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1. TRANSISTOR SWITCI-IING CIRCUITS 

,1.1 INTRODUCTION 
.... 

, PI-IILCO 2000' uses all transistor logical circuitry. 
Accordingly. a good working knowledge of the operation of transistor 
digital circuits is essential to anyone maintaining the machine. 

This section, will describe in detail a theory of transistor 
oper ation, leading through transistor digital circuits» 5-Z000 logical 
circuits and hardwal\e arrangem~nt. A theory of transistor operation is 
presented to give some insight which may help to understand why transistor 
circuits behave as they do. Also described are special driver oircuits, 
A. C. distribution and control scheme ,and the D. C. transistor po~er 
supplies. 

, The discus sion of tral1sistor operation will concern 
principally the germaiuln junction type of transistor. Operation of the 
junction transistor is essentially similar to the surface barrier type us'ed 
in 5-2000. 

1. 2 PRING.~PLES OF TRANSISTOR SWITCHING 

A transistor at first e:)C.amination appears to be nothing more, 
~han tw~ semiconductor diodes (rectifiers) connected back to back. There­
fore, the study may reasonably begin with the basiq P-N junction which 
forms a- semiconductor diode t' Following will be an extension to transistor 
operation and then a study of basic amplifier circuits. 

P-N JUNCTION 

The basic diode junction might be loosely defined as an 
area where in nearly pure ger:manium changes in impurHy conoentration 
in a very specific manner. Minute concentrations of impurities in germ~ni"­
urn material 'have a profound effect upon its conducting ability. 

GERMANIUM PROPERTIE$ 

Germanium is classed as a semiconductor material,; 
Apparently it is neither a good conductor, Tlor a good insulator. Metals, 
being good conductors J are characteri:?4cd by the presence of many free. 
electrons due to their atomic structure. Convcl"sely, good insulators have 
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practically no free electrons because the elecirons ar.e tightly .bound by an­
interatomic relationship. A semiconductor material has its electron bonds 
relatively easily broken by heat energy 80 that it has appreciable conduction' 
at room temperature. The number of free electrons which may be found JS 

a function of temperature and increases with increasing temperature. 

Atoms of a material are held together because they tend 
to share electrons so that the imperfection of each atom is complemented 
by adjacent atoms. Thus, pure germanium with four electrons of the 

. eight electrons needed to fill the outer 'electron shell is bound in a crystaline 
lattice structure similar to a diam.ond (carbon). 'Each atom shares the 
electrons with its neighbor •. 

., However t as stated above, at room temperature germani­
um is observed to be a reasonably good conductor 0 Not all of the electrons 
are bound in the crystaline lattice. Due to temperature agitation many are 
able to escape 0 The free electrons can serve as a means of conducting ~ : ........ :: .. 
current. If a voltage is applied across the crystal so that an electric field . 
is set up within the crystal the electrons will drift toward the positive 
electrode. Electrons pass into the positive electrode from the crystal and 
are supplied to the crystal from the negative electrode. So far the discussion 
sounds very similar to current condution through a wire 0 The di£ference 
is that those electrons existing in the crystal are thermally generatedo 

Generation of a free electron from the interatomic structure 
implies that a vacancy must exist in the atomic lattice due to departure of 
the electron from the structure ~ This vacancy called a "hole" has a 
positive charge equivalent to the charge of the missing electron. Moreover, 
this hole is free to move through the crystal. Motion is accomplished by 
filling the vacancy from an adjacent atom thereby creating a new hole as a 
result of eliminating the forme'r one 0 Now to embellish the picture above 

\. 

a little more, - let us assume that a volt(i.ge is applied as above 0, Electron 
flow is from the crystal to the positive electrode 0 Hole movement is to­
ward the negative electrode because electrons are supplied at that point. 

The con.cept of electron and hole conduction is a very ~ 
important concept for the understanding of transistor operation. Already 
familiar is the concept of electron flow normally used for vacuum tubes 
where current flow is known to exist almost entirely by m~ans of electrons. 
Less sophisticated scientists years ago admittedly did not know which 
polarity the current carriers bad nor were tbey sure that current was 
carried by only one type of carrier.. Their ch~ice of. "conventiona.l.' flow 
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(from the positive source) has been used successfully to explain. in a 
consistant manner, most of the phenomena found in electrical science. 
"Electron" flow may be employed with equal success. We may conclude 
that the choice of current flow, no nlatter how absurQ. it may seem, in 
view of actual physical theory, may be a very satisfactory tool for under ... ' 
standing. Mo·reover,: since .the electrons or holes or whatever there are, 
never become confused by man's conventions, we are relatively free to 
select any convention we wish C}S long as it is applied in exactly the same 
manne r each time and the results are predicted wi~h accuracy. ( In this 
discussion as in any other such discussion of semiconductors, the use of 
two current carriers or "carriers" (electrons and holes) makes the under ... 
standing of transistor operation mu'ch simpler. Scientists have found that 
the two carriers actually have some distinctive individual characteristics 
although they differ essentially only in the matter of polarity. 

The conducting ability of germanium at a given tempet"ature 
may be enhan'c'ed·by the addition of minute quantities of impurities into the 
crystaline structure. 

DOPING TO GIVE N TYPE OR P TYPE MATERIAL 

A number of chemical elements are similar to germanium, 
(such as carbon above). Also a number of chemical elements have five of . . .. 
the eight electrons needed to fill the outer shell and there are chemical 
elements having three of the eight electrons. 

Suppose one such element, Arsenic, ia added, tq the 
germanium lattice. Arsenic is a material having five electrons in its 
outer electron shell. In the lattice four of its five electrons' complete the . 
interatomic structure of the cryst~L The fifth atom is free to move in a 
random fashion beyatise it is not required by the lattice of the crystal. 
The crystal conduction is irnproved because of the free electrons thus 
~ade available. The crystal is called "Nil type because it can act as a 
donor of electrons. 

Suppose, instead, that Indium is added to the germanium 
, lattice. Indium is a material having three electrons in its outer electron 

shell. In the lattice all three of ita electrons are used and a vacancy 
exists as well. This vacancy is usually termed a "hole'!. The crystal is 
called "P" type because it can act as an acceptor of free electroris. The 
crystal conduction is improved because electrons can be supplied 
externally at one contact point and removed at another contact point. Con-

'duction may be assumed to occur by holes rather than elect~on8. 

One must realize that there are always two types of 
carriers present in a particu~al" structure (N or P type) simultaneously. 
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One carrier is the "majority" carrler due"to doping as discussed. ~!"The 
other carrier is the "minority" carrier due to breaking of the bonds t" 
thermally. Thus pure germanium at some temperature above absolute zero \ :., . 

. will have an equal number of carriers (holes and electrons). Doped 
germanium at the same temperature will have the same total number of 
carriers but the largest number of them will be either holes .. :or .. e.lectrons 
depending upon how the material was doped. 

SURFACE CHARACTERISTI.CS 

As just discussed, doping of. the germanium can produce 
either N or P type material. IBcith Nand P type charactelfistics can be 
iound in a crystal of N type ge rmanium near the su rface of the crystal. 
As discussed above, sharing of electrons completes the outer electron shell 
of each. atom with eight electrons, a full shell. However, near the sUJdace 
of the crystal there are no adjacent atoms from which to borrow electrone. 
Electrons are drawn from the internal body of the N type c·rystal to help 
complete these shells. After· some of the clos·er electrons have moved to 
the surface, a net negative charge accumulates near the surface tending to 
repel any further electrons so that a barrier is set up. Thus on·the surface 
side of t.he barrier a predominantly acceptor materi.al exists ~holes) and on 
the crystal side oi t.he barrl.er a predominantly donor material exists 
(electrons). This mfo)chanism for hole production is important for the 

. ' .. surface barr.l.er transistor but is not: used in the junction transistor. 

Having understood the concept of hole and electron cArriers. 
one is ready to study rectifier act.ion of ~he Junction. " 

UNTDIRECTIONAL CONDUCT!ON -
..More pre,~lllJ""ly de'Uned, Ie JuncU,on is the a.rea whert1 in the 

donor ... a~ceptor conc~ntration of t,he gllrmanium changes jn a apec.lfjc 
manner ~ The recU,lybsg junctfio'n 'La contained tn 8; .jingle crY'ltal of ~u.\terl&l. 
The donor to acc~ptor cClnct'ut.rati,on changes acrOl1 the juncH.on from P 
type to N t.ype e The change may be abrupt or gradual. wUh minor 11inUJcance 
i,n -rega.rd to operation but i8 len~rally conlider~d to be AQfupt for purpol. of 
explanation i 

AII8Umtt fiuch.o. jUf\cti,on &8 Ihown in Jrigure 1"" 1 ~ l&lt paio 
a! th21 chapter 5 With voltage appUed. acrols tber JUQct~on having the indi. 
cated polarity the N type reglo'n is rnado n.sat~ye w,~th reapect to the. P . 
. type regi,on f Free electrons and hole. (majority) carrier. are IweJoYt to .. 



ward the junction from N ~nd P type rnaterial respectively and cross it to 
combine. Since there are a large number of current carriers moving 

. across the junction) the resistance of the junction 18 very low. The 
voltage drop across the junction i~ typically 'a fraction of a volt. Only the 
majority carriers are important here. : 

If the applied voltage is reve19 sed, the minority carriers' 
beco:rne important. 

LEAKAGE CURRENT 

With voltage applied as in Figure 1-2, the majority 
carriers are drawn away from the junction. However, the minority 
carriers (ge'nerated by thermal agitation) tend to move to the junction 
where they recombine. Thus a small Hlealcage lf current flows. This 

" current tends to remain nearly constant without any relation to the 
applied voltage (if greater than about -0. I volt) until a point is reached 
where current increases rapidly as vOltage is increased. This is the 
b~eakdown point and the voltage is called the breakdown voltage of the 
junction. The most common mechanism of breakdown is by avalanche 
where collisions of carriers and atoms results in generation of additional 
carriers due to the large energy supplied to .the original carriers. 

Since the minority carr'iers result from thermal agitation, 
leakage increases as the temperature incl·eases. Moreover, leakage does, 
not increase directly with temperature but rather very much more rapidly 
(nearly doubles with each 10° C incre'ase). For this reason, careful, 
attention to the ambie'nt ternperature of any junction is' extremely important. 
While careful circuit design may allow a relatively wide range of temper-

, ature, a germanium diode or tra~sistor becomes relatively useless in the 
region above about 75° C because of leakage current. Silicon types are 
usable somewhat above 1250 C. Typical designs with germanium material 
permit operation around 40 to 500 C maximuln where no special attention 
is given to temperature compensation. 5 ... 2000 has no special temperature 
componsating circuit design becrau'se the ambient temperature is not 
expected to become excessive ~ . 

TRANSISTOR ACTION 

The junction transistor is essentially two P-N junctions 
back-to-back with a region comlnon to both junctions. ,They may b~ 
arranged P .. N-P or l\f ... P ... N depending upon the manufacturing tecl:tnique 
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and the circuit requirements 0 ,Operation of. the t~o types is essentially 
the same. The P··N .... P is, the more common type. The' following explanation 
applies also t.o N-P-N juncti.on transisto~s if the terms ft~le~trons'.' 'and ' 
"holes" are interchanged.' , '" , .": "':" " ' 

\ " tIl, 

TRANSISTOR OPERATION 

Shown i.n Figure 1··3 is the arrangement and symbol for the', 
P -N -P junction transistor. External circuit connections are such that the 
left hand junction is usually forward biased (electron flow is from base to 
emitter). In other wards the emitter and b!l-se are functioning as a junction 
diode in its forward conducting direction. 'The collector and base junction :. 
is reverse-biased so that leakage current would flow. However, one ' 
osbserves a much larger current than that due to leakage alone. The 
explanation is that not all of the carriers entering the base region from the 
emitter recombine in the base, Most of the carriers diffuse across the base 
and enter the collector region due to the electric field set up by the reverse 
collector-~base bias 0 The carriers crossing into the collector are minorlty 
carriers in the collector region. As previously discussed, these carriers' 
recombine in the collector region and provide current flow through the " 
base-collector Junctiono There are two components of collector current: 
(1) that due to leakage of the reverse biased collector""base Junction and (~) ,~", ,~'; 

'that due to hol~s emitted from the emitter which survive th~ trip across the,' 
base region and enter the collector. " 

Obviously not all of the holes can cross the baseo Some " 
are bound to recombine in the base region. However 8 980/0 to 990/0 of them 
are success£~l as a rule Q The base reg~on is very narrow so that carriers 
stand an excellent chance of crossing 'without recombini,ngo 

. To summarize, the emitter- base junction is forward biased " 
to a varying degree by controlling the cu:rrent flow for the purpose of inject-_ 
ing -holes into the base region; the collector-base junction is reverse biased :": 
for the 1 purpose of collecting nearly all of the emitted holes. Power ' 
amplification occurs because the forward voltage drop of the emitter-base , , 
junction is very sma1l (usually a few tenths of a volt) whereas the collector- !," 

base voltage is comparatively high (limited only by the breakdown vo~tage 
of the junction). Thus the product of collector voltage and current is higher" ' 
than the product of emitter voltage and current even though the emltter ,-' 
current is a ~ittle greater than the co~~ectQit.' .J;:y,rrc:nt.' 

I ,', 



Transistors have some terms applied to th~m which are 
similar to vacuum tube terminology. A transistor is "cut-~~fff when only 
leaka.ge current flows across the collector-base junction. This corresponds 
to minimum emitter-base current or a reverse biased emitter-base junction. 
A P-N··P transistor is "saturated" when holes are injected into the base 
region much more rapidly than they can be removed by the available 
collector curl-ent. The "dissipation" of a transistor is approximately the 
product of the collectol"- base volta.ge and the collector current. Both 
"cut-off" and "saturation" conditions provide the minimum dissipation for 
a transistor. At "cut-off", the collector current is very small. At 
"saturation", the collector:'base voltage is very small (a few tenths of a 
volt) 0 Thus fo'r digital applications (on-off) a small transistor may operate 
a load in watts many times greater than its maximum dissipation (15 or 
20 times). Such a feat could hardly be expected from vacuum tubes. Be­
cause drift due to changing leakage current can be effectively "designed 
out" of digital circuitry and because of its high efficiency as an electronic 
switch the transistor is ideally suited to digital circuits with one qualification. 
It should always operate in the region where it is either close to "cut-off" 
or "saturation" 0 Otherwise depending upon circuit design, dissipation may 
become excessive and prevent proper· operation of the circuit and possible 
destruction of the transistor. 

SURFACE BARRIER TRANSISTOR 

The surface barrier has the same cha.racteristics as any 
other P-N junction. Only the method of carrier production is different. 
Thus when the emitter-base junction is forward biased, holes are repelled 
from the barrier region into the crystal by the metalic electrode attached 
to the crystal. Sim.ilarly to the junction transistor, the· injected holes 
diffuse across the narrow base region to,recombine at the collector surface 
barrier or junction. 

TIME CONSIDERATIO~TS 

The speed of response of a. transistor circuit is dependent 
upon the particular transist.or employed and the circuits into which it is 
designed. In general, the larger'transistors are relatively slower in speed l: 
of response than the smaller transistors. One of the most significant 
problems in digital circuits is the phenomena of minority carrier storage 
in the base region 'when the transistor is operated in a saturated mode. 
Because holes are bei.ng injected into the base region faster than the 
collector can remove them, they tend to accumulate to some degree with 

/ 
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time 0 Then when the transistor is switch off by reducing the emitter base 
current, the collector c~rrent continues until the minority carriers are 
all swept out by the collector. 

TRANsISTOR AMPLIFIER ... SWITCH 

As discussed above J the transistor is a highly efficient, 
switch and provides power amplification as well. One may show many 
similarities to vacuum tube circuit arrangements. However, there are 
some striking differences as, well. Following is a'discussionof..the'.baaic 
circuits compared and c:ontraa~~d ~ith vacuum tube equivalent circuits. 

"t, ~. , 

TRANSISTOR INVERTER 

Fig':1.~e 1-4 shows a'transistor inverter circuit and a vacuum"· 
tube inverter circuit arranged to operate in substantially the same manner, 
The principal difference is that the transistor is controlled by current 
supplied to the base such that the emitter-base junction is forward biased 
whereas the vacuum tube is controlled by the voltage applied between the 
cathode and the grid. Assume both the transistor and the tube are '''cut-
off" . This would be obtained by a negative si.gnal on the grid for the tube 0 

The transistor would be cut .... of'f by a sli.ghtly positive voltage from base to 
emitter. Output terminal (a) is at the same potential as the supply voltage. 
If a positive going signal is applied to the grid of the tube (relative. to ground) 
such that the effect of the previous negative signal is cancelled, the tube 
conducts heavily and termi.nal (a) changes to a very small value of .voltage. 
Similarly as the base of ~he t,ransist·or has applied a negative going signal r 

sU'ch that emittercll.bas~ current flows'. tncreased curren,t flow through the 
transistor changes the potential ot terminal ~a) to a very small v~lue of 
voltage 0 

Since the, tube is made "active" or conducting by the 
positive signal which in turn causes, the tube output load voltage to be less 
positive» the tube circuit is termed an inverter 0 Similarly the transistor 
is an inverter because a negative signal caused the output of the transistor 
circuit to be lea s negative 0 A If grounded cathode" tube circuit is thus shown 
to be nearly equivalent ot a "g~.ounded emitter" transistor circuit in functiC?n. 
There are two differences in the circuits shown, the P-N-P transistor 
operates with negative going signals instead ,of positive going signals and 
current must be supplied 'to control a transistor. 

The control current required by the transistor is typically 
; , 



about 1/20 to 1/50 of the load cu rrent it switche s in a grounded emitter 
configuration although in some particular transistors a much smaller 
current may be adequate. ' 

Although there are a variety of different circuit equivalents 
between the two devices, the only other one here considered is the emitter 
follower transistor circuit and its vacuum tube equivalent. 

TRANSISTOR EMITTER' FOLLOWER 

The "emitter follower" transistor circuit is very similar 
to the vacuum tube "cathode follower" circuit, (See Figure 1- 5). The 
cathode of. the vacuum tube tends to follow any variation of the grid voltage 
relative to ground. It does not change quite as much as the grid voltage so . 
that some slight loss of voltage swing results. Similarly the emitter of the 
transistor tends to follow the: base voltage changes and a slight l,?s s of volt­
age swing also results. Both circuit~ find application where power 
amplification (increased current capacity) is required and/or a lower 
driving impedance is needed for circuits driven 'Qy them. Both circuits do 

, not, invert the input signal. The output changes in the same direction as 
the input. 

SBT OPERATING CHARACTERISTICS 

A surface barrier transistor, as used in S-2000, when 
switched "on" has only a fraction of a volt dropped across ito Typically 
this voltage is on the order of~volts. 

/()2 J,., ~ - ,/) r"~' 
_ ~ . (~(",J,v J 

A transistor switched "off" conducts a current on the order 
of 20 microamps. 

Depending on the circuit values and the particular logic 
configuration. the collector to 'ground voltage in "on" and "off" states 
varies. A standard definition of these levels for the grounded ~mitter 
configuration is: , I 

......... "' .. , 

On: Collector to ground voltage not more than 0.1 volts 
negative. 

Off: Collector to ground'volta.ge not less than 1.0 volts 
negative. 

1 ... 9 



Thus wi~h these defining levels one may determine the state of a given 
p~rtion of the circuitry by measurement. 

The time required to switch from one state to, the athol' 
ia Oft the order of one tenth of a microsecondo 

Transistor circuitry for TRANSAC may be "direct 
coupled" or " resistance coupled". ' 

D. C. TRANSISTOR COUPLING 

Coupling is the term deBc ribing the manner of connecting 
several stages of transistors to form a logical network. One of these 
methods is ffpirect coupling". 

