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1.0  Introduction 

This report describes the interface between the newly developed 256 channel 

filter receivers and the PDP-11 computer.  The same general principles are used as in 

previous systems (E.D. Internal Report #101) but because of the greater number of channels 

a more compact form of construction is used. 

2.0  Principle of Operation 

A block diagram of the interface is shown in Figure 1. 

The analog inputs from each channel of the filter receiver are first buffered 

to reject common mode signals then integrated with a true integrator for an exact period. 

This period is adjustable and will be set to about 90 ms. At the end of the integration 

period the integrators are switched to a hold mode, the output of each integrator is 

sampled, converted to 14 bit binary number and fed to the computer.  This scanning, con¬ 

verting and read in process takes about 8 ms for the 512 channels.  The integrators are 

then reset and another integration period begins. 

The data flow between the multiplexer and the POP*!! is controlled by a general 

purpose direct memory access interface to the PDP-11 unibus.  This interface (the DR11-B), 

rather than using program controlled data transfers, operates directly to the memory, 

moving data to and from the multiplexer. 

A typical read out sequence would take place in the following way.  The address 

of the first channel to be converted is loaded into the channel select counter (this is 

to permit read outs of banks of channels other than 512). At the start of the hold period 

the first channel is converted by the 14 bit A/D converter. The end of conversion (E.O.C.) 

signal from the converter is used to request a data transfer from the DR-llB interface 

and also to advance the channel select counter to the next channel. When the transfer is 

complete the DR?-11B issues an end of cycle signal that starts the next conversion. This 

data exchange continues until the prescribed number of transfers has taken place.  This 

is indicated by the overflow of a register internal to the DR-llB that has previously 
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been loaded by the program with the desired number of data transfers. At the end of 

a block transfer the program may check that the final channel selected by the channel 

select counter is the correct one. 

A feature is included to permit testing of the A/D converter under computer 

control by providing it with a variable input from a DAC. 

DAT 14 IN is used to indicate if the data being sampled is the result of a 

signal or reference integration.  Signals are also provided that indicate if the filter 

receivers are being used in the serial or parallel mode. 

The multiplexer is also used as an interface between the computer and the 

radiometer. The computer may provide the signal/reference waveform rather than the 

internal timing generator in the multiplexer. Also provided by the computer are 

calibration and zero check signals to the front end and filter receivers. 

The timing generator provides the integrate/hold and reset signals to the 

integrator cards, and also the signal/reference waveform to the front end (or L.O.). 

The signal reference squarewave is available at 5 Hz, 2.5 Hz and 1.25 Hz so that a 

signal or reference period may consist of one, two or three integration periods.  The 

timing generator may be synchronized to an external 5 Hz signal (for use with a 

chopper wheel or nutating subreflector). A 1 MHz clock internal to the timing generator 

is normally used for generating the various waveforms but provision is made for an 

external 1 MHz clock. 

Manual scanning of integrator outputs is useful for checking correct operation 

of the filter receivers and multiplexer. A V.C.O. is used to drive the channel select 

counter up or down at whatever rate is desired. The channel number is displayed both 

in binary and decimal form. The channel output is displayed on a moving coil meter, 

the value at the end of an integration period being stored in a sample/hold circuit. 

The system timing diagram is shown in Figure 2. 
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3.0 Integrator Multiplexer Card 

The basic printed circuit card used in the integrator/multiplexer consists 

of 16 channels, each channel being made up of a buffer amplifier, and a true inte¬ 

grator with hold and reset capability. Also on the card is a 16 channel multiplexer 

integrated circuit. Thirty two of these cards are used to give the 512 channel 

capability. 

A circuit diagram of two channels, together with the 16 channel multiplexer 

and output amplifier is shown in Figure 3 and an assembly drawing of two channels 

is shown in Figure 3A. 

3.1 Buffer Amplifier 

The buffer amplifier used was a Sprague ULN 2157. Two of these amplifiers 

are packaged in a 14 pin dual in line plastic package. The relevant performance 

specifications of this amplifier are as follows: 

TYP MAX 

Input offset voltage +1.5 mV +5.0 mV 

Input offset current +5 nA +25 nA 

Input bias current 70 nA 250 nA 

temperature 

3.2  Integrate/Hold Switch 

To perform the switching functions in' the integrate/multiplexer we made 

extensive use of the CMOS analog switches that have become available over the last 

year. The switch used for- performing- the' integrate/hold function is a DG 200 

manufactured by Siliconix, Inc. The DG 200 has two independent analog switches, 

each switchings function being controlled directly from TTL logic. The "on" 

resistance is <100 ohms and is not vexy dependent on input signal level or 
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temperature.  The switch operated from +15V power supplies and will switch analog 

signals of +15V. 

