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Cambridge, Massachusetts 

SUBJECT; SYMPOSIUM ON WILLIAMS'-TUBE STORAGE 

To: R0 R. E v e r e t t 

Prom: T„ S„ Greenwood 

Date » 22 January 1952 

Abst rac t« On December 13 and 14, 1951, The Nat ional Bureau of Standards 
sponsored a symposium on Wil l iams ' - type storage tubes for the 
purpose of interchange of information and ideas between in
terested groups. The following repor t covers the more s i g n i 
ficant information presented at t h i s symposium., Reports which 
were presen ted by var ious observers es tab l i shed t h a t in storage 
tube o p e r a t i o n the surface po ten t ia l of the CRT's i s s t a b i l i z e d 
at a nega t ive voltage wi th respect t o t h e aquadag coa t ing . 
Ver i f i ca t ion was given of the ex is tence of a p o s i t i v e l y charged 
spot surrounded by a r i n g of negative charge as a r e s u l t of the 
bombardment of a spot by the primary beam. 

Operational reports on severa l computers using Will iams' -type 
storage were presented., The la rges t s ing le problem in the 
u t i l i z a t i o n of CRT's i s t h e exis tence of blemishes on the sur
face. The "read-around" r a t i o problem a lso e x i s t s , but i t s 
severi ty v a r i e s g r ea t l y between computers• The so lu t i on to 
both problems l i e s in t h e development of a special CRT for 
Btcrage a p p l i c a t i o n s . 

One proposa l for s torage improvement uBing redundant s torage 
of information wa6 heard , 

Cont r ibut ions to t h e theory of Storage 

One previous point of controversy between observers had been 
whether the po ten t i a l of a spot under bombardment rose or f e l l . Holt of 
the Bureau of S t anda rds , and Williams and Kilburn of the Univers i ty of 
Manchester , independently determined by means of a tube with a conductive 
connect ion to the s c r e e n surface t h a t the e n t i r e screen is charged negative 
by t h e oeam0 The charging and d ischarging time constants are of the order 
of s e v e r a l seconds PO t h a t at the ordinary r e p e t i t i o n ra tes used in 
s to rage systems the surface p o t e n t i a l is s t a b i l i z e d af ter the f i r s t minute 
of o p e r a t i o n . This s t a b l e voltage i s about 16 v o l t s below the po t en t i a l 
of t h e aquadag coa t ing (depending upon the i n t e g r a t e d beam c u r r e n t ) . 
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The o r i g i n a l Williams -Kilburn paper explained the storage 
phenomena by assuming a spot would be charged pos i t i ve by the beam due 
to a secondary-emission r a t i o g r e a t e r than unity,, 

In view of the negative charging of t h e sur face , some c l a r i 
f i c a t i o n of t h i s p o i n t was sought by them* This was obtained through a 
s p e c i a l tube which d i f fe red from the usual CRT in having a second e l ec t ron 
gun„ This second gun was mounted in such a way t h a t i t s beam was p a r a l l e l 
to t h e regular su r face which then acted as a de f l ec t ion plate, . As t h i s 
beam was swept pas t t he surface i t s t r ace on a second screen was a one-
dimensional r e p r e s e n t a t i o n of the surface po t en t i a l „ 

I t was found t h a t , c o n s i s t e n t wi th t h e o r ig ina l assumptions, 
the beam charges a spo t pos i t ive with' respect t o the a c t u a l surface poten
t i a l ; and, a negat ive r ing of charge is b u i l t up around the p o s i t i v e , so-
c a l l e d "wel l" . The ove ra l l "depth" of the "wel l" i s approximately 3 v o l t s . 
With t h e usual beam tu rn -o f f r a t e s the change in "well" p o t e n t i a l i s l e s s 
than 0 . 1 volte d e s p i t e the pess imis t i c es t imates of Br i l l ou in of the high 
beam tu rn -o f f ra te6 t h a t would be required so as not to d i s t u rb the poten
t i a l . 