In this method, the base of the driven transistor is con­
nected direc~ly to the collector of the driving transistor. As shown in 
Figure 1-6, if transistor 1 is "on tI the emitter ... base volta,ge of transi".tor 
2 is -0. 1 ,volt or less (the drop across the conducting transistor). ' 
Transistor 2 is cut-off because virtually no current is supplied to the 
base. Not all junction transistors will be cut-off by such an emitter­
base voltage, but the sU,rface barrier transistor is readily f?ut-off. U 
transistor 1 is cut-off, current will be drawn through the collector 
resistance, Rc , and the emitter-base junction of transistor 2 to bias it 
in the forward direction. Transi~tor 2 is thus held "on '... (Note that in 
this purely direct coupled circuitry, the collector of transistor 1 will not 
be sufficiently flegative to meet the definition above of the ON, condition 
because the emitter-base forY"ard drop of transistor 2 is appreciably less 
than a volt. ) 

The principal adva!ltages of the direct c~.~P.J~~t,,~>~!",~.!l.!.trY 
are the use of onlio'ile 'sup'ply"vortage--[Z-"o'i·3·"v·o~fi8), and the small number n-·'·-.... ~ _. ___ -----=-=---=--______ ~_._, .. ___ ~~--"":!.!""'.-....~, _____ -___ ... __ .............,~ ... _ ; 

~t2_~Eal components used in addition to the, tl'aX~,Bi6tors. 'l'h.~ .. .!l)ain 
d.i~_a4vantageis that"-an~Inve ~s ion-of--ihe----s-ign-ai'occu r~"i~--eac.~ stage t;: 
cause oUly theinve'rTer"'~cTrCultc'a-n"b~--lise-(L --Also one transistor us-ually 
~_~n.>:~~r~~~Y~~ ... ~~~r_~~~~="'O~~i~'~_':'oas-e·~"" ' ... ,,,' "~~~------""'~--¥~~----.-'~--.. --

l!~siBtance coupled circuitry can offs~t.1H~I!!!L9.i_th..e. dis_ ... 
~y a~~~g~.~_~h~!~_E~ta.in:~ng ~-~~,~r-~~~h~-ad-;~an~_ag;-s"-:-'-' -.. "~, 

R.C. TRANSISTOR COUPLING . 
As shown by Figure 1-7. the inve~ter has an additional' 

1 ... 10 



resistor placed in series with the base. r:r:tt~LiQY:~xter .is~nor..mally-_.dr..iYe.Jl 

W-,~~.~E:1!!~~E fO)}~~~E_ ... a_~ J!l .. Figll_!:.e_.J .. ~ 5: ~~e .~~~t~~_~ JQ!!9!!~r . i~L(;ap.able 
?!.~~iyi:nK .. a)lQut_six .. R. C .. inputs .. {inverter inputs). '~apacitor C c is added 
to the cir:cuit.-.to speed the response of the driven transistor. In .switc.hing 
th~_.t~a:nsi·l?tOr "on" it provides' a lar'ger base current initially: . 11!_.~~!t..~!l_­
'ing .. the transistor "off" ,ihe capaci~o.~ provides assistance in removing ,the 
excess holes in the base region by means of stored charge. 

[The resistor in the emitter circuit of the emitter follower 
is connected to a positive source of voltage whose value is so chosen to ',' 
provide a nearly constant current flow through the transistor but without 

:causing excessive heat dissipatio~~'; 

The 5-2000 uses l e esistance cou'pled transistor logic (RCTL). 

1-11 
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20 5-2000 ern.CUITS 

2.1 STANDARD LOGIC CIRCUITS 

The following discussion will describe the standard building 
block cIrcuits used to periOl'l!l arithlnetic an.d control operations. Emphasis 
will be placed upon under~tanding of circuit operation. Conventional 
symbols win be shown as convenient in the text. No attempt is made to 
cover the complete arrangelnents of components in. all possible logic 
configurations. A few of the l'nore common combinational schemes 
will be pointed out. 

INVER TER OR COMMOI\f EMITTER CmCUIT 

Shown in Figure 2-1 is the inverter or co~mon emitter 
,.c~§_~it. It is s..!'_G.,~ .... c_9.uple . .d,as discussed above. The t;tm,i~~~.l;:_may~be 
e,~J;h.~.?;._gl"Q_unded.o r connected as dis~~ss ed below fQr. Qthe_1;' __ .~i:r_c.\litJ.~,~11~ti9ns. 
!~.~ o~!putj.~used to drive one emitter follower. 

EMITTER ~~OLL9WE;.B 

Shown in It .... igure 2- 2 is the e!D.~tt.~J; follower <;ir.cuit. Its 
operation was described above, and can drlY~J-!p .t.,9 .~b~ . .c<?~l!lon emitters. 
~~.,~e.nt.ially.it f;lerves as the power ar;;plifier for a resistance coupled stage. 
A resistor may be added in series wi.th-the .. b.~_se. when an emitter-follower 
11:~--"'>--.---..... "--. __ ..... ____ --~------"""----""" -~--,,-~.---. - --- -- ~- . - ~ - . ~ .~-., 

