
















































































































































































































































































































































































































































































































































































































































































0: 
Basic Assembly Operations 

Although the package used may vary from circuit to circuit 

the basic operations necessary to assemble an TiC are: 

a .. Wafer probe 

b. Scribe" and break the wafer 

c. Hi-Power inspection of die 

d. Die bond and inspection 

e. Wire bond and inspection 

f. Seal and,inspection 

.. (The mechanical, environmental, and final test specifications 

normally vary greatly from device to device.)" 

All Notorola NOS devices currently made employ as"standard 

operations" gold-silicon eutectic die-bonding, aluminum ultrasonic 

wire bonding, and gold-tin solder sealing. (Solder-glass packages 

and plastic packages are available but not recomrnertded for Notorola 

NOS circuits as thEY are processed at this time.) (The thermal 

characteristics discussed in the next sect.ion were based on devices 

assembled uti.lizing the "standard operations If previously mentioned.) -

.. ". , 
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Thermal Impedance' 

The thermal impedance, 9,determines the diffe~ence 

between the chip temperature and ambient temperature by 

.. the fo rinul a : 

Tchip Tsink = Power ·9 

Chip temperature.should not be above l50oC.,.when the logic 

state dissipates maximum power •...... The thermaliIIlp.ed~nce .of the. 

package varies with mounting techniques,however.· .. For 

example a 16 pin pa'Gkagein still. air has a 9 of °C/watt. . . . 

(See figs.l,2,3) For a givenrnountingtechnique, the 
'.. ;,: .' "'," ' ... : 

ambient sink temperature mustbe)(nv enough that ;i:p.e .. :chip 
: " . ~ ,. 

t,emper<;l.ture ',is not above 150°C: 

Tsink °C( 150 - Pmver (max) .. 9 
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DIM 

" A 

~8 PIN - T . O. 5 

;' 
I 
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INCHES 

0.3·50 

0.320 

0.250" 
- 0.018 

I fA 
N ·c 
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.. 

,,~b-D 

NOMINAL 

'i 

J 
K 
L 
M 
N 

0 
P 

MECHANICAL OUTLINES 

, DICTIONARY 

J 

INCHES 

0.500 

0.100 

45° 

0.050 

0_250 

CASE 619-02 
601 (TO-99) 

! , '-, -.-------- -. -.~-.~-----. 

NOMINAL 

MlN. ' 

'T.P. 
MAX. 
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--~---~~~~--~----~~~~--~~~~~-+~------------~------------~ B .. ' .0..320' .. ' 0,0.37 

"C .. 0.0.40..'· ...... ' .. MAX. . . 0..0.30 

D "0.;0.30. _0..019 . 
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. I CASE 637 
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.' 
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HdL~G 
" 

y. 

DIM·I INCHES NOMINAL DIM INCHES . NOMINAL 

A 0.740 J .. '0.275 

. . 8 0.400 

F+c~ "~.c .. __ cQ<!§~.~c~,;; ........ ,'. "., 
I :.--..;~-'''-:.:_ 0 '. 0.048 

I . 0 .... -E 0.-10.0 . '. 
f • •.•.... .• 
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CASE 635 

-. _______ F _______ • __ • ___ • ______ _ 

,c---, -, r---~ ---1-' -'1 

t 
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L~ 
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j 
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DIM INCHES NOMINAL DIM INCHES NOM!NAL, 

A 1.170 J i 0.100 TYP. 

B 0.400 K 0.300 

C 0.160 L I 0.050 

D 0.030 M 0.585 

N 0.125 
1--- --,--o .j 0.065 1-" ',,-:--,' 

t:" j 0.095 --
F 0.ot7 ' 

1---:--1-------:---

P 0 . .010 ! 
Q I i ' __ j 

R,t, .0.600 =~,I.= .. ~~S~ll~ z~,-~~~ ...... ~. :'. 

0.500 

0.460 .j; •.• 
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Design Economics 

CHAPTER XIX 

D~SIGN .ECONOMICS 

There is one more design specification: ~ost. All of 

the previous design sections are guidelines for optimizing part 

yield, because optimizing yield usually raises profit. However 

this is not ahvays the case. 

