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THE Dmr.rAL TO ANALOG CONVEB!ma OF THE ELEC'mONIC COUPLING DATA UNIT 
(Paper VII) 

'lbis paper 1s tbe seventh 1n a series of papers describing the operation of the 
electronic coo. It vill present the theory of operation of the digital to analog 
converter . An hour talk 1n support of this paper vill be given Monda;y, December 
7, 1964 1n the SAT conference roan .. 

'!he conversion of digital information into .e. de a.nalog signal by the D/A Con
verter M:xlule is accanplished in essentially two steps • The digital inf'orma.tion 
is first converted to an 800 cycle anal.og signal by a voltage ladder decoder. 
'l'be ac signal is then converted to a de analog signal by a demodulator that 
rectifies and filters the ac. In describing the operation of' the D/A Conver+..er, 
the two s teps rlll be described as if they occurred as independent operations • 
It should be understood, however, that the entire conversion process takes place 
simultaneouszy. A :f'uuctiona.l block diagram of the D/ A converter is shown in 
figure 1. 

The operation o:f the voltage ladder decoder will be described. first. Accumulated 
data bits in the error counter of the Error Counter and Logic Module control 
transistor switches that appzy an ac ground or 800 cycles of proper phase to the 
ladder resistors • A voltage proportional. to the binary configuration of the 
switches is developed and applied to the scaling amplifier. Far simplicity, a 
3 bit converter vill be expl.a1ned vith the understanding that the same theory o:f 
operation applies to a converter of s:ny size. The simplified version is shown 
belowo 
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The switches are connected to Vin by a data bit "l" (0 volts) fran the error 

counter located in the Error Counter and Logic Module. The binary weight of 
each switch is given belawo 

M:>st significant bit 

Second most significant bit 

least significant bit 

Assume s
2 

is activated and applies Vin to the ladder and the remaining switches 

are left in their normally open position and apply ground. The configuration 
will be that shown in A beloflo The solution of the series and parallel resist
ances shOW" the impedance above and below the output point to be 1, tb~refore, 
the voltage is divided by 2 and applied to the scaling ampli fiero 
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closed and the rema1ntng switches open, the configuration is as shown 

in A 'below. Canbining series and parallel resistances produces the equivalent 
circuit progression A through Do The voltage at point U-V is determined and 
applied to point U. The simple divider ra·tio of resistances above and below 
the output point 1s used to find the output voltage as shown in the final 
equivalent circuit D. The output voltage shows that Vin is divi ded by 4 and 

applied to the scaling amplifiero 
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With s0 closed e.nd the remaining switches open., the configuration is as shown 

in A bel<7w' o Cc:Dbi.ning series and parallel resistances produces tbe equivalent 
circuit progression A tbroush E e ~ voltage at point U-V is :folmd and applied 
to the divider at point V. In the same manner the voltage at w ... x is found and 
applied to the divider at point X. The output voltage is n<7w' found traa the 
divider ratio 1n the f1ne.l equivalent circuit E. The output voltage shows that 
Vin is di vided by 8 and applied to the scaling amplifier. 
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In a.n&4rzing the output volts.gas of the tbrP-e switch corigura.tions., it is 
observed tba.t the applied voltage:, Vin., is divided by 2 (8) for the least 

significant bit., 22 (4) for the second most significant bit., and 21 {2) for 
the most significant bit o '!he 800 cycle a now has an amplitude proportional 
to the configuration of the data. bit controlled switches o A canbina.tion of 
switches activated at the same time will produce an output voltage equal to 
the sum of the voltages found for each switch individually o 

In the actuaJ. transistor switching circuit (see figure 3 ) the data bit inputs 
to the switches (DDO., DDl., etc.) are normally at a positive voltage, therefore, 
the sw1 tch driver ( Q5) is on. '!his applies ground to tbe base of the switch 
(~) to keep it turned off. AC gi.-OUDd is applied to the ladder resistor network 
through "l7. Q7 is forward, biased by the 4. 7 V zener voltage fl-om CRl applied 
to the emitter and by ground applied to the base. If a "l" (0 volts) is 
applied to DOO, Q5 will turn off and Q5 will turn on applying 2 .. 5 V me fran. 
Tl to the laddero ~ large positive voltage on the base of' Q7 will turn it 
off removing ac ground .. The theory of operation 1s the same for the rema.1 ni ng 
8 switches,, 

