rate requirements of 30gR = 1 ft and 30g = 1 ft/sec, respectively, can be made by a
Ku-Band Non-Coherent Pulse Radar providing the range tracker instrumentation is
improved correspondingly. With the Frequency Agility capability and the changes
made to our all analog range tracker, and the demonstrated system "noise' level at
the range rate output indicate that the Improved AN/APQ-153 NASA radar system can
approach these requirements. Thus, with further development and the range-tracker

employing the final optimum bandwidth and using digital instrumentation,it is an



easy extrapolation to a Ku-Band lNon-Coherent Pulse radar system which meets the
stringent shuttle rendezvous range and range-rate accuracies. Turther, it appears

that the pulse-to-pulse frequency agility, practical on the Ku-Band Non-Coherent

)
Pulse system, and extremely difficult with the Coherent system, will reduce the
target-induced range and range-rate errors (dominating at near ranges less than

1000 ft) by a factor of 2,5 or more.

ITI. FREQUENCY AGILE AFC MODIFICATIONS

The major advantages of introducing frequenéy agility are two: (1) the detec-
tion ranges (for which single scan detection probabilities are 0.5 to 0.9) are
significantly increased (see Figure II), and (2) the target induced range tracking
errors due to reflection energy centroid random motion back and forth on the target
(glint or scintillation phenomena) are reduced by at least a factor of 2.5 whether
leading-edge tracking or other tracking techniques are employed. In the close-in
range and range rate tracking problem, this factor can significantly reduce the
errors, because the errors will primarily be these target induced ones, not ones

due to receiver noise or range tracking instrumentation.

TI.1 Frequency Agility Kit

The frequency agility kit was completely assembled at Emerson and successfully
demonstrated to NASA engineering personnel during the latter part of March. It was
delivered to NASA/Houston by Jack Kubicek of Emerson Electric during the early part
of April. The following list indicates the modifications made to include the fre-

quency agility in the NASA system.

I. Modifications to NASA Receiver/Transmitter

Affected Drawings: 656950

1. Add wire between TBl terminal #2 to Al0J5 Pin 9 (+ 30 V).

2. Replace above deck wire harness on basic R/T with 633775-1
wire harness.
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IT.

III.

3. Replace basic local oscillator A3A9 with agile L.O. 633738-1.

4. Replace basic magnetron (633133-1) with agile magnetron
(633737-1).

5. Replace post AMP/AFC assembly (633157-307) with POST AMP/AFC
assembly (633980-1).

6. Replace air duct assembly (633413-1) with air duct assembly
(633413-5).

7. Replace bracket assembly (633301-1) with bracket assembly
(633864-1).

8. Replace R/T top ¢over with modified cover.

Modifications to NASA Processor

Affected Drawings: 656973

1. To interface with the processor the AFC #2 signal must be
disconnected from the AFC BIT monitor (AlA3). This is
accomplished by removing R73 from the AlA3 card.

System Cable and FCR Simulator/Monitor Modifications

Affected Drawings: 656902, 656901

1. Frequency agility On/Off command.

a. The R/T will be in the frequency agile mode when the R/T
connector J1 pin F is connected to signal ground.

b. The R/T will be in the fixed frequency mode when the con-
nector J1 pin F is open.

2. Frequency agility On/Off command installation.

a. Remove wire between R/T connector J1 pin F and processor
connector J4 pin F. (+ 28 VDC/14 VAC RET.)

b. Add wire between R/T connector J1 pin F and the FCR simu-
lator/monitor J9 pin N.

c. Add a switch in the FCR simulator/monitor as shown below:

J9 /l Off
{ﬁ] Agile On/Off
u\fﬁi l On
The marked-up darwings are included to document the changes made.
drawings are listed as follows and are included in Appendix B:
Receiver Transmitter Radar 634300
Power Supply Trans. and AFC Bit 656973-1

Circuit Card Assembly Power Supply Bit " 656973-2

These



System Wiring Schematic Radar Processor to 656901
Xmitter Receiver

FCR Interface Simulator/Monitor 656902

Circuit Card Assembly, Frequency Agility, AFC 633922

AFC Assembly, Post Amplifier Assembly 633980

Circuit Card Assembly, Post Amplifier 633156

IT1.2 Frequency Agility Description and Performance

The operational performance of the pulse radar is improved by the use of the
frequency agility where the transmitted frequency is changed on a pulse-to-pulse
basis. The peak-to-peak frequency excursion is 100 MHz at an agility rate of
100 Hz. Frequency agility is mechanized in the receiver/transmitter LRU as shown
in Figure II.2-1. The 6543 magnetron was replaced with an agile magnetron which
has the same high v.1ltage and RF interface with the modulator as the present
magnetron.

To mechanize frequency agility in a coaxial magnetron one can dither a timing
plunger or drive an expanding ring at the agile rate to vary the cavity dimensions.
In either case, a permanent magnetron (PM) resolver is attached to the motor shaft
to provide a readout voltage proportional to the tramsmitt.. frequency. This out-
put 1is used in the coarse AFC loop.

The frequency agility technique requires that on a pulse-to-pulse basis the
transmitter frequency be separated by an amount sreater than the receiver bandwidth
(3 MHz). This requires the transmitter output to be frequency modulated. The fre-
quency modulation and agile rate are determined to be 100 MHz and 100 Hz, respec-
tively. Since the transmitter frequency is changed on a pulse-to-pulse basis, the
AFC local oscillator (LO) must track the varying transmitter frequency. Ableckdia-
gram of the frequency agility system is shown in Figure II.2-2. The AFC loop 1is required
to sample the transmitted RF frequency during the transmit pulse and then to gene-

rate a local oscillator frequency separated from the transmitter frequency by the
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system IF. As the transmitter frequency changes from pulse-to-pulse, the tracking
local oscillator stabilizes v the transmitter frequency before the transmitter
pulse 1s turned off. That stabilized frequency must be maintained over the inter-
pulse period at least for a length of time corresponding to the maximum range of
20 NM.

The input to the Automatic Frequency Controi is from the AFC mixer which com-
bines the magnetron rf sample with the local oscill. 'or signal to produce the
difference frequency, or RFC IF error which is fed to the wide band IF amplifier
and limited (see Figure I1I.2-2), This is followed by a 2-stage power amplifier
which also provides IF pulse for BIT target to drive the high and low pass filters
which make up the frequency discriminator which is centered within the IF pass
band. The outputs of the high and low pass filter/detector combinations are summed
in the loop integrator/filter. This is foilowed by a level changing amplifier with
a gain of two. The output of this amplifier is used to drive the local oscillator.

At the beginning of each successive transmission of the magﬁetron, an error
exists between the actual frequency of the local oscillator, established for the
previous maggie transmission, and the local oscillator frequency required for the
present transmission. This frequency error generates an actual error voltage at
the output of the a. criminator which drives the local oscillator in a direction
tending to bring thc error to Zzero.

The actual error voltage is not normally viewable. It can however be seen by
means °f a 2-input differential oscilloscope attached to the outputs of the high
and low rass filter outputs.

This error lasts for about 200 nanoseconds as the AFC loop is correcting
itself. The fast time constant of loop filter/integrator which permits the loop
to correct with the main bang, also permits it to decay rapidly after the main band,
and so it is necessary to sample the out=ut of the Integrator immediately after it

has corrected and settled and hold the new value during the period between pulses.
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The sample and hold which loops around the filter/integrator performs this
function. The S/H is actuated by a video pulse which is obtained from the wide
band IF and limiter amnlifier. The detected video pulse issued to trigger a omne
shot which provides the sampling pulse for the sample hold. This same pulse is
fed out as a BIT trigger to turmn on the test target in the post IF amplifier.

In addition to requiring a new agile magnetfon, the frequency agility modi-~
fication also required a new local oscillator and the above-described AFC circuits.
The new local oscillator had to have a tuning range compatible with the agile mag-
netron. A uynit with the same physical dimensions as the present LO was installed
in the same location. The receiver module which is shown in Figure II.2-1 con-
tains the AFC circuits. With the addition of frequency agility an additiomnal
circuit board was required in the receiver module., To accomodate this, the height
of the module was increased approximately 1/2 inch. This allowed the installatiom
of the new AFC circuits which required printed circuit boards to replace the exist-
ing single AFC board. Tﬁe additional height of the receiver module, however, did

not require an increase in the overall receiver-transmitter LRU envelope.

