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inïîmbuctioh 
( 

\ 
4 />A hifíh, back-volttga gormaßltun-cryatal rectl f .er 

potisessee aazty ath’antages ovt r «lia vacuum" tub© diode.. It &£’(■' 
a much lower forward refit Ht ar., cs and ha'J a cuTren.t-volt.ag":* 
characteristic which passea through the origin,, la adaltlor.. 
it le ema11 „ requiring little space,., no heater power » and 
having very small Inter®].ectrolo capacitance, He dlsmdvaa- 
tag* is that It has a back uenductance which frequently oanrct 
be neglect,«d. and which Increra^B with temperaturee. Crystals 
are need lu Whirlwind I for cl.tumping (d-c restoration)^ for 
isolation in coupling trigger sources to flip-flops^ for mixing 
signals in a cotnmon ioad^ in high-speed multi poeltion switches, 
and In pulse generating circuite |Áo audition, bylvanla is 
-developing special higluconductivity crystals for coupling 
to the digit-transfer hue and for use- in the deflection circuits , 
Measurements have been, made to ieteroibe the chaxactoristics of 
crystals* particularly at overload and et high ambient tamper a 
turan,, These measttraujents are reported in E-106., 1-11.1,, 1--108,, 
and M-6Ö., Close contact has bsen maintained with, the cr;r3tal 
group at Cylvania. where life cesta, including life testa under 
pulse coudi lions at higii ambient tempera tuxes, ar«‘being con- 
oui: ted See M-66 and h-41 Out expert enes with cry dial 
failures and deterioration is described in M 110, A tester 
for selection of crystals for computer circuits is deecribed 
in iC»37 and M 92,, and Is shown in photograph FB-273, A. clamp to 
avoid overheating whan eolderlug is shown in photograph FB-303, 
Standard symbol a for crystals are set forth ¿n E-69. 

áje» element which has two stable states,, symbol FF* is 
»Baentiai to the Whirlwind com]niters as may be seen from, the 
block diagrama. -y using a resistance-coupled multivibrator 
or flip-flop* employing two pentodes» such an element is ob¬ 
tained having a switching time of approximately 0,1 micrcsecond. 
The development of a relie ble. high-speed flip-flop has been a 
prime con ai deration of the electronics group and a continuous 
Investigation of flip flop circuits, Including stability, tube 
characteristic»,, component tolerances, and life has been under¬ 
way since the spring of 1946 and. will continue.. This laresti - 
gallon la described in E-113, üb42,, ï-56., 1-57* 14-99,, and 
M 138,, 

In order to avoid the cascading oí power supplies, the 
amplification of power -supply -"■«roltage drift, filament- trrjtaf o tb -*r 
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loolatiou, and other difficulties tocompanying direct coupling,, 
a scheao of r~c cou})ling hao been devised which preserveis the 
functional advantages of &»c coupling. This sclieue requirea 
that each flip-flop la the computer be triggered twice by two 
pulses on® micro second apart iso that it returns to its original 
otate) during a time In the cycle when the flip-flop is not 
otherwise activo,, This is done frequently enough no that the 
coupling capacitors do nat have time to ci eciiargo. the desired 
d-c level i® obtained liy use of clamping diodes, This is an 
important factor in the Whirlwind computers which wakes operation 
more reliable by permitting wider tolerance« on. power-supply 
voltages and pulse amplitudes. It is described in M-77e i.*-39, 
M -91 » and E-47„ 
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aoierenoos? 

Overload and Tomparatur© Test oca 
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Crystal Diodo Bacîs: Ocaduotioa Oharaßtsrieitos, 
R. B. PslDdtar, April 38, 194? 
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Drawingss 
A« 3SX61”G 
A-38162-C- 
A-30153-ß 
A-38164-G 
A-38166™ Cr 
A-38167-G 
A-33168-6 
Ä«38169=6 
A-» 38173--6 
A™33173-G 
A-3046? 
A-30476 

Objoot^ 

ïo detormiae vmat affect overloading t-he as dio de s t both 
la tba foi-vard and back direction has upon the cher ac tari sties of th© 
diodeSn 

To determine the effect of increased embioat temperature 
on the oharacteriático of the diodes,, 

Summery 

Overloading a diode to twice its aesdm«« rated forward 
citrreat producee no permanent af,foct,> Overloading it five tirase its 
maxi ¡aim rated forward currant changes its forward characteristic;', 
forward re ai stance increatsas about 12 per cent,, Furthsr overloading 
not only inersasaí» those changes but also produc©» a pemaneat change 
la bade resistance. Sestc show usóme diodoe will take one eœpore for« 
ward current bafore total breakdown. Toot on tea diodes at 23.5 ö 
indicate that au Increase of back voltaga beyond 50 volte is 
undesirable. Overloading diodes to twice their ¡bíísIeusí rated back 
voltage is isspo»elble without destroying the diode or permanently 
changing the dioav cheractoristic« 

Taioperature teats show that, over the range of 80 C above 
room temperatura, change in diode forward characteristics in arosll. 

Temperature changes of 80 0, however, do change the* back 
characteristics,, An increase of 20u0 above room temperatura will cause 

the back resistance aft low bask voltages to drop ns much as 80$ of 
the resistance at room temperature. The, resistance will return to its 
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iTlri aal value a» the temperature is returned to room t amp er atm-e. Q11 :1 nn-f V iXMV4v7 ÍAÍM W vM.njj.rw.-  , f 

Greater increases in temperature further decrease« bank reel stance. 
The tóate indicate that as temperature increases the sale maximum 

hack voltage decreases. 

Forward hirectlan 

First, the characteristics over the rated range wore 
measured on four diodes. The test circuit war. the same as that 
previously used to determine the characteristics of and 
if shown in Drawing iio. A-3046?. Graphs ^36173-^ 
show the characteristics over the range to both forward and hack rated 
conditions for one of the diodes tested. 

Overloads were put on the four diodes by applying múltipla?, 
of maximum rated current. The first overload was wice the maxiim® 
rated currant, 50 ma. With this current, the voltage aero as one d^oda 
measured 2.7 volts, a resistance of 54 otas. No change wa« indicated 
after five minutes. This overload produced no change in the forward 
characteristic of the diodo When the diode was subjected to an 
l0a¿ 0f five times the maximum rated current, 125 me. the voltage ™ 
c o voifS The voltage drifted to 5.0 volte in 31) seconds and at the 

Ti nk min.to« »onnod 4.5 volts. This ovorlooding prodocod a 
permanent ciumge in the diode,- When the diode web giver;, the original 
Let again at rated conditions, the forward resistance vac approximately 

nor cent greater for all values of current. An overload of ton. 
times rated current, 350 ma. produced a voltage of h^lts. 
k alow drifting of the current wan observed and aft« two and one half 
minutes the current jumped to 3G5 ma. and the voltage at the ^ time 
dropped to 5.0 volte, After five minutes, the current and voltage 
stabilised at 364 ma.. and 5,2 volte, s resistance of 30 ohms. Resu„.e. 
of repeating the original test over the range of rated conditions 
showed the forward resistance of the diode was permanently increased 
25 per cent by overloading ten times the maximum rated current. Next, 
the current waa slowly increased. With 800 ma„ and 6,5 volts, no 
apparent damage was produeod. At slightly more than one ™Pere, the 
diode burned out with a snap and a flash of blue lignt. The wax xill. 
was forced out the aide. The three other diodes tested exhibited 

approximately the same behavior, 

Testing three moro diodes over the ranga oí rated back voltage 
after each forward overloading showed that forward overloading to 
five time a the rated forward, current caused no effect on the original 
back characteristics. However, greater forward overloading changed the 
back characteristics. When the bock resistance was measured at 50 
volts after an overload of ten times rated forward current, the back 

i I 

I IttK it 
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raaí. staace of the threat diodo y was found, to have changad +77 per 
cent, -50 per cent, and -74 par cent, of the originel hack real stance 
at 50 volta. After a forward overload of ten timoc rated forward 
cui'rent, the hack resistance chajaged as much p.b ?? P©2* °e5flt will la the 
forward rosi stance increased hut 25 per oeato 

Overload '.Casts in the Back direction 

The circuit used for the hack overload tests was similar 
to that used for the forward overload test. The ambient temperature 
was 23.5°C. Characteristics over the rango to maximum rated hack 
voltage were lasaaurod,, for one diode,, the resistance at maxirox® 
rated hack voltage, 50 volts, was 167,000 ohms. ïb© hack yoltag© was 
gradually increased. The current reached 5.0 ma. at 70 volts. There¬ 
after, the current increased rcpidly. At 71 volts, the current was 
8.5 mao Just beyond 71 volts the current suddenly ,jumped to 24 aa. and 
the voltage at the weane time dropped to 34 volts. Any fcu’ther attempt 
to increase the applied voltage, resulted in increased current and a 
decreased voltage across the diode, indicating a negative slope of the 
character!stico With 30 ma. current through the diode, the voltage 
across had dropped to 30 volt®. Here It was unstable; the voltage 
drifted to 26 volts in three minutes. This overload definitely changed, 
the characteristics of the diode,, Reducing the voltage to aero volts 
and gradually increasing It again showed that the negative slops 
appeared at a lower voltago, 54 vol'ss. At o3 volt® and 80 ma. the 
diodo burned out and opened circuit. 

Teats were made on tea snore diodes. The results showed that 
for the 11 diodes tested, the range of critical voltage was between. 
66 and 160 volts. The rated raeadmoa voltage of 50 volts for the back 
direction should not b© exceeded. 

Figura ¿b,30476. taken, fron Reference B, illustrâtes the 
negativa slope observed in these tests. 

Effect of Iron cased Ambiant T^xir ature 

The four graphs 0 4-36166-0, A-38167-G/, A-SBlöB-G, and 
4=38169-0,. ehow the relation of resistance to fgrwerd0current for four 
diodes at five ambient, teraperaturess 23.5 0, 40 0 , 60'0, and 100°0. They 
show that resistance decreases aa température líasreases. Th® decrease, 
however, la small, about 13 par cent for a 20 0 there ace. 

Graphs A—383.61—G, 4-383,62-0, ^^38162-0, and A— oS3,,64— G, show 
resistance vs. back voltage for tho came four diodee at the five 
temperature8. The back realstance decreases repiO.ly with increase in 
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+ t+ sf; volt s when t3ie nonrperetare Increatieû. «g IJO 

to 40° G, roaißtews uuwa - — * , 

ftt 30 volt» when tto temperature Increaseo 
resistance decreased as much ao :¾ per cento 

Precajutlfllft ln Wiring 

Caro m-Bt »o ozorcl sod In solderlw; then- dlodcj o. 

excesaWe ^ !“ ' 
between the crystal ató t. 0f flat-nosed pliers or a clip 
soldered should b» grasped with apair °i tj-a of 3/£ 

e8peolany iooignní ÍW tn. Tfs 4 inoh ï, r6CO¿snd.d 
iSh 1, re;o«,»ndod. A na,:l^ £* £*«• 1 Äl tont« l'or 
to provido adequnto onpport fo ' b avollnt-lo. O» taotor 

at ».verni ,»pH.d voU^o. 

