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SlJB.JECT: 'mE QUAD:.'%.TO'RE RE-JECT· O!i. NETWORK OF ifiE EIECTF.DNIC COUPLTNG D.J\.TA UIG'.l.' 
(ECW). (PAFER VI) 

This is the s ixth of a series O'! pape:fs describing the electronic CDU. 1b.is 
pa.per will explain t he q drature rejection network. An hour talk :tn suppo?"'~ 
of this memo will be given on Monday, November 30., at 10:00 AM. 1:n .the. ~ 
con:lerence room .. 

When the soluti on of the system equation 

± sin ( Q - 'JI ) =· ± sin O c-qs y, + cos Q sin ff 

is. accamplishe , tbe S1Jgle 'P of the ~, represented by the accumulation of bi:ta 
in the read co1mter, equale the- resol..ver angle O ·co within f-orty seco:ac'i.2 of ere 
and the system is said to nulled. At null the voltage at the output of the nw::in 
summing Sl!Wl11'1er is less than. two bit& of @r.or s:ignal or 2 x 6~-39 m V r.ms = 
12.78 m V rms. 6.39 m V rm.<J is tbe theoretic.al least bit error volte.ge which 
correlates very closely to the ineaaured value. 4.l'h.is low null voltage e,..qn only 
be obtained 14'i.-'c;h the aid of the qurulrature re jecti.on ne·tvoz,k shmm in the encl0cet] 
schematic. 

The ef'fec·t of the quadra:ture rejection net·work is ·c.o GP-Cept the erro!' volt~sc r .. ~
the output of the :main smrrro:tng azrrolifier , demodulate :i.t w:i:th -thn rei'al·ence cc~· 
(Q - y,J ) ·which hM been pha.ae sh:1.fted ninety degt"ees and in•i;eg:r-ate tb~ rcsuJ:c ~---·~ 
a de voltage. The de volts.ge is then modulated (choppe<.1) in·i:;o a squm."e wav-e ~·;-:c~ 

summed ·w:1:th the error ,,oltage a"'G the :main aunnning jun.ction which is 180° op-i; of 
phase with t he error voltage at -the output f the ma1n m.lDilling .runplit'ier. T'nc 
waveforms sbo-wn below give a pictorial preaezl't.ation o:f' the process ~ The reoultB-.nt 
voltage of the SUllilil.at:f.on of t he error voltage and the square w.v outpa..t of the 
quw•atu:re rejection net-work ts a signal rleh in har.monica. :these harmonics e.:re 
filtered out by the 150 cycle band pass filter of the enor empl.i.fier before the 
error signal is detected by the Scbm.ttt trigger. 
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~VEFORMS OF QUADRATURE RE.JE.CTtON NETWORK 
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~e demodµl&tor, Q15, and mCOQ.ulatOJ?,- QJ.6, utilize a. f'aixly new ael!lieonductor 
designa;te.d 3,N68 . ihe device i s eammonly refened '.i.O -es au 'inch,. which is .a 
contr action for ~w;egr1"ed ~opper. Rs:seatially, it is a awiteh which provides 
a low impedance pail.th be:tn-en emi"tters when the potential cm its base a p,om.:tive 
with respect to the colleetor.. A picto,:i;eJ. •J!.8,presente.tion of the· 1:nch is ·Shown 
belowo 
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Pictorial Presentation of the "inch" 
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Tbe -device is mad,e by the .oxide pses1v«ee.d, planar process and: 1a cottb:ructed on 
a s:11;:igle dice of • silicon-~ '!he device i de.si~d to do the i'ollovl.ne;: 

1., Reduce the number of thermocouples in the signal pa.th. 

2. Elim:l.ne:te ·the ·.drive current from ·the signal :pa.th. 

3. .Reduce the. ·total number o:f' p-n junc·tiom; .. _ · 

4. Reduce t.he poa.s:tbility of ·ther:mal m:tsme;tch by having very ciose'.cy spa.ced 
junctions . 

5_., J"m.prov.e tlle. st-ability of the chopper. 