From the accompanying diagram we can 

approximate the cost of the part as it is 

b\1ilt at six 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 block 3 it is converted to cost/dice 

and is the only place where the price 

drops (appears to drop). 

.. 
" "-... .. 
o 
U 

'" \' J~!..O 

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

Cost Per Gate verSus Chip Complexity 

J. ,_ iii 
III 

-;- . 

. '1-<-< , ;--fit--l--H+t1-I:f' 
I, ! r, .. I, I tt II 

I I, ' i " / ·Tfttj-..- --r-nir. 
I 111111 ~ IlllUi "!.U 
I "Ull II 1111 I lin! 

Complexity - Gates Per Chip 

XIX - 1 
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o 
Now let us see the consequences of this cost function. If the 

processed wafer were free. the part would still 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 faIls. 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 economically optimize his design if he. 

(D can estimate the estimate the effect of design decisions all. 

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 t~ght layout rules to get more 

diehlafer he will decrease his yield. 
., 

2. Bond Pads. Larger bonding pads give higher probe yield 

and higher final test yield, yet make the chips larger -

resulting in fewer chips/wafer. 

Profit is optimized by designing slightly 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 profit 

approach chosen. 

Soft-ware is available to assist in economic optimization. 
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IDesigner Respo~sibility 

It is, the designer's responsibility to see that useful, 

profitable, quality components will be the result of ' his design 

effort. 

Design requirements come to the MOS Design Department from 

Marketing, from customers, 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 enVirOThllent and process 

distribution. His documentation 'will reflect this. 

Finally the desigri engineer does the ground work in opti-

0; ~ . mizing the profitability of apart. 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 yield. 

The guide lines for minimizing chip size, and optimizingperfor­

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 engineering run of prototype parts. The en­

gineer provides- the initial test methods, and tests his prototypes 

proving that they meet all specifications, and documenting the 

range of process parameters in the prototype circuits. 
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10. 
Transfer to Production 

Transferra.l 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 .intludes .logic diagrams, schematics, suggested test methods, 

customer or interhal electrical and mechatiical specifications~ all 

characterization data that had been accu;:nulated, and any special 

facts, such as critica.1 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 vrhere all 

related people are in attendance. 

XX-2 
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Product Engineer's Responsibility 

Product engineers are responsible for individual products 

that have been released for production. Product engineers act 

like customer representatives within our factory. They assure 

that the products are manufactured on schedule, meet all speci-

fications, and meet or better the cost objectives. Product 

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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16 
TESTING OF HOS LSI CIRCUITS 

Testing of HOS LSI circuits during and after manufacturing 

includes both electrical and mechanical tests which determine that 

i 

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, transistor 

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 

!o- .... . tests are performed at a temperature of 2500 C and substantially 

exceed the severity of conditions faced by the circui.ts during 

normal operation. 

When the -vvafer has completed the processing sequence and passed 

all process control 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 f\inctional tests of the 

individual circuits on the wafer are performed. Functional tests 

exercise the circuits to demonstrate that the~ in facS 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 the circuit), 

and the power supply buses for excessive leakage current and low' 

breakdown voltage. '~"hen design permits, power consumption is 

XX-4 
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measured to determine that it is within the design rating. Die 

o that do not meet design requirements are automatically inked to· 

mark them for discard during assembly operations. 

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 circuit s. As far 

as can be determined, this equipment exceeds the capability of any 

commercially available equipment in terms of data rates 9 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 

variety of engineering conditions. 

Following -w2.fer sort, the electrical good die are subjected 

to stringent visual inspection under high--pmqer magnification. 

Fully tested and inspected dice are then bonded and sealed in 

packages. The sealed packages are subjected to normal forms of 

mechanical tests such as centrifuge, temperature cycling, and 

gross and helium-fine leak tests in order to insure that the as-

semb1y operations have been properly carried out. The exact 

testing plan follmqed, . ranging from limited lot sample to 100% 

testing, depends on customer requirements. 

