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SUMMARY

A loading analysis of CMOS integrated circuits in the
Control Group of Torpedo Mk 46 Mod 5 (NEAR TIP) was per-

formed for the Naval Ocean Systems Cente r . The analysis ,

whi ch included documenting loads and calculating rise times

for about 1400 CMOS outputs , revealed no problems related

to CMOS fanout or rise time.
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1
I NTRODUCTI ON

As a task unde r Cont im~t N00 123-76-C-0797 , ARINC Research Corporation

conducted a loading analysis of CMOS integrated circuits in the Control Group ul

Torpedo Mk 46 Mod 5 (NEAR TI P ) .  The purpose of the investigation was to help ensure

that the torpedo system will not be degraded because of Ci\IOS loading prohle~is.

This report documents all CMOS fanout numbers and related application factors

in the NEARTIP Control Group circuits. Input information to the study inc luded

Control Group schematics, change authorizations (CAs) related to revisions of the

schematics, direct inputs from Naval Ocean Systems Center personnel , and ARINC

Research and Honeywell technical reports.

In this report , applicable document s are listed in Section 2; data compilation and
documentation are described in Section 3; the determination of IC output rise time is

discussed in Section 4; results of the loading analysis are presented in Section 5; and
conclusions and recommendations are given in Section (3 .
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2
APPLI CABLE DOCUMENTS

Source documents for the loading analysis of CMOS ICs in the NEART I P

Control Group are listed below.

a. Control Group Schematics

NEART IP Revision
Schematic Letter

3235702 D

3235505 F

3235506 E
3235507 D

3235508 D
3235510 E

3235511 D
3235512 D

3235513 E

3235514 E

3235515 E
3235517 E
3235518 E

3235519 E
3235520 E
3235521 E
3235522 E

3235523 E
3235524 D

h. Minneapolis-Honeywell , Inc. , letter report , CD4000 Series CMOS Input

Capacitance Study, 2 December 1976.

c. Motorola , Inc., MCMOS Handb~~~~ 1974 edition.

d. Textronic , Inc. , Textronic Circuit Computer, 1961.

2-1



e. ARIN C Research Corporation , Design Analysis Reports (DAR5),

prepared under Contract N001 23—7 6—C— 0797.

f. NA VSEA 0967-LP—597- 10 10 , Table VII.

j
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3
DATA COM PILATI ON AND DOCUMENTAT ION

For the CMOS IC loading analysis , data from about 475 [Cs having about 1425

individual  outputs and 5000 loads were recorded. This section describes how the data

were compiled and documented.

3. 1 CMOS INTERCONNECT DATA

CMOS IC interconnections were identified for every IC output in the 19 schema-

tics of the NEARTIP Control Group. The data include reference designator , section

number , pin number , and associated loads for each IC output . The loads include

CMOS ICs , resistors, and capacitors. For the identified loads , the reference desig-

nator , section number , and pin number are also recorded. These data are presented

in Appendix B and illustrated in Table 1 for a portion of the data from Control Group

schematic no. 3235514.

3. 2 CMOS LOADING DATA

Recorded for every IC output on each of the 19 Control Group schematics were

the IC number , output pin number , loads , nu mber of CMOS loads , and rise time (at
700 C) where thought to be signific ant. These data are presented in Appendix A and

illustrated in Table 2 for a portion of Control Group schematic no. 3235514.

3— 1



TABLE 1. EXAMPLE OF INTE RCONNECT DATA FROM APPENDIX 13

A5A2 A5B4 ASC6 A5D 1O A5E 12 A5l~’15

A(3D13 D7A5 D6B9 G7B 1O B(3D 12

F7J) 12

C~3A2 C8B4 C8C6 C8D1O C8E 12 C8F 15

C(3B1 1 D8C13 A7B5 BGD13 B5A3

D7B9 A7A2 A7A2

G7B11 B6B5

D7A2
(Schematic No. 3235514)

B6C9

(1) Referring to IC C8D1O (block—enclosed for illustrative purposes) ,
“C 8” is the IC’ s reference designator , “D” is the IC section , and
“10” is the IC’ s output pin number . Below the line are five CMOS
loads connected to output pin 10.

(2) For CMOS IC A5F15, the value 49 is shown encircled. The 49 is
a pin number on the board connector , and the circle indicate s that
the reference load is physically located on a different NEARTIP
board. The total load is documented in Appendix A .

3— 2



TABLE 2. E X A M P L E  OF LOADING DA’I’A FR OM A 1’PENIJ IX A

Reference N u m b er  ol Risc l ime ,
IC Number  Pin Number Total Load CMOS Loads 10~~ sec

CS 2 4013 1

4 4023 , 12, 13 3

6 4023

10 4011, 23 , 11, 12, 11

12 4027 , 23 2

15 (40 49, 23 , 23) 3

(1) On C8D1O (note enclosed entry in Table 1, which is p in 10 in Table 2) ,
the five CMOS loads are 4011, 4023 , 4011, 4012 , 4011. If the rise
time was significant it would be listed in the last column. Had part
of the load been resistive or capacitive , that would be listed in the TotaI
Load column.

(2) Pin 15 has its total load shown in parenthesis , which indicates that the
load is on a different NEARTIP board.

:1— 3/3— 4



4
DETERMIN ATI ON OF IC OUT PUT RIS E TI ME

For calculation of the rise t ime of IC outputs , much of the input data was pro-

vicled by the Honeywell letter report , “CD4000 Series Input Capacitance Study ”, dated

2 December 1976. That report , reproduced herein as Appendix C, provided data on

CMOS output transition time , input capacitance , and dynamic impedance .

Rise times of ICs in the NEAR TIP system were calculated from the external IC

load and the internal dynamic impedance of the IC output . The equation is:

1’ = 2 .2(Z . + R )(C ) (1)
1~~’,T) o(int ) cx cx

~vhc ic

~H(NT) = Rise time ( N E A R T I P)  from 10% to fI OLic of the output wave shape

Z o(iflt ) 
= IC internal dynamic impedance

= Any resistance external to IC

= Any capacitance external to IC.

Z . is calculated as follows:o(int)

a. The transition time (Tt) of the chip Into a 50 pf load is given in Table 2

of Appendix C.

b. Then , from equation 1,

T = 2.2 Z . Ct o(tnt ~ cx

from which

- — 

Tt 
(2)

Zo(int ) 2.2 x 50 pf

4 —1



With Z now know n and R and C know n from the loading analysis ,
o(in t )  cx cx

r R(N.l.) can be calculated from equation 1.

As an exaniple , conside r the NEA RTI P CMOS device S/N 1001. From Table 2

of Appen dix C , its t ransi t ion t ime is 80 nanoseconds with a 50 pf load at 25°C. The

tr an s i t ion t ime increases 0 .3 /0 C sinc e from equation 2 , Tt is directly propo rtional

to Z (iri t ) ’ values for which appear in A ppend ix C , page C—4. At 70° C the transi t ion

t ime  is:

Tt (80 x ~~~~ sec) [(1 °~~~~)( 70° C - 25~C)j

- 90 .8 x ~~~~ sec

or an increase of 10. 8 nanoseconds from its value at 25° C. Then , from equation 2 ,

90.8 x ~~~~ secZ = = 82512o(int) 2 .2 (50 ~ io~~
2 f)

Assume an external load of 80 pf on the output of the example device. The rise

ti m e, 1mm equation 1, is

~R(NT) = 2 . 2( S2 5 - 0) (80 x 10 12F) 0. 145 x io G sec.

If this rise time was considered excessive (see discussion , S~ction 4. 2), it would be

listed in the Rise Time column of Appendix A and subjected to further analysis.

4—2



5
RESULTS OF LOADING ANALYSIS

Results of the loading analysis of CMOS ICs in the NEAR TIP Control Group are
summarized in this section. Complete data are presented in Appendix A.

5.1 LOADING AND RISE TIME CHART

For CMOS IC outputs having more than nine loads , Table 3 shows the number of
loads and the associated rise time. NOSC designated a fanout of nine for CMOS ICs as

a desig n goal for NEARTIP.

TABLE 3. CMOS OUTPUTS WITH MORE THAN NINE LOADS

Number of Rise Time ,
Drawing No . IC Number CMOS Loads sec

3235513 B7 Pin 1 12 0. 156

3235513 B7 Pin 13 16 0.22

3233514 C7 Pin 6 17 0.36

3235515 C8 Pin 12 11 0.145

3235519 A7 Pin 11 12 0. 2

3235519 C8 Pin 12 32 0.6

3235519 F5 Pin 15 13 0.3

3235521 B6 Pin 1 36 1.15

3235521 C8 Pin 2 13 0.36

3235521 D6 Pin 10 20 0.37

3235522 D4 Pin 10 16 0.32

3235522 E7 Pin. 2 10 0.301

3235523 D9 Pin 12 10 0. 135

Since none of the ICs analyzed have resistive loads that stress their output

current capability (mos t devices are operat ing at less than 20% of their maximum

current rating at 25°C), resistive loads are not included In Table 3.

5—1



5. 2 RISE TIME ANALYSIS

Clock rates within the NE AR TIP Control Group will g c n c i a I l v  de te rmine  what

rise time between the IC output and input will be adequate . Eu ensure  proper opera
tion of some ICs , the individual IC may have a specified rise t i m e  required at the inpu t .
Both of these points will now be addressed.

Excluding the SAC board (Assy No . 3235508) , the fastest clock time in the Con-
trol Group i s 5 kflz . The period for a 5 kHz cycle is 0. 20 milliseconds. L’sing a
translation factor of (3 , from ref. d of Section 2 (as low as 3 would be acceptable) , the
minimum rise time for a chi p input is (0. 20 x 10~~)/6 or 0.033 millisecond. Since no
rise t ime greater than 4 microseconds was found in the Control Group, there are no
potential clocking problems. In fact , a safety factor of (0. 33 x 10 )/ (4 x 10~~ ) = 8

exists with respect to a possible clocking problem.

‘l’he Honeywell report (Appendix C) states that the slowest rise time in the

NEARTI P system should be 1. 5 microseconds. This calculation was derived from

worst-case conditions for all components that affect rise time.

The four ICs with a calculated rise time greater than 1. 5 microseconds we re

examined. The CMOS loads of each were checked to determine if a slow rise time

could affect their operation. Table 4 identifies these ICs and their rise times .

TABLE 4. ICs WITH RISE TIMES GREATER THAN 1.5 1\flCROSECONDS

Output CMOS Output
Dwg . No. Chip No. Pin No . Rise Time , ~sec CMOS Loads

3235505 1E 12 3.27 4023

3235505 2A 2 3.30 4011, 12

3235702 d O  1 1.85 4013, 13

3235520 G4 1 3.45 4012

In discussions with an AHINC Research representative , application engineers of
R CA and National Semiconductor agree that CMOS devices 4023 , 4011, and 4012 are
not sensitive to slow input rise times. Factory specification sheets and NEA BTIP
SIDs do not specif y these three CMOS input rise times.

