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Thermal Impedance‘

The thermal impedance, @, determines the difference

between the chip temperature and ambient temperature by

- the formula:

Tchip - Tsink = Power -8

state dlSSlpateS maximum power. The thermal 1mpedaqce of the

package varles w1th mounting technlques however ~ For .

exanple a 16 pln package in still air has a 6 of -OC/watt.

' (See figs.1,2,3) TFor a glven mountlnc technlque the"

amblent 81nk temnerature must be low enouvh that the Chlp
temperature is not above 150°C°‘

Tsink ©C ¢ 1SOAf POWer (pmay) *

AChlp tenperature should not be above 150°C., when the logic
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DIM |
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CHAPTER XIX
DESIGN ECONOMICS

Design Econemics

There is one more design specification:

cost} All of

the previous design sections are guidelines for optimizing part

yield, because optimizing yield usually raises profit.

this is not always the case,

From the accompanying diagram we can
approximate the cost of fhe part as it is
built at éix major cost positions or cost
blocks. At each block the cost is in-
reased by Labor, Material, or Yield.
'Through block 2 the cost is cost/wafer.
At bldck 3 it is‘converted to cost/dice

g the only place where the price

®
(N
,..h

However
& WAFER & PRoCESSIVG
MATERTAL LASOR,

drops {appears to drop).
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Now let ué see the cbnsequences of this cost function. If the
procéssed wafer were free. the part would stlll cost more than
the cost of the package;“ As the cost of the dice goes up, (by
putting more logic functions on it) the cost continues to rise
but the cost/function falls. This continues until the circuit
/is so complex that the probe yield falls. Then the cost/function

begins to rise. However, as processing and assembly improve their

techniques the point of minimum cost/function grows larger.

The engineer will economiéally optimize his design if he.
@:) can éstimate the estimate the effect of design decisions on
yield and die size. There are two good examples:

1. Layout rules. If the engineer chooses to use loose
layout rules to improve his yield, he will also increase
die size, If he uses tight layout rules to get more
die/wafer he will decrease his yield.

2. Bond Pads, Lafger bonding pads give higher prabe yield
and higher final test yield, yet make the chips larger -
resultlng in fewer chips/wafer.

Profit is optlnlzed by d951cn1ng sllghtly beyond the current
minimum, - Thus at the time the part is in production it will be
at minimum cost. Similarly if a package pin number choice can be
made, both approaches should be analysed and the maximum prdfit

Vv; approach chosen,

Soft-ware is available to assist in economic optimization.
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CIRCUIT EVALUATION AND TESTING

CHAPTER XX



“Designer Responsibility

It is the designer's responsibility to see that useful,
profitable, quality cdmponents will be the result of his design
effort.

| Design requirements come to ﬁhe MOS Design Department from
Marketing, from cﬁétomers, and from management., The designer
must first determine product feasibility and verify the product's
usefulness or marketable applications. This is necessary to
guarantee that the design cost is recoverable,

The designer next must analyze the'design so that he can
guarantee quality-parts within the given environment and process
distribution, His documentation will reflect this.

Finally the design engineer does the ground work in opti-
.miiing the profitability of a part. He does this by optimizing
the circuit design, redesigning the internal structure where this

will improve performance and reduce cost, suggesting system
modifications where applicable, and insuring a reasonable yieid,
The guide 1iﬁes for minimizing chip size, and optimizing perfor-
mance and yield are the/design rules and layout rules, |

Finally the design‘engineer initiates the interface between
de#ign and production with the documentation of his design. The
final proof is the engineefing run of.prototype parts, The eﬁ~
gineer provides_the initial test methéds, and tests his prototypes
proving that they meet all specifications, and documenting the

range of process parameters in the prototype circuits,

XX-1



, Transfer to Production

 Transferral of products from design engineering to production

entails the transfer of pertanent information about the newly

‘designed product to the appointed product engineer, This infor-

mation includes logic diagrams, schematics, suggested test ﬁethods,
customer or internal electrical and mechanical specifications, all
characterization data that had been accumulated, and any special
facts, such as critical dimensions or difficult electrical per-
formance., This product transfer from design engineering to pro-
duct responsibility is most efficiently accomplished by having

a final design review and product transfer meeting where all

related people are in attendance,

XX-2
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Product Engineer's Responsibility