is driven by. ~~othe.~ ... emitter ~£QllQw~;r t<? s~pp.r .. e.f?s ,osc~ll~~ion. ..r...r~~~~.!!~Jy_ 
~~~'''combi~'ation of inverter to elnitter -fo l!Q_W~":r,e _is .fo.und as 'shown in 
Fig~;·~-·Z-.. :j-: --Lo-gi~;'iiY-th·e·-~·(;~b~atioli·f~ncti.ons as an inverter but with 
a higher load ca:p-abIlity~'------ .-- .. -.. _. "-" . 
... ~ -,~~ ___ A - ,~_. ~ _ .. _ .... ~ - - - '_. 

SERIES GA TES 

~_~,g.~~.§l.1. .. 0p~l:"~tions of..~'~.p.d '.1 .. and "o.r" can., only be pr.oYicl.e_Q. 
l?y c.o..~binational circuitry. An ex:ample is the IIS.~!~_~~_. g~~~'t_.c:>r u.two-high 
gate" shown Iri--Figure 2-40 This circuit if? an ·iliY~;J;'t"~.r jJJ~.qth transi_~!9~ 
fi~i.~~~ ... ~!_~ ... ~};Jye~ ~X ~~~ati.ve .going--s"ig~~i~. ""fu!oJf b.~!h,J~~;i~tors a~~ 
switc~M._~~2J~~~_~ . tt~.~_ y'oltage from th~_ .. ~<?.p .. ~~;~p;'!"~J~J9!"._,~0 ll~~tor to ground 
~~-iDi~ pos ~~~e" gOing:-" "if -ei.~~ef,:~~q.~"o":r bo~~,,~~.~. _~~tch_~4._~'_9i!!_~, ___ th~ __ l!PJ~er 
collector "!~lLbe negative g~ing.o In critical timing_ .. .applic.atl~ns a resistor 
m-iiy be ~ded (sho'wn:-'cfotted) betw-~~e.tl:"V'~c _a..ncCthe 1l,Qttom transi~to~-- co:iiector. 
tJ;:~:~P~P9~ti.~i~Q;[J;lt~§.~~t~_~J~tgi:'1§ .. _~t.Q..P ~Q.yide .. a In eans--of .dis s ipating s tor.ed 
holes in the bottom transistol"'o Supposing that the bott'om transistor is 



driven and then has the driving signal remQved without having switched the 
top transistor flo n".' Ordinar',:~,ly the star-ed holes can be recombined by 
the r.everse bias, collector-base current. Since the top transistor never 
tunc tioned to connect the bottom transistor collector, the normal means 
of hole storage dissipation was not provided. If a short time later, a signal 

, is applied to th~ upper transisto'r base.' a positive output 'will result until 
the excess holes are removed from the bottom transistor" Thus the 
bottom transistor would tend to store an input condition which would give 
a temporary false output from the gate. The additional reaistor 'prc;ivides 
the means to assure that the bottom tre.nsistor is "cleaned 'up". 

PARALLEL GATES 

" Parallel gcttes may be made b,y,paralleling .. the collectors of 
inverters or the emitters of emitter-followers. The ... -p-.~Jlel_.ga..~~.~_~.~_mmon 
e~ .. t.te~,_~ __ ~ho~_J!LFi&~~ __ ~"~.5. ~_~gative .~~P.ut .to.~itller tr~nsistor baa";;'''' 
p!,_~.g~ces a 2~tiy~",g~!ng, ou~p_ut. l~ both ~np,uts are negative and subseq~M~nt­
l'lJ~:~~h Jl~,._~,~_!!!,~~,~1!~,~"positjy~. t~_e_. ~i~ e fo r hOle stot age clea~-up, is inQr.e~sed 
s_o~ ~wbi\J: __ ~l'Ltaa-par.all!J,~o11~cto~ gat,e ove:r; c ~~!lP."'~~2-.~-~~-' in .. ~.~, .. ~l~ 
~~yerter. 

, . Fis...ure 2-6 shows a.2..ar~~~el emitter gate. Negative input 
~~ . ~it~~~ __ ~a~.~ pr ~ uces--nElg~-i~~~-utP~~~._ mm.",. .. •. - -.-------..... ----~,-,~-.- ,-- --

TYPICAL CIRCUIT ARRANGEMENTS FOR LOGIC FUNCTIONS 
( 

From the preceding discussions, one obs'erves that a large 
v~riety of logic functions can be provided by series' and pa.rallel eombinations. 
Some typical examples are given below: 

A parallel R. C. gate circuit as shown in Figure 2-7 para­
llels inverters and two-high gates. 

Th~ T.wo-High Selection Tree shown in Figure 2.-8 is an., 
,'other combination. 

: In the, Two-High Selection Gate Circuit 0.£ Figure 2-9. the 
,"upper transistor of the series gate actually consis~s of a gro~p of paralleled 
inverters. 

FLIPFLOP 

Shown in Figur'e 2-10 is/the flipflop c'onsisting of two inverter­
emitter follower combinations. t"Each emitter folloyver output is ~onnected 



J 

to the base of the opposing inverter. If one inverter is "on lt (i. e., its 
output signal is positive) its load, the emitter follower,", will also have a 
positive output. A positive input to the other inverter will hold it "of£1I 
(i. e., its collector is negative). So also is the driver emitter follower, 
output. A negative input to the first inverter holds it stably in the state 
fir at as s urn ~~.~.1 0, 

, ~~tting of the 11J--Pilop, to 1 or 0, is accompUsbed b}c..a .. 
P'Q.~'y~ .. _sig~'l_~tA_..Q .. ~_.a.~~~r_e-B_p-.e...c..tlY~lY_, (As the logic usually develops' a 
-, , 

negative set signal, an inverter, not shown in Figure 2-10'is used to produce 
the required input }?o,larity to the flipflop_) 

SINGLE SIi'OT 

The single shot consists essentially of a flipflop with additiOnal 
RC coupling arrangement's to give a specific transient performance . .J}.RQJ!~ 
application of a negative- going input pulse at A the. ~!.~gl~'§]}.J'!t',_~~.~,,\lm~~~ the -
~ppo"sit-e"-c often tionioTfs-~Q..r i!t.~r·oj?_~ :- ... "-.Tb.t1? ____ ~·Q.~~.!.~ ~Qt:J: J~ _.m~iIl:lained. t9r. a 

, a·~~~Tie-T~·ngth .. ofi -ti~ ~- ... ~!!~ -t~~~--~_~~J~!~.~~~t ~,et~~n..~" ~9.jJf:I J10r,rna I, sta.:t~. 
Terminal B goes negative ~l!4 .... g_p_~~itive 'du~ing the active (instabl~)-,period. 

~ __ M "'L_~ ... '_"'.~""..,_~~~~ _____________ • -- -, .-, ~ 

i Comparison of the circuits of Figure 2-10 with Figure 2-11 
shows that a resistor and capacitor have been added between an ernitter­
folIo we r and an invert er . ~~_~~_~~_~~~nt.!~~j.ng- ~!~ ~l1j.l_~ .. pJ~~!-e.d",..a.t...th.e ... s.ingle­
s~.Q,~"J"np,ut-.eo tha_t .. _<?_~.!y .. ,t!t!!"_JJ~adin.g_edg-a- of the inpul.d.rivipg pulse is _utilized 
t_Q_ .. ~~ ~~,,_~~ s ingle,- sh,Qt. The ~ ~E.&'l~~!t_Q.!,_ ~U_l r e~_p,~nd, o~ly o~_~~ ~_~Q __ ~_~~g~~_i~e 
s ~J~~~.~~ __ .. __ :,:_~_ga~d,~e~"~,, 9.~J!_~. ___ ~~~lj.9n. 

A negative going input signal gives a positive output from 
the parallel gate to the emitter follower it is driving. The emitter-follower 
in" turn suppJies a positive input through the discharge capacitor to hold the 
next inverter cut-off temporarily. After passing through another emitter 
follower the parallel gate is held "on" to continue the active state: of the 
s ingleshot. 

After the interstage capacitor Cz has charged sufficiently 
to permit the base of the inverter input it drives to swing apprecially 
negative, this inverter output begins to swing positive, This causes the 
inverters in the parallel gate to swing negative so that the singleshot assumes 
its normal state .. 



The ~!me that the singleshot is~ in~~ac!iv_~ . ..£Q,ruljtion 
i_~_~iunc t!.~_~ __ .. ~f_~~ ~~"p.~c it~! __ ~~2_,.~.~~he adj us t8:~!~_,~_~~_~,~_~~~~~",. ____ .~a~g~r 
resistance and ca.p~~~.~~P:~~ va~u~~ V'.U1.J~ive a ~o.~.g,~~5)u!l?~1_PJ!~se d_~ration. 
T~~~~.~~.~~~~~~e-cks t~.e ... swi~_~. ~,f the" p~~a~~el .. .i~t~ ~ase ~hen .t~e _input 'sIgnal 
i~ pO,sitive, g().i~g to_"p_~~_v~.~t)ar g,e, voltages on this .. base. 

NEON DRIVER 

Shown in Figure 2-12 is the neon driver circuit. The 
~~on )amp is fired if _a~_.2 .. Q_-'lQJt~d:tQp..R-tl~ac:r..QM..:its ___ e.~-.Q~e_~., It 
is extinguished if the_ ... Y9J~~g~ .. ,"~.<;,r.(~u~.s .. it_l","~le_cJ.1_Q.~~JtJ~t ~_;rJ;~pR.@...('t ug.~~r abou't 
4~:----'---- .. _----- . ~,- .. 

LJf the transistor is switched "off', its collector will tend 
to swing toward the negative collector supply voltage of -48. 5 volts. 
Because the.other electrode of the lamp is tied to + 41.5 volts, 90 volts 
are dropped across the lamp to fire it. It remalns lit at the operating 
voltage peculiar to each particular lamp (less than 90 volts) with current 
limited by the resistors in series with ito Regardless of any signal levels 
customarily supplied to the transistor base, should the switch be open, 
the tr ansistor \l\dU. be "off" and the lamp li(J 

Llf the switch is closed and a negative going signal is applied 
d.S input to the transistor base the transistor is switched t1on"o Its 
collector is po aitive going (1. e., at about ground potential). Only + 41. 5 
volts are available for the neon lamp. This is insufficient to maintain the, 
.gas discharge in the lamp. As a result the lamp is extinguish.ed";'l 

RELAY DRIVER 

The relaydr.ver schematic is shown in Figure 2-130 
It is essentially an inverter type of circuit except that the collector resistor 
is replaced by the solenoid of the relayo Sin.c...~...a.Jl_e.g.a~signal_turn.s_tb.,e 

t.~!?S istor "on" p a negative signal ·ac~.~,~tes_.~,~~ r~l,C!Y", 

The diode and resistor combination provides a path for 
current sustained by the solenoid flux decay. When the transistor is, \,~ 
switched "off" the inductance of the solenoid attempts to maintain the 
lion" current flow. Without the discharge circuit the transistor would be' 
required to dissipate the stored energy possibly at an excessively high 
collector voltage. The resistor provides a path for discharge/current 
thereby limiting transistor collector vOltage and dissipation. 



MANUAL SET CmCUIT 

{-;As shown in Figure 2-14, the manual set circuit switches 
41 ... 5 volta through a. 10K resistor to an inVel"ter collector. Since the 

flipflop is set by means of a positive signal at the collector, any source 
of positive going voltage is adequate;'! 

iJ'he SG-22 diodes shown eliminate sneak paths from one 
flipflop to another when the manual set 8 witch is not being operated. The 
diode is not necessary if o,nly one flipflop is being set from the switch;] 



202 ASSEMB~~ES A~D P!!~SICAL LAYOUT 

The hardware of the computer is organIzed by standard­
izing the circuItry into un~ts. A unit may cons1st of a circuit stage or part 
of a stage. The un'ts are produced on an (,tched clrcuit "module If whose 
dimensions are approximately 4 ... 7/8" x 13/16 11

• A module may contain 
several units of the same type. For example. the HG2 module contains all 
the circuitry for a c:;eries gate (two-Hlgh Gate) with the exc"ption of the 
collector reSlS' or. The HG2 module conta:ns two suc t :. unlts. 

The coll\.·ctor resistor is placed on ;:he module that 
contains the emitter follower unIt, such as tht3 E.l module" (EI has 'our 
'~o11ector ... resis\.or emitter ... follower units).. One p~' rpose in placing tl'lat 
reslstor in the emitter foll.ower module is to enable Joining several grounded 
emitters to one resistor t<'i form a parallel gate. The GGI moduLe, f~)r 

ex;·mple, has four groundpd emitter units mlnus the coll;·ctor resistor-so 
It may be reasonably dt:duced that most modules contaln four transistors. 
Another module, Cl, contaIns four units, each having a <:ollector reslstor 
and an emitter follower, but laclng the emitter resistor. This, of course, 

n .. bles forming an emitter follower gateo 

For inverter stages, the GOI module has two units, each 
comprised' of a complete grounded emitter and emitter follower configu­
"at:,on.. This same module, with the required connectlons will also form 
a fllpflop.. It'i f; so used, wah two units on adjacent GOI modules joined to 
form the flipflop .. 

The sing.le shot occupies an entire modult!. S8l is a 
typlcal single shot rnodule.. In this instance, the module contains five 
transistors. 

In all, over fifty module types are used in the computer .• 

Tl- e modui I,;! contains etched circuhry on one surfaceo 
Components are location on the other sideo The transistors are mounted by 
pairs in two white nylon receptaclesl' which are riveted to the module o 

The transistor leads are soldered to the approprIate points of the etched 
circuits.. Advantage is takf::n of the etchlng process to clearly mark the 
Wiring points, on the module, for each component lead, Small etched 
letters and numbers adjacent to the drilled holes indlcate the connections 
for the leads. For tran,~dstors. the letters "C", ;'Etf and "B" identify 
the connections for the collector t ,emjtter and baFe respectively. 



The tra.nsistor is marked with a red line :pear the collector 
lead.. Looking downward at the glass base seal of the transistor, the leads 
are arrayed clockwise, collector, base, emitter.. When the transistor is 
placed in the nylon recepta.cle, a small nylon disk with three holes is 
inserted over the leads to keep them separated. The disk has a triangular 
notch on its circumference adjacent to one of the holes.. The collector lead 
is always inserted through this hole; and the collector lead is subsequently 
identified by this notch .. 

Up to twenty-one modules may be mounted on a "card It, 

an etched circuit board measuring approximately 5-1/4" x 12-1/4" (See 
Figure 2-:1S).; Amaximumoffou1':teenjumpe,rwires is used for connections 
between a module and its card. Two (the ones at each end of the module) 
are the voltage connections I) The remainder of the connecting circuit 
points are identified by relating them to one of the three terminals of a 
transistor. If a module terminal'is designated as "E4", for example, that 
terminal is connected by an etched circuit line to join the emitter lead of 
transistor number 4. The five transistor locations are standardized and 
numbered o 

Figure 2 .. 16 shows the 551 module schematic an~ physical 
layouto If the card is vertically held so that when looking :at the component 
side, the cards I terminals are at the left end, the transistor locations on 
any module, reading from bottom to top, are 1, 2, 5, 3 and 4. The other 
components are given the same number as the transistor with which they 
are functionally related. The transistor 5 position is not a.l~ys used .. 

The card, Figure Z"!' 15, has numhered modu.le pdsitions. 
The CA card uses eighteen modules, for. example, the locations indicated 
by the etched number s within the circle s" 

The modules are mounted on one surface of the card. 
Etched lines are used on both sides" Connections between the sides are 
made by "feed-throughs ", wires, soldered to the etching on both sides 
through drilled holes in the cardo The etching area surrounding a hole is 
known as a "land Ito 

. The card ha.s fifty terminals, twenty-five on each side 
and nUlnbered 1 to 500 Terminals 26 to 50 are at the module side of the 
card, terminals 1 to 2S on the other. Termin~s l.an~.26 are at the top 
of the card. 



'i 

The outer terminals are used for the voltages: 

Terminals 1 ~ 2 ground 

Terminals 26 .3,5 V 

Terminals 2.4 + 41 .. 5 V 

Terminals 49 -48.5 V 

Term.lnals 50 +6 V 

The components, not on modules, aL the end of the card 
'are the neon indicator C1T.cuits.. The name of the card is given, in etched 
letters, at this end. 

Cards plug into connector jacks ln the computer cabinets, 
The back panel wiring interconnects the 300 card positions. Figure 2 ... 17 shows 
the console and cabinets of the computerl' 

Each ca.binet has one hundred card positions, four 
. horizontal rows of twenty-five cards numbered 001 to 100. Viewed from 
the front, the 001 posiuon is at the upper left corner. The cabinets are 
In turn identified as JIIXXX, J12XXX and J13XXX, left to right from the 
front. view.. (The cards are inserted on this side.) 

The cabinet doors are panelled with transparent plastic 
sheets to permit viewing the neon indicators with the doors closed. The 
panels are Imprinted to identify each neon. These neons display the 
contents of registers, flipflops, counters ('t~ !i 'hat are not displayed 
at the console above.. Figure 2-18 is a repr.oduction ,of the imprinting on the 
door panels. The number s give the bit positIon of the register or counter. 

Figure 2 .... 19 is the b~ck plane view. of the six cabinetl:) 
comprising the index register and an c8192 'word memory circuitry. 

The index registers are located in the J34XXX cabinet 
1n the lower right~ The other cabinets (shown with the doors removed) 
comprise the memory. The six cabinets are located to the right of and 
just b~hind the console It 
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2.3 POWER 

Despite the size and complexity of the 5 .. 2000, a relatively 
small number of power supplies are required. However a fairly elaborate 
A. C .. distribution system is required to turn these supplies on and off in 
an ordered sequence, as well as control of the power to the various fans, 
heaters, motors and alarm circuits. The following section describes the 
A. C. distribution and the D. Co power supplies. 

A. C. DISTRIBUTION AND CONTROL 

The A. Co distribution and control system distributes 
regulated and unregulated A. Co from the power mains to the power supplies, 
coolIng fans and other equipment at the control of the operator. Upon 
depressing the START, switch, on the console, power is supplied to the 
fans and the D. C. power supplies. The computer supply comes on first, 
and after a few seconds, the supply for memo~r is turned on. This is to 
ensure no los s of data stored in the memory during the turn-'on. The 

. reverse order is used in turn ... off. The power to the cooling fans' is 
maintained for an interval after power is removed from the D. Co supplies 
to dissipate the residual heat ... 

The Power Supply consists of five package units. These 
units are: ,(Figure 2~'20 shows the front panels of the units) 

(1) Line Voltage Regulator General Radio Co. 1570-AL. 
(2) Control 
(3) ( ... ) 3,. 5 volt source., 
(4) ( + ) 6 volt source .. 
(5) ( + ) 41 .. 5, ( - ) 32. and ( - ) 4805 volt sources 

For information concerning line voltage regulator -see 
manufacturex's data., 

The descriptions to follow will be broken down into 
description of the control unit followed by descriptions of each individual 
voltage source.. Although three sources are combined in one unit, as 
listed above, each source is essentially isolated except for a common line 
voltage input and common protective circuitry contact arrangements. 
For definitions of sympols used in the text and schematic refer to the 
referenced drawing fo'r each description. ,. 
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Interconnections between units are shown in Flgure 2-21. 

CONTROL UNIT 

The Control Unit (Figure 2';"22.) controls the application of 
A. C. input power to the sources and contains the protective circuitry 
(except meter relays) which a: sure" operation of the power supply only 
with output voltages withIn the ,~imlts set by the meter relays. The controls 
are the master circuit breaker for the entire power supply and "Protective 
Circuit DIsable,' switch. Indication~ provided are "Protective Circuit On1t, 
ltD. C. Supply Fault", and "Regula e", A. C. On". All connections are 
hrough the Cannon Connector Jl4601. 

Normal StartIng Sequence: 

Wil:h J.'egulated A. Co "on", voltage is supplied 'to terminals 
.2 aI'l:d' 3. Transform,,·r T is energized and positive voltage appears between 
points (a) to (g) and negatlve voltage from points (b) to (g),. The "Protective 
Cirquit On It light is lighted and relay Z 1 is actuated. With the voltage source 
inputs connected betwe('n terminals 9 and 10, "D. C. Supply Fault" light is 
lighted. Unit is ready for actuation of the circuit breaker. 

With CBl switched "on ti , contact C j COlnpletes a path 
from terminal 3 to terminal 10. Contact C.2 completes a circuit from 
terminal .2 through can act of Zl, through coil of relay Z.2 to terminal 3 
actuatIng Z2. A circuit is completed through Z2 contacts from terminal 
2 to 90 "Regulated Aoe o on" light is lighted and A.C. power is delivered 
to the voltage source input'!,. "Do Co SU~,IP..l.y fault" lIght is extinguished. 
Time delay motor M in TDI begins to run with the actuation of Z.2 
commencing a three second delay period. Term,lnals 4, 7 are connected 
to point (b) to supply negative voltage to meter relay locking contacts and 
prevent meter lower limit contacts from stickingo 

At the end of the .3 second period, 'T Dl contacts are 
actuated closing the cIrcuit from point (a) through "protective circuit 
disable" sWltch 51, circuit breaker trip coil, TDl contacts to terminals 
4. 70 Resistance Rl limits the current through the trip coil due to the, 
voltage between points (a) and (b) such that a negligible drop in voltage 
across the eBI trip coil results. Thus terminals 4, 7 are essentially at 
the same potential as point (a) relativ,e to point (g) after completion of 
the time delay period. Protective circuit 18 now fully operative. , , 
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NORMAL SHUT OFF SEQUENCE 

The circuit breaker is tripped off manuallyo Contact C2 
breaks the circuit through relay Z2 operating coil.. Contact ZZ opens the 
circuit frorn terminals 2 to terminals 90 Contact Cl opens circuit from 
terminals 3 to termina1s~lOo "Regulated A. Co on" light is extinguished 
and liD. C .. Supply Fault" light is lighted" A. C. power is removed from the 
input of the voltage sources. Time Delay, TDl resets supplying negative. 
voltage to terminals 4, 70 

FAULTSHUT.OFFSEQUENCE 

Any meter contact striking either high or low limits 
connects terminals 4, 7 to point (g) through the locking coil contacts. 
Voltage is dropped from point (a) through "Protective Circuit Disable" 
switch 51, Trip Coil, TD1 Contact, through terminals 4, 7, Meter Relay 
returning through terminal 1 and then to point (g). Sufficient current flows 
through CB1 trip coil to trip the circuit breaker. Shut off is the' same as. 
B above ~xcept that circuit breaker is not tripped manually .. 

OPERATION WITH PROTECTIVE CIRCUIT OVER-RIDE 

Operation is similar to A above except relay contact Z 1 
is shunted by actuation of switch Sl and the trip coil circuit is broken by 

,51. Thus the circuit breaker must be tripped either by manual operation 
of circuit breaker or release of "Protective Circuit Disable" switch 51. 

NOTES: 

In case of failure of Protection Cir'cuit supply as 
evidenced by "Protective Circuit On" light being extinguished, relay Zl 
will open circuit of relay coil Z2 removing power from inputs of voltage 
sources. The circuit hreaker will not be tripped. Actuation of 51 will 
reapply power to the source inputs. 

D.C. POWER SUPPLIES 

Transistorized D. C. power supplies are relatively new. 
Essentially the circuitry is similar to vacuum tube type voltage regulators. 
A translstor is used as a variable resistance in series with the load and an 
ordinary transformer-rectifier-filter combination. The output D. C" 
voltage is sensed and compared with a reference voltage in the supply 

2-11 



(Zener reference diode). Any error 1S amplified and used to change the 
effective resistance of the regulating (llpass") transistor. 

Special meters a.nd circuary are used to .witch off the 
supply 1f the output voltage exceeds the preset limits in either direction. J 

One representative supply is described here, as they 
are slmilar in design. 

( + ) 6 Volt Supply (Figur', Z-23} 

This Vol.age Source of the Computer and Control Unit 
Power Supply contai:g.s three important functl0nal sections. 

(a) EDC! Load and Regulator Voltage Supply 
(b) EDC2 Bias Supply 
(c) Voltage Regulator 

EDCI Load and Regulator Voltage Supply 

With voltage s'Upplled to the prlmary of T 1 input voltage 
and CB 14801 closed, the d.o'·:,es connected to TI rectlfy the A. C. voltage 
to provide a pulsating uni-d1rectional current flow through capacitor C4, 
the voltage regulator amplif ers and the external load returnlng to TI 
secondary center top. Suffi ~i, nt capacitance is provided so that the 
average load current can be supplied from a nearly constant source. Any 
small ripple on EDCl 1S substantially removed J..:y the ·voltag··· regulator 
before appearing as output voltage. . 

EDC2 Bias Voltage 

Similarly EDCZ is developed by the diodes connected 
to T2 to provide pulsatlng unidlrectional current to filter consisting of 
R9, C5 and C6. The addition:)1 components R9' al,d C6 provide improved 

I 

.filtering over that obtaina.ble with a single capaci~.or. Since substantlally 
pure DII C. bias cur.rent is required and no regulator is provided, necessary 
illtering must be provided by 1he two stage network employed in the EDCZ 
supply. Resistor RIO limits the inrush current dra.wn from TZ and protects 
TZ in case of short or overload on EDCZ supply_ 



Voltage Regulator 

Th~_ vo)!~g ere i~~.~~_~E~~~.!_~i~ _ .. Qta .. V:Qltai-e. .. J~~J~J~.~~J).c e -,~~ci 
, a,J_~~~~~._g.~i~ dJrec~. c<?upled tran~,t~_~.9_~ .. ~mplifier. The.s.e .!1.~e_ c_~nnecte.d as 
a' closed loop regulating system. . 

"-..y.~ .. ~ .~.. ,~_ H"~ ~.". ____ ~ ~ ~_~ _ •• _____ ~~ .. ~_-----~~--

In the regulating system, a reference voltage (the drop 
across a voltage reference diode) is compared with the output terminal 
voltage by means of a suitable network. .Any error detected is amplified 
and use to adjust current passed by a transistor in series with the external 
load. ' As load voltage tends to become too high, less current is passed to 
the load. As load voltage tends to become too low, more current is passed. 
Thus the error is corrected by automatically adjusting load current to the 
proper value such that a virtually constant output voltage is maint~ined. 

Following is a detailed discussion of the amplifier 
operation assuming the output voltage tends to become too high. 

Transistors TRI and TR2 are carefully matched low 
leakage transistors connected to form a differential Do C. amplifier. This 
circuit has the property of tending to cancel almost entirely the temperature 
changing characteristics of one transistor by equivalent changes in a second 
transistor. With sensing terminals properly connected to the voltage output 
terminals as shown, current flows through two parallel branches: resistor 
R4 and Z; and the series network containing RI, R2 and R30 Diode Z . 
is the reference diode.. Since the voltage sensed is higher than the inverse 
break-down voltage of the diode, a nearly constant voltage appears across 
z. 

The base of TRI will tend to remain at a fixed voltage 
more negative than the + output terminal of the supply regardless of 
potential between the + and - output terminals of the supply. 

TRl, being an emitter follower, will tend to m.aintain its 
emitter, and that of TR2, at a fixed potential more negative than the + 

~ output" terminal. However the voltage at the base of TRZ will vary pro­
portionally as anyp.otential change between the + and .. terminals. 

Output terminal voltage changes will cause a direct variation 
in the forward bias on TR2. For example, if the te rminal voltage 
increases» the voltage level at the base of TRZ would become more' negative 
