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HODEL 720

The Model 720, a Variable Aperture Integrating Analoo to Digital
Converter, is desioned to do analon signal prenrocessing more
efficiently and with greater ease and flexibility than usihn
conventional hiah speed sarwline and numerical sianal processine

techninues. The digital interface has been structured for

straightforward interfacing.
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Specifications 8-11-75

Model 720

Variable Aperture Integrating A/D

Input:

Input impedance:

Maximum
Allowable Input:

Gadin:

Linearity:

Integration Period:

Integration Perdtod

Accuracy (90 Davs):

Integraticn
Period Stability:

Gain Normalization:

. Gain Normalization
(90 days) :

Accuracy

Gain Normaliza%ion
Stability:

Zero Stabdility:

Reset Period:

CMRR:

NMRR :

Calibrated at 25¢C+3°C
Warranted for 1 Year . .

Gain times average level must not exceed 2
volts for on-scale indication.

9 .kilohms to 100 kilohms.

150 Volts rms for a gain normalization
setting greater than 05.7 decreaszing to
20 Volts rms for the gain nermalization

. setting of 00C.1.

. -4 3
Adjustable from 10 to 10
Integration Period divided by Gain Normal-
ization. Absolute gain

+0.1% of full range.
1l millisecond to 10 seconds settable in
10 microsecond, 10C microsecond, or 1

millisecond steps with front panel con-
trols. : ' '

* (0.01% + 2 microseconds).

+0.002%/°C; +0,0001%/day.
1 millisecond to 10 seconds settable in
100 microsecond, 1 millisecond, or 10

millisecond steps with front panel con-
trols., .

+0.4% botween switch settings,

+0.05%/°C

+0.08% of full‘range/°C; +0,05% of full
range/day after 1 hour warm-up. '

300 microseconds. May beg internally
adjusted to 150 microseconds when X100

Gain Normalization multiplier is not used.

100dB dc to 2C0Hz, 80dB to 1lOkHz.

For f=n/Ty, greater than 60dB at TT )

10 milliseconds, decreasing to 40dB at T
= 1 millisecond, where f is frequency, T
integration period, and n is an integer,
For all other £>1/Tr, NMRR > 9dB + 20dB
rer decade fto a maximum of 60dB.

. Nominal gain equalé

(digital bits per volt)
is continuously adjustable with front' panel trim.

is



Model 720 - Variable Aperture Integrating A/D : Page 2

Specifications

Display:

Trigger:

Digital OQutput:

Qutput Logic Levels:

Remote Controls:

11 data bits, polarity, busy, integrator
overload, flag, and power on.

Front Panel switch selects:

Manual: Pront panel trigger initiates
one conversion.

Automatic: Continuous conversion in-
ternally triggered at the end of the
reset period,.

External: External trigger initiates
one conversion,

Data: Offset binary posifive logic re-
presents each of 11 dat2 bits and po-
larity {(+ = "1n).

Flag (Flag): Logic "1® ("0O") appears
for greater than 1 millisecond (de-
pending on integration perlod) . No
change in output data is made during
this interval.

Integrating: Logic "1" during integration.

Integrator Overload: Logic "1" (appearing ..
with data output) indicates an overload
occurred during integraticn,

.Busy: Logic "1" during integration,

A/D conversion, and reset periods.

Control Settings: BCD (8421) positive
logic represents each of 4 digits of
Integration Period control setting,
each of 3 digits of Qain Normalization
control setting, Integration Period
multiplier setting (2-bit code), Gain
Normalization multiplier setting (2-
bit code), trigger setting (2-bit code).

Logic "1l" = open collector to Digital Lo.
(10 kilohm pull-up resistor to +5 volts
installed. May be customer removed.)

Logic "Oo" = closure to Dlgltal Lo (output
device MC858P or equivalent). :

External Trigger: Transition from Logic
"1" to Logic "O" initiates one conver-
sion. Integration begins within 2 micro-
seconds after transition. (Input device
7413 or equivalent.)

Integrate: Transition from Logic "1" to
Logic "O" dnitiates integration within
1l microsecond., Transition from Logic
nor to Logic "1" terminates integration
within 1 microsecond and initiates A/D
‘conversion and reset. {Input device
7413 or equivalent). ~
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Specifications

Remote Controls (Cont'd.):

Control
Loglc Levels:

Isqlation:

Operating
Environment:

Power:

Connectors:

Dimensioné, Weight:

Accessoriles
Furnished:

Flag (Flag) Reset: Logic "0O" resets Flag
(Flag) to logic "or ("l"). PFlag reset
gtate held until the first end-of-conver-
sion after release.

Strobes: 14 lines for serializing all
outputs except Busy in multiples of 4

bits., Logic "1" inhibits controlled
output lines, '

Logic "1l" = either an dpen'c;rcuit or a
voltage between 3.0 and 5.5 volts re-
ferenced toDigital Lo.

Logic "O" = closure toDigital Lo within
0.5 volt while sinking 2.5 milliamperes.