Techniciens 

Engineer; 
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Dm-rlngos 
B-3814?«G 
R=38148=0 

This report presents the characteristics of the Western 
El go trie 1)^1.72935 crystal rectifiers baaed on ten crystal, rectifiers 
ordered from Wo at err. Rlootric Comp any« 

Method of Obtaip.lng Qhsracte.riat.icp, 

ïho circuit iu i’igure 1 was used to get th© fo:i*ward 
characteristic at 5, 'J.O0 201 20. and 40,, sainiasaperes. The circuit 
of figure 3 was used to get the forward charactorieticfj atOeS, XoO» 
2,0, and 3o0 willieisperao« A Simpson mill 1 ammo tor Ko« 283 was used to 
measure current and en BOA volfc^ohmyot which had an input resistance of 
9,9 megohms, was used to measure voltage in the circuit of figure lo 
An KlecteX 0«30~300«'30CK) micro ammeter was used to measure current and a 
Ganoral Electric Company doc ad® resistor with a trlplett 0=100 micro--» 
ansnater wae used to measure voltage in the circuit of Figure $c 
Correction, was made for the resistance of the current measuring Trlcro=- 
ammeter. Back characteristic® wei*e obtained by reversing the crystal 
rectifiers in tho circuit of Figure 2, The multiplier and micro far,raster 
were replaced by au RCA volV-ohmyst, Resistances were coatputede 

fiäaj^ßterlsMiSÄ 

The forward charecteristies of the tea rectifiers wer® 
stable. The curves fell close to the 10Q=»oiffl constant re si at anco curve 
Tho variation was about 50 obras either aide of it. The curvos ar® 
shown in Graph £=38148----¾ 

The back character! Gtlce were found to vary with time for 
some rae. tifiar Bo Six of the ten showed considerable drift? back 
characteristics ar® plotted for the other four only. Ko, 3 drifted eg 
rapidly that no readings could be tafeen during the first minute, With 
eight volte across it, No, 9 showed jm initial current in 1 ¡¿a. After 
15 minutes, it showed a current of 55 >¿a» No, 6 showed a drift from 
70 pa to 65 p,a at -=-50 volts in one minuteo Ko, 3 showed excessive 
drift at -50 volts. It drifted from 100 |j,& to 300 ¡:,a in on« minuto. 
Only oao of tho tan rectifiers showod no weaom'ábl® drift, Graph 
R*>38148«G shows curvea, for four of tho ten rectifiers for negative 
applied voltages. Graph B=36147 shows resistance aa a function of 
voltage over a voltage rang® of *65 to -50 volta. The middle curve is 

v-bbL|';a;U{. .- U 
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CQNSTPiNT 
REStSTñNC 
SOO;000Xl 

iHOTf.cvmR-fvtiïLH^ric.ci; op Ten txpe'ü.Uci'vs crxstrl rectify 
VMERE MESUREDl THE BEHFW^OR OF OIA OF THE REC.TUHEHS 
FRRIVTIC FOR NEOfYTWE BFFUED VOLTRGES; UIF4R CHHRHCTEf 
ARE HOT SHONWÎM HERE. THE DATA FORPOOVTWfE RFFUEO V* 
FOR THE TEN RECTIF\Er3 AND ! FOR NEORT^E ^PPITEO 
VOLTAGES ! FOR FOV)R Cf THt. RECTIFIERS FELL WITH\JN 
SHADED AREAS. FOR FORT HER INFORMATION, OLE. G3TS HE 
NO, RH08 AND GRAFH B-3814 8-0. 

MAXIMUM 
MAXIMUM 
MAXIMUM 
FORWARD 
REVERSE 
reverse 

WnSGS : 
ALLOWABLE REVERSE VOLTAGE : 50 VOLTS 
ALLOWABLE CONTI^OUS FORWARD CORRECT* 40^>d. D, 
ALLOWABLE PEAR FORWARD CVJFÍRENT : lOOTna 
CORRENT AT \ VOLT (AT ROOM TEMF):5Vna MIN. 
CURRENT jAT 5 VOLTS(AT ROOM H MV.) O.OETrtä MlN 
CURRENT AT SO VOLTS^AT ROOM TEMF):C.85 Tna. MU 

RECTIFIER VOLTAGE IN D~C VÖLTS 
-40 -30 -20 
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J0 W„ Jj’ox’s'ostar 

David So Bjpow 

Salk with SjrlTanîa cm Ory«tal Heohifisre 
JanuaJ’y 31, 3.94? 

STROM:-. 

SU.BJ.30S- 

BASS. Foh'raaTÿ' 194? 

A oonforaiioo on crystrl rectifiespo held at t<iio ioi'eyth 
Street pleat of tha Sylvanla SLeotffic Producto Ooatpaay on t,h® afternoon 
of January 31« 194?, Shoao prasont war* 

Mr, Dana W0 Abchlsy, Jx0 
Mr, Harold Hi,no a 
Mr, Hu'itis Suraor 
Mr, Hochaatex 
Vfr* CitrnaUua. of Sylvaala 

Dr«. Moxri« Euaiö.off oí Harvard 

Mr, Harria S’almostoals 
Mr, L, D, Wllrson 
Mr,, J, A, 0".Brian M „ .,, 
Mr, David H0 Brown of the Servomechanisms la»,, 

Mr«. Brown and Dr, BaMnoff presented the character!atice that 
a crystal, rectifier should have in order to he useful in a ^ 
comouter,. They were in agreement on the following P0JB'a" * ^ b^ol^woltc 
resistance must he greats than 100,000 ohm« Wfween. om ^ ^ny h^ Kdt, 
and. at the end of one year of coatinnoue operation, the hack m® 
atm ho greater than 100,000 ohms over this range, ..wo the maximum ¿ 
t eiaper ature at which this performance could 6® o» tai nod should où spoo.aied 
hy the manufacturer. Three, the cost should he low act ^PP^iably greater 
than the coat of a vacuum tube. Dr« Ruhinoif tnought taat f f 
should pass aft least four ndlUampereG forward whereas Mr« Brown asked for 
a larger forward current, approximately twenty -«UUemperes, 

Sylvenia feels that it can muet these specifications with 

diîflouUj-.' Itoy WU«. tk.* tt. ««te» SSL« «hich 
AS m.M« th.,? m dsTSloplng a ^aolol oryatal. »«VÍÍÍÍ, wTSvdîÜ 
„Hi haw a wry high Me Meist,»« «* to XW back »U». »“ 
ohialhea. tow»«, ai mm Smcmm Sa Sha îow«4 reaUtono«. a3.Mi.-a «U., 
sand us complete data on this special ractiilor very soon,, 

‘t
 

.. 
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es yiijh a rectifier and a 28-wU.~xffli 
¿bout 10 volts is inaeööretlc After_30( 
voltage has not measurably ohaagoâ, 
.stance has ha®» measured,, 

Xho confareacc- oonclviAed in ffii 
of eoffiicoKiductors led by Mr» « 

i infonnativc discussion c£ tb® 
GornallUßo 

Qiî/k!L 

David. 3» Drown 

Dr» G» S» Drown 
634u Engineer» 
R» L0 .mis 

• n 

2Ül_!_^_.. ■ ■ 
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OamLrldgo, Haaaactosotliß 

Baglnoars of Project 8345 

Dari d H0 Browa 

Sylranla 1H28 Crystal RscUflar 

Juas 30n 194? 

l’ha X138 cayatal. reotlfioi? Is slmiler to ih© 1H34C 'fho prlaelpl© 
¿i f for ano a is tb.o maxlmua Lack voltes©» whioh. Äs 50 Toits xor the 1®34 and 
X00 volts for the 1333,.- 3owvw.\ 'bsoauso tlie 1338 has a higher Leok 

Lack roaiatanoo la daslred, asy 200»000 ohaa# even tnoush -i.fe© L-act- volcas© 
a®-rar snraaeda 30 volts» 

5'or axampl©» tha olaaaplng applioatloa requâroa & rectifier having 
greater than 100,000 oteas Lack resistance at 30 volts; the nmk voltage ylll 
not *d© greater than about 30 volteo A IH38» rather then a l®h4B is 
recoaraiaaded for this application Lscans® it wiU SiY9 
»Rfafcy and permit a higher ssfoient tompsratin-öo Also, if 1K^4 s mi*, nnetl, 
e. large poro ant age of tas production rectifiers would hav© to h« rejecMsa« 

ÿor bha peator application, a Lack voltage greater than 50 volt a 
ie anticipated if four roctifisrs aro ns®d serlse^paraU©!; th© beck 
re si et ano© mead not L® greater ihm 608000 ohago Again«, the lîî38 :la 
rsoommaadad» sino© the Lack voltage rating of th® 1ÏÏ34 wvl& Ls ©zcaouod» 

Sswovor» 1K341' s should L© usad wherever they ar© »atisfaotory, 
since the coat of a IB 33 U flv© tiras a that of a im,» 

JÙmiÊÆmu 
Da-kltl S» Brown. 

j'-.V.« i A’l;; -V, 



M:SM03ü¿TO IW' M»--66 

SESVOMSCHAÎÎÏSMS IiABDEATOE'Z 
Kaflaaoimaet'cs Xustitul.© of ï’&chaoicg;?’ 

C^jabridgo i, MassBachuaetts 

5345 
Paga 1 of 4 p i¡g 

DrmiagBï 
A-30473 
Â»30473 
A-30474 
A” 3047S 
A-3047 6 
A.™3047? 

20?. Jny W» forraatex1, 35« Ko Brows?., Lo XK Wilao», 
S o Ho Kofid, Ho ll'atoesiiockt, 

ï’BÛMâ Eussoll B» Palrnlter 

SUBJEGÏ1?. Sylvaniß 1H34 ßamaniiaa»Crystal %odo Back 
Qondßctlon Obarac% ©rictic s» 

SATE; April 38, 1947 

BEfBBBHGJSSî 1EBP1-.30 

"Crystal Hectifiers", Wo 3o Stanhan», 3SLBCffiïOÎ5ÎCS, 
Volo 19, 3o,> 7, July 1946, p., ÙSo 

"ïhe Goraiaxximi Cry a ta!.. Siado1’ s S„ C» Coruelluf., 
ELÏÏGTSOKÏOS, Voie, 19, Ko» lt January 1948, p0 353j, 
folo 19j Io, 3, fe'braary 1946, p. 110„ 

PoB„ Report iïoo 5200, Purdue UniVo, Hovemlax* Xs 19M, 
Preparation of H:i.^a Volt^.-i gflSianlBl ^rystaliBo 

P o B,, Report Sfo« 5301, Pm’duo Uniré, KovemBer 1, 19<34, 
.¾¾^ High.. Voltasa.. garffl.oniwtt_Pioâa, Sectio a ? 

PoB» Report SfOo 5302, Pordu® 'Ohiv», Hovembai' 36, 1344, 
The High Toltaffgi Gajmaniron Rgctlfigr, Section Two â ghoqgatlcal«. 

PoBo Repox-t So. 5304, Parda® Univ., Msrcii 19, 5.945, 
Proparfeiee o.f Garpxan.imn lilgh Baffk Voltage Rectifier Unite. 

Pimpo s® « This iaveatigatioa was tmdcrfcaken to observa 
operation of 1134 stock samples in, the back conduction direction with regard 
to tha followings 

I. Vaspiations in tranaltion points 
30 Effect of osce-oflive power dissipation 
So Feasibility of forced cooling of the crystal 

Conclusions ~ 

lo The shape of the 1K34 back conduction charecteristlo varies 
so greatly among units that use as a practical negative real stance element Is, 
not anticipated in their present stats o.f development » 

2o The powar dissipated In the high negative curr-sat region 
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osases time variatioaa in charaoteyietica, and may '5o aufflcieat to zmm 
loss of Tjoth negative résistance and unl^directional characteristics» 

3» Taisperature at ability at high power dissipation cannot 
be achieved by practical methods of artificial cooling,, it is presumed 
that the extremely small contact arrea precludes sufficient heat transfer 
to the cooling madtefi» 

Diacnaolon - 

lo ïn a córtala region of its back conduction characteristics, 
the germanium diode becomes a negative resistance elomcnto (See P« B. Sf*port 
5301 and "Bibliography thereto») Thus, its reverse ©b vs» iVj characteristic^ 
is a double»valued function* and. by propor choice of supply voltage and loav 
resistance, two stable operating points may bo obtained. Shis is Illustrates 
in Drawings A-30472 and A-30473» In either casts, as the operating point is 
carried outward from the origin along the characteristic curve, the load line 
will roach a point of tangency beyond which it must jump to a new 

location P£o As the operating point is caused to move back along the curve 

from P, to P.,, a simller action takes place from to Points P-. and Pg 

were the primary subject of this investigation» They are herein termed the 
"transition” points. It should be noted that for simplicity these figures 
have been drawn for the two transition conditions only» 

3» The 15334 manufacturer's rating includes; Average forward 
— ™ o “I . » f   _ . _ . * h (WQ'lllhv, ‘t* ^ 4* A* 

anode current 23»5 ma Back conduction 3 ma. maximum at 50 volts. 