Completed devices are final tested using the high-speed 

computer-controlled tester. The test tape developed during the 

design phase is used to determine conformance to both functional 

o and parametric specifications for t:he unit. 

The customer may request any combination of electrical and-

mechanical test of the finished units. These final test require-

xx-s 
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ments may range from comnercial practice through high-reliability; 

military-type programs, and may involve such operations as high­

and lmv-temperature functional testing, and burn~in. Generally, 

the more stringent the testing conditions scheduled, the higher 

the cost. Un:Less specified by the customer, it will be assumed 

that standard commercial practice is desired. 

All tests are normally done by production personnel under the 

direction of product engineers) 'who write and review all 'test 

specifications and procedures. 

Quality assurance is provided by quality conformanee inspections 

and 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, 

0-- _. -.. arid testing are adequate to assure the reliability of the produ.cts. 

o 

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 stor1ng existing 

tests and data logging. 

For dc parametric testing, the tester is capable of handling 

up to 6L:.-pin through the use of 64 completely independent 

voltage or' current· generators. Voltages over the range of +40V-

L~OV can be forced or measured with an accuracy of +20 mV. Currents 

can be forced or measured 'with an accuracy of +1% over a range of 

5 nA to 20 rnA. Typical test rates of 50 kHz can be realized at 

each test station. 

In' the functional test mode, input driver channels and output 

rec~iver channels are hard-wired to the socket of the unit under 
X~(- 6 
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test,. This technique does not require a relay matrix to route 

test signals to and from the chip. In addition, unity gain buffers 

are mounted within 2 inches of the output pins under test v.7hich 

present an equivalent test load of 10 pF and 10 ID. As a result, 

a test rate as high as 4· MHz is attainable. 

Each input driver channel (60 total) can buffe~ up to 1000 

bits of data before reloading from the disk. Functional input 

levels from the drivers are programmable from 0 V to -35 V range 

with an accuracy of +50 mV. Since the tester output is programmable 

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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SPECIAL RUN TICKET 
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~1 

This sheet Hill accompany all engineering lots through probe. 

1 
j 

1 
'I 
i 
I ., 
I 

.J , 

Date: 

Lot Identification: 

Lot History: __ 

i Probe Instructions: 

1 
,1 
1 
l 
~ 
) 

10 
, , 

, 

Probe 
Otleration 

. L Set '(JP TO Attached Diagram 

2. Load Attached program 

3. Probe & Ink 

! 1 4. Data Lag 

i 

I 

I j 
I I 
I 
:J 

1 
1 
]0 , 
i 
'I 
1 

I j 
I ' 1 

.\ 
I i 

i 
! 

5. Dice Size 

SPECIAL INSTRUCTIONS: 

____ 'Device Type: _' _____ _ 

Qucmtity 
In 

9 . 
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Qualitity 
Out 

.,.. 

Page • __ . of 

Operator 
Initial ----- Date 



NOS INFOlzNATION SHEET 

Pro je~.!= No .: ___________ _ 

Q' L Circuit No. & TVPf!: 
~---------'-'"---,----

I I • .~~ art i09; Ha t e ri_a_l_::....-.. ____ _ 

Q 1. 

1. W25AOO - 1 1/2: 
W25AOO - 211 
Epi 12 -16jJ. (100) 
Res. 0 1.3-2. if)-cm 
1400A Deposited Oxide 

2. vJ26AOO - 2" 
Non-Epi (Ill) 
Res. 3-50-cm 

3. H27AOO':" 2" 
Non-Epi (100) 
Res. 3-50-cm 

4. H28AOO 
Non-Epi <Ill) 
Res. 1-3:l-crn 

2. A?02.D a. Source/drain 15+S0/sq 
b. N+ Diffusion -- 0 . 

Co Fiel'd O~{ide 5. Sl( A 
d. No geld backing 

3. AP03D a. Source/drain 15+50/8q 
b. N+ Diffusion - Q 

c. Field Oxide 5.SK 8 

40 AP04D a. Source/drain 7S+25-:2/sq 
b. Hith N+ Diffusiono 
c. Field Oxide 10K A 
d. (Ill) MateriaJ. 

IV~ Die Size: 

V. Hask Sequence: 

VI. No .of ~YafersReq\li.::-,-['=_-(1_:.,.....: _.......,_--'-,­

j Q. Cycle Time Needed: 
I . 