Analog Lo to pigital Lo: 107 ohms shunted
by 1500 picefarads, 500 volts peak.

Digital Lo to Chassis Ground: 10° ohms
shunted by 0.01 microfarads, Isolation
‘is sufficient to accommodate operating
system ground differentials, '

159C to 359C, 0% to 80% relative humidity.
Storage: =-30°C to 70°C,

90-110, 105-125, 195-235, or 210-250 volts
(switch selected), 50-60Hz, 75 watts.

Input: Teflon insulated triaxial.

Qutput: 2 connectors; 37-pin AMP type
205209-1 and 50-pin AMP type 205211-1,

Digital Lo, Chassis Ground: binding posts.
Analog l.o: Banana jack. '

Style M 3V2 in, full-rack, overall bench
size # in, high x 17V4 in. wide x 15%2 in.
deep (100 x 435 x 390 mm); net weight

17 pounds (7,4 kg). ‘ , '

Model 6011 input cable: 3 ft. (1 m)’
triaxial cable with triaxial connector
"and three alligator c¢lips. Mating
OQutput comnectors; hardware for standard
3%2 in. x 19 in. rack mounting, 15Y2 in.
(390 mm) depth behind front panel.
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Specifications Page 4
Model 720 - Variable Aperture Integrating A/D

Accessories

Available: Model 1532 Low~Thermal Test Leads .......

Model 1533 Mating Connector: for
Special Triaxial Input........ e

Model. 1534 Special Low-Thermal Triaxial
Cable (10 £L.)uuuviiiurennonnrennannons
Model 6011 Input Cable (extra) ..........
Model 7024-3 Triax-to-triax{3 ft)........
Model 7024-10 Triax—to-triax(lo ).,

Model 7801-720 Instrument Interface
t0 SYStem L. et it i is st e et

. Model 720 Variable Aperture
Integrating A/D.......... e _—

Model 6012 Triax to Coax VHF Adaptor .........ee...



MODEL 720 - VAI A/D

OPERATING INSTRUCTIONS

GENERAL :

The Model 720 implements the following equation:
T1ntegrat1‘on
1

Vout ® Gain Normaiization Vin(t)dt

For example; if G.N. and TI are equal and 1 volt is applied to the input, Vo
will read 1000 {millivoits). If G.N. is twice TI’ VG will read 500 millivolts.

The output is calibrated for 1 millivolt/bit or 2047 to -2048 full scale.

_$2000, i.e.,. +2 volts full scale.



MODEL 720 OPERATING INSTRUCTIONS - ¢

INPUT IMPEDANCE

G:Nlnﬁééista;s_«l Integrator Modu]e U57

1! HIL r A Rin
mu Ro18 | _20-7000 )
100k : v FET Switch -
- | L“LJEJEET |
L0/ o ] — 7
LO: Lfép . 5 Junctlon[P1n 77
e I

This schematic shows the equivalent input circuit of the 720. The value of R
depends on the Gain Normalization setting (see below). The FET switch is closed
only during the integrating period and open at all other times.

| The géin normalization (G.N.) thumbwheel (T.W.) switch controls the G.N. resistors.
The G.N. circuit subtracts 10k from the switch setting and relays short out the
unwanted resistors. The total resistance to the FET switch is the G.N. resistance
plus the 10k equivalent resistance. (The 10kQ equivalent resistance prevents zero
resistance to be switched in.) This total resistance is indicated by the G.N. T.W.
switch as shown below.

Gain Normalization T.W. Switch

R B S xS s = some T.W. setting
S 1 X10k) f——Sets in feedback capacitors on integrator.
X100k It does not effect input resistors.

XM _Input res1stance to 1nteurat1ng s Junct1on

¢

Example: If you have 010 XS on the G.N. TW switch the resistance to the integrator
will be 100k,

A 000 XS on the TW switch = T0Mohm to the integrator.

Input impedance will range from approximately 9kohm to 100kohm depending on G.N.
settings.
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MAXIMUM ALLOWABLE INPUT VOLTAGE VS G.N. SETTINGS:

Voltages from 0 to 150V rms can be applied to the input depending on the ga1n
normalization sw1tch settTngs _ 0 to 20V rms _can be app11ed, using any _ I
G.N. setting. Voltages greater than 20 V rms up to 150 V rms can be app11ed w1th
a certain minimum G.N. setting or greater.

The following graph shows input voltage vs. minimum G.N. T.W. switch setting:

V rms -

150
125

100
75
50

Lo ¥ ay

£2
o]
0 ~+— .

001 00.7 01.5 02.5 04.0 05.7 99.9 000

EXAMPLE: If 125 volts rms is applied to the input, the minimum G.N. setting will
be 04.0, However, settings greater than this can be used. The G.N.
switch multiplier has no effect on the input resistors:

The following formula can be used to find the minimum G.N. setting for a specific
voltage greater than 20 volts rms.

2

G.N. TW switch setting = %ﬁﬁﬁ- V = input voltage in volts mms.