The 4013 chip requires a minimum rise time of 3 microseconds for its clock input.

Inputs to the 40 13s listed i i  Fable ~l go to the set and reset pins. These inputs do not
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i.equirc a specific rise time. If the input is present 20 nanoseconds before the clock
signal arrives , as is the case in NEABTIP , the chip will operate properly .

The SAC board has an internal oscillator with a resonant frequency of about

240 kllz . Where rise time is important on the SAC board , the chips are intercon-

nected directly to ensure operation at the higher frequency. The highest approxi-
mate frequency to enter and leave the SAC board is 5 kHz , which is well within the
operating frequency of the board.

The analytical concepts used in the Honeywell report (Appendix C) and in this
report are the same. However , ARINC used specifi c cases in its calculations where
llonevwell  used an absolute worst case in its calculations. If a worst case had actual ly
occurred , ARINC would have noted and documented it in this report.

In summary, the rise time of CMOS ICs in the control group do not appear to
represent a problem.

5.3 CMOS FANOUT ANALY SIS

Table 3 shows that certain CMOS loads in the NEARTIP Control Group range

from 10 to 36. The question arises as to how many loads a CMOS IC should have in
the N E A R T IP system . The Honeywell report (Appendix C) recommends only nine

because of rise time constraints. However , it has been shown (Section 4.2)  that rise
time is not a problem , even on the IC with a fanout of 36. If rise time is the only
limitation , then none of the CMOS ICs in the Control Group are fanout-lim ited.

NAVSE A 0967-LP-597-1010, Table \TIII , recommends that a fanout on digital

microcircults be limited to 70 percent of manufacturer rating. If rise time is not a

constraint , device manufacturers generally state that a fanout of 100 is acceptable.
Since 70% of that value is 70 , the worst case fanout of 36 from Table 3 would still have
a safety margin of approximately 2—to—i.

From a mission completion point of view , it may be preferential to spread the

risk of not completing a mission among different outputs instead of having as many as

36 outputs coming from the same IC. If this is a concern , then a separate study

should he implemented to investigate the costs and effectiveness tradeoffs associated

with applications of redundant signal paths .
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In summary ,  overloaded outputs on CMOS devices in the NEABTII~ Control
Group do not appear to represent a problem.
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6
CONCLUSIO NS AND RECOMMENDA T IO NS

(3 .1 CONCLUSIONS

The overall conclusions drawn from this study are the following:

a. Of the 1, 425 CMOS circuits analyzed , 13 ICs had a fanout of greater
than nine , and four had an output rise time of greate r than 1. 5
microseconds.

b. A fanout of nine and a rise time no greater than 1. 5 microseconds , con-

sidered as limiting values by Honeywell (see Appendix C), are not appli-

cable to the CMOS circuits in the NEARTIP Control Group.

c. The design goal for fanout of CMOS devices in the NEARTI P Control
Group , also nine , is extremely conservative.

d. All factors considered , there are no problems relating to fanout or

rise time in CMOS devices in the NEARTIP Control Group.

6. 2 RECOMMENDATION

ARINC Research recommends that no action be taken at this time to reduce the
load ing effects of CMOS IC outputs in the NEART IP Control Group.

(3—1 /6— 2



APPENDIX A
CMOS ICOUTPUT LOADING DATA

Control Group
Schematic Number Page

3235702 A-3

3235505 A-7
3235506 A-9
3235507 A-li
3235508 A-13
3235510 A-17

3235511 A— 23
3235512 A—25
3235513 A-27

3235514 A-29

3235515 A-33
3235517 A—4 1
3235518 A-45

3235519 A—53
3235520 A-59
3235521 A-65

3235522 A-7 1
3235523 A—79

3235524 A-85

I
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I
DRAWING #3235702
PAGE 1 of 4

REFERENCE II RISE
TOTAL LOAD CMOS TIME

IC I! PIN # LOADS 10 6SEC

A6 2~ 1 0 1 1 6 1 1  4012 , 1.1K SERIES WITH (3.3K 1
12 15 * TO —iSV , BASE TRANSISTOR)

AlO 11 4012 1

B5 1 4013 1

13 4049 1

B6 2 4013 1

4 4015,01 2

6 4023,01 2

10 4013 1

12 4001,25 2

15 4011 1

B7 3 4049,11 2

4 4049,11 2

10 40i3 1

11 4015 1

B8 2 4011 1

4 4012,13 2

6 4011 1

10 4049,13,13 3

12 4001 1

15 4013 1

B9 13 4012 1

C5 2 4023 1

__________ 
13 4012 1 

_____________

*The symbol.  den ol  “in p a r a l l e l  w i t h ” .
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DRAW iNG #3235702
PAGE 2 of 4

REFERENCE # RISE
TOTAL LOAD CMOS L IME

IC II PIN # LOADS 10 6SEC

C5 12 4011 1

C6 2 (4049) 1

4 (4001 , 49) 2

6 4011 1

10 4013 1

12 4013 1

C7 3 4001 , 15 2

4 4050 1

10 4049 1

C8 1 4023 1

2 4011 1

12 4025 1

C9 9 4013 1

10 4013 1

ClO 1 4013,20K SERIES, 33PF 2 1.85
PARALLEL , 4013

D5 2 (4001, 01) 2

13 4013 1 1
D6 5 4012,12 2

4 4012,12 2 1
12 4049 1

D7 9 4013 1 1
6 4012 1

__________ 10 4013 1 
____________

I
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DRAWING #3235702

PAGE 3 0 f 4

REFERENCE # RISE
TOTAL LOAD CMOS TIME

IC II 
- 

PIN 1/ LOADS 10 6SEC

D9 1 4013 1

13 4012 1

D10 1 4011 1

13 4013 1

E5 3 4012 1

4 4001 1

10 4013 1

11 4025 1

E6 2 4049,12 2

4 4001 1

6 4001,12,12 3

10 (BLANK ) 0

12 4049 1

15 4011,01 2

E7 1 4049 1

13 4023 1

E8 3 4013 1

4 4013 1

10 4013 1

• E9 9 4013 1

• 6 4012 1

FS 1 4013 1

I
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DRAWING #323 5702
PAGE 4 of 4 

—

REFERENCE # RISE
TOTAL LOAD CMOS TIME

IC # 
— 

PIN # LOADS 10 6SEC

F6 4 4013 1

11 4049 1

F7 1 4015,23 2

13 4049,49,49,49,49,12, (100 K 6
par~i11e1 3OPF)

12 4012 1

F8 1 4001 ,13 ,12,36K SERIES 33 PF 4
IN PARALLEL, 4013

13 4013,25, 36K SERIES 33 PF 2
IN PARALLEL, 4013

G5 1 4013 1

2 4011 1

12 4049,11 2

G6 2 4001 1

4 4001 1

6 4025 1

10 4013 1

15 4013 1

A-6
.



DRAWING #3235505

PAGE 1 of 2

REFERENCE II RISE
TOTAL LOAD CMOS TIME

IC II PIN II LOADS 10 6SEC

1A 2 1800PF parallel 22K , 4012 , 12 2

lB 4 CD4O 11,ll , (4013,12) .~— 4

IC 6 1K series 75PF 0 .296

1D 10 1K series 75PF 0 .296

1E 12 CD4023 ,1800PF parallel , 22K 1 3.27

iF 15 1K series 75PF 0 2.96*

2A 2 CD4O1 1,ll ,12,12 ,1SOOPF par— 4 3.3
allel 22K

2B 4 CD4O 11,ll ,11 3

2C 6 2.7K parallel 75FF 0

2D 10 2.7K parallel 75PF 0

2E 12 CD4O23 ,22K parallel 1800FF 1

2F 15 2.7K parallel 75FF 0

3A 3 CD4O12 ,12 ,12,12 ,23 ,23 6

3B 4 CD4O 12 ,l2 2

3C 10 36K in series (INSTRUNENTA— 0
TI ON)

3D 11 36K in series (INSTRUNENTA— 0
TION)

4A 2 CD4O 5O ,27 2

4B 1 CD4O2 7 1

5A 1 CD4O5O 1

5B 13 ~D4O49 1

6A 1 ~D4O5O 1

6B 13 ~D4 O49 1 
_____________

*Slnce there are no CMOS loads connected to iF pin 15, the rise t ime of 2.%
microseconds presents no problems .
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DRAWING #3235505
PAGE 2 of 2

REFERENCE II RISE
TOTAL LOAD CMOS t I M E

IC ~/ PIN II LOADS 10 6SEC

7A 9 CD4 050 1

7B 6 CD 4050 1

7C 10 36K in series with (INSTRU— 0
menta t ion)

A-s



DRAWING #3235506
PAGE lof  1

REFERENCE II R I S E
TOTAL LOAD CMOS TIME

IC II PIN II LOADS 10 6SEC

2A 3 CD4050 ,50 ,50 ,5O ,50 ,5O 6

2B 4 CD4O 11 ,ll ,l2 3

2C 10 27PF 0

2D 11 CD4O4O 1

3A 3 CD4O11 ,ll 2

3B 4 CD4O11 ,l1 2
15K in ser ies 47K parallel
25FF

3C 10 CD4O11,l1,49 3

3D 11 CD4O1 1 1

4B 4 CD4O49 ,49 ,49 3

4 Fl5 ’ID 650 OHMS 0
lOj E12

5 A2~ 1B4 1 I 650 OHM S 0
C6

5 DiO l I E ]~2 650 OHM S 0
11F15

A -9/A -10



D R A W I N G  #3235507
PAGE 1 OF 1

t REFERENCE RISE
TOTAL LOAD CMft-~ TI~11.

P I N  // LOADS 10 ~Sj : .