BIT

The AFC failure-indicating-circuits look kor 3 things. The first two consti-~
tute a window detector to determine if the AFC output control voltage to the local
oscillator is within its dynam;c range. The third determines if the agile motor
is running by determining if the control voltage is crossing a reference voltage
and how often it 1s crossing this voltage. 'These signals are OR'd so that if any

one is improper, an AFC fail is indicated.
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III. RANGE RATE IMPROVEMENT MODIFICATIONS

The AN/APQ-153 range-tracker was originally designed for the high closing and
opening rates and accelerations in air-to-air combat, The shuttle rendezvous
range and range rate error requirements are 3ogr = 1 ft and 30gR = 1 ft/sec, respec-
tively. Analysis showed that the range rate smoothing bandwidth reduction of about
10 was required to obtain these magnitudes of er;ors. Sufficient changes were made
in the analog range-tracker to approach these values. With these changes including
a simple single pole RC filter (RC = 1 second) on the range rate output point, the
systen "noise" excursion over a 30 second observation on an oscilloscope did not

exceed + 1 ft/sec.

III.1 Range Tracking Modification Kit

Range Tracker Modification Kit boards were delivered, installed, and tested
by Emerson Electric engineer, Jim Gebhart, and accepted by NASA/Houston personnel
in June. The following list indicates the modifications made to the Range Tracking

boards to obtain the desired range rate accuracy improvement:

I. Circuit Card AlAl4 (NASA Board 656984)

a. Replace AR3 (ES3204-02) with ILM108A (ES5309-01) see note 1.
b. Replace R35, was 14.7K 1%, now 32.4K 1Z.
c. Replace R22, was 29.4K 1Z, now 2.32K 1%.

d. Replace C6, was (ES3182-01) now 4 (ES3399-27F) comnected in
parallel.

e. Replace R2, was 681 1%, now 20.5K 17.
f. Replace R18, was 24.3K 1%, now 294K 1Z.

II. Circuit Card AlAl3 (NASA Board 656983)

a. Replace ARl (ES3203-04) with LM108H (ES5309-01) see note 1.
b. Replace AR2 (ES3203-04) with IM108H (ES5309-01) see note 1.
c¢. Replace R89, was 7.87K 1Z, now 49.9K 17.
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ITII. Processor Wire List Changes (656960, Sheet 2)

a. Remove wire from A1XAl13-8 to Al1XAl4-45.
b. Add wire from Al1XAl4-33 to Al1XAl4-45.
Note: LM108 op-amps are pin-for-pin replacements for 741's. However,

each IM108 needs a 100 pF (M39014/01-1379) between pin 8 and
ground for frequency compensation.

The basic performance of the AN/APQ-153 range rate circuitry was originally
optimized for velocities of 3:005 ft/sec closing and 1,000 ft/sec opening. However,
the rendezvous parameters are much closer to 300 -ft/sec opening to 100 ft/sec clos-
ing. The scale factor of the range rate output was increased a factor of -10
changing the 5 millivolts per ft/sec to -50 millivolts per ft/sec. The noise level
was cor;espondingly reduced by changing the transfer function to the range rate
output, and reducing the effective noise bandwidth in the process.

Referring to Figure III.1-1 the basic AN/APQ-153 tracking loop, the range
tracker functional diagram, and the NASA modifications in italic type, are both
"shown. .

Simplified block diagrams of both the basic and NASA mod range tracker are
indicated in Figure II1.1-2. The loop transfer functions aund smoothed range rates

out become:

Basic NASA Mod
\
Open Loop Transfer Function (-111) 1_"'.8_%29}.) (8.88) (1_-!-8_!259_6_8_)
Smoothed Range Rate Out - Ro 30 Ro
e 8 (1 +.0645) (1 +.4968) (1 + .0645)

Thus, the acceleration constant is reduced from 111 to 8.88 and another pole
smoothing is introduced into the range-rate output along with a scale factor of 50

instead of -5 (a factor of -10).
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FIGURE III.1-2

RANGE TRACKER SIMPLIFIED BLOCK DIAGRAMS

A. BASIC
+ ~— Ein 1 Ey I + E3 .30 Ro
—'(&ﬁ'7 ;-‘—‘I ~ 099568 - 1.0 - Ts >
+ + e
E2 16.2 A 1.5
2.58 20 =TT o6
OPEWLOOP .. 1 -.200S ' SMOOTHED RANGE 5__ & I '
TRA VSFERS S2 , RATEOUT  1+.0648 SMOOTHED RANGE
: RATE OUT
B. NASA MOD. .
+ 1 _|=g T E3 .30 Ro
—137 1.258S - 1.0 — -5
+ + A
E2
- 0.49 _?,I- 182
15
Ve
> 17 .064s
)
OPENLOOP _ _, .. 1+1496S ' SMOOTHED RANGE _ 50 :
TRANSFER ~ ~0:38 TTg7 RATE OUT = (13 .4965) (LT 0645y R© SMOOTHED RANGE

RATE OUT

C. NASA MOD. (Redrawn to be Analogous to BASIC)

ol 1 Bl ] ¢ 531 0.30 Ro
v 1.258S ' S
g

+

v

-
|

E2 [ 16.2 10 p 1.5

SMOOTHED RANGE
RATE OUT

20 “1+.496S 1+.064S I"
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With Al Cunningham present, Jim Gebhart demonstrated the actual ramnge-rate
noise level at the range-rate outbut point of the Range Tracker. The maximum ex-
cursion was + 3 feet per second over a 30 second observation period on am oscillo-
scope presentation. Adding a simple RC filter as shown below, the output noise
swing was reduced to + 1 foot per second over a 30 second observation period.

This final bandwidth may be close to that of the interface A/D converter.

R = 30K
—AAN .
T o € 1 1
R . = o = =
Ro S €73 Ro 1+RCS 1+S

'| RC = 1.0 seconds

The marked-up drawings are included to document the changes made. These
drawings are listed as follows and are included in Appendix B:

1st and 2nd Integrators 656984
Pulse Gen, TRR, Gate Position 656983
Radar Processor (Wiring) 656960 (Sheet 2)
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I11.2 Range Rate Improvement Analysis

The block diagram of the basic AN/APQ-153 range tracking loop shown in

Figures 1II1.1-1 and II1.1-2 is put into a general K parameter form below:

K6 | LR
1+T25S Ro
e T T =77
| ) :
—
| + K1 ) € ' K3 : i
\ 1+ s o1 K2 3 | 5 s —T1 >R
- LA 5 L2
L L - J
K4
="
17/:
s

FIGURE 11I.2-1

The transfer functions in terms of the above parameters with (1-+13,S)‘1‘= (1-!-.0()58)‘1

" 2 1 becomes:

o(S as+b
e T MO - @Yt W
Ro(s) _ =[—K6 ) [S s \ [_as+b
Ri(s) - NT(S) (1+'rzs) (K5> H(S) = \Ks) (14-‘1‘28/ \Sz+as+b) )
Rp(S) _ ds
Ri(S) (s2 +as +b) (3
= K1K4K5

a
- . @

b K1K2K3Ks open loop gain

d

= K1K2K3 ~ open loop gain to tap for Rp(t)
The noise bandwidth (8n) (not to be confused with the usual servo bandwidth) is
defined in terms of the transfer function H(S) as follows:

If H(w) = H(S)|gay, and [Hm(w)| is the maximum amplitude of H(W)

then the noise bandwidth becomes:

2
Ba = o .f R |2 dw (5)
|Hm (w) | 2
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and for the AN/APQ-153 general parameters previously defined, the specific H(w) 2

becomes:
14 (;‘;- 2
jaw) |2 = [1+ (_%52-]-: C"—Z;'zz—b) (6)
and for C = Kg/Ks
L /b )2
IHT(w)|2 - [lffr‘z'f,)z] - (;- : a_v%z_z,, )
aw) ]+ \ a2

The range equivalent thermal noise error gy -has been derived from extensions

of Barton's treatment* for the split gate tracker as in the AN/APQ-153.

oy = e ° (8)
Jao /L S

where it is assumed that:
Tg L ¢ and TefR > 1
where

= Total split gate width = 2 x pulse width (.85 us)'
= Pulse length (0.425 us)

= Receiver bandwidth (3 MHz)

Pulse repetition frequency (2500 per second)

= Signal-to-noise power ratio at end of IF

= Velocity of light (feet/second)
= The noise bandwidth as defined earlier

2 o ‘zl“’ - B
]

Us*ng the basic AN/APQ-153 nominal parameters the {% ratio in db at 4 nm is 31.46.
For ¢ to be 1/3 ft at this signal-to-noise ratio, the noise bandwidth gp as deter-
mined from the above must be 0.5 Hz.

