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EVALUATION

The objective of this effort was to electrically characterize the 68000, 16 bit
microprocessor. From the resulting data, a MIL-M-38510 detail specification was to

be prepared in a format compatible with DOD coordination standards.

The electrical characterization of the 68000 was successfully accomplished
through a very complex and time consuming task. Over the course of this program,
this state-of-the-art microprocessor was updated several times by the vendor to
enhance performance and/or to improve yields. Each change required a thorough
evaluation and comparison of the design or process enhancements versus potential
reliability degradation. IBM produced a military detail specification M38510/540 to
cover the latest update of the 68000. This specification defines three versions of the
68000 categorized by frequency and enclosed in three package types including two

state-of-the-art leadless chip carrier packages.

This program demonstrates what can be accomplished when there exists a good
working relationship between the user and the manufacturer of the part. IBM took a
basic commercial part and provided the manufacturer the data he needed to
militarize it. Motorola on the other hand cooperated in providing information, some

proprietary, on key architectural and circuit designs, in addition to information on

processing enhancements. Acecessicn ior P’L—
NTIS  GRAkI

( DTIC T3 1
- TN Unannoe o 1
. ‘2/' " neie Jlmti‘.'iv-lt.k.;ni, e

RE4IS C. HILOW socren ) | o

INSPRCTED
2

BY oo e ]
Distritutinn/
Avallatlisty Joies
oo

Project Engineer

i14




Section No.

i
ii
1.0
2.0
3.0
4.0

5.0

TABLE OF CONTENTS

List of Figures and Illustrations

List of Tables

Introduction

Device Description

Electrical Characterization Program Development

Device Evaluation

Conclusion

Appendix A Instruction Decode Software
Description

Appendix B MC68000 Characterization Run

Appendix C GCeneral Parametric Plots

vit

ix

21

52




LIST OF FIGURES AND ILLUSTRATIONS

Figure Page ]
1.0 MC68000 Block Diagram 3 1
2.0 Signal Pin Description 4
3.0 Output Load Circuit 14 i
4.0 ICC vs Temperature (MC68000L10) 37 |
5.0 ICC vs Temperature (MC68000-L10-L8X) 44
5.1 TCH vs Temperature (MC68000L8-L10-L8X) 45




Table
1.0
2.0
3.0
4,0-4.5
5.0-5.2
5.3
5.4-5.5
6.0-6.2
6.3
6.4
7.0-7.2
7.3
7.4
8.0-8.2
8.3

8.4

LIST OF TABLES

Measured AC Delays

Derived AC Delays

Measured DC Parametric Tests
T6E Fail Test Summary
MC68000L8 Functional Summary
MC68000L8 DC Test Summary
MC68000L8 AC Test Summary
MC68000L10 Functional Summary
MC68000L10 DC Test Summary
MC68000L10 AC Test Summary
MC68000L8 (Late Version) Functional Summary
MC68000L8 DC Test Summary
MC68000L8 AC Test Summary
HD68000 Functional Summary
HD68000 DC Test Summary

HD68000 AC Test Summary

11
15
23
27
28
31
34
35
38
41
42
46

49

50 L

FHECEDING PAGE BLAMK-NOT FILMED

-




1.0 INTRODUCTION

The MC68000 is one of the most technologically advanced and architectur-
ally superior microprocessors available today. [t follows that an acceptabl:
electrical evaluation of this device would be a complex and time consuming
task. This document will discuss in detail the MC68000 Electrical Character-
ization program and the results that were obtained as various mask sets and
device lots were tested across an extended temperature range. For additional
information on device description and system integration the reader should
reference the Motorola Users Guide MC68000UM (AD2).

At the outset it must be noted that no MIL-883B type part was aviilable
tor this test exercise from Motorola. Due to the recent announcement and fre-
quent performance enhancements, a military device is now feasible. This
.rogram supports the accelerated development of that military product. Early
functional failures at the MIL- temperature extremes are noted in this report
and are to be expected since these devices were not screened to those corners.
As the report tracks the maturity of the masks and process, the functionality
at the temperature extremes improved greatly, yielding over 80% fully
functional devices (of the test samples) to the military specification
generated.
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2.0 DEVICE DESCRIPTION
2.1 TECHNOLOGY

The MTH8000 is a single chip 16-bit microprocessor fabricated using an
N-channel, depletiog load, silicon gate technology. The die, measuring
approximately 40 um“ contains approximately 70,000 transistors. This level
of density was achieved with the use of 3um ground rules (HMOS I).

Further enhancements (HMOS II) and shrinkage is expected in 1982.
2.2 BLOCK DIAGRAM

A block diagram of the MC68000 is shown in Figure 1.0. The processor is
composed of seventeen 16-bit registers, a program counter, status register,
16-bit ALU and control section. The flexible instruction set consisting of
56 instructions and 14 different addressing modes is implemented using an
on-board microcode ROM. In addition the processor control section will
support direct memory access, seven levels of processor peripheral interrupt
and 6800 peripheral interface control. The 23 address lines that are sup-
ported by the processor al’low direct access to over 16 M bytes of memory.

2.3 PIN DESCRIPTION

The MC68000 signal and pin assignment diagram is shown in Figure 2.0.
2.3.1 Address Bus

The address bus is composed of 23 tri-state bus outputs which provide
addressing for all bus cycles except DMA operations and interrupts. The
23-bit address range of the processor allows addressing of over 8 MWords
(16-MBytes) of memory.

2.3.2 Data Bus

The data bus is a 16-bit, bi-directional, tri-state path for data flow-
ing to and from the processor. Data can be in byte or word length.

2.3.3 Address Strobe (AS)

« The address strobe is an active low unidirectional tri-state signal.
When AS is low it indicates that the address present on the address pins of
the processor is valid.

2.3.4 READ/WRITE (R/W)

.The READ/WRITE pin is a unidirectional tri-state signal that defines the
processor operation and data bus direction. The signal is low (logic 0) dur-
ing processor write operations and is high (logic 1) for all subsequent pro-
cessor operations. :




sny ssaappy O

irg ez

SN BIRg -

314 91

sTruitrs
1013uU0)
WIISAG ~

-

<

~

weaderq YO0Td Q008YOW 0°1 @and14

| o o sng eyeq ./
| J— . —
] . - ,
| +/ / /
‘ - e e M
{ ! ‘
_ - a ! | -
O m._m S— | ISCAN a1 v _ _
| _ i -9t | -1 17-91 i
‘ TE& i 314-91 i 19-9 M *
(f e o : S S !
m si931st82y ' si1a3s1day pue _ s1a3s190y _.E,m.,
: pu® 3ITU | ILUY UOTINDAXY | uﬂcw ccﬁ:u.uvx.,p
uo¥INIaXY BlRQ h MUT SS2IAPPY Yy8IH ssaappy
-L: sn Ay ) !.“ \ /- \
m _ ﬂuwM i; ommmm e e _llJusm"mmuhvv< ! »
R 4, s
\ * i \ — — - — —— — v.||:“.lx.. ~ |
oo - = _ _
,_ /«w’. - waﬁ )”
w m ao3stlay w fioa3uo) ~w:uoucn,aowuum~MMlmux — “ L e
jporadniasul rl\ﬂ\l“ / :oﬂum:m nv <=—— 31037 N |,
, R ! _,_\ ] . ' 103y W
| /- o M T Ags
_ ) . i - 310
i S ”TI! T T =T T013UN)
_ B _ apodaq S
~ - o uorIonIIsuy m \, .w
i «huv d1¥on ,
i W ﬁOhu;SU sng .
w “ i - e ToOX3uo) Quv .1l
: “ ! Tox3u0) . — o %m,um - 12010
! TT 7T 3dnasesug . o
| AT ~ o B o 1013u03
~ \,. L e e . < o
i e - e - ——- - snieis
_ [ . S e ~ =
L . o -




D 1 @ ~ @J:D 05
ry 40 L:FD 06
no q 3 ok 07
A o I} &3 D8
oo B ==

= e 59 3 D10
]’ 52 [ D11
s a3 012

R e ne 3013
s e BN RY

S 301 w1 M5

N = B S ves
f=FE 4 b A23
s R} a1 a2
315 0 3 A1
16 19y vdd
— T AR

:8 AT AlQ

Eé 19 1) ALR
3w Y S e ST
TR [j o ST Als
e 100 13 Ars
N = s RS
TR W k! 1 ALl
w0 g os a3 A
Fer 306 Rigl e RN
rep .27 w2 A0
fFen 3 08 3 Ao
Al Cj-” ST OAR
PR e 1) i3 oM
A 3% s QVYE
A v 0 AS

Figure 2.0 Terminal Connection and Pin Assignment




'l!IlIllllllllllll!"ll"l""""l-'.ll!!3‘l"""lllllIIll"'""""""""""""

2.3.5 dpper and Lower bara Strobes (UDS-LD5)

The UDS and IDS ave active low unidirectional control signals that indi-
cate which halt (upper 8 bits -UDS, lower 8 bit -LDS) are valid on the dsta
bus during processor write cperstions.  The UDS and LDS will always be actaive
during processor read operations.