3.3 Integrator 

The operational amplifier used for the integrator is a ULN 2177 manufactured 

by Sprague. The time constant of integration of 100 ms was satisfied with a 1 Mfi input 

resistor and a O.lyF polystyrene capacitor.  The input offset currents are critical in 

this case and the important specifications of the amplifier are listed below: 

TYP MAX 

Input Offset Voltage +1.5 mV +5 mV 

Input Offset Current +0.4 nA +1 nA 

Input Bias Current 0.8 nA 2 nA 

Open Loop Voltage Gain       150 V/mV 

A polystyrene capacitor was used for low leakage and low dielectric absorption. 

A junction F.E.T. was used for resetting the integrator because the discharge 

current would be slightly too high for CMOS device. A CDR5 level shifter is common 

to all reset transistors on a card and serves to change the TTL input signal to +15 

suitable for switching the F.E.T.s. 

3.4 Multiplexer Chip 

To sample the output of each integrator while in the "hold" mode a 16 channel 

CMOS multiplexer with 4 line binary addressing is used. This multiplexer chip, a DG 506, 

is manufactured by Siliconix and enjoys the same advantages as CMOS analog switches in 

general. Resistors were included in series with each analog input to the device to 

limit the input current needed to charge the common drain capacitance when switching 

between analog inputs of different levels.  This current should be limited to avoid 

burning out the F.E.T. switches and also to avoid overloading the integrator. A later 
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version of this chip (produced by Harris Semiconductor) includes these resistors. The 

additional time constant introduced by these resistors is not significant. 

3.5 Output Amplifier 

The output amplifier associated with the multiplexer is used in a unity 

gain non-inverting mode to give a high input impedance. This is important to avoid 

errors introduced by variations in "on" resistance of the different channels of the 

DG 506. 

3.6 Performance of Integrator/Multiplexer Card 

All gain determining components on the card are +1%. Tests on the prototype 

card gave a highest channel gain of 1.005 and lowest gain of 0.992. The variations 

AG 
in gain for different channels with temperature over the range of 0-45oC were — -  +1.0 

-4 AG -4 
x 10 /0C minimum and T^r = +3.5 x 10 /0c maximum. The rise time at the output of the 

card was measured and found to correspond to a time constant of 0.4tis. To permit 

settling to within one bit of the 14 bit A/D converter a 4ys delay between selection 

of a channel and the start of the conversion is used. 

The zero offset voltage of each channel may be adjusted to zero by means 

of the offset potentiometer associated with the buffer amplifier. 

3.7 Cost Per Channel 

The cost per channel is as follows: 

Component cost per channel $15.38 

Printed circuit card cost per channel       1.38 

Construction cost per channel 2.50 

$19.26 

This cost refers just to integrator multiplexer cards and does not include 

the control logic or A/D converter. 
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4.0 Control Logic 

4.1 Timing Logic 

The readout, reset, integrate signals are generated by the 1 MHz internal 

oscillator or 1 MHz external oscillator. A 5 Hz squarewave from the computer, sub- 

reflector (sync input) or the internal 5 Hz gives the starting pulse (SYNC A)  (Fig. 4) 

for the generation of the readout, reset, integrate cycle. 

The readout, an 8 ms positive pulse, is generated by dividing the 1 MHz clock. 

The reset is a 1 ms positive pulse and is used to reset all integrators to 

zero. When in the TEST mode the reset is used to reset the channel select counter (CSC). 

At the end of reset the 1 MHz clock is divided by decade counters to generate the 

integrate period. Fig. 4. This is a variable time period and can be varied from 70-90 ms 

by selector switches behind the front panel. 

4.2 Signal/Reference 

Signal/reference can come from three sources, internal, computer and external 

(Fig. 4). 

Internal signal/reference is generated from the 1 MHz and can be varied by a 

front panel switch for 1.25 Hz, 2.5 Hz or 5 Hfc operation. This signal also available 

on BNC connectors on the back panel in either 3C or TTL logic. 

External signal/reference comes from a BNC on the back panel and can be 

either 3C or TTL logic input. It should be no higher frequency than 5 Hz. 

The computer signal reference is generated by Data Out 14 from the computer 

and should be no higher frequency than 5 Hz. 

An external sync must also be supplied when in the external or computer 

position. This signal generates Sync "A" and should be a 5 Hz TTL signal. When in 

external position J21 on the back panel is used and the sync output of the nutating 
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subreflector can generate Sync "A". When in the computer position Data Out 15 is switched 

at a 5 Hz rate to generate Sync "A". Sync "A" is used to start the readout cycle. 

4.3 Channel Select Counter 

Channels can be selected in two ways manual or computer. In the manual mode 

the clock pulses (Clock M) to advance the CSC are generated by a VCO, the frequency 

of the VCO is controlled by the manual channel advance pot on the front panel (Fig. 5). 

An up-down counter is used and the manual advance can make the channels 

advance up or down to the desired channel. 

In the computer mode the end of cycle from the A/D (Clock A) advances the 

counter. It only allows the counter to count up. When the test-normal switch is in 

normal the CSC is loaded by the computer. 