EXAMPLE: For an input voltage of 150 V rms, the minimum G.N. switch setting will
be:

G.N. setting = 5.7 {(rounding up to one decimal place)
Then G.N. setting should be set to 05.7 ms.



Model 720

Voltages greater than 150 V rms will permanently damage the 100 kohm shunt

resistor. The integrator input resistors should never be allowed to dissipate
more than 40 milliwatts.

IMPORTANT: To change the gain normalization T.W. switch settings with an input
voltage greater than 20 V rms, turn the trigger switch to the manual position
and wait until unit stops integrating. Then change the settings and return
trigger switch to position you were using. The next conversion will be with the
old T.W. settings. The 2nd conversion will be with the new settings.
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MODEL 720 FRONT PANEL DESCRIPTION

1. ON SWITCH - Turns on line power to the Model 720.
2. POWER INDICATOR - Indicates line power on.

3. DATA - Lamps indicate status of data output register Tines.
At Tow values of Integration Period, lamps may appear
dimly lighted due to data shifting into output register.

4. STATUS:

Flag - Indicates valid data available on Data Lamps and output
lines. Reset by Flag Reset or new data shifting into
output register. Appears to be always on unless Flag
Reset is used.

Busy ~ Indicates that the Model 720 is integrating, converting
or resetting the integrator. Busy off indicates that
720 will accept a trigger. With TRIGGER in AUTO, lamp
appears always on.

Integrator
Overload - Indicates that integrator has overloaded on the previous
integration and therefore output data may not be invalid.
The integrator has twice the dynamic span of A/D and
therefore a + full scale converter output is easily
possible without overloading the integrator. Integrator
Overiocad appears in the data stream with the DATA.

5. TRIGGER:

Auto - This position sets the Model 720 for continuous operation
with an internal trigger generated at the end of each
integrator reset period.

Manual - This position activates the front panel TRIGGER push-
button. When depressed the button triggers the Model 720
(if BUSY STATUS lamp is not on).

External - This position activates the external trigger on rear
panel DATA connector. EXT TRIGGER is enabled when BUSY
line is at LOGIC "0",

6. INTEGRATION PERIOD- Sets the Integration Period from 1.00 ms to 9.999 seconds.
It is possible to set values less than 1.0 ms, but some

specifications may degrade. Multiplier has 4 nositiogf: o
X1, X10, X100, EXT. EXT activates the EXTERNAL INTEGRATE

~_line on the DATA connector.

o o i S o
7. GAIN NORMALIZATION- Sets the normalization from 1.0 ms to 9.99 seconds.
Multiplier has 3 positions: X1, X10, X100.
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MODEL 720 REAR PANEL DESCRIPTION

Analog Input - Triaxial connector with:
*Center - High
*Inner Shield - Analog Lo
*Shell - Chassis GND
Triaxial connectors and cable must be used for safety if analog
Lo is not at chassis ground.

Banana Jack: *Analog Lo (Black) - connects to inner shield of analog input

Binding Posts: *Digital Lo (Blue) - connects to output logic common {on OQutput
Connectors )
*Chassis Ground - Connects to chassis & power line ground

Qutput (see output information)

““Data - 37 pin connector
- Control - 50 pin connector

Power Line Voltage Selection Switches with four positions:
90 to 110 volts

105 to 125 volts
195 to 235 volts
210 to 250 volts

CAUTION: Select proper power line voltage before connecting line cord.

Line Cord Connector

Fuse - 100 volts & 115 volts - 3AB Slo Blo Fuse 3/4A 230 volts and
215 volts - 3AB Slo Blo Fuse 3/8A

Insulating Cover Over Power Supply Regulator transistor.
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CONTROL SETTING CONNECTOR

STROBES (Input)

A logic zero on a strobe line enables the appropriate output bits. A1l lines
have to be strobed except BUSY. All strobed output Tines are at logic 1
when respective strobes are not activated.

INTEGRATION PERIOD

The output information corresponding to the Integration Period Thumb-Wheel
settings is composed of four (4) BCD digits plus a multiplier code given by:

Integration Period Multiplier Codes

‘AI IBI
X1 0 0
X10 1 0
X100 0 1
EXT 1 1

The code can be thought OE as the 2 least significant of a BCD exponent, i.e.,
Integration Period x 10XXBA,

INTEGRATION PERTOD MULTIPLIER

See Integration Period.

GAIN NORMALIZATION

The output information corresponding to the Gain Normalization T.W. settings
is composed of 3 BCD digits plus a multiplier code given by:

Gain Normalization Multiplier

IAI IBI
X1 0 0
X10 1 0
X100 0 1

The code can be thought of as Rhe 2 least significant bits of a BCD exponent,
i.e., Gain Normalization x 10BR,

GAIN NORMALIZATION MULTIPLIER

See Gain Normalization
DIGITAL LO

Digital Lo is the output Logic common. Numerous pins are provided for inter-
facing ease and to reduce ground resistance. Digital Lo is also provided as
a binding post on the rear panel.