2.3.6 Data Transfer Acknowledge (DTACK)

The DTACK 1nput is an active low asynchronous control line used to s1g-
nal the CPU that a particular bus operation has been completed. The DTACK
input is recognized by the processor on the talling edge of the input lock
during CPU READ/WRITE operations. In early mask set devices (R9YM, Tek) it
DTACK was active by the fall ot the input clock during bus cycle two (tor
READ/WRITE) the particular operation would be shortened by one CLK cycle. In
later mask set devices (CCl) if DTACK is active at the fall of the input
clock during bus cycle two it will have no effect on the overall bus
operation.

This active low unidirectional input is used to signal the CPU that some
other device wishes to take control of the system bus.

2.3.8 Bus Grant (BG)

The active low unidirectional output is used to signal other potential
bus masters that the CPU will release the bus following completion of the cur-
rent bus operation.

2.3.9 Bus Grant Acknowledge (BGACK)

This active low unidirectional input is used to signal the CPU that
another device has control of the system bus.

2.3.10 Interrupt Control (IPLO, IPLl, IPL2)

These three active low unidirectional inputs are used by other devices
that request a CPU interrupt. The three inputs allow seven levels of priori-
tized iotertvupts wilh level zero being the lowest priority.

2.3.11 Bus Error (BERR)

This active low unidirectional input is used to signal the CPU when a
problem has occurred during a bus operations. It is used in conjunction with
HALT to determine if the operation should be retried or the processor should
initiate exception processing.




2.3.12 Reset

This bi-directional active low signal is used in conjunction with the
HALT line to reset the CPU (system initialization sequence). In addition it
is used to reset peripheral devices (see reset instruction).

2.3.13 HALT
The active low bi-directional signal is used to halt the processor at

the end of a current bus cycle or to indicate the processor has halted due to
a system failure.

2.3.14 Enable (E)

The unidirectional tri-state output is used to synchronously interface
M6800 peripheral devices with the MC68000. The E output is a divide by ten
of the input clock. The state of E output cannot be determined following a
power on reset sequence.

2.3.15 Valid Peripheral Address (VPA)

This active low unidirection input indicates that the device being
addressed and the subsequent data transfer should be synchronized to the
MC68000 by the use of the E signal. If active low during an interrupt this
signal indicates to the processor that auto vectoring should be used.

2.3.16 Valid Memory Address (VMA)

This active low unidirectional output indicates that the address on the
bus is valid and that the device being addressed (M6800) is in sync with the
processor.

2.3.17 Processor Status (FCO, FCl, FC2)

These three unidirectional tri-state output signals indicate the state
of the present processor operation (user or supervisor) and the type cycle
being executed.

2.3.18 CLOCK (CLK)

This unidirection input is the primary processor clock. The clock input
waveform should be a signal having a 50% duty cycle and vary in frequency from
3 MHZ to 10 MHZ.

2.3.19 Signal Summary

All MC68000 signals are TTL compatible signals. The signal descriptions
given in this section have been abbreviated and serve to familiarize the
reader with the device and to point out some areas of interest that were dis-
covered during characterization and are not mentioned in the vendors users
guide. A more detailed description of the device pins and their function can
be found in the Motorola Users Guide MC68000UM (AD2).




3.0 ELECTRICAL CHARACTERIZATION PROGKAM DEVELOFMENT

3.1 TEST EQUIPMENT

Due to the complexity ot the MCES000 and the asynchronous bus structure
of the device, an extensive amount of hardware was necessary in order to
develop the function test vectors that would be used during the device chara. -
terization. The hardware included:

In-house 16-bit Proto-typing System
MDS-800 Development System

HP 1615A Logic Analyzer

IBM System S$/370 (Editor)

Macrodata MD-501 LSI Tester

0O 0 C OO

The procedure for developing the software was to load a MC68000 test
program into the proto-type system using the MDS-800 Development System. The
program was then executed and the device outputs monitored using the H.P.
1615A Logic Analyzer. After determining the sequence in which the processor
executed the program, the assembly code necessary to generate the Binary
tester pattern for each clock cycle of execution was entered and properly
coded with the aid of an IBM S/370 editor. The software was then downlinked
to magtape and transferred to the Macrodata MD-501 LSI tester for final com-
pilation and assembly into a Binary format. All device testing (functional,
AC and DC) was performed using the MD-501. The Macrodata MD-501 is a 10 MHZ,
64 channel LS1 tester. All 64 channels can be configured as either input,
output or as a power supply. All power supplies are accurate to within 0.1%
of their programmed value. All AC measurements are accurate to within + lns.

3.2 Functional Testing

3.2.1 Logic Block Element Testing

Functional test software development was broken into two categories.
The first category was Logic Block Element Testing (LBET). The objective was
to stimulate the various logic sections of the device using a minimum number
of instructions to insure that each of the relatively large functional blocks
were operational, prior to instituting the very long and detailed instruction
decode verification testing. The categories to be tested were:

Reset

Register, Array
PC Test

ALU

Stack Test
Interrupts

©C 00O QO

The reset test verifies the power-on reset sequence and the reset and
halt instructions are operational.




The register array test ensures the integrity of each of the data and
address registers. Pattern sensitive data is loaded into each register and
checked for proper loading. In addition all other registers are tested for
any possible adjacent register disturbance.

The objective of the ALU test is to insure functionality of the ALU.
This is accomplished by executing all arithmetic and logical operations and
testing the resulting output.

The PC and stack test verify operation of the program counter and super-
visor stack pointer, by incrementing and where feasible decrementing each
counter through overflow or underflow.

The interrupt test verifies the processor will respond to all levels of
interrupt and that the proper interrupt vector location is executed for each
level of interrupt.

3.2.2 Instruction Decode

The level of complexity of the MC68000 (56 instructions and 14 different
addressing modes) makes testing of all instructions a very lengthy process.
The approach to instruction testing was to break the instruction set into six
categories. These categories were:

Data movement 1
Arithmetic operations

Shift, rotates and logicals

BCD operations

Bit Test Operations

Program/System Control

[o N =2 ol B o B o]

A detailed description of each program and the opcodes tested are given
in Appendix A. When the functional test programs are converted to the con-
ventional (Binary) format the result was over 13,000 lines of executable
code. Due to the length of the Binary patterns they are not included within
this document. However, they can be obtained from Rome Air Development
Center (RADC) Reliability Branch. These patterns represent the forced and
expected data by clock cycle for the automatic test equipment stimulation
(MD-501} of the MC68000 device.

3.3 A.C. PERFORMANCE TEST DEVELOPMENT

The primary objective of the AC Test Development was to measure all of
the most critical delays that are associated with the MC68000. The functional
test patterns were used to precondition the device to a known state prior to
performing the required measurement. The baseline used to determine which
delays would be measured was the vendors data sheet. The delays shown in
Table 1.0 are the actual delays that are measured using the MD-501. All
measured times are accurate within + Ins. Due to the enable output (E) being
in an undetermined state after power-on reset it was necessary to obtain the
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test mode for syncing the E output from Motorola. This information is con-
sidered proprietary and thus cannot be disclosed in this document. The delays
shown in Table 2.0 are referred to as derived delays. These delays are out-
put to output delays and are not directly measured by the MD-501 but are
calculated based upon data obtained from the measured delays. Additional
delays not specified by the vendor were measured and used to calculate these
output to output delays.