The four least significant bits of the CSC are buffered because they drive 

the DG 506's (A) on the 32 integrator boards. The next five bits select which board 

g 
is displayed or sent to the computer by driving DG 506 (B) on Board W. The MSB 2 is 

an enable that selects channels 0-255 or 256-511 by enabling the DG 506 (B) on Card W. 

The load lines from the computer load the CSC when in computer-normal mode. 

The load command is generated by the "GO" command from the computer. 

A one shot is used to reset the CSC when switching from computer to manual 

mode. 

The binary output of the CSC is displayed by L.E.D.s on the front panel. 

This output is also converted to BCD and is displayed on the Numeric Display (Fig. 5). 

4.4 Interface 

Inputs from computer to multiplexer 

GO is used to generate the load data pulse for CSC. The GO bit triggers 

a N8162A one shot that produces the load pulse (Fig. 5) . 

END of cycle from the computer (EOC computer) along with the readout produce 

the trigger for the A/D and reset the S/H mode control F/F (Fig. 5). 
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Data Out 13 is used to generate the cal "on" signal. A F/F used as a latch 

stores the data until it is updated. 

Data Out 12 is used to generate the zero check. 

Data Out 15 is used to generate Sync "A" computer. 

Data Out 14 is used to generate Sig/Ref computer. 

Funct #1 - This computer output is used to select what type of data will go 

to the computer either channel data or the last count in the CSC (Fig. 5). 

Funct #2 - This is used to test the calibration of the A/D. Funct 2 allows 

either channel voltages or a cal voltage from the computer to be applied to the A/D 

(Fig. 5). 

Output of Multiplexer to Computer 

Cycle REQ A is generated on the falling edge of the EOC from the A/D.  It is 

a .5 ysec pulse and is generated by a one shot (Fig. 5). 

DATA IN LINES 0*13 can either contain the data from the various 

channels or the final count of the CSC. These are selected by function 1 (Fig. 5). 

STATUS B&C. These inputs come from the filter banks and by a switch 

closure select the parallel or serial mode of operation. 

4.5  A/D Converter 

The A/D converter is an Analogic MP2914A (Fig. 5).  It has 14 bit output with 

10 ysec conversion time.  The MSB is Bit 1 and LSB is Bit 14.  The input to the A/D is 

buffered by an Analog Devices SHA-2A Sample Hold Amplifier.  To insure that the input 

to the A/D does not change during the conversion of data the SHA-2A is put into the 

hold mode before the A/D starts conversion. 

Input to A/D 

The input to the A/D can come from two sources - computer or integrators. When 

the input comes from the integrators Funct 2 is in a "Hi" state. This means that normal 

data transfer between the computer and multiplexer is taking place. When Funct 2 is low 
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a calibration output from the computer can be fed into the A/D to check its calibration. 

The cal voltage input must be positive. 

Calibration of A/D 

Refer to the enclosed data sheet on the MP2914A. 

Logic Inputs & Outputs A/D 

The trigger input to the A/D is generated by the readout or the end of cycle 

from the computer. The A/D trigger is a 4 ysec positive pulse and conversion takes 

place on the NEGATIVE edge of this pulse. The trigger also generates the mode control 

for the SHA-2A. 

End of Cycle from A/D (EOC) 

This is a 10 ysec pulse that goes positive during conversion and negative 

when conversion is finished. The EOC pulse is used to advance the CSC and send a 

request A to the computer and clocks the mode control F/F for the SHA-2A. 

5.0  Front Panel Meter Circuit 

The input of the A/D is buffered and this signal is the input to the meter 

circuit (Fig. 5). 

A CAG 30 is used to control this input and is only closed when in manual 

mode. The LH 0043 is a sample Hold module and its hold mode is controlled by readout. 

When in readout the input is sampled. The input to the meter circuit is also connected 

to an isolated BNC on the front panel. 

The gain of the meter circuit can be varied by a switch on the front panel. 

The ranges are 20 mV, 200 mV, 2V, 20V full scale. 
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6.0  Power Supplies 

The multiplexer requires +15 volts at 2.5 amps and +5V at 3 amps. The power 

supplies are mounted in a separate chassis with current and voltage metering as shown 

in Figure 6. 

7.0  Constructional Details 

A total of 36 cards are used in the multiplexer, 32 integrator boards, 3 

wirewrap logic boards and one A/D printed circuit board. 

The chassis used to house these boards was designed by Arthur Shalloway and 

Gene Runion and was found to be ideal for this purpose. 

A specially designed power plane distributes power to the board connectors. 

Wirewrap connectors are used throughout. Moulded plastic card guides and a simple 

constructional technique make the chassis inexpensive and simple to produce. Two 

large quiet fans insure adequate air flow over the circuit boards. 