I, 
[' 
I : 

Hask Set No. 
--~-----

Date: 

5. 1;,]'29AOO 
Non-Epi 
<100> 1-5.1-cm· 

6. LISBOO 
Non-Epi (Ill} 
Res. 6-70-cm 

7. LlSCOO 
Non-Epi (lOa) 
Res. 7 ··8:J-cm 

r- "nos'" _ Q_ •• _~_,_/-1 ___ .~._ ·...,.cl,..,cr,/~_ 
:J. =.1: iJ G. "JUULL.e U.!..o...LL1 1.J",'-<-,J\l!.:>Y, 

b. 1,Tithout N-!-Diffi."i'siof'.:. 
C. Field Oxide 10K A 
t'l_". <11 1 ) r.'i.,;..",,~"r~1 _. _ ..L _ l.C .. .... _ 1- J..'_-L.. 

6. AP06D a. Source/drain 7S+25:J/sq 
b. N+ Diffusion - q 

c. Field 'Oxide 5.SK X 
d S" . . '1- • ( , .' n • (.):D BM211;.strlU l-1l:lC)n :::J4.J:-t 

7. AP07D 2,,' SOllrce/drai.n','iS+2SCl/sq 
b. Hith N+ Diffusiono 
c. Field Oxide 10K 8 
d. (100) Naterial 

-'8. AP08D a. Source/drain 75+2S0/sq 
b. tvit~ut N+Dif.£usion 
c. Field Oxide 10K A 
d. (lOa) Material 

. VII" Requester 1 8 lT2..me: 

VITI. GomlTl,ents: 

i I XXI-3 
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CER DIP 
SPECIAL RUN TICY-ET 

Page_. _ of 

. tr;:..··\T~ r' -C .. ~~~')";7 

0. /J. ,. ~ oOabC:S 
7;,1!; sheet should accompany the lot. throughproduct:j,onand be delivered to 
Final Test with the lot. 

Device Type: F-"'a 
--~---------------------

LDt Identificat.ion: 
.. ~.;L 

~~t !!istory: __________ ~------____ --.--------~------.--~~----------------------- r> s-
~ . l_ . 

i 1 A t.l Inst.L. .. L'.~t.:ons.· \ C?,. -'~'l'" ~. ~'.,:::l Sr.';::c loa .. SSeol1D y -- ... '---- --~ ... ~ '-

... As s r.::lD ly Quantity 
'. In .' 

.1. t'::.-s :.;:l.~"!,~--:::.:' 

J. 

4. Load 

5. Die Bvnd 

6. Die Bond Insp. 

7. Wire Bond 

8 .i,.lire Bond Insp. 

9. WasFi------·--·------------·, .. -------·c--- .. , 

10. Preseal Ins~. 

11. Furnace Seal 

12. Fi~31 Sear Insp. 

.. 

15. ~t:.tr:3...£!l:?:e..,_--.2.0-0QOG,,' s . -'--~ .. -~.---.. -.,.-.. .-.--'--= 
'i 

. . 

17. 1'5;4-:5':s-:.'·:Li::--ek ....... -Tis'f""FE=3a 
" '.' - .... . 

18 •.. ,::,' Hz::~~~~'!:I~t~~a~~·;:;f~l~~.;~l.:;:~~~·::lj-~·c:t:'}s.e c' ~ . '. 

1:)" .:>_, J 
t tc:..\ ... rQ.. ". " :=t-..:.:0:=·.f V" D ;.--~ .. 

oJ 

\J t...J V S. 2i.d d· te ~. 
Quantity 

Ou;: 
Operator 
Init:ial 

5~s 

~Si-[ 
~- :- ! -
f~.: ..... ~ ',-:. 