2 
A. '«. Holt discussed t h e " t r i o d e " theory of s t o r a g e . In thiB 

theory the wri t ten p o t e n t i a l "wel l" i s considered as a cathode "emit t ing" 
secondary electrons t o an anode ( t h e dag coa t ing) in a r a d i a l shee t . The 
n e g a t i v e r ing of charge around t h e "well" a c t s as a gr id and bu i lds up i n 
( n e g a t i v e ) po ten t i a l u n t i l i t b r i ngs the escape of secondary emission into 
e q u i l i b r i u m with t h e primary beam cur ren t , 'ihe r e s u l t i n g negat ive r ing 
serves t o protect t h e po ten t i a l "wel l" from discharge by secondary e l e c 
t rons when adjacent spots are be ing wr i t t en , Kates agreed with the 
e s s e n t i a l features of the t r iode theory , 

P r a c t i c a l Storage System Problems 

Probably t h e la rges t s i ng l e problem in obtaining working systems 
is t h e occurrences of blemishes on the storage su r face . Although these 
b lemishes are sma l l , i f they appear c lose enough to a wr i t t en spo t , they 
may e f f e c t i v e l y p reven t s torage . I f the blemishes are few enough, the 
r a s t e r may be moved t o avoid the blemishes . Since blemish-free tubes are 
p r a c t i o a l l y non-ex is ten t t h i s must usual ly be done» 

This adjustment is unusual ly troublesome because the s torage 
systems described have common d e f l e c t i o n c i r c u i t s . Some juggling i s 
u s u a l l y required t o avoid blemishes en a l l tube8 0 

The s e v e r i t y of the blemish problem can be recognized from 
the f a c t t h a t , of t h e tubes i n i t i a l l y r e jec ted for Btorage use (3C# or 
moro), a t least h a l f a r e re jec ted for blemishes . 

P. C. rtilliams and T« Kilburn, "A Storage System for Use with Binary 
D i g i t a l Computing Machinery" J . I . t . E . , 96 , P t . I I , No. 30 , 19490 

A. if. Holt and J . H. Wright, "Progress Report on E l e c t r o s t a t i c Storage" 
N. B. S. Report #1082, July 2 5 , 1951. 

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.



688 9 
Memorandum M-1380 Page 3 

INTERNAL DISTRIBUTION ONLY 

Another th i rd of t h e remaining group are even tua l ly re jec ted 
f o r the same c a u s e . The problem would not be qu i te as bad i f blemiBhee 
1 e r e stable f l aws , but during operat ion t h e i r sever i ty often increases 
and blemishes even appear where they previously did not e x i s t . I t 13 
q u i t e clear t h a t blemish growth and formation i s not compatible with high 
r e l i a b i l i t y in s to rage systems. 

Another problem i s t h a t of " r ead -a round- r a t i o " . While not 
h a v i n g the urgency of the blemish problem, i t i s of high p r i o r i t y because 
of i t s fundamental r e l a t i o n s h i p to the s to rage methodo "Read-around-rat io" 
i s va r iab ly def ined and v a r i a b l y named, but in any case the property under 
d i s c u s s i o n is t h e a b i l i t y of a po ten t i a l "wel l" to e x i s t during repeated 
bombardment of adjacent a r e a s . Since there a r e a large number of f ac to r s 
w h i c h affect t h i s property ( e . g . , tube sr.ze, a p o t . s i z e , number of spots in 
r a s t e r , ras te r s i z e and conf igura t ion , beam c u r r e n t s , wr i t ing t ime, e t c ) , 
t e s t s must be made in the a c t u a l computer or under computer-simulated 
c o n d i t i o n s . A conclusion from several papers which discussed read-around 
t e s t s on several d i f f e ren t tube types was t h a t the h ighes t read-around 
was obtained w i t h tubes having the g rea te s t degree of beam "s t i f fness"„ 
T h i s was defined as def lec t ion factor ( v o l t s / i n . ) times t h e length of a 
s i d e of a 1024 square ras te r„ 