Connections are made to the filter receivers via four 140 pin Elco connectors 

and two 56 pin Elco connectors are used for the computer interface. BNC connectors are 

used for connections to the standard receiver and front end. 
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-j—OD2 

10S L_-jNMOSy 

PIN CONFIGURATION 

V, (SUBSTRATE) 

IN 2 (2 

GND VR.f 

DG200 

ABSOLUTE MAXIMUM RATINGS 

VJN and VRef to Ground      -0.3 V, Vj 
Vs or VD to Vl      o, -32 V 
Vs or VD to V2      0,    32 V 
Vi to Ground         16 v 
V2to Ground        -16 V 
Current, Any Terminal Except S or D  30 mA 
Current, S or D ,     5 mA- 
Operating Temperature -55 to 1250C 
Storage Temperature -65 to 150oC 
Power Dissipation (Package)*    450 mW 

♦All leads welded or soldered to PC board.   Derate 6 mW/0C above 750C. 

ELECTRICAL CHARACTERISTICS 

All DC parameters are 100% tested at 25°C.   Lots are sample-tested for AC parameters and to assure conformance with specifica¬ 
tions. 

Typ 
2t°C 

Max Limits 

I nit 

Te«t Condition. 
ChancMMitlc DC200AA DG200BA a nlesn Otherwise Noted) 

V, ' 15 V, V2 - -U V, Gnd - 0, VRi;f   . Open*** 
-55°C 25"C 125"C -20Y 25°C 85°C 

I 
N 
P 
I 
T 

'iNH 

-0.01 -10 -0.01 -10 

UA 

VIN.2V 

0.01 10 0.01 10 V,N.15V 

'lN(Peik) -120 

■DO. 
-0.01 -10 -0.01 -10 Vm.0.8V 

| 

O 
I 
T 
P 
I 
T 

rDS(ON) 

65 70 70 100 80 80 100 
a 

vD.   10V 
VIN-0..V. Is.lmA 

65 70 70 100 80 80 100 vD.-iov 

rS(OFF| 

0.1 2 1000 5 500 

nA 

V,.    15V,  Vn=-15V 

VIN.2V 

-0.1 -2 -1000 -500 VS.-1SV.  VD.    15V 

"DIOFFI 

0.1 2 1000 '>00 VD"  15V• vs ' "15 v 

-0.1 -2 -1000 -5 -500 VD.-15V.  Vs.    15 V 

■DION)* 

0.1 2 1000 5 500 VD-VS.    15V 
VIN.0.8V 

-0.1 -2 -1000 -5 -500 VV-wv 

P 
0 
w 
E 
R 

'1 2.5 3 3 

»* 
Doth Channels • Off , V    • 0 

'2 
-2.5 -3 -^ 

I, amndby 
1.7 2 2 

Both Channels   OFF' , V]U • 5 V 
I2 Standby -1.7 -2 

D 
Y 
M 
A 
M 
I 

C 

_ 

t 400 1000 1000 
n. Sec Switching Circuit 

'off 
230 500 500 

CS(OFF) 
8.5 

PF 

V-^v          

f ■ 140 kill to 1 MHz 

CD(OFF) 
8.5 VD° 0,  ^IN" ^ V 

Cd.(otf) 
1 vD'Vs.o. vm=',v 

CD(ON) 
22 VV..vIII.ov 

'Ifv./sMi I* l««l«f« 'wm driver into "ON" iwitch, THON) ,       ( 

OFF'  Isolation A 20 lof  i v   i  , A - output tannlnal of ' OFF'  awltch, B - any other SM ftch terminal. 

♦Functional operation is possible for 10 \ < \ np (and \ ss )< 13 V, but the input lotik threshold will i 
To maintain TT1 threshold voltftgi? compaUbillt> a reference voiraRt- of 1 -. V na^ hv nppliert to the \ i> ,r 
minal.   The V)jef terminal hna KIN^H k!;, * 



DG200 
SWITCHING CIRCUIT AND DEFINITIONS 

DG200 

MECHANICAL DATA 

TO-100 
DG200AA, BA 

TYPICAL CHARACTERISTICS 

IlN vs VIN 

—i— i—r—r T—r—i— 
V, -MSV, VJ--15V 

1 -51 "c 

f 
£ i'C 

128 C 

i    r 
TYP Vth 

V,N     INPUT VOLTAGE  (VI 

VTh (Input Logic Threshold) 
vs Power Supply Voltage 

10 11 12 13 14 IS 

V,- Vj .POWER SUPPLY VOLTAGE (VI 

fDS vs VD and Temp 
rDS vs VD 

and Power Supply Voltage 

; 
-1 * 
 h 

-   -1 

-' 

A 
S 
c 

-v 
-v, 
-V 

;* 
16V, 
2.S 
ov 

n 
V2 
v.v 
Vs- 

-1 
■- 
-1 

V 
12.6 
V 

V 

1 

/ ■v ^ K s n k -rf ^ ^_  i J > - ^ -_ __,   -, ' 

r- 
- 

[J_ ._ - - 
-16        -10 -5 0 5 10 16 

Vo (VOLTSI 
Sp«clflc»tioa« «ub)«ct to change without noUc* 



MILITARY (A SUFFIX) -55 to +1250C 
INDUSTRIAL (B SUFFIX) -20 to +850C 

Type      Package 

DG506AR    MO-013 
DG506BR    MO-01S 

Preliminary Data, January 1972 

DG506 

16-CHANNEL ANALOG MULTIPLEXER 
COMPLEMENTARY MOS (CMOS) 