For the maximum rated back conduction the power dissipation 
is 0.1 watt. Talcing two volts diode drop aa representative for -rated forward 
conduction of 23.5 ma. gives a dissipation, of 0.045 watt» Therefor©, 
powers greater than 0.1 watt are horain. considered "high' ov ebnorwal » 
iteference to the typical back characteristic of Drawing .1-30476 shows that 
beyond the power dissipation may greatly exceed these values, ranging 

approximately from 0»5 to 1»5 watt» 

Procedure - 

1» The circuit used in shown in Drawing a-»30474o Transition 
points were observad by varying with a constant load resistance of 

10,000 ohms» Comparison between units was made on the basis of and e^g 

observed for a number of 1^34*3 talcea at random from stock» Headings ware 
taken as quickly as possible* with momentary power application to prevent 

drift duo to heating. 

One complete characteristic was taken. Forwas’d conduction was 
observed as described abovo» The back conduction was obtained with, octk 
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■a., and Ht variable, to obtain points la the region, from P,, 
“'00 ,u 

to p 
kV 

2,, The effect of 'increased crystfcl temperature due' to 
abnormal power inputo was observed. Characteristic curres at elevated 
temperatureb wore not of primary interest and wore not taken due to the 
difficulty in maintaining and meacuring toraparaturo of the contact area on 
the crystal face, 

3c Artificial cooling was used in an attempt to obtain stable 
operation in the high power region, where temperatura variations were 
severeo The media employed included air jet, carbon tetrachloride (at 2 0,) 
packed in ico, and Reagent alcohol (at **70 0=.) packed in dry ice. The media, 
were applied externally to the diode cartridge, and directly to the crystal 
surfacec 

Rqsuits ” 

1, On© typical reveres characteristic is shown in drawing 
1-30476o The forward characteristic for the same diode also is given in 
Drawing /^30477 0 

Data on the op re ad of transition points among units is given 
in Tables ï and II, Data for the 3°C, terrperature «re not shown. The 
difference between this and ambient temperature vas not significant coaçareà 
with the «70o, condition. Howevor, there was a measurable increase in 
forward and reverse realetancea and in the transition voltages for any one 
unit when taken from ambient temperature to 2 0, 

2o Drawing JW30475 shows the change in characteristics 
inferred from observations made with high power inputs. Ay.ter short power 
applications, the characteristic curves tended to return to near their 
original shapes when the crystal was allowed to cool, ,fewer of about 1,0 
watt applied for several minutes caused a permanent change, a.e from curve 1 
to curvo 3, Drawing A*30475. Somewhat greater power input resulted in 
essentially completo loss of negative resistance, as curve 5, Drawing 
A™30475, and was accompanied by about 10$ Increase in forward resistance and 
as much as 90$ drop In back resistance. Some samples showed a drop of about 
10$ in e-u-j after tha first transition, after which they remained constant 
until' the unit experienced higher dissipation or longer power applications, 

3, All forced cooling methods tried changed the diode 
characteristics, as evidenced, by increased forward and reverse realsonnee 
and higher values of e-.,, when a unit was token from ambient temperature 
(32°C) to the lower tenderaturo. As would oe expected, the greatest change 
in characteristics was noted for the ^70 6 co,bq. Tables X and j.X permit ^ ^ 
comparison of transition point voltages between ambient temperature and -70 C. 
At the temperature of -7000, two units of the five tested showed two high, 
voltage transition points, Indicating that their characteristics were triple 
or quadruple valued functions over a range of one or two volts in e^ , 
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Unite ■which wars opened fco introduce the cooling liquids 
directly to the crystal wero observed to cauce buöbling o:. the liquid at 
the point of contact hot wann whisker and crystal when high power input 
was applied.. It might, therefore, ho praeumed that the contact area roaches 
temperaturas at loast aa high as A1 though there vas considerable 
difference in the behavior of individual, units, none exhibited good 
stability ©t high power inputs with any cooling method employed. 

S®«i 
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MODEL EGO (SM-343S) 
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RL® 10,0000. TO 1.0375 MEG IK1 IG STEPS 

Ebb=° TO 500V 

TEST CIRCUIT FOR MEASURING BACK 
CHARACTERISTICS OF IN3A CRY STAC DIODE 
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Illueti rations r 

B-30465-2 
SAk-39225 

lo General DescrlElion 

The Model 1 Crystal Tostar io a dovie« to facilitate rapid chocking 
of IHM crystal diodes. It will meam the forward resistance with an applied 
potential of +1 voXtB and the hack reolßtanc® at potentials QÍ -1 and -hü >J" 

lha present ataadards consider a crystal to bs good if the iorward 
resistan«® 1» less than 200 ohmg at +X volt, and the hack resistance in greyer 
than 0,1 megohm at -1 and -SO volts, Whs astsr aonle « th® inntrumen. Is 
calibra tod with GOOD-BAD areas to rapidly Indicate If a crystal meu a the 
standard«, ïîuiaorlcal acalos ara al ao Included tio that the actual crystal 

realntfince may ho noted. 

Ho Circuit Description 

The circuit consista of a regulated d-c power tiupply and a vacuum---tub© 
voUmaterc (Sea drawing 3-30465-2), During e. last, a known voltage in series 
with a precision resistor ;U applied to the crystal » The vacuum-tube voit^^r 
maaixrea the voltage drop aero as the resistor or the crystal ,depending upon 
the polarity of the measurement ) ahd la o^-ihratod in terme of re si stance. 

Boni valent circuita for the three »aatfaremenU are abowa In &&-39228o 
She voltmeter circuit la arranged bo that the meter deflection is at Ínil-sea.® 
with no voltage applied,, and reads one-half scale lor -3 roJ.u mmU M in¬ 
spection of the circuita in the drawing shows that if the crystal a..ode me a 
200-ohm forward resistance and a 0-1 megohm hack resistance* the voltmeter will 
have -1 volt applied to its input for all three cases and the pointer \u 1...- be 

at mid-scale - 

•She regulated power supply consisto of a half-wave solenlnm reotlf3®r 
circuíb that supplies voltage to an 0B3 gamona regulator tube, A volcago 
divider Is used to supply a potential of -2 volt a with an ef^set ve e-ouxea 
re si atanco of 200 ohms, and -52-25 volts with a source resistance of 2nc00 oh^s- 
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The current through the bleeder my 'bo ftdjunted by the VOLÏAGK AKT 
rheostat-. Nixen It is correctly adjusted to 10 Mj.llía>tpsrH3s 2 volte will 
appear aero on the 200-ohm preoi nton real «tor- When this adjuatînent Ims been 
correctly made« the -50 VOLT ADJ potentiomotor may ha adjuetod to have an 
open-circuit voltage of -53,..25 Veits-, 

The vaoutm-tuhe voltmeter la a aeries-Lalanoe bridge that operate« 
directly from the a-c voltage oupplied by the powor traaaforraoi*, The bridge 
balance is controlled by the RIGHT ADJ rheoetatr, and the motor esnaitivity is 
controlled by the LKi'T ADJ ,- 

II.]., Initial Adjustment 

When the unit Is initially built* the VOLTAGE .ADJ and -SO VOIS? ADJ 
controlo muet be act correotlyv Pirat* the tester should be connected to a 
115-volt* 60»-cycle a-c eapply* and turned on for at least five minute a to 
reach operating temperature« A voltmeter should be connected aero as the crystal 
tost terminals of the unit,, The VOLTAGE ADJ oantrol ahoiG.d bo adjuatod first,., 
and the adjustment should be made with the bcgIo knob set to acalo A« The 
open-circuit voltage should be 2 volts* and the effective reslotance of the 
source la 200 ohms, If a 1,,000 ohme-per-vclt meter 1¾ usad on its 3-volt 
acalo* this means that the VOLTAGE ADJ control should be variad until th© 
raster reada lo875 volts« The meter should have a. relatively high accuracy 
(-1^1 or better) as the accuracy of the tester 1b dependent upon theoe adjustment 

\fhen the above adjustment haw boon made,, the -50 VOLT ADJ control 
may be set. With the raster atill across the to at terminals* the acalo knob 
should be turned to acalo G« Th© open-circuit voltage# ei'ter adjuotmonts 
have been made# should be 52,>25 volts and the source re gißt anca ia 104* 600 
obras« If a 1*000 obra-psr- volt, meter la being uned on its 100-volt acala# 
the control should be adjusted so that the ms tor reading is 26 «5 volta-., 

If a ms tor i» usad which haa a re si staue© different from 
1*000 ohme-per-volfc,, or a raster scale différant from th© erne ©pacified» th.» 
correct raster readings will have to be calculated from Uu> above information« 

There is an alternate method of adjusting the »50 VOLT ADJ that 
make© use of the voltmeter in th© tester# and a 0.,1 megohm precision, resistor* 
After the VOLTAGE ADJ control has been sat* it i© poaoiblo to calibrate and 
balance the vol tino tor circuit « With the test terminals enp fcy and the seals 
knob on scale C# the RIGHT ADJ knob should bo got- ao that th© mater po Infor 
is on the mark at th© right-hand and of the seal©,- Attar tbits adjuatmont 
ha.8 been made# the scale knob should be turnad to ©cale A„ and the LEFT AJU 
control set so that the pointer la on the merk at the left-hand and of she 
motor ocalsc 
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When the to ter ha a been adjusted,, the 0,-1 megohm precision r o si atar 
should be placed acrawa the teat terminals and the scale knob cot on scale C 
She ”50 VOLT ADI' control should be set so that the ice ter pointer 1® on feho 
mid-scale marko üPhia method of adjustment la frequently more accurate than 
the first method described If the accuracy of the calibrating voltmeter is 
not very higho 

IV•- Operating Procadnrii! 

After the tester has boon allowed to reach operating temperature 
the meter adjustmente should be checked- With the scale knob on scale Cf 
the RICrHÏÏ AD;J knob should be sat so that the pointer Is on the mark at the 
right-band end of the scale»: After thi® adjustment has been made,, the scale 
knob should be turned to scale At and the HîFÏ .fiJjJ control sat so that the 
pointer is on. the mark at the left-hand end of the meter scale* I'he unit 1® 
now ready for uos» 

‘.Che crystal to be tested should be place in. the teat terminale so 
that the polarity markings on. the crystal correapond to those of the termínalae 
îhe meter reallnge should be notad for the seals knob on positions Ae 5,, and 
0P and if the meter pointer la in the DAD section of the scale for any reading* 
the crystal has failed to mast the spec.if icat Iona « The nuaierical eceleo win 
indicate the actual cryotal re si stance, if It is within the range of tha 
Inßtrmnont c 

V » Results. 

In a batch of 100 new crystals that were tested* approximately SSfi 
failed to meet tha «specifications- Thin percentage of rejects ha® been vérifié 
by testa on other groupa «f now crystal tu J'c is possible that the standard® 
may have to be lo\i5red ro that tha initial rsjeat rate will not be so high« 
If the standard a ere changed* a new aster scale would probably be aecs oaary 
if ths GOOD-BAD marking® on the ccalo are to raimln significant * 

b J G j vh 
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Fron« David »f, (’xawfrrd jJage> î. ®î X 

Subjecti Change» of Model X ßryetal Tseter 

Date?. July 2Q0 194? 

Circuit dt»igB.it of Whirlwind ï Indicai» that in most applications 
the back voltage aoroet crystal diode« will be approximately 20 volte., 

Accordingly» the Model 1 Crystal Tester has been changed so that 
the resistance of the crystal is measured at plus 1,.. minus 20 And, minus 60 
volte 

Drawing R-30466-3 shows the modified circuit. 
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No <. of Stagineer» 
_HfiBgxtiaa.- 

Paß« 1 of 2 

FroJact Whirlwind 
Sarromeohanlsroa Laboratory 

Maaaachuaotts Institute of Technology 
Ojsabriög®, Massac usotts 

sirajscTs ism Fáimitab m) jJ!gaiiOHA.TioN 

To* N,-. Nocheeter, Sylvanla, 3 copies 
Jay W» Forrester,; H„ Rc Boyd, N«. lh Everett, 
ï),, 11. Brown, N, H. Taylor 

From» H,. Fahneatock 

Bates October «3, 194? 