13
Model 720

Control Setting Connector - Cont'd

DATA & POLARITY

The output code is positive true offset binary, for example:

Polarity Bit

+F.S, R P 1
0 100-===- 0
-1 011----- 1

-F.S. 000-~~-= 0
DATA is guaranteed valid when FLAG is logic 1.
POLARITY
See DATA.

FLAG (FLAG)

FLAG in logic state 1 indicates when the DATA, POLARITY, or INTEGRATOR OVERLOAD
lines are valid. FLAG and the above 1ines become valid concurrently. FLAG

may be (prematurely) reset externally or (OR} will be reset internally when

the above lines are not valid. Reset pulse should be typically 200 nanoseconds
minimum.

STROBES

See Strobes on Control Setting Connector.

+5 VOLTS

The output logic supply is provided for ease of interfacing. The unit has a
1508 resistor in series with the supply. The user may jumper this resistor.
The user may typically draw 200mA from these terminals.

INTEGRATING

This line is in a logic 1 state during the integration portion of the cycle.

INTEGRATOR OVERLOAD

Integrator overload appears with the DATA and POLARITY. When this line is
valid and in a logical 1 state, it indicates that the integrator has overloaded
during the previous integration.

BUSY

The BUSY line is at a logical 1 when the 720 is integrating, converting, or
resetting. When the BUSY 1ine is at logic zero and 720 is prepared to accept
a trigger, either (EXTERNAL MANUAL or AUTO as selected by the front panel
switch). NOTE: In AUTO mode the BUSY line will assume logical zero for 0.5
to 1.5 microseconds between the start of the next integration and the end of
the previous reset portion of the 720 cycle.
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Control Setting Connector - Cont'd

FLAG RESET

Logic level zero resets FLAG to logical zero. The reset state is held until
the first end of the conversion state after release. The FLAG RESET is used
to prevent multiple collection of the:previous conversion results.

EXTERNAL INTEGRATION PERIOD (ON INTEGRATION PERIOD MULTIPLIER SWITCH)

Logic Tevel zero initiates integration. Logic level one terminates integration.
The state of this input will not be recognized again until the end of the
reset portion of the 720 c¢ycle. This line should be in the logic 1 state for
typically 200 nanoseconds minimum. '

EXTERNAL TRIGGER

A transition from a Togic 1 to a logic 0 after the falling edge of the BUSY
line initiates one 720 cycle of integration, conversion and reset within 1
microsecond. Typically trigger must remain in logic Tevel zero for 200 nano-
seconds minimum. The Tine must also be in logic level one for 200 nano-
seconds minimum typically before the logic 1 to "0" transition. The Tine may
otherwise remain in either state indefinitely.

TRIGGER SETTING

The position of the front panel trigger switch is indicated by the following
code:

IAl lBl
AUTO 0 0
MANUAL 1 0
EXTERNAL 0 1

DIGITAL LO
See DIGITAL LO on Control Setting Connector.



PIN NO.

W o~ BN

37

KEITHLEY INSTRUMENTS,

MODEL 720
REAR PANEL
DATA CONNECTOR

(MALE PINS)

20

19

SIGNAL NAME

DATA O
DATA 1
DATA 2
DATA 3
DATA 4
DATA 5
DATA 6
DATA 7
DATA 8
DATA 9
DATA 1

I

STROBE
STROBE
STROBE
STROBE
STROBE

e
~~

peeecoceece

EHECEEEE

=1

© | 31

(OUTSIDE VIEW)

PIN NO,
20
21
22
23
24
25
26
27
28
29
30

32
33
34
35
36
37

STIGNAL NAME

+5 VOLTS

+5 VOLTIS

+5 VOLTS

+5 VOLTS

+5 VOLTS
INTEGRATING (D)
INT. OVERLOAD (D)
BUSY

FLAG RESET

EXT, INT. PERIOD
EXT. TRIGGER
TRIGGER SETTING 'A'
TRIGGER SETTING 'B'
DIGITAL LO

DIGITAL LO

DIGITAL LO

DIGITAL LO

DIGITAL LO

INC.

8

15
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REAR PANEL
CONTROL SETTING CONNECTOR

(MALE

PINS)

16

INC.

34

PIN NO.

W oot oy Pl o

SIGNAL NAME
STROBE (&

INT. PERIOD
INT. PERIOD
INT. PERIOD
INT, PERIOD
INT. PERIOD
INT. PERIOD
INT. PERIOD
INT, PERIOD
INT. PERIOD
INT. PERIOD
INT. PERIOD
INT. PERIOD
INT. PERIOD
INT. PERIOD
INT, PERIOD
INT. PERIOD
STROBE
STROBE
STROBE
STROBE.
STROBE
STROBE
STROBE
STROBE

HEECELEE

(OUTSIDE VIEW)

1x10-2
2%x10-2
4%10-2
8x1072
1x10°t
2x10°L
tx10°t
gx10-t
1x109
2x109
£x100
sx10°
1x10l
2X10%
4x10%
gx10t

DOOCEEEEEOE®

FRE

PIN NO,
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
b
45
46
47
48
49
30