MONOLITHIC CMOS MULTIPLEXER WITH 4-LINE BINARY DECODE 
• +15 V Analog Signal Range 

• r0N < 500 ohms Over Full Temperature and Signal Range 

• Break-Before-Make Switching Action 

• TTL, DTL, and CMOS Direct Control Interface Over Military Temperature Range Without Need For Interface Com¬ 
ponents 

• 4-Line Binary Input Selects 1 of 16 Channels 

• 5th Line Binary Input (En) Allows Output Line To Be Common To Several Other Units 

• 36 mW Typical Standby Power 

The DG506 is a single-pole 16-posltlon (plus OFF) electronic switch array which employs 16 pairs of complementary MOS 
(CMOS) field-effect transistors designed to function as analog switches. In the ON condition each switch will conduct current 
in either direction, and in the OFF condition each switch will block voltages up to 30 V peak-to-peak. The ON-OFF state of 
each switch is controlled by drivers, which are in turn controlled by a 4-bit binary word input plus an Enable-Inhiblt input. 
The truth table below shows the binary word required to select any one of the 16 switch positions, provided a positive logic 
"1" is present at the Enable input. With logic "0" at the Enable input all switches will be OFF. The logic decoder and the 
Enable inputs will recognize voltages between -0.3 and 0.8 V as logic "0" voltages, and voltages between 2 and IS V as logic 
"1" voltages. The input can thus be directly interfaced with TTL, DTL, RTL, CMOS, and certain special P-MOS circuits. 
Switch action is break-before-make. 

FUNCTIONAL DIAGRAM 

OV, OV, OVM,     OV, 

DECODE TRUTH TABLE 

Aj Aj A, *o En 
ON 

SWITCH 

PIN CONFIGURATION 
28-Lead DIP MO-015 

GNOC 
VwC 

■2»:3vj 
2«3sa 

Ao 

pA, 

DG506 

ABSOLUTE MAXIMUM RATINGS 
VJJJ (A, En, or VRef) to Ground     -0.3 V, Vi 
Vs or VD to Vi    0, -32 V 
VsorVDtoV2    0,   32 V 

Ivi to Ground      16 V 
j Vg to Ground    -16 V 
j Current (Any Terminal, Except Analog Source/brain). 30 mA 
I Current (Analog Drain) 10 mA 

ELECTRICAL CHARACTERISTICS 
All DC parameters are 100% tested at 25°C.   Lots are sample-tested for AC parameters and high and low temperature limits to as¬ 
sure conformance with specifications. 

Current (Analog Source)    1 mA 
Operating Temperature -55 to 125°C 
Storage Temperature -65 to 150°C 
Power Dissipation (Package)* • • • >   1200 mW 

♦All leads soldered or welded to PC board.  Derate 10 mW/0C 
above 70<'C. 

^^^H 
ChanetarliUo Mauund 

Twniul 

No 
TMU 
Par 

Trap 
28,C 

MuUmlti 

Unit 
Ton CoodlUoiu (UnloH OUMIWIU Notod) 

V, ■ 16 V. Vj - -18 V, Onund - 0, V,,^ ■ O**'" 
^^^H ASuBU BSutBx 

^^^H -a'c 2S*C 126*C -20*0 28*C u'c 

■ 

S 
w 

T 
C 
H 

1 

2 'DXOIO 
StoD 

16 no 400 400 BOO 480 480 660 
0 

VD -   10 V, Is -100 llA 
Saqume* neh twitch on 
VAL-»-«V'VA«-i!V 16 2» 400 400 too 480 480 880 vD--iov, IS.-IOO»A 

I 3 "m* 20 % . /,D.(oHlMAX-rDa(oWMm\    „v         1(,v 
D6,0N)      V            rDS(ON)AVE              /             "  S" 

4 

t 
V") a 

16 -0.06 +1 +80 +8 +80 

BA 

vs- 10 v, vD.-iov 

VE.-0 ■ 
■ 

16 -0.0J ♦1 +S0 ±8 ♦60 vs - -10 v. vD -  10 V 

e 

T Wr) D 
1 -o.s +10 +800 +20 +800 vD. io v, vs - -10 V 

1 -O.J +10 +600 +20 +800 vD. -10 V, Vg-   10 V 

■ » 
> Wxo* D 

16 -0.S +10 ' +800 +20 +800 VS(A«,"VD-   »» S^uanea aaah awltch on 
VAl-"V'VM-,V 16 -o.s +10 +800 +20 +800 VS<A11>"V-10V 

■ 
I 
N 

V 
T 

10 

11 

12 

'AH 
V A,. 