1 2 1 1 4 1 1 6  650 
~ o

1 1 0 11 1 2 11 1 5 650 ci 0
2 2 11 4 11 6 650~~? 0
2 10 1 1 12 1 1 15 650 12 0

A—1l/A-12



DRAWING #3235508
PAGE 1 of 4

REFERENCE II R I S E
TOTAL LOAD CMOS lIME

IC /‘ PIN # LOADS 10 6SEC

A4 1 4011 1

2 4011, 20 , 27 ’ 3

12 4011, 27 ,11 3

A5 4 4023 1

5 4023 1

7 4023 1

14 4023 1

12 4023 1

13 4023 1

A6 9 4011 1

6 4011 1

10 4001 1

A7 10 4050 1

11 4050 1

12 4050 1

13 4050 1

A8 2 3 MEG , 2FF 0

4 3 MEG , 2PF 0

6 3 MEG , 2FF 0

10 3 MEG , 2PF 0

12 3 MEG , 2PF o

I
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DRAWING #3235508

PAGE 2 of 4

REFERENCE II RISE
TOTAL LOAD CMOS L IME

I C II PIN ~ft LOADS 10 6SEC

2 3 MEG , 2PF 0

4 3 ~i l:~~, 2FF 0

6 3 MLG , 2PF 0

10 3 MH;, 2FF 0

12 3 ~tEC , 2PF 0

MO 4 4013 ,13 ,20 3

10 4015 1

0-4 3 3013 1

4 3013 1

10 75K to (INSTRUMENTATION)
Direct To (4036, 11, 23 , 11) 4

11 4 049  1

B 5 2 11 4 11 6 550 OHM S 0

Oh 3 4 L 0 , 2O 2

4 4011 1

10 402 0,01 2

11 40 50 , 50 , 50 3

117 9 4001 1

5 4019 1

4 4019 1

6 4019 1

13 4019 1

12 4019 1

__________ ___________ 
4019 1 

____________

A-14



DRAWING 113235508

PAGE 3 of 4

REFERENCE II RISE
TOTAL LOAD CMOS L IME

IC fi PIN # LOADS 10 6SEC

B7 15 4019 1

1 4019 1

2 4019 1

3 4019 1

B8 7 4019 1

5 4019 1

4 4019 1

6 4019 1

13 4019 1

12 4019 1

14 4019 1

15 4019 1

12 4019 1

B9 10 4050 1

11 4050 1

BlO 11 4001 ,49 , (4049 ,49 ,49, 49 ,49 , 8
49)

CS 2 4011,01 2

4 4020 ,13,13,15 4

6 4011,11 (BLANK) 2

10 OSC 0

12 4011 , OSC 1

15 4001 , (4011 , 11) 3

A— 15



DRAWING #323 5508
PAG E 4 of 4

REFERENCE # R I S E
TOTAL LOAD CMOS ‘L IME

IC I’ PIN II 
— 

LOADS 10 6SEC

( h  3 4011 1

4 (400 2 ,49 , 49 ,49 ,49 ,49 , 49 ,49) 8

10 4 027 , 27 2

C7 1 4019 ,01, 19 , 19 4

2 4019 ,49 ,01,19,19 5

15 4011 1

C9 10 4050 1

11 4050 1

12 4050 1

13 4050 1

A- 16

- I



DRAWING #3235510
PAGE 1 of 5

REFERENCE II RISE
TOTAL LOAD CMOS TIME

IC 11 
- 

PIN 11 LOADS 10 6SEC

A 4 9 (BLA NK ) 0

6 CD4O49 1

10 4049 1

A6 2 CD4O1 1,23 2

4 CD4O11 ,23 2

6 CD4O11 1

10 4023 , (4011) 2

12 4011 1

A7 4 4023 1

10 4023 1

11 4049 1

B4 3 4049 1

4 4013 1

10 4049 1

11 4013 1

B5 1 4012 1

13 4049 ,49 ,49 3

B6 2 4023 1

4 4023 1

6 4023 1

10 4011 ,11 2

12 (27FF ) 0

15 4023 1

I
A-17



DRAWING #3235510
PAGE 2 o f  5

REFERENCE II R I S E
TOTAL LOAD CMOS TIME

IC 1~ 
— 

PIN 11 LOADS 10 6SEC

B7 9 4011,11,12 3

6 4023 1

10 4012 1

1 4011 , 23 ,11, ( 27PF , 27PF , 4 .12
4023 , 27FF)

2 4013 ,49 (4013 ,01) 4

13 ( 4011) 1

C3 4 4012 1

12 4012 1

15 4023 1

1 4023 1

2 4012 1

3 4023 1

C4 1 4011 1

2 4011,11 2

12 (BLANK) 0

CS 6 4012 1

10 4011 1

C6 2,4,6 ((650 OHMS) 0

10 4011 , 12 , 13 (27FF ) 3 .01

12 4012 , (BLANK ) 1

15 4013 1

C7 9 4013 1

A-iS



DRAWING # 323 55 10

PAGE 3 of 5

REFERENCE II R I S E
TOTAL LOAD CMOS TIME

IC II 
- 

PIN # LOADS 10 6SEC

C7 6 4011,12 2

10 4023 , 12 ,11,12 4

D2 1 (BLANK ) 0

13 (BLANK) 0

12 4011 , (4013 ,15,13,13,13 ,13, 8 .01
11)