SIGNAL NAME
INT., PERIOD
INT., PERIOD
GAIN. NOBM.
GAIN. NORM.
GAIN, NORM,
GAIN, NORM.
GAIN, NORM,
GAIN, NORM,
DIGITAL LO
DIGITAL 1O
DIGITAL LO
DIGITAL LO
DIGITAL 1.0
DIGITAL LO
DIGITAL LO
DIGITAL LO
DIGITAL LO
GAIN, NORM,
GAIN. NORM.
GAIN. NORM,
GAIN, NORM,
GAIN, NORM,
GAIN, NORM.
GAIN, NORM,
GAIN, NORM,

IAI
!81

MULT,
MULT.
1x10-1L
2510~
4x10-1
gx10-1
MULT,
MULT,

lAi
1BI

1x100
2x100
4x10%
gx109
1x101!
2x10}
tx1ol
gx1ol

:

ZiZ
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INTERFACE EXAMPLE

INTRODUCTION

This example interface is presented to demonstrate a technique of using
the Model 720 with a 16~bit minicomputer. One 16-bit general purpose I/0 register
was allocated to the 720. The entire interface is a cable - - no logic packages or
components were used. The operating system of the example PDP-11 is BASIC with an
assembly language patch (external function). Many of the routines of BASIC
(similar to standard routines available in a floating point package) were utilized
to simplify the coding. Only the actual 720 subroutine is discussed, not the
linkage to BASIC.

SOFTWARE

The higher level language instruction that was used was CALL (14, A, B, V).
The first number in the parenthesis, 14, is the label for this particular sub-
routine., As the routine is entered, the output register is cleared and then
the rest of the CALL statément is evaluated. The statement is continued to be
scanned until a comma is found. The string "A" or the variable "A" is evaluated
by an existing subroutine. After it is evaluated, it is tested to verify it is

within allowable Timits and then stored.

The scan continues to the next comma and similarly the delay between readings,
"B", is evaluated, tested and stored. Finally the starting address of the array

or variable to be filled is found and stored.

The BUSY bit is tested. If it is LO a word is outputed to zero the appropriate
bit to trigger a conversion. The first strobe for the Data Word is activated

in anticipation.
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While the Model 720 is integrating the flag bit is tested until 1t goes Hi,
at which time the Data Word is inputed. Next a program is tested to check

which characters had been put in a buffer from an interrupt.

The number of readings is decremented and tested. If the required number
of readings has not been met the program jumps to a delay subroutine which in

this case was a real time clock.

Upon completion of the loop the thumbwheels are inputed. The appropriate
strobes are activated, the BCD digits are inputed, these are made into ASCII
characters and put into a string. When the string is complete the existing ASCII

to floating point converter routine is called.

Now all the information has been inputed and there is time available to
'process the Data Words. The appropriate bits are tested for, stripped of and/or
set to form a binary integer. The existing binary integer to floating point
routine is called. The pointers are updated and tested for completion of the Data

Word conversion, where the subroutine is now finished.

HARDWARE
The Model 720 was connected to a DEC DR-11A general purpose I/0 interface
consisting of one 16-bit input port, one 16-bit output register and 2 request

lines which can be tested by the program.

The inputs are TTL. The outputs are open collector. The appropriate strobe
and output lines from the Model 720 were wired "OR"ed in the connectors mating
to the Model 720. The cable consisted of 40 feet of 50 conductor ribbon cable
with alternate Tines grounded. Depending on the programming, the alternate
grounds may not be necessary. The only pull-up resistors used were the internal
10ke2 pull-up resistors internal to the Model 720. No hardware other than the

cable was used for the interface.



SET STROBES IN OUTPUT REG. |

EVALUATE AND STORE "A",
NUMBER OF READINGS. CALL(14,A,B,V)

EVALUATE AND STORE "B'", DELAY

BETWEEN READINGS,

GET STARTING ADDRESS OF VARIABLE
”VPI.

SUBTRACT PROGRAM TIME FROM DELAY

"B'" AND SET DELAY CLOCK,

’

DELAY SUBROUTINE, |

T

EST BUSY BI

-

RESET BIT TO TRIGGER CONVERSION AND
RESET FLAG, ACTIVATE FIRST STROBE
"DATA™,

e

[ INPUT AND STORE DATA WORD. |

| MAT G AT ] l

NEXT PAGE

"MODEL 720

FLOW CHART

DATA COLLECTION
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i CONTROL SETTINGS

ACTIVATE SECOND STROBE, 'INT,
PERIOD".

INPUT THE SECOND MOST S1IG, DIGIT
OF, "INT, PERIOD",

MAKE ASCII CHARACTERS AND PUT
INTO STRING.

\ 2
| ACTIVATE THIRD STROBE, "INT. PERIOD",

| INPUT THIRD DIGIT.

MAKE INTO ASCII. PUT DECIMAL PT.,
THIRD DIGIT, INTO STRING.