En 

I -10 -20 -10 -30 

H* 

VA.2.4V 

■ I 10 30 10 30 VA - 18 V 

s 6 -60 SM Curve "IA »• V " 

E U 

U 
'At 

Aj.A, 
4 -10 -30 -10 -30 VE.-aV 

All V   ■ 0 

WfZ En 1 -10 -30 -10 -30 
*!.■• 

BS 
D 
y 
N 
A 

M 
I 
e 

IS 
'trmrttton D 0.6 > 

u. 

SMFI|. 1 

16 '^ D 0.2 SMFIf. 2 

H* IT '<»(««) D o.» l.S 
SMFIf. 3 HE 11 Wn) D 0.3 1 

JE 11 "OFP' iHlttksa" D 60 dB VEn"0, "t" "O". CL-SpF,  Vj-SVRMS, f-SOOkHl 

III 20 c»<orr) 8 16 • 
PF 

V« 
VEn - 0, f - 140 kHl to 1 MMl «M 21 CD(OFr) D 1 40 vD.o 

^     1 22 <=*-> DtoS 16 1 vs.o.vD.o 

%fe s 
u >• » 
L 
Y 

23 ■i Vl 1 6.2 14 10 7 10 

mA 

VEn"l>V 

A11VA.0 

W^ 24 
'2 V2 

1 -6.2 -14 -10 -7 -10 

^^^ a ^Stoby V. 1 1.2 3.0 2.S 2 2.8 

^.'"O 

I * "tNOKl'" l,*k*f* 'ran '""r Wo "ON" awllsh. ICAB-A 

•••OFF" laolaUon A 20 log I ;£ I, V  . li^ut to "OFP' twitch, Vn • output dua to V„. 
VB S D S 

*Fuiictloaal oparatton la poaalbla (or aupply voltagea laaa than 15 V. but the Input logic threahold will ahlft.   For Vj - • Vj - 10 V, 1.5 V may be applied to the \^ef tormina!. The VRef 
terminal haa RmlU KD. 



DG506 

SWITCHING INFORMATION 
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TYPICAL CHARACTERISTICS 

'AVSVA V-rh (Input 
(Terminals AQ, AI, A2, En) Logic Threshold) (V) 

Figure 3 
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MP2913Aand MP2914A 
very high speed 

13-bit & 14-bit 
CONVERTE 

GENERAL DESCRIPTION 

Analogic'sMP2913A and MP2914A arc the fastest 13 and 14 bit 
analog-to-digital converters available at lowest cost in the smallest 
package. Housed in a 2" x 4" x 0.4" MODUPAC ™, these extremely 
fast and highly precise ADC's (10 microseconds for 14 bits) provide 
substantial space and cost economies in high speed-high resolution 
digitizing systems. The high accuracy and differential linearity 
(.006%) plus the high stability (gam tempco is 7 PPM/0C 
and differential linearity tempco is 3 PPM/^C) of these units 
assure true 13 and 14 bit resolution. 

PERFORMANCE ACHIEVEMENTS 

The high digitizing rate of 100,000 conversions per second 
with an accuracy and differential linearity of .006% of the MP2913A 
and MP2914A is achieved by incorporating three separate ground 
planes and a unique strobing comparator. While accelerating the 
conversion process, these design innovations virtually eliminate 
major electrical interferences thus minimizing noise. Implementing 
these and similar techniques with the optimum components avail¬ 
able assures that the MP2913A and MP2914A have the high accuracy 
and linearity consistent with high speed 14 bit conversion. 

Combining the MP2914A with Analogic's AN4716 Multiplexer 
and MP270 Sample and Hold modules will provide analog-to-digit- 
al conversions of more than 75,000 per second. 

FEATURES 

Extremely Fast Conversion to 
14 bits... 

 lOyUSCC 

Highly Accurate and Linear... 
—within .006% 

•   Highly Stable.... 
—3 PPM/0C Different^ 

Linearity Tempco 

•  Small Shielded Module.... 
-2" x 4" x 0.4" 

•   Low Cost 

Input Voltage (Full Scale Ranjo) 

Input impftdanca 

ACCURACV ( # J30CI 

Absolute Accuracy 
Relative Accuracy 

Differential Unearity 
Quantizing Error 

3*-Hon9 Uncludet Refarence Noi«*} 
Monotonicity 

Tftmpco of Differential Linearity 

Tempco oi Gain 
Tempco of Offset 

Clock Stabilfly 
Power Supply Sensitivity 

ummended Recattbratron interval 
Repeat ibiiity 

CONVERSION TIME 

DIGITAL SIGNALS 

APPLICATIONS 

• Fast thru-put Systems 

• High Speed Computer 
Interfacing 

• Wide Band Data Digit¬ 
izing 

• Multi-channel Process 
Control 

Total Conversion 

Campatibtttty 
Parallel O tout 

Serial Output 

EOCTranttot 
Clock Outoot 

Clock Output External Capacitance 
Selectable Word Length 

POWER SUPPLY 
+15V 13% 
-15V *3% 
+5V *S% 

ENVIRONMENTAL. PHYSICAL, & 
RELIABILITY 

Maximum Input Wittrout Damage 
Missing Codes 

Warm-up Time to Stated Accuracy 
Operating Temperature 

Storage Temperature 
Relative Humidity 

Electrical Sltielding 
Mechanical Protection 
Packaging MP29XXA 
Packaging AN29XXA 