Inserting the basic AN/APQ-153 parameters equations (6) and (7) tecome:

*Barton, D.K. "Radar System Analysis" Chapter 11, Prentice~Hall, New Jersey, 1964.
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BASIC
: 1+(4.79>2
law)|2 = A 9)
[1 N 4.79]7 , v2-14.47] (
w 545
5u)2
law|2 = (1+fo‘g;6 el LIOTE (10)

These two are plotted versus w in Figures II1.2-2 and I11.2-3. The numerical integration
as required in (5) to obtain B, was done on the DEC 10 computer. The corresponding
o was obtaired using (8) with S/N = 31.46. Thus the basic AN/APQ-153 has:

For Ro Bn = 4.36 Hz and oOR, = 3.85 ft
For Ro Bn = 5.68 Hz and OR, = 4.4 ft/sec

Thus, the NASA Mod system needs to have a noise bandwidth of 0.5 Hz as compared to
the basic noise bandwidths of 4.36 and 5.68 Hz, a factor of about 10 in noise-
bandwidth reduction.

Now, there are many combinations of a and b to obtain B, = 0.5 Hz. For complex

conjugate poles of H(w) (x + iy) the family of a and b for Ro becomes:

b 111 75 50 25 10 5 3 1 15 .25

a 2.26 (2.2212.21) 2.0 | 1.7 { 1.3 | 1.1 | .70 | .50 | .34

¢=can‘1-§— 83.7° | 82° | 80° | 78° | 74 | 713° | 72° | 69" | 69" | 69

X 1.13 |1.13)1:13| 1.0 | .85 | .65 | .55 | .35 | .25 | .17

y 10.29 | 8.36 | 6.70 | 4.89 | 3.04 | 2.13 | 1.64 | .936 | .661 | .470

For combinations of a and b which yield H(w) with negative real poles, the following

table gives the corresponding noise bandwidth Bp.
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Values of B, for |H (w)|2

A Function of Real Negative Poles

b a Bn
111 23 4.66
50 14.33 3.58
10 6.333 1.58
. 8.88 -~ b.44 -~ 1.35
2 3 .75
1 2.01 .50
1 2.05 .51
1 2.12 .53
1 2.5 .625

Comparing the Range Tracker Simplified Block Diagrams in the Range Tracker Mod.

Kit section, Figure III.1-2,

the K parameters become:

K1
K2 K3
K4
Ks
a = K; K4 Ks
b = K) Ky K3 Kg
ds= Ki K2 K3
Bn (for Ro)
K¢
T2

Basic

37
10
2.09
0.3
23.2
111
370
4.66 Hz
1.5

+064 seconds

with the parametric form in this section,Figure III.2-1

NASA Mod.

37
0.8
0.4
0.3
4.44
8.88
29.6
1.35 Hz
15
.500 seconds
- 1.12withé°output
RC filter
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IV. RADAR TO COMPUTER INTERFACE DESIGN

Emerson agreed to assist in developing an interface design compatible with
the AN/APQ-153. The following describes the interface design and includes a sche-
matic diagram and a parts list. The NASA "Technical Description of Digital Inter-
face for AN/APQ-153 Radar is included:

The AN/APQ-153 Digital Interface uses a modﬁlar data acquisition system (DAS)
(Datel Systems Inc. P/N DAS-16-M12B1C3B)*. This module only requires power and
input/output signal conditioning as shown on schematic diagram ESK 1002%. Priefly
the major parameters of the DAS system are:

1. Eight (8) 1ifferential input channels.
2. + 5V bipolar input range.

3. Offset binary coding, i.e., - 5.000V = octal 0000 and
+ 4.9925V = octal 7777.

4. 12 bit output resolution including sign.

5. Simple RESET, CONVERT, and BUSY control lines with automatic
channel sequencing.

6. + .0257 of F.S. system accuracy.
Schematic ESK 1002$shows the signal conditioning circuits of each channel between

the input connector J1 and the DAS J1 connection. Each channel is described below:

Channel 1

Channel X has the dual velocity signal conditioning circuits. Switch S2A and
S2B select low (+ 250 ft/sec) or high (+ 1,000 ft/sec) ranges of velocity. This
assumes that + 1,000 ft/sec is equivalent to + 5V input signal. Individual gain
and offset adjustments are provided for the inverting amplifier Al. A 1 Hz 3-pole
low pass filter (A3) is provided between the amplifier and the DAS Channel 1 input
to filter 3 and 6 Hz con scan noise. Channel 1, as well as all other channels, are
provided with input signal overvoltage protection consisting of CR1l, CR2, CR3, CR4,
R32, and R9. FD-300 low leakage diodes are used in these limiter circuits. Since

the channel inverts the signal and the digital output is negative logic. It is

*See Appendix B.
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intended that the interface cable or computer interface invert or complement the
velocity data as required. All other chanmnels also use inverted signal inputs so
that all output data words will be consistently negative logic for reinversion as

required.

Channel 2

Channel 2 has the dual range signal conditioning circuits. Switch S3A and
S3B select low range (6,000 ft) or high range (60,000 ft). This assumes that 0 to
60,000 ft is equivalent to 0 to 60 VDC input sigﬂal. Individual gain and offset
adjustments are providea for the inverting amplifier A2. The offset adjustment
offsets the amplifier A2 to + 5.0 VDC for a 0 ft (OV) input signal. At maximum
range either low or high the amplifier output is -5 VDC. Thus the range signal is

digitized using the full 12 bits of resolution.

Channels 3 thru 7

Channels 3 thru 7 are assigned as follows:

Channel 3 Az

Channel 4 Az Rate
Channel 5 El

Channel 6 El Rate
Channel 7 Logic Signal

These channel inputs are direct except for input protection circuitry. As per
telecon with NASA personnel, direct inputs of these parameter voltages within + 5
VDC is acceptable. It is assumed that computer software will calculate parameter

values from the input voltage v.s. parameter value calibrated values.

Channel 8
This channel has not been connected and the output word is a‘'don't care'value.
The channel sequency will be as indicated above unless otherwise desired. A\

different sequence can be easily incorporated. Channels may be sequenced at a rate

to 50 KHz, if necessary, for signal averaging.
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An internal power supply option has been provided (for 400 Hz operation) if
desired. Power switching and fusing has been provided.

Output and input drivers and receivers are dual rail logic of the National
DM8830 and DMB820A types. Two least significant bits are wired to zero. These
and the 12 bits of the DAS give the 14 bit desired data word.

Interconnecting cables are not included in fhe P/L although mating connectors

for testing are included.
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IV.1 Technical Description of Digital Interface

1.0 SCOPE
This description is for an add-on A/D converter and Digital Interface for the
AN/APQ-153 modified by Emerson Electric for NASA-JEC under contract NAS-9-13675

and NAS-9-14760.

2.0 PERFORMANCE CHARACTERISTICS

2.1 Parameter Output Format
a. Natural binary with MSB = Polarity.
b. 13 bits plus sign per word.

¢c. 1 word per parameter.

d. 8 parameters per sequence.

2.2 Parameter Designation

a. Range.

b. Range rate.

c. Azimuth angle.

d. Azimuth angle rate.
e. Elevation angle.

f. Elevation angle rate.
g. Lock~on indicator.

h. Blank word.

2.3 Computer Handshake Details

a. Request signal:

Positive Polarity
2.4 - 5.0 V level

b. End of conversion signal:

Positive logic
2.4 - 5.0 v EoOoc-

¢. Computer will supply master reset signal, then strobe in
sequence for 8 parameters.

d. Standard 8820 and 8830 line transmitters and receivers
will be used.

2.4 QOutput Signal Levels

Positive logic, TTL compatible.
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2.5 Data Line Drive Requirements
a. 50 ftr maximum, twisted shielded pairs.
2.6 Data Rate
a. Less than 5 request per second.
2.7 Parameter Scaling
a. Range, full scale
Selectable, 0 - 6,000 ft, or 0 - 60,000 ft.
b. Range rate, full scale
Selectable, 0 - 250 ft/sec or 0 - 1,000 ft/sec, bi-polar.
c. Angle, + 45 full scale.
d. Angle rate, + 20 /sec full scale.
3.0 POWER
Power for unit shall be either supplied from radar or from 400 Hz supply.