D3 12 4012 1

14 4011 1

15 4011,11 2

1 4012 1

D4 1 4011 1

13 4011 1

D5 3 4Ol2 1

4 4013 1

10 4011 1

11 4011 1

D6 3 4049 1

4 4049 1

10 4011 1

11 4011 1

E2 9 4049 1

6 4049 1

10 4049 1

7 A-19



DRAWING #3235510
PAGE 4 of 5

REFERENCE II R IS E
TOTAL LOAD CMOS TIM E

IC II PIN # LOADS 10 6SEC

E3 5 4023 1

13 4023 , 23 2

12 4023 , 23 2

15 4012 1

1 4012 , 23 2

3 4013 1

E4 1 4049 1

13 4049 1

E5 1 4023 , 12 ,11, 23 4

12 4011 1

E6 2 4011 1

4 4012 1

6 ( 27PF) 0

10 (BLANK ) 0

12 4013 , 13 2

E7 1 4013 1

2 4013 1

12 4020 1

13 4011 1

F3 2 40 20 , 20 , 13,13 4

4 4013 1

6 4013 1

10 4013 1

A-20



DRAWING #3235510
PAGE 5 of 5

REFERENCE # RISE
TOTAL LOAD CMOS TIME

IC # 
— 

PIN # LOADS 10 6SEC

F3 12 4 04 9 , 11 2

15 4013,13,13,13 4

F4 3 4020 1

4 4023 1

10 4013 1

11 4020 1

F5 13 4949 , 13 2

G5 3 4012 ,11 2

4 4013 1

5 (BLANK) 0

A-21/A-22



DRAWING #3235511
PAGE 1 of 1

REFERENCE // R ISE
TOTAL LOAD CMOS TIME

IC ~ PIN # LOADS 10 6SEC

1A 3 4023 , 23 2

l B  4 4011 1

1C 10 4023 1

I D  11 4023 1

2A 9 4023 1

2B 6 4013 1

2C 10 ~O23 1

3A 9 4023 1

JB 6 4013 1

3C 10 4049 1

4B 13 4013 1

4B 12 4013,4012 2

5A 2 4023 1

SB 12 4023 1

A-23/A-24



DRAW ING #3235512
PAGE 1 of 1

REFERENCE U RISE
TOTAL LOAD CMOS t I M E

IC U PIN U LOADS 10 6SEC

IA 2 402 3 , 23 2

B 4 ~O23 , i2 , l2 3

D 10 4012 1

E 121 IF 15 15K st~ries 2.2K 3OPF 0

2A 9 29FF 0

B 6 29PF 0

C 10 29PF 0

3A 1 29PF 0

B 13 29FF 0

A-25/A-26



DRAWING #32355 13

PAGE 1 of 2

REFERENCE II RISE
TOTAL LOAD CMOS l IME

IC II P IN  U LOADS 10 6SEC

A7 1 4011,13 2

13 4049 ,10 2

B7 1 MM42 030 ,401l ,12 ,01,ll ,ll ,23 , 12 .156
01,12 ,01,49 ,13

2 4011,23 2

13 4012 ,11,11,11,23 ,12,49 ,11,01, 16 .22
23 , 25 , 11, 23 ,49 ,13,49 ,

12 4011 1

C7 3 4013 1

4 4049 1

10 BLAN K 0

C8 2 40 20 , 20 , 20.13 , 13 5

4 4020 ,13 2

10 4001,100K ,NN42O30 1

12 4011,20 ,13 3

15 4013 1

C9 2 4019 ,100K 1

4 4001,O1,49 ,29 ,29 ,O1,MN42030 , 7 .15
lOOK

6 4001, 100K 1

10 MM4203O ,100K 0

15 4049 , 11, 11, 11, 49 , 100K 5 .05

D7 1 4011 1

13 4011 1

A-27



DRAWING #3235513
PAGE 2 of 2

REFERENCE U RISE
TOTAL LOAD CMOS TIME

—_ IC II FIN II LOADS 10 6SEC

D8 13 4012 1

D9 2 4025 , 25 , 25 , 13,100K 4

4 402 5 , 13,13,11,13, 100K 5

6 4023 , 11, 100K 2

E7 A 4013 ,49 2

E8 7 4012 1

5 4012 1

4 4012 1

E9 4 4011 1

13 4011 1

F8 2 4011 1

10 4013 1

12 4011 1

F7 9 4012 1

F8 15 4023 1

E7 10 4049 1

4 4011 1

F8 6 4011 1

A-2 8



DRAWING #3235514
PAGE 1 of 3

REFERENCE II RISE
TOTAL LOAD CMOS TIME

IC PIN U LOADS 10 6SEC

A 5 2 4001 1

4 4012 1

6 4013 1

10 4013 1

12 4011 1

15 (BLANK ) 0

A6 3 4049 , 25 2

4 4025 1

10 4002 1

11 4013 1

A7 9 4013 1

6 4023 1

10 4013 1

B5 2 4013 1

15 4012 ,23 2

14 402 5 ,15 2

B6 3 4011 1

4 4013 1

10 4027 , 13,13 3

11 4013 1

B7 3 4012 1

4 4027 2

10 4023 1

A-29



C

DRAWING II 3235514

PACF: 2 of 3

RE F ERENCE II R I S E
TOTAL LO AD CMOS t I M E

IC fi PIN II LOADS 10 6SEC

B7 11 4002 ,(4049,23 ,23) 4

C5 12 4027 1

C6 2 4011 1

12 4013 1

13 4012 , 23 , l2 , (40l 1, 49 , 23) 6

C7 9 4025 1

6 4O12 ,01, 49 , 25 ,(MM 420 , 4050 , 11, 17 .36
30 , 49 , 02 , 49 , 01, 12 , 49 , 01,49 , O

CS 2 4013 1

4 4023 , 12 , 13 3

6 4023 1

10 4011 , 23 , 11, 12 ,11 5

12 4027 , 23 2

13 (4049 , 23 , 23) 3

C9 9 (4023,12) 2

6 4001 1

D6 1 4001 ,11, 12 (4011,12 ,25 , 49 ,49 8

2 4027 , 27 , 01,11 4

13 (4050 , 25 , 4 9) 3

D7 1 4002 1

13 4011 1

D8 10 4011 1

09 1 (3OPF ,23 ,23 ,23 ,12,12) 0

A-30



DRAWING #3235514

PAGE 3 of 3

REFERENCE // RISE
TOTAL LOAD CMOS TIME

IC ~ PIN U LOADS 10 6SEC

09 13 *4013 , 13) 2

E6 2 .012 1

13 402 5 1

E7 1 (4 050,01,02 ,01,27 ,01,49) 7 .01

13 4013 1

E8 3 4012 1

10 4 002 1

11 4011 1

F7 11 4023 1

10 4012 1

G7 2 4011 1

12 (4001) 1

A-3 1/A-32



DRAWING #3235515
PAGE 1 of 8

REFERENCE II RISE
TOTAL LOAD CMOS TIME

—__
IC ~ PIN U LOADS 10 6SEC

Al 1 4030 1

2 4013 1

13 4013 1

A2 5 4011 1

10 4011 1

12 4001 1

A3 13 4025 1

4 4012 1

10 4013 ,25 2

11 4012 1

A4 3 4011 1

4 4029 , 29 2

10 4012 1

11 4012 1

A5 1 4027 ,01, 42 , 42 , 42 , 42 6

15 4011 1

14 4011 1

A6 3 4012 1

4 4012 , 12 2

10 4011, 11 2

11 4011,01 2

r BI 2 4023 1

4 4001 1
— 

_ _  —_ _ _ _ _ _ _  _ _  _ _ _

A-33



DRAWING 1/3235515

PAGE 2 of 8

REFERENCE 1/ RISE
TOTAL LOAD CMOS TIME

IC 1/ PIN U 
— 

LOADS 10 6SEC

6 4023 1

[2 4013,01 2

15 4013 1

B2 9 4024 1

6 4019 1

10 4049 , 13 2

B3 2 4024 1

B3 12 4001 1

B4 1 4019 1

B5 7 4001 , 23 2

4 4001 1

6 4001, 13 2

10 4002 , 02 , 12 3

12 4002 1

15 4013 , 11, 27 , 13, 15 5

3 4025 1

4 4023 1

A-34



DRAWING #3235515

PAGE 3 of 8

REFERENCE // RISE
TOTAL LOAD CMOS TIME

r IC U 
- 

PIN U LOADS 10 6SEC

86 10 4027 1

11 4025 1

87 9 4001 1

6 4011,02 , 49 ,19,19 5

10 4011,11 2

C2 3 4013 ,01 2

4 4001 ,02 ,01 , 25 4

10 4023 1

11 4013 1

3 4001 , 25 ,01 3

C3 3 4013 1

4 4p11 1

10 4011 1

11 4001 1

C4 1 4013 1

13 4019 1

C5 6 MM42030 ,MN42O3 O 2

11 MM42O30 ,MM42030 2

14 MM42030 ,NM42 02O 2

2 NM4203O ,NM4203 2

7 4029 1

C6 1 4013 1

2 4011 1

r ~4~ 35



DRAWING #323551 5
PAGE 4 of 8

REFERENCE 1/ RISE
TOTAL LOAD CMOS TIME

IC II PIN U LOADS 10 6SEC

CE 13 4013 1

C7 1 4025 1

2 4011 1

13 402 5 , 13, 13 3

12 4001 , 15 2

C8 2 4013 ,29 ,49 ,13,15,13,13 7

4 4001 1

6 4023 1

10 4001 1

12 . 4013,13,13,13,13,13 11 .145
4013 ,13,13,13,29

15 4019 ,19 2

C9 3 (BLANK) 0

10 4001 1

11 4049 1

A-36



DRAWING #3235515
PAGE 5 o f  8

REFERENCE U RISE
TOTAL LOAD CMOS TI M E

IC U 
- 

PIN U LOADS 10 ‘6 SEC

Dl 4 4012 ,12 2

3 4002 1

6 4011 1

15 4015 1

11 4023 , 29 2

D2 1 4013 ,02 2

2 4011 1

13 4013 1

03 1 4011 1

13 4011, 12 2

D4 12 4030 1

11 4f~3O 1

9 4030 1

6 4030 1

5 4030 1

4 4030 1

3 4030 1

D5 13 4029 1

12 4029 1

11 4029 1

10 4029 1

D6 1 4019 1

13 4019 1

T
I



DRAWING #32355 15

PAGE 6 o f  8

REFERENCE // R I S E
TOTAL LOAD CMOS TIME

IC 1/ PIN U LOADS 10 6SEC

07 1 4019 1

13 4019 1

D8 3 402 5 1

9 4025 1

12 4025 . 49 , 11 3

1 4001 1

09 3 4001 i

10 4011

12 4001 ,02 2

1 4011, 23 2

E2 1 4015 1

E2 1 4001 1

13 4013 1

E3 1 4012 1

13 4012 1

E4 3 4002 1

4 4002 1

10 4002 1

11 4013 1

E6 1 40 19 1

13 4019 1

E7 1 4019 1

13 40 19 1

A— 3 8 .1



DRAWING #32355 15
PAGE 7 of 8

REFERENCE II RISE
TOTAL LOAD CMOS TIME

IC ~ - 
PIN U LOADS 10 6SEC

E8 6 MM 42030 , 42030 2

11 MM 4 2030 , 42030 2

14 MM42 030 ,42O3 0 2

2 MM4 203O , 42030 2

E9 3 4012 ,11, 49 ,49 , 23 5

10 4001 1

12 4001 1

15 4011 1

F3 3 4002 1

4 4002 1

10 4002 1

11 4002 1

F8 13 4029 1

12 4029 1

11 4029 N ,~~~~~~ _ 1

10 4029 1

F7 4 4013 , lOOK ,30 ,42 3

5 4013 , 100K ,3O ,42 3

6 4013 ,100K , 30 ,42 3

7 4O13 ,100K , 3O ,42 3

8 4013,100K ,3042 3

9 4013 ,100K , 3042 3

10 4013, lOOK ,30 ,42 3

A-39



DRAWING #3235515

PAGE 8 of 8

REFERENCE // R I S E
TOTAL LOAD CMOS TIME

IC U 
- 

PIN // LOADS 11) 6SEC

F7 11 4013 , 100K , 42 2

F4 4 4O49 , 100K , 42 2

5 4O42 , 100K , 49 2

6 4Oll , 100K , 42 2

7 4002 ,100K ,42 2

8 4042 ,100K 1

9 4042 , 100K 1

10 404 2 , 100K ,42 2

11 4049,100K ,02 ,13,11 4

A-40



DRAWING #3235517

PAGE 1 of 4

REFERENCE U R I S E
TOTAL LOAD CMOS TIME

IC U PIN U 
— 

LOADS 10 6SEC

A5 2 10 K series 30FF parallel 2K 0 .14

4 4013,13,10K series 3OPF par— 0 .14
allel 2K

6 4013 1

10 4013 1

12 400 1,01 2

15 4001 1

A7 3 4049 1

4 30FF paral lel  30FF parallel 0 .18
130K

10 4049 1

11 30FF paral le l  130K 0

84 4 4013 1

10 4013 1

11 4013 1

2 4025 1

12 4013 1

87 9 3OPF 0

6 4023 , 49 2

10 4013 1

C4 3 4025 1

4 4013 1

11 4013 1

10 4025 1

A-4 1



I )RA WING / / 323 55 17

PAG E 2 of 4

REFERENCE II R I SE
TOTAL LOAD CMOS T I M E

IC ~ PIN ~ LOADS 1(1 6SEC

CS 2 ~~l’~2O30 I

4 4011 1

6 MN 42 O30 1

10 40 15 1

15 MN42030 1

Gb 1 4011 1

13 ~~l42 ( )  10 1

C7 3 401 1 1

4 4011 1

10 4013 1

11 40 4 9 1

C8 2 4011 ,13 ,20 ,15 ,13,11 b

4 10K ser ies 3OPF parallel 2K 0 .14

6 4011 1

10 4023,11 2

12 30FF pa ra l l e l  3OPF parallel  0 .18
30K

15 4049 1

( i  3 4020 1

4020 1

10 ‘~0 20 I

11 ‘~001 , l l

2 0

___________ 
13 4 00 1 

-______ 
1 

______________

A - - 1 2



DRAWING #32355 17

PAGE 3 of 4

REFERENCE 1/ R I S E
TOTAL LOAD CMOS TIME

IC /~ PIN U LOADS 10 6SEC

05 9 MM42O3 O 1

12 MM42 030 1

1 4011 1

D6 1 4025,01 2

13 MM42030 1

D7 1 MM42030 1

13 MM42030 1

D8 6 4011,12 2

13 4011 1

12 4012 1

14 4012 1

1 4012 1

D9 5 4011 1

12 4011 1

E6 1 4013 1

13 4042 ,20 ,13,20 ,15,13 6

E7 9 10K series 3OPF parallel 2K 0

6 MN4 2030 1

10 4049 1

E8 7 4023 1

5 4023 1

4 4011 ,4011 2

6 4012 1

A-43



DRAWING # 323 5 5 17

PAGE 4 of 4

R E F E R E N C E  II R I S E
TOTAL LOAD CMOS l I M E

IC  ~‘ PIN ii LOADS 10 ~
6SEC

12 4012 [

14 4012 1

1 4012 1

[4 11 lOOK para l le l  4049 1

10 lOOK paral lel  4049 , 4~ 2

9 404 2 para l le l  lOOK 1

8 lOOK paral le l  4042 1

5 lOOK paral le l  4015 1

4 lOOK para l le l  4042 1

E S 11 lOOK para l le l  4025 1

10 lOOK para l lel  4001 1

9 lOOK parallel  4001 1

8 lOOK p a r al le l  4001 1

7 lOOK pa ra l l el  4049 1

6 lOOK paral le l  4049 1

5 lOOK paral le l  4011 1

4 lOOK paral le l  4013 1

A - I - i



DRAWING #3235518
PAGE 1 of 7

REFERENCE II RIS E
TOTAL LOAD CMOS TIME

IC // PIN U LOADS 10 6SEC

Al 2 24K series 20K parallel 30FF 0 .7

4 4023 , 13,13 3

6 4011 1

10 4013 1

12 4012 1

15 4023 ,12 ,12 3

A2 4 4002 1

3 4002 1

12 4002 , 01 2

11 4002 ,11 2

A3 2 4011 1

13 4p11 1

A4 1 4001 ,01,23 3

2 4025 ,01 2

13 4001 ,01,23 3

12 4025 ,01 2

AS 9 4049 ,13 2

6 4013 1

10 4013 1

A6 1 4023 1

A7 3 4013 1

4 4011 1

10 4023 1

A-45



DRAWING #3235518

PAGE 2 of 7

REFERENCE // R I S E
TOTAL LOAD CMOS ‘ L I M E

IC ib PIN # LOADS 1(3 6SEC

A 7 11 4013,25 ,25 ,25 ,13,25 ,25 7 .01

112 4 4002,01 2

3 4002 ,01, 11 3

12 4002 1

11 4 002 ,01 , 11 3

B3 3 4015 1

4 4015 1

10 4015 1

12 4015 1

84 1 4011, 01,01 3

2 4023 1

13 4OOl , Ol , ll 3

B5 2 4023 , 15 2

12 4013 1

B6 2 4023 , 11 2

12 4025 , 25 2

B7 3 402 5 1

4 4049 1

10 40 13 , 13 2

11 4049 , 25 , 15 , 12 , 23 , 12 (4049 ,01 9
01)