10V to -lOV OVo + lOV   6V t 
0V tu *6V (pin wlcr laWe See Fig 61 
0»|X>rrtson TSR  Vi  F i) 5 

Same as reiatm accuse/ afier caiibiat: 
006" rsR 
00<A FSR 
*l 2 LSB 
005    t-SR P P nh lerl to input 

000m ui » qr   i wn iy voitige 
bit jifl 
Dt in pfi ity Noivt" » d Accuracy 

be    a     tU a      e 
Bnd y 81 81 H j c U14 2 it Io; 
NejaTvpp sessm U tj vt hjck 
I 0 M x cal WpF 
Nggongp cfonbiay 1 SO ns* 
at o at h ■* y 0 must have been at b 

1    to   1 MS 

30 pF    ax    u    a    wat < 
?t    m>t   (MP7913A) 2to 14btt(MK(BI4A| 

60mA 

60mA 
300roA 

O^C to +/0,,C 
■-2S0C to *8S0C 
5% to 9S% (non-condensingi 
RFI6sides EMI b tides 
6sd.s 
2   x 4   x 0 JJ   Modupac 
MPJMXAoipluoinPC card 

AN2914A 
(PC card mounted 

MP2914A) 

Binary Output Coding 
The particular output binary code desired can be selected in accordance 
with the accompanying table. • 

Figure 3. Tinning Diagram for MP2914A 

Figure 1. MP2914A Functional Block Diagram 

... The Digitizers 

Audubon Road  ■   Wdkef icld, Ma$sactius«tts 0188C 

Tel (6171 246-0300 TWX (710) 348-0425 

14 BIT RESOLUTION 
Unipolar binary i 

+«S994V-11 111 111 111 111 
0.0000V - 00 000 000 000 000 

PinLab«l    -B1,B2 B14 

OHM« binary: 

+95988V-11 111 111 111 111 
0.0000V - 10 000 000 000 000 

-10.0000V* 00 000 000 000 000 
Pin Label    - 81. 82 814 

Two't compliment* * : 

+9.9988V-01 111 111 111 111 
0.0000V - 00 000 000 000 000 

•10 0000V* 10 000 000 000 000 
Pin Label    - BR, 82 B14 

13 SIT RESOLUTION 
Unipolar binary: 

49.9988V-1 111 in in in 
0.0000V « 0 000 000 000 000 

Pin Label    - 81, B2 B13 

Of hat binary: 

+9,9976V» 1 111 111 111 111 
0.0000V - 1 000 000 000 000 

-10.0000V - 0 000 000 000 000 
Pin Label    -81,82 B13 

Two'a complement* • •" 

+9.9976V-0 111 111 111 111 
0.0000V - 0 000 000 000 000 

•10.0000V - 1000 000 000 000 
Pin Label     - Bt, B2 813 

•10 volt unit only. For S volt units divide input voltaga by 2. 
** To change to offwrt binary, u«a B1 mitead of li. 

Figure 2. Input/Output Coding Table Figure 4. MP2913A/MP2914A Outline Drawing 



Input Voltage Range Selection 

Thiee input pins are provided to allow user selection of one of four standard 
input voltage ranges. " IN 1 ", " IN 2 *' and " IN 3 " must be connected in 
accordance with the following tables to select the full scale range desired. 

MODUPAC    MP2913A8tlVIP2914A 

Range Input Impedance INI IN 2 INS 
lOVto+lOV 500OJ2 to ANA RTN to ANA INPUT to+IOVREF 
OVto+lOV 2500n to ANA RTN to ANA INPUT to ANA INPUT 

-5V to +5V 2500i2 to ANA INPUT to ANA RTN to+IOVREF 

P.C.CARL)     AN2913A&AN2914A 

Range 

-lOVto+lOV 
OVto MOV 

-5V to 15V 
OV to +5V 

Input Impedance 

5OO0J2 
250012 

250012 
1250n 

Terminals on Card 

E29toE28 
E29 to E28 
ESC to E35 
E29 to E28 

E30toE35 
E30 to E35 
E30 to E28 
E30 to E35 

E31 to E32 
E33 to E34 
E31 to E32 
E34 to E333 

Figure 5. Range Selection Tables Showing the Jumper Connections Needed for FSR Required 

Simply specify 

Configuration | 
FOR ENTER 

13 Bit Modupac MP2913A 
MP2913A on a PC card AN2913A* 
14 Bit Modupac MP2914A ** 
MP2914A on a PC card AN2914A* 

* For OEM quantities or as part of a system order, FSR con¬ 
nections (See Fig 5) are made at the factory. The part number 
should be changed as follows: For 0 to +10V, add -1; -lOV to 
+10V, add -2, -5V to +5V, add -3; 0V to +5V, add -4. For ex¬ 
ample a AN2914A-2 is a 14 bit ADC with -10V to +10V FSR. 