The output loads used during AC testing were based upon the vendors
recommended load circuit. The output load circuits are shown in Figure 3.0.
A modification to the vendors load circuit was required to properly measure
the tri-state delays. 1In Figure 3.0 the resistor Rx was added during
tri-state measurements only. The resistor Rx when in parallel with Rl will
make the pull-down resistance equal to the pull-up resistance (Rn). This
will result in the outputs which are at a high level (logic 1) prior to
tri-stating having the same tri-state fall transition as the rise time of the
outputs which are at a low level (logic 0) prior to tri-stating. Without
this loading change fall times exceed 2 to 3 clock cycles of decay (fall)
time and are immeasurable by most modern ATE.

3.4 DC PARAMETRIC TEST DEVELOPMENT

The D.C. tests developed to evaluate the MC68000 are shown in Table 3.0.
The baseline for test development was the vendors data sheet. Icc was
measured dynamically (device running). In all tests Vcc was set to worse
case. It was necessary to use the special tester configuration to sync
Enable (E) and (VMA) outputs for D.C. measurements. All other test con-
ditions were obtained from the vendors data sheet.

3.5 MAXIMUM OPERATING FREQUENCY (FMAX) TEST DEVELOPMENT

Due to the very high operating frequency (Fmax) of the MC68000 (8 MHZ
- 10 MHZ) it was necessary to develop a method of determining the High Fre-
quency limit of device operation. The exchange functional test pattern was
used to implement an FMAX test. The FMAX test insures the MC68000 is operat-
ing correctly for the following frequencies:

o 4.0 MHZ
o 5.8 MHZ
o 7.14 MHZ
o 7.7 MHZ
o 8.3 MHZ

The upper limit is the maximum that could be achieved by the 10 MHZ MD-501.

3.6 CHARACTERIZATION PROGRAM SUMMARY

The finalized characterization program used to evaluate the MC68000 con-
sisted of all the previously described tests except the LBET which is used
for preliminary verification on development products only. Each test block




was varied by frequency, and/or Vee variations as necessary to determine the
MC68000 operability limitations. The test compendiums is cepeated at -65°C,
25°C and +110°C case temp. A briet summary of the specified test variations
follows.

All DC tests were measured at worse vase supplies. All functional tests
were executed at two frequencies (2.0 - 2.88 MHZ) with Vce = 4.5v-5.5v. The
FMAX test was performed at Vec = 4.5v -5.5v. All AC performance measurements
were made with Vcc = 5.0v and an operatiang frequency of 2 MHZ. Shown in
Appendix B is a sample test run of the MCO8000 characterization program.
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4.0 DEVICE EVALUATION

4.1 The data base used in evaluating the MCoBOOO was quite extensive. It
involved three mask set iterations, devices with very noticeable process
changes in addition to samples trom one second source vendor (Hitachi).

The preliminary evaluation of the MCO8000 was pertormed using the RN
mask set XC68000 device. This mask set of devices was the first set released
by the vendor for user evaluation. [t was not a fully functional device and
therefore was shortly replaced with the Tok mask set.  The RIM mask sct was
not evaluated using the characterization program due to the functional anema-
lies that were present.

The following mask set devices were evaluated using the existing chavac-
terization program.

T6E (10 pcs)

CCl - 8 MHZ (10 pcs)(early)
CCl - 10 MHZ (5 pcs)

CCl - 8 MHZ (5 pes)(late)
T6E Hitachi (6 pcs)

© C o000

4.2 T6E DEVICE EVALUATION

The T6E mask set devices were tested prior to completion of the instruc-
tion decode test and AC/DC performance test. Therefore early analysis of the
device was performed using the Logic Block element test (LBET) software only.
Week codes for these devices were 8013 and 8019.

Shown 1in Table 4.0-4.5 are the functional failures for the T6E devices.
The 10 samples were tested with one device indicating no functionality at
+25°C.  This device was deleted from the rema1n1ng tests. Ihe remaining 9
pcs of the XC68000 (T6E) were all functional at 25°C and -55 C TCASE. Pro-
blems with 6 of the devices occurred between 90°C and 100°C (TCASE) most
notably with Vcec = 4.5 volts and FREQ = 1.0 MHZ. The nature of the failure
centered on small geometry devices that were either leaking or failing to keey
the internal bus precharged at slow frequencies and high temperature. When
the device is operated at a slow frequency 1.0 - 3.0 MHZ and at an elevated
temperature (<70°C) it is believed that the nodes were not maintaining
(bleeding-off) the precharged level. This resulted in the address being lost
pricr to being latched into the output buffer logic. This anomaly was seen
1n the Program Counter Test, Stack Pointer Test and (on some devices), the
Reset Test.

The software was modified to perform the functional tests at 2.0 MHZ and
2.88 MHZ in addition to the 1.0 MHZ test. The data in Table 4.0 - 4.5 indi-
cates that functionality improved with increasing frequency due to the fact
that the dynamic like nodes have less time to bleed-off prior to being latched
into the output buffer. This problem was to be corrected on later devices
and prompted an evaluation of the CCl (8 MHZ) MC68000 mask set. Motorola,
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however, changed the minimum operating (requency to 2.0 MHZ, and finally
3.0 MHZ in order to allow for the taster 8, and 10 MHZ drivers being developed

4.3 CCl (8 MHZ) DEVICE EVALUATION
4.3.1 Functional Testing

The tirst evaluation of the CCI mask set MC68000 was performed on 10
devices. The devices were week coded 8105.

The devices were initially screened across the mil-temp range of -55°¢C
to +1250C (TCASE). The functional performance of the devices at the +1250C
was degraded significantly from the +110°C (TCASE) performance. This resulted
in the loss of a majority of the functional dependent AC-DC performance data.
In evaluating the cause of the device failures it was discovered that at the
elevated case temperature of +1250C, the 8jc of the device (the temperature
diffegence between junction temperature and case temperature) was approximately
10-157C/watt. At the case temperature of 125°C, the gunction temperature of
a device dissipating 750 mw would be in excess of 135°C. At the date of
manufacture the vendor was varying his process in order to optimize his yield
and it is doubtful that the process would supgort functionality at this
elevated temperature. The data taken at +110 C (TCASE) indicated acceptable
device performance therefore functional testing was performed across a
temp-range of -55°C to +110°C (TCASE).

Shown in Table 5.0-5.2 is a summary of the functional test results
obtained during device testing. Due to the lengthy test time (approximately
25 min) required to test each device, the LBET portion of the functional test
was bypassed. One device was found non-functional at room-temperature test-
ing after delivery and was therefore deleted from the remaining temperature
test runs.

At the -55°C (TCASE) test functional failures were noted on devices #1,
#8. Device #8 exhibited high Vcc (5.5 volts) fails on select tests. The
failure mechanism was found to be the status register in that during the op-
code execution of CMP D5, D3, and Ext D3 (Byte) the EXTEND bit in the status
register was being set. Device #1 exhibited similar failures at different
Vcc levels. When tested at 25°C (TCASE) device #1 exhibited similar failures
to those that were noted at the -55°C temp. test. All other devices were
fully functional. The final temp. test was performed at +110°C (TCASE).
Functional failures were noted on devices #7, #9. Device #7 would not pro-
cess out of RESET vector @ (power-on RESET) for any functional tests. Device
#9 exhibited low Vcc (4.5 volt) fails on select tests. The failure mechanism
centered on the inability of AS and DS to function properly during processor
READ/WRITE operations. While this lot of devices showed significant improve-
ment in functionality over previous T6E devices, IBM pursued testing of more
mature CCL MASK product at 10 MHZ and a re-test of 8 MHZ devices to obtain
full functionality at the mil temperature extremes.
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4.3.2 DC Parametric Tests

The minimum and maximum dats values obtained across the tested tempera-
ture range are shown in Table 5.3. Tt was noted that one device exhibited a
slightly lower VOL (2.35 volts) than desired on the Enable output It was
later learned that the enable output would be redesigned. Power dissipation
was found to be I.l watts worse case (Vcc = 5.5 volts @ -55°C 1CASE). This
was within the vendors specification of 1.2 watts max. All remaining DC
parameters were within the vendors specification.