In making such a t e s t some assumption must be made t o simulate 
t h e worBt c o n d i t i o n s , and on t h i s point t h e r e i s a d i f fe rence of opinion 
among groups„ SEAC, for i n s t a n c e , wr i tes c y c l i c a l l y in four spots surround
i n g t h e spot in ques t ion and determines the t o t a l number of such wr i t es 
n e c e s s a r y to o b l i t e r a t e a p o t e n t i a l "well" in the c e n t r a l pos i t ion . (The 
w r i t e s around t h e t e s t spot a r e not the same on a l l four spots in a l l t u b e s , 
however . ) ORDVAC, on the o ther hand, wr i t e s the worst p o l a r i t y con t inua l ly 
on a single spot and determines the minimum number of such wr i tes which 
w i l l not o b l i t e r a t e any adjacent po ten t i a l " w e l l " . An a d d i t i o n a l v a r i a t i o n 
i s introduced between the groups by the f a c t t h a t ORDVAC checks every poin t 
w h i l e SEAC checks only nine se l ec t ed areas ( c e n t e r , c o r n e r s , and s i d e s ) s 
As might well be expected the va r i a t i ons in t e s t and condi t ions lead t o 
v a r i a t i o n s in r e s u l t s . SEAC obta ins counts of around 1000 while ORDVAC 
f i n d s counts of a s low as 20 a t some po in t s . 3,4 s ince SEAC uses a 3 :1 
r e g e n e r a t i o n r a t i o every spot i s rewr i t t en a f t e r , a t most, 170 adjacent 
s p o t opera t ions , and "read-around" iB not a l a rge problem. In ORDVAC t h e 
problem is not as severe as might be expected since the low "read-arounds" 
a r e obtained a t only a few s p o t s , and programs which avoid r e p e t i t i v e 
o p e r a t i o n on ad jacen t spots can be run s a t i s f a c t o r i l y . 

Coexis tent with the previous two-problems are a number of . 
l e s s e r problems. TheBe problems are not so in t imate ly concerned with 
t u b e s t ructure and thus are more amenable t o a t t a c k . Among these is t he 
s t a b i l i z a t i o n of beam current aga ins t slow dr i f t , , This does not seem 
immediately press ing* Another is the matter of e f fec t ive video c i r cu i t ry , , 
Some groups are us ing wide band amplif iers while others are using low-

N. B. S. Tech News B u l l e t i n , Volume 34, No„ 9, September 1950o 

R. E. Meagher and J . P. Nash, "The Crdvac" Paper presented a t Jo in t 
AIEE-IRE Computer Conference, December 10 - 12, 1951. (D. C. L, #1623) 
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frequency cutoff i n the range of 50 KC. The choice seems to depend a 
great deal upon whether the group fee l s current or change waveforms can be 
more re l iab ly de tec ted . 

A so lut ion to the blemish problem i s ac t ive ly being 6ought. 
The most direct approach l ies in the refinement of the phosphor surface 
and t h e elimination of the cauBitive agents such as the binaer. This ap
proach i s receiving the most support. RCA, under a Navy Contract, has for 
some months pursued t h i s course and expects to have some tubes ready for 
d i s t r i b u t i o n in February. Some tube construction work was mentioned by 
IBM, but the d e t a i l s w i l l not be announced unt i l the Allib-mid-Winter 
convention. In England, General Lloctric has developed a spec ia l tube for 
use i n the Ferranti-University of Manchester computer and some degree of 
success has been achieved. In part , this was gained by using lower 
acce lerat ing v o l t a g e s , but very careful control of the phosphor process
ing was undoubtedly a large contributing factor. 