4.0 PHYSICAL CHARACTERISTICS

4.1

4.2

4.3

4.4

4.5

4.6

Size

19 inch rackmount, 5-1/4" high, 18 inch maximum, depth.
Panel Color

Light gray.

Identification

a. Nameplate on back, name on front.

Cooling

a. Ambient air without fan in air conditioned laboratory.
Switches and Adjustments

a. Located on back of unit.

Interface Connectors Requirements

a. Located on back of unit.
b. MS-3116, MS3126, Bendix PT06 or JT06 or equivalents.

c. Input, output on separate connectors.

Additional technical notes are in Appendix B along with the entire

schematic ESK 1002.

interface
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V. COMPARISON BETWEEN NON~COHERENT AND COHERENT RADARS

The Ku-Band Shuttle Missions yield fadar requirements for the terminai phase,

(<8nm) as follows:

Minimum Range 100 ft
Search Angle 90 x 90 III, ;0 Xx 10 I and 11

1Z (100 £t to 5 nm)

Range Accuracy 390 ft (5 to 30 om)

(30) open (30 to 300 am)
Range Rate Accuracy + 1 ft/sec random

(30) Range less than 30 MM
Angle Rate 4 mr/sec acquisition

5 degrees/sec track

Angle Rate Accuracy 0.14 mr/sec R < 30 nm

(30)
Angle Accuracy 10 mor R < 30 nm
(30) 60 mr bias

The radar operational requirements:

Above within 10 seconds following AV 10 ft/sec
Range Acceleration 0.5 ft/sec2

Recovery after break lock within 2 seconds

R<10 mm Closing 100 ft/sec
Opening 50 ft/sec

Velocity limits R >10 om Closing and Opening 300 ft/sec
The non-coherent pulse radar design can be sketched to meet the requirements

in range and range rate. The parameters are listed in the following Table V.1:

TABLE V.1

Ku-Band Non-Coherent Rendezvous Radar Parameters

Power: 80 KW Peak; 80 watts average: .00l duty cycle
Range: 7 Nautical Miles

Antenna Gain: 35.4 dB; Noise Figure=5 dB; Losses =5 d8
Pulse Width: 120 nanoseconds; IF Bandwidth = 20 MHz

Pulse Repetition Rage: 8000 Hz; Tracking Noise Bandwidth = 1 Hz

Single Pulse Signal /Noise Ratio = 10.2

Non-Coherent Integration Gain = 23.5 dB

Range Error (lo) 2 0.4 feet

Range Rate Error (ls) = 0.26 feet/second (differentiated range)
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The pulse width is chosen as 0.120 us. Frequcncy agile magnetrons (Varian
associates) exist with this order of pulse width. The corresponding round trip
time at the minimum range of 100 ft (.491757 feet/nanosecond) is 203.35 ns. Thus,
the receiver has 83.35 ns to recover after transmission. A Ferrite diode limiter

combined with a PRE TR tube can enable sufficient receiver protection and recovery

to obtain a very high signal-to-noise ratio for the (7 R = % ft and the J} R = L ft/sec.

3
The duty cycle of .00l is typical so that a PRF of 8000 is consistent. The maximum

unambiguous range for the PRF is 61,469 feet or {p.ll nm. An 80 watt average pn o~
magnetron would ihen have an 80 KW peak pulse power. The Ku-band mtenna gain (for
the same dimensions as our present X-band AN/APQ-153 non-coherent pulse radar system)
is about 35.4 dB. The predicted noise figure and ‘osses are both 5 dB. The effec~-
tive range tracking servo bandwidth can be on the order of 1 Hz.

The next step is to recall the basic definitions and determination of the

single pulse (no integration of pulses) signal-to-noise ratio (S/N).
Pr G o .
= &
S -%%;Ségig— (Skolnik*, page 20) (1)

S = Signal power at receiver (watts)

Py = Transmitted power (watts)

G = Antenna gain

Ae = Antenna effective aperture (meters2)

¢ = Radar cross section (meters?)
N = k To By Fy (Skolnik*, page 24) (2)

N = Noise power in receiver output of IF (watts)
To = 290 K IRE standard

Bn = IF receiver bandwidth (cpsj

Fn = Noise figure

k = Boltzman's constant = 1.38054 x 10723 19%%9§

Effective - A2 ¢ 2 .
Aperture ‘e w  (meters?) (Skolnik*, page 263) (3)

A = Wavelength (meters)

G = Antenna gain

[
*Introduction to Radar Systemst Merrill I, Skolnik, McCraw—H111,1962.
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L = Loss factor %)
Dividing (1) by (2) and substituting (3) and (4) the IF signal-to-noise power ratio
becomes (5) (on a single pulse; no integration of pulses).

S . Pt G2 A2 ¢ 5
N ~ Gm3®RY) (k To By Fa) (L) (5)

The other parameters which are needed are these:

R = Begin tracking range = 7 nm = 12,964 meters
¢ = Rendezvous v;hi&Ie effective radar cross section = 1 meter?
To = 290 K
k = 1.38054 x 1023 joules/OK
A = .021763 meters (at 13.775 GHz)
= Bandwidth of receiver IF (20 MHz)
= Total split gate width = 2 x pulse width (.24 us)
= Pulse width (.120 us)
= PRF (8000 Hz)
The noise bandwidth (1Hz)

:zlu: F ™AL
]

= Signal-to-noise power ratio after integration gain

Recalling a prior equation [(8) in Range Improvement Analysis section]

Y1g C
on = 2 SRR )

Bp v 'Ny

The results of exercising the above equations is the louwer set of values in Table V.1

4 /Bg

in which the error ¢ is nearly at design goals. The target induced errors are
caused by glint or scintillation effects are considered separately in later
paragraphs.

One constraint determining tﬁe lower limit on the range-rate bandwidth (or
the upper limit on the non-coherent integration time) is the rate of change of
range-rate due to target cg acceleration. During thrusting (or AV time) this may

be on the order of 0.5 to 1 foot/second?. However, this need not be a design goal.
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In the remaining time, it may be on the order of 0.1 feet/second?. The range rate
measurement error is given a one sigma value of 0.333 feet/sec. Thus, the maximum
integration time can be about 3-1/3 seconds. Consider target rotation:

w = .01 rad/sec

r = 9 meters .
Radar

& 0
FIGURE V.1
Vo =V cos@ = rw cos(wt) Vopaximum = TV = -29527 feet/sec
dv, dv;
T rwl sin(wt) at nax rwZ = 0.0029527 ft/sec

Thus, the range measurement error ¢ = 0.333 ft at 100 ft limits range integration
time to about 1 second. As a conservative design goal, 1 second integration time
for the range-rate measurement and 0.3 seconds for the range measurement shall be
- used.

The wechanization of the non-coherent pulse radar is grossly outlined in
Figure V.2. The range tracking implementation may be as shown, but there are a

few alternative schemes.

Range and Range Rate Tracking Instrumentation Alternatives

I. Digital Instrumentation Gemeral Constraints:

A. 20 to 50 nanoseconds early and late gating and/or sampling on the differ-
entiated leading edge.

B. 5 nanosecond basic clock period using ECL technology.

II. All Digital Tracking Loop:

A. Alpha-Beta tracker algorithm and digital implementation:
1. Type 2 servo; double integration in forward transfer.
2. Zero errors for constant position and velocity type inputs.

B. Vernier solution to positioning split-gates or sampling down to 0.1
nanoseconds. )
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III. Parallel Analog VCO Gating Loop and
Digital-Time-Interval Measurement

A. Split gate range discriminator.

B. Integrator and compensation transfer.

C. Voltage controlled oscillator with split gate outputs.
D. Synchronizer gating of 200 MHz clock counting.

E. Averaging Digital Time Intervals (multiple of 5 ns) for improved
(/N factor) time and range accuracies.

The pulse doppler coherent radar design can also be designed to meet the range

and range rate requirements. The parameters are iisted in the following table:

TABLE V.2

Pulse Doppler Coherent Radar Parameters

Power: 400 watts peak; 8 watts average; duty cycle = .02
Range: 7 nautical miles

Antenna Gain: 35.4 dB; noise figure = 5 dB; losses = 5 dB
Pulse Width: 2500 nanoseconds; IF bandwidth = 1 MHz

Pulse Repetition Rate: 8000Hz; Tracking Bandwidth = 8 Hz Coherent

£ 1 Hz Non-Coherent
Single pulse signal/noise ratio = 1.05

Coherent integration gain = 30 dB + 9 dB non-coherent in doppler
tracking.