You and your engineer* have reported the failure of a large 
number of 11134*8 in the course of testing our multiplier panela, I 
have tried to reconcile this with oui* experience in the past 
eight«;en months with soma 350() crystelo. The majority of those have 
been used by, or under the supervisión of, elevan engine er a* I have 
aekfMi all of them approximately the question? “What failures or 
deterioration of 1N341 a have you experienced that could not be ex¬ 
plained by exceeding rating« or mi stakes in wiring, testing, soldering 
or dropping'1" An analysis of their replie« followsi 

SKJiifflaa 

Ho unexplained failures 

3 or 4 unexplained failures 

3 failures with no effort nade to find 
cause 

No unexplained failures or deterioration 

Some cases of resistance deterioration, 

Forward resistance not stabilised in 
300' hours 

From the above it would appear that your reportad recent 
experience 1» very different from ours» I would recommend a careful 
Investigation of shop practice and techniques in testing our panels before 



concluding that 1M:H* 0 are inherently au^ect in our i^pllcntlono. 

y90i free to circulate this memoraadm in your group hut 

not to puhltah jÊfíSJíSBlJI ^rom 

Hfï ha« 

l~™AAoi -...--1 JJ- 
H. f ahne (¡took 
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oj4;- 
Engineer? ng lo'Sas E4)9 

Project ÿ.'hirlvfind 
3a rvoBô chan. i s » i b L t^b o r e.t o ry 

HaBí.acdU3SttE! Institute or. Technology 
Cambridge 0 KaBsacb-uaetts 

Slffi0-EG,5 CT*&£JAgD_SÎKBOLS FOE 

ïos J.11 Engineers .¾ Drafting Hoorn 

From J G» V/. If at t „ Jr« 

Date? October l4, 19^? 

a V, -X- rm-il i cable otandartts snà commercial practices maue 

man.ufactr.rer8 as vo the ma ■ & ¿cessnry n and is established 

f ‘STä* to rrthe 

St andará Symbol and Labelij.E^ 

V ¿U dry disc Bid crystal r*tt».w (talcnium, copper-oalde„ 
,'n lltr ) are to be represented by the syi-ibo.. 

SSrS’«r^S -presents the direct:..,,a of conventional 

current flow (not electron flow)» 

2, Components shall be numbered CB~ln CE-¡2* obo» 

3c Labelling of diodes ohall agree with that of the manufacturer, 

as follows? 

a) A Sylvanic- crystal diode shall be labelled as follows? 

GR-] (COMPONENT KO.) 
Ilf 34 (J/iN TYPE EG, ) 

„ (POLAIUW MülKOD CE CRYSTAL) 

b) â. «esteia Electric crystal diode shall be labelled; 

■m'mwíf**- M729* ( 'i;s7 rm w>.) 

,) il V.,„.,V,1 Ta; m,bona Æ Hadlo (FfE.) teleninm roctificr ohm,Id 

be labelled aa followss 

CR-»1 (cœ?OMlM KO. ) . , 
y Jr (POLARITY AS MARKED 03 RECTIFIER) 

^ I?., T ,, R. P 



d) labelXlr.(: of .,TO diodes other thar, the abtno nhall h, 
specified i>y bhs engineer vr/.fc:a ne haa a ^UeaaUc mai i!10 : 

(D, 
Ltw 

. /> 
DnH- a- 

c: w„“¥attr, zx'.v 

CWW/ap 

ICJWitHfflCBífciWíftWmlW«K«fH«. 

., , ?ege ¿ oí ¡? 
Engineering lotee V*oi' 
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Ar-SOSlS-'î 
V30316«!. 
i^SOSi? 
A-SOS3B-J. 
A-30 336-1 
¿-30337-1 
1-^30439 
XU. 30430 

Drawings March 19, 3947’ Date of Hsporês 

John J0 03 Brian 

J'Up-ïlop üîrowlti & Buh jact 

An '‘Döalga and Tie® of BiractJ 
OoupXod Ponte de Pslra1, t 
S34l> niot. w &3So 

;3e «Docad© Counti »3 Giruoits 
7D Eognor* 6345 IMis, WVif 536.-, 

Referonüea 

i/*50334 
¿,.30336 
X—-30 3 3 j 

op X« » devioo which hae two stable soatsa 
to tihs other hy an approprias® trigger linpuls©., 
report can !>a looked apon ßß hsi. .g two cu(5o 
.h¿, Ohs output Of one is fad to the 5njm* oi 
;w0 tuha* v-lll always h® conducting smi th© other 
ax© distinguished h? which tube is conaucting. 

i-niw-Äij-'S.'trisi:’- 

õ?.45 
Eeporft Ifco h«H3 

SKRVOitíSCHAm skö uwmQKf 
Vi a ß a ao ta. «o 11 o ï ï ¿ s V.'. tut « o í ® ° h-ic ■■■ o €/ 

CeBfort dge, »%e eachuaott c 
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n. SISMIAL CHAltajümiaglOS 

Sine® tbs coii^rol grid of oao tube- ia driven Tbelow cutoff, 
a negativ© voltage tauet 'be euppliod* IMs can 'bs catiiod© bias n:s in 
Drawing Io» A-30313« !th® cat hod® a could be tied to a pooitiv® ßupply 
or the ends of th® control grid raslstore could be 'brought to a 
negative one« The latter method,, not jat iaveatigated, may have some 
advantages« With oathoda bias? the circuits operate satisfactorily 
and require only one power supply« 

LL-JMsmiIm 

The circuit oaa b® triggorsd on. any electrodo«, Drawing 
Ho« A=303i3 show« cathode triggering« Her© either positive or negative 
triggers can be used. The lew cathode impeda.uco is the cnly dig-» 
advaatags of thi« method« When triggered on the control grids as in 
Drawing No« ÍU30314, the"Iced on the triggering courco 1« not so large« 
The crystals tie both control grids to thei trigger aouro© through ®, low 
impedance and coupla the grids together through the high back impedance 
of one crystal« In thla schematic! only positivo triggers! may bo usad«, 

Baotœneo of the crystals, the charge and discharge tlmee of 
the input, coupling condenser,. 0-,.01 KPD would differ widely if there was 
ao resistor from the ¿«notion of the crystal® to ground« Xnaorting this 
resistor, 8«SK, dsoreasee the discharge time of the condenser by at 
least a factor of ß* thereby peswltting a shorter period between'trigger« 
an inoreas© in prf« 

ïo us® negative triggers In this circuit, tho crystal© must be 
reversed in polarity and their ¿motion tied through a resistor to the 
oathoclo, instead of ground,, 

c) Delay 

The oirouito of this report switch on tho falling edge of the 
trigger, so tho switching time is increased by an amount equal to tha 
trigger width« To make these cd rouita act on the leading edge of the 
trigger requires critical <sdj us tarnt s thaï; aro impractical for general 
■as©,, 

d) _Trigger Tubo 
f 

To produce short triggers, especially where one•flip«flop 
drivac another, a trigg®r tube is »©cssßijry« Drawing Kc» A-30315-4 is 
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til© echaiaatle of each a el3?ouito Shs plate •iuductaacö le «xuiod hy 
the capacity of the crystal aac othor stray eapaöltloe, to a 
frequency oí the order of 5 megacycle»«, Ehrough the c.'Upplag aotï.oa 
of the crystal, the output is oae-half cycle of oscillation» The 
polarity of the output pules dependa upon the polarity of the cryotal» 
ïhs pc alt ive trigger resulte whea the tub© is cutoff aad the negative 
whou the tube is c&used to conduct moro stroagly» 

o) Soraea Supply 

A circuit using pentodes is shown in. Drawing Ko„ ^30316=--1 « 
ï'b.e screen voltage ia supplied by tielng 'both screens together and 
through s resistor to the plate supply„ With these connectione, the 
screen voltage la constant becausa ae one tubs conduct« the other tubs 
is cutoff» 'I’ha output pulse has & good lav frequency response, a fiai 
be 

f) Peaking 

Ittductaaco in the 'plates of the flip-flop tuba© has a poatelng 
effect.« 3y them, a oapncitlve load cars bo compensated with limits» 
(She following.table gives eo>m examplee of this effect-» Sha oirouit of 
Drawing Sb» A-3031&-3. was used» She IK ohm plats resistors of this 
flip-flop ware wire-wound so there was an. extra peaking inductances of 
about 30 ¡¿i henries in the plat© impadanae» Both tubos were loaded by 
a oondenser from the plat© to ground as shown in the table below« She 
measuring equipment added 7 {A|if to the capacity 3.ocd« 

Ggpaoity Inductoto© 
_.íá.lí™,„,= 

Switching (Sira© 

OoOfiS 
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'C.* 
6.540 
Hepo s* t Ko.- B-ll3 

§) E0i00f,ti33^ 

A resett/lng trigger can bo appliad to oae coat rol g2*í.dt iß 
the flip«flop circuits already ahotm in Sraviage ños.- .-1=-30213, A«303M: 
cad Ar»303l6»lo ÏMa trigger assures that tho oircuit ■Hill start in 
the same position for each cycle of operatloa« la. eosns aectioaa of 
the cosaputer* ciroaltß such as Braving lo,. A»30337---1 will ho used whor© 
the sot trigger is not applied to each control grid sioouXtaaeously« 
Hare the two triggers can be either both positive or bota aegatiWo 
This has been found to be the beet method of triggering these circuits* 
ïhs tolerances on the trigger widths sad amplitud® are mach vider and 
the flip-flop will switch on the leading edge of the trigger eliminating 
the delay of the trigger w5.clth„ 

m,o_lovugovasa oxitouig 

Braving Ho» .*»»30314 giws the circuit valuse for tho best 
low-power flip-flop designed to date« tfith a type 2051 tube the rio© 
timo i» slightly faster than with a type 6SK7* T.b.a circuit has operated 
»atlafactorily at a trigger rato of ono nisgacyolöo 3?ho plate supply 
tolerance is 4 20$« It required a, trlggor of 10 wit® aaplitudSo I'h© 
plato dissipation wats below 50$ of Eiasdiaum rated value» 1'he output 
varies with the plat® supply from 30 to 75 volts« 

vv; hx(;-h-?ow;5E (yaou^T 

ïh® circuit of Drawing Ho» A-30316-X roa with a trigger 
frequency of 7 Megacycles» the lisait of available oscillators» but Bine© 
th© rise time was epprosimatoly 0,,1 microsecond, it should reach 3 
megacycle s» !Pho plata supply tolerance ma ± 2^»« The trigger aj^slltude 
re qui rad was 15 volts» ïîic plate disclpatloa was below 80$ of maximum 
rated value but the screen dissipation was; 65$« 

She «nailer valu® of screen resistor given in Drawing Ho , 
A-30316-1 otxs. be used whan th© plate tmppiy in 150 volts or lower» V/ith 
plate variation, the output- pule® wont from 30 to 4.0 volts« 

r/„ ÎÎOE-E0CLE8 J0©M CÎ ROUTES 

Shea© flip-flop a have not sc yat boon made to operate as wall 
as the conventional typ©« 

a) Drawing Ko» A-30326-3. 

She aoppresaor grid is the triggered electrode* Only negative 
triggers can be used,. The switching tima wc.s 0*6 microsecond®«. Power 
Supply tolérance ± 40$«, A trigger arí>lltud.Q of 12 volts was sufficient » 

It] 

.ÍVt.srtí'.l5»*rri!.- 
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t>) Ko» A-'gOaas.-nX 

Hero* t.li0 iuaßtloaE oí the suppressor aa4 ooatj^l grid ers 
laterohangedl. Either positiv® or .negative triggers me;/ h© used* She 
switching tim® la approximately 0o76 microaeconds» Only a. plata supply 
tolerance oí ¿ 305¾ waa possible«. Agai.nf the trigger asnplitude vt&a Î3 
voltSc 

q\ Rraafiag Ho,-. A=-30gl? 