C2 2 4011 1

4 4013 , 23 2



DRAWING #3235518
PAGE 3 of 7

REFERENCE U RISE
TOTAL LOAD CMOS ‘r IM E

IC II PIN U LOADS 10 6SEC

C2 6 4013 1

12 (4011) 1

15 4013 1

C3 3 4023 1

4 4023 1

10 4012 1

11 4049 ,13, 27 , 27 ,13 5

C4 1 4011 1

12 4013 ,20 2

C5 2 4049 1

14 4027 1

C6 9 4049 1

10 4011 , (4011) 2

C7 12 4012 1

11 4012 1

9 4012 1

5 4012 , 12 2

4 4012 ,12 2

CS 2 4020 ,13,13 3

4 4011 1

6 402 5 , 25 2

10 4025 , 25 2

12 4012 1

A— 47



DRAWING #3235518

PAGE 4 of 7

REFERENCE U ‘ RISE
TOTAL LOAD CMOS TIME

IC fi PIN U LOADS 10 6SEC

C8 15 (4011) 1

C9 1 4001 1

12 4011,13,01 3

D2 2 4011 1

13 4027 , (4001 ,02) 3

12 4011 1

03 1 4013 1’

13 4011,11,11,11 4

04 3 4001 1

4 4023 1

10 4013 1

11 (4001) 1

D5 2 4013 ,13 2

4 4012 1

6 4011 1

10 (130K parallel 2OPF) 0

12 4011 1

15 4023 1

06 1 4049 ,13, 15 ,15, 15 ,15 ,13 7

13 4049 1

0 7 9 4013 1

6 4013 1

10 4049 1

A — 4 8



DRA W ING #3235518

PAGE 5 of 7

REFERENCE // ‘ RISE
TOTAL LOAD CMOS TIME

IC II 
— 

PIN U LOADS 10 6SEC

D8 1 4013 1

2 4012 1

13 4013 1

09 2 4011 1

13 4011, (4049 ,49) 3

12 4025 1

E2 3 4011 1

4 4011 1

10 4011 1

11 4011 1

E3 3 4049 1

4 4011 1

E4 2 4012 1

13 4013 1

ES 13 4011 1

E6 9 4013 1

6 4013 1

10 4015 1

E7 3 4011 1

4 4023 1

10 4013 1

11 4012 1

A-49



DRAWING #3235518

PAGE 6 of 7

REFERENCE U RISE
TOTAL WAD CMOS TIME

IC U PIN U LOAD S 10 6SEC

E8 6 4023 1

13 4023 1

12 4023 1

E9 9 4011,23 
‘ 

2

6 4013 1

10 (4023 ,23) 2

F3 1 4049 1

13 4049 1

F4 3 4012 1

4 4011,11,12 3

10 4015 1

11 4049 1

F5 1 4023 1

12 4011 1

F6 2 4023 1

12 4023 1

F7 1 4013 1

13 4013 1

10 4013 1

G4 9 4013 ,15,49 3

10 4023 1

G5 1 4023 1

__________ 

13 4023 1

A-50



DRAWING #3235518

PAGE 7 of 7

REFERENCE // RISE
TOTAL LOAD CMOS TIME

~~JC ~1 
- 

PIN // LOADS 10 6SEC

1 4023 1

13 4023 1

G6 3 4013 ,13 2

4 4013 1

10 4013 1

CT 2 4011 1

12 4011 1

A-5 1/A—52



DRAWING #3235519

PAGE 1 of 6

REFERENCE U RISE
TOTAL LOAD CMOS TIME

IC II PiN II LOADS 10 6SEC

A3 5 4023 1

6 4023 1

11 4023 1

A4 3 4001 1

4 4013 1

10 4013 1

11 4001 1

AS 13 4049 1

11 4011 1

4 4029 , 29 ,01 3

A6 1 4011 1

13 4025 ,15 2

A7 3 4024 1

4 4001 1

10 4025 ,13,13, 13,01,11,27 ,49 ,15 9

11 4025 ,13,01,13, 12 ,13, 27 , 12 ,49 , 12 .2
13,49 , 13

B3 9 4024,11 2

6 4002 1

10 4013 1

B4 3 4013 1

4 4013 1

10 4013 1
11 4027 , 13 2

A-53



DRAWING #323S519

PAGE 2 of 6

REFERENCE II R I S E
TOTAL LOAD CMOS TIME

IC U PIN II LOADS 10 ~~SEC

B 5 2 4001 1

4 4023 1

6 4011 1

10 4013,13 2

12 4001 1

15 100K ,27PF ,49 0

86 13 4013,11,01 3

B7 3 4001 ,01,25 3

26 4011 1

10 4001 1

C2 1 4O27,Ol ,BLANK 2

15 4901 1

C3 1 4025 1

13 4023 1

C4 I 4050 , l2 , 49 ,MM42030 ,MM42 O3O 5

13 4011,02 2

12 402 5 1

C S 2 4001 ,01 2

15 BLANK 0

C6 9 4013 1

6 4049 , 11 2

10 4049 1

A-54



DRAWING #3235519

PAGE 3 of 6

REFERENCE 1/ . RISE
TOTAL LOAD CMOS TIME

IC // PIN // LOADS 10 6SEC

C7 3 4015 1

4 4013 1

10 4024 1

11 4011,11,11 3

C8 2 4O49 , 17 ,12 , l2 ,ll ,MM42 030 5

4 4011 1

6 4011,13, 25 , 27 , 15 5

10 4011,12 2

12 4013 ,49 , 13, 27 ,11,13,13,13, 32 .6
24 ,13,13,15,13,49 ,13,23,01,
13, 12 , 24 , 23 ,49 ,49 ,49 ,13,49 ,
49 ,13,15,15,49 ,13,13

C9 3 ~40ll 1

9 4049 ,12 BLANK 2

15 4011 1

12 4012 1

D3 3 4002 1

11 4002 1

4 BLANK

04 2 4001 ,11 2

1 4001, 27 ,02 ,MM42030 3

13 4011 ,25 , 27 , 11, BLANK 4

12 4011 1

A-55



DRAWING #3235519

PAG E 4 of 6

REFERENCE 1/ RISE
TOTAL LOAD CMOS TIME

IC ~ PIN U LOADS 10 6SEC

05 3 4027 ,29 2

4 MM42O3 1 0

D6 2 4049,11,49 ,01,23 5

12 4001 1

D7 3 4042 1

4 404 2 1

10 404 2 1

11 4001 ,01 ,01, 11,15 5

D8 5 4001 1

4 4001 1

E4 1 4029 , 29 2

13 4049 , 27 ,50 ,01 4

ES 5 NN42031 0

6 MM42O31 0

9 MM42 O3 1 0

11 MM4203 1 0

12 MM4203 1 0

E9 2 4001 1

10 4027 , 49 ,11,12 ,12 5

9 4 013 1

11 402 S , 49 2

12 30FF 0

1 4001 1

A -5 (



DRAWING #3235519

PAGE 5 of 6

REFERENCE 1/ R I S E
TOTAL LOAD CMOS TIME

IC It PIN // LOADS 10 6SEC

L9 15 4013 1

DY 2 402 7 1

10 4011 , 13 2

9 4011 ,49 2

12 4025 1

1 4013 ,11,13 3

F4 9 4049 1’

12 4040 1

F7 4029 ,42 , 42 ,42 , 100K 4

10 4029 , 42 , 42 , 42 , 100K 4

9 4029 , 42 , 42 , 42 , 100K 4

8 4029 , 42 , 42 , 42 , 100K 4

7 4029 ,01, 100K 2

6 4 029 , 01 , 100K 2

5 4029 ,01,100K 2

4 4011 , 15, 100K 2

*F8 7 4029 , 29 2

*F8 7 4001 ,11 2

F5 2 4011 1

4 4013 1

6 OSC 0

10 OSC 0

* . A M E  N1’M B ER ON SCHEMATIC

A-57



DRAWING #32355 19

PAGE 6 of 6

REFERENCE // R I S E
TOTAL LOAD CMOS ‘l ’IM E

—_ IC ~t P IN II 
— 

LOADS 10 ~~ SEC

FS 12 4027 1

15 4015 , 15 , 13 , 24 , 49 , 49 , 49 ,49 , 13 .3
49 ,49 , 49 , 49 , 49

E7 9 4013 1

E7 10 4013 ,27 2

A T



DRAWING #323 5520

PAGE 1 OF 6

REFERENCE 1/ R I S E
TOTAL LOAD CMOS LIME

IC // PIN U LOADS 10 ~
6SEC

2 1 4027 ,12 ,12 3

2 4012 1

14 4027 ,12 ,12.13 4

A3 1 4023 1

13 4049 1

A4 10 4013 1

AS 12 4013 1

A7 3 4024 1

4 4012 1

10 (4013) 1

11 4013 1

Bl 5 4011 1

4 4011 1

B2 1 4001,13 ,12 3

2 (4012 ,13,13,13 ,49 ,49) 6

13 4001 1

12 4012 , 27 2

B3 4 (4049) 1

10 4 002 1

B4 9 4001 1

6 4001 1

116 3 4012 1

A-Si)



DRAWING #3235520

PAG E 2 OP 6

REFERENCE II R I S E
TOTAL LOAD CMOS

IC t’ P I N  U LOADS 10 ~h.[ (

4 4013 1

10 4012 1

11 4049 1

B5 2 4013 ,01,13,01,11,01 6

12 4012 1

4 4012,01 2

6

10 4002 1

15 4001 , 01 2

B7 3 4001 1

4 4013 1

10 4029 1

11 4012 1

Cl 1 4011 1

2 4013 1

13 4011 1

C2 3 4013 1

4 4023 1

10 4013 1

1 4012 1

C3 1 40 49 , 27 , 12 , 15 4

13 4049 1

C4 2 4011 1



DRAWING 1/3235520

PAGE 3 OF 6

REFERENCE 1/ R I S E
TOTAL LOAD CMOS t I M E

IC 1/ P I N  // LOADS 10 6SEC

13 4 002 , 11 2

CS 1 4013 1

2 4011 1

13 4013 1

12 4001 1

C6 2 4013 1

10 4001 1

11 4001 1

C7 1 4015 1

13 (4011) 1

C8 12 40 2 3 1

4 (4011) 1

C9 2 4023 , 13 2

4 4011 1

6 4011 1

10 4015 , 15, 02 , 27 , 27 5

12 4001 , 13 , 13 , 3OPF 3

15 4013 , 13,13, 15 4

Dl 12 4011 1

D2 1 4011 1

13 4011 1

D3 1 4049 1

13 4012 1

1-



DRAWING #323 5520

PAGE 4 OF 6

REFERENCE U RISE
TOTAL LOAD CMOS TIME

IC U PIN Ii LOADS 10 6SEC

04 9 4013 1

6 4002 1

10 400 2 1

05 2 4001 1

4 4025 1

6 4013 1

10 4012 1

12 4013 1

15 4013 1

06 1 l~442O30 1

13 4015 1

D7 1 4pll 1

2 4020 1

13 4011 1

08 13 4012 1

D9 9 4015 , 13 2

6 4012 1

10 4001 ,01 2

E2 3 4023 1

10 4012 1

11 4013 1

E3 3 4011 1

4 4012 1

A-62



DRA’WING #323 5520

_______________________ 
PAG E 5 OF 6

R E F E R E N C E  (I R I S E
TOTAL LOAD CMOS ‘l IME

IC II 
— 

PIN // LOADS 10 6SEC

10 4012 1

E4 13 4023 1

E5 3 4012 1

4 4049 , 11 1

11 4025 1

E8 4 4049 1

12 4001 ,01 2

11 4013 1

E9 2 4011 1

4 4012 ,01 2

6 4013 1

10 4001 ,01,01 3

12 4049 ,15, 15, 13, 20 5

15 4012 1

F9 11 4015 , 100K 2

6 4001, 100K 2

9 4001 , 100K 2

8 400 1, 100K 2

7 4001 , 100K 2

$ 
6 4001,100K 2

5 4001, 100K 2

4 4001 ,100K 2

G4 1 36K ‘I’o 33FF in Parallel with 1 3 .4 5
_________ __________ 4012 _________ ___________