4.3.3 FMAX Testing

FMAX testing indicated all devices to be operating at an FMAX of approx-
imately 7.1 to 7.7 MHZ. The maximum frequency of operation occurs at the
-55°C TCASF. temperature. The 8 MHZ commercial temperature devices being
tested were adequate to meet 6 MHZ military temperature operations. There-
fore, the 6 MHZ commercial specifications for frequency and performance were
used as pass/fail criteria for the devices in a military temperature
environment.

4.3.4 AC Performance Testing

All devices were tested across the temp range of -55°C to +110°C TCASE.
Shown in Table 5.4 - 5.5 are the min-max summary for all measured delays.
All devices met the vendors 0°C - 70°C specification for a 6 MHZ device. It t
was noted during testing that the clock pulse width high delay (tcH) seemed
to track with the frequency of the device. Through experimentation and later
correlation it was found that the frequency of the device could be determined
(+ 0.5 MHZ) by the following equation.

FMAX = 1/{2(Tch) + trise + tfall]
Where: trise + tfall = 6ns

Using this method of determining FMAX it was found that worse case FMAX was:

FMAX = 1/[2(61)ns + 6ns]
1/128 us

7.8 MHZ

([Tt

This clearly indicated the 8 MHZ 0%c - ZOOC deviges could meet an FMAX of 6.0
MHZ across the temperature range of -55 to +110 C (TCASE).

4.3.5 MC68000L8 Test Summary

Overall the AC, DC and FMAX performance was found to be acceptable when
compared to a 6 MHZ device specification. However, functionally the devices
exhibited some unusual anomalies at the lower (-55C) test temp. It should
be noted that the devices which exhibited the cold-temperature failures were
the devices having the highest FMAX. This tends to point out a parameter of
the process (threshold, or ion implantation) that results in increased per-
formance but does not support functionality at the -55°C TCASE temperature.
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It may also indicate a race condition or design problem with the device that
precludes 1-2 MHZ testing on the faster devices, At the higher test temp.
(+lUUOC) the functional failures seem to be frequency related and supports
the position that the lower frequency limit of 2 MHZ must be changed to a
minimum of 3 MH/, based on data obtained.

4.4 MCOBUVULIY DEVICE TESTING

Device testing was performed on 5 pes of the MCEROOOLIN devicew. Wecw
codes for these devices were 8116 and 8119, These devices were lnuned 3nt by
the vendor for characterization purposes only and were off-the-shelf, G C -
70°C, 10 Mz devices.

4.4.1 Functional testing

Functional tests results for the five devices tested are shown in Table
6.0 - 6.7, OUne device (#2) indicated functional failures at —SSOC and +25°¢
TCASE temperature. All remaining devices were found to be functional.
Generally, the failures were found to be related to low Vecc (4.5 volts), low
frequency (2.0 MHZ). The failure mechanism was failure to process out of
Power-og reset and loss of address during RD/write operations. When tested
at +110°C TCASE device #2 and #5 indicated functional failures. Device #5
failures occurred at Vecc = 4.5 volts with Freq = 2.0 MHZ only. At the
frequency of 2.85 MHZ device #5 was functional. Device #2 exhibited across
the board failures at Vce = 4.5 volts. ’

4.4.2 DC Testing

DCOparametric testing was performed across the temperature range -55%¢
to +110°C TCASE. Shown in Table 6.3 is the summarized D.C. parametric data.
All devices tested within the vendors specification. It was noted that the
two devices (#2, #5) exhibited higher supply current values (Ice) than the
remaining 3 devices. This was especially evident on device #2 which exhibited
an Icc (171 MA) 5% - 10% higher than the other devices (<165 MA). 1t was
latgr shown that a screen of ICC <165 MA or a functional test at 3.0 MHZ at
110 °C would eliminate any potential functional fail devices.

4.4.3 FMAX Testing

All devices passed at the maximum tested FMAX of 8.33 MHZ across the
temperature range of -55°C to +110°C TCASE. Calculated FMAX (see sec. 4.3.&)
indicates all devices operating with FMAX = 9.2 MHZ worst case (Tc = +110 ).

4.4.4 AC Performance Testing

All 10 MHZ, O to 70%¢ commercial devices tested within the vendors” 8 MHZ
specification in full mil operation, Table 6.4 shows perforr ‘ce measurements
obtained during device testing.
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4.4.5 MC68000L10 Summary

The DC, AC and FMAX data obtained on the MC68000L10 devices indicates
that the devices performed extremely well across the Mil-temp range when com-
pared to the vendors 8 MHZ 0-70% specification. The functional failures on
device #5 would not have been noted if the minimum FMAX specification was 3
MHZ. The functional problems noted with device #2 are attributed to the
vendors process and can be detected with a 4.5 volt functional screen across
temp. The graph shown in Figure 4.0 (ICC vs TEMP) clearly illustrates that
the processing parameters of devices #2 and #5 are somewhat different from
the remainigg three devices. All five parts were hand~screened 8 MHZ devices
for 0 to 70 °C operations. It is quite obvious from the test data that the
vendors process had improved significantly during the time between early 8
MHZ and these 10 MHZ device evaluations and consequently the most recent 8
MHZ should show a much improved performance.

4.5 MC68000L8 (Later Vintage) Device Testing

Based upon the data taken on the MC68000L10 devices, 5 pcs of the most
recent vintage MC68000L8 were loaned by the vendor for evaluation.

4.5.1 Functional Testing

Functional testing of the most recent 8 MHZ devices indicates similar
results as were obtained during 10 MHZ device testing. Shown in Table 7.0 -
7.2 is a summary of the functional test results. One device (#3) was non-
functional at the -557C test temperature. The failure mode centered on loss
of address during process of RD/WRITE cycles and failure to process out of
reset vector P (Power-on Reset) at low Vcc (4.5v). All devices were
funcgional at +25°C. Devices #3 and ##1 exhibited functional failures at the
+1107C test temperature. Device #1 exhibited low Vcc/Low Freq (4.5 volts/2.0
MHZ) failures. These failures were not detected as the frequency increased
(2.85 MHZ). Device #3 continued to exhibit low Vcc (4.5 volts) failures.
The failure mode was similar to those noted at the -55°C tesc temperature.

4.5.2 D.C. Parametric Testing

All devices tested within the vendors 8 MHZ 0°-70°C specification. Shown
in Table 7.3 are the D.C. test results obtained for all devices tested. Worst
case supply current was measured to be 217.8 MA at Vcc = 5.5 volts @ -55°C
TCASE. This translates into 1.2 watts maximum power dissipation.

4.5.3 FMAX Testing

Maximum frequency of operation for all devices tested was measured to be
7.1 MHZ (MAX). Based upon clock pulse width high calculations, the slowest
device across the tested temperature was calculated to have an FMAX = 7.9 MHZ
woret case.
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4.5.4 AC Performance

All devices tested within the vendors 0°-70°C 6 MHZ specification.
Shown in Table 7,4 are the summarized results of the data obtained dur-~
ing device testing.

4.5.5 MC68000UL8 (Latest Vintage) Summary

It is obvious that the performance of this set of 8 MHZ devices has
improved significantly from the performance of the earlier 8 MHZ devices.
Shown graphically in Figures 5.0~5.1 are two trends that illustrate the
performance of the later vintage 8 MHZ devices. Tt is obvious that
at the time of manufacture the vendor was making process changes to optimize
yield and performance. This resulted in somewhat different NMOS trends in
the earlier devices (L8). The later vintage (L8X) device trends are nearly
those of the L10 devices as evidenced by the graphs of Figures 5.0-5.1. The
later vintage MC68000L8 improved functionality and performance as a direct
result of the vendors matured and stabilized process.