N\
[ACTIVATE FOURTH STROBE, |

| INPUT LEAST SIG. DIGIT OF, "INT. PERIOD'.|

MAKE INTO ASCII. PUT FOURTH DIGIT AND
"E'" FOR EXPONENT INTO STRING.

| ACTIVATE FIFTH STROBE, 'MULTIPLIER',

¢
| INPUT MULTIPLIER CODE, |

| MAKE INTO ASCII AND PUT INTQ STRING. |

SET UP POINTERS AND CALL ASCII TC FLOATING
POINT SUBROUTINE,

ACTIVATE SIXTH STROBE, GAIN. NORM, MOST
SIG. DIGITS,

INPUT MOST SIG. DIGLTS. |

NEXT PAGE
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MAKE ASCII, PUT IN STRING, PUT
DECIMAL PT. INTO STRING,

LEAST SIG, DIGIT.

zl

CONTROL SETTINGS

AGTIVATE SEVENTH STROBE, GATN. NORM.

MAKE INTO ASCII, PUT INTO STRING,

"E”_INTO STRING,

[ ACTIVATE EIGHTH STROBE. |

N
[ INPUT MULTIPLIER CODE |

PUTl

[ MAKE INTO ASCII, PUT INTO STRING. |

N

SUBROUTINE.

SET UP POINEER‘AND“CA1£.AéCf&m&O"FLOATINGﬂPT:W

DATA WORD CONVERSION

)
| GET DATA WORD. |

SFEST POLARITY BIT

: N3
[sET s1oN BIT_POSITIVE, |

//”/”’/)E\\\\\““

- -.."*-.. F
l1¥ST INTEGRATOR OVERLOAD
\..‘//
SET 214 BIT

CALL BINARY INTEGER TO
FLOATING PT. SUBROUTINE

!

| INCREMENT POINTERS ]

-
R

/)k\\LF
[:iDONE,

| FINISHED




MULTIPLEXING FORMAT

OUTPUT REGISTER (DR 11 A) TO 720
TRIG. AND
OUTPUT BITS SET STROBES #1 #2 #3 #4 #5 #6 #7 #8 FLAG RESET
0 1 1 1 1t 1 1 1 1 1 o
1 1 o 1 1t 1 1 1 1 1 1
2 1 ¥ o 1 1 1 1 1 1 1
3 1 1 1 0o 1 1 1 1 1 1
4 1 1 1 1 o 1 1 1 1 1
5 1 1 1 1t 1 o 1 1 1 1
6 1 P 1 1 1 1 90 1 1 1
7 1 1 1 1 1 1 1 0 1 1
8 1 1 1 1 1 1 1 1 o0 1
9 0 ©o 0 0 0 0 0 0 0 0
10 0 0O 0 0 0 0 0 0 0 O
11 0 O 0 0 0 0 0 0 0 0
12 0 o 0 0 0 0 0 0 0 O
13 0 © 0 0 0 0 0 0 0 0
14 0 6 0 0 0 0 0 0 © 0
15 0 6 0 0 0 0 0 0 0 0
OCTAL 777 775 773 767 757 737 677 577 377 776
INPUT PORT (DR 114)
BIT # DATA INT.,  INT.  INT. = INT. GAIN. GAIN. GAIN. ..
WORD PERIQD PERIOD PERIOD MULT. NORM. NORM. NORM., MULT.
0 DO X100 1x1o:i 1x1o‘§ "A"  1X100  1X10l MULT, "A"
1 D1 2X10 2X10 2X10°¢ """ 2X10 2X10° . MULT, "B"
2 p2 4x108  s4x10”!  4x1072 5x109  ax107!
3 p3 8x10° sx10”! sx1072 8x100  sx10-!
4 D4
5 D5
6 D6
7 D7
8 D8  1x10} 1x10}
9 D9 2x10! 2x10%
10 D10 4x10t 4x10L
11 gxLlol gx10l
12
13
14 INT. OL.
15 POLARITY
REQ A BUSY
REQ B FLAG
STROBE #1 #2 #3 #4 #5 #6 #7 #8

LINES 4 2 1 1 1 2 1 1
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PORT

ol el ol el
M SWNEPE OV AW E O

REQ. A

REQ. B

CABLING
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-9 DO

L 4 D1

D2

D3

D4

b5
Dé

D7
D8

D9

D10

INT. OVERILOAD

SIGN

1x10l 3

2x101

ux1ol

gxyot

o—-1x1og
8- 2X10,

4X100

8X10

o 2x10°1
yx1o~1

gxi0~t

I —1X10"2
2X1077

Lx10_5
8X10

® .“qﬁé ' )

N
1x10%

2x101
4x10t

gx1ok

$—1X10§
2X10,

8X10

2X10
kxgo”l

8x10°L

— M1
M2 /’

FLAG

BUSY

720

S DATA

/

e—1x10~1 N INTEGRATION
PERIOD

Lx10, 5GAIN NORM,




QUTPUT
REGISTER

el el o el
MEWLWMNMHEFOWOVWE~NGU LN KO

CABLING

'[_4.