A-63



D RAWING #3235520

PAGE 6 OF 6

REFERENCE U RISE
TOTAL LOAD CMOS TIME

IC U PIN U LOADS 10 6SEC

1 4012 1

2 4012 1

13 (BLANK) 0

G5 7 4015 1

B3 11 4001 ,12 2

3 4025 1

E7 10 MM42030 1

4 4013 1

3 MM42O3O 1

E4 1 4001 1

B5 12 4012 1

A4 9 4~ O1 1

A6 3 4011 1

11 4011 1

4 4012 1

E3 11 402 5 , 49 ,02 3

C6 4 4049 , 13 2

A -64



DRAW iNG 113235 521

PACE 1 of 6

R l ;F ERENC E II R I S E
‘rOTA !, LOAD CMOS I M E

IC U PIN II LOADS 1!) 1’SEC

A2 2 4013 1

3 4013 1

4 4001 1

10 (BLANK ) 0

11 4013 1

14 1 4011 1

13 4027 , 49 2

AS 2 40 13 , 11, 23 3

4 4001 1

6 4013 , 11, 13 3

10 4023 1

12 4001 1

15 4012 1

A6 9 4012 1

6 4001 1

A7 4 4013 1

10 4013 1

11 4023 , ( 4001) 2

B2 2 40 2 7 1

13 (4023) 1

B3 1 4001 1

13 400 1 1

12 4001 1

A- G5



DRAWING #3235521

______________________ _______________________________ __________ 
PAGE 2 of 6

REFERENCE II RISE
TOTAL LOAD CMOS TIME

IC U PIN U LOADS 10 6SEC

B4 3 4011 1

4 4013 1

10 4023 , 49 , 11, (4049 , 49) 5

6 4013 , 12 , 12 3

11 4013 , 27 2

B5 2 4027 1

4 4011 1

6 4027 1

10 4013 1

12 4001 1

15 4001 1

B6 1 4Q12 ,01, 23 , 12 ,11,01,01, ( 4050 , 36 1.15
49 ,01, 25 , 11,13,27 , 25 ,49 ,49 ,
12 , 23 ,49 ,11, 49 ,49 , 23 ,11,11,
12 , 49 , 23 , 49 , 11,11, 49 ,49 , 25 ,
100K ,Ol)

2 4012 , 13, 27 , 13, 27 , 13 6

12 4023 1

B7 2 4027 , 25 2

13 4027 , 25 2

C4 2 4011 , 27 , 23 , 13 4

12 4027 , 23 2

C5A 1 4011 1

2 4013 1

14 4013 1

A-66



DRAWING #3235 521

PAG E 3 of 6

Il R I S E
I i  ii TO I A t )  I ‘II )

~ , I ME
IC P I N  II I *AI ) S  hi 6 SEC

2 ~~0 2 !  I

13 4 1 1 1 1

C7 3 + 0 11 1

4 40 2 3 1

10 4011 1

11 4027 1

C8 1 4001 1

2 4011, ll , (4049 , I 2 , 2 5 , 12 , 13 , 13 13 .36
11, 11, 49 , 25 , 02)

C9 2 4020 ,01, 13,13, 27 5

4 4001 1

6 4013 1

10 4b27 1

12 4027 , 12 , 13 3

15 4001 1

D4 3 4012 1

DS 6 40 2 7 , 13 2

10 4023 1

D6 9 4013 , 27 2

6 4012 1

10 4049 , 13 , 12 , 23 , (4001 , 49 , 13 , 20 .37
12 , 11 , 49 , 11 , 23 , I i , !~~) , 49 , 12 ,
I 3 , 13 , 12 , 02)

D7 1 4013 1

I
A- 17



DRAWING //323 552 1

PAGE 4 of 6

REFERENCE (1 R I S E
TOTAL LOAD CMOS t IME

IC It PIN U LOADS 10 ~~SEC

2 4013,13 2

13 4011 1

12 4011, 20 2

08 1 4023 1

13 4023 1

09 9 4023 1

6 4023 1

10 4049 1

E4 3 4011 1

10 4011 1

ES 1 4011 1

2 4025 1

13 4012 1

E6 1 4013 1

13 4013 1

E 7 3 402 5 1

4 4013 ,01 2

10 4013 1

11 4025 1

E8 1 4013 1

2 4001 1

14 4027 1

E9 7 4023 1

A-68



DRAWING #323552 1

PAGE 5 of 6

REFERENCE 1/ R I S E
TOTAL LOAD CMOS ‘ l I M E

IC U 
- 

PIN ~ LOADS 10 ‘6 SEC

4 4012 1

6 4 012 , 23 2

13 4023 , 23 , 13 3

12 4023 1

PS 6 4012 ,49 , 13 3

10 402 5 , 01 2

9 4012 1

F6 13 4027 , 13 2

F7 2 4023 , 27 2

13 4012 1

12 4Oll , 23 , 13 , ll , 2s , (4049 , ll ) , l: 8

G4 9 4023 ,27 2

6 (40 49) 1

10 4023 1

G7 10 4 013 1

11 (30FF) 1

D5 9 (4025 ,01) 2

B7 2 4027 , 23 , (40 11, 11) 4

1 4027 , 11 2

12 4027 , 27 , 27 , 27 4

C8 14 4013 1

B6 10 4012 1

A4 13 4013 , 27 2

A-69

-J



DRAWING #3235521

_______________________ ____________________________ __________ 
PAGE 6 of 6

R E F E R E N C E  /1 R I S E
TOTAL f OAl) CM OS ‘ L I M E

IC ~ 
— 

PIN II LOADS 1(1 6SEC

12 4001 1

G7 10 4013 I

114 3 4011 1

B5 15 4012 1

A2 14 4013 1

.15 12 4001 1

A l  3 4024 1

114 11 4011 1

[4 4 4013 ,01 2

C7 3 4013 1

4 4013 1

E3 11 4011 1

9 4011 1

03 11 4049 ,13 2

04 4 4020 1

10 (BLAN K) 0

D3 4 4023 1

10 4023 1

CS 5 4011 1

6 4011 1

06 9 4011 , 01 1

I I  4012 1

A-70



V
DRAWING U 323 5S22

PAGE 1 of 7

REFERENCE // R I S E
TOTAL LOAD CMOS TIME

IC I~ PIN /1 LOADS 10 6 SEC

A3 1 4013 , 27 2

A4 1 4020 1

13 4013 1

AS 1 4020 1

A6 3 4012 1

4 4011,49 2

10 4002 1

11 4023 1

A7 9 402 3 1

6 4019 1

10 4015 ,15 2

B3 3 4913 1

14 4027 ,27 2

10 4026 1

11 4026 1

B4 1 4011 1

12 4013 ,27 2

13 4013 , 13 2

B5 2 4025 1

4 4013 1

6 400 1 , 27 , 13 , 27 4

10 4012 1

12 4025 1

A-7l



DRAWING 113235522

PAGE 2 of 7

REFERENCE U R I S E
TOTAL LOAD ( 2’Lo~ t I M E

IC ~ PIN 1/ LOADS 10 ‘6 SEC

15 4011 , 11 2

B6 3 (4025 ) 1

4 4012 , 13 , 11, 25 , 29 5

10 4020 1

11 4049 1

B7 2 (4023) 1

13 4012 , 25 2

12 4002 , (BLANK) 1

C2 1 4013 1

15 4013 1

14 4027 1

C3 1 4027 , 11 2

2 4011 1

13 4001 1

12 4027 , 27 2

C4 3 4011 1

4 4011 1

10 402 7 1

11 4027 1

CS 1 4025 , 23 2

2 4O27,lI ,(4011,O1 ,01) S

15 4001 , 02 , 23 3

14 4027 , 02 , l l , ( 6 0 2 3 , Ol , l 1)  6

A-72



DRAWING #3235522

PAGE 3 of 7

REFERENCE // R I S E
TOTAL LOAD CMOS ‘rIME

IC II PIN // LOADS 10 ‘6 SEC

C6 1 4001 1

2 4020 1

13 4001 1

12 4020 1

C7 3 4015 1

4 4013 1

10 4002 ,01 2

11 4011 1

C8 2 4027 , 13,27 , 27 4

4 4019 1

6 4020 , 20 , 20 , 13, 20 4

10 4013 , 23 2

16 4012 , 15 2

C9 9 4001 1

6 4049 1

10 4001 1

Dl 1 4013 , 13, 13, 49 4

13 4013 1

D2 3 4019 , 23 2

4 4001 1

10 4013 1

11 (4049) 1

D3 2 4013 1

A-73



DRAWING #3235522

PAGE 4 of 7

REFERENCE /1 . R I S E
TOTAL LOAD CMOS TIME

IC // PIN // LOADS 10 6SEC

D3 4 4013 1

10 4013 1

11 4011 1

D4 9 4011 1

6 4027 ,27 2

10 4049 ,12 ,l2 ,23 ,12 ,(4O49 ,24 ,49 , 16 .32
49 ,)l l , 12,11, 11,11,13,19

DS 2 4013 ,13,01 3

4 4001,27 2

6 4011,25 ,01 ,01 4

10 4001 ,02 2

12 4023 1

15 (BLA NK ) 1

D6 1 4012 1

13 4011 1

07 1 (4049 , 23) 2

13 4049 1

D8 14 4012 1

4 4012 1

5 4012 1

9 4012 1

D9 13 4025 1

14 4025 1

A -74



DRAWING #3235522

PAGE 5 of 7

REFERENCE II RISE
TOTAL LOAD CMOS ‘I’IME

IC U PIN 11 LOADS 10 6SEC

F3 1 4011 1

E3 13 4011 1

E4 9 4027 1

6 4013 1

10 4013 , 27 ‘ 2

ES 2 4027 1

15 4025 1

E6 1 4012 , (4013 , 11) 3

2 4012 , 12 ,01, 13, 23 ,01,13 7 .162

13 4001 , 12 2

12 4011 ,11, (04) 3

E7 2 4912,l3 ,(4O12,25,02 ,49 ,25 ,12, 10 .301
11,49)