-ibe..se objectives are accaiiplished in, the· ·followil:Jg JXl$tlll&r: 

1. In Fig. 2., tr.ae1ng the signal ~th through the, chopper,: the.- ,&i~tµ ~t 
flows into the emitter at point ,. A' ., then through the points ll., C .1 D,, E., and 
F. 'The total. number of the;vioocOllples in the signal path (at poi?tbS: B, ·c, D., 
and E) are reduced from te.1+ iJl the ease of the-matched pair chopper to four 
for the mo.a.. Also, siIJCe &ll the junctions are in the S1$l118 pe.c~ (ro-.18 
with fo.ur leads) a muah closer temperature- match can be achieved than 1:f' 
tha-e ware :two differetrt packages.. 
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2. '!he signal current flows into the device at. point e, across the -emit ter b@e 
junct ions EB:1, and ~ - ( see Fig . 2) ·8Jld out ot point D... The drive cu.r.rent 
flows i 11to the INCH at the base corrtact , aeross t he coll~ai:- base j u:u-ction, 
and into t he collect or·. This drive current_,, ·which is general.!y mu.ch larger 
th.an the signal current, doe& not generate a voltage g.l'.'adient along the path 
of t he signal eurrent s ince the ... Gtro cur,ren.t paths are normal to ea.ch othcl' . 
Thus , variations in drive, or base CUl"l. .. exrt. have negligible affects in 
genero.tiDg IR drops in the s i gnal pa.th. 

3 . '!here is only one base-collector junction, canpa.red to i..'"t."O in the matchect 
pair chopper.. This is. au e.d<Utional. fea.ture to ensure st ability, since cm:r 
change or degradation which ms;y- occur in the base-collector junction w:UJ. 
tend to e.ffe~ both 'Halve-s ' of the INCH .s:ll\tllarly, and the net eff'ect;s on 
the offset vol tages will tend to cauce1. Thus., f'or this. :t.•eaaon, as; wreJJ. nn 
t he edvezrtage-s in stability oi' the p..'\SS.iva:ced plrular process,.. there i s -much 
~ e inherent stability built into thi-a devi ce than ·in the. matched ~$. of 
alloy transistors. 

4. In order t o reduc.e the effects of an,y- l)OBfible themal graM.ent'IJ'., tb.e:: two 
base-emit t er j unetiona. ere Jll8de- • c~e toge..ther • · .poa,sible.. . Actual 
s-ep&t'ation i& in the -01"4er of 7 mils,. . This, is obviow,.ly JIDlch cJ.oG&r ,4paehlg 
than can. be achieved v:tth ~pm,at,e ~anai1:Jtors.. Also,. sinee there' 1#-:only OBE 
be.se-col.lector Junct ion,, t~. poqs-ib.iU;ty of thermally diff'e~ 'bacie...e·o~ctor 
juncti ons ia el 1:rn;t nst~-.. 

5" ~ stability of V,o. ts~ due. ~o .all of the above design :tea~ 
ill.is deVice can he i..enipe?"ature, q.cld, ,ftt~ at elfiated t.-;per-..~,. ·ran 
Oll life teats, $ml typical ebangeil in Ve 1dll be in the .or4e-r · of a -C011Ple- of 
.m1c:rovolts. 1his repr,ese,nt.fiJ· ar.ders: o.f ~ 'tude im,provemem; -aver alloy." 
matched pairs"' 

1n refer;riIJg to the enclOfled schematic .of the qumlrature r-e jeet-ion n~t.work,. Ql2 
and QJ.3. compri•- .an amplifi er Yi.th a v oltage gain of app~oximate~ 165,. Feedbaek 
11:l provided by C21 and RT). end. de bi as -atabillty :ta .accomplished by R(6, R72., 
B55 and their associated capaci:tor~.. Ql..4 is en emit•l;er folJ.mrer buff.er with 
regeneration provi ded by C26 ~ BSo. 1ne outpu:t. of the buffer is fed to the 
demodulat.or. 'Jlb.e. drive fOJ:' the ·demodula:oor and modulator :ts the e.os (G - y; ) 
;reference which has been :pha.se shifted ninety degrees. 'lbe ninety degree p.he..se 
shii't i S. accompl i~hed by Ql8 and 1-ta feedback. capacitor Cl8 which has 9,n :!llrped
a'nce of approximately 1.2K obma- e.t 800 eyelea.. Wi·i;h an input resistance of 24K 
t he. gain o:f this stage 1.:~: .set t o abOlra one llali with a l)!nety degree phase ah.tf't. 
Ql9 and T3 comprise a cl.riv.er 'With negative :fe.edbaek for Ql.9 providecl. by C30 and 
BS9. !Ille referenee cos {Q - 'f } i s 4 .2 V rma -men. it 1.6 Acce.pte,cl by the phase 
-shifter and at the secondary of' T3 this, .ref erence hae, been attenuat ed t o 2.1v rJllQ. 
and .phase ehif.ted ninet y degrees. 