Range rate error (lo) = 0.1 feet/second (at 7 nm) (excluding
target motion induced errors)

Range error (lo) = 23.2 feet (at 7 nm) (if implemented like non-
coherent; excluding target motion induced errors)

The pulse width must be chosen for the high duty cycle of the transmitter of
0.02. The average power is 8 watts with the peak then of 400 watts (this is extra-
polated from our coherent pulse doppler development EC153). Then with a PRF of
8000Hz, the pulse width comes out to be 2.5 us, and the corresponding IF bandwidth
is about 1 MHz.

A gross mechanization scheme is shown in bloc . diagram form in Figure V.3. As
shown, there is needed a specific range tracking loop for determination of range, the

range rate being determined by the doppler phase-locked loop.
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The basic equations (1) thru (6) hold for the coherent system with a different

gset of parameter values:

BR = 1 MHz
Tg = 5.0 us
T = 2.5 us
Coherent Integration Gain = 30dB
Incoherent Integration Gain = 9 dB
Pt = 400 Wa;ﬁs
Bp = 1Hz
Others are as in the non-coherent system. The results of exercising the equa-
tions is the lnwer set of values in Table V.2 in which the error o's are better

than design. The target induced errors that are caused by glint and scintillation

and vehicle rotation are considered in the following paragraphs.

Clogse-In Range Problem with Target
Generated Range Errors

Rendezvous Target Minimum Representation: Two point reflectors
of equal amplitude 18 meters apart and rotating at 0.0l
radians per second.

Rendezvous Target Maximum Representation: Complex reflections
of unequal amplitude extending 18 meters and rotating at 0.0l
radians per second. '

For the 20 nanosecond leading edge tracking non—coherent system with frequency
diversity, there are no in-front-of vehicle induced target motion errors.

For the 1000 nanosecond centroid velocity tracking coherent system (without
frequency diversity) the MRL Cross and Evans "Target-Generated Range Errors" paper*
illustrates how bad the errors can become if the pulse width is long compared to
target length. Experimentally the range error RMS can be about one-fourth length
or up to 15 feet. Using the extremely difficult frequency diversity with the cohe-
rent system, this could possible be reduced by a factor up to four to yield possibly

4 feet RMS range error. With a 1 second velocity smoothing the velocity RMS error

would be on the order or 4 feet/second.

*"Target-Generated Range Errors" by D. C. Cross and J. E. Evans in IEEE 1975 Inter-
national Radar Conference Record, pages 385 - 390.
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Loop Tracking with Frequency Diversity

PURE

TRANSPORT

DELAY

To First Mixer
fr - £1 - Af

Delay Time From
Range Tragcking Loop

Af is programmed frequency diversity.

For example, the Af can be varied from

one pulse to the next, but holding the transmitted frequency constant during each

PRF period. However, to maintain phase coherence in changing ffequency while enab-

ling the coherent phase-locked loop to remain locked-on, the transmitted frequency

must be delayed by the round-trip time (obtained from the range tracking loop) before

used in the first mixer.

This is a very difficult instrumentation problem to realize

adequately, and in any case requires extremely good range tracking to make it

practical.

Power

Bt

Ig

T

or(at 7 nm)
(at 100 ft)

oR(at 7 nm)

Target

Induced OR

oR

Errors

W
and Coherent Rendezvous Radars

Non-Coherent

80 KW: 80 watts:
1l Hz

23.5 dB

T =120 ns
r = 50 ns

0.4 ft
< 0.1 ft

0.26 ft/sec

< .4 ft
<0.3 ft/sec

.001

Coherent
0.4 KW: 8 watts: .02

8 Hz Coherent
1 Hz Non-Ccherent

30 dB Coherent
4+9 dB Non-Coherent

2500 ns
1000 ns

23.2 ft (if range implemented no
~<0.1 ft glint considered)

0.1 ft/sec (if no glint considered)
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APPENDIX A

STATEMENT OF WORK

FoR

RADAR PERFORMANCE IMPROVEMENT
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1.0 PURPOSE
1.1 Objective

The objective of this Statement of Work (SOW) is to describe the effort
required to provide three modification lists for evaluation on the AN/APQ-153
Fire Control Radar. The kits are to be designed to fit within the existing pack-
aging constraints of the system.
1.2 End Product

The end products of this contractual efforg shall be a frequency agility kit
to permit JSC to evaluace system performar :e with and without agility, five modi-

fied circuit boards and bandwidth reduction to improve the range rate accuracy.

2.0 SCOPE
2.1 General
The Contractor shall provide the necessaiy resources to perform the fabrica-

tion and delivery of the frequency agility kit and to perform the analyses and modi-

'fications of the circuit boards as specified in Section 3.0 of this SOW.

3.0 TECHNICAL REQUIREMENTS

3.1 Frequency Agility

3.1.1 General

Addition of the frequency agility option shall improve signal-to-clutter ratio,
provide ECCM, increase detection range, reduce STAE (Second Time Around Echo) and
reduce target fade and glint. All this shall be accomplished with the present LRU/
envelope; the only LRU impacted shall be the receiver-tramsmitter. The weight of
the LRU shall increase by a maximum of approximately 3 1lbs.

3.1.2 System Operation and Performance

The operational performance of this pulse radar shall be improved by the use

of frequency agility where the transmitted frequency is changed on a pulse-to-pulse
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basis. Varying the transmit frequency to separate pulse frequencies for a series
of pulses during the time the radar beap scans a target shall reduce the correla-
tion between various undesired radar returns such as clutter. Targets shall appear
more uniform to the pilot. The probability of detection shall also increase as
shown in Figure 3.1 for a two square meter target. Frequency agility shsil improve
angle trvacking performance for the angle track option as the accuracy of a tracking
system to determine the deviation of the target axis from the antenna axis is
affected by target glint and fading, refraction errors in radomes and variations

in the propagation media. These sources of angular resolution errcr shall be
averaged down by rapid variation of the transmission frequency. The peak-to-peak
frequency excursion shall be 100 MHz at an agility rate of 85 Hz.

3.1.3 Hardware Description

Frequency agility shall be mechanized in the receiver-transmitter LRU as
shown in Figure 3.2. The present 6543 magnetron shall be replaced with an agile
magnetron which has the same high vc'rage and RF (Radio Frequency) interface with
the modulator as the present magnetron.

Two techniques sha-l be considered for this application. The first technique
is to dither a tuning application. The second technique is to drive am expanding
ring at the agile rate to va~y the ca ity dimensions. In either case, a PM (perma-
nent magnet) resolver shall be attached to the motor shaft to provide a readout
voltage proportional to the transmitter frequency. This output shall be used in
the coarse AFC loop. The frequency agility technique requires that on a pulse-tn-
pulse basis the transmitter frequency be separated by an amount greater than the
receiver bandwidth (3 MHz). This requires the transmitter output to be frequency
modulated. The frequency modulation and agile rate are determined to be 100 MHz and
85 Hz, respectively. Since the transmitter frequency is changed on a pulse-to-pulse

basis, the AFC (Automatic Frequency Control) local oscillator (LO) must track the
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varying transmitter frequency. A block diagram of the frequency agility system is
shown in Figure 3-3. The AFC loop is required to sample the transmitted RF fre-
quency during the transmit pulse and then to generate a local oscillator frequency
separated from the transmitter frequency by the system IF (Intermediate Frequency).
As the transmitter frequency changes from pulse-to-pulse, the tracking local osci-
llator stabilizes to the transmitter frequency before the transmitter pulse is
turned off. That stabilized frequency must be maintained over the interpulse period
at least for a length of time corresponding to the maximum range of 20 NM. The AFC
consists of a coarse and‘a fine tuning loop. The outer or coarse loop utilizes the
magnetron tuning drive resolver output, which is proportional to frequency, as the
feedback for the coarse luop. The local oscillator frequency is controlled using
the resolver pickoff as the feedback to tune the LO each time the system sync pulse
occurs. Since the system sync pulse occurs approximately 8 microseconds before the
transmitted pulse, the coarse AFC loop has 8 microseconds to settle to within the
coarse pickoff frequency. Upon the occurrence of the transmitted pulse, the AFC
fine loop then samples the transmit frequency and closes the fine loop around the
local oscillator t~ maintain the local oscillator within the IF separation. This
frequency of the local oscillator is then held for a time corresponding to 20 NM
range.