4.6 HD68000 DEVICE TESTING

Device Testing was performed on 6 pcs of Hitachi's HD68000. Hitachi is
manufacturing the device under a Mask Exchange Agreement with Motorola and
are manufacturing the device using the T6E mask set. Devices were marked as
HD68U0O with a 1D3 lot code identifier.

4.6.1 Functional Testing

Shown in Table 8.0.~ 8.2 ig the functional test summary for the HD68000
devices. Device testing at -55C (TCASE) indicated functional failures on 3
devices (#2, #5, #6). These failures were very similar to the failures noted
on late T6E/early CCl Mask Set device MC68000's with the faster devices
exhibiting high Vec (5.5 volt) fails at the -55°C test temp., The failure
mechanism was the loss of address and improper conditions on AS, DS during
processor gD/WRITE operations. Device #2 exhibited gross functional failures
at the +25°C test temperature. The failure mechanism was the loss of address
durigg processor RD/WRITE operations. All devices were functional at the
+110°C (TCASE) test temperature.

4.,6.2 D.C. Parametric Testing

All device parameters were within the vendors 00—70°C specification with
the exception of supply current (Icc). Shown in Table 8.3 1s the data summary
obtagned during device testing. Icc was measured to be 209 MA typically
(+25°C). This was approximately 25% higher than typical Icc measured on the
MC68000 deviges. This resulted in a 1.7 watt part worst case (Vcc = 5,5
Volts, @ -557C) and exceeded the vendors original specification of 1.2 watts
maximum,
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4,6.3 Maximum Frequency of Operation (FMAX) testing

All devices passed the maximum tested FMAX of 8.33 MHZ at the temperature
range of -55°C to +110°¢C (TCASE). Calculated using pulge width high, the FMAX
was found to be approximately 13.8 MHZ worst case (+110 C), however more samples
need to be tested to guarantee this method of calculation holds true with the
second vendor's process.

4,6.4 AC Testing

All device tested to within the vendors specification for a 6 MHz device
shown in Table 8,4 are the AC performance results obtained during testing,

4.6.5 HD68000 Test Summary

The HD680C00 device exhibited an unusually high FMAX (13.8 MHZ worst
case). This is directly related to the vendors process. This is further
illustrated by the supply current (Icc) data which resulted in an unusually
high power dissipation. Having noted these two process parameters the func-
tional performance was as expected. The fastest parts exhihiting the low
temp (-SSOC), High Vcc (5.5 volt) failures. However, it should be noted that
not all the devices exhibited failures at the low temperature and that in
general the devices have a higher than anticipated maximum frequency of
operation. It can be expected as the vendor homes in on the corners of his
process that the device failures noted during functional testing will go away
resulting in a much improved MIL-temp device. In addition, the second source
vendor's will be receiving next generation masks (vintage CCl) for processing.
This mask set allows more margining due to critical path enchancements.
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5.0 CONCLUSION

The evaluation of the MC68000 microprocessor was a complex and time con-
suming task. It involved the evaluation of many different mask set devices
and devices with varying performance characteristics. However, the data pre-
sented within this report clearly shows that the device from its infant stage
of development {R9M MASK SET) to the present day device has matured into one
of the most technologically advanced 16-bit microprocessors available. Its
performance across the MIL-temp range clearly indicates its applicability to
a military environment. The vendors commitment to develop and provide this
device for use within a Hi-Rel market combined with the general acceptance of
the device by the design community should serve to provide a valuable tool to
the electronic industry.

The existance of 5 potential sources through mask exchange with Motorola
will provide a highly competitive and reliable part to military users. Of
the five vendors, Motorola, Hitachi, Mostek and Rockwell have samples, while
Signetics plans availability in 1982.

Motorola also plans enhancements to the performance of the MC68000 up to
16 MHZ in 1982. By 1Q82, a 12 MIiZ device should be available, which by past
experience should yield a 10 MHZ mil-temp device.

The performance growth and large comperdium of peripheral circuits plan-
ned make this processor not only an excellent present design choice, but one
that will offer future growth in all military applications.
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2710, SR
Dy» Dy

SR, ()
DO’ (A7)




e .Y .

NOP

MOVE
MOVE
MOVE
MOVE
MOVE
MOVE
AND

MOVE
MOVE
MOVE
AND

MOVE
MOVE
MOVE
MOVE
MOVE
MOVE
ANDI
MOVE
MOVE
ANDI
MOVE
NOP

STOP

AND

AAAA, D
5555, D
FFFF, A
0000, D,
1300, A
FOFO, (A.)
Dy» D)

SR, (A,)
Dy, (Ay)
Dy, (Ay)
(Ag)s D,
SR, (A,)
D,, (A,)
5555, D
AAAA, A,
1300, A,
FOFO, (Ag)
0050, D,
SR, (A;)
Dy, (A,)
0050, (A,)
SR, (A,)

1
0

0




NOP
MOVE
MOVE
MOVE
MOVE
OR
MOVE
MOVE
MOVE
MOVE
OR
MOVE
MOVE
MOVE
MOVE
MOVE
ORI
MOVE
MOVE
ORI
MOVE
MOVE
ORI
MOVE
NOP
STOP

1300, A,
FOFO, (Ag)
AAAA, D
2700, SR
Dy» (Ag)
SR, (A;)
Dy, (A)
5500, D
0F00, D
Dy» Dy
SR, (A,)
D, (4
OFOF, D,
0505, D,
A0AD, (Ag)
0500, D,
SR, (A,)
Dy, (A,)
OF, D,

SR, (A,)
D, (A)
FO, (A)
SR, (A,)

0
1

OR

A-18




NOP

MOVE
MOVE
MOVE.
NOT

MOVE
MOVE
NOT

MOVE
NOP

MOVE
MOVE
MOVE
ASL

MOVE
MOVE
MOVE
ASL

MOVE
MOVE
ASR

MOVE
MOVE
MOVE
ASR

MOVE
MOVE
NOP

MOVE,
MOVE
MOVE,

FOFO, D,
1300, A
AAD, (A))
Do

SR, (A,)
Dy, (A7)
(ag)
SR, (4,)
0001, D,
0008, D,
8000, D,
7, b,
SR, (A,)
Dy, (A7)
0001, D
D,, 0
SR, (A)
Dyr (A)
D, 7
SR, (A7)
DZ’ (A7)
8000, DZ
D, D,
SR, (A,)
D, (A;)

0

0001, D2

8000, D,
0008, D

NOT




LSL

MOVE
MOVE
MOVE
LSL

MOVE
MOVE
LSR

MOVE
MOVE
MOVE
LSR

MOVE
MOVE
NOP

MOVE
MOVE
MOVE
MOVE
ROL

MOVE
MOVE
MOVE
MOVE
ROL

MOVE
MOVE
MOVE
ROR

MOVE
MOVE

7,0,
SR, (A,)
D,, (A)
0001, D
D D,
SR, (4,)
D,, (A;)
D, 7
SR, (A,)
Dy, (Ag)
8000, D,

2

D4» D
SR, (A7)

0001, D
8000, D,
0008, D,
2710, SR
7, D,
SR, (A7)
Dy, (A;)
2710, SR
0001, D,
D,, D,
SR, (A)
2700, SR
7, D,
SR, (A;)
D, ()

0

NOT (CONT)

MOVE
MOVE
ROR

MOVE
MOVE
MOVE
MOVE
ROXL
MOVE
MOVE
MOVE
MOVE
ROXL
MOVE
MOVE
MOVE
MOVE
ROXR
MOVE
MOVE
MOVE
MOVE
ROXR
MOVE
MOVE
NOP

STOP

A-20

2710, SR
8000, D
D,, D,
0000, D,

2710, SR

7, D,

SR, (A7)

0000, D,

2700, SR

Dy» Dy t
SR, (A;) !
Dys (A7) |
0000, D,

2710, SR

7, D,

SR, (A7)