She transformera add regeneration to each half of the flip-flop„ 
A ooraplôtô investigation has not hesn made of this circuit«, However, 
transformera used similarly in the circuit of Drawing Ho* A-28.6-1 gave 
a peaicing offset and greatly reduced ths required trigger aji^iittado«, 

d) Circuits 

Tho circuits doecribed by Victor B¿. Regner in Referencee A and 
B were tested in the laboratory and found to have on upper frequency 
limit of 200 kilocycles« 

in:« PHOTOGRAPHS 

a) Tost Glrcult 

Drawing Ho« 31-30438 shows the test circuit used to obtain 
photographs of some waveforms of flip-flops when triggered at a high 
prf of 7 msgDcyolsso A frequency ai vider was noce scary to produce a 
pulse at about 5 kilocycles prf in aynohronit® with the '? aegasyol© 
pulses to trigger the Modal 5 Synchroscope sweep« Since the frequency 
divider contained ata components tho two types of flip-flops to 'be tested, 
it seemed best to examine their waveforms while under the operating con¬ 
ditions of the frequency divider« A cathode follower proí®. Drawing Ho» 
A-30439, was used to bring ths signal from various points in th© frequency 
divider to the metical plates of the Model 5 Synchroecope» 

She synchroceope had a vertical, calibration, of 52 volta per 
large division, end th© cathode folio war prob© an atténuation of 0«.5« So. 
for an intorpretation of the p3w to graphe, ths vertical calibration can b® 
considered as 86»5 volts peo;' large division« 

fho input capacity of the cathode follower proba tms 15 p^f. 
This was the greatest capacity load on any of the photographed points« 

She following table gives th® msiaber of trace« on th® 
synchro scope during ®&e.b expo euro« 
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$M5 

Espora ífco Ií-113 

gfaotogmph Kc, 

A-30334 

A»30335 

No o of f,Tf!.Cúñ¡ aapoKityg 

850 

ISO 

Á->3033ñ 
in 3-11 -3e -3 
3)1:5-4, -6 

I?). Drawf.ng Ifoc A-303^5 

SI3=-10 Is tho waveform of the output oí a tsrigß®y tóbe, 
Drawißg Io » Ar» 30316==1,. takoa at point A la Braving No» 0=30433 „ Here 
the trigger f®d to the flip-flop ie 0ol ¡¿ eao» longo 

213-46 show® the vavofora at point 0 in Brawiag 2-.30438 of the 
aaaa type circuit, using & triode» ïfee output trigger is 0,3 ^ aec» long» 

o) BraviEig Io= A- 30336 

3?13=1? -/3 P -3, give the waveform a at point B in Drawing Hoe 
B»30438, of tha high-gpead fllp«£lop, Braving Io» A»30316»4S when 
triggered at tv V megaoyole prih Because of the preise, this flip-flop had 
a wiring capacity load of about 4 p'-vf on on® plato and ofcout 30 |ip,f on 
the pî.cÆ® that was photo graphed» 

d) Drawing NOo .ar.-50;y.34 

213=4 and -8 give bat-tor detail of the rise and fall times at 
the some point,» 

213=7, taken at point B in Drawing Io0 1)-30438 is the waveform 
of the low»speed flip-flop of Drawing No» A«*30314«, Again, if had aa 

. .. •». -i -* . .«i .. «t _ rnt- .. jj _ _jt .i. _. . •?„ . .i .. .. . a . . .. K K. 
-  —X— w ' — X' ’—A ~ ^ ——«p, -- -- '  .o - r — -- 

fltabslGßced capacity load» The circuit was being triggered at about one 
megacycle prf» 

513=8 and -=-9 give the detail of the rise and fail times 
tafean at the sama point» 

!a.,W • =^£-/r 

j, , ; .- õ . •.' in; - i., 
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F 13'8 

SWEEP SPEED = 0.54 JUSEC PER LARGE DIVISION 

F 13-9 

SWEEP SPEED -0.54 JLiSEC PER LARGE DIVISION 

VERTICAL CALIBRATION 
52 VOLTS/LARGE DIVISION 

plate voltage waveforms of 
FLIP-FLOP CIRCUIT, DRAWING A-30314 

•I 
USED INrfc3A5 REPORT R 
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F 13' 10 
SWEEP SPEED : 1.01 ^/ISEC PER LARGE DIVISION 

F 13-15 
SWEEP SPEED • 1.01 /1SEC PER LARGE DIVISION 

VERTICAL CALIBRATION 

52 VOLTS / LARGE DIVISION 

PLATE VOLTAGE WAVEFORMS OF 

TRIGGER TUBE, DRAWING A-30315 

USED IN 6S45 REPORT R-||3 



F 13“ 2 

SWEEP SPEED: 0.54JUSEC PER LARGE DIVISION 

TRIGGERED AT 7 MEGACYCLE RATE 

FI3-3 

SWEEP SPEED 0.2JUSEC PER LARGE DIVISION 

TRIGGERED AT 7 MEGACYCLE RATE 

FI3-4 

SWEEP SPEED 1.01 jUSEC PER LARGE DIVISION 

TRIGGERED AT 0.875 MEGACYCLE RATE 

F 13-6 

SWEEP SPEED 0.2>JISEC PER LARGE DIVISION 

TRIGGERED AT 0.875 MEGACYCLE RATE 

VERTICAL CALIBRATION 
52 VOLTS/LARGE DIVISION 

PLATE VOLTAGE WAVEFORMS OF 
FLIP- FLOP CIRCUIT, DRAWING A-30316 

USED IN G345 REPORT R-II3 

F 13“ I 

SWEEP SPEED = 1.01 /ISEC PER LARGE DIVISION 

TRIGGERED AT 7 MEGACYCLE RATE 
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TO? 0345 Eagle.®«?® 

STÎDM? Joba Je O8Brisa 

SIJEJEOT? mp-ílop Circuit 

BÄFSPÄSs Reporlí R-113 

BATS4 July 2, 194? 

Io..„in^àucWoa 

TM® Eagiaeoring Hots 5.¾ a daoorlpUea of & flip-flop circuit, 
Sketch Koo SB»39273»3, dealgaeà for uso ln tha aooumolator. 

3c Line T'azml?;.atloat-i 

Short XeagtbB of RG-65/ïï,, 1000®ohm cable» uaed m dolay 
®l©m©ataf ara difficult, to tsrmiaats ©xuotly«. Therafors » to cut down 
sola© raid reflected triggers» both ©ads orthos© cables should be terminated 
in an Impedance as close to the characteristic Impedance as ia possible* 

Three HG»65/tf lines will brine triggers into this circuite 
Tho coï.g?X«s£aeatiag trigger cable is terminated in m isapedanoe close to 1000 
ohms when the input impedance of the cathode follower is shunted by 1500 ohms» 

In each control grid, of tho flip-flop signale from aa RG-65/ü 
and from a IOC ohm» RGt->63/U» must be mixed and both lines terminated 
correctly« The mixing and terminating circuit is shown in the dotted Hock 
marked 2C 

3* Trigger Qharaoteriatica 

AÆi The oomplementing poeltiT® trigger is fad through th© 
cathode follower to the cathode of the flip-flop » The crystal, shunting; the 
0,.1 megohm resistor is to clamp end prevent tha increase of bias at high 
duty cycles» Trigger oharacteristies are given in the following table® 

6345 

Page X of 3 pages 

Brawiags 
SB-39372-3 
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/io Slip-flop ïoltag®© 

Plata to grotmd 

G'ïicl to gx'omcl 

Cathode te ¿toí?M 

^ Ono grrid shorter 

ttMi)aa«w»ii!«(«íMM»,BKffi^MfSí:"?^l«»®!iMai{)aioi»iiaí 

6345 
Saglimriag lots» Ko« S^48 

liiSilî, 

O0O6.35 

0„4 

0.05 

feiaeer PRJi' 

5ÖC eye 3,?5 a 

500 cycle a 

4 megaoycXss 

P3,ate Supply » 

Mlnimmi 
fü-S-g&er Amputada 

MM 

ICH 

? 

150 

9c 5 

5c 4 6c 7 

603 S.3 

200 

13* 

7.9 

9,. ß 

Th« HsaadsRom trigger asnplitttdo in all tho above types oí triggers is ovar 50 volts» 

The set and re sot trigger« fed to the control grid circuits have 
a sDiJxiHttm eaplitud© of about lo5 volts at & PEP of 500 cycles,, and a plate 
supply of 150 volte» She width may vary from 0d to 0»? ^ soc» She masirmsa 
trigger asplituda is over 60 volt»» 

0», A 100 microhenry choice la placed in each plate load principally to 
lower the auinlmara anplltude of trigger nâqulrod» 

4»_ B» _C Voltages 

She following voltages wars msasurad with a voltohsiyst» SM 3662, 

Plate 3upp].y » 150 volts,, 



^iH2!*a^®%SiWS«iassW1U 

Eu.ginG3riBg Hots® Ho» S-43 

S& A£:k^9?-Mi.9. VoIta^Qg 

Cathodo to ground 

EP 

S 
& 

33 

117 

^4(5 

ÏÏ 
S, ’3 

89 

ôn^stabmts: 

Sora® of the previous flip-flop circuits had an luetaMHty vMch 
was iucreaeed by corapoRout toiaraiaooe, Occauioaelly after e. mée ox w of 
8at..Bfac«ory operation the» circuit would ml.tlVibi-ata, gjhic instability waa 
siiom ®-ao la flip-fiapa which could not be set and rosat while they wer®' " 
boxag coraploraentod ovary ton atiero seconds» 

1.8 an atiftsrapt to overcome this difficultyt fiypt the contre] 
S Ti iac^eaßed to iasuro mStloXmt aegstire voltage on the grid 
oi ^ne -ff tubo» Secondlyc the cathode raaietor U ooaámnov couplod to th« 
o at ho da follower, that the conducting tube act« like ^ LlSerJih 
!!®?U®1,a6loa* ihia J<ieKd® t0 k9si> fch® Srld voltage of the conducting tub® at 

-6 « vöH-',VU$htfa? S?raöU. 100 vc'Ua’ a ñM? tobe is cutoff at about 
-Dew voit»0 x„e uasign shoula give a grid swing from 0 tc 12 wit®, ïm« 
is shown ln böction 4A, where tha awing is 0 to'lie volts, whsr thi/grid of 
tha conducting tub® :1 g hold at 0 volte,, Ê 

c 4 • i.ad*'0a!5i0Ji 0:^ 9ff®ct of circuit tolerances is qlvmi in 
Soaíoa ^ aôf® coBçloraeating tri.*-;« va» raaasurod with the plat® 
supply at 100, 150,- and 200 volt gc 

0' 
lohn ,J 

L'i^Qàéêâ'L.. 
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Subjects Kote» on th» Development of Jb’lip-flop for Project Whirlwind 

Date# August B, 194? 

6346 
Page 1 of 

Numerous flip-flops have been bull': and tasted., Of these only 
three appear to be of value for the work af this project Iheoe ares first 
a triode flip-flop using the 2051 twin triode; a ssoond tried« flip-flop 
using the 7F8 twin triodo and a flip-flop using a pair of ÙAO? pentodes- 
The application, of the two triode flip-flop a in rather limited because of the 
long time required to switch them from on© state to the other, For thin 
reason most of the project work has been on the BAG? pentode flip-flop, The 
first re qui re «Bent which need be satisfied, by this flip- flop î s high operating 
speed- This requirement was fulfilled satisfactorily by au early model ae 
typified by Dwg, a»3C316~1 This model would • perate quite satisfactorily and 
switch in less than 1/10 microsecond* However, there ware numerous other 
difficult lee; in particular e the flip-flop miu very a en sit v© to variations 
in trigger length and amplitude« Considerable further work has resulted in 
the flip-flop of Dwgc SB-39272-2 in which the undesirable «ensitlvity to 
variations in trigger* lengths and amplitudes hue been largely eliminatedc 
The result» of testa on a single flip-flop of this type may be found in 
Engineering Notes Hv K-42o It Is important to realise that the resulta of 
this test apply only to the single flip-flop which was measured in the test 
and only with the individual pair of tabea used-.- In this note,, no attempt 
was mad» to take into account variations in componente The variation in 
plate voltage that was used in making this test doe a not „ in any way* give 
any reasonable Indication of the difficulties that »Hy be expected due to 
ragistor valu® variât Ian a or variations in tub© tran soonduetanca or tube plate 
current a, Tests are r.ow underway by 7ohn Jv O'1 Brien to determine the per- 
mlesible tolerances for the re aistore Involved in this flip-flop circuítv 
Preliminary investigations indicate that corresponding pairs of resistors in 
the flip-flop may have to be matched to within better than 2&. The absolute 
value of these resistors may vary by at least IO56 without causing any dtfficul 
as long as corresponding pairs within the flip-flop- are mavched as previously 
stated, 

A determination of the permisaibl© variations in the charactorlstice 
of the BAG? tubas need in this flip-flop I a eMU pending- Ecwevar. It may be 
safely stated that only two characteristic s of the tube will be of importance* 
in the operation of the flip-flops these are this voltage accessary to cut off 
plate currents and the plata currente at itero grid bias 



6345 
Engineering Hoftsa K-56 ■a- 

As may be aeon from Çha re awl ta given in Engineering Notes E-42, 

the aenaltivity to trigger signal inputs to the got and. reset termínalo of 

this flip-flop is much .greeter than that tw signal inputs into the trigger 

input of the flip-flop,- Shis feature may be undoB'ir&bi© in that it will 

require two different types of signalb ta bo transmitted to the flip-flop 

and will« therefore, require that the source of the signal be determined by 

the destination ç\î the signal within the flip» flap» S’or this reason it may 

be necessary ta da croase the sen Bit! vit y ta signals on the 33t and reset 

terminal80 The electrode dissipations in thin flip-flap have been kept tv 

reasonable valiieo« the plate dissipation being approximately 1 »5 watts and 

the screen diaoipation being approximately «9 watts? the maximum rated 

value a are respectively 9 watts and .1..5 watts-. 