with respect to its emitter voltage level •. 



This would result ln a larger TR4 collector current and 
a posltl¥~ ... going signal at the base of TR3. TR3, a,n NPN in an emitter 
followe':" configuration, will respond. with an increase in lta emitter current. 
Its emitter will swing more positive. , 

Voltage EDCZ tends to bias TR4 into saturat; on so that 
maximum collector current would flow. Transistor TR3 tends to supply 
current in opposition to the bias current of TR4. As TR3 conducts increasing 
collector current, (due to increasing output voltage from the supply), TR4 
conducts less collector current. Transistor TR4 operates as an emitter 
follower to control TRS. 

Transistor TRS is connected in series with the load on 
the voltage source. Reduced collector current in TR4 causes reduced 
emitter-base current in TR5u Thus TR5 increases the effective resistance 
in series with the load by decreasing the current passed to the load tending 
to correct the error in output voltageo The resistors R5 and R6 bleed 
off the leakage current of TRS. 

Capacitor Cl provides the necessary10w output impedance 
for high frequency components of load current. CZ tends to suppress any 
tendency for oscillation in the differential ampllfier current. 

3.5 Volt Supply (Figure 2-24) 

The ( - ) 3 0 5 Volt Source of the Computer and Control 
Power Supply essentially functions similarly to the ( + ) 6 Volt 'Source 
except for the addition of another transistor amplifier in the rt.gulator and 
other m.1nor details of circuitry. Parts symbols are the same on both 
schema~lc diagrams for equivalent functional components. 

~. /' , 

Input power is supplied to 'connector Jl470lA plns Z and 
-3. Diode CRI is utillzed to assist in temperature compensation of Zo 
Because of the low output voltage of this, source, a reference diode having 
a negligible temperature coefficient of voltage can not be used. The chaIl;ge 
in forward drop of the specially chosen dlode CRl due to temperature just 
cancels the change in Z reference voltage. Sensing terminals 6 and 2 1 
must be connected as shown. 

Transistors are used for TRS to provide the, requ1red load 
:curre"lt without excessive dissipation, An extra stage of emitter follower " 
~~plification is provided by TR6 to improve the ,re~ulator ppr-':'ormance. ' 

. ,-

a., 14, 
, I 

I, 

~I I ' 

, " 

j 

, ' 



Leakage bleed off is provided as follows: TRS by R6 and TR6 by, Rl6 .. 
Resistors R17 and Rl6 stabilize the operating 'point of TR6. The sensing coil 
of Meter' Relay M, 14701 is connected to the ( .. ) output terminal because 
the supply develops a negative voltage with reference to the 5 ... 2000 ground 
point. 

..32 Volt Supply (Figure 2-2~ 

The functioning of the EDGI and EDC2 supplies of the 
conlputer and Control Power Supply ( - ) 32 Volt source is the same as the 
( - ) 6 volt source o A single transformer, T, having two secondaries A 
an.d B is used" Voltage regulator operation diff.ers in details. Input power 
is applied to conn.ector Jl490 lA pins 2 and 9 .. 

VOLTAGE REGULATOR 

Following is a detailed discus sion of the voltage regulator 
amplifier operation assuming the output voltage tends, to become too high. 

Transistors TRl and TR2 are carefully matched low 
leakage transistors connected to form. a differential De C~ amplifier.. This 
circuit has the property of tending to cancel almost entirely the temperature 
changing characteristics of one transistor by equivalent changes in a second 
transistoro With sensing terlninals properly connected to the voltage output 
terminals as shown, current flows through tw~ parallel branches: resistor 
R4 and Z; and the series network containing Rl, R2 and R3 0 Diode Z is the 
reference diode. Since the voltage sensed is higher than the inverse break­
down voltage of the diode, a nearly constant voltage drop appears across Z. 

The differential arnplifier :maybe considered as emitter 
coupled o Transistor TRI is an elnitter follower.. Thus voltage from. point 
,(a) to point (r) is slightly greater in m.agnitude than the voltage from point 
(b) to point (r).. However, voltage between points (b) and (r) varies directly 

, as the voltage between points (a) and (r)o Because of the common emitter 
. connection, TRZ has this sa:me voltage between points (b) and (r) as its 
emitter voltageo Transistor TR2 collector curl-ent varies with the difference 
in voltage between points (b) and (c) or more preci sely, the current flow 
between points (h) and (c)o As point (b) tends to becom.e m.ore positive 
with respect to point (c)1I TR2 collector current increaseso Thus as point 
(a) tends to become more positive with respect to point (c) TR2 collector 
current increases. 



SlDt e r~olnt (c) is connected through the reference diode to 
the ( - ) sensing termlnal, point (c) will follow an increase in terminal 
voltage such that point (c will change approximately the same number "'If 
mill volts as the ( ... ) output terminal. Point (a) \\1111 .. ncrease only as a 
fraction of the output vol!.age change due to the divider network Rl, R2, R3. 
Consequently'po~nt (a) wi-I tend to become more positlve with respect to 
point (c) increas~ng TRZ collector current. 

TranSl . tor TR3 collector current increases due to the 
lncreased current supplled to its base by the TR2 collector. 

Voltage EDC2 tends to bias TR4 ini'o saturation so that 
maximum collector current would flow Transistor TRJ tends to supply 
current in opposition to th\, bias current of TR4. As TR3 conducts increasing 
collector currents, (due to ~ flcreasing output voltage from the supply), 
TR4 conducts 'ess collector current. Translstor TR4 operates as an emitter 
follower to control TRS .. 

Trans] stor TRS is connected to series with the load on 
the voltage sou t ceo Reduced collector current in TR4 causes reduced emltter­
base current in TRSo This TRS increases the ef:"ective resistat~ce in serles 
with the load by decreasing the current passed to the load tending to correct 
the error in output voltage. Resil:)t:or RII hmits the maximum current from 
the supply and lermits TR4 to satura e TR5 more fully when necessary because 
TR4 collector ;~upply voltage is slightly high~~r than TRS. The resistors R5 
and R6 bleed off the leakage current of TRS 0 

Capacitor Cl provides the necessary low output impedance 
for hlgh frequency components of load current. 

Capacitor C2 tends to suppress any tendency for oscillation 
in the differe .It.lal amp, lfier cur rent. 

Res: stor R14 limits the max.mum current which can be 
I 

drawn from winding A. 
, f 

48.5 Volt Supply (Figure 2-26) 

The ( - ) 48 .. 5 Volt Source of the Computer and Control 
Power Supply essentially functions the same as the ( - ) 32 'Volt Source. 
Parts symbols on both schematic diagrams are ,the same 'for equivalent 
functional components. Sensing termlnals 3 and 17· must be connected as 
shown. 
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+ 41~5 Volt Supply (Figure 2-27) 

The ( + ) 41o.s Volt Source of the Computer and Control 
Power Supply essentially functions the same as the (-32) Volt Sourceo 
PaIts symbols on both schematic diagrams are the same for equivalent 
fUl'l.i:tJ,on.al con1.ponents o Sensing terminals 2 and 16 must be connected as 
,showno The sensing coil of the Meter Relay is con.nected to the ( + ) output 
terminal because the supply develops a positive voltage with reference to 
the 5 .. 2000 ground pointo pins 1 and 30 Diode CRZ is not necessary in the, 
( + ) 12 Volt Supply because the voltage which may be dropped across TR4 

" and TRS is not sufficient, to cause any damage to them. Sensing terminals 
16 and. 2 must be connected as shown. Two pass"transistors T'RS, are 
a,dequate for this sourceo Capacitor C3 is needed with this Source. The 

, sensing coil of Meter Relay M35802 is connected to the ( + ) output ,terminal 
becuase the supply develops a positive voltage with reference to the 5.2000 
ground pointo 

POWER SUPPLY ADJUSTMENTS 

Voltage Source, 

.k1 /tit c. ,;.; t:f·L 

, C !le(Cl~ r;V? -

These adjustments may be made to each individual 

Source output ''(i'oltage is adjusted with screwdriver 
adjustment adjacent to each Meter Relay" 

Upper limit contact of Meter Relay is adjusted 
with the right hand screw on the Meter face. 

Lower lirrlit (~ontact of Meter Relay is adjusted 
with the left hand screw on the Meter face" 

Be sure that sen,sing leads are connected to the proper 
/ polarity output terminalso Failure to do so may result in damage to the 
voltage regulator components,. 

Do not adjust the lower Meter Relay adjusting screw 
(center of movelnent 'fa,ce)o: The meter has been ca.librated at the check 

,point, (arrow) to 10/0 accuracy. Tampering with this screw affects the 
" ' 

mete r accuracy" 
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MAINTENANCE PROCEDURES 

To simplify the checking of the ~upply in case of a 
r.qalfunction. the following procedure is recommended. 

Procedure: (output voltage too high) 

1,> With supply input voltage switched "off", 
measure the resistance of each of the pass 
transistors (TRS on the schematic drawings) 
and transistors TR4. TR6 and TR3 from 

. collector to emitter. Resistance should read 
about 100 ohms o If resistance measures zero 
or nearly zero, one or more pass transistors 
are shorted o Defective pass transistors will 
read zero others will read about 1/4 ohm. 

2. If step (1) shows the transistors to be . 
satisfactory, switch the supply "on"o Place 
a lK ohms variable resistor across TR3 
from emitter t~ collector. If output varies 
around the n.ominal output voltage (plus or 
minus a few percent) the amplifier following 
TR3 is operating properly. 

3. If steps I and 2 are satisi'a(!tory, remove the 
lK resistor and connect a 10K ohms variable 
1'e sistor from TR3 base to the ( .. ) sensing 
line Q If output va,ries around the nominal 
voltage, TR3 1S operating properly. 

4. If the sense leads have been connected 
improperly to the output terminals p diode Z 
and transistors TRl and TRZ have probably 
been destroyed. With the D. C. voltmeter, 
check. the reference diode voltage. (This will 
be 50 4 volts on units h~viIlg output voltfl.ges 
greater than, 3.5 'Volts and Z. 5 to 3 volts on the 
low voltage units)o 

540 If all previous steps have been completed 
satisiactol.'ily the differential amplifier 
transistors are presurrlably defective and 
should be replaced with another matched pair. 



Procedure: (if current voltage is too low) 

1 ¢ Measure EDC2 output voltage to be about 
5 to 6 volts. Defective component is in EDC2 
supply if voltage is very much lower than 5 volts., 

z. Measure EDCl output voltage to be greater 
than the nominal output voltage of the particular 

. Voltage Source being tested. If less or zero, 
~DCl supply is probably defective, 
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SYMBOL 
--.., 

• ,.~ 

f'IGURE 2-1 INVERTER OR COMMON EM.TTER CIRCUIT 

SYMBOL. 

FIGURE 2-2 EMITTER FOL.LOWER CIRCUIT' 

T2 

-{)~ 

FIGURE· 2.-3' COMMON EMtTTER-EMlTTER FOL.LOWER 
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SYMBOL 

FIGUfiE 2"'-4 SE'~IES OR TWO-HIGH GATE 

T2 
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INPUT B 

-{) 
SYMBOL. 

\ 

FIGURE 2-6 PARAl.LEL.. COL.L .. ECTOR GA1"E 
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'. ',:' , , ' FIGURE 2-1 PARAL.L.EL 'EMIT,TER FOL.LOWER GATE 

I FIGURE '2-7 PARALI.EL RC GATE 
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3. ELECTRICAL FAULT DIAGNOSIS OF 5-2000 LOGIC CIRCUITS 
Model 210 

INTRODUCTION 

In de bugging or maintaing a computer, the oscilloscope 
is a powerful diagnostic instrument. When properly utilized it can be 
used to very quickly and accurately locate and determine the type of 
trouble or failure. A great deal of success!> however. remains in the 
ability of the operfl,tor to correctly use and correctly inte rpret the 
instrument's presentation. 

It.is the purpose of this section to discuss the type of 
electrical faults that occur in the 5-2000 logic circuits and the charac­
teristic effects ea.ch disp!ays. The discussion will assume that the logic 
is cprrect and will limit itself' to fault conditions occas ioned by component 
and/or material failure and/or drift. Usually logic errors create ( or 
destroy) signals which are correct,from circuit and electrical viewpoints p 

but are in error in time or position. These errors may be determined by 
recourse to logic, flow and block, diagrams. Material or component . 
faults, however, create signals (waveforms and/or levels) that are 
abnormal. 'Proper interpretation.is necessa.ry to specifically locate the 
fault. 

3. 1 TYPES OF FAULTS 

The most common faults -that occur in 5-2000 are" listed 
. in relative decreasing order of occurence: 

1. Improper use of oscilloscope and test equipment. 

20 High resistance or open solder joints .. 

3. Leaky or shorted collector-to-emitter of emitter­
followero 

4. Open emitter or emitter-follower 

5. High leakage current in grounded-emitter. 

6. Shorted collector-to-emitter o~ grounded-emitter. 

7 It Open printed circuit line .. 

* Sari'ag9-barrier transistor logic Gircuits. 
S,"1 



8. Shorted printed circuit lines. 

9. High resistance or open contact of card corrector. 

10. Improper component or value of component. 

11. Broken bus lead. 

Less common faults are: 

1. Open base or collector of emitter-follower. 

2. Open base, emitter or collector of grounded-emitter. 

3. Collector-to-base short of 'grounded-emitter. 

Relatively rare faults are: 

1. Open or shorted capacitor ~ 

2. Open or shorted resistor. 

30 Out-of-tolerance resistor or capacitor. 

Note that many of the above faults will have similar 
sym.ptom.s and their relative occurrence is a guide to the type of failure 
at hand. For example; open or shorted resistors and capacitors rarely, 
if ever, occur.. Generally it is a poor solder joint, open contact, open 
printed circuit line or shorted circuit lines. 

CAUSES OF FAULTS 

The typical causes of ' ,the various type faults are described 
below: a knowledge of which will h~lp} prevent faults and al~o help interpret 
the "case histories 11 of failures. 

Im.proper Use of Equipment 

Improper use of the oscilloscope is one of the most 
common faults, especially among inexperienced personnel. An oscillo­
scope misused and~isinterpreted can cause considerable lost time in 
searching for and correcting non-existent fault conditions, and may even 
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be destructive to the circuitry. One should take care to be certain that 
the oscilloscope probe is properly adjusted and calibrated. Most oscilloscopes 
hav~ built-in 1, 000 cycle square wave calibration signals. The ground return 
to the probe lead should be short when waveforms are to be critically analyzed. 
One should not connect the probe to the circuit under stu~y with hook-up wire. 
Proper connections ma.y be inconvenient, 'but are eS.Hultial when fast 2:"11. tim •• , 
Ihort pulse widths and noise are to be observed and studied. 

The probe should be used at all times. Makeshift connections 
greatly negate the useful charac'teristics of the oscilloscope (particularly wide 
bandwidth and low input capacity) and are often the cause of peculiar wave­
forms. They may even be the cause of circuit malfunction because of 
excessive stray capacity, coupling into other wires, and shorted pins. This 

. is particulary important around single shots and timing flip-flops. 

One should always be careful not to cause shorts when 
connecting test equipment or temporary wires to the connector pins •. Most 
emitter-follower failures are directly caused by such oversights. 

High Resistance or Open Solder Joints 

High re sistance or open solder joints are a common problem 
They may occur at any time and have a tendency to be temperature sensitive 
because of unequal expansion of the wire, solder and/or printed board 
material. They are especially prevalent after extended periods of operation 
at relatively high ambient temperatures. This is because the physical 
processes which effect their failure are proportional to the integrated 
product of time and temperature. A rough m~asure of this product is the 
amount of gray coloration that appears on the surface oi,the solder. 

Poor solder joints occur most often between the solder and 
tinned bus wire, sometimes between solder and cOD?-ponent leads, and, 
only rarely, between the solder and printed circuit lines.. Feed through wires 
are more susceptible since there are two solder-to-bus-wire, joints. This 
is generally attributed to the fact that tinned wire and leads suffer from 
surface changes when stored for long periods (as is the case in production 
stocking) and exposed to oxygen, sulfur and human perspiration. The 

r printed circuit lines have an immersion gold coating and thus suffer much 
les s. Considerable attention is given to prope.r storage of wire and 
components, and where possible, immersion gold-coating.. Considerable 
care is given in production (and should be given in repair) to a proper 
soldering procedure, especially concerning temperature and flux. The 
temperature should be such that the solder flows easily and wets the 
surface. Only pine rosin and alcohol (usually butyl) should be used. Any 
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residue must be completely removed with a solvent. Ethylene dichloride, 
amyl acetate (banana oi1:) and butyl alcohol are suitable solvents. All of 
these solvents are inflammable. They can be toxic if left on the .skin .for long 
periods or if inhaled to excess. Small amounts should be used in a well . 

--- ventilated placeo Smoking during use is undesirable. Flux residues tend 
to be hygroscopic and sticky, thus collecting dust and salts in an electolytic 
medium. This will attack the joint. No other. fluxes can be .used as they 
invariably contain ionic substances that are dif~icult to remove and will 
always attack the joint. 

Care should be taken to keep the cards clean and free 
from corrosive substances such as: human perspiration; sulfur bearing 
substances as rubber products and food particles; and tar bearing substa~ces, 
such as cigar and cigarette smol<e 0 

The above may seem trivial but is really of great im­
portance when it is remembered that there are nearly a quarter million 
solder joints in the central arithmetic and memory control alone, that 
each must go through at least 2,000 hours of debugging and testing time, 
and must have a useful life of at least ten ye,,'.rs. 

Particular attent .. on should be paid to the effects of 
changing temperature on poor solder joints, an'.:l jn g ~ nerating pOd~ solder 
joints among the weak s'isters D The rise in ambient air temperature in 
the central computer is about SO Celsius (Centigrade) over that of the 
intake air D Some of the compone.nt leads and solder joints may be as high 
as 15 0 C over that of the intake air. Since the coefficients

6 
of thermal 

expansion of copper and eutectic solder differ by 12 X 10" per degree 
Celsius, this 15 0 C temperature rise and fall (when turning the computer on 
and off) causes a differential movement between the copper. and solder of 
two parts in ten thousand" This is not serious in properly t1wetted" solder 
joints, but will eventually cause failu!'e in poor joints. Since the solder­
has the larger co-efficient of thermal expansion, there is a greater 
tendency for a m.arginal joint to be open when the computer is running 
warm (the ambient air temperature is high) than when it is running coller. 

The thermal time constants are rather long for the card 
about 20 minutes and for a module cabinet about one hour. It requires 
about four to five thermal time constants to obtain thermal equilibrium. 
Thus, about 4 to 5 hours are required for all the internal components to 
.reach thermal equilibrium and about 80 to 100 minutes for a card; if it 
is put Gold into a wa.;rm QabinQt. 
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It is interesting to note that the magnetic drum has the 
longest thermal time constant in the computer, somewhat over two hours. 
The thermal time constant of the core stacks is abqut 30 minutes. Thus 
the drum requires about 8 to 10·hours and the core stacks about 120 to 
150 minutes to reach final thermal equilibrium. 

Emitter-Follower Failures 

Leaky or shorted co11ector-to-emitter and open emitter 
of emitter-followers are perhaps the most common transistor failures 
to be encountered. Most of these are causes by negligent use of test 
equipment or shorted pin connections. A few, especially in the initial 
hours (first 500) of debugging, are due to defective transistors (dirty 
surface, poor welds, defective seals, crystal imperfections, etc.). The 
total of these seldom amounts to more than 6 to 12 transistors. After the 
initial failures, nearly all failures can be attributed to human errors, 
until about 12 to 15 thousand hours of operation when a very few failures 
(order of magnitude, 0.030/0) may result because of decreasing punch­
through voltage. 

These particular faults result from excessive power 
dissipationo This will be caused by shorting the emitter of the emitter­
follower to ground or to the posi~ive voltage, or accidently paralleling 
two emitter resistors together. (The last is sometimes done because of 
temporary logic modifications). Faults will also be caused by excessive 
stray capacity to an emitter handling signals with high pulse repetition 
rates; defects internal to the transistor and punch through voltage decrease 
with age;· transient currents due to improperly grounded soldering irons;~ . 
and/or test equipment. Whether a collector-to-emitter short or open 
emitter occurs depends on which portion of the transistor is weaker, 
respectively, the crystal between collector and emitter or the indium 
emitter dot.. On rare occasions the base or collector of the emitter­
follower may open or there may be a collector to base short. 

It should be noted that what often appears as an open 
emitter, base or collector J is simply a poor solder joint.. When any 

, transistor is removed, it should be tested separately. Replacing a 
transistor may, by the very act, unknowingly repair a poor solder joint 
and the removed transistor ,unfairly held at fault unless it is tested 
separately. 

* (The only soldering iron approved for use on the S"2000 is one with an 
isolation transformer whose secondary is grounded, by a clip lead:, to 
the computer ground. ) 



Groun.ded Emitter Failures 

The most common ground.ed. ... emitt.r failure, but Ie •• 
common than emitter-follo'wer failures. is hi.gh leakage or a collector­
to ... em~tter short. Initially a few of these fail'Ur~s are due to defective 
transistors, as in the emitter .... followe:r case. lAtexo, nearly. all are due 
to human error, as in the emitter-follower', until about two to three 
thousand hours of operation when one may occasionally find a grounded­
emitter transistor with a rapidly increasing leakage current caused by 
aging. 

Flip-flops are most sensiti-ve to leaky grounded emitters, 
because of the internal feedback loop, which causes the flip-flop to favor 
one of its two sides .(either remain in that state or continually reset itself 
to that state, regardless of the signals applied)o 

.~ A leaky grounded-emitter t:llay generate occasional false 
signalts. This is because the leakage current acts as a bias keeping the 
grounded-emitter in the small signal region in. an area where the dynamic 
beta is quite higho .Any signal to the base will be amplified and may 
cans e a build up at the collector which will 'eventually generate a false 
signal depending on the pulse width and repetition rate at the base. This t 
typically, shows up in parallel II and .. ga.tes 'that are supposed to be off. 
High temperature and high negative voltage, because they increase the 
overall leakage, tend to accentuate these affects. Increasing the negative 
voltage may be used as a marginal check to, detect the imminence of this 
type of fault. 

Other fauita in the grounded.,..emitter such as an open 
base or collector, shorted collector to base are not common and are 
probably more often a poor solder joint as previously explainedo 

Printed CIrcuit Fa,ults 

flPrinted circuit" boards are actually made by an etching 
processo Starting with the board stock{) a sanClwich of two sheets of 
copper (each 00021 inch thick) b~nded to a 1/16" paper - phenolic sheet, 
the surfaces are coated with a photosensitive emulsiono A film negative 
is placed in contact with each surface and the b9a.rd is ex.posed to high 

. intensity llghto The transparent areas of the negative are· located where 
the copper circuit is desired" Light penetrating' the~'e areas hardens 
the emulslon directly beneath. 
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After exposure. the unhardened emulsion is removed by a 
solvent. The board is then placed in an acid etching' solution. The copper 
will be removed, by the chemical process, except where it is shielded 
from the etchant by the hardened emulsion (the "resist"). After etching 
the resist is cleaned from the board to bare the copper "wiring. " 

Ttle most common printed circuit fauits are open or 
shorted printed circuit lines. The open line may be due to mechanical 
separation of copper by hairlines scratches caused by an imperfe'ct resist 
which allowed the etchant to contact the copper across the' printed circuit 
line. Op~ns may also occur because of electrolytic action upon the copper 
of imperfectly cleaned boards, especially if the copper lines are undercut 
by the etchant. Most ,opens are detected in the initial board inspections. 
Others, however, may 'occur after soldering, or after long periods of 
time, as the mechanical contact is often sufficient to maintain temporary 
electrical continuity.. Op~ns may also pos sibly be caused by mishandling 