Dl’ (A7)

0000, D,

2700, SR

D,, D

SR, (A) |
D]a (A7) E

1




NOP

MOVE
MOVE
MOVE
BTST
MOVE
BTST
MOVE
BTST
MOVE
NOP

MOVE
MOVE
MOVE
MOVE
BSET
MOVE
MOVE
BSET
MOVE
MOVE
BSET
MOVE
MOVE
MOVY,
MOVE
MOVE
BCLR
MOVE
MOVE
RCLR

0880, Dy,
2700, SR
0800, D,
Dy, 0007
Sk, (A;)
Dy, 000L
SR, (A,)
Dy» D
SR, (A,)

0007, D,
0000, D,
0006, D,
2700, SR
D,, D,
SR, (A7)
D,, (45)
Dy, D,

SR, (A7)
D,, (A7)
0001, D,
SR, (A5)
Do (AYJ
00F0, D,
0008, D1
0004, D
D,. D,
SR, (A;)
Dgr (A5)
D

2

20 DO

BTST

MOVE
MOVE
BCLR
MOVE
MOVE
MOVE
MOVE
MOVE
MOVE
BCHG
MOVE
MOVE
BCHG
MOVE
MOVE
BCHG
MOVE
MOVE
NGP
SToP

SR, (A,)
Do» (A5)
0002, D,
SR. (A4)
Dy, (A7)
0008, D,
0000, D,
0004, D,
2700, SR
Dy, Dy

SR, (A7)
D, (A,)
Dys Dy

SR, (4,)
Dy, (A7)
0002, D,
SR, (4,)

D,, (A7)




NOP

MOVE
MOVE
MOVE
MOVE
MOVE
MOVE
MOVE
MOVE
ABCD
MOVE
MOVE
MOVE
ABCD
MOVE
MOVE
MOVE
MOVE
MOVE
ABCD
MOVE
MOVE
MOVE
MCVE
MOVE
MOVE
MOVE
MOVE
MOVE
SRCD
MOVE

0000, D
0012, D
0022, D
2700, SR
1300, A,
0012, (A
1350, A
0012, (A
B,, D,

SR, (A,)
D, (A))
2710, SR
D,, D,

SR, (A,)
D,, (4,)
2700, SR
1302, A,
1352, A
(Ag), (A
SR, (A;)
0000, D,
0012, D
0022, D,
2700, SR
1300, A
0012, (A
1350, A,
0012, (A

Dy Dy

SR, (A7)

6)

BCD

MOVE
MOVE
SBCD
MOVE
MOVE
MOVE
MOVE
MOVE
SBCD
MOVE
MOVE
MOVE
MOVE
NBCD
MOVE
MOVE
MOVE
NBCD
MOVE
MOVE
NOP
STOP

Dl, (A7)
2710, SR
D}’ DZ

SRL AL
“Z’ (A7J
700, SR
t302, A6
1352, AS
(AS)' (Aé)
SR, A7
0000, D1
FFFF, SR
2700, SR
D)

SR, (A7)
27

2710, (A7)
D)

SR, (AT)

Dl, kA7)




100E

1050

1200

1250

1300

1350

NOP
MOVE
MOVE

MOVE
CMP
BRAcc
NOP
MOVE
CMP
DBcc
NOP
MOVE
MOVE
SETcc
MOVE
BRA
NOP
BSR
NOP
BSR
NOP
MOVE
RTS
NOP
MOVE
RTR
NOP
STOP

PGCNT

000F, D,

00F0, D,

000F, D
Dl’ D0
#, 1050

2

000F, D

Dl’ D0

=, 1200

1

D,, (4,)
0000, D
#, D,
1250

1

1300
1350

1450, A




NOP

MOVE
MOVE
MOVE
MOVE
MOVE
ADDA
MOVE
MOVE
MOVE
ADDA
MOVE
MOVE
MOVE
MOVE
MOVE
MOVE
CMPA
MOVE
MOVE
CMP

MOVE
MOVE
MOVE
MOVE
MOVE
MOVE
SUBA
MOVE
MOVE
SUBA

00000000, A
000000F0, A
1300, A
0000000F, (A
2700, SR
Ay A

SR, (A,)
AL, (A)
00000A0A, A
(Ag), A
SR, (A,)
AL, ()
00000000, A
00000FF0, A
00000FF0, A
2700, SR
AL A,

SR, (A;)
A2, (A)
Ay A,

SR, (A,)
A, (8
00000A0A, A
00000400, A
1300, A,
00000004, (4,
Ays Ay

SR, (A,)

AL ()

(Ag), A,

1
2

6)

1

1
2
3

1
2

ADDA

A-24

MOVE
MOVE
NOp

STOoP

.
R, (4;)
A (A7)




NOP
MOVE

00000A0A, A
2700, SR
USP AT
SR, (A,)
00600000, A
USP AE
SR, (A,)
Ay, (A)
2700, SR
SR, (A9)
2701, SR
SR, (A;)
2702, (A,)
SR, (A;)
2704, SR
SR, (A,)
2708, SR
SR, (A,)
270A, SR
SR, (A,)
0000, CCR
SR, (&)
0001, CCR
SR, (A,)
0002, CCR
SR, (A,)
0004, CCR
SR, (A;)
0008, CCR
SR, (A;)

1

1

SYSTEM CONTROL

MOVE 0010, CCR
SR, (A;)

NOP

NOP

NOP

MOVE SR, (A,)

STOP




NOP
MOVE
MOVE
MOVE
MOVE
CHK
NOP
NOP
MOVE
NOP
CHK
NOP
STCP

NOP
MOVE
MOVE
MOVE
DIV
MOVE
MOVE
MOVE
D1v
NOP
STOP

1000, D
0500, D,
2000, D,
2700, SR

Dl’ D3

3

2700, SR

AAAA, D,
0002, D,
2700, SR
Dy» Dy
AAAA, D,
FFFFFFFE, D
2700, SR

D., D

0’

1

CHK

DIVS

0




NOP

MOVE
MOVE
MOVE
MOVE
TAS

MOVE
MOVE
MOVE
TAS

MOVE
MOVE
MOVE
MOVE
TAS

MOVE
MOVE
MOVE
MOVE
MOVE
TST

MOVE
MOVE
T5T

MOVE,
NOP

STOP

1300, A,
0000, D,
00F0, D,
2700, SR
Do

SR, (A4)
Dos (A7)
2700, (A7)
D,

SR, (A7)
AAAA, (A6)
2700, SR
(A6)

SR, (A7)
(A6), (A7)
0000, D,
F000, D,
2700, SR
Dy

SR, (A7)
2700, SR
b,

SR, (A4)