Ao previously mentioned,, this investigation bo date indicate a that 

corresponding pairs of resistors in the flip-flop may have to be matched to 

within botter than 2$,c This may seem to be inconsistent with the fact that 

numerous flip-flops have been built in the Laboratory using 10$ tolerance 

realster a and yet(. all of the bo flip-flap >5,, with a few exceptions,, have 

worked reasonably satisfactorily.. This la not quits the contradiction it may 

Beam.. Although the resistor tolerance is 10$,. real atora taken fram a given 

lut will be found to vary by loss than 5$ and the majority of them will only 

vary frsm a particular value by something of the order af 2$ ar 3$, i'hns,, 

the individual resistors picked far a flip-flop would have en excellent chano® 

of being within g or Zf<■■ However« for general practice« this purely chance 

arrival at suitable values would hardly bo satisfactory and the results aeom 

to indicate that it will bo necessary to use 1$ tolerance reoietors for the 

aforementioned resistors la the flip-flop., Maintaining these do as tale ranees 

on the resistor valus will rel$x considerably the requirements an the tubes 

ta be used in the flip-flop and will allow a much wider variation in the tubo 

characteristics without disturbing the operation of the flip-flop« Indications 

are that by using these clogs resistor toleranceaP approximately 70 to 80$ of 
standard SAG® will be usable in the flip-flap without any loaa of reliability., 

So again return to the question of excess sensitivity to signal 

inputs on the sot and raset Input e of the flip-flop a,, this sensitivity may be 

reduced any dsaired amount by appropriately biasing the isolating crystals 

through which the signals are act into theee input terminal©.- 

By using the realster tolerance values previously discussed,, and 

selecting 6ÀG7 v/lth standards that will eliminate only 30 to 25$ of standard 
production tubes« and by appropriately biasing the isolating crystalb in the 

set and reset Input® of the flip-flop« we may safely say.that, a flip-flop may 

now be built which always triggers on a trigger input or a»piitudiî from 

approximately 11 volte to 50 volts and of duration from approximately 3/100 

uf a micro second to 1/2 microsecond fed to any of the 3 input, a to the flip-flop 

and which will never trigger on a trigger of 4 volts or lests amplitud« regard« 

less of trigger widths that la« we are now prepared to build flip-flop0 which 

can be approximately 100$ reliable except far component failures-, 
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íinglneerlng Motos E--&6 

:vt ia of inter©st to noto that only a .«toll fraction of the 
fUp-flopa need in the computer will uee the Input tc th^oavnode o* the 

mUw *•» f *r s/*srK«rL «u¡» 
oaiTO the paired restorer puleea, Ua*t Jö- k^® Ä flone- -Chio U not 
W «• «ntl*t.ic, operation» o » 
true of the flip-flop *n the rau3.UpUer xaxU . , t 
in arithmetic operations. However„ in ß my hs ttoealhlc 
that the cathode Input la need only for the redorer prUoes, » may ^ 
to use a aingle trigger tube ¿or groups 0.1 flip-flops t i0 
cutting dam the nuiaher of tubeo nocssflaryr, V/orte on i : _■ -, .f 
under prognn at the moment and information on elu oocoase • ' 
So“à íe aTOUaM.e toon, Ihio oia^e AMU. 1« * «-y, «*•«* *“» 
reliability of the operation of thj> flip-1 lap» 

Work to do terrains the perm! seme variation allowed in 1:’*® 
character!otloß of 6.«J? tuhee for use in the t0 he 

Ä oWdant otao,5„ «. -arXte of theoo Wot, 

will he mad© available as soon as poaeioie •> 

SOUÏ8 Bo VÏ1.SOÏÏ 

Xffiltraaf =vh 
August 18(i 154? 
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JUNGIMtoKHING NOTü-S NQ, J)l-57 

Servomechanism» Laboratory 
Masaachunette Institute of Technologj' 

Cambridge( Maeeachusetta 

TO; 6345 Engineera and Sylvania 

JfSOM; Ja J0 011 Brian 

SUBJECTS Test of Beeletor Toloranee a in ^lip-flop 
Circuit SB~39272“2 

jaEÏMENCEs 3JJ0B-45-58 

BOTE; Drawing SB-39272-2 already distributed with E-42 

MTEi AuguBt 19» 1947 
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Drawing!.; 

SA-39336 
SA-39337 

Conelualonj» 

Thle flip-flop circuit with the two 5600 ohm and the two 2200 re¬ 
sistors at 1^. tolerance and the other resistors at 5$ should give atable operation 
because either tube when non-conducting will have approximately twice cut-off bias 
on its control grid» The teat results also show that decreasing the tolerance to 
Vjfi on the 1600 ohm plate resistor» make» practically no differenceo 

Introduction» 

The se Engineering Moteo present the results of a teat, of the resistor 
tolerances in flip-flop SB-39272-2.. Permissible variation in resistors will be 
decided upon firate Then these values will specify tolerances on the characteristics 
of the 6AG7 vacuum tubes used in the circuito Another Engineering Bote will cover 
the effect of tube variations« 

The first criterion of stability In a flip-flop is the relation between 
the bias voltage on the control grid of either tube when it is non-conducting and 
the cut-off character!atio of the tube« 

Test Method; 

The resistors were measured on a General Badlo Impedance bridge» SM-3450» 
The tolerances were placed to have the worst cumulative effect on the circuit« 
This arrangement of tolerances is shown in Figure 1» Drawing Ho, SA-39337» 
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Three me asúreme et a of all circuit voltage» were made with a We at on 
Voltmeter,. 1000 ohms per volt, 3M-702, using the 300 and 100 volt scales» i’lrst 
the voltages were taken with no tubes In the circuit, second with a 6hG? tube In 
position V^ of Figure 1 and third with the same tube ln Vg.» These three sets of 
circuit voltages were measured for various tolerance value a. 

One 6aG? tube was used for all teats» On the tube checker it had the 
following characteristics» 

The voltages of Column A axe approximately those of the conducting tube 
In the flip-flop circuit and those of B0 the non-conducting» 

A 

Fíate Voltage 50 90 

Screen Voltage 90 90 

Control Grid /cltage 0 -4-5 

Fíate Current ma» 30 1,.,5 

The control grid voltage of Column B la by definition the cut-off voltage of this 
tube» 

This 6AG'' is one of 40 measured on the tube checker under conditions 
A and B» Their average plate current « 30=,41 Ha and average control gild 
volt« ■ - 4.,6, 

In Table J., Drawing No» SA-SBSSG each row gives the value of the 
tolerances^ arranged as in Figure 1„ from which a circuit was constructed and 
tested« In all the circuit voltages measured only the control grid voltages are 
recorded In the table: 

In row Af f:r example, when the SAG? was placed in circuit position V., 
with V2 empty, it conducted with 0 control grid volta, and -6 volts bias was 

available for the cocirol grid of position Vg,> In the next column over, the same 
6AG? was placed In pos: tlon V and there was -14 volts bias available to the 
control grid of V ¿ 

The la t column gives the minimum bias available to either tube whan 
non-conducting. The relation between this minimum bias and the cut-off charac¬ 
teristic) of o ÔAG7 tube gives an Indication of the circuit"n stability « 

O'Brien 

JJO "Bj v)i 
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KSMCHAKDÜM 30, 

Servomechanlsaw Labors tory 
Meesechusetta Institute of Technology 

Csmbrldge, Mcssechuee11 a 

TO; J„ W,, Forrester, H. Pahncetook, D0 He Brown 6^45 
N„ H0 ïeylor 

FROM; J0 Oc Ely Page 1 of 3 

SUBJECT? Precision Resistors for Ueo in Flip-Flops 

.DATES August 26, 1947 

W' 

A survey of the avallpble types of precision re¬ 
sistors hse been mad® for the purpose of finding a type 
suitable for uae in flip-flops incorporated in W0W0I4 and 
W0woIIo Because of the oloee toltrsnces to which then® 
realbtors muet be held, th® following points were considered; 

1,: Resistance unite should be purchased with 
an initial tolerance rating of JÄ 

2o Wire-wound or metallic-film types are 
preferable to composition, metallised 
carbon,, or carbon-film types, 

7>r, Unite should be operated as far below 
rating bb is consistent with the re¬ 
quirement that resistors be reasonably 
compact. 

With the above raquiremente in mind, three types 
of resistors are recommended. Order of preference le the 
same as order of listing. The types ere; 

1* I,T„E„ No, 116This resistor is e 
single-layor Inductive wire-wound unit, 
Used as a power resistor its rating ie 
8 watts, but e more reasonable rating 
ae a precision resistor is * watts. 
Physical construction of th® unit Is 
very rugged and will tend to give ex¬ 
cellent stability. Tests In our lab¬ 
oratory Indicate a tempera tuns co¬ 
efficient of about I0C0^ per degree 
centígrada » Preliminary checke In 
th® laboratory Indicate that this 
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resistor type will be sotiafsotorj for 
use In high-speed flip-flops in spite 
of its Induotence. 0»Brien will 
malee further tests to determine whether 
any adverse effect on operation will 
result from use of these resistors, 
A trial layout of the "Carry Flip- 
Flop'1 In the pocumulstor register la 
being made by Walter Cook to determine 
the best method of mounting. Price 
for ilji tolerance unite will be about 
fifty cents each«, Delivery Is not 
certain but will be about six weeks, 

2, Continental Carbon "Nobleloy Xw type«, 
This resistor 1© a metallic film 
type. It is available rated at i, 
1, 2, and 5 watts as a precision 
resistor. Physical construction is 
good. Radial pigtail leads are fur¬ 
nished on all sizes, and only the 
5-watt size is large enough to re¬ 
cuire additional mounting support. 
The unit is slightly inductive, but 
has lees Inductance than the wire¬ 
wound type. Manufacturer’s spécifi¬ 
cations indicate that stability will 
be cult© adecúate to meet our rt- 
ouirementao Temperature coefficient 
is -0 05,¾ ver degrse centigrade. 
Price for ll% unit© will he lees 
than forty-cente each. Manufacturer's 
representative {Holliday-Hathaway 
Sales Co.) claims delivery on any re¬ 
sistance valu© can be me de in one wi©kc 

Zc Sprague "loolohm" type 5 MÎ, This 
la a’non-inductive wir©-,wound re¬ 
sistor using an Ayrton-Perry type 
winding on a ceramic rod. Rating 
as a power resistor is five watte., 
For use as a precision rasistor the 
rating should be not more than two 
watte. Normal stock tolerance ie 

but manufacturer11 a literature 
indicates that closer tolérances 
can be furnished.. The largest 

v:«. 
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Memorandum No, M-,99 

e to ole reel a taño® valu© la 5000 ohfae« 
No data on temperatuï'e coefficient 
or etability are available» but 
the resistor should be comparable 
to the I,T.E„ resistor mentioned 
above« Axial pigtail leads are 
standard but some additional 
mounting support will be required , 
No quotation on price and delivery 
has been secured,, Dee of this type 
la recommended only if laboratory 
tests Indicate that the inductance 
of the first two types affects 
operation adversely. 

L 

JOE/rp 
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Project. WMrlwind 
Servomechanisms Laboratory 

Massachusetts Institute of Technology 
Cambridge,, Massachusetts 

SUBJECT s ELIP- FLOP LIFE TEST HACK - FIRST 500 HOTE HOT 

To i 6345 Engineers 

From:: A.. B. Horton,, Jr. and J„ J„ O'Brien 

Date: October 3, 1947 

Introduction 

1 In order to test the operation and reliability of the SAGT flip- 

flop circuit proposed at present for use in WWI.fl test rack consisting of 

.0 flip-flop units has been constructed and set into operation. Front and 

rear views of this rackt together with its auxiliary equipment rack, are 

shown in Drawings A-3IOOI and A-31002. The 10 flip-flop units and their tubes 

are identified in Drawing SA*3935? 