Another approach to the blemish problem is to operate the tubes 
at lower accelerating voltagoB where the problem i s much less severe. 
Since lower voltages result in increased spot s i z e and lower "read-around-
r a t i o s " , this s o l u t i o n can only be achieved by a redesign of e lectron guns 
for smaller spot s i z e . Since th i e would be a doubly desirable object ive , 
i t i s somewhat surpris ing that no work is being done on i t in t h i s coun
try ( w i t h the poss ib le exception of IBM). 

On the so lu t ion of "read-around-ratio" NBS is act ive in seeking 
d i f f e r e n t surface materials which w i l l support "deeper" potential "wells". 
Unfortunately, they have few tube construction f a c i l i t i e s and are l imit 
ing t h e i r work to other available tubes such as the MIT tube. 

Because i t has become clear that some tube development work is 
necessary , NBS made an appeal for a standardization of physical charac
t e r i s t i c s of storage tubes so that tube manufacturers might find i t 
economically f eas ib l e to do development work. There was l i t t l e immediate 
response to the appeal . 

In view of the foregoing problems the report of the Los Alamos 
project was in teres t ing . Although the project i s c la s s i f i ed and not many 
d e t a i l s of the computer are knownt i t was reported that the computer 
operates in a p a r a l l e l system using 40 d i g i t s . The storage system us s 
2 BP1 CRT's operating at 2.2KV accelerating v o l t a g e , storing a 1024 spot 
raster in an area of approximately one square inch. The de f l ec t ion 
system, which is common to a l l tubes, has superimposed upon i t s output a 
smal l , low-frequency voltage which causes the ras ter to dr i f t slowly across 
the f a c e of the tube t o insure uniform uBage of the surface,, 

Despite the fact that no attempt i s made to avoid blemishes, 
the group reports no trouble from t h i s cause a f ter i n i t i a l s e l e c t i o n of 
tubes . However, t h e i r in i t ia l re jec t ion rate , due largely to blemishes, 
is around 70$. 
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They offered a3 a t en ta t ive explanation of the absence of a blemiah 
growth problem, t h e fact that every precaution i s made to insure the beam cur
r e n t s at no time exceed 1 or 2 microamperes. On "read-around ratio", no 
d i f f i c u l t y was experienced, although no spec i f i c t e s t s were made -o determine 
a c t u a l ratios-

In v iew of their apparent success , i t i s unfortunate that so l i t t l e 
i s known of the computer and the techniques used in i t s achievement;, 

One new proposal was made at the symposium by P. Shererti of the 
Naval Research Laboratories. His feeling was that the improvements which 
might be made in storage systems through reasonable reductions in blemish 
and "read-around" problems i s small opmparjd to that made by using redundant 
s t o r a g e of information. He would use three or four CRT1 s per d ig i t each 
s t o r i n g identical information. The register numbers assigned to each spot 
in t h e raster would, however, be different in each tube and numbers would be 
s t o r e d in the oppos i te polarity. The outputs of each tube would be averaged, 
g i v i n g a low probable error. In addition, an error occurring in only one 
tube would be se l f - correc t ing . Although the proposal has some merit, i t 
seemed to evoke l i t t l e enthusiasm,. 

Conclusion 

One o f the early proposed advantages of the Williams'-type storag3$ 
t h a t of the r e l a t i v e economy of using ordinary cathode-ray tubes, seems to 
be hard-pressed for confirmation. Despite f i ve years of work, i t appears 
t h a t very few production-run CRT's are sui table for th is use , and special 
c a r e and construction techniques must be employed to produce a sat is factory 
t u b e . No such tube i s yet avai lable and when i t may be available i s , at 
p r e s e n t , unknown. However, present experience indicates that re l iable high-
d e n s i t y storage can eventually be obtained with such a tube. Until such 
t i m e , Williams' storage cannot be classed as highly r e l i a b l e . 

Signedv 
T. S. Greenwood 
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