13 4001 , 13, ( 4049 , 49 , 49) 5

12 4023 , 25 , 25 3

E8 4 4001 1

10 4001 1

12 4001 1

2 4001 1

E9 2 4001 1

4 4013 ,01 2

6 4013 1

10 4002 1

A-75



DRAWING #3235522

PAGE 6 of 7

REFERENCE 1/ RISE
TOTAL LOAD CMOS TIME

IC U PIN 1/ LOADS 10 6SEC

12 4013 1

15 (BLANK) 0

F3 1 4013 1

2 4025 1

13 4025 1

12 4012 1

F4 3 4015 1

4 4015 ,12 2

11 4025 1

F5 14 4012 1

4 4012 1

5 4012 1

9 4012 1

F6 1 404 9 1

13 4011 1

F7 4 4011 1

10 4011 1

11 (4023 , 11,11) 3

F8 3 4013 1

4 4012 1

10 (4049 , 23 , 23) 3

11 4001 1

A-76



DRAWING #3235522
PAGE 7 of 7

REFERENCE U RIS E
TOTAL LOAD CMOS TIME

IC U PIN U 
— 

LOADS 10 6SEC

CS 13 4012 1

G 7 1 4012 , (4012) 2

A-77/A-78



DRAWING #3235523

Page 1 of 5

REFERENCE // R I S E
TOTAL LOAD CMOS TIME

IC /1 
— 

PIN // LOADS 10 6SEC

A3 1 402 5 1

13 ( INSTRUMENTATION ) 0

A4 9 4002 1

6 4002 1

10 4002 1

AS 3 4011 1

4 4049 , 25 ,02 3

10 4013 1

11 4023 1

A6 1 4001,11,23 3

2 4011 1

13 4011 1

12 4013 1

A7 3 4002 1

4 4002 1

10 4002 1

11 4002 ,01,25 3

B3 2 4011 1

12 4001 1

B4 2 4013 1

12 4013,23 2

B5 2 4011 1

4 4013 1

6 4002 1

10 4023 1

12 4025 1

15 4012 1

B6 9 4013 1

6 4002 1

10 4049 1

A-79



DRAWING #323523

PAG E 2 of S

REFERENCE II . RISE
TOTAL LOAD CMOS TIME

IC II PIN II 
— 

LOADS 10 6SEC

B7 6 4023 1
5 4023 1
4 4023 1

Cl 2 4013 1

4 4011 1
6 4011 1

10 4013 1
12 4013 1

C2 4 4023 1
11 4049 ,25 2

C3 1 4013 ,49 2
13 4011 1

C4 2 4020 1
12 4013 ,13,13 3

C5 1 4011 1

2 4011 1

13 4011 1
12 4011 1

C6 3 4013 1
4 4049 1

10 4001 1

11 4013 1

C7 9 4013 1

6 4011 1
10 4011 1

C8 7 4023 1
5 4023 1

4 4023 1

13 4023 1
12 4023 1

__________ 

14 4023 1

A-SO



DRAWING #3235523

PAG E 3 of 5

REFERENCE // RISE
TOTAL LOAD CMOS t I M E

IC U PIN U LOADS 10 6SEC

C9 2 4001 ,13 2

4 4011 1

6 4 013 ,13 , 13 , 13 ,13 5

10 4024 ,25 ,20 ,11, 8 .11

13,13,13 ,13
12 4011 1
15 4002 ,02 2

Dl 6 4020 1

10 4049 1
D3 1 4002 1

13 (INSTRUMENTATION) 0

D4 3 4023 ,11 2

10 4027 ,27 2
11 4013 ,11,11,13 4
4 4011 1

05 3 4D02 1
4 4013 1

10 4002 1

11 4025 ,L2 2

D7 1 4001 ,01 2

2 4011 1

12 4001 1

D8 13 4013 1
15 4049 ,25 2

D9 2 4002 1
4 4002 1

6 (4002) 1

10 4025 ,01, 02 3

12 4001 , 11, 13 , 13,13 10 .135
02 , 13 ,13 , 11,02

15 4013 , 23 2

A- M i



DRAWING #3235523
PAGE 4 o~ 5

REFERENCE II R I S E
TOTAL LOAD CMOS ‘lIME

IC 11 PIN // LOADS 10 ~
6SEC

E2 1 4015 1

2 4001 1

12 4023 1

13 4001 1

E3 9 4013 ,13 2

10 4025 1

E4 2 4027 ,27 ,11 3

13 4002 ,11 2

ES 1 4013 1

2 4027 1

15 4013 1

E6 3 4002 1

4 4001 1

10 4013 1

11 4001,11 2

E7 1 4012 ,02 2

12 4013 ,01 2

E8 1 4001,01 2

13 4013 ,27 2

E9 1 4002 ,01 2

2 4001 1

12 4002 1

F3 3 4013 1

4 4049 1

10 4025 1

11 4013 1

F4 3 4049 1

4 4002 1

A-82



DRAWING 1/3235523

PAGE S of 5

REFERENCE II RISE
TOTAL l,OAI) ( TI’  IS t IME

IC II PiN t~ LOADS 10 6SEC

PS 12 lO u 1

14 4011 ,12 2

15 4)12 1

13 ~O12 1

3 4020 1
4 4002 1

10 4020 1

11_ 4023 ,(401l ,49) 3
F 7 2 4 011 1

13 (4002 , 25 ,01,01) 4
12 4011 1

F8 2 4CJ ~~ 1
4 4011 , 11 2

6 4011 1

10 4011 1
12 4020 , 13 2

15 4023 , 11, 23 3

G4 2 4011 1

12 ‘~011 ,23 2
C6 1 ~O13 ,13 2

13 4013 1

G7 3 4011 1

4 4013 1

10 40 11 1

11 4049 1

A- ~~/A-s4

-J



DRAWING U3235S24

PAGE 1 of S

REFERENCE II ‘ R I S E
TOTAL LOAD CM OS L IME

IC U PIN # LOADS 10 ~SEC

A3 3 4011 ,11,25 ,11 4

4 4025 , 25 2

10 402 7 1

11 402 4 1

Al 3 4019 , 25 2

4 4001 1

10 40 15 1
11 4015 ,49 2

A5 4 4011,12 2

12

A6 1 4011 1

13 4012 ,(4049) 2

A7 1 4011 1
13 4011 1

B3 9 4024 1

6 4~02S ,02 2

10 4019 ,49 2
B4 2 4012 ,11 2

12 4023,11 2
B5 2 4011 ,11 2

4 4015 1
6 4012 1

10 4030 1

12 4019 , 19 , 15 ,01 4
15 4025 1

B6 2 4002 1

12 4001 1

B 7 3 (4011) 1

4 4027 , 13 , 11,49 , 23 5

A- MS



DRAWING U323 5S24
PAGE 2 of 5

R E F E R E N C E  II R I S E
TOTAL LOAD CMOS T I M E

IC U PIN /~ LOADS 10 6 SEC

B7 10 4001 1
11 4013 1

C3 1 4013 ,01,11144203 3

2 4011 1
12 4025 ,12 2

C4 9 4049 ,19 ,19 ,11 4
6 (3OPF) 0
10 4019 1

CS 4 4019 1
12 4030 ,12,11 3

C6 1 4002 1

13 4O49 ,(4049 ) 2
C7 3 4027 , 27 , 27 , 11 4

4 4027 ,02 2
10 4002 1

11 4024,12 ,11 3
C8 2 4011,24 2

4 4002 1
6 (3oPF’) 0

10 4001 ,25 2

12 4025 1
8 4049 1

C9 2 4013 1

4 4013 , 13 , 27 3
6 4013 1
10 4025 1
12 4024 , lS ,49 , 1S , 15 , 1S 6 .098
15 (4011) 1

A — 0



DRAWING 11323 5524

i’,AGE 3 of S

R E V E R E N C E  f II R I S E
I I I! l I l A !)  ‘‘ it ~~

P I N  1~ l uAft  10 ~~ sl:(

I I I 6 1

D2 1 ‘3 1 ) 2 5  1

13 4023 1

1 3 9 4011 1

6 4 0 1 2 , 40 2
10 4013 1

Dl 9 4030

11 4030 1

12 4030 1
05 9 4025 ,~~Il 203 2

12 4 0 2 T ,~’!M42 O3 2

15 4025 ,~IM ’+203 2

D6 3 4024 1
4 4002 1

10 4013 , 13 , 11, 27 4

11 4’O42 1

D7 3 4025 1

10 4 002 1

11 4023 1

D8 2 4027,01 2

4 4015 1

6 4013 1

10 4 001 1

12 4012 1
1S 4019 1

09 1 4O 12 , ( 4 O 4 9 , 11, 23 , 12) 5
15 4 0 2 3 . ( 4 O l l , Ol , 49 , 12) S

14 4 0 12 1

- 1’) 7



DRAWING #323 5524
PAGE 4 of 5

/1 R I S E
‘I ’ ) ) ‘ l A L  I DA !) I Mt 0 ‘ 1  ME

IC 0 
- 

P I N  II l O A D S  10 6SEC

E2 9 (4023) 1

6 4027 1

10 4012 1
E3 3 4001 1

4 4001 1

10 4019 1

11 4024 1

E4 3 4025 1
4 402 5 1
10 4025 1

11 4024 1

E6 9 4O11,MM4203O 2
11 MM42 030 1

12 MM42 030 1

E7 5 4019 1
6 4019 1

9 4019 1
11 4019 1
12 4019 1

E8 13 MM 42O3 O 1

12 MM42O30 1

11 MM42 03O I

10 MN42O3O 1

E9 1 4012

2 4001 ,12(4O4 9 ,12 ,02 ,01 ,.Yfl

15 4011 ,23 ,19 ,12 (BI.AN1a
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DRAWING 113235524

PAGE 5 of 5

REFERENCE // RISE
TOTAL LOAD CMOS TIME

IC II PIN II LOADS 10 6SEC

F3 3 4027 1

4 4049 1

10 4049 1

11 4001,01,01 3

F4 11 4001 parallel lOOK 1

10 4001 parallel lOOK 1

9 4001 parallel lOOK 1

8 4001 parallel lOOK I

7 4030 parallel lOOK 1

6 4030 parallel lOOK 1

5 4030 parallel lOOK 1

4 4015 parallel lOOK 1

F7 11 4042,01 parallel lOOK 2

10 4042,27 parallel lOOK 2

9 4042,27 parallel lOOK 2

8 4042,11 parallel lOOK 2

5 4015 parallel 100 K 1

4 4049 parallel lOOK 1

F8 13 MM42030 1

12 MM42030 1

11 MN4203O 1

10 MM42030 1

A-89/A-90 ‘ I



APPENDIX B

CMOS I C I NTER CONNECT DATA

Control Group
Schematic Number Page

3235702 B—3

3235505 B—7

3235506 B—9
3235507 B—il

3235508 B-13

3235510 B—17
3235511 B-21

3235512 B—23
3235513 B-25
3235514 B—27

3235515 B—29
3235517 B—33

3235518 B-35
3235519 B-39

3235520 3-43
3235521 B—47

3235522 B—5 1

3235523 B-55
3235524 B-59

II
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APPENDIX C

HONEYWELL CD 400 SER IES
INPUT CA PACITANCE STUDY

(Bepro d uctio n of h oneywell letter report of
2 DeceIi oI ber 1976)
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2 I)eccrber 1076