All power for the rack is now being supplied by isolated motor- 

generator sets. Because of this isolation, it is expected that all errors 

made by the flip-flops during a test period are attributable to the flip-flops 

themselves or the restorer pulse generator, and not to externai effects such 

as power line transients9 etc. 

A test ran of 5OO hours has been conducted., 

Results 

During the 500-hour test period, it is known that flip-flops 3A, 
4a, 4b, 5A, and 5B made at least one error. Flip-flop 1A (the counter 

flip-flop) mad© no errors during the period. 

With the exception, of one tube, the 50G hours of cent in oue opera¬ 

tion had no appreciable effect on either tube characteristics or resistor 

valuea. 

Discussion 

1 » CONSTRUCTION of BACK 

The circuit schematic of the flip-flop under test Is shown in 

Drawing SB-39281“!. It should be noted that no buffer amplifierr are present 

in this circuit. A tube type 2C51, which drives the neon indicating lampa» 

is capacitively-coupled to the plates of the 1115-1 lop., 

Restorer pulses are provided on two lines at a repetition rat e of 

100,000 cycles per second by a modified restorer pulse generator, the circuit, 
schematic of which io shown in Drawing SB-39359» The time interval between 
the two restorer pulses is 0.,5 microsecond,, Each of the two output lines i rom 
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the restorer pulse generator drives 5 flip-flop units In parailol, aad each 
line is terminated only at Its end hy the characteristic resistance (100 china) 
of the line. lo line termination is provided at the input 0 of the vari our 
flip-flops. 

Initially, flip-flop d-c plate power was provided hy voltage- 
regulated power supplies. Five such supplies were used, each driving 2 flip- 
flop units,, D-C plate power and "bias for the restorer pulse generator war: 
supplied hy the Building 32 wall supplies. However,, transients in the ll^-volt 
A~C line and. in the wall supplies caused the flip-flips to make errors. In 
order to eliminate these transients and their affects, all power (except 
filament power) required hy the rack and pulse generator is now being supplied 
by motor-generator sets located, in the Building 32 generator room. Filtering 
equipment for each motor-generator set Is located on the auxiliary rack. 
Schematics of the filtering equipment are shown in Drawing SA-39345. 

Flip-flop 1A is provided with a sensitive relay and electromagnetic 
decimal counter for detection of its erx'ors The relay and counter are 
connected in the plate circuit of the 203I as shown in Drawing SA-3935S. 
Similar counting equipment will he installed in the remaining flip-flop 
circuits upon reception oí additional counters, By means of the counter in 
conjunction with the neon indicating lamps, it is possible to ascertain the 
exact number of errors made by flip-ï'lop 1A during a test period. Due to 
the lack of counters In the remaining 9 flip-flop circuits, it is only possi¬ 
ble to tell whether or not each of these flip-flops made an odd number of 
errors during a test. 

11 • EFFECTS OF 500 HOURS OF CONTINUOUS OPF.RA'l'IQN 

A, On Resistors . 

Table SA-39351 lists the voltage from the control grid connections 
to ground on each flie-flop unit, with all the tubes removed The difference 
between this voltage on one tube of a flip-flop and the same voltage on the 
second tube Is the circuit’s most important voltage. This voltage difference 
also gives an indication of the arrangement of tolerances in the two bleeders 
of the circuit. ïf all the resistors of the bleeders had 1% tolerances arranged 
to give the worst cumulative effecte the computed voltage difference = 1..1 volts, 
and for all 5$ resistors = £ 1 volts. 

The 10 flip-flop circuits were built with resistors having at least 
0% tolerance., Ae shown in Table SA-39351, at the start of the run, time - 0,, 
this voltage difference for flip-flop }A is 3?-29.9 = 2„1 volts, With this 
exception,, }K, all the other flip-flops have a voltage diffeience of about 
1.,1 volts or less. So for these 9 flip-flops the chance arrangement of the 
% resistors gave the same effect as construction with 1¾ resistors. 

At the end of the run, time = 50O hre ,. Table SA-39351 chows no 
change in the voltages. This indicates either no change In the resistors or 
whatever changes took place compensated one another in the desired fashion, 

The blender resistors were used at less than 50$ rated dissipation, 
except the 5600 ohm resistor which dissipated 75$ of its rating. 

13 On Tube Characteristics:, 

Twenty new tubes used in the flip-flops were tested on the tube-tester 

■ , ,p . , s' 
___ — /:vw. ___ _étr' . . 
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at the start of the ran. The plate current of the tube was aeasureà with 

electrode voltages approximating those of the conducting tube in the füP“' 

flop circuit, and then the control gild voltage , necessary to cut the tube 

off, was measured with electrode voltages approximating those of the non¬ 

conducting tube of the flip-flop,. These two sets of voltages are given in 

the Mote of Table 

The tubes were paired off according to their plate current and 

inserted so that each flip-flop had tubes with balanced plate currents. In 

flip-flop 1A„ from Table 8A-39351*. = 27 ma» ~ V2<, 

Because of the preliminary testing on the life-test rack, thee© 

tubes were in operation for probably 60O hours. 

At the end of the run, the tubes were again measured in the tube- 

tester under the saiae conditions. These plate currente and control grid 

voltages are shown in Table SA- 59354 under the columns headed Time = 500 

hours... 

A second Table SB-3935?„ gives all the circuit voltafeea with the 

tubes in first with one conducting,, then with the other,-, The table include« 

voltages from the same points at the end of the ran,, For these measurements 

the flip-flops were not being triggered., 

In Table SA-39354 only one tube, cBV^ shows a radical change in 

characteristics. However, this change is not indicated in the circuit 

voltages of Table SB-3935?, The increase of 11.6$ in the biar voltage necessary 
to cut the tube off would not show in Table SB-5935?,, because there was -10 
volts available to the control grid anyhow,. The ?5$ increase in plate current 

does not show in Table SB-39352 

C. Error s; 

Only one counter was available during the run. The mistakes of 

flip-flop 1A alone could be counted exactly,, The neon bulbs of the other 

nine would Indicate an odd number of mistakes bat not an even number. 

If, during an interval, 1A made no mistakes end each of the other 

nine indicated either none or an even number of mistakes, than it was assumed 

probable that no mistakes were made,, 

The flip-flop life test rack was a 10-digit register Each digit 

was reversed every !?4 hours., 

Table SA-39353 is a log of the errors made. For the first 23? hours 

no mistakes were made, using the probability described above, Next, there was 

an. interval of l6 hours in which 5 flip-flops made an odd number of errors,, 
Many possible disturbances that could have happened during this period were 

checked on with no result. 

For the next 176 hours no mistakes were indicated. During the 

following interval of 64-1/? hours, flip-flop 5A made an odd number of 

mistakes This interval is so long because the rack was not observed from 

a Friday night until the following Monday morning, For this period, the 

digits were not changed,. The final 6-1./2 hours were merely to bring the 

run to an even 5OO haura. 
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The exact number of errors of flip-flop 1A, which had the counter. 
was 0 throughout the 500 hours, 

111 ■ PllTURK INVESTIGATIONS 

A„ Second Run;: 

The next run of the flip-flop life test rack will investigate the 
possibility of using one driver to feed restorer clock pulses to the 10 
flip-flops. The present method has a separate driver for each flip-flop,, 

Since the same circuit components and tubes will be used again. 
this will also continue some aspects of the first ran for a few hundred more 
hours„ 

Signed 

Drawings.. List of References 

A-310OI 
A-31002 

SA '39357 
SB-392S1-1 
SB-39359 
SA-393^5 

SJU39358 
SA-3935I 
SA-39354 
SB-39352 
SA-39353 

?.ABH 30-73 

3JJ0"B 67-09, 91-9^, 114-1¾ 
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Projoct tfhirlvlnô- 
SexTonechaaisma Latoratory 

Hixuaachuaetta Inatitut© of Technology 
Canhrldge, Maoaachuaetta 

SUBJECTS FLIP-FLOP LIKE T3ST RACK WÆ NOo 2 

Tos Jo Wo Forrester» H«, Fahnestock, Mo Taylor, D» Brown, A„ Bo Horten 

From? J» Jo 0:Brlon 

Dates Hoveobor 10, 194? 

ConclnalQPi 

For 302 hours. the 10 flip-flops of the rack received restorer 
pulses from a single driver. Previously 10 driver®, cathode follower trigger 
tubes, had been used. Mo errors were recorded in the period. This makes the 
elimination of the individual drivers in the computer look feasible. However, 
there are a few other tests to b® conducted before this method of triggering 
is completely accepted. 

After 802 hours of operation,, Table SA-39444 indicates no change in 

resistor values. 

The twenty 6AG7 tubos of Run No. 1, 500 hours, were not used in the 
two preruns but in Run No. 2. Of these twenty tubes, after the first 500 hours, 
two could not be used in the second run. Table SA-33442 shows a general, decrease 
in plate current with operating time and little chaag- in control grid bias 
necessary for cutoff. Table SA-39445 gives no changes in the circuit voltages. 

At present each flip-flop circuit has a 6i.G7 cathode follower tube 
which feeds the low cathode impedance of the flip-flop, and provider a suitable 
circuit point for the proper terminating and mixing of 1000 ohm and ICC ohm 
lines. Mow only about 20% of the flip-flops in the computer receive signals 
other than restorer triggers on their cathodes. If a gioup of flip-flops, 
which receive only restorer pulsea, perhaps all on one digit panel, could be 
fed from a single driver, there would be a large saving in tubes and other 

componente» 

The primary purpose of the second run of the life teat rack was to 
see if feeding all the cathodeo from a single driver introduced any instability. 
In this fashion the rack was run for 302 hours. 

II. loftdeilinci. 

To get a general idea of the nonlinear impedaice of a flip-flop 
cathode, triggers of various amplitudes and lengths were fed to cathode from 
a low impedance source and through a series resistor, which was also varied» 
The waveforms on either side of this resistor were compered and an approximate 
value for the cathode impedance was calculated. For the flip-flops oí the life 

i_..... ..i Üaj 
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t,0t raci thl. Impédance wa, b.Wo»n 160 oh*. a»ä «» <.!«.. 

« ^ 4 „4- ini-erTOlB along a 100 ohm lino load® 
Hanging 10 ouch impedance® ^ intervals i, impedance or 

it and change® it® tranemieBion jharact^ i tl^» Ufll51g the method 
characteristic impedance of the llne thus ^ ^ 36 ^ hi^T 
described aboTe„ This v^lujs tecauee it reenlted from meaenre» 
imnedance waa eelected a® a woraiue 
nentB with short púlaos that would eventually be used» 

The total delay in this Une was 0,05 microaoconda» 

Ut Prlrors 
Drawing Ho * 31,39372 .how. »h. W 

The first sharp c^of^ to Lío noise from passing through the driver 
input, and is easily biased to ep .. necesnary current through a 
from th. lln.. ^ iS“ %HTo7^ drlrer 1. only 
3 to 1 transformer to the loaded line» ine auw ^v- 

1 to 50o 

IV. TubsJkiima! 
t cAf. v,r«,T.n quo tube 2F\ showsd a great in- After the first run of 500 hours one tune i d ^ 

crease in the control grid Uns aecessary ^ Ue ôf flip»flop Ho. U 
n wa. r^loced hr »I thf ..coad ma «h. Lh7 failed 
during " ítríHo »Soto. It wat r»laco hy tub* 1M. 
S ÆÂ» S« hav. been hapt fro. any mchaalcal .hoch, or 

damage» 

y. next leai 

Th. nip-flop, of th. rack will again ^ ."‘f "“i^d^^oî tb. 
drlrar. Ho..«r, th. flr.t and u.t flip-flop, and «« ”^\ul 
line will also re caire trigger, on . .ho .’lip-flop cathode, in 

SU UÄUi’Ä.“« »u “o. ™^8h,rt- 1,>B‘tbu 
200 hours to prove the point in question. 