TAS




APPENDIX B




e o —— "’1

i DEVICE w~umoE<t 1 AT 25 DEG, CENY,

evwswy MCABACA OC PARAMETRILS everr

1t ICC YEST { FREQ & 6Mr2 ) VCC ® 5,% YOLTC~AN & ® 161,79 LY
21 VOL 3 A23=1,FCO (U,5v & 3,2#Alt CHan % » [ jRYSPHy v
[0 F L s L1R v
Crav (¢ 8 18782 v
CHAN 1} B _187%C% v
Crat 12 & 194221 v
CraN 13 = L1835 v
Crare 14 8 1965 v
CHANY 15 =& L1906 v
CHAN 16 = 2029501 v
CHAN 17 = _202501 v
Cran 18 = ,2115@1 v
CHAN 1 = 2102321 v
CHAN 29 = 2148 v
CHAN 21 » 222801 v
CHAN 22 & ,223%91 v
CHAN 23 & ,229 v
CHAN 24 ® 224521 ¥
CHAN 23 & 233501 v
Cran 26 » 2343 v
Cran 27 = 239 v
CHaAN 28 = 238 v
CHAN 29 = _242%0% v
CHAN 38 & 23758 v {
CHAN 3! & 2378 v
31 VoL ? FCL (A,5V & I, 2MA)1? CHAN 7 ®» ,168%01 v
4% VOL 1 AS,08,R=w (O,85v & 3,3Ma)1 CHAN 82 » ,28552% v
CHaN 61 = ,283301¢ v
CHAN 62 = L2138 y
CHAN 83 w 2700801 v
53 VvOL 3 DATAQ ) (@,5v 0 3.3 Ma ) CHAN 2 = 237504 v
8t VOL t OATAY § (P,5v & 5,3 MA 12 CHen 2 & 267 v
Tt vOL s DATAZ 1 (A,8v @ 35,3 »a )2 CHaNn 2 = 2835214 v
8: VOL 1 DATAY 1t (2,3v 0 85,3 MA )y CHAN 2 » 2713 v
91 vOL ¢t DATAG 1 (@,5v @ 5,3 Ma ) Cran 2 & 2728 v
101 VOL 1 DATAS 1t (@.%v ¢ 85,2 Ya ) CTraNn 2 » 2768 v
1190 vOL & DATAS t (2,%v 0 9,3 »a 31 CHAN 2 = 2789 v
123 VAL t DATAT ¢ (2,9v ¢ 5,3 %& 1t Cran 2 & 282001 v
136 YnL 1 JATAA & (£ 85v 8 3,3 va )3 CHan 2 = L2084 v
141 VOL ¢ OATA9 1 (0,3v & 3,3 Ma )y CHAN 2 = 287801 v

158 vOL 9 DaTatg o (0,3v ¢ 5.3 M4 11 Cuan 2 & ,g879% v




b
168 vOL & DATALL 1 (@,5V # 3,3 ha )t Cran 2 = 2020801 v
178 valL 3 DATA12 t (@,5v & 3,3 MA )@ CmaN 2 = 2885 v
181 vOL ¢ DATALY ¢ (A,3v @ 5,3 mA )12 CHAN 2 B ,2Rp50P) v
19t vOL t DAYa14 3 (2,5v @ 5,3 Ma )1 CHAN 2 = ,268501 v
202 VOL 1 DATALS 1 (@.5v @ S,3 Ma )1t CHaN 2 = ,3A7001 v
211 vOL 8 BG (A.5v & 3,2MA): CmAN 57 ® 154001 v
221 voL ¢ E (2,5v 8 3,2mMA) CrnaN 53 8 76W@31E-a1 v
233 yOL ¢t VMA (2,3v 0 5,3 MA)! CHAN 52 3 ,146 v
241 VOL ¢ FC2 (0,.5v @& 3,2MA)2 CraN 8 » 160501 v
25: vOL t RESET (2.5v @ 5Ma)! Crak 2 & ,21100% v
261 VOL t HALT (0,5v @ 1,6MA)S CHAN 54 = ,203 v
278 VOM 1 ADR,FC24%2,8G (2,4v & 4Q0uUA)! CHAN 6 = 3,3590% v

ChaAN 8 = 3,34501 v
CHaN 9 & 3,36324 v
CHAN 1B = 3,35001 v
CHAN 13 = 3,365¢1 v
CHAN 12 ®» 3,35321 v
CHAN 13 = 3, 38001 v
CHAN 14 3 3 3650 v
CHAN 15 = 3 .30p0n1 v
CHAN 16 = 3,38%501 v !
CHAN 17 = 3,390p) v
CHAN 18 = 3,3gn01 v
CHAN 19 & 3,.39521 v
CHAN 20 » 3, 420014 v
CHAN 21 = 3 42501 v
CHAN 22 & 3 41070} vy
CHAN 23 = 3,42501 v
CHAN 24 ® 3,420n% v
CHAN 25 & 3 4¢501 v
CHAN 26 = 3,375a% v
CHAN 27 = 3,385¢1 v
CHAN 28 = 3,4¢001 v
CHAN 29 » 33,4409 v
CHAN 30 = 3_43521 v
CHAY 31 & 3,4530% v
CHAN 37 = 3,38501 v
2801 VOH 1 DATAQ 1 (2,4V 6 4PQ Ua )8 CHAN 2 = 3,33001 v
291 VOM 1 DATAL I (2,4V & 4230 U4 )1 CHAN 2 ».3,33021 v .
301 vOY 3 DATA2 1 (2,4v » 420 UM )t CHAN 2 = 3,325 v
Jit vO= t DATAI 1 (2,4v 6 493 LA 1 Cuav 2 8 3 N3eny v
323 VOR 3 DATA4 1 (2,4V P 424 uA )¢ CHAN 2 & 3,32301 v
338 VOH 1 DATAS 1 (2,4V # 400 UA ) CHAN 2 @ 3,32%01 v

N
340 VOK 9 DATAS 1 (2,4V 0 440 UA ) CHAN 2 & 3,.335a% v




338 VON 1 DATAT 3 2,4V ¢ 4¢d uA It CHAN 2 5 3,34%21 v
381 VOH © DATAS t (2,4V & 40D UA )Y CeAN 2 8 3,35%n% ¥
37t VOH 8 DATAS 3 2.4V @ 497 yUa )¢ CHAN 2 = 3,.36041 ¥
38 VOW t QATALA 3 (2,4v 8 430 YA i Cran 2 & 3,37%2% v
39: vDM 3 DATA}Y 3 (2.4vV # 42D UA I3 Cray 2 & 3,3253% v
420 vOM 1 DATA12 & (2,4v & 42@ YA )3 CHAN 2 & 33,4420t v
438 VOM 3 DATAID 8 (2,4V 8 4DBD LA ) CHAN 2 & 3,37521% v
420 vOx ! DaTal4 1 (2.4y 0 422 UA )1 ChaN 2 v 3,39301 v
431 yOH ! DATALS 2 (2.4V ® 428 UA )1 CrAt 2 3 3,36%0) [
443 vOW f AS,uDS,LDS, %R, FC1(R,4V & 4BQUAYITHAN 7 = 3,35%8% v ;
CHAN 64 8 3 372214 ¥ :
CHAN 61 s 3,36%2) v
CHAN 62 = 3,393 v
CHAN 63 & 3,3852% ]
A3% VOH 1 E,VMA (2,4v 0 43aU4R): CHAN 52 & ,290021E~01 Vv FAlL
CHAN 53 » 3,353Q¢ v
461 IIN 1 ALL INPUTS (1,8UA @ 2,4 VOLTS)? THAN 4 = (LE=p2 Uk
CHAN 5 8 =, 250221E=R2 UA
CHAN 32 & ,2D2PRIE-B2 UA
CMAN 33 8 =, 13E=D2 U
CHAN 34 & ,200221E-02 LA
CHAN 35 & = 25222(E-02 UA
CHAN 36 & =~ 530201E~P3 UA
CHAN 37 & ,35221E-232 UA
CHAN 38 w =, 252080 1E=02 UA
CNAN 39 = ,308221E~92 UA
CHAN 42 ®» ,3f=~42 UA
CHaN 41 8 ~ 3590 1E=02 UA
CHAN 42 »  202001E=~22 U
CHAN 43 » ~,320001E=-02 UA
CHAN 44 & ~,%00R31E=23 LA
CHAN 45 = ,2000Q1E~R2 UA
CHAN 46 o » 3J50221E=02 Ui
CHAN 47 » [2%0PP1E«D2 UA
. Cran a8 8 o, 25¢401EadR LA
‘ CHAN 49 ®= ,13Ee22 uk
CHAN 352 & = 3¢2021E«A2 UA
CraN 51 & _18c=22 UA
LHAN 54 n ,500021E-0) UA
CHAN 55 n «, 350201E=02 UA
CMAN 86 & 2p9PP1Ee02 UA
CHAN 38 » = 33029)E~02 UA
CHAN 59 » ,2000D3E=22 ua
470 TIL P OALL INPUTS (1.,PUA & B.4 VOLTS)S CHAN & v 5000215083 uA
CraN 3 & 2, 230201E=02 UA
CHAN 32 9 ,29¢021E-R2 Uk
CHAY 33 & = 33A0@18-22 UA
CHAN 34 & ,200Q018~¢2 U
CHAN 33 & ,528001E=«03 UA
CHAN 38 ¢ =, 45021832 VA
CHAN 37 & 3P3PA1FeP2 ud