.1 - ~~~~~~~~~~~~~~

- 
- ‘) 

~ - -ies ( ‘ ‘~~~ ~:~- ‘- i t  ~~r c i -nce Study

C -‘ — -

~~~ stud as u::acrtaLea to dcternane the in’ait ca~acitances to r Ci 4000
series C!JS (tt ~V 1CCS used in NTL-\RTIP . Vendor data sb~cts , ‘IIL - ~1-3~ 5l0 , and
visits to ~~~ icir-u~1 and ~otoro 1a were utilized to conpile a listing of in-
put canacitance values . These values , together with device output iroedance
specificaticns , ~-ere used to cor~nute worst-case nulse rise and fall  tine
values. Fron this it was found that the gate loadia~ des ign guideline being
used by ~UC has a 3:1 safety factor , and there should not I)n any prohlen-s
related to capa citive loading of (2~)S gates in ~E\RTIP hardware.

Th~ stud y was begun by conp iling a list of vendor data obtained fren catalc~data $~h~~’ts. There was a ~.°ide disparity of ‘:a1u~s resulting fron th is s tud’::
~ar exar~1c , on the CD4N ’6 a ratio of 5:1 exists in the CLOC K i rni i t  ca—a .~itaaca
vn1°~e-~. h-~r I~fare , v isi ts  we re r-;ide to ional anti Vntornla °V- ‘aci t~~s
in crdcr to obtain actual innut capacitance data and to obtain ~ir st- :~~-~dinfonant ion on the nature and diaracter of C~~S innut cacacitance .

TT ’- dat0a obtained fron National and ~!otoro1a , plus catalog and ~!IL- ’~-~~ 5lO
data 1s s r . °on in Table 1. ~ote that both National and ‘!otoroi; sunrdi-~.i
data  - - ar reiativc1~- fe~- .- devices : ho~-:ever , the’? consider these values t\ -Hcal
of a broad snect~~ a of product. For e~zann1e the ~otoro 1a 4fl0 and 40U data
is t’- -nical of all gate innuts . In addition to actual data both ~!otor~ la and
~:at i~~-~al supplied “estinates ” of typical inr ut canacitance for the device
t’-n -~s. ~!otoro1a was nore specific in this , altho~: i the value for the 4 1)12
dc is not correlate with actual data ciiven . rational surnlied a less snecific

s:~~~ , specify in~ nest devices as d -5 5 pf, and no data for those devices
wh:ch would tend t~ run higher.

‘:ati-~~il furnished the host treatise on the riaheun of input canacitance: a
d:~ cussion 

~~
- ‘•

~ 
John Jor gensen, C!3S Dcsi~n ‘ianager. Inpu t capaci tance is ccn-

posed of the sun of the capacitances associated with the:

• Pachage (0.3 to L7 pf)
• Input protection diode to \‘~~ (1 to 2 pf)
• Invert er s tage (1. to 2 pf)

C-3



-

In a0Tdi t ~nn ~~~~ :-c nb -n-c , tHc” arc ~~ui ’ - ic-a :o n : c ite-source - - -j --- , -~~-: ~~
-
~~

-- - - -

~ - ‘ P and N ( -~-.c:u~ -j  ::--cs i ;c ~rc ir’ t n  inaut
Th-’ c-a~n o~ th i s  ~D -’c-n ~s I~ - ~~ ~ --~~ - -

~ r — n i l t - ;  ~n a ca’-~-~.c~ -wi c- -’ - -
p 1 C~~ t ri ~

‘i~ ‘
~ t 1C ~ \ ( l t L  t( 0 1 I I

lust rate s  th is  f’cr a b ICP . b i ; 1  1 0 ”-.-ice switc -No d ‘~rc-n a ‘ :‘‘ 
~T ’n t : t  ~a

‘‘1’’ ineut at V~ ~ = 15 V. T n t n ~’r ati :c~ L-r tho cunl’n resul ts  in  =

3 1 ~~ 
I~~ ta ~~ r 1 5 O ’ ’  s C -

acter~ s tic  i - cc  c ’c-; oven r--~re or cn n i :c : : o J  at ‘ :‘-
~~ 

= V (See acnn:- Jx ~ ~c t asheet) .

itoth Nat ional and Notorola were a~ h the folin’cinc nuestions , wi th
furnishing essentially the sane answers :

1. Is Cj affected by Vol)? Ans’. Not significantly.

2. Is Ci affected b’~ tearnerature? .-\ns. Not significantly .

3. 1-hat is the typ ical nutnut irrp edance of the devices? Ans . No one has
ever ashed about this  - consult data sheets for rise/fall tines and
output voltage vs. current sinN ing capability .

4 ~That is the c~ fcct ~ ° Vfn on outnut impedance 9 Ari~ Referring to out-
put rise and fai l  tines , if those are given at Yfli) 5 V then USC t r
and tc values divided fri 4 to obtain 15 V values . II  Vfli) is c-ly on as
10 V, then divide by 1.25.

5. ~hat is the eF~cct of tcnnerature on cutout impedance? AO~lS. ~CL 3 - ’° C.
(Represents ÷l3 .3~ at +71° C )

6. ~fhat are the t~niica1 cinch rise tine or nul se inout -rise tines on the
devices which have such renuirenents? Ans . Consult data. sheets.
Data shown represent at least a 2:1 safety factor , i -ben oncrating voltc::e
is factored in as shown in auestion 4.

7. bu nt is your ‘!IT -~TlT-SS3 Level B canahilit’-? Ans . Ans~.-ers to this
question d i f fe red  groat 1~- . N at ional  !Ias all nroduct avai lable to 2 83
Level B. Notorola does not have any product available. They have
just acc :nircd the necessor - test otiuip’-icrt (tenp chanhers , dvnanic test
gear , e tc . )  and a lan to have snoc nroduct available first quarter l~N~7 .
Other pro duct ~iii follow throughout 1077.

8. l’/hat is the fu ture m-a i l .a h i l it v  of types not now oroduced? r~otorola
nuestion onlw ; Nat ional nroduces all , if the 4070 can he substituted
for the ~iO 3 1) .) \ns. “otorola does not pian to produce the nissing
devicc s . (-~010 , 4029 , 40 47 , and 4 048).

9. Ek you h-n-’- an’~ anp1icati~n notes regardinc .~~( . operat i on of (‘VS?
Ins. Nc~ t -Hr b-i l nnv snoc i ‘ ic notes or su -ycst i er i s  tn n : t -r , re-
ferring i n s t i ’ - I  i to nrr ’.untts  lv ptn ’l  Lshcd notes by bCA :sid i [.orris , and
to n-i~ a :ine ar t ic les .

C-4



‘- : ‘ t i r ~’i l  - ! ‘n t ’ : ’ w i  ~ -‘- -w’~-l Ce” ~~~
‘ : t - ;  ar c ‘J ;tL-d i n Ac-~ cn 1:x A , n~~r ’

- data sheets ~~~~~~~ 
- ‘

T,d i:’ 2 illus tcit :-~ the  ~‘ot - ’~r - dci , b~ t i :ral :v:J T c ’\ Cr i t l i n - ’  dnt :~ TacL~’ r’ln—~

transitiwi t - ~ I~ o r b  (Tn’- na- . Th~s~ cc’ - all sa,-cFinl for a 51) r 1
a:- 15 V c c c a t i n - ~, - - an  at a ;  a - t n d . Th-:-rc ore , an o c t i - a t a  n ” o- i-
n-:-L~c.cc can - ‘ Jcr ived , arC - nron\- a -a: - a11 at  hin a ‘ tbe  nan in ’ ~an1i ’~ : ‘ I C cananitaa: c (cr- ‘ata i~a- ;~ for a --,- ‘-,-a r~ tine r- l l c r O r ’eat can

h a —-- a i ~~ _ Rata  a s  the  C~$ - )  cad C) :-w ;  H -ta m ed fr- ’a ba i r -ch i ld  C
da ta ‘N :-

Foi1c- ;i:~c~ is a calculatIon c~ a i-nest-case canorit-o nne load :

• w n ~~ tr~~~itioa tine in Table II: 13fl nsec (-t~i5 , 4q27 , -IM •12)
Increase for 71°C: (71°C - 25°C times 0.3°;/°C) = 1 133 N 13 1) 147.1)4 =
143 nsec.

• Compute nunher of PC tine constants for 10°; to 1)0°; nulse anolitude :
10°; = .105 ftC; 91)0; = 2 .3 ftC; therefore , 10% to 1)0% rise tire is 2.2 p_C.

• Compute rvtx irann output impedance: 143 X l0~~ = 2.2 X R X 51) N 10 2
ft = 1315 ohms

• Nax irari rise tine allowed on (~~)S prints is 3 nicros•:cacds ; cnal ’— i i c::
a 2:1 safety racier this  honor-es 1.5 microseconds . l~o-a,Ute the max-
inun can:Lcitivc load the 1345 ohs’ outnut impedance can drive ‘.iit hout
degrrtdinc the rise tine above 1.5 mi croseconds:

2. 2 X 1343 1 C = 1.5 N 10-6
C = 507 pf

• Naa~r-i so gate load in Table I:  2() p f (4049) cNotarnm estir  it OS this at
17-19 p

~~, they are chan~ inn their  data sheet to sreci~ ’- 20 pf , man-
iran-i.) Calculate nunber of Cb4P$ 9 innuts a CR4013 , 4027 or -1042 cou ld
drive : 507Ng = ___ = 25

The next worst case load in Table I is the 12 of naxiriun specified Lv
‘IIL-N-30510. On this basis -12 loads could he driven. !or a t -mical
cate input such as the Nation .al CP1020 , and rounding 4 .7 pf to S pf ,
over 100 loads could be driven.

::-iereforo th~ -) lo:d snecFied by NyC as a dcsitn goal is very con-
servative , representing at worst a 3:1 saftev factor.

Pin/hi
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;: tional (S’~nta Clara , C a )

Sharon (San) O’Cor_—iell - ~‘ ~lit -,/-\erosp.-ice arketing
ana~er , -‘-fl 3 - 737 - SS SO

Bob Bennett - C~~)S Product r~-ct i r~ -m:i~~ r 4 03- 7 3 2- SO O c )

John Jorgensen - CflS Design !anar~er , 40S-737-5633

Motorola (Austin, Texas )

Rick Goeld - Production Manager, 512-923-2600

Bruce }!arting - c?flS Product ? !arketinc~ Enc ineer ,
512-928-2600 ext. 535

~-!ike fladlev - ~~OS Applications En~incer , 512-928-2601)
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