of the cards; dropping, scratching, etc .• Repair is effected by solder. 

/Shorted printed circuit lines are caused by projections 
of metal which were not removed in the etching, solder bridging, too 
close mechanical tolerances, and pencil lines (pencil lead is very 
conductive).' Repair i~ effected with a.pen-knife, razor blade. or cleaning. 

High Resistance or Open C onta.cts 

In the standard logic circuits, a high resistance or open 
contact:~ is rare. There is a great tendency to use "contact trouble" as 

" a catch-all to 'explain un}.cnown or erratic fault conditions. The contact 
materials have been carefully chosen (rhodium on nickel for the card, 
and gold plating on the connector) and the mechanical tolerances are checked 
in the debugging stage. Outside of mechanical tolerance faults (which 
are removed during debugging) there are probably few, if any, fai~ures 
caused by contacts at the signal voltage levels employed in the ,5-2000 
logic. 

However, contacts are a major source of trouble when 
small signal voltages (less than O. 1 volt) must be passed at sm.ali currents 
(less than O. 1 rna).. This situation is to be found in all core sense 
amplifiers, drum read amplifiers, and magnetic tape read amplifiers. 

The major enemy to good contacts...: is dirt and film 
· formations. Its best ally is clea.nliness. Cleanliness cannot be 
ovel'emphasir.ed aa its lack is 'by tar the major ca.use of contact failure. 
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The primary culprits are human perspiration, sulfur bearing compunds 
(rubber bands and erasers), tar bearing 'compounds (cigarette smoke) and 
dust. A malfunctioning contact '; can 'Ino'st often be corrected by simply 
removing and re-inserting the card several times to mechanically clean 
the surface. An occasional malfunction,is caused by too great mechanic~ 
variation between the connectors and cards ,(out of tolerance). A rare 
malfunction (at least in the early life of the computer) is caused by fatigue 
of the spring contracts .. 

The contacts, both on the c,ard and in the connectors, 
should be thoroughly cleaned with ethylene di-chloride and kept clean. 
Human perspiration is the major contamina.nt and its application to the 
contact areas should be very carefully avoided. Perspiration can travel 
from two to three inches across the surface of the card from the point 
of contacto The two major sources of perspiration.are fingers and dandruff. 
Dandruff can l?e e:.specially. dangerous since it may also carry commercial 
oils and shampoo residues-. , 

'These precautions will li$t film formation to envi:ron­
mental causes.. Films will eventually form in from two to six months. 
As these may cause malfunction where small level signals are to be passed, 
it is a good maintenance procedure every two months, to clean the contacts 
by one or two removals, and re-insertions of all cards that have small 
signal amplifiers. In addition, every six months, clean all contacts ,(at 

. least those on the card) with ethylene di-chloride. It would be wise to be 
certain that all cards in the c'omputer have been cleaned as above. 

The best argument for cleanliness can be one figure. 
There are over 20, 000 contacts in central computer and memory control 
alol1.e. It is simple to avoid this type of intermittents and obscure .tro~bles 
by good practices. 

Othe r Fault s 

,Occasionally a bus wire, particulary those that connect 
module and the cardJ may be broken through mishandling or because the. ' 
wire was nicked or damaged. Excessive movement and flexure of the 
back-panel wiring may also cause failure due to breaks. 

, Wrong values of resistors or condensers may cause 
marginal operation.. These are sometimes difficult to find. The wrong 
val~e U may be the effect of a high resistanc~ solder jOint. ' 



Open or shorted resistors or capacitors will probably 
never occur, exc.ept perhaps for the ta'ntalytic by-pass capacitors on some 
of the cards. One can almost imt?ediately suspect a printed circuit fault 
or a poor solder joint. 

Opel"ation in a high am.bient temperature will often cause 
an increase in poor solder joints, which are commonly mistaken for 
"component failures II 0 The simple replacement of a component often, 
unknowingly. repairs the poor solder joint. Proper operation is achieved 
and the component, unless separately tested, is unjustly blamed. 

3.2 DETECTION OF FAU'LTS W'lTH THE' OSCILLOSCOPE 

Following are the symptoms of faults as they appear on 
the oscilloscope. It would be impractical to reproduce every possible 
variation that could occur in equipment as complex as the 5-2000 and with 
back-panel wiring as a strong modifier. The important symptoms will be 
discussed in sufficient detail so that they will be readily recognizable in 
the demonstrated cases,. 

It should be noted that the S-2000 in most part, is a binary, 
asynchronous, level system.. There is no clock and operation depends upon' 
the attaining of one or the other of two signal discrimination levels.. These 
levels are -0.1 volt or more positive for one state, and -1.5 volts or more 
negative for the other state. These are respectively referred to as' the 
positive and negative discrimination levels. There is a minimum pulse 
width (the minimum time a level must be present) that must be maintained 
to insure operation (propagating through "trees H, operating flip flops, 
operating gates, etc.). This requires that careful attention be paid the 
timing flip flop (TC cards, such as AT J IT, etc.) and single-shot outputs. ' 
This minimum pulse width is disadvantageous in that it materially 
contributes to the limitation of the maximum speed of the machine. It is 
advantageous in that it provides some noise immunity.. In the pr"esent 
5-2000 logic circuits, the typical pulse width is O. 35 microseconds. 
However portions of the circuitry respond to shorter pulse widths (down to 
o. '1 microseconds).. ' 

The lack of a central clock pulse in-the 5-2000 is 
advantageous in that, except for logic limitations, it allows the machine 
to operate at its maximum speed. In addition, it avoids the crosstalk 
problems inherent in clocked computers, caused by the large clock pulse 

. currents. The several "clocks" associated with the memory and input I 
output present no special problems since they are distributed by standard ~,­
logic circuitry_ The logic circuitry is designed such that there is little 
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net change in the power supply currents; while one logic stage .is going 

. "off" the next is going "on" J etc .. 

There are several important items to look for. in diagnosing 
faults in the S",:,2000 logic circuits: 

1 .. The voltage levels. 

20 The time slope while changing levels (1. e., "rise lt 

or "fall" times).. (To avoid confusion hereafter, 
"negative going rise time fI and "positive going rise 
time" will be used to specifically refer to going 
from positive to negative and negative to positive 
discrimination levels, respectively). e 

3 0 The delay betwe:en 500/0 points. 

4. Pulse stretching or shortening. 

5. General pulse appearance neglecting minor 
deviations caused by wiring reflections, stray 
impedances, minor noise, etc ... 

Typical·faults of the logic circuit shown in Figure 3-1 will 
be illustrated.. The figure s above the logic symbols are identifying numbers. 
The electrical circuit for each of the logic symbols is also shown~ All 
waveforms will be with respect to ground and identified by a number and 
one of three letters: the nUIIlber re'ferring to those in Figure 3-1, and the 
letter referring to the basel' collector or emitter. For example" 
waveform 5C refers to logic element 5 and specifically its collector. The 
odd numbered elements are grounded-emitters~ the even numbered ones 
are emitter~follower S 0 

The logic of .Figure 3 -1 is to illustrate the'differences 
between lightly loaded and heavily loaded circuitryo Logic element 2, 
an emitter-follower is heavily loaded, u.nlike elements 4 and 60 This will 
affect the waveforms of elements 1, 2 and 3,. and cause them to differ 
somewhat from those waveforms associated with elements 4, 5, 6 and 7. 

The first case to be studied will be the control case, 
all.ci:r.cuitry normalo Then each diseased condition will be studied 
individually. The cases to be studied are ,(see Figure 3-1. for nomenclature): 
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CASE ELECTRICAL FAULrr WAVEFORMS SHOWN 

1 Everything normal. lB, le;. ZE, 3B, 3C. 4E, SB, SC, 6E, 7B, 7C 

Emitter Follower Troubles. 

2A C to E of 6 shorted. 5B, SC, 6E 

3A C to E of' 6 leaky. 5B, SC, 6E, 7B,' .7C 

4A Open E of 6 'SB, SC, 6E, 7B, ,)C 

SA RE of 6 open SB, SC, 6E, 7B, ·7C 

6A Open B of ,6 SC, 6E. 

7A Open C of 6 SB, 5C. 6E., 7B, 7C 

2B C to E of 2 shorted' lB. lC, 2E 

3B C to E of 2 lea.ky IB, lC, ZE, 3B, 3C 

4B Open E of 2 lB, Ie, ZE, '3B, 3C 

5B RE of 2 open IB,. lC, 2E, 3B,.3e· 

6B Open B of Z Ie, 2E 

7B Open C of Z lB, lC, ZE, 3B, 3C 

("A" cases are lightly loaded and "B" cases are heavily loaded circuitry_ ) 

SA 

9A 

lOA 

llA 

12A 

Grou.nded Emitter Troubles 

c to E of 5 leaky 
1 

Open E of 5 

RB of 5 open 

C B of 5 open 

RC of 5 open 

SB, 5C 

'SB,5C 

4E" SB, 5C 

4El' 5B, 5C 

4E, 5B,. SC, 6E, 7B, 7C 
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CASE ELECTRICAL FAULT WAVEFORMS SHOWN 

13A of'5 shorted 
I I , 

RB 4E, SB, SC,' 

SB C to E of 3 leaky 3B, 3C, 

9B Open E of 3 3B, 3C 

lOB RB of 3 open 2E, 3B, 3C 

lIB C B of 3 open ZE, 3B, 3C 

lZB. RC of 3 open ZE, 3B, 3C, 4E, SB, se 

13B RB of 3 shorted ZE, 3B, 3C 

(itA" cases are driven from a lightly loaded emitt'er-follower; and "B" cases from a 
heavily loaded one. ) 

Careful distinction should be made between the symptom., 
the electrical fault, and the actual fault. The logical error and the de­
fective waveforms are the symptoms. The electrical faults listed are 
functionally what is wrong. The actual fault is the defect itself. For 
example, cases lOA and 13A, respectively list RB a.s open or shorted. 
As a circuit function this may occur, but almost never because R B itself 
is open or shorted, but usually because of a poor solder joint, a broken 
printed circuit line, a shorted printed circuit line, etc. 

As a large variety of actual fa.ults may cause the same 
electrical fault, it is %nore convenient to classify faults according to the 
electrical malfunction. I _ 

I 

All waveforms for each case are clearly labelled. All 
time scales read from left ,to right and are 0.1 microsecond/em except 
for case IDC which is .ahow:o. at t-U~). ·!:~:c: 'o.aecon.d/cm til illustrate a : 
peculiar symptom of the disease.. All ground levels are labelled" -+'~ for 
reference. These waveforms apply to the use of the following Tektronix 
oscilloscopes, models 531, 535, 541, 545, or ,551. 

Consider Case 1 with everything normal. Note carefully 
the levels, the pulse widths, the pulse shapes and "rise" times. Compare 
6E to 2E, 7B to 3B. and SC to IC, and note particularly the difference in 
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levels attait1t'd, (1\,\ pUltH~ sh'\'po a.nd ri fJe timcs. Elc'Dlcnto 5 anu 6 are 
lightly h'~'H10d) \ \::\.l1d 1 and 2 heavily loaded ci r<'~\litry. Note that the pulse 

,\vidth ir<'l1l1 ill to riB or 7B has not changed tt Telke careful notice of the 
relationship of the levels (the ~Jtcady state ox' fla.t tops 01 the pulses) both 
ncgatlve and positive with rc.~spect to 'ground~ 

Observe that the positi.ve going sign(1.1 on the emitter of a 
heavily loaded emitter ... follower· (ZE) is unable to follow the driving, 
collectOl" (1 C) as well as a l.ightly loaded one (4E following 3C). ,This is 
because the large load capacity will not allow the emitter voltage to change 
rapidly and the base going swiftly,posithre temporarily cuts the emitter­
follower 9ff (1. e.' ,. non-conducting)o The lightly loaded emitter-followers 
rema.in on at all times and biased in the actj.ve region of fhe collector 
c,p.aracteristics,' Do not pay undue attention to' trivial details in waveforms 
such as slight oscilla.tiollS or hash (often seen on cascad.ed em.itter- " 
followers with long lengths of back panel wiring attached). As long a's 
the se are small and beyond the disc rimination levels, they are of little 
significance. -However, do not neglect any malformations that extend into 
the discrimination levels or are, causing malfunctions or false signals. 

. One mUtit become very familiar with the above normal 
waveforms. They should be memorized and one should be able to sketch 
them to scale from memory. Note in particular the levels, rise times. 

, arid delays. These are the normal waveforms and all fault deviations will 
be described as the deviation from these normal waveforms.' 

Emitter-follower de£e~ts will be located in element 6 for 
the lightly loaded case, and in element Z for the heavily loaded case. 

I 

Consider cases 2A and ZB, a collector-to-emitter short. 
·This is most readily recognized as the emitter (6E and ZE) approaches the , 
negative supply voltage, (-30 5V) regardless of the base signalo . Note also 
that the negative level of the driving collector (5C and Ie) is more negative 
than normal since transistor action is lost and the base to emitter, diode 
is' now b,a.ck-biasedo This is more noticeable in the heavily loaded cases 
(lC). 

Cases 3A and 3B illustrate an intermediate condition, a 
lea~y collector ... to-e~itter. Note that the driving collector negative level 
increases and the emitter's positive level becomes more negative. The 
emitter f s negative level tends to ,become more negative than normal, but 
is often difficult to note. This overall negative shift a.nd compression of 
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the signal tends to bias the following bases negative (7B and 3B) holding 
thes,e transistors "on" or their collectors positive (7C and 3C). It does 
not take much excess leakage current to ,cause malfunction. 

':, <;:;ases 4A and 4B illustrate an open emitter of an emitter-
" follower. Note that the driving collector (5C and Ie) appears as in cases 

:',Z·and 3, but that the emitt~rs (6E and ZE) are now grea.tly positive (instead 
of negative) regardless of the signal on the baseo (Se~ also case 6,. which 

,', is similar. ) , 

Cases 5A and 5B illustra.te R '4" of an enlitter .. followe~ .... . 
being open. Again, ·the driving collecto'tf appea'rs as in cases Z'-, 3 'and 4. 
The driven baser; ,(7B and .3B) will be held negative as in <.: ase 3. This 
case may most readily be differentiated from the preceding cases by the, 
very great increase in positive going-rise times, as seen. on the emittel' 
(6E ana ZE). This is because the discha:r'ge path for hole storage through 
the following bases is interrupted. This case is very oSten mistaken fol"" 
a leaky emitter-follower. The tell-tale incl'ease in positive .. going rise 
time is the clue. Loss of positive voltage (general or local)· "Pill cause 
s im.ilar wa ve£orms . 

Cases 6A and 6B, 'an open base at the emitter-follower. 
cannot be differentiated from an open emitter (case 4) while in situs but 
both cases correctly identify the trans,iator as the villain.' See discussion 
of case 4. ' . 

, ,Cases 7 A and 7B, an apen collector of an emitter-follower, 
may be recognized by the clamping of the collector of the driving transistor 
(5C and Ie) to a pos,itive voltage. ,being much more positive than the 
positive discrimination level. This collector waveform is reproduced at 
the emitter (6E and ZE) and the driven base (7B and 3B).. As these bases 
are always"held positive, the driven transiators collectors are always, 
negative. (7C and 3C).. This case is simila.r to case li and; often both 

'possibilities must be tried .. 

Cases SA and 8B, a leaky grounded-emitter can generally 
be recognized when severe, as a material decrease in the negative level. 
All other' a'specta of. the waveform are normaL In the early stages of in .. 
cl"easing leakage current, it ls often difficult to find the fa.ult directly, 
and: m~it 1;;U;J foyntl by m,Uta .g~hl$jtlCft,tifg fAGth041 Aj clllcrl'bod pfoviOU"Jv 
~nd~r grounded em.itter £ai~urQs. ' ' ' 
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Cases 9A and 9BS!' an open emitter of a grounded-emitter J 

can be recognized by its distinctive base waveform (it being like that from 
the driving emitter) c,oupled by its collector being held nega.tive. 

Cases lOA and lOB and lOC, R B being open, can be 
recognized for h,igh repetition rate pulses by l.ts base wavefor.m being 
similar to the drivdng emitter and the entire waveform shifted p~itiveo 

,This c:ase may not cause trouble in certain low repetl.tion rate negative 
input pulses as il.lustrated in ease IDC repeated for a low repetition rate 
on a 500 microsecond/em scale. The ba~,e waveform shows a distinctive 
discharge time constant, but the collector waveform is "norznal fl. As 
the r.epetition rate is Ulcreased, Hfailur~" will eventually occur41 Positive 
input pulse~ will always fail in this fault. 

Cases llA and lIB, C B being openjl is recognizable by 
the large increase in hole storage delay (L, eo ~ large increase in the delay 
of the posi,tive-going input pulse) a.nd the distinctive distol"tion of the base 
wave!ortne At the baBe, this i,ncr'ease in hole storage delays tends to 

, stretch negative-going input pulses ~nd shrink posit'ive:g6in.8·.i~pUt, pulss's. 
, Coropar~ 5C to 3C Q£ this caseo 

Ca.ses 12A and 1213. R·C being open is very diffic\Jlt to 
distingulsh from case 78 and often both cases must be considered. See 
discussion Qf case 7, Local or general lOBS of negat~v~ voltage, will give 
8i~ile.r reiju!te 0 

Cases 13A and 13B p ~ shorted base resistor RB' often is 
not noted as such until excessive power dissipation in the base to em.itter 
diode cause~ the grounded emitter state to become leakyo It can be 
recognized by the driving emitter waveform appearing directly on the ba$e. 
This, fa.ult often does not ca.use functional failure except where the slight 
increase in delay (due ·to heavy saturation of th~ grounded emitter st~ge) 
or th~ heavy loading effect (in heav«ily loaded driving emitter-follower.) 
wUl cause aeeociated eil'cuit functions not tQ propogate prqperly .. 

CONCLUSION: 

Norr.a.al operation. and twelve varieties of faults under 
light a.nd heavily loaded conditio~s have been discussed in detail (25 cases). 
Other varieties of faults provide s'U.ch obvious symptoms (such as the 
collector always being nesative of. a. grounded emitter 'whose base is opeD) 
that they are not diSC'~ssed in detail., Nota.tion has been made of the . 
causes '0£ most faults. their. relative order 'of Qccurre~ce and :remedJ. •• 
sugiest~d. 
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CASE I CASE 2A CASE 3A 

58 58 58 58 

DC 5C 5C 5C 

6E 6E 6E 6E 

18 78 78 

7C 7C 7C 
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78 
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Figure 3 - 3 EF Trouble s 
Light Loading 
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CASE I CASE 88 CASE 98 
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Observation point: Base of grounded emitter 

SYMPTOM 

Base waveform normal in shape but reduced 
in a:mplitude and biased negative. 

Base at highly negative level. 

Base waveform distorted and held negative 

Base waveform. highly positive (+5 to +6 v). 

Base waveform positive (+ 1.5 to + 2 v). 

Base waveform positive (+ 0.5 to + 1 v) 

Base waveform similar to that of 
driving E. F. 

At high repetition rates the base waveform 
is similar to driving E. F. but shifted 
positive. At low repetition rates there is a 
distinctive discharge curve. 

Positive-going rise is greatly increased 
and lack of normal overshoots. 

Base wavefortn the same as driving emitter 
but negative leV'el decreased 

POSSIBLE ELECTRICAL FAULTS 

Leaky C to E of driving EF (case 3) 

Shorted C to E of driving EF (case 2) 

R E of driving EF open (case 5) 

Open E or B of driving EF (cases 4, 6) 

Open C of driving EF (case 7) 

RC of G. E. ahead of the driving E. F. 
is open (case 12) 

Open emitter of G. E. 
Open base of G. E. (case 9) 

Open R B of G. E. (case 10) 

Open C B of G. E. (case 11) 

R B shorted (case 13) 

Analyis of Symptoms 

Table 3-1 

POSSIBLE ACTUAL FAULTS 

Leaky EF transistor; shorted printed circuit 
line; dirty card. 

Same as above. 

Poor solder joint; local or general 

los s of positive supply 

E of EF burned open; poor solder joint. 

Poor solder joint, local or general 
los s of negative supply. 

Same as above. 

Poor solder joint. 

Poor solder joint. 

Poor solder joint. 

Shorted printed circuit line. 
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Observation point: Emitter of emitter follower 

SYMPTOM 

Enrltter highly negative regardless of 
input signal. Signal if present is small 

Emitter highly positive (about + 5 to + 6 v) 

Emitter positive (about + O. 5 to + 1. 0 v) 
Does not go negative with signal. 

Etnitter positive (about + 1. 5 to + 2 v. ) 

Large increase in positive-going 
rise time. 

Significant decrease in negative signal 
level at emitter. 

POSSIBLE ELECTRICAL FAULT 

Leaky or shorted C to E (cases 2 and 3). 

Open emitter or base (cases 4 and 6). 

RC of driven G. E. open (case 12). 

Open collector (case 7) 

REopen (case 5) 

Shorted RB of driven G. E. 
Poor base connection of E. F. 
Leaky driving G. E. 

(cases 8 an:d 13) 

POSSIBLE ACTUAL FAULTS 

Leaky or shorted transistor; shorted 
printed circuit line; dirty card. 

Emitter burned open; poor solder joint. 

Poor solder joint; local or general 
loss of negative supply. 

Poor solder joint; local or general 
loss of negative supply. 

Poor solder joint; local or general 
loss of negative supply. 

Shorted printed circuit line about . 
driven G~E.; poor solder joint about 
base of E. F.; damping resistor in 
tandem. E. F. 's too high or poor solder 
joint; negative supply voltage too low; 
locally or generally; leaky driving G. E. 
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Observation point: Collector of grounded emitter 

SYMPTOM 

Significant decrease of negative level at 
collector. Flip-flop favors one side. 
Occasional false signals. 

Collector stays negative 

Collector stays positive, signal 
shifted positive 

Som.e increase in delaYJ particularly 
in the negative-going slope. (Often 
difficult to observe). 

Positive input produces no output; 
low rep. rate negative input is effective 
and high rep. rate fails. 

POSSIBLE ELECTRICAL FAULT 

Leaky G. E. (case 8) 

Open emitte r of G. E. 
Open collector of G. E. 
Open base of G. E. 

(case 9) 

R of G. E. open 
Co~iector of following E. F. is 
open. (cases 7 and 12) 

RB of G. E. shorted. 
(case 13) 

RB of G. E. open 

POSSIBLE ACTUAL FAULT 

LeakyG.E.; dirty card; local or 
general loss of negative supply 

Poor solder joint. 
defective transistor. 

Poor solder joint; local or 
general loss of negative supply 

Shorted printed circuit line 

Poor solder joint 
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4. MAGNETIC CORE MEMORY 

4.1 PRINCIPLES OF OPERATION 

MAGNETIC PROPERTIES 

The use of magnetic cores as a storage device is primarily 
based upon two properties of certain ferromagnetic -materials, re~anence 
and non-linearity of magnetic response, The ,manganese magnesuim ferrites 
used display a large value of remanence, the amount of magnetization re­
maining after the remqval of a magnetizing force. In these ferrites. the 
remanent level' of magnetization a'pproaches that induced by the magnetizing 
force and ~plies th,e abili~y to store recoverable' information. 'The storage 
is termed non-volatile since it requires no external power to maintain it, 

The non-li~earity of the response implies a critical value of 
magnetizing force and the ability to discriminate in the selection of one. 
among many cores by proper application of magnetizing force values, 

/' The existence of two possible polarities of magnetization 
readily lends itself to the storage of binary information_, 

B-H CURVE 

An idealized major hysteresis loop of a ferrite 'with desirable 
response is shown Figure 4~1. +Bs and -Bs indicate the saturation levels of 
flux density, of the two polarities of magnetization; +HM and -~M the required l 

magnetizing forces respectively. +Br and -Br represent the remanent levels 
of lTlagnetization following the removal of the s atu rating, magneto motive 
force. The two polarities are arbitrarily identified as + and -. For binary 
information storage.;.; Br is assigned to one binary value and +Br to the 
othe r . GJJn v~ n ~ iQ.M:.ny~!~~jl~_~~i ~~_E_~_~~_~!!J:",}_~ __ .. ~~, ~Jgn ~ d,,_ t o __ th_~ __ b_hH~J:"-,-}LDne 
v_~_ll:!.~' A bin~_~y ,9ne is stored by driv:~,~g __ ~~_~,. C;;~~~-,tQ_fJ_~~,~_~_~!i_~_~ ___ ;-g_tb_e 
neA~tive direction, Saturati6n-iri"th~_.Qp.-E~.~~te, positiY~ .. _PJ.)la.rity-_);~ep~~s_~nts 
a-zero. The 'r-(;ad-out, ~'method--'of-~ensing informati.Qn in a c,o~e is p~r'-
f~i'~ed pi' drivi~g--ft'1o-'s-~!~'?:.afron~:ln,'the, __ p_ositiy~ ___ .P~~~riiy-~ - 'fi.s ___ i~,~~!~_g_,~~~_~y's 
p~~~_eJi.e.s"~y;rlting t the c'ore' i~_~I'Q Jh.~ __ "~7~_~,2_,,~,~_~~.~!!_~E_j_~~t-p~J01:-.t~W_I.!~Jng, <Jf.., 
z~~.Q_ia,_~_t9,~~_~ in a core by n()_~_~!.it.~~g a op_e".' 

( 

T~~e s t.,~_~_p v e !t"~~~~~ lO'p~_~._9f_~h:~ ) 0 ~ _,s h.~~ __ ~~~"! __ ,~_"~r ~J2~i v!'}y 
l~,~,ge_Y_Q~t?-Ke ,pulse wHIJ?e, genez:at.ed as the "core".ia_.d_ri;y_e_n_J_r_om...on~ 
~aturation polarity to the other. The non-linearity, represented by the 

""'-" ~ - - - ,- - - ~ .... ~ ,~ ,--
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horizont,al components of the loop sho'Y:, ,t~~~ _~, mC1g:n~~i~~pgJ:9~,~!L9J,_O~~ J~a.U' 
the saturating value-wIlfnot--sw"ftch"the core's _p~l~r,:~~y. !!,,?w~:v:e,r~,~_~ 
relat1v'eI-y" ~imaIr-v'iilue o{'voitage pulse will be 'generated during the 
~~~~~~ation"'ol'+-~~'? 2" '~r" -", HM /1. 0 