As the frequency agility modication requires a new LO, a unit with the same
physical dimensions as the present LO and a tuning range compatible with the required
new agile magnetron shall be installed in the same location. The receiver module
which is shown in Fijure 3.2 shall contain the AFC circuits. With the addition of
frequency agility, an additional circuit board is required in the receiver module.
To accommodate this, the height of the module shall increase approximately 1/2 inch.
This allows the installation of the new AFC circuits which required two printed cir-

cuit boards to replace the existing single AFC board. The additional height of the
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receiver module shall not require an increase in t! overall receiver-transmitter
LRU envelope.

3.2 Modification of Circuit Beards

3.2.1 General

The basic AN/APQ-153 is required to track targets with velocities of 3,000
feet/second closing a 1,000 feet/second opening.. The operating velocity limit re-
quirements for the rendezvous mission are not as large. Modification to the range
tracker to operating velocity limits of 300 feet(gecond opening and 100 feet/second
closing will decrease the tracker noise bandwidth. This in conjunction with ex-
panded analog scale factors will provide an improved tracking capability that is

closer to the requirements of the rendezvous radar.
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FEATURES
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pSmaliSize ....... 1.5”!4.5”)(5.5‘?
» Complete . Simply Apply D.C. Power
» Two Modes

of Operation . . Random or Sequential

OF Tem,

L....J

» High input impedance ... 10GM ohm
» Low Power
Consumption ..... Less than 7 Watts

® Fast Throughput Rate Up to 100 KHaz.
P High Resolution Up to 12 Binary Bits

» Variety of

Output Formats ..... Binary or BCD

TYPICAL APPLICATIONS

2 Air Pollution Data Gathering and
Analysis

O Automatic Testing of Components
O Meteorological Data Gathering

O Biomed.cal Data Gathering and
Monitoring
O Geophysical Testing

O Chemica' ®rocess Analysis and Con-
i

O Telemetry Data Reduction
G Oceanographic Data Logging

NEW CATALOG
A/D - D/A CONVERTERS
A comprehensive 70 page catalog de-
scribes in detail Datel's complete line
of ultraminiature A/D and D/A con-
verters and accessories.

Write or call for immediate receipt of
this catalog.

Fio. ST SVSTELT IR A BRCCTLE FLIGE
GENERAL DESCRIPTION

Date: Systems’ Moczel DAS-16 is a new 2pproach to the Data Acquisition
System, 3 “Compiete Data Acguisition mocule”, occusying only 34 cubic inches
ana wewhing less than 18 az. Through the use of MQOS and Monolithic circuits
and umque packag'rg tecnniques, Detel has significantly reduced the size
over comperitive systems, at the same time requcing COst.

System DAS- 16 was designed crimarily to interface directly with most
mini-compuiars avarzble con the market tocay. For rear ume dzta leging,
System DAS - 16 can be interfaced to printers, paper 1ape punches, solid state or
core memory and magnetic tape recorders.

DAS - 16 contains an eight or sixteen channel Multipiexer, Sampie & Hold
amolifier, Analog 1c Digital converter, Sysiem Secusncer which includes ail
necessary contro! and.in.erface icgic and a solid state readout, displaying
multiplexer address and the analog to digital cutput value.

Randem ard Seguential codressing s emploved t5 enhance system fexibility.
Mode selection is determined by external control signals, Individual channels
may be sampled at rates consistent with their particular bandwidth,

DAS-16 is available with input rances of 0to+5V, 0 to +10V, £ 5V, or £ 10V at
an srput ampecdance of 100 meconms. Overall accuracy is £ 0.05% with a
temperature costiicient of 2 4G pom;/~C. DAS - 16 will operate over an operaung
temperature range of 0° to +70°C. Gain and offset adjustments are Srovided,
however long term stability 1s exceilent, so it wiil ssidom be necessary to
rezdiust the external gain and oftset trims once the initial z2justments are made,
Output coding can be Binary or BCD with word lencths of 8, 10, 12 Binary bits
or 3 digit 2CD. System throughput rates are ava,lctle up to 100 KHz (8 Binary
bits), 60 KHz (10 Binary bits}, and 50 KHz (12 Binary bits),

. i.LA.l [ W)

WHO WILL USE CAS- 16

Appticatians include measuning, studying, Snd comouning data wn analog form,
This includes variadles iike pressure, temperature, force, position, velocity, and
voitace that are continuous,

An engineer wants 1o utilize DAS-16 for converting analog data to digital codes
for three reasons.

1.} He wantr to do some computer analviis, ard computers require
nume-.=: ! form such as b'n-ry digital coces for input.

2.) He wants to do some telemetering or transmission of the data.

3.} He wants to store rrulti.channy) data for & long period without
denrading 1t, and the output of DAS - 1b can pe stored in cores, tape
Memo. s or most other storage media.

Fnoo7 243, EL
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““channels are to be utilizeu the short cycle feature need not

LODES OF OPERATION

‘M input analog signals may be multiplexed for digitizing in 8 sequential or random manncr, Mode selection is determined
¥ control signals and by hard - wire jumpers (sequential mode for channel short cycle).

Coquential Mode
L the “Sequential Mode™, anslog multiplexing is controlled |
by an internal binary counter. When the “Busy” signal of
*he analog to digital converter goes false the sequential
; Junter is advanced to the next channel. A 5 usec delay is
s;wpcessary before converting, this allows for Muitiplexer and
Sample/Hold settling time. The last channel to be se-
> uanced is determined by hard wiring, the short cycle
1 _Wuts to the sequencer counter outputs. |f the full 16

.' used, .l
i
| landom Mode
in the “Random Mode” any of the 16 channels may be
ﬂdnmd in any order.
W\cn the “Device Select” signal is true and a “"Strobe’’ is
gtneuted with the appropriate binary code on the channel .
. »ddress inputs, a channel wiil be selected. As in the case in
; equential mode, a delay of 5 usec is necessary before
L 4iving a “"Convert” command. This is to atlow for settling

time of the Multiptexer and Sample/Hold. When the Busy
i ignal goes to False a new channel may be selected.
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8LOCK DIAGRAM MULTIPLEXER

-------..--..---_....__--__4___ ,__‘ It contains 18 MOS-FET swatches with associated driver circuits,
r each hawing a current imiter pullup FET to provide minimum