8 
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The voltage fra:n the ladder is applied to the sea.ling amplifier and demodulator 
where the gain is controlled to produce a voltage gradient of 300 m vdc per 
degree at the output of the D/A converter for use in Attitude Control M:xle. 
In Coarse Align Mode., the ac voltage from the sca ling amplifier is applied as 
an input to the mixing amplifier. (This section of the converter will be 
explained later 1n the memo.) 

A detailed schematic of the demodulator and scaling amplifier (output stage ) 
is shown 1n figure 2 o Q2 and Q3 a.long with the feedback network, form an 
operatioDal. amplifier vi th an ac gain of approximately 3 to 4 o The output of 
the operationa.l amplifier is applied to phase sensitive rectifiers tbro-ll.gb Tl 
with a transformation ratio of 1:1.2. The full-wave rectifiers., ·which consists 
of both sections of Q.4 and Q5., are controlled by an 800 cycle reference signal 
through T'2 o Ir the ladder output is 1n phase vi th the reference signal, the 
proper rectifier switch will be turned on to produce a positive error voltage 
output • Ir the ladder output is 180 degrees out of phase w1 th the 800 cycle 
reference signal., the proper rectifier switch vill be turned on to produce a 
negative error voltage output. ~ emitter to emitter connection of the 
transistor sections is to reduce to a miv1unnn the saturation collector to 
emitter voltage drop. The configuration shown produces voltage drops of op
posi te polarity at each transistor section., thereby., cancelling the overall 
drop across the two sections o The rectified ac is filtered by a 2 section RC 
filter and applied as an error signal to the SCS. The scaling amplifier also 
provides ac analog voltage to the Flight Director Attitude Indicators (FDIA) 
and to the mixing amplifier 1n the Coarse Align Mode. Ql provides a means of 
inhibiting the output of the D/A converter even though there is an error 
accumulation in the error countero A logic "O" (+ voltage) will inhibit the 
output of the converter o 

In Coarse Align )t)de, there is a maximum rate at vbicb the gimbals can move 
and the read counter continue to track the angle accurately. If the gimbals 
are limited to a rate less than 71 degrees per second, the read counter will 
track to vitbin approximately 20 bits of actual gimbe.l. positiono A signal out 
of phase with the ladder voltage and with an amplitude proportional ·to the 
difference between the gimbal angle and the angle in the read counter is fed 
back to rate l1m1 t the gimbals o ille feedback signals are sin ( Q - \fl ) f'rom 
the Coarse System Module and sin 16 ( Q - <f ) from the lfain Fiumm1 ng Amplifier 
Module o These out of' phase signals are summed vi.th the Boo cycle D/ A converter 
signal to produce the input to the mi x1 ng amplifier. A block diagram of the 
m:Ix:Ing circuit and the input diode f'unctions is shown belowo The parameters 
for the diode functions are only approximate o 
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In the D/ A converter presently being proposed for mock II, there will be 
9 bits :f'ran the Error Counter and Icgic Module as inputs. Along with the 
bits will came+ D/A Polarity and - D/A Polerity signals . (See :figure 3) 
These signals vill determine if an in-phase or out- of- phase 800 cycle voltage 
will be applied to the ladder o This in turn will determine if' an in-phase 
out-of-phase signal will be sent to the C/A and FDAI and if a positive or 
negative de sigaal will be sent to tbe scs. If' a "l" is applied to + D/A 
Polarity input,~ turns of'f and Q4 turns on applying in-phase voltage to 
the ladder .. If' a "l" is applied to - D/A Polarity i nput, Q1 turns off and 
Q3 turns on applying out-of-phase voltage to the ladder . 

The next paper in this series is entitled., 'l'be Digital Logi c of the Electronic 
Coupling Data Unit • 

/np 

~ . ~ 
B. Hobbs 
Digital Systems Group 
Apollo Engineering 
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