TRIGGER
FLAG RESET

STROBE
STROBE
STROBE
STROBE
STROBE
STROBE
STROBE
STROBE
STROBE
STROBE
STROBE
STROBE
STROBE

DATA
DATA
DATA
FLAG
INT.
INT,
INT,
INT.
INT.

GAIN,
GALN,
GAIN.

PERICD
PERIOD
PERICD
PERIOD
MULT,
NORM.
NORHM.
NORM.

1ot
1001
107
102

IOé
10
107t

GATIN, NORM, MULT,

24
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CIRCUIT DESCRIPTION
1. GENERAL: The Model 720 is a variable aperture integrating analog-to-digital

converter. The circuit is composed of five functional sections which are.the
Isolated A/D section; the Control and Counter Section; the Gain Normalization

Section; the output Logic Section and the Power Supply., Refer to the 720 Timing

diagram in the operating section and Figure 2, the overall block diagram.

2. ISOLATED ANALOG/DIGITAL SECTION. (Refer to Schematic 3)

The isolated A/D section converts an analog input signal to a digital binary

code by means of an integrator module, U-57, and an analog to digital converter,
U-18. The integrator, integrates under command from the control section. The

""" integrate signal is transmitted through an isolation pulse transformer, T

and a Schmitt trigger, Ul. After the input signal has been integrated, it goes
to the A/D module by way of a front panel calibration pot, R-211. Approximately
2 us after the termination of the integrate signal the A/D converter starts its
~conversion which takes about 40 us. During the 40 us the A/D converter transmits
its data with the overload bit in front of the bit stream to the output logic section
by way of isolation pulse transformer, T2. Isolation transformer T3 is used

to transmit a clock puise train from the A/D module to the output logic section.
Upon completion of the A/D conversion the integrator is switched to the reset
mode until the next integrate command.

The following are scope photographs that show timing and signal levels of the
isolated section:

vin g +5 V dc Scope Settings: Horiz: .2ms/div
01501 Trig  External:integrate U64/5
_Thumbwheel settings (T.N.) = NN Slope = +
X10 Probes
Vert.Volts/Div. Scope Input to:
1V A U57/14
GND
1anD .2V B US57/9
lenD 1.0V C us2/é
.5V D U39/5,8

. GND

Fig. 3



MODEL 720 BLOCK DIAGRAM

SIGNAL M 7 {SOLATED SECTTON 1
INPUT |
>—p—————] INTEGRATOR A/D CONVERTER QUTPUT LOGIC
-t PT.| SECTION
- | A /*\ l [y
| DATA OUTPUT >
]
= LOGIC LOGIC | FRONT PANEL
| | LAMPS
L “%-L_“”_ﬂﬁf_.t 1
GAIN, NORM, CONTROL 1 MHZ
LOGIC | LOGIC CLOCK
GAIN, NORM, INTEGRATION CONTROL BN
SWITCHES PERIOD SETTING OUTPUT
SWITCHES

POWER +5 —>
SUPPLY +15 ——=> TO ISOLATED SECTION
“15 p——>

+5  ——

P,T,= PULSE TRANSFORMER

Figure 2.



27
Model 720

The photograph shows what happens when an overload occurs._  With an overload

voltage applied to the input of the 720 and the gain set at 1, Fig. 3, Trace "A"
showns the output of the integrator which is going negative and saturating. Trace
"B" shows the overload indicating signal. This is Tevel amplified by U-52 and the
output is seen in Trace "C". The negative going signal turns U-39/C on and the
output voltage is seen in Trace "D". With a negative input overload voltage applied,
the signals traces A, B and C will be positive., Trace D will be the same.

Viri;'+5 V dc Scope settings Horiz: .2 ms/div. delayed ~ 1.5 ms
- 0150X1 Trig: Ext. Integrate Siope +
TH = orexT
X170 Probes

Vert. volts/div. Scope input to:

i — cno 1.0V E US7/14

it 2V Foun

Y .. GND 1 G Ul/6
— GND 55V H U1/8
Yiew Shown

Expanded view shown
*in Fia, 5.
'

Figure 4.

In the above photo, the top trace "E" is the integrator output voltage. Trace F
shows the output of pulse transformer T1, which shows the integrate command pulses
from the control section. Fig. 5 Trace "J" and Fig. 6 Trace "N" show expanded
views of the integrate pulse, Trace "G" shows the integrate signal at the output

of Schmitt trigger U1/6. The integrate signal goes high, the integrator module
starts to integrate the input signal. When the signal goes LO the integrator module
stops integrating. Trace "H" shows the integrate signal at Pin 34 of A/D module.
When the signal goes LO the A/D converter starts its conversion.



Model 720

Vin?§‘+5V dc Scope settings Horiz: 10 ps/div. delayed ~ 1.5 ms.
"Trigger Ext: Integrate Slope +

_ 0150X]
™ = 515711

X10 Probes
Vert Volts/Div. Scope Input

1.0V I Us7/14
v Jd Ui
9V K Ul/6
5V L Ul/8

Figure 5.

