Lawrence Berkeley National Laboratory
Recent Work

Title
READY-MADE LOGIC BOARDS AND THE SMALL-VOLUME USER

Permalink
https://escholarship.org/uc/item/8w57v09x

Author
Abbott, Douglas L.

Publication Date
1968-10-08

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/8w57v09x
https://escholarship.org
http://www.cdlib.org/

UCRIL-18509

Cer

wi  RECEIVED University of California
LAWRENCE
RADIATION LABORATORY ,

NOV 6 1968 Ernest O. Lawrence

LIBRARY AND

socomenta senoy  RAdiation Laboratory

READY-MADE LOGIC BOARDS AND THE SMALL-VOLUME USER

Douglas L. Abbott

October 8, 1968
r » ~

“ TWO-WEEK LOAN COPY

This is a Library Circulating Copy
which may be borrowed for two weeks.
For a personal retention copy, call

Tech. Info. Division, Ext. 5545

xt,

Lossi-

1320



DISCLAIMER
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READY-MADE LOGIC BOARDS AND THE SMALL-VOLUME USER
" Douglas L. “Abbott
Lawrence Radiation Laboratory
- University of California

Berkeley, California

v: October 8, 1968

The iﬂcreésed use of integrated circuits and the proliferation
of ready-made IC print,évd— circuit boards in comple'te logic sets have
pfompted. a discussion of the relative value of buying boards from avol-.
um’e:‘manufacturer or designing and building boards in-house. There
are rhany well known, persua's'ive argﬁrﬁénts in favor of buying boards
from an outside vendor, not. the 1east of which is volﬁfnej, of usage. -Thus
it is .considered In"Oré ecdhomicaljfor a high-volume systems manufac-
tu»ré.r_tol design his own boards, whereas a small user such as a research
1aborat_ory" which onljr builds a few systems a year is better off bﬁying
ready-made bpards from an outside source. This article does not at-
témpt to dispute the case for buying rather than ‘building, but points out
an additional factor which bears. heaviiy on the decision. That is that the
number of boards required to justify in-house design costs can be signifi-
cant‘ly réduced by increa;ing the complexity of uvser-desi'gned boards.

AllIC logic boards may be grossly divided intc; two major cat-
egories--general purpose and specific fﬁnct'io'n. A general-purpése boarvd
consists of number of gates and/or flip-flopS' arranged in a general pattern
which may be interconnected in countless wafs with other similar .boards
to produce the.desired logic function (see Fig. 1),' This includes functional

units such as counters and registers with a felatively low ieyél of intraboard
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connection. Ready-made logic boards are necessarily of this type in
order to have the widest épplicability.

.Specific function boards, on the other hand, are designed to
accomplish a very specific logic function, and. hence their applicability
is extremely limifed. The‘zy. al;eA characterized by a high level of intra-
board connection and are generally space-limited rather than pin-limited
as most general—purpose boards are. Figulv‘e.VZ shows a typical si)ecific-
function béard. "~ This pérticu‘lar board is va. serial-parallel conversion |
register used in a"time-sh.aring teletype 'r_nult.iplexer‘ system.

The build—véréus-buy decision is based on the sir_riple formula _ |
c =P, | | (1)
which says that the cost (C) to design and build boards in-house equals

“the ‘price (P) to buy ready-made general-purpose boards. This fnay be

expanded as follows:

NCp + N Cp :.NPC SRR (2)
whe:re N is.the totai' number of boards vused, CB is the cost to build

each board, N,, is the number of types of boards, C. is the cost to de-

T ‘D
sign each board type% and PC is the purchase price per board.
Previously the factor N haé been separated into NSN', Where
NS is the number of systems, and N' is the number of boai‘ds per sys-
tem. For the srhall volume ﬁser, however, the number of systems
built is not.as significant as the total nﬁmber of boards used. | In other
wofas, can you use enough boards, whether it be in one system or ahﬁr}-

dred, to justifir the design cost before new developments make the board

obsolete.
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Eqﬁation 2 may be rewritten as

where M = CD/(PC - CB) and represents the minimum number of boards
pef desi’glfl type which must be used to justify in-house building. Tables I
and II give épproximate fi'gvures for design and Building costs respectively.
These are, of course, subject to a great many variables but nevertheless
sérve to illuSt,ra‘té the point. The cost of integrated circuits is based on
an average of 20 gates.of '10vflip-f1cv>ps ber ready-made general-purpose
bo_ard. Using the midvélues of CD and CB and taking PC to be $70, M
comes out about 39. This means you must use at least 39 boards .of each

. design type to "break even.'

‘Equations 2 and 3 make no allowance for the increased complexity
possible by.' designing bdards for a speciﬁc function. This inc‘vreavtsed com-
plexity comes about in two ways.l First, _the higher l‘evel of intraboard
connection allows more IC's on ba board.._ Second, and perhaps more im-

, portant, _ rhédium-and' 1arg'>e—'s'ca_le integration (LSI) may be utilized to allow
rﬁor_e functions per boafd with the same number of packages. Because
they are pin-limited, ready~made boards éan not benefit greatly from MSI
and LSI. As a ty.Iraical_cavse, consider a 127—b'1t shift register built on a
board with a 44-pin connector, with 4 pins cornmitted to powei‘ and.ground.
Such a register requii‘es a minimum of 27 input-oﬁ.tput 'connectibris--iZ
parallel inputs, 12 parallel outputs, 1 parallel load, >1vc‘lock, and 1 c;)m-
mon clear. Other options would reqﬁire more inth;t_-outpu.t_’connections.
If this were built with dual flip-flbps and quad 2-input gates, it wouldv re-

quire 9 dual in-line packages (DIP). Add an extra package of gates or
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vflip—flops'to fill up the extra 13 pins for a total of 10 DIP's. - This is a
reasonable number for most boards currently availaple.

This same func.tio.n could be implemented with three 4-bit shift-
register chips such as the Fairchild 9300. Adding an extra package for
.the remaining pins gives a total of four. True, we have saved six pack-
ages, but wewhave "wasted'' the space that those psckages occupied be- -
cause thei'e-is no way to connect more packages to the outside Wor_ld,' ‘NQW_
instead of the single package ef gates using 12.pins, We could install a
' complei multi-packsge _circuit with mapy internai connections to utilize
this extra space; Board suppli'ers,- however, are understandably reluc-
tant to do this, since each DIP .pin_not brought to the outside world reduces
the flexibility -ef'the board. A user designing a board fo"r.va specific appli-
- cation need not wori‘y about flexibility, and he can Squeieze as m‘ahy IC's
ona board as space will allow and perhaps still not use all of the board' s.
input-output ptns. ‘This incidently saves on backplane \iviring.

The degre‘e of complex1ty may be expressed by the replacement
factor, R which represents the number of general-purpose boards re-
quired to duplica‘te‘the logic function of one specific function board. For -
example, the serial-parallel registe‘r board.in Fig. 2 contains seven
DIP's and two discrete component iamp drivers, yet it would.take approx-
imately three general-purpose boards to duphcate the loglc of this one
board. 'I‘herefore, R equals 3 in this case. By definition, we have
R =41 and R

GP SF

_Getting back to the economics involved, we may rewrite equation

>1.

2 as. -

N C +NTCD—N2PC, (4)
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where | N1 is the numbei of in-hbuse sbpecific-functi‘on boards, and N2
is thev number of general-purpose boards required to duplicate the same
function. |
Equation 4 can‘be brewritl‘:'env in the form of Eq. 3 as

Ny = Ne[®P_- TCD TRC )]’
v - C B1 B2’

(5)

where - R = NZ/N and, in this case, represents an overall system re-

1

placement factor. If we let NT = '1, R may refer to a single board type.