:Wb.en t he voltage on the baSe· of Ql5 is ;poJ.1t iv-e w.ith respect to ·1~ eoll;eet or a 
l ow iJJq)edance path. is provided be!tweell t he, two ed:tter& El 82)4 1th At tM,a tiJ.De 
C81)$Citors C9 att4 C31 beccme ~ t o the instantaneous potential. a£ .e;u¢_tter 
n. In the ease of an out of pbaae enor .tJigQal. at: tile out-put of' the· main mlDIR1:ng 
amp] :I fier, tbe voltage on capacitors C9 ea\ C31 woulcl be negative .aa abam :tn tbe. 
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previous w.veforms .-..... With ·~ in phase error at the main fll:mm:lng amplifie.r the 
charge on the capacitors would be q. positive. patent.1.al. ~e chopping ia 
accomplished by Ql.6 which short$ the output to ground when activated (N<:rt.e 
the J?Olari'ty of the drive from 'l'3) . Ql T 1a an emitter follower bufi'e;r with 
regeneration provided by e33. The square Wife output of the buffer in fed to 
the lDain strowtng jtmC"(;..ion through C34 .and ID2 t.o -comple~te the- loop back ·t o t he 
~n sumuung 87.II.Plifier. 

!llbe next exciting chapter of the serie:s is. entitled, 'The Digital to Analog 
Converter of the Electronic Coup~ De.ta Unit'. 

re/ 
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TECHNICAL DATA 
3N68-3N69-3N70 

INCH* 
(INTEGRATED CHOPPER) 

APPLICATIONS 
The inch is a stabilized integrated circuit specifically designed for low level electronic commutating,demodulatingand chopper 
applications. This series is ideally suited for these applications because of extremely low offset voltage, low leakage currents, 
low saturated dynamic impedance and high speed switching characteristics. This series features excellent thermal stability with 
changes in environmental conditions . 

B 

C 

MECHAN IC A L. OUTLINE 
T0-18 Package - Collector in electrical contact with the base 

M -6. X IM U M Pi~.TINGS 

Total Device Dissipati on-Free Air 
Emitter Current 
Base Current 

lOOmW 
1 Om A 
l0mA 

BOTTOM VIEW Maximum Temperature-Operating and Storage -65 ° C to + 200 ° C 

0 

DESIGN CHARACTE R IST iC S AT 25 C ., '" I' ' ... I ! ' ' 1 • ,,• 1 

SYMBOL PARAMETER TEST CONDITIONS MIN. TYP. 

BVE 1E2O Em itter-Emitte r Breakdown Voltage IE = + 1 OµA or IE = - 1 OµA 10 -
BVE1BO Emitter-Base Breakdown Voltage IE = lDµA 12 -
BVE2BO Emitter-Base Breakdown Voltage IE = lDµA 12 -
BVE 1CO Emitter-Collector Breakdown Voltage IE = l0µA 12 -
BVE2CO E milter-Co I lector Breakdown Voltage IE = l0µA 12 -
BVCBO Collector-Base Breakdown Voltage le = l0µA 10 -
IE 1E2O Emitter Leakage Current VE1E2 =+5Vor VE1E2 = -5V - 0.2 

IE 1E2O Emitter Leakage Current VE1E2 = +5V or VE1E2 = -5V, - 10 
TA =+100 ° C 

VO Offset Voltage 1B = 2mA , IE = 0, TA= -25 ° C to + 100 ° C 
3N68 - -
3N69 - -
3N70 - -

Rd Saturated Dynamic Impedance la = 2mA, IE = l00µA Peak - -
R - .\ Vo Transfer Resistance 1B = l.5mA to 2.5mA T 
~ 

3N68 - -
3N69 - -
3N70 - -

CE 1B Em itter-Base Capac itance VE1B = 5V - -
C E2 B Em itter-Bose Copo c itonce VE2B = 5V - -
t "Turn-On" T ime V0 n = + 16V , V0 11 = -5V, RL = lK , on -

IE = l00µA, RB = l0K ---
t off "T urn-Off" Time V0 n = + 16V, V0 ff = -5V, RL = lK, - -

f--- -
IE = l00pA , RB = l0K 

r\~Q~ Thermal Offset Coeffi c ient 18 = 2mA , IE = 0, - 0.3 
TA = -25 ° C to + 100 ° C 

'T RAD EMARK 

MAX . UNITS 

- V 

- V 

- V 

- V 

- V 

- V 

5.0 nA 

100 nA 

±200 µV 
±100 µV 

+50 µV 

50 n 

50 mO 
25 mO 
25 mO 

5 pf 

5 pf 

250 nsec 

250 nsec 

- µV / 0c 

MAR . 63 
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