Product éngineers are responsible for individual»products
that’havé been released for production. Product engineers act
1ike'customer representatives within our factory. They assure
fhat the products are manufactured on schedule, meet all speci-
fications, and meet or better the cost objectives. Prodﬁct
engineers accomplish their goals by monitoring masks, quality

process and production methods, performing yield improvements,

'specifying test procedures and methods, and maintaining good

communication with the customer, and also reviewing customer

specifications and preparing data sheet outlines.
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TESTING OF MOS LST CIRCUITS

Testing of MOS LST circuits during and after manufacturing

includes both electrical and mechanical tests which determine that

the finished product is of the highest quality.and meets all im-

posed specifications.

Near the completion of processing wafers, developmental and
manufacturing lots are checked for threshold voltage, trensistof
gain, junction breakdown voltage and field-oxide inversion voltage.
All wafers must pass within narrow, closely specified limits for
theSe parameters. Wafer lots are then subjected to severe bias-
temperature stress testing during manufacture and immediately
prior to functional probe testing to insure that the process is

yielding a stable, high quality, drift free product. These stress

' tests are performed at a temperature of 250°C and substantially

Fod

- exceed the severity of conditions faced by the circuits during

normal operation.
When the wafer has completed the processing sequence and passed
all process eontrol inspections to determine that process require-
ments have been met, it is sent to a computer-controlled probe
station, Utilizing the test control tape generated during “the
design phase, complete parametric and functional tests of the
individual circuits on the wafer are performed. Functional tests
exercise the circuits to demonstrate that theyzin'fact?perform the
logical‘function specified by the designer. At the same time, a
series of parametric measurements is performed to. check the input
and output terminals, the clock lines (if present on thercircuit),
and the power supply buses for cxcessive leakage current and low
breakdown voltage. When design permits, power consumption is

XX-4




Page 2

measured to determine that it is within the design rating..bDie
that do not meet design requirements are automati@ally inked to’
mark them for discard during assemblY'ope:ationS.

.. Parametric measurement at wafer probe is a unique feature

of the Motorola Production System, Special computer-controlled
wafer probe test equipment has been designed~and constructed by
Motorola expressly for testing custom MOS LSI circuits. As far

as cén be determined, this equipment exceeds the capability of any
commercially available equipmént in terms of data rates, length of
non-repetitive test patterns, parametric measurement ranges, and
overall speed and capacity. Fault categorization, data logging,
and interactive operating modes through a CRT interface are pro-

vided for ease of evaluating circuit performance over a wide

wvariety cof engineering conditions,

Following wafer sort, the electrical good die are su jected
to stringent visual inspection under high-power magnification,
Fully tested and inspected dice are then bonded and sealed in
packages. Thevsealed packages are subjected to normal forms of
mechanical tests such ;s centrifﬁge, teﬁperature cycling, and
gross and helium-fine leak tests in order to insure that the as-
sembly operations have been properly carried:out.,bThe exact
testing plan followed, ranging from limited Lot sample to 100%
testing, depends on customer reQﬁirements. _ |

Completed devices are final testéd‘using‘tbe high—Speed
ccmputer—controlled.tester. The test tape developed during the v
desigﬁ phase is used to determine conformance to both functional

and parametric specifications for the unit,

=
e
0
[AR)
et
jas)
=
[

The customer may request any combination of elect
mechanical test of the finished units.  These final test require-
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ments may range from commercial practice through highmreliability;
militéryAtype programs; and may involve such operations as high-
and 1ow—£emperature functional testing, and burn-in., Geﬁerally%
the more stringent the testing cbnditions(scheduled;'the higﬁerv'
the cost. Uﬁless specified by the customer, it will be assumed
that standard ccmmercial practice is desired. i

»All tests are nbrmally.done by production personnel under the
direction of product engineers, who write and review all test
specifications and procedures,

Quality assurance is provided by qﬁality conformance inspections
énd tests done on a lot sample bases by personnel of the quality
assurance department,

Reliability assurance is demonstrated by exhaustive and

extensive testing to verify that the design, manufacture, inspection,

and testing are adequate to assure the reliability of the products.,

MOS/LST Tester

This advanced tester consists of test electronics controlled
by a PDP-8/L computer and multiplex unit that allows testing
capabilities at four remote stations. - Peripheral equipment in-
cludes a 64-k disk and two magnetic tape units for storing existing 
tests and data logging. | .