Outline Drawing 

" For AN2914A only For AN2913A pm V 

and terminal E24 are B(N+1), pin 1/ and 

termmdl E23 are at binary "0" 

Terminal 

Designation 

■foWRDLTHIN 
E19WRDLTHIN 
E20WRDLTH IN 
E21 WRD LTH IN 
E22 WRD LTH IN 
E23(BN+ir 
E24 614' 
E25B13 
E26B11 
E27B9 
E28 ANA RTN 
E29 IN 1 
E30IN2 
E31 INS 
E32 H0V REF 
E33 ANA INPUT 
E34 IN 3 
E35 ANA INPUT 
£3®INI 

Figure 6. AN29XXA Outline Drawing, Jumper Terminal and Connector Pin Diagram. 

Pin Designation 

TRIGGER IN A 1 EOC 
B 2 

WRD LTH IN C 3 B13 0UT 
D 4 

B2 0UT E 5 BIOUT 
B4 0UT F 6 B3 0UT 

B12 0UT H 7 B6 0UT 
B5 0UT J 8 B8 0UT 
B7 0UT K 9 
CLOCK L 10 SERIAL DATA 

+5V M 11 +5V 
DIG RTN N 12 DIG RTN 
B11 OUT P 13 B10 OUT 

B1 R 14 B9 0UT 
SIG RTN S 15 ANA RTN 

INPUT T 16 INPUT 
U 17 B(N+1)* 

*B14 0UT V 18 
ANA RTN w 19 ANA RTN 

-15V X 20 -15V 
+15V Y 21 +15V 

Zero Offset Calibration 
To recalibrate the OFFSET: 
1. Apply the input voltage 
shown in accompanying 
table and, 2. Adjust the 
OFFSET control so that 
the LSB of the output codes 
listed in the table alternate 
equally between "1" and 
"0". Offset should be readjust¬ 
ed whenever the selected 
full scale range is changed. 

Full Scale 
Range 

-lOVto+lOV 
OVto+lOV 
-5V to +5V 
0V to +5V 

MP2913A   or   AN2913A 
Input voltage     Output Code 

+0.0012 

+0.0006 
^0.0006 
+0.0003 

(B1'B2. ..B13) 

1 000 000 000 000/1 
0 000 000 000 000/1 
1 000 000 000 000/1 
0 000 000 000 000/1 

MP2914A orAN2914A 
Input voltage    Output Code 

+0.00061 
+0.00031 
+0.00031 
+0.00015 

Figure 7. Offset Calibration Table 

(B^. ..B14) 

10 000 000 000 000/1 

00 000 000 000 000/1 

10 000 000 000 000/1 
00 000 000 000 000/1 

Range Calibration 
Internal: A built in 0.1% adjustment of the full scale volt 
age is provided. To recalibrate the RANGE- 1. apply the 
input voltage shown in the accompanying table and, 2. 
adjust the RANGE control so that the LSB of the output 
code. 111...110/1 (Bi, ... B{N)), alternates equally between 
"1" and "0". RANGE should be readjusted whenever the 
selected full scale range is changed. 

Zero offset should be calibrated before recalibrating RANGE. 
External: A wider range adjustment may be implemented 
by connecting a 20KS2 potentiornetei between "♦ 10V REF" 
and "ANA RTN ;" and connecting a resistor, R, between the 
wiper area of the 20K52 potentiometer and "RANGE ADJ''. 
The adjustment range will be +.5% to • .3% for R-470KJ2 
and +5% to - 2.8% for R=47KJ2. 

Full Scale 
Range 

MP2913AorAN2913A 
Input Voltage 

MP2914A or AN2914A 
Input Voltage 

ANA RTN 

RANGE ADJ 

+10VREF 

Figure 8. Range Calibration Table 

20k 

""""^►S RANGF 
R 1  ADJ 

Figure 9. External Connection for Range Adjustment 
Output Word Length Selection 

The number of bits in the output word is pin selectable. To operate the ADC at its full capacity B (N+1) must be connected to 
WRD LTH IN. This connection is factory installed on the PC card for all AN versions ordered and must be removed when oper¬ 
ating at less than full capacity. To operate the converter at less than its full digital output capacity WRD LTH IN must be conn¬ 
ected only to the terminal identified as one bit more than the desired number of bits out. 

EXAMPLE. When the ADC is operated as an 8-bit converter, connect WRD LTH IN to B9 only. 

AN4?16 MULTtPL 

4— 

MP2914A AnalogtoDigital Converter is shown connected  in a high speed-high resolution multiplexed data 
conversion subsystem The subsystem provides 14 bit data conversion at thru-put rates up to 75000 
conversions per second. 

Figure 10.16 Channel High Speed-High Resolution Digitizing System 
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