APPLICATION FOR INFORMATION STORAGE 

As previously mentioned ~QJnMY-.Qne...j!Llito..riUi,J~.:y ___ ~pJi-
cation of a currenuul~~,J~ro4~~~g a forE..~of -~_in, __ ~8:~~i.t~~e. "rhi~ 
termed "writing" a one. A binary zero would be stored by not writi~g a one. 
TOdet;-;~;-this[n£'ormatiop'--atanyTIine'fOliOwing'~-thecore-~i;--~-~~d~~,~.t 
b .. y the application of +l::!M. As th~,~~'!3~~~~d ~.!~age i~_~=fun~~~~n-o{-the rate 
of _~,~.~ng~ o( f~u~_c!~~~.~)", th~_~ff,~.r_~!.!,~-~_,_~~,_m~gJ~~~'g,4~~" o~ v.Q~ag~_s generated ~ 
by driving from -Br to +Bs in one case, and £rp~"t.~,~"~to +B!.. in th~" other 
c,~n, b~ dI~~in.g~:~she-~~.· . , . ' ... '---- -~~,,<o.""., .. ~ __ ~ -." --,----- .... --- ", 

This r~~~_-:.9ut .2..r~~ess is destructive ~s/~~!~~rLin.£.o1-!t :,:. 
~tion J.E.~.!:_~dt~J~!t~d. ,.f\'E. ~~,~4!~i~nal P,~:~giUia, . .i&'_1'!!~essary,to sub~equently 
~,!!~~~, .. ~~,~ information in the core'lor continued sto~~.s~':'·~-~-~"'"··", - ..... --.. --~ ..... --...... ----.,. ... -..... "'-.. -....... -.--" ..... -....-.----.... ---'-.".""~~" . - . 

t' " 

CORE WIRING 

, 'Ph ys ic all y,.- t~~E!'.~~J.:_!-!.J9,r-Qj.d." ... 'Yhi~1l ~.§_th r"~~ded,J~y .,the 
rE!.~~~~~A~~tr~_~JoE_,~h~ __ ~~,!!~ ,currents a.~_d ~ _wire to" \sense, the vol~age . 
pulse generated during reading. The thre,"~4.~c;l w;~es ~re ,equ.v~l.ent.~Q~_QP~-tu'r'n lo'6p's~-around the - cor'e.:-- &.. . • 

~_~ ~ ~ _, .'" -~. "'-"'·-_'~~~_.M~. __ '_" .-~-, .,,-...... -~ • 

CORE PLANE 

The mas s of binary information that must be' stored requires 
an organization to minimize the complexity of selecting the desired core at 
any time" ~~e memory. u~.~t,.o£ TRANSAC 5-2000 stores 409~~~~r._~s r ~q.~iring 
196, 608 cores"~-~'--·""·---·--·---·~--- , ~.--"'-----.-----: " 

The £2!es ar..L~~ng.e!LiIL~ gri<lyvit~th~~~!':JY~ .. wi.r.f;tS,~~~.ting 
~ordiE.~tes. To illustra.te with ~ simpler core plane than is found in ~he· . 
5-2000, Figure 4-2"shows an organization of 36 cores tic ,,~~~~ .. __ ~.~J~Hn~ .. ]:l.a~,,_~,' 
sepa.ra_t,~~.!:~'ye -~~E.~_, a~ __ ~~_~_~_ e~~~_"p'.~ .. rE~,!l~j.:p~.!~.!,,,,.r_QW. These .~~e_,~.o.:r:n~Q~ly 
known as, X and Y wires 0 To select a part~_~19-J·._~ . .Qre"J9j'-r~a.di!!g_.Q~,,~;~Jt~~g ~ 
cE_rents are energ)zed i.n the-appropriate x and Y lines. The current i~ 
e~_2,h_J~!!~~nl y proQuces"'-al'i HM7Z1orce-:-·' '.2~~Y,'.~~~-.-!.~ l~ctedcore;-~~~r~. !.~~ 
currents cOIilCIa:e is capa:i;leof-'b-elngswitched, The other core,s threaded 

--,.,-" ".,-._--, .. ;:-'''---------- • • :------------."'--~ ","-q \ --.':-:'"'' ".~':'''-'''', '. ---:-. 

i 
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by that pair of X and Y lines are termed ":Q._a.U __ ~~l~~_t:~d". Referring to 
Figure 4-'::'1, the effect of ± Biz can be determined. It should be noted that 

C'~~-...... -- ..... -~- "-._ ... --., __ ~_ .... _ .... _~.~_ •• ,~.--.--~-- w __ ' ___ ---------,.--- ~ ... __ _ .. ___ • __ '". ___ ~ •• __ ._~ .... _ ••• r"",~_ ...... _ _, 

t~~_ ~aJt~L~1~cted cores do r_a~,~ate a varying_ magnetic field while driven. 
The d~sign of the,_~q~e, st~~_c!K~ __ f_~J~,Dotjgn.o~e"this- undesirable _1.",~sp_~~se. 
This matrix of ~9r~s is usu~l1y __ .r~Jer,17edto-as-a-'--'.cor,e--.p-l...a~. ,,'")< -

For convenience of core selection in binary machine, !he. 
number of core s in a plane is usually ~._l?<?~~~ ~(_two. 

MEMOR Y ORGANIZATION 

The logic of storage use determines the minium complexity 
of the storage ___ system organization. Required is a .system of storing a 
number of multi-bit words where-in access to only one word is required 
at any monent. If the computer is a parallel machine with each information 
bit simultaneously required, storage is best organized so that the number 
o~ core planes equals the number of bits in a word .. Each bit of the word 
is stored in a different plane. All the planes are driven by the selected 
pair of X and Y line s . 

:E1~~~.p, .. ..c_QJ.:a-PlaP.:.~~~·P ~.~J).~)!! ~ __ ~p:~ __ ~.~.I'!l~e.,,~ bi t v a!.l:1 e __ ! Q ~ -.. Cl:~! !'. 0 r d.s. · 
T~e_ .!-1umber of cores in,a _plane ~~erefore ~quals th.e ~uIl1.b~~ _ of worc;ls 
store~. .If __ ?n~y' o~.~ word is acce~~.cec;l __ .. ~!~~Y,time onlY,one sense winding 
i'ts req-uire'd per plane'. -- A 'third function in each plane is provT(Iecrby_~he 
"inhibit winding" . Each core has orie--sucl1'wlndi~-g--." --.--- ----,------,----- -----

~~-... - .. - - -- " "' ... ""_._ .. .-...._,,~ __ ,.w~_~ .--.---- .... ,..,,~ ...... - --- ~y 

READ AND WRITE 

To read a core"currents are driven through the selected 
;- ____ ~ ___ ~...,....."-- ______ • __ ... _ .... _,_-,-,~_" ... _ ... "", ........ -> .... - • .., ... -~ ... -~ ... -"""'~ ... 'i .... "~. ~ .. "-...~ ... u •• -"',~ ... ~ ........... ~ ~ ,,, .. , .. ~, '"-.., ......... ,,~~ _ ......... _. M_ _ _ 

~,_~?~,_ -:!. ~~~~_~,~ __ ~h,:_~_:_~,~_~_~=_!~ .. ?? .~~,_<:,,~E_~~!_.f!..<?~_ ~_~~~y!~_g_._!~~--.~_Q~.~"--~~~l!,~~! 
coincidence to +Bs. 

The same X, Y lines can be used fo~_ w.1~i~~ng .(iptothe cores) 
with currents of the opposit~--p'~la~Tty appiied to th"e' plane~, .. jf _an additional 
i~hibit'o~-Io-rc-e- fs--appii~-d--t~-th~~~-pfan-es' "~h_9S~-_1:l~J y~lue should remain -
~!.?~--- ·t~~,s --i~p l~e-i~~)j~fj~fl _~~~!_ e s Q(IIi~~ .. ~L~j~.s~,!.e(L~9r(t~_~_!:,$l,"Jn _ .. !h~", ,p!p.~',;r~y .. 
zero condition before writing. This is the conditlon following r~~~ .. ,}\The~~_ 
~ 0 ~_~'-'I~~~!§ -r~_~~~ri-'-z~ __ ~-~~_~t~e, i~~~~~!~~£~_!_~~~I:~!~IftM{?~~!~I~~ .. i~_~~.PEJA~~, j q~ 
a net force of -HM!2 at the sele~~e~~_2r~_~ See Figure 4 -3. h: si~~ 
inhibJ!_~Iiialng'--suflIceii--fOr--tl;e- plane as only one core is selec~_ed. 

___ - ..... , ... ~ _ ... _. k"'~' ___ ~----'-""'''''-'''''''" ____ ' ___ '''' ___ '''''''''''~~ ~-'~-"""'~~""" __ ~"N" __ ' ____ '~ ___ ~~'~ __ ~ ____ ~~ ~ ___ ~ ____ ~_~ __ .~ ___ ---"oW ---~----- - -,-
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MEMORY CYCLE 

,,-
LA standardized control sequence is indicated by the methods 

of reading and writing. T.!1§ mem-'ll:Y-£'}!!;1~S9..!lsist.L o(~ .. re~~_LQllQwed--b-1-,a 
~,,:ite. ,:£he varia~~ is __ ~h.eth~_:r~,~~~~!.-Qtle._l~LW-..r,jtten. IfJb.:~t. 9P~r~~j.Qn 
required is a transfer of il!f9_~~a.tion from memo~Y't the, inf'o~mation sensed 
during .... ~e-ad--ii~~Iore~ .. ·i~·i~e __ ~).iP~!~~'.R~9! ,~_~~-i~§i~r _afte_r~.pa$.sini-.th~o.ugh 
s'en-se amplifiers. Each bit is simultaneously transferred; the read process 
drlvi~'g_~!~ .. s~ .. E?_~~~~ co~e·s··t"~'-~;~o~"-"f[~i~g-the-wrfte 'p'art~i th~-~~~mo~'y . 
cyeTe-ih.~_~nformation-Is--~ree~l~_~~(tin_lne-~.CQi--~'s'~ E~c'h--Inhib!f~~~~~n'g Js,"; , ',,, 
c.5?'ntrolJ~4J~i~·one()rthe--fi~p'-,flops and -is, activE1t cluring. the write operation 
if a ;n~p~~:e_~_!~i~_~~~~_.~_~~ .. ~,~:7 ' 

____ ~_.- ,,_~ w 1-..:"-

V[b.en ya~~ r z:in~~el!lot:Yl,!:,Q~~~~,gi~_;~~ _,the .. r_e~d. ' 
. ~2eration i~ used to c,lear the ~elected~ore! _!~_~~_ro.' ~_h.~'n,~,~~~~~~_i_C?~ 
sen~~ft.g~_ri!!g, ___ ~~.~_;,,~_~~~ng.EJJ~_~ __ ~or~~~~_~Qt_Y!~l;~~d.' : p-~,r.i~_g, ~!.!t.! __ !be . 
register .~£lop'~ again control ~l?-e __ ;n~ib~~, "!V_~~~!!lg.s •. ' 

.... • ,~~ ,I ... , " ,," ~ ~" ~ _ __ ~ • 

UNDESIRED CORE RESPONSES 

The response of the half selected cores lying along the 
pair of X. 'y Hnes' must be considered as they receive a magnetizing force 
of + HM /2 during read. Figure 4'~4 illustrates the remanent flux density 
of core that was initially saturated to -BS and subsequently received a 
series of + HMf2 pulses 0 HR, 2R and 3R are· the remanent values after one, '~:. 
two and three Hali Read (+H!dZ) pulses. The change in den~ity for -~ 
to HR is consider.able due to the non-linea.rity of the toe region of the J3'-H 
cu rye s • ~ ol~Q~~~_~ir at h.g.lt.!~J!~tjll~t.~,~~~,,_~~~~~,~~~_g~. __ ~c ~ea_~ e"f! _ J;"apjdl y 
a.!¥i..tluL~~e~t_.!~}ue __ ef~ecti v:e !r._s,~_abil~~~..!_~_,.~~o~~~~ __ ~!!gi~~,. o~£ 4l,l. 

Another group of responses accurs when the operating con­
ditions of the half selected core ~re ~~~E:n~~ of !i~lf R.eaQ._~4_H~~_~r!~~ 
p~.!~~~ alt~r~at,eJ.~R, HW 11 HR9 ~'W 0,0 0 i .Toh.~J:;~~ __ £.on!!!~ions oc<;,~r,,_~~~~ .30' 
"1" was read from the ~elected core and r_~~~t~-~ .. ed_ in tll.~t_~Q~~,.during~\vrite. 
Ai;o:'--It th~ !i'~Jl seI;~_ted _~o~~-~~~~ro~"~IQ!i&.J,~e y line"-it~--wQuld receive ---¥!:ML?-' 
during write even if a "'0 ft had been read from the selected core. J'he' .. 
irihibit line is run parallel to th~ X line. .-~ - ____ ~,.c."._._"'_.".'-' __ ._ ~:'-~-- '-~ ---- ~ 
~-.------------..,.---.... ~~- . .,--~~ . ,'''~ -, ,~'" ...... "'-",-,-." 

, The 'rema.nent values for this sequence are irJdicated as 
HR; HR, HWi HR. HW. HR; HR. HW p ,HR, HW •. The relsponse te.nds to' 
stabilize around, a clo~ed::m~l,f.,;.lr.p.p~ c,ap.taining th~ latte~,)t'WQ..;p~8. 

,.' .... , 
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STROBING 

.... 
A distinction can be made between the signal generated by 

a selected core switching from "1" to 11,0" and the undesirable noise of the 
half selected cores. ~Jl~, s,h~p~_ .. 9~ ~_~~ _yoltage pulse from the halfs_elected 
~~re is a function of the :t:"_~~~ .. or cllange of current amplitud~. This pulse 
wlll peak at time tl,in Figure 4-5. 't~~, s.,e~ec~ed c~~e, does not __ b~g~pJo 
s~~J~c._h lJ:ntiJ_J~..9~_~ t_~!P~_,~f!~_!:'_,_+~..M.~a~_.~,~.~n_x.e.ac.h~g. r:r:_~~_._~_!~~.~.! __ ~_~.~~ ... C?~CU!S 
l~ter _.tha."QJ'-l-_' ~y' .. S.~~E!.~E.g .. !~~ .sense output at the_.rnom_~tt_t_tl:l_e __ s~gl1.al can 
~~ ~~p_~c!ed to __ ?e a_~._a..maximuIl)..L_th_~ _ ~~f~_~_~ .?~ .PC?is~ __ ~~ __ r_~_<;ll!_~_~_d. .This 
~~?_S,~.4~~.~_~~_.~.~.:r.~~~~,~sJ.:r_Qb:i:ng". T):!.e. st~-,~Q.fL_pulse is gene.J~~te4._ bY_._\l~ing th~ 
t~~.}·_~_~~_.~_~Y~ .. 5~.urrent t~ tr~gg~J;. a.g_~!a_y._.~_~rcuit. In this way close control 
is kept of the timing. 

SENSE WIRE ROUTING 

In order to further reduce noise effectivenes s, tlu~=_se.n.a.e 

~~~ q.i.Dg...is-1h.r.~Aq~ ~ __ ih.rJ:!:_.tJ1~~_Q.r.sLp.la.1UL_~J}_Jt~ __ 0 ~ i~_ntat.io_n_to __ t.h~_ m~g-I).eti_~ 
fields of half"of the cores is in one direction and its orientation for the 
~~Ei~I~i~~~ii·'-~{~~~.~ __ p.~~.~~ ~.is~.J!!",!~e _.~opp~~'iJ;-~_ -~ii_r~~ti9n. !iQi~e g-~.ne rCited 
by the half3_f?1~cted cores will tend to .~~~f.~J ~§.._~~e total number of half 
s"el;;cted-~ores _~~-!!1:e 'pfan-e--:i~~--ane~e-n numb~r. ,;!,hi-S-- r-ecitl.fr-es'that--the-- '>I 

~e-iis-ijl_K~a-ii1piIiier. c~rcuits b-e'--reip~~'~'ive'-to'-~ignals of either--p'olarity"as the 
~------.. ---.-- -- ------- - ----- -- -- - -_ .. ----, -- _. - ,._.- - - - ,. --- -" 

orientati~A ___ .Qi.t.h.e.se.1ected cor~ will det~rmine the p_olarity of the switch-
ing--v'C;-itage across the sense V1~~4~,ng. . 

- .... --------- ------=....::-.------ ---- -- - .- --

CORE ISOLATION AND WIRE ROUTING 

To minimize the magnetic field coupllng between cores 
they are positioned to be perpendicular to their immediately adjacent cores. 
Figure 4- 6 shows the core arrangement and wiring methods for another 
sm.all plane. The final consideration for wire routing was to simplify, as 
much as pos sible, the threading loi wires through the cores for plane 
assembly on a production sca.le. 

4.2 PHILCO-2000 MEMORY ORGA.NIZATION 

(2 12 = 4096) 
q~e' m.emory unit stores 4096 words, 4~ __ ~it word len~~~ 

Each bit of a word is stored in a plane' of 4096 cores 
arrayed as a 64 x 64 matrix. The arrang-~ment is simiiar to th-at of 
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'Figure 4-6. 'All cores in a plane represent the same' bit value for 4096 
,words. 

, \ 

, ~:h. 48 p!IIUlL&r.I_,-t&ck.cl_yH.ti"lly_in~w~IJO\i1'_' __ Q'_24_ 
'" ~,' l?~an~~ cacJl. T~e ~-p~!:~t_~~~into tW,~~8r~~p...s_~_~.!-~~ __ ~_@..<;.~~-@_~r.Y."t.~ li:n::>-it the 
, i~!!~~~~~~#~_~~~~U!t!9._~_v:_~J~,~ __ ~b~t,p-_~xm~t. at~ainlng __ the required current 

.',." ' @_~_~~~e. These two "hali stacks" (termed ,II.A" and ItBIt) cortlprii1J!., the, 
, '_~~,~o:ii: unj,t. ~-S-eeFigure ~-7 '--:----, -,"-'----~---", " ," . - '--------~-j" -'-, ," ,', 

" ~~~" ~~,,'t?-~~~-P!-~,!!org_..a.re storitd in_~~!!-s lyi~g __ ,~!~&_.~~ 
.c:~!~_1?erl?endicular to the p~a.nes. ' E!:.~h X ~~~_~~~!~~d. ~r~.ih_"~~~.v~_i __ I>J~_t.!es 
in serial fashion, as does each Y line. ' : , 
.'""_,,,,,,~"""''''''''_'"I'1'''----~ ~~ - '. 

I, • 

'to the 'x lj.nes. 

~,he_'~~,~~.!.Y_~nit is nlai:nt,~~E~,~t~co~t~d &n!.~~ent 
temper'atu:re of 400 C % 2'? for opt.tmum performance., . , 

~ - ~~"~ - - ~. ~-~" - ........... ,~- ~-'". ' . - " ... -... -------------- ~ . 
T}~,~SQl'nBute ~_ c~n _~o-n!~2_i ~~~m~imY,~ of~-"m~_m,~~y .. 

units t~l~ words or approximately 1 1/2. million: bi~s). 
___ "_~ ___ ~_~ _____ ~. __ "'~~ __ ~ ___ M_~ ___ .~ __ • ~ 0 ~ " ~"r -

~·,"~Jord. -locatio!) ill n'lemoJ.-Y is "ac,cessed by ~~_~_.o.!!i~g"~e 
~~mo~,r._~_~~~~"~.~_}5? ___ ~_~Ie~f.:Q~~~~~~~:·'o~~_.X- ilne~:--(Tlle-"dIvis:ion of the 
memory unit into two half stacks will be monenta%"ily ipored.} ~" 
i!!.,!!y~g.~_al_liJl..e __ is_._§.~lect_~_4J?Y __ .~E:.~ __ ~9~~~~tion of energi~!~g ()ne !'switch~' 
and one "driver'! ccLr::eu-it.' , -----, ----. -~ _c' , -=" .. -.. ,,~-~~---~"~-"-~~ , 

\ 

The -switch enables either of two drivers to be effective 
~~i~~ ___ qne_g! P!~ Jat~~ r J§~~!~~ii~~r~ ~n-:-'-Vr~h:.-6:4~~X_~mr_6~~ji_liP_~~~ ... ~_~'!Y¥i~h~~ 
ar~ J;~.'1P.:~;-:~_!!lor the. 32 .P...~.~~_~_2! _~_.1ines in tl1e ,h_~l£ atack. Thirty two ~", . 
switches are re~ir-e"((for the Y lines in thfLha.lf_sta.~~. --_.-
--~ ~--~------- ---.---~ 

, '!'.~~.P~!!~ __ .5~!J·_i_:?e~ ____ 9~~!J.~cte.~!.Q_f!l ___ ~.~!~~"~~!_~~~~~~ed Jh~-",~',~~t" 
line .and ~, "!;) .. t12::1itf~.!~ 9n-e dr.iver ~onne.~~~ __ ~Q 'alt~~~ __ OLJip~~t~~g @.~oth_er 
driver to. all of the 1 lines. One pair ordrivers is required for read; an­
other pair for write. , ' ~.--, -,,--.--,~~"~-~----.-.....,-~-:~"-"'-'---- "'-~, 
--.. ~." \ \' 

, " 
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The circuits of the A half stack for example, will therefore 
total as follows: 

Function 

X Lines 

Y Lines 

Switches 

Drivers 
/' 

Numbe'r 
Total 

64 

64 

64 

8 

Names 

32XA switches 
3ZYA switches 

Read.o X Read 0 Y 
Read 1 :X Read 1 Y 
Write 0 X Write 0 Y 
Write 1: X Write 1 Y 

The B half stack has its own 64 switches and is driven by 
another set of eight drivers. 

( 

The twelve bit address is decoded as follows: 

'0 4 Z through 2 ' 

, 5 
2 

Z6 through 2 10 

211 

s elect one XA and one XB switch 

select (in ,conjunction with 
memory timing signals) the 
two RO or the two Rl drivers 
for X and subsequently the two 
W 0 or the two WI drive rs 
for X. 

select one YA and one YB switch 

select the drivers for Y (in 
the same way as for X). 

r Figure 4-8 illustrates the selection method. r..h.e.JiixlQ.J.:>it 
(2 5 for X and Z1l for Y) is Kated with t.'h.e_.f.unction.Jiignals_ffi§j~~.d, Write) 
frorn'th;-M;~~;·y'--T'i~ing-"'chCl.i~ . ""ii";:;'ore than one memory unit i;-~~nn.e_c.t~d 
t'~" th~-~~t-~mpUt~:r=;'. '~p _!~_.i!l_~~~ . additi~~~j-~~~~r-~~s--'b,ii~--a-;~--~-e-q~~!~d~---rhi§. 
additional level of decoding is added as indic,ated to select one of up to eight 

" __ " ~ ~ - V~h ___ "'_~~ -'''' ,~-..~ ... ~~ ~o>~~ .... ~ .,.~,--"",""" ~"'" ~ ~ - _ ~"< ~ ~~~_._ .. ,~~ "J"n~" ~ 'v _,.., .~~~--- -~,. ~ .---
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4.t any ()n~e, ~ d~_s can be enel"g!~~_41 __ iY!9.-.l9-r"-~ 
G~:n4._!~,Q,.fu~ __ ¥. The sVllitches ar_~ <?p.~!:'_~:UY~ __ ,5>ver the entir,~ memol-'"y_.cy~e. 
The function signaIs"-dei"el:min-e- the o:Qerative timeor-the drivers. :~', . '! .:, . 

~igure--:i--10 is'the schemaif6 of-th; :\~~m-~-~y---cir~-u-itr-y-:-'-'-'-- ,--"----

STROBE INITI.ATE 

At the S"t~;o~~_,~i~t~ __ n..1ust .1~HL~.lQsel.Y_L~lat~,4-t_Q--t-he .. .J;ise 
t:Lr:g.~_~~ th~ ~_~ive en r r~nts ~;he'se_..§iK!~~1§. _9..!ig1Itgj:~.i!l th~_ re~.9. __ ~_~~~er 
circuits themselves. The signals from the 0E.erati~~_R~.§:4Jr._~~4 __ Be_?-_~ __ ¥ 
c:Ci~v~-r~;---i~ -~- haif"---;~_~~_~_~i~---match'ed-rn-anm-n g_~t;--to "insure proper timing 
b~fpre b~.~~K~~,~_~j=!.2 ___ !h~ tixp.ing c:p~in cC?:n~:r:gt_91r,~,~its. The two half stacks 
p!:.ovJd~_ ,s,~p?- r_~t_~, or,~gi!ls, for.. the, t\VO Strobe Initiate s,~gnal~1? ~~~~l~~w for 
in,div.tg~.~t_c~~"_~_uit, y..ari?_~:~iQ.~s · 

SE1\fSING --.----...-
t .. ? e .,!§_ s e.!.? s i~1LJin ~.~J!!., __ t~~ . ~~e_rnOXY _~,l1 ~'L.Q.ne J O.r., _e_~';.~ __ pl~ne · 

~E,,?.,,~.9J!n~,~t~_d J.Q--_.rh:_~ ___ t?~!~,~ __ ~ __ .. ~!DPlffijJ:~lLS. rp.~ ____ ~,~p_!~i~,er outputs are mixed .• 
with similar output lines from the other memory units 'In--the s'ense net~~!Js, 
e~~~~~~~!- __ ~,~.~i~"~~~~~~~!~!!..n~~ ,-g:~ei-toa-f1ip~~E .. : i~_~~~Ji!_~t~_,~ __ ~E-_~.~~.g!?:_~~it!=h 
8 during a transfer from memory';--'·'·"--

.~ ~ ~ ,"'- ~~~ ......... - ........... ----.. -""'-.. -.~~'"....,...-~-

,For transfer to memory) whether it be informatioJ:LjU$t. 
r e~.~_,_ ou tor n~~, i~LQ~~!!~~~ .. 0b,e- '48---~flip:tlops ~--of~--;;-g~~=~_~_~w)Ii-c-ont rol t~e 
i;hibitdrlvers through Switch-"r-an<f me'm'oiY=t!~,~t-'s'elect~9n. ~ ~7!J"p:flop. 

, ---- - -- ,---. .---" -- .. ---------~----- . 
is' resefTo"Zf5ro-;--tneass-oc-iated inhibit driver for the 'pl~:n,e._ieLJ~,Dergized • 
.. ~ ~ ~_~ _,,~ __ ~ __ ~"""",-_, ____ ,_"",_~ ___ ,, __ ~_~ __ .w __ ...,..~" ___ ~h ___ ""_~--- ". __ ~_._~_~ ~_._MN~_ -- ." _'. ~ 

4.3 MEMORX tIMING CHAIN 

~11~Lm~I'l}o~'y cycle i.s controlled primarily by a groupo~ 
singl~t~~o~~, {~he nMT',' __ s~n~gJ~_~,l}9t}~J,,~~h,.ich are seq\lentially active. Ih~y 
~E,~ consecu~_ively numbered in ascending order (Figure 4-9). 

MT 1., the first in the chain, provides an interval for the 
decoding of the ln~m~-ry 'a:-dd;;-~;'s' to -select' the iou"r' switche"'S.. When the 
~~~o __ ~Y.~I~,,'~,~,s_~i,gn-ed~_ithe~comp~t~,,~ ___ A~t~tQ __ A~~Q~_~~_",,(3.cti~e (rei: .... '6'~ 3.3, 
"MeJ:n.ory As signrnent"). M 10 activates the (MA) ...... SW7 signal w~ic~ -------'-. --------------'------_._---- -, _ .. , ,- ----, 
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.I 