For dc paramétric testing,‘thé tester is capable of handling
up to 64-pin thrbpgh the use of 64 completely independent
voltage or current generators, Voltages ovef the range of;FAOV—
40V can be forced or measured with an éccufécy of 420 mV, Cufrents
can be forced or measured with an accuracy of +1% over a range of
5 nA to 20 mA, Typical test rates‘of 50 kHz can be realized at
each test station,

In the functional test mode, input driver chénnels and output

recéiver channels are hard-wired to the socket of the unit under
: XX-0 '



Page 4

test., This technique doeslnot require a reiayvmatrix to route

test signals to and from the chip. In addition, unity gain buffers
are mounted within 2 inches of the outéut pins under teét which
present an equivalent test load of 10 pF and 10 M), Aé a result,

a test rafe as high as 4 MHz is attainable, »

Each input driver channel (60 totai) can buffer up to 1000
bits of data before reloading from the disk. Functional input
levels from the drivers are programmable from O V to -35 V range
with an accuracy of +50 mV. Since the tester output is programmabie
relative to data input within +20 ns, one has the capability of

measuring output transition times of the unit under test.
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SPECTAL RUN TICKET
' This sheet will accompany all engineering lots through probe. -
Date: Device Type:
Lot Identification:
Lot History:
Probe Instructions:
" Probe ~ Quantity Quantit Cperator
~ Operation In. Cut Initial Date
‘1. Set yp To Attached piagram
2. Load Attached Program
3. Probe & Ink
4. Data Log
5. Dice Size
SPECIAL INSTRUCTIONS :. :
R
XXI-2



.-~ Ms 1@46DHATIOW SHEET -
-Proﬁeét Noﬁ“ AAj" e o B o Mask Set Nd;
‘<:>4I.5 Circuit No. & TVD“, o  - - Date:
C1T, Starting Material:
1. W25A00 - 1 1/2: 5. W29A00
W25400 - 2" Non-Epi
Epi 12-16yu (LOO) <1007 1 3-cm
~Res., 1.3- 2, 00-cm
1400A Deposited Oxide - 6. L15B00
Non-Epi <111>
2. W26A00 - 21 Res, 6-70-cm
Non-Epi <1112 - o
Res. 3-30-cm o 7. LTSCOO
R S Non-Epi {100}
3. W27A00 - 2" . Res, 7-8-cm

Non-Epi (1002
Res., 3-50-cm

<:> 1. APCID a, Source/drain 15450/sq’ 5. AP0OSD z. Source/drain 751250/ 39
b, N+ Diffusion o Withour N+ Diffusion
¢, Field Oxide 10X A . Field Oxide 10DK A
. 111> Matevrial
2. AP02D a, Source/drain 15+30/sq » A T
’ b. N+ Diffusion ~ 4 6. AP06D a, Source/drain 75+230/sq
¢. Field Oxide 5,5K A » 'b. N+ Diffusion o
d. No gold backing c. Field Oxide 5,5K A
- d, S&D Redistribuikion(:is4,lu
3. AP0O3D a, Source/drain 151+50/sq ,
b. N+ Diffusion o 7. APO7D ay Soufce dvain 75+ 250/50
c. Field Oxide 5.5K A b, With N+ Iiffustono
J : : ¢, Field Oxide 10K A
L, APO4D a, Source/drain 75+250/sq d. < 007 Material
: b, With N+ Diffusiong : - '
¢, Field Oxide 10K A "8, AP0O8D a, Source/drain 75+250/sq
d, <111y Material . - , .. b, Witheut N+ Diffusion
o c. Field Oxide 10X A
d. <106, Material
IV, Die Size: B ..o . VII, Requester's Name:
V. Mask Sequence: o - ' VIII, Commants:
VI, No. of Wafers Required: ’
<:>. . Cycle Time Needed: -~ - .
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accompeny the lot through production and bte delivered to
he lot. ‘
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AF

Beta

Beta Degradation
Body Effect

Cam

Channel

Channel Length
Modulation

CMOS
Cost Block

CPN
Depletion

Drain’

v

CHAPTER XXII

GLOSSARY

Reduction of carrier mobility at suvtace due

to random surface scattering.