L c 

3·-!~,-1..:: 
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l/~y 

0 :\,.,·,.-· 
I ; '. :: : ~. 

I ,,_. .: f ' .. ~ .,"~ 

,-, .~ . . _. 
"1'::'(';:'-_, ,'_'i; 

,-' 

0' 
"'--,.' 

Q 

", ,,'-' 

-'-.'. ·_--_.--- ' ... ~~'-~---::..-~ ..... ,.-.:...,:;_. 

Cavity size~ 112 x 1~5 Di1s 

rJ 1 f:) 
\..j I I 
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AF 

Beta 

Beta Degradation 

Body Effect 

Cam 

Channel 

Channel Length 
Modulation 

CMOS 

Cost Block 

Depletion 

Drain 

',~ 

CHAPTER XXI I 

GLOSSARY 

Reduction of carrier mobility at surface due 
to random surface" scattering. 

Gain term in equation for MOS device current 
in fla/volt 2 

s = A£·flpEoKsi Q2 

tox 

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 whi ch current flOl-'ls. 

Apparent decrease in channel length of MOS 
transistor biased in saturation, decreases 
channel length with increased drain-source 
voltage. 

Complementary MaS - Both N channel and P 
channel MaS devices on same chip 

Point at which yield loss, labor, or material 
increase part cost 

Capacttance of a PN junction 

Device which. allows drain current when VGS - 0 

MaS device terminal "which receives carriers 
from channel 

XXII - 1· 
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Enhancement 

FET 

Field Inversion 

Field Plate 

Gate 

IDS 

IGFET 

Inversion 

JFET 

KsiQ 
2 

L 

Device which requires gate bias before 
conduction 

Permittivity of free space = 8.87 . 10- 14 

Field Effect Transistor - Voltage controlled 
current source transistor. 

Unwanted MOSaction between diffusions 
covered with thick oxide 

Device used to protect gate from over 
voltage rupture 

Voliage 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 . 

Dielectric constant of silicon ... 11.7 

Dielectric constant of silicon dioxide - 3.9 

Channel length -physj,.cal distance between 
source and drain-parallel· to current 



o 

o 

o 

MIS 

MNOS 

MaS 

NDRO 

e· J 

PMOS 

Qss· 

RAM 

ROM 

SAG, SAGMOS 

Metal insulator semiconductor 

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

Metal Oxide Semiconductor - particular 
structure offield effect transistor 

Doping level in N type semiconductor 

Non-destructive readout memory 

N channel MaS - The MaS transistor is 
fabricated with N doped diffusions into 
a P-type silicon substrate 

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

Thermal impedance from the junction 

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

Surface state charge 

.. Random Access Memory - memory 

Read Only Memory 

Self aligning gate MaS ~ either silicon gate 
or ion implanted structure 

XXII.- 3 
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Saturation 

SIG, Silicon Gate 

Source 

Subs-trate 

Threshold 

0: 

VGG 

VSB )\)5 

VSS 

o 

The point of operation when drain current 
tends to be a constant value independent 
of drain voltage 

A type of MOS fabrication in which doped 
polysilicon replaces the metal gate used 
in conventional MOS 

Power terminal of MOS transistor which. 
sources carriers 

The material on which the MOS circuit is 
fabricated. ForP-channel 1'·10S the 'sub­
strate is normally N-type silicon 

The voltage applied to gate terminal just 
at the point of conduction' 

Drain supply voltage 

Drain to source voltage 

Flat band voltage 

Gate supply voltage 

Gate to source voltage 

The voltage applied between source and 
substrate 

The voltage ap.plied to the substrate of 
a device 

The gate to source voltage at which 
"current trom source to drain begins to 
flow". This value is obtained by ex­
trapolatingfrom higher current levels to the 
zero cUTrent intercept. 

XXII '- 4 
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o 

Q, 

w 

x· J 

z 

(lOa) 

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 crystaloreintation which gives 
higher threshold voltages 

The crystal orientation which gives 
smaller threshold voltages 

.. 

XXII 5 
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