transfers the address to the decode network. As M,lO' will be active until 
--.. _-- -.-----~ --. -~- --' --- ~ --- -- - .- --------. __ .- -- _.- -. - --- - -

the .. ~s.signment is compl~~~~" the switches remain selected during the .' 
l1J.ez:1:lory operation. (If the memory cycle were for an I-O transfer, :.MIl 
a<;...tive ... cause·s (IOMA) -SW1J. T~.~. circuitry requires time to respond and 
MT r (approximately 1.2 JJs) serves that purpo~.~. ..... ~ - .. - ~ - - - .---.- - -" ---.- -- . . -- ._-

Initial control clearing is also performed at this time. 
The end of MT.l triggers MT2 . 

1y!T 2. energizes" .. th~~ t\Vo .. selected read dr.i~e_~s.~~.~_p~~se 
an X and. Y. li,(HLin. e.ach .. ha.lf .. slack . .,.. -' ' 

Th ~._~.~.~:i!!.g . ..QLj;hfLn.ext. .a.c.tio.n_in __ tJl~_!B~. q.y..en ~e __ is _ c.o.nt .. r o.lle,Q. 
qy the m.emory ~ts ~}f. Tpe St:r:_o'!:)~J1.1ttiate ._.signals."ar_e._take,n .. fr,om.j;h~._9,~~.P1l.tS 
of '~Fe' twor-e~4 __ .drivers (X and Y ) in each half stack. (See Figure 4-10, 
Read Driver, "Output to C C. ") E ... s!3e.nJ~~ll'y._!~._~~d~,cat.es. wh~_n the ~~~.~.~nts 
in both X and Y reach the required amplitude. 'rl.u..se signals returning 
it:o~ the X and Y drivers in thel!~l~·_~.tacJ~ __ .ar_~ ___ A.NPe_~.~_tQg~'ther ',., r.r:.~~._ga.~.~ 
o.\!!.P..\!~._t~_.!~e Strobe Initiate. Each half stack 'indep,endentJy devel<?ps its 
S.tro~e Initiat'e'- ~ignal', This is dIsc'us sec.f'on page 4-12. . 

As previously described an interval occurs between the 
application of the required currents and the, switching of ~h~ ~.o_~_~..§_~ ...... J}:le 
information stored in the cores will not be available until thte ___ GQ~.~.Eji_swjtch. 

" The S,trobe, Initiate ~~. therefore used to initiate the Ji~ing 
of this delay p~_~9_r __ ~q actually str'obing th_~ ___ ~~_r!.~.~ __ ~mp']jii.e,·r- .outputs, The 
Str-obe Initiat~ sets 1 t~'''the 'F'ilter flipflop.. The l's output of the flipflop 
t;igg'~~'~"the' Ml'3 . single shot, l\1T3 provid~~_ the delay reqlifr-ea-fo111e--­
~(:?!:Uent"--of'c-or'e "switch~t:!g. T_~e .. ~.n4 .... 9f MT3 triggers the MT4 singleshot ." ..... ----- -, .... " ... ---- . .-,-_.--_.-- . -- , - ,. _., 

wh!~h_ .. p~~Y_~~_<:~ __ .t.,~e .a_~.!~.~~ strobi~_g,_~!J~.~al. D~}~J:ng, MT4' s act.i:v~ ,p.eriod, 
the_ 0.1H~~,_f£,9,~_~.~~_S.~E_~~.,,~~pl~~~~.r~._~~e J!"~Ilsferred to the appropriate register 
(PR, D or rOB), 

! 

T,he MT4B (B half stack) also triggers MT5A and MT5B 
the singJe_~1?ots for the Read Transfer Complete timings. 'l'p.~~e control 
acti~ities ai the end 'of the read 'for com.puter and input-output ';e's-p·e-~t[Y:~ly. 

,~.- ~ ~ "'~ •• U" ___ ~ ___ , - ~," 

l Assuming that an uninterrupted memory cycle is in progress, 
the sequence of MT.'s will be continued,! 

In this case MTSA, while active, clears ,the M display 
........ ~M-:-.... .-...... __ .. " " ....... ___ ..,."' .. " 

--"~~~A~ ~~ ________ ~ .. ______ ~" _____ ... _ • __ _____ ___ _~ _________ ~ _~____ _ __ __ 

I 



,!eK.i§..t,~r. The eE4 of MIM trigge.rLMT7 a'Qd MT8.. (MT6 1$ the addre~1t 
decode delay which is needed ~~~_~Ls.pli:t_-me.mo.r~Y' ~.y~l.e. tLia_b:y:p-as.~.~_d 
w'he'n --p'roceecfing to write immediatelY_~.Q.H,Q~j.M...!_~~9.. ) .... 
~~ ..... ......,.. _N_~.~~ ........ "".~." ______ ~ __ ~, __ ......... ____ . __ "".., ______ ~ __ . __ ._ 

The iphibit~riv~ .. ~~_.C!,t:.~. ~~~rgized before the write. drivers. 
t.9,,)nsur~ the for~e.! __ ~!,UJ~~1-t!l!Y-QlLWhile _w~itil'lg. l\1T7 permits t1!e 
r.eg,~.ster (D, PR or rOB) to P~~.E the inhibitJi~i~..rs. ¥T~, ~rovides a 
delay before turning on the w:rit~L.Q.ciY.~. 
"--" .. _,",_._---._-_._-----_.--

drivers. 
The e.,pd of MT8 trig~~! Ml1-~.hikh~.~nergi,.Les t~.3..rjte 

I.h_~~~~~~~_J2e r_~~~!-.!..Q~._M.!} __ ~_~.~._~J. 9~.~~~~1~p • 

l'1!~_ ._~l S? _~. r igg ~ r s _ .. ~ J;:.19--whic.h.J .. ~_~!!.~l~ ~~.Jh~ ~~;.Q ~_m~ti~t:l __ 
tuti!1i-.yv",;:.itten to the M register a.s~_w_e1L. nttQ~ __ MA = MP control is being 
used to~ .~_~9.l?-~the c;~puter, the Stop ~E:_J£~_e.Lt_Q~:.L_at '£iij~~j!nle :") " 

I-----",.·~~~ ,~~~ . 

The e.~~t_Qi..!~T lQEjgg~rs ¥_"f_~~._wh-icJ:~_.~.5>m~~n~"~_~"t,~~ 
c "~n,t £,,0 1_~J.?~.~_~~~_i. o~_e~_~_~~~_~~~ lP-.~_~9~Y "_c-ycJe • 

If tp.e _ c~9.:tP_:PE~~!:_1~t~.".E!.Q-~-~.c!_~Q J1'}. __ ~!.~~_i~9m. _tht~ J~Qint , 
¥ T 1) 'vYg.L~~!_~he a~~~}~J:~~_J~ timing _,~~~E~~"()_P_fJQ 1. 

¥-T!J als~l~-.. ~_J_JpJ~:1_1:...t~_L which J_~_ .. !h~_,pJ;l_~--M.:rjJipf101~L. ip. 
th~ memc:>ry t_iming __ ~~. A..!. the. en,d Q~Jx~~lJ..L_~~!:~.,!}_.!{il1 clear _MI_to.q~~_~O, 
Il}~k~n_g,,_".MQ_.~c.tiv~. MT 13 ~~~ta1.s.9".init.i.at~ ,a".m~_~~_~.Y~_~.~.~g!l~-~E-~-.~.~q,':1ence • 

• 
T,h~ __ ~.~~t_~.o~. ~~~~:v:it~~,~. at ~he ~nd of a memQ.ry cyc Ie are 

:e~.rfor.-~~-4._during MT 11 ! .. 9 p~.rmit .. the c9mp_t!t~:r .to.p:r_~~~~.~ ... §:~_.~90n .as 
P_9.~~_~ble afte' r-th~Inlo!!riC!:..tiEn has been tr an.sJ~r red to memo~y. t!_o~,~y~.~ , 
anoth~-r--m'emO;:y cycl~· __ 9_~[l}!Qt_~~nIt~~t·~~"'.~!1~J!~~~.~!!1~.i~Jlt J~me.. has elapsed 
{orthe ~r)te ana:-IIif{~~u.r.r..en.ts_~Q J;?~_~!~~.~.'l.,~~e4 . M1'l_~.r!l.!$il~-~~~R~i~ .·'o~ 
thTs····cr;iay. It is triggered by the en~_, .. 2.!. ..... MI.11. W~!!~ ... M:!:l?" is ~C!~t~y.~_, .. ~t 
,-. -----,--- .~ ~ .. --'----- .. , . ' 

prevents the inltlatlon. of a mem_~r_y_~cle: Th~ .... to~~1.".~~y.}~_t!?:!~t.An~tan.f~. 
is the time of MT 11 plus Mrr: 1.2. 

tn.l!l~. ~9~~§,.~" 2i_ .~_.~~-p-l~ ~ ,!!?-~~_~ Qr y c: y~ l~.1 ~ Mrr.5~ _p~ o.vid~ s th e 
required del_~1'2 ___ equivale~~.J:.QJ~1.TJ.? ' .. !>e£o.l".E} initiati~.g~_._~h..~.-m~;mory a,ssign-
~~nt_~~_q~~~_<:~ .. ·(M~f-S.B""is about ~ .. tts.) ,-... 

The periods of the singleshots shown in Figure 4-9 are 
nominal. The singleshots are adjusted to provide optimum performance of 
each memory. 



TJl..~, . ..AC.ti.OIL oL.th.e. ,F,i~~~_~_:.:,!~~!.E.~~~ .~, c?'!l!_~g\1J:ation. pe rmit $ 

~!Y:" the fi~st puls.e .. appearing. on the Strobe Initiate Line after M.:r.L.to..J;te 
~cc eEt.ecL~_~,_~._g~.~~_ine Stro1;>e Ini~ia.te ~ig~.a) in_,~,. ~~rnory cycle_~ 'I]1~!j!~ 
driver current, for example, will generate noise on the Strobe Initiate 
sig.n~~ .. Hne. T{lis is j'n'~ffect~v'e'-a:s' the . fl~pf19P ,i's a'lready set -to-one"~lld 
MT 3 . .-9_~!!:n.~~ J~~ ~~_t:r.!Kgered. 

4.4 MEMORY CIRCUITS 

Figure 4-10 shows all the types of memory circuitry, 
namely: 

Read Driver 
W rite Driver 
Switch 
Sense Amplifier 
Inhibit Driver 

Th~_~_~.nL¥_1!n~~ __ aL~t.l:_a..nsiQ.rm~ .. r_ .... ~_9JJ.Pled to th~dri.v~~ 
9:i,r_cu it s . .b. l~l!e.~.~ .. R~l~ ~~t ~'y_ .. ~ .. ~ 9.~qin ~tiqJ~.~Qf~~~lQ~ . .i~ p~ danc e c ol1ne c ti.~n 
t.-~~_~_~Jt~_~.2~.gh..Jh~.J .. ~_~~! .. t.~ .. a~.~J~tO.r .of tl1~,_~_~~tit.chl t,o.on,e s~de. of ~ 
p'!-!~arY_~~Ei:Qg_~.~ .. 2,r_9.Y_~~~~ .. ~.Y.,.~ur~,i.!l.g __ Q~_ .. ~ ... ~~~~cJ~.. 1]~.~ oth~!.._~~~ .. ~~ __ ~~.~ 
p~.i;mary i~~.9-.9l!n~~t.c;t~l_~9 .gro~_n~ .Y~~.Jbe,. g1.".o~~4e_~, __ ~.!!li!~_~_r .. s~ag_e,. <;>( ~he 
driver,., 

IThe dot notation at the windings indicate the opposite 
directions of the read and write current~j 

ti test terminal is provided at each secondary winding for 
observation of the current waveform through the 1 __ Q~~ .. !_~,~istot 1 

Switch 

l:rut_~ ~~ ~_~~._E~nt~~ns a_.g~?_,::~~_~~. ~_~~_t!,.~-!: _J.~P~ ~_ ~_~~g~ 
followed two stages of current amplification throygh ~,~:P .. J~iPj~!e_:r ... ~ollo~er_s 
t~.~4rive th~'-'bas~s ·~olthe-fo~;t·;-~n.~,[it~~is _~'?~~_~t~·~~~~_~h~_p.:ul~~, .. ~~.~~-s-form~_r 
wiIl.4il)..g.$,. In,the normal, or unselected state of the switch~ Tl is o,n,. 
When selected its input-i~"~'~de "po'~itiv~'~"-'--T-i and 1'3 pro~id~ the ampli-
c~iQ~.:~.~E~S-~_~_~j~i_o,~4,'?:.i..y~~~1he'~bas·e, 'of-the one-ou-tputir-an~isto'r(T~_J_ .T7, 
rr:.§. .. o:z:_.J;:~) ~.o~.n,~cted t~L~~,._~ea~tg_~, W~J~,~.}?river and tJ;an._~_former wi.nding. 
The .. s,w.itc.h..Jnp'~.~ __ is,_Eo~~ally h.eld~nJ~_g~Jj.'y .. e':"'''Th!.§._,k.1h,~_~g,I!l..pu.ter ,logical 

,:_~.~,_,,!:~-~~~!.}.~y~~. ~~e ~~'ses of T6 th:t"_C?,':lgb.:r.9- ar,e _bi .. ca.se~ off. b~ing 
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lt~ld at approxim~tely ground lev~). 
\ 

W_~.n._iLSWJt~b.J_~LJ~~.l~~~~.g., ... ~tfJ".inpu.tjeyel.is_1ai a 8.(i.j 0 

I"~~~~d Ii cl\.uit~nJ_~~t }~.put _~"_",. and dJ!iyJ._~J,1b~Lt''-'~UI.Jtld.l_tO 
a.Rp,r Qx.im~Wy_~J~ __ Y • 

T~~_J~.U:~~",.~.~:C?~.~ ... ~ ... 9C?nne~tf)d transistorspr~9Y~cl~ th~" m.eans 
, of rapLcily .gi~~~.~.~~.K~.'Qg .. "th~ di.s~;:i1?~.ted capacita~~~t .. Q"fthe .. circuitry to 
g! oU.!l.d . T~~ . .J, ~._._;-_~_q~.~!" e.g V{ b..~~ .. ~~~.~_~pt:t~.g~~~~.Q."4~ ~.c.t.iy.~~~ .. tQ~L_~_W..~~~~.a~ .the 
e~~.,_.~~~~ __ ~e !l1~! y .~P_~J."_~tion · :P_~~~~_"_t_l?-.~ .. ~1tn~;Llll~L~:w:i~cltW~.@ ... J~~~J~ ve 
(select~dl.thj:§._~:e~~.it~XlC~._~A~.;"A~ULt.C~L~P-P-1='_Q~.;m~&~!y, 15. volts_L ~~ ... ~~~ 
emitters ot T2 and T3 for example. When turninO' off the switch this .-' .... _-.... _ ....... _.- .... __ .. ___ ._-_.--_._-_ .......... "-- .. --.-.-________ A __ . ___ .. _______ ... ___ ... ____ , .. ---. 