Gain term in equation for MOS device current

in upa/volt2

= Af c Up€oKgy 0,

Decrease in gain due to reduction of mobility

in high fields.

Increase in effective threshold voltage due

to bias voltage on source.

- Content addressable memory

Region of MOS device between source and drain

through which current flows.

Apparent decrease in channel length of MOS

transistor biased in saturation,

decreases

channel length with increased drain-source

voltage.

Complementary MOS - Both N channel and P

channel MOS devices on same chip

Point at which yield loss, labor,
increase part cost

.
-

Capacitance of a PN junction

Device which allows drain current when Vgg =

or mater

ial

0

MOS device termlnal which receives carriers

from channel



Enhancement

Field Inversion

Field Plate

Gate

Ips

IGFET

Inversion

JEFET

Ko
51Q2

v

Device which requires gate bias before

conduction
Permittivity of free space = 8.87 - 10-14

Field Effect Tramsistor - Voltage controlled
current source transistor. '

Unwanted MOS action between diffusions
covered with thick oxide

Device used to‘protect’gate from over
voltage rupture

Voltage actuated control terminal of
transistor; or logical function

Current flowing from source to drain

Insulated Gate Field Effect -any FET
device where gate is electrically

“insulated

Voltage point at which carriers form in
channel -

Junction Field Effect Transistor - gate
is not insulated and can draw. current.
when forward biased

e

Dielectric constant of silicon = 11.7
Dielectric constant of silicon dioxide - 3.9

Channel length’fjphysical distance between
source and drain parallel to current

g

XXIT - 2



MIS

MNOS

MOS

Np

- NDRO

- NMOS

P

PMOS

Qss
RAM
ROM

SAG, SAGMOS

Metal insulator semiconductor

Metal Nitride Oxide Semiconductor - a
nitride is used in device to reduce
pinholes and increase device gain

Metal Oxide Semiconductor - particularv
structure of field effect transistor

Dopluo level in N type semiconductor
Non-destructive readout memory

N channel MOS - The MOS transistor is
fabricated with N doped dlffu51ons 1nto
a P-type silicon substrate

Fermi function - the amount the fermi level
is dlsplaced from the intrinic level
(units in volts)

Thermallimpédanceifrom the junction

P channel MOS - the MOS transistors
fabricated with P doped diffusion into
a N-type silicon substrate

Surface statercharge
Random Access Memory - memoty
Read Only Memory

Self aligning gate MOS - either slllcon gate
or ion implanted structure

XXIT = 3



. Saturation. The point of operation when drain current
: tends to be a constant value Jndependent
of drain voltage

SIG, Silicon Gate A type of MOS fabrication in which doped
: polysilicon replaces the metal gate used
in conventional MOS

Source . Power terminal of MOS tran51stor which
' sources carriers

Substrate The material on which the MOS circuit is
fabricated. For P-channel MOS the ‘sub-
strate is normally N-type silicon

Threshold A The voltace applied to gate termlnal Just
at. the point of conduction '

VoD : Drain supply voltage

Vps | Drain to source voltage

VEB - Flat band,voitage

VGG \ :Gate supply véltége

Vs ‘ ' Gate to source voltage

VSB§¢5 o o The voltace applied between sburce and
substrate _

Vgs N The voltage applied to the suﬁstrate of -

: a device
Vté'” - The gaté £o‘$burCéivo1£age'at;which i

"current firom source to drain begins to

flow'. This value is obtained by ex-

trapolating from hloher current levels to the
~zero current 1ntercept S

i XXII -4



{11

<100)

See Z

Depth of the source-drain (or other)
diffusion

Also called W - The width of the channel

perpendicular to the direction of current
flow

The crystal oreintation which gives
higher threshold voltages

The crystal orientation which gives
smaller threshold voltages

. XXII - 5 -
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