propagation delay, aiso, \ncluded is all the necessary decoding logic

| U for channel selection.
' C N I
ree s SAMPLE AND HOLD
- ——d e N anb Basic elements are o high input impedance non-inverting smplifier, a
e o aeen o 2t t tampie and hold FET switch/hoiding capacitor and a high gain
::ur—- g ConviaTean :: : ; °‘“°‘" 'm“.'..'_
3 | vt > ey —: [+  ANALOG TODI .TAL CONVERTER
LD er | 3 The A/D contsins a programmer/output register, s precision D/A
) PO i nm U Converter, high-speed voltage comparator and an operational tém-
2 | ca oot o) :, s perature compensated voitage reterence source. A modified succes-
- -::-—-@-4 e \ sive approximation techmgue is emplayed which aliows for encod-
P ,,,_—@"‘@ : ing speeds of 750 nsec/bit.
te 3O __;'m‘ - SYSTEM PROGRANMMER
Len n < it contains a sequential and random addressabie register or counter,
l I l 1 1 l lII interface fogic for strobing random or sequential operation, and il
l----..---..-_ ----....--_--J " L
sty necessary logic to be addressed by the output of a mini-computer.
t_,_.J! i3 !
!:i if¥: DISPLAY
i l i Both input channels and A/D output valu are displayed by sixteen
z gallium phosphide red light-emitting diodes.
MODEL DAS-18—L88 | DAS-16~L108 | DAS-~18-L128 | DAS-16-.80 | DAS~18-1120 | DasS-16-M88 | DAS-16-M108 | DAS-16-M128 | DAS-16-Mm80 | DAS-16-M120
SYSTEM QUTPUT
.C%S"OLL‘?JLM 8 Binary Bus 10 Binary Bty 12 Binary B 2D.p1 8CD 30wy BCO 8 Binary Bitn 10 Bnpry B 12 Bwnary Sus 20gnaCh 204m 8CD
!
COMPATIONE)
NUMBER OF
ANALOG 'NPUTS S8 opr } BitGopt Bit8 oot 9118 o0t 1 | RILYT N LIM X1 18 ogt) 18 oot} RT3 8116 opt.}
AVAILASLE -5V, +10v
INPIIT VOLTAGE b+ R
RANGES (1) Same o A1 Moge's Seme 01 A' Mode's
“URBIE" | - s
IV ¥ o0 100 Mego 100 Megor 100 m 100 Megonmy 100 Mego 100 Meg 100 Meg: 100 Megohms 109
“ON CONDITION o
CHANNEL INPUT
1"APEOANCE 100 Megoh me 100 Meach e 100 Megohms 100 Megohrm 100 Megohme 100 Megohms 100 Megohms 100 Mencr my 100 Meganms 100 Megohme.
“OfF CONDITION
CHANNEL INPUT S pec 10 S Usae to S urec e S uwe o S uswe 10 S 0z 18 & usee to ¢ usec 10 $.wc10 8 auc to
ACQUISITION TIME | 20 325% 23025% 20 025% 20505 =0 025% -0 0258 ELETIN 3728 2" 208 -3 028%
A!E:‘T’g::”nut 83 naac 50 iec S0 nsec 80 nsec 50 roec 50 rvee 50 rrec " 80 naae £ raec £0 nwwc
PEAAAL 200S% ot F§ 200580t FS | $005Not FS 2005% o* FS 200880t F5 | :002%orFs | :0028nar ks 100268 ' F$ | 002N of FS | :0078% ol bS
LINEARITY 212188 21/2L88 $1/2L88 172188 £1/2158 BRI +113 L858 1120 11 IS8 12058
SYSTEM
Yul%lﬁ:"u‘r SOKMZ (20 wrec) | JOKHZ (33 peee) | 25K K7 (40 yrac) | SOKMZ 120 Msee) | 26k Mz (40 psect] -00 KMy 11D usec) | BOK M2 (8.8 umect | 50KMz Sousec' | 109%Nz (10 see | EOKM2 (20 anc)
TREnATURE  leaopem®c | te0pom%c sa0pomtc [ 200pomPC | te0omc | w0semrc | e0pemrc #00omC | :40pamC | 2:0ppmiC
SYSTEM Random Addrew Input Asndom Addren Input,
CONTROL INPUTS S tnput Seauentisl Ingut,
OTL TTL Oevian Setect SAME ON ALL MODELS Oewice Setect. m—— $AWME ON ALL MODELS
COMPATIBLEY Convert, Corwery,
Aeset, Aert,
Strobe Sirobe
SYSTEM UR 10 12 Paratie Linm, UD 10 12 Parsiiel Lines,
DIGITAL QUTPUTS |gevgi Outownt Serinl Output,
Eng of Convers on cemam——  SAME ON ALL MODELS - &nd ot C SANME ON ALL MODELS e e
[ VIt plener Snort Cyel Auitrp'ener Short Cycle,
Frome Sync Frarme Sync
SYSTEM Vo 10 12 LIGHT . upto 12 LIGHY
QUTPUT DISPLAY JEMITTING . EMITTING
10PTIONAL) [O-0des tor Denove for
OPTIONAL "A/D” Outowt ——e———  SAME ON ALL MODELS commmrmmeremm—ee § A D" Output SAME ON ALL MODELS et
U 19 4 LIGHT Umtg 4 LIGHT . wopn Yooy
EMITTING ENITTING 0TS CTR COTH Y
000 tor O.00e8 for ? LY. JL:PTL!lY Ul 3
Channel Adareys Cronnet Addens T PA.‘ : . [ S I
OPERATING . . , . , . .
T!l\:tue;ult 0% 10 +70°C 0% 10 ¢70% 0% 0 e70% 0° 10 ¢70°C 0% 10 0 70°C 0 1e0°C 010 420°C 0 10e00'C Croels 0 to ¢70°C
AN
STORAGE . . R !
n\nnmﬁmnt ~53°C 10 +85°C ] -55°C 10 +85°C 55°C 1o +85°C | -55°C 10 +88°C | -98°C 10 +B8"C | -88°Cen ea8'C o CroedC | ss croops e | -65 Coc o8 € | o598 Croem’C
L LTS
rovm«‘ . © 8 VO AN ma + 81 35V0C K00 ms .
REQUIREMENTS SIHC LV e T Im - 3 —————— [ AR A S R Y T .
1L pybew Mma (1) "= SAVE ON ALL MODELS <15 BVUC S T meil) SAMEOMALLAIDILS - —
CASE SI1ZE 1WA L8000 commmms SAME ON ALL MODELS ———— IBVAES LA0D D  commmamme  SAM ON ALL MOCEL! comaactm——

NOTE 19) 202 AVOC ® 16 me POWER SUPPLY REQUIRED FOR 10V INPUT YOLTAGE RANGE
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li_ MECHANICAL DIMENSIONS (INCHES) OUTPUT CODING
H : FOR D \S-16 SERIES TRIMPOTS ON
: / FAH SIOE FOR
H )
. L L= DAS - 16 SERIES
3 ? 1 . Q—‘ - 42
I | | | liei 19l | L Jress /
¥ ——-—————-“—-‘-/*’}"" L%y Analog input o’
. Lk o, ‘! ‘-. », Range Otfset Binary | 2's Complement
o ¥ +SV F& | (t 10V, FS)
I 7 eLACK ANGDIZED ENCLOSUNE IGPTIONAL) [“,.. | l4aazs | * 995 | rindinimi ot
£t orrsty : +8750 | 111100000000 | 011100000000
% " + 7.500 111070007000 | 011CCCM00000
E my r‘:é i + 5.000 1100000C€0000 | 01CC0G00Q0V0
Fle J a o .0o000 0.000 100000CC0000 | 0CO2020000°0
Cel - 5.000 010CICLOTU0D | 1I0SCIR0LI00
o B2 - 7500 | 00100C0CG000 | 101063CI0000
; 'Ot " - 8750 000100007000 | 100100000C 20
: Je®1 l - 9995 | 0000V0U9001 | 10CLCV000OGS
Lo -$.0un -10.000 00000000000 | 100000000000
i e 250 4,300 oY . .
f f% N Analog Input Analog Input 8cD
o A . IL"::;::“O Range Straight B.nary Range 8-4.2.1)
P ° RS | (0 to +10V, FS) {0 to +10V, FS) .
< | MPOTS == i1 1 ez | + 99975 SERERRRRERL s 9350 TOGT1e0T1CaT
¢ leg——r 2=t 2o _t + 8.72500 111000G00C00 e 8750 10¢2011101¢1
'2‘ + 7.5000 110000037229 + 7500 0111010107
T / e300 + 50000 F 1000020000700 + 5000 010100000C70
. SOUDSTATE 4.900 + 2.5000 01000000000 e 2500 003001010509
L NS tonan 5.000 J + 12500 001000000C30  + 1.250 0000100101
WATING  CONNECTORS 0.0000 000000000000 0.000 000C00000000
INSTALLATION DIMENSIONS Z.’:'.‘é‘;.:- R .
]
5 INPUT/OUTPUT CONNECTIONS
: CONNECTOR 51 CONNECTOR J2
: COF ECTOR N TUNETION PN FUNCTION ) FUNCTICN
. FUE TIONS A [°8 16 N ANALLe P LT Uicd 3 L) dwallG WBUT A f1205I%aL .77
© ARE ARRANGED [™3 foa 8 = a2, 3.7 3 Tau % 13 Awe ~g 'NIUT ® |\t CIBiTAL GutPuT
© i VERTICAL C |2 14 W ANA, 23 NPUT 3 Jun 4 Ly ANaoow WPUT C 1) Si5iTAL S EL”
ED"FBOARD T 1ow ) 4 &wk 13 o T @ VoR 1Y L ANE 3 ub T 5 19 © G TAL 2. %"
N Vli:: € 1CM 12 mt ANAL.S NIJT $ f2a 2 ws ANELIT NE_T E [0 S5 AL .
FICH 0 W ANA_TG MPUT & I t LO ANALCG NPLT F 3T CiOTAL CUTRLTY
M OJEW 1D Wt ANRL L NI TOL4 D) LD BNe DT INOYT W18 20 TEL T 8,7 N
; J €% 9 M ANALTI (wPyT B "o 3 LT ANALDS INSYT J 3 NGiTaL SJTPLT p
N K Jaux, L% AN3L13 Ne_” 9 a2k, T AN& QG NeLT K |4 DIGiTAL ZuTALT RPN
L JOfviCk SILECT 13 [#AnSSM 4 SEQUENT:AYL L f3 tinTaL IuThyT T DY
W[ STACIE R M 2 D5 vAL OUTOuLT T IN3 COMREZTOIN
W ]2 RANZLN ACCPE88 NPT 12 14 RINSSM ACOMESS 'NSUT W11 OIGITAL DJTPUT 158 12 INJ 2SRl oW
P1i AANOCM AIDEESS MBUTH |3 19 PANCM ALl<iS3 INOGT P ]3E0AL QLTRLT IR
R JAux, L3 ANA 15 0T 8 PAUY L) ANALDD MBYT ® | BysY | 6 {faamg SvN
S JCrh B Wi ANA_LG PUT 18 124 8 L0 ANALIL NALT § |- %30 SR -1%Te.2 5 Lael el 2.2
TICH P wi ANaLI3 NPT 16§25 T LO &NA_TS NSy T JASC SPUT (TEST PINTIT £ 7 TET_ENIER CUTALT
U [Cn & m ANALIG WPUT iTICH 6 .3 ANALOS 'MAuT y § +i8v0C ;P A CLIIENZER CuTeLT
V]CH 8 W ANS %3 N3u" | 81:4 3 Lo &N4vod RFus v]-isvp: TaiT sca EncTe SuTeut ) SOV 10VES
WICH & Wi ANALCSO NPT 19 jod 4 LS ANALIS (WHyT -20V USED W | 273uND S e e i€ ameLr oy ULT EANGE
X JCH VW ANALL3 1vout J e 7 Y L ARioi3 weuf | ChLY FC3R X | 3*7.8) TIm 1T cwchY cenng by ] 4 -sE)
VICR 2 % AnAc:3 N-JT | 1.H £ L0 ARA.c3 NPT "0:/‘_5'””7 Y [<5v3 T2 14 SRIRT ZviLE et |
N TN | Wl ANALGG WFJT 122 CH 1 L0 ahA.cs meut | FANGE) T §+5v0% 1 223 SHORT <¢ L& NEL |
e
i m—
‘ PRICE LIST
BINGLE QUANTITY} ORDERING INFORMATION
: Mode! Price
o DAS-16..88 — $245,
' DAS-16-L10B - $205 D“;JO—M , . (O THE
1 - DAS-16 L128 — 445, DAS-16-L S BV AL
| e f e T L o
DAS-16:L120 - $445. TRUMBER OF 0178 ARD €ODING) NPUTCHANNILS S " i ™ T g a0k ANODI 76D ALL AN 1 FNCGEURE
DAS-16-M'88 - $345 o = domaovars o e Aemasvea o o SSTEEEE R LD ROLID b ATE BISFLAY LS
DAS-16-M108 - $3¢5 108 « 1OMNALY ML | LR LILLLL T I R A A T -t '_'.
DAS-16-M128 - 5545 F I Ll A S ‘ € - sy _1 |8 - wrwaur |
DAS"G'MGD - 5345. 120 = ‘.lo--.,-w:L_-pA:!v | ——
DAS-16-M120 -~ $545. IO —
Eght input chanaeis standard, for T e STHALMT R v i OLAR INAYTS
an adiition ot wicht et $100 to L ot Price CONNECTORS: VIKING 2VK22D/1-3, HE- O
' {2) Add S12%, far cotonal Biack Anodigen 2 REQUIRED . .8395 I LA R R S L
N Aluminum eo’ e and Sod S 1ie T
Display L e