~~a ~_ge _ c a!.l_!?e ._~i ~_ s :i~,!~jt.d._ .!h l' o_~g~"_~h~ __ ~~.N~. ~" .. ~~(t~ 1 .. 

Read Driver 

The read driver contains two staaes of signal level con-
..... -----. ___ 1'~.", ...... - ,-.... -..-.---.... ~,. ~--... """-----.. ~-"" ...... ~~----~- -----._-- -~- ~- , •• -- - --.-- - -. ~ ------_ _ _ ... _. ____ ,..~ __ ~ ~~ ~ - ••••• - - ~.. _. -

version (from 3 to 6 to 12 volts). Tehese are followed by complem_~nt"~y 
s~y~~_tr.Y=_~I.!i;.!(~i .. _~fQXlJ;wer~,s which drlv~~--t-he-.bas·e. Qf th~ Qutp.ut.PNP _stage. 
'J;'.l).e __ ~9.ll-e_cl~1_1h.~_J~lt~r .. iELJ~-Qt1'Q_~.~J~(~tt<?, t,J:le. .puls.e t~~ps£or,me-r .thr-Qugh , . 
~~e adjustable RC E~!vy2!_~.~_~!~.l?:_~~.a_~~~_~_~4J~,~tJ~n~-~tf<;>_~. __ ~p~~.~~ro, rillte 
t!m~=~~Cili~~ rea(rdrive~_PlJls.e. The nominal value of the half current i.! 
375 rna. -.' - - -~---------... -----

rr:~,~_~tr~~~ __ !~J.~},~~~-.. ~.~J~.~.j~~. J~~nt_JQ_J~).{~Lm~m9r.Y~t.iming 
~J2~.~Q.li!.~t~_~ __ Q.H.g..~-t.b~-NPN ~.Jni1t.e.r_ f Ql1oweL..c.onne.c.~_~Q __ !~e_Jk.~..Y..e.r...Jlutp.y~ 

~.~.!.Se • 

'.t:..1!e ~r~~~~~y~~ .... _b!p~t is nOl"mallY',.p-9!3~·ti3_eJ.._1LQlgillg."'jts 
e:n5i of'the transformer primary wl'nding 'at 'fli~_,,;"15 v,.le.ve_L 

. ------.. ~-~"-~,~<-----...-~ -,- ~--.- - -~~" _. ."", -- - ........... '....... ,," 

J:(~<!ing_!h~_ a~ti~e perJlo~ o(14T_~JL __ th~cj!t2E.~-.g~~~-p.~ga,tive. 
~~~!.~~i~.&-_~-~j~p..ut..§~~ge. ~.t~ ~o~l~~.~.~.r. goes tc? .. g!_Q:!-!.t).g.g,?;ivingJ~~ J:~~~~ 
of 1h~ NPN in the ·n~~~_~~.~g.e. T1;l.rQugh.Jh~ .. two emitter followers_.~~~. Q.'lJt-
~ ~---_~________ - I~· "~_.~,,~ .. ~~_~_._~~_ ..... "''''''' __ ~ ___ ~'''''' .. _r_~ ____ ··-
p,u!_~tage is s,:!~~~he~_-2E.J.2.J~~"~.~_~~e _~,r.~.n~.for~e.~ wi.~ding .. 

The terminal labeled "Output to CC" is wired to the 
circuits shown on sheet CC 79 of the schematic logic. '.t'.he.-P.Q.aUiy~, 

a£fu~it:iate signaL~ssesJJ~J'oug~.~:qJ)R ga.t_~_ .. ~qmpo.~~q o(NP'N. 
t~_a~~~_~ltJnV"~.!'1~.t. ''Ole _~_Q!n.c;ldenc-e-.Qf_.t~~.)~ CL.!!ci.-.Y ~ine, 
Strobe Initiate siO'nals for the half stack is then tested for bv the emitter 
f~~lower AJ.~D ge~ •. ----.-'-----~"---~--.,-, ... _n ______ •• "_ .. ".-._-_ .... --. -'." .~. ,.--.-,- .. '-I.-.~~ .. -"":"--. .... -.. ----~--

, ' 



REDUCTION OF TRANSISTOR 'TUR'N-OFF TIME 

In order to reduce the memory cycle time it is necessary 
to limit the operating time of the memory circuits to the time required 
for response. To extend the period beyond this time serves no useful 
purpose. For example to maintain the read current beyond the period 
necessary to switch the cores is undesirable as it increases the total 
length of the memory cycle. Similarly for the write and inhibit drivers. 
It is advantageous to turn them off as quickly as possible. 

~t j_~ __ !'Le~cJ~J;tS_a.r-Y_12...£riv~_Jb.~lput stage into ..agj:.Y_;:;:~JiQ!t.!9 
3;,9J~~eveJh~_l:.equire<!_~~_~r:.~~~ __ ~~~_~t~~ ___ ~i~e. .TJle _s_~z.e __ o(_!h_~ __ ~_~upling 
caEacitor to the base of the final stage, 0.02 ufd, is an indication of the -- -~- - - , ~ ~ ~ - ~ . - ~ ~ - _. - - - -

d~ __ ~ __ tred sp~~4 __ ~tl_~ __ ~_~_r_~_~nt amplitude. I!l ~~~!l:-_~!~.!. tl:l_ereioore, a means must 
b~ d~vised __ to. __ re4~_ce the minority carrier stage time in the base. .In the 
c'ts~. of the:PNP tra~s-istor-s--used- as the final driver stage, the concern is 
w~th hQ~e storage i:o tr4.e_J~~§_~. 

~_ ~omplementar.y_~y:mmetry circuit is used (Figure 4-11). 
W .. ~_~!L the 4x !ye r-J~ __ ?:~_!J~§._~~~ t~_~ __ !E::e~.! _g_~~~_. !l_~g9-t~Y~..E-11.d.....th.e._J2NE __ e.mJ.~~~ r 
fg!lowe_r_ driv~-s the_base of the final stage heavily into saturation. ~_b~_~e­
emitter curre~t--~f the---ma;;nitu"cle ·o{-ZO(i"ma. -, ha~s ele,ctron flow from the --.......... _____ - .... ~ ... ~ _~ "-...-~ ~ ________ ......... _- __ ~_~ ____ .- _:J:l_~ ______ »_ .. _ ........ __ .-... , ___ ~_ ~~_ . ' __ ..... d_~ ~_~_ ........ '"-".~ ...... _,,_," __ ~ ......... ~-~- - --- ~ ~ ... N" • ....-<~. " ... - .. ~ .. ,--~ ...... ~ ____ "" » _ , " 

b~st!._~~~minal into the base !_~.g~~C?!_!.h_~_~,!:.~!y~.~~.~5~!_~_rlJ;:3~ . '--.., ..... ,----....... -----~ ~- ." ~ --~- ... -- - -,-~ 

" 
I 
I 
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V(b.enJ.3.\l'bsequently_ ... g._~.~~_~,,~~.~.!~l!g. th~., g.J:.i,¥J;~r~_tlUtjnputJs m~~e .pQsiJive. 
This turns off Tl and turns on T_~ the NPN emitter follower. T2 and T3 
lie" ~GiQ~ s a 6 volt -;"~~2i"i.!~.;r .. ~~ib_.~~~ ~_;;m.iti;~=~£~-ii~Xlcl_i~~_ e~i~t.~ ;:-"-
collector of TZ. 

~~!A-<L~E.!..~ent source .i.~ _Cl:y~~lab~.~ ~!~:tl: .. Jh~_ ... ~'!~~~!tt 
ajD-plifi~n -..!~.~~~~!1-,_,£_Z~,~o .~~~~~·lpa}~ ,J~~_.b._9.1~~L stQ_r .. ~g~j.!L~hCLP_C!-.. ~~ .... 9t..I.~ • 
Thi,!._current in T3 (electron flow aw~ from its base te.r.min..all.i§ ref~.!red ...- -,-...--,-------,-- ' 

to as the "reverse base current" to distinguish it from the base current -- ".- - .... ~.,." .. ---<"' ...... _ .. --."" .. , .... ""-_ ..... _-", ............... , .. ".. _ .. - .,- _ .. ,-. 
0..£ a turned-on transis~.2.r. 

!~ i~Jl~ce S_~_q.ry .. 1Q _b~y_e.Jwo .~cade~_ .. stag_~~ .;=9.f._c.QmpJ~.­
IX?-.eP .. ~~~y .. ,sylJ.lm.et~y emitter followers to achieve the' required bas~_ c;\l_~~~~~ .. 
~~:elitude S at T 3 .' ---..... • - . . .... e- .. _ ... _. 

4_~i!!.li!~£_:£~~~1t.js _fl".~~~.~_g. 9.1. th~ C(3.p.~c~~or. _Q{_ .. ~ ... ~~ .. 
c~,~p'~ed.-hase. ~.~~~_~er S.y_stored !n.. the, ~-AP.aci~.Q~". ~~!!.~~~~~st~ 
o~ . .tQa~e current charges the ~.~a(~J1Q~lJs used as a c~!:~<~.n.i..§,Q\;1.rc .. eJ~o 

-" - --- -~.~.--~~--.. -...,-..... 

s _~Y-p-~y_.!h~~y~.~l'-~ . ..bj~ . ..§.~-~~ r ~t~t _Y{bJ~.!L!~"~~~g. off t~~. "t ~ ~~~ ~~.~~ r . 

CLAMPING r:EVEL 

~t .. t~._n~ce.~_~.~.ry t.o protect the trans~~!9l;"S ,.~g~l1:!.~.~._~~~ .. ~_~_d­
ing J~~~~_~.~1~~ vo~tage. Th.e si~~ation arises fr.ollJ. ... ~b~_~ounter _e. m,:£ 
generated by the highly induc~iye core ~i:rcuit as the .. ~ead (or wr..~t~) .. ~,~.~<rent 
P~T~.~~l~.~:e.iiaed :' . .. ... . .. ,... ..' 

The diode-connected transist.or, on the outPll.t_!!l!~_!.._~J.~_z..nps 
i,t.tQ .. g. J~Y,el<, s Ug~t-iy:. rn.qr.e" n.eg.ative th~,n .. - "I $, 'yo~ts ·~s_.!g.~ ·~\!!"_~~!!t .. i1!,~ . .Q:,:!gh-" 
the X o,:r .... Y_lin....e .. -'-i~...Y t-::ofi.9 

WRITE DRIVER 

The driver is identical to the read drive~ aside from -----' ---------'~-:,.,.",--- - .... ~-----.. --
lacking the StrQbe InitiatjL$t~-" T111~~J._ .. Q! .. ~ .. Q~ .. !_~e .. L.~.~~ .:req~i~~d c:i~,ring 
th;~~ri!~~_~.m1rrgs . TJ!.e .~~J~.~ .. ~~!"~ n.~~~~~~,.£~ __ the o~!P.~_t .. ~~~ .. e.J .. s._~l~~ .. ~ot 
~~,g u:lr __ ~d 0 

INHIBIT DRIVER 
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I}:!~st __ .~trJy.e_ C;1,P. ~.~~~r.e" pJan~ (64 x 64) whereas th~, writ~ d.~iye.6 on.~. line in 
e~~h plane 9~ tl.1e half. stack (64 x 24),. The .. _~~.P1Y.ysill.age of the .. .au.tpu.t 
~!_~ge ._~[_~!J.e jphj:1"!a.dTjY~X.jJ? a.c_c.or.dingly. rai~ ed JQ - .~t2 'yO~t6. T-h~"Lgri'lJ~..r 
is direct coupled to t4EL..l!).hJ.blt_wlnd,ing . .. --...-~ - - - ----

l} diode-connected tr.ansistor is .plac.ed across th~.j.nhibit 
V!~nding t9. .. sh'Unt.- t~.~ _c.~.~~~.e.~~.~ _g_~~~.~.~t~fL.by.Jhe.J;.ou_nte.r .. eLm~_f. 

SENSE AMPLIFIER 

Th~~_~!~!:l?~ifier J in addition to providing ~~~ ___ ~~,<:~_s6ary 
ct~pl~~c_~~~o~ JrQ_m .... ~EP~-~i~~:~~Jy---~~-rnITIIvofts--to 3 -voit~~Lll:~f? ~~o,!>ther 
r~5L~~~.?;,~m~:nt_§i.. It must respond ~9 .a_ ~ig:nal of eit~er poJ~rity. rh~_ . 
qx~.ent~tion QJ. the s~nse winding.through the. core determines the polarity 
Q!. the ind~c~d voltage when the CO.rEt-switches. (ref. "Sense Wire Routing ll

). 

rr::Q.~ .~H~Jt~._~ _.e!!}.Elifi~..!~r.n.\!.~t_~.!§3.9 . .dt~.~_rJmillate .. again§~ n9is e 
d~e to the ind~cti'(e ap.d capacitiv.e pick-.up __ orL_QQ~hlines of the ___ sense. wind'· 
i~i}p_~~~_ ~_~~~ __ plane.' T,h_~ __ ~~_~!~_. __ ~~ ... p!:1m:a.~j1y_g~~_~£~i.~4J~JL:U~J~.r.e-a.d-, __ wr.i1e 
CUld_Jn~!..~!:L~J,lj~~ni§ . T1!.~_ ~t~c~_J~ ___ !)_h.!~ 19~_9: __ .~_~ minimize e~!~.!:~~l..n.ois_e 
plEl~.-~p. J .-.. -.------.- .. -.--

':C..hi.9 noise wou,~q,-s~_~J2_~sly interfere_:v!'i_~.J!. reading me~_f.?~Y 
,~_!J.!.~_.~~gn~!.~-::.~oi_se rati~ would ~e ~_~~_ .. ~!!~ __ ~~~.!.!ming .oi.the·'~~·~~q.~~ . 
(e~aming, ~he ou~put of the sense .ar:QpUiie,:rL~~ ___ ~_~jti~~l ... _tll~_.E.Qit?~.!._J! __ : 
p~Xn;iitt,~_~, t,o, ~ngJue~~e the amplifier ,~o-qJd l:':.equire a~p~if~er recovery 
time considera.tions. . 

.'~ 

L!h.~-.l~p·ges_~~~poJ1e!?!._~f the noise is "co~Q.!l_~~.d~~1 
noise jl wherein the sarne pola~ity is gene~~te'CJ:~~lj·'I>:o~h .~~~~-~ of the sense 
wAnding wj,th respect to ground .. Discrimination can be macfe--a-galnsf'-' 
common mode noise-l .. 

. J 

A..~alanced inpu! ... ~c!._~:i!~.~_~~~ti~~_~mplU!.~.;~_ .. ~J;t"~~~tJ~ __ !l.~.~~ 
i21:_ the.Be . ...pur-p.os.e s . It J~. refiJP-Qlls._ive .. only .t.Q .a_J;lJf!~r~~C;:_~._Q~_.pg_t~ntj.~l_.be-

tweJf:JL_tJl~_J~_~ __ .~ ~_~~ e . ~-~n..~~~~ _.~~_ ~.!Xlb;~a!~ __ . <S.l., __ ~~ __ of F ig!-l re ~-l_O) ~_~_~,~~~ _~han . 
a y_~te~~~al. t.o ground. 

A.§>, a~'plified by the ... two NPN t:ra:I).sistors t the signa~ 
c.c?EPJ~d. tl}.rQugh_ t.h~ t:r?J.A~fQ?;mer. :will.be. th.~potenti~l. between the primary 
winding terminals 1 __ ~!?:Q_~.~ __ Common mode .!!.Qj._~~ .. VfiU __ ~!'~~_~_Jl!~_<;u_~.r_e.n~~." 
illeach--halI--o'f lh·e--p'~irrJ.ary wi~_g.:lD~il~~hQih,=~~j;ll..~_r increasing or decreasing,. ................. ~-_._v~._ ................ ~_ ~~ __ ~~ __ ..... _n ___ .,,~ ___ ~ .. ,;.-__ ~ -----''''~~~ -· ...... - __ .. ~_-.-_._"'u ___ ..... 'r----'; --_.-.-- ""-. ~-~-,~--~-. -' ~ 



4 swityhiB& Gore will lnduce a pote~ti~_~iffe~~~~_~_.!?~_­
~ween SL..an9 83 termina!§. ~~enDh..!:.oug!!_._~Jl..!~_h_~l(_Q{_lh~-.£~i~~r_y 
windirlg will increase as the curr~.?_~ __ in __ ~!!~_.2.~~~E_. h~J...f _~i~~lt~_g __ ~e_~~~~_s~~~. 

T1J.jL1ie.~.Q.'!1qar~c.wj.J!g!!l...s..3~j.rQ\11t._re.~J~on4s to a .$,j.gnal_c.hange. 
OD.~ .. 9fJM~o PNl?-.J.ra-ps i61:0;rs :wjJl_tYJ,·_ILQn., .. _~\l_ttJng_.ofLfu~._(olloWi~ 

g~~Qy'Jlg~.~ eIJlitte:r sta.&-~!... b:f.ter i~_rt!'l£..E:..~1~·f~_~.!t't!9:t.Lg~_.~~tt~in .the .. C.QIDPuter 
c~x.~uit lev~t~0he s~E.§~H!1:Illp-li.fie.r .. output._is . .tak.e,uhfrom __ alLemitt..eL_follower .. 
T.1::e"sen~_~.~_~.E}.ifie_r o~~J~~~._~-~.-_~.2.~!XlCl:l1y.._n~nl~.Y~ .. J~ __ Y.9Jt~1_.~'tl..4...grolJlJ~:t.~.(.a. 
o.~ ~_ is sen s ec! .. _~~.~i!!lL th~ ..... !:.~.~~ • 

~m p lif ie :t: __ ~~U~.~ tm~ n t. is ".available . so that...tb.e_ ... timing __ of. 
the 24 sense amplifie_!:E._!E the half stack ~_~lJ.J;~~ ma,tched. T.h~_PN~_tt~.:Q­

sis!9rs l 354.:3QOS: h ar~..E1?~_9}~11Y~i~~.~_t~dJ_Qr_.Jh~i~.J~J~ .. ~_~_~h.q~9-cle~J.s_tics. 
The value of.!he ~211.~.~j:_~,:,: __ !:..~s !~tq,~_9!_tl1_~_.p.?;:_~_~~_~~U~.g, .. ~J~g~gete rmin~ s 
th~eJ..Jevel..A.tjbJL.ba~J~L3 54- 3QQB __ ~ l~. ~h~._.r.~_~_i .• _t9.r.X_~lq~ ___ ~.~ .i~le_cted 
dU;':~_!l.L~.!:bugging to provid~ __ .!h~_Q~_~t~~g __ ,t~ming_ot .th~ .. ~_~~_~_~ __ ,~m.pli;.~e.r_ Q.ut-, 
EY-t. . --.-----------

!t _.:m?:.&h.!. .. e~ _~o~~~th.~-r.~:Lthat._w-h~ULjLQne... is_ be .ing __ ~r it~.~_~ __ !~~ 
sense amplifier will·~esp<!.~~ ~ T.lm.~.j.!LJ!11ow~JiJo~~- the ~ID-P.~l!l~_~_~.Q~.~~-
~ o.~.~ ~~.~~ .. ~.~.~ _~ii(j,~~rJAgLmemo.~Y-_.ky.~)e · 

The diodes shunting the secondary windina protect against 
___ ~_.--.~ __ "'_'_<.~'''' ......... " .. ,~ .... ,-,~".,.''''' ....... '" .. r-..' O~~' __ r,.rr~ ___ "_~._, .. _ •• " ... _~~'N ___ .... ~~----,---.. ~ __ bN ..... w"'_ .... __ ... _ ... ,,~ .. • _____ ---~ 

tr3:~.nsJe.nte._j;h~t may b.e....c.r..eate.d ~l~U:.!lng._P9w_e_~ __ t~,~.t:l. Qn -' or.Ju rll .01(. .r:r.h.~Y 

~!!~. ~_91c;l ~h.~ ~p:li~~e r level ~o + o .. 6.v~lt .o~~. ~e ~~ __ l?_~~~~!.!~-~-~~~-}~~~~o~nth~ 
tran_dQr~eX:e. -, . 
~."'" ....,... .. ~ ..... 
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Figur~ 4 ... 4 Half Selected Core Response 



Figu~e 4-5 "Current Ris,e Times ,in Driver Core 



Figure 4 .... 6 8 x S Core Plane Wiring Schematic 
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