The term in brackets is M as defined previously, but now M is a func-

'fio_n of R, thatis

N, = N M(R).

- Note that Cp has been separated into two components: Cg, is
g 18 all other building costs. This
is because f:he cost of integrated circuits i-nc.i'eases roughly in propdrti'on
to the relative cdrhplexity, while other building costs remain essentially
the same. The use of complex-~function IC's does not alter tﬁis since,
with few exceptions, they have a relatively constant cost per flip-flop.

| The dramatic effect of R may be seen in Fig. 3, where M is
plotted against R for two values of design cost. Given the bdard sizes
currently in use, I would consider R =5 as a practical maximum for this
concept. The ﬂumbers quoted here are f'ball park'' estimates and the
curves shouid be shifted up or down as réquired to fit ahy spe.cificb situation.

Although the curves are based on fixed design costs, it is likely that such .

costs will increase with R, ‘although not necessarily in direct proportion.
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Thus one should tend toward the higher curve as R increases.

One may ask what degree of complexity would be necessary to
reduce M to 1, that is justify the design cost with only one board.

‘Taking the same cost and price figures used in Fig. 3, we have

Ri 18.2 for CD = $1000

R1 36.7 for. Cp = $2000.
chh corhplexity is; of éoufse, beydnd the realm of printed-circuit-
| boafd technology and requi‘res something like a wire-wrap IC panel sys-
éem.' The cést considerations are totaily different, but 'this' approach
may be more economical in the long fun. | |
The applicatio; of this c.Oncepit in'volve-s considerations of system
a'rch.itectlire. The objéétiye should be to divide the system Ias. far as
possible into repeatable subs’ystemvs, then‘design boards for these sub-
systems which combine the highest deg.ree‘ of corﬁpléxity consistent with
)sufficient repeat#bility to justify 'the ciesign cost. This in fact is ther
same ‘pr.oblem facing LSI designers. |
Obviously, no system consists entirely of neat, regular sub-
systems. To avoid d‘e.signing generai-purpose boards for these ir.r;e.g'u.lar
sections, the designer ‘should be able to combine his .complex, specific-
~ function boards with cominercfally available general—purposé boards.
The choice of ready-made boards and bin hardware m.é.y place severe
constraints on the design of specific-function boards, becaﬁse many

boards currehtly available will not hold enough IC's to.make complex

function design practical. To take full advantage of this technique, a



e

-7~ UCRL-18509.

board should accommodate at least tenv14-pin DIP's and leave sufficient

~_space for art work."
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Table I. Cost of initial design per type.

Drafting (layout.)‘
| (a) Taping. |
(b) Assem‘t;ly'vdrawih‘g'
"(c) . Schematic _dra%wi'ng‘
(d.) Marking drawing

(e) Detail drawing

(60 hours at $10.per hour = $600) $500 to $1,000
Engineering follow-up - : .~ $100 to $§ 500
Drill jigs, card holders, routing jib ~ $200to $ 500

$800 to $2,000

/}3‘ .



Table II. Co-‘st of boards (except IC's)..

UCRL-18509

o

. v . o 7 : : S | Min. Max.
1. Board | | | .75 1.00
2. Board fabrication 300 7.50
3. Drilling o , 1.50. 2.50
4. Eyelet assembly - 100 2.00
5. Plating | ‘ o 400 1.50
6. IC assembly | | 50 1.00
7., Wave solder o S | 1-'5‘0‘ 2.50
8. Testing. o ' : 2.00 . 5.00
9. Ejector (board handle) | .25 1.50

R 11{50 24.50
Cost of IC's (see text)
1. 20 gatesi@_l 60 cents | 12.00
2. 10 flip—flops.v @ $2.00 | 120.00
Total - 23.50 44.50

A
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Figure Captions

Fig. 1. Typical general-purpose IC board.
Fig. 2. Example of 'u;ser-:designed specific-function board.
Fig. 3. Minimum number of boards required to justify design cost

as a function of relative complexity.

-
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