b

" f-f\““q
; h 'L ™ rd oS (il
: [ 4 SYSTEMS, INC.

Comrtignt © 1978 Dater Svrtoms, ine Printod i U S A A Aights Aeserved.

1020 TURNPIKE STREET, CANTON, MASS 02021

TEL.

{617) 828 8000
{714} 835 2791
(408) 733-2424
(213) 933-72%6

TWX 710-3480135
9/75 BULLE

PRICES AND SPECIFICATIONS SUBJECT TO CHANGE WITHOUT NUTICE

TELEX 924461
TIN Q16CL0O5509
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DESCRIPTION

The Analogic MP230 is a low-pass three-pole active filter that is especially

designed for high-precision signal-filtering appiications where exceptional FEATURES

low-frequency passband performance.miniaturization, and low cost are im-

portant system requirements. Itincludes a dual FET front end, an op amp o Low Offset Voltage

output, and associated passive components; all packaged in a coinpact low-

profile fully-shielded moaule. See Figures 1 and 2. By excluding the active <2V

components from its dc path, the MP230 accurately processes sensitive in-

put signals where extremely low offset voitages and low output noise are

critical. ® Lo Noise

PERFORMANCE

the MP230 yields maximally flat passband characteristics and rapid attenu-
ation of 60dB per decade above the 3-dB cutoff frequency. See Figure 3.
Seven user-selectable cutoff frequencies from 0.5 to 100H2z are available.
Characterized by low offset voitage (2uV) and iow output noise (1.4uV p-p),
the MP230 processes an input voltage range of £10 voits with a g2in of nearly
unity at dc. The input impedance of the filter is equal to the series rasis-
tance of the MP230 (dependent upon salected f3dB) and the load impedance.
For optimum filtering, high impedance loads are recommended. A shield
terminal separates the connection between the filter output termina! and
the load input terminzl, thereby eliminating board leaaae eff rts on the
dc gain. The MP230, oowered by =15 volts dc, operates over the tempera-

ture range of 0 to +70°C.

IMPLEMENTATION

Although intended primarily for use with the Analogic MP221 Chopoer
Amplifier (see Figure 4}, the MP230 Filter will tunction ideally in any user's
integrating A’D conversion system or OEM building-block apptication that
nquires low-pass signal filtering in the presence of low offsets and iow
noise. These applications include low level buffers, measurement preampli-

fiers, load ce!ls, thermocouples, and strain cages. Packaged ina 2.0 by 1.0
by 0.39inch !‘nodupacT"1 case for maximum cempenent density and mech-

anical protection, the MP230 is usually soidered to a user’s PC card. Gold-

plated pins enhance solderability and conductivity. An advanced shieiding
technique assures MP230 operation in hostile electrical environments and
allows optimal physical positic .ing without danger of mutual interference
problems.

. i 1
By incorporating the three poles of tha filter in a Suttervsorth configuration,

s ——mne o c—

INPUT Qe A, O ouTPUT
AETURN ondan 9
oy '

]
T
i [T

Figure 1. MP230 Simplifiod Schamatic Drawing

<1.4.V pp
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vide input Voltage (ange
=10 Volits
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viavimally Fiat Passband
Ra. 52 Of 3

2 Cutofs Fregpizn s

Rzrid Attenuation Above Cutoif
Frecuency: 60 dB/D:ade
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Ca T TICDS . N .
i REPROD "5 0 THE '_...'-:__._._ :‘.‘....‘
' ‘ T T TR PO /| o
§~mm.oc INPUT - o f
i Voltage Hange  +10 Volts b |
- rt0w

.
[ VY

"ANALOG OUTPUT ;T

: Voitags Rang=  +10 Volts , b4

i tmpedance  R-filter + R-load (k). depernident upon f3ug :

” as follows: S

s f3dB (H2) =100 33 10 33 2 1 0S5 y
: Rfilter (k) =16 16 16 25 42 42 32 T

" GAlN CHARACTERISTICS
Gain at DC 1 - £0.01%, as R-load (k%2) approaches o in
R-load/ R-fiiter + R-load
3¢8 Attenuation
Frequency {f342) 100, 32,10, 3.3, 2. 1, or 0.5 Hz; consuit

POWER
+13Vde 2mA
—=15Vde 2mA
ENVIRONMENTAL
© &FHYSICAL

” . —— o ——— R

tmpedinee  Refilier + Rlcad (k22)
Offset Voltage 24V mi-.mum

F I
’

210

[ X X-]

00000000 O©90000CSO®

Noise  14uV p-p xVj3uB

L &
Y

factory
Stopband Attenuation 6042/decade

Cpsrating Temgparcture 020 +70°C
Non-Operating Temperature  —25°C 10 +85°C
Dimensions 2 x 1" x 0.39" Modupac’ ™ {50.80 x 25.10

x 9.91mm)
{ Configuration
For Enter
:-oemn-.cu 5 ' w aant -
; ! ! —fuee -n';l n-vw-u:.)».-rul e MOdupac m
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*Standard filter stocked.
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