Figure 5 Trace "I" shows the output of the integrator. The integrator is turned
on when the output of the Schmitt trigger goes high as seen in Trace "K".

Trace "J" shows the pulse which causes the Schmitt trigger (UTA) output to go high.
Trace "L" shows the output of Schmitt trigger (U1B).
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Vin?z +5V dc Scope Settings Horiz: 10 us/div. delayed ~1.5 ms.
W = 0150X] Trigger Ext: Integrate Slope +
015 Xi

X 10 Probes
Vert.Volts/Div. Scope inputs to:

| o GND 1.0V M U57/14

i

|

—GND 1V N UI/

; —GND .5V 0 U1/6
—GND 5V P Ul/8

Figure 6.

Figure 6 is an expanded view of Fig. 4 to show the end of integrate plus and the

2 us delay of the integrate signal to U18/34. The start of conversion point, trace
"M", shows the integrator output. With +5 volts applied to the 720, the integrator
output has safurated at -10 volts. When the A/D conversion is finished converting
its data, the integrator is reset and the signal goes to ground potential as shown
in the top trace. Trace "N" shows the pulse at the end of the integrate signal from
the control section. Trace "0" at Ul Pin 6 shows the integrate signal. The signal
goes low when the end of integrate pulse goes high. Trace "P" shows the 2 us delay
between trace "P" and trace "0". MWhen trace "P" goes low the A/D converter starts

it's conversion,
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Signals of the A/D Converter.

Vip = *8 w0 Scope Settings: Horiz: 5 us/div. Delayed ~ 1.5 ms.
TW = 0150X1 Trigger Ext: Integrate
015 X Vert: 5V/div.

Trace Scope Input to:
u U18/34

v U18/33 ’
W U18/35 & 36

X u18/32

Figure 8.

The top trace "U".shows integrate signal going LO after 2 us delay. This is
the start of the A/D conversion. Trace "V" is the end of conversion signal.
When the A/D converter is through converting the signal goes LO and resets the
integrator U57. Trace “W" shows the clock output, while Trace "X" shows the
serial data.
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Vin?; 8mV Scope Setting: Horiz: .2ms/div.
. , ‘ Trig Ext: INTEGRATE
W = 0150X1 Vert: 5V/Divy.
015 Xi
o - Trace Scope Inputs To:

Q U18/34
R U18/33
S uz27/9

T U27/6

Figure 7.

Figure 7 trace "Q" shows the signal at U18/34 which is the integrate signé] plus

a 2 microsecond delay. The period that the signal is LO is the reset time. This
reset period is controlied by the control section and is set for 300 microseconds.
When the signa]'in trace "Q" goes LO the A/D converter starts its conversion. In
trace "R" the LO signifies the end of the conversion and resetting of the integrator.
The difference between traces "Q" and "R" is 50 microseconds, which is the A/D
conversion time. Trace "S$" shows the data (after the falling edge of "Q"). Refer

to Fig. 8 and 9 for expanded view. Trace "T" shows the output U27/6 which is normally

HI. It will go LO briefly if the last "LSB" was a zero.

r‘}.
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Model 720
Vin = 9 mV Scope Setting: Horiz: 5Sus/div. delayed ~ 1.5 ms.
- Trig Ext: INTEGRATE
_ 0150X1 ) .

_ Trace Scope Input To:
Y u18/3z2
z U19/39
AA uz27/9
BB U26/11

Figure 9.

Trace "Y" shows the serial data output of UIB. Signals indicate +9 mV. Trace "Z"
shows the 12 storbe pulses which are used to strobe valid data through U27B. Trace
"AA" shows the data at U27/9. Trace "BB" shows the inverted clock signal.

Trace "AA":

< OVERLeAD SIGN el d &rd Af% jae g4 3r 76 2 o 2 /

, + . ' ) 1 \ g ! .
L——' I .

_The data is LO true. Therefore the above signals indicate a +9 mV

because_thersign bit is Tow and 8 and 1 are low.
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3. OUTPUT LOGIC SECTION (Refer to Schematic 2).
The output logic section receives data from the isolated section, displays
the data on the front panel LED's, and makes the data available at the output

connector P15,

At the termination of the integrate signal a one shot (U64) is fired which
clears the output shift registers (US54, US5) and presets flip-flop U48 to

a"1". The data‘from the isolated A/D section is coupled through isolation
pulse transformer T2. The preset "1" (U48) is shifted ahead of the bit stream
as it is clocked in to the shift registers. The preset "1" is shifted to the
last cell where it sets the flag F/F U48B and also sets an internal flag for
the gain normalization registers indicating that the A/D conversion is complete.

The clock pulses are also transmitted from the isolated A/D section through

pulse transformer T3.

X10 Probes
Vert V/Div. Trace Scope Inputs To:
A U47/1
2V
.5V B Va7/1
5V o u/48/5
2V D U47/9

EEIAE ST Scope Settings
| | T ' Horiz: 5us/div delayed ~1.5 ms.
L o ' Trig Ext: INTEGRATE

Figure 10. V. = 8mY or 9mV
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