Drawings î SA.-39372 
SA-394A3 
SU39444 
S/U39445 

Signed 

References: 
II JJQB 138-139 

III JJQB 130-131, 133 
IV JJQB 12-13, 41-48 
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i’rssiag : 
vdF.558316 

Purpose» «. Oae of tb® mögt cowitos prcol^s 1: 
circuits is that of storing informetion ia a. flip-fit p 
position of this flip-fiC'P to open or close a oiif.ans] 
select one position of a matrix switdä* {iß. IföiairflNI 
selection may last for a« short a time as <»35 ja set«» x;p 
it has-j seemed necessary to employ U«.C0 coupliag in tl-e 
rasuiting design which necessitates buffer sapliflori 
on flip-flop circuits calls for power supplies at as w- 
levelso ïh© problem of ahsolute voltage level hacorats 
voltage regulation at relatively high current topeari 
of coursa, expansivo la terms of quantities of tubes u 
Ifc also associate b the reliability factor directly vi t; 
regulation, filaments of various stages running at (1: 
call for a large number of transformers« 

Ji system oí A,.G0 coupling world avoid most 
and have soma other advantages,, such ass 

i digital coHçmxtex 
a?:.d using the 

■;-t .gijte tul>«! e or 
(),, Shis chaina i 
to seven?,! houre-, w 
ayotes <, Sfha 

rmci cathode follmrers 
jny as 10 oa* 13 i ,.0 . 
very ßerlons ami 
socaoBary» -i-iz i :■ 
•»eel in jiovmv supplies 
'i the powar scppSy 
fferent U„C, levels 

of those difficsxiltip 

X« Allow5.ng use of somewhat emails:1 -ilgaol love!a, 
es overdo sign to overcome '.0,0, l.orel drifting 
would net la necssaary, 

S« SmsJ.lor signal level would porra:.t ii5.gJ.ier spend 
operation« 

Method of £chlev.Uig ApO, Coupling-. Ihw basic methods of ußirp 
A0C. coupling have been suggested to dato? 

X« At periodic intervals in the program* .¾ comphe::iunt 
pud rocomplemsnt pulso mey be am; to each. :riip*»flcn„ 
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T.bís process would talce up only a chore portioa 
of the time in the period bstv-etiu coirrolemantary 
pillee ß» 

The ilip-flop may be used &n a jiisans of holding 
open on® of two gate tubes representing a 1 or a 
0, and sending preformed gates through the gato 
which is open,. 

$he first method necessitates putting complementing and re« 
complamenting pulsee in the program. 3br "pueh. button’* operation, a special 
circuit to complement and recompleaiont before each step of "push button” 
operation la nescuid,, This system can be considered as one in which the 
•flip-flop act® aa a gate generator as well as a digit storage unit, the gate 
being on 95$ of the time and off 5$ of the time for a zero and off 95$ of 
the time asid on 5$ of the time fox* a one,. 

‘She second syster needs one stags of D.C„ coupling bstvõen “flip» 
flop11 and gate tube but does not call for complementing and the associated 
programming. Some complication does arles« however, in the decoupling which 
is needed between the gate signal and the flip-flop. The preformed volt-go 
in the plate of the flip-flop would be enough to change the position of the 
flip-flop circuit, and hence decoupling Is necessary. 

In both of the above methods, coupling to succeeding gates, 
buffers, switches, etc., may be accomplished using & simple D.O. restorer 
circuit as ehown on Drawing Sib»393X6. 

In. sketch A, the crystal diode is arranged to olamp on the 
îjoaitlve signal and produce a negative bias. If this amplitude is relatively 
large with respect to tube cut off as shown, decay between pulseo will occult 
below cut off end no change in the operation of the gato or buffer will b© 
observado 

In sketch :3,. the diode is arranged to clamp on a bias voltage 
which will hold the gate or buffer normally off. The long gates will produce 
positive bias and turn the tube on. Here, Howovor» condenser decay between 
pulses produces a direct change in operating point cf the Hoa” tube and 
could cause considerable change on signal level. 

Choice of coupling edadeaser "O'3 will depend on the circuit used. 
Xf the coupling is from the plato of a ”flip«flop”, the coupling condenser 
may need to. be ae small as 1Ò0 MM.F in order to allow the flip-flop to start 
and switch rapidly. Preliminary experimenta indicate that this small 
condenser is still useable0 if a 30-volt swing is available at the eterfc of 
period, after .30 microseconds 30 volts is still available on the grid of 0. 
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îiucceieding gate iiub«. 
Gut, oíío 

This- still gives a large factor of safety do low 

In circuits other than flip-flopB» such as, buffers, cathode 
followsrs, etc., it is not necessary to use such low values of capacitance. 
Is, faßt» if a large enough condenser is employed, such as, .01 MB), the 
objection shown in sketch B, Drawing SA-39216 is no longer valid and it 
becomes reasonable to use either schoro® as a moans of coupling. Sale 
method doss have a limitation however in that the initial bias on the 
coupling condenser mai/ not be attained in a single complement and re» 
complementing pulse. ÍChis method would require the gate generator, whether 
1¾ be the flip-flop or another source, to run for a millisecond or so before 
the condensers become charged., Ones charged, however, no limitation is 
•olaced on switching speed or repetition rate aa long as gates are 
generated at intervals short with respect to the time constant of the 
coupling circuit. See sketch 0, Drawing S.fir-39P,160 

Comment a, » When applying this type of coupling to preliminary 
designs of WHIHLWIMD I, severa), problems arise which demand separat© 
treatment<, The list below indicates the thinking tc date on these problems 
and how they may be overcome. 

Accumulator 

She four-position matrix switch in the Accumulator when used 
with the Restorer schematic described on sketch A, Drawing SA-39316» calls 
for a pulse ou all three unaoleoted output linos. 

To achieve this, it is necessary to cause the complementing of 
fcjne two flip-*flops to occur one after the other instead of simultaneously 
and thus pasa through the four positions of the switch, A solution to this 
problem 5.3 possible by installing e. delay line "between the two flip—flops 
connected to the four-poaltloa switch and complement* ng one before the ot.ier,, 
liai0 adds only on® place of cable end appoanï to be t. simple solution. 

3B-Bositien Switch 

It is necessary liera as wall as in the Accimil&tor to keep pulsas 
coming on all thirty-one unselected lines, Apparently,, such pulses do exist 
duo to the change-over period of tbs flip-flop3» Kui'ing this period, sll 
thirty-two lines go to b' ns ootb buffers on tne flip-flop oubfcs are cu.}> .-il 
dxxring ths switching period, Thora 5.b e. good possibjlj.ty that this condiulon 
ia,¡ay be uoeable as a means of obtaining pulsed output as a source of B,C, 
restoring voltage on each of the thirty-one unselactod linea. 
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león :3ulb Indication 

There is e possibility that neon bulbs will not deionise between 
the 20 jioeoond corrrpleraenting periods and continually show a glow in the 
off position. An H.C„ filter in the grid circuit of the aeon buffer with a 
carefully selected time constant should eliminate this difficulty. 

Toggle Switch Storage 

At present, the selected line presents n positive 15-volt 1).0,, 
signal to a gate tube and causes the selected line to be opened. A.C. 
coupling may be applied here if the circuit of sketch G, Drawing SA-39219 
le applied. However, high capacity of switches may causo complications,, 
This problem is being given further consideration. 

§AS6 Gate Tube 

It has been pointed out tu at the 6AS6 gate tubs presents a problem 
if grid Mo. 1 is used as the high duty factor control. Screen dissipation 
with grid Ho. 3 cut off runs above rating when 100 volts is applied. Methods 
of overcoming this problem are being considered, such as pulsing suppressor 
and screen together. 

7~yrîiormun Taylor 

HTs has 
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Braving a? 
S.l~39369 
SA-"3S267«1 
SA-3936e™l 

Tests vero rondo on en experimental unit of the ^register, 
B-register, and Aooumulator» for the purpose of obeerwing the behavior of 
Is,Co Heatororc, whloh have boon proposed as a mean« of eliminating DcO, 
coupling in digital oomputar circuit*» Speoifioally, ohea-acterletios of tto 
iwC, coupling between flip-flop and buffer amplifier (both using type SAG? 
tat®®), and between diode matrix switch and. 6AS6 gats tube were taken« Be suits 
«re shown graphically in Drawings SA--»39289P SAr*30267-1, and SAp39268*1« 

Tavl Proosdura and. Resulte 

In order to simplify tho testing of the unit, it vas desired to 
w:rk with only on© of the two flip-flop registers, thereby selectlog 
«;,*■»rnatsly only tv-ro of the four channel« controlled by the four-position diode 
r.'&trlx switoho This »impllfloation was attained by removing on® tube from the 
’lip-flop not to be operated, thug assuring that it would remain in on® non-- 
ducting state and not be flipped ovsr by randoia noiea or tronei«snts« 

Complementing pule©» of 0,,6 peso, duration were produced by the 
op@rnti.ng flip-flop from set and reset pulses supplied in the following manner« 
A multivibrator designed to free-run at a 100 Idlooyole per second repetition 
rata, and driving an B-L-C peafcar and cathode™-follower produced OoOS pseo« 
trigger polea»« Theea 100 KC pulBes were fed slmoltaaeoualy into the flip-flop 
trigger tub® and an opIrcuted 0«3ö psec« delay lin®, thereby operating 
the flip-flop #o as to obtain a 0„5 iiseo« conplementlng pulse« 

A raeistor value of 100K was weed to ©hunt tho 1N34 crystal diode 
in the restorer circuit a© as to maleo the test* under the worst possible con¬ 
ditions of condenser discharge path« In the final design, a IK38 crystal 
will bo us«d alone, and a crystal with back reel stance of lasa than 1Q0K at 
-10 volt» will be considered unsatisfactory« 

.,,,., iaíllfcli: .¡WM 

iiMM - 

u 
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Äa vaille of the capacitar C vae vailed aad meaBurements 
m«,de of the voltas® remaining at the grid of baffer tube and gate tube 
rsapectivol;' after the 10 jisec» intervalo Starting voltage values are on 
tho raeulting graphes It wao found that if the value of 0 between flip-flop 
and buffer was greater than 200 1-4.-f, the flip-flop operation w&e faulty 
because of excessive capacitive loadings In additions voltage remaining on 
the plat« of the gate tube with a XOOG ohm plate load vas measured and 
plotted an a function of C-0 

Finally, both flip-flops were operated timultaneouely in a 
manner similar to that dercrlbod abo va« This teat produced easentlally the 
earn© results» and it is thought that no new problems will be introduced by 
simultaneous operation» 

u Ao 33» Horton» Jr-. 

ABHshas 
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A meeting waa held this soraiug to diaou*® tha problera of 
coupling from a flip-flop to & gats tube« The preeent method has 
many diuadvantag»!*» It 1® «hotm her®« 

Whan the control ijcid of tilo 6AS6 io hit, the gappreesor draw® current; 
It look* lihse .about 5,000 ohm«, «¡nd dischargee th® 100 MME coupling 
c«paoitor0 Thin not only reduce® the moppresaor voltage, but puts a 
negativo pulse on the ‘'on" tub© in the flip-flop, poasibly oauaing It to 
flvltoh« 

Cue way out it to drive the suppressor of the 6ASÖ only te- 
oathßde poteatialo That ia( 
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ïa orear to do thin, the plate anti screen voltage of th» 6ASÖ mat be 
incrojised to get sufficient plate currento There will "te a conséquent 
increase In the control-grid and suppressor cutoff voltages* With plate- 
supply and aerean voltages of 200 volt«, ths plate currant will probably 
be about 35 ma at aero control-grid end suppressor voltage,» The control» 
grid cutoff voltage ’/.11 be about »X0 volt»*, That meen» that the fixed 
control-grid bias should be about «20 volte. A load resistance of ábe-at 
lf 000 ohms should provide a satisfactory plat® swing;« The usuel read-out 
circuit look» something like this* 

QÜT 

.HÉiÉM>'»'iitÍÉÍil>lli i (íÉÉéi'i __..ití ^ ' 
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Sino« tha leaíi-ln gate circuit a will all 'be the same« It 
may b» possible to eliminate the coupling olrcult on the read-In 
gatea by connaotlng the llno-drlver tronaíomer to ’30 wits 
Instead of ground. 

Sïâÿiê.JLMi L-C’iV... 
David E. Brown 

DEBShas 