PR SR AL R
1L N ke N
v, B
: R R T AL
R T B
N 3 -, ELny Y
Thin o du o gl a
Sea o4 % va
- [ LA
fepe WY 2 [y
~Lt, e Y
LmaAK Ay e L
Cmay 2 8 UA
Cosr omY s La
Teate Dot o8
TeaAN NS o La
Cran 23 3 EY
Cman 38 2 04
C~an 29 = ua
481 10WZ 1 ALL OUTPUTS (7 LA 6 2,4V0LTS): Cran 6 & =, A
CraAN 7 3 =, ua
Cwan ¥ * -,0 Uk
[T B A LA
TRV S\ B ua
C~aN ) 3 =% us
CRraAN 12 3 =, 3 ua
Crov 13 2 e, QR 1ELA3 U2 ]
Crar 1d a3 =, o0l ue '
CRAN S 3 =, 050=02 ua
CHAaN (5 & =, 105822 UA
Cwan 17 & =, 920701E=0) L&
Caany 18 ® o, 500122 s
CHaN 18 8 = 1322 Fen2 L2
Cran 22 B« 1Q5E-02 A
TeAn 20« .':.“5.-,‘? LA
Cran 22 8 »,9002P1E=23 UA
Cman ¢) 2 = 1300 E«N2 4
Cran 24 % =, Q5020 E=-03 UR
Crav 2% 3 «, 9300 1E=-03 UA
CHAN 26 ® =, 1 1F=P2 ué
LrAN 27 % = 947 RE-R3 LA
Cran 28 « =, 32000 F=23 A
Cray 29 8 =, 1 ua0tFed ua
CHAN 3 B e 9ueariFed) us
CraN 31 @ 1earniE-R2 Ul
Cran 22 = PAANE ~R2 A
Cran 33 8 =, 0202 tFa2d 4
(man g #® m Qroaria0Y LR .
Cran 3% 8 ~, Q822216043 .4
fHAN MR B W, PR e LA
CHAN 17 8 <, 3000 i ad) A
Cran 'R e tE AR R
CHan 39 v KRR P )
(=AY AN n -y 1)
AT S RANE R ) 0
(v G0 ® @, WW32P 103 oA
FRAL AV B e SO P el A
CHAN 4a ® w, 1¢R¢Q03F=12 US
Comtn 4% 5 o, 1DASTaR2 A
TR AN 4K & « Q2200 1Fm0Y A
Trhayn 47 ARSI PANVY )
Cwan 57 8 .t fer) A
R-4
|
.
{
: ) © o= [
'
et - lovtzeiie-ogh ~vor-rguputael e —————




R733CL¥ H TO ADDR, INVA_ID® (VOnw & vOL)=2,5vi

2741CLX HIGm TO AS,09 7,9, (vOm = 2,5v)¢

2738CLX HIGH TO0 Rew T,3, ( vOM=2,5v) 1

2783CLK =IsH TO NATA T,8,8TCHAZX (1A2NS MAX) L

Chan
Cran
LY B
Cran
CHaN
Cray
CHaN
Cran
Cmar
C~an
Cwan,
Crt.
Lrmasy
e
ey )
Crav
Cmin
Cran
Tman
Cran
Cran

CrAN
Cran
Cran
CrAaN
Cnan
CraN
Crmay
CHan
Cran
Cran
CHaN
Crax
CrAN
CrAN
CraN
CHAN
CHAN
CrAN
CrHAN
CHAN
CrAN
CraN
Cran

CraN
CHAN
manN

CranN

CHAN
CHAN
CraN
CHan
CHAN
CHaAN
CHaAN
CHAN
CHAN
CrHan
CrAN
=AY
Tran
Cwan

Cman

Cran

1
12
11
14
15
15
17
19
13
2
2
)
3
24
25
25
27
29
29
3
31

62

32
33
34
3
38
37
38
39
(L
41
a2
43
44
.
40

a7

1]

22

58
52
51
48
a0
47
33
L
L]
44
49

LT
St
6

«
S




49

LR

St

1oLz ¢ aLL OUTPUTS

INPUT LOw TEST (ALL INPUTS)

INPUT WIGH TEST (aLL INPUTS)

(7 Ua ¢ 0.4

1

Cran
CrmaN
Cran
Coan

vOLTS) iT~an
Crman
Sman
CHAN
CranN
CHAN
CraN
CrHAN
CHan
CrHAN
CraN
Cran
CraN
CHan
CHaN
CraN
Crean
Crah
CHAN
CHAN
CHAN
CHAN
CHAN
CHAN
CHAN
CHAN
CHAN
Cran
CHAN
CHaN
CHAN
CHAN
CHAN
CHAN
CHAN
CHAN
CraN
CHAN
CHan
CraN
CHaw
CHaAN
LmAN
Cran
CHaAN
CHAN
LHAN

ev(eC »

SYCC o 4.5

4,3

&A
-}

~3

PORFARVEN §

41
12
13
14
13
16
1?7
18
9
29
21
22
23
24
235
2€
27
28
29
32
31
2
33
la
3%
36
37
38
39
4@
41
a2
43
a4

ah

<7
%
Rt
A2
»La

R A% 8 W e NI AN AN RN NP BN NN NS 8RS N ND U D N MK EN K HHE N U NN R

~ 18267 1E=22
- 1785022
=, 1a0¢A

-l

- 127 BN
- GENPIES2D
~ A0 Ee2d
. AR .2E
. BIVALESND
- llARP -2
~ QA2 -
= 652221823
-, 1 GatE=-"2
~ i 8Ewr2
“ 1CRARPIEeR2
-, 120r A2
., 1222P1ELR2
-y 125E=22
-, 102 Een?
“ AP0 D 6.3
. GNP LERPD
18P M 1EwA2
- lBDRLIE=D
- COPCRLE-¢]
=~ 105c=22
w,9520Q1€-43
-, 85220 1E=23
=, 125e =22
. 1 ANBLED2
-, 122221622
BRI LERD
- VAN PLE=DE
-, 12PAP 1 Emn2
- G2ALALEa]
= 9522U1E~23
w APAARLEw2
J105E=22
= FRACPLE-PD
~,10MNB1E=22
-,852¢21E=03
=, GIRPRLIFQ]Y
-, 11E=02
- 170RP 1632
= 9520l edd
L FEPPPIESND
e, 10RO e
LR LE Yo
- llA P IELNQ
~,52ra01E-03
PR TS RN
IR URLE-2

Iiv Max = { Vv

ir:

[
PBrP L BT P>

[y
B

“In ® §,55204 v




813 5,58 PASS
weve INTEGER ARITHMEYIC INSTRUCTIUNS eeee

82t ADD,ADDO INSTRUCTICN TEST 4.5 PASS
831 -] PaSS
84y 5.5 Pass
851 ADOX INST, TESTY 4.5 PASS
861 5 PASS
873 5.8 PASS
88: CLR INST, TEST 4,5 PASS
89 3 eSS
921 5,8 Pass
Q1% CMP,CMPI,CHPM INST, TEST 4.5 PASS
921 L] PASS
831 5.3 PASS
9414 OIV,0IvS INST, TEST 4,5 PASS
951 5 PASS
961 5.9 PASS
971 EXT INST, TEST 4.5 PASS
981 s PASS
L2 5,5 PASS
1931 MUL! AND MULS INST. TEST 4,3 PASS
1012 3 PASS
1e21 5,5 PASS
1831 NEG,NEGY INST, TEST 4,5 PASS
1Q41 3 PASS
1051 8,5 PASS
1261 Sub,S5UBI,S8uBG,SLBX XNST; TEST4,S PASS
1973 3 PASS
1381 5,5 PASS
1291

1298 TAS,TST INST, TESY 4,3 PASS
11018 ] PASS
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1113

112t
1132
1143
1152
1163
1171
1103
1191
1201

1213
1221
123

sove
1242

129t
1261

127
1208
129
1309
13812
1322
1331
1348
1361
136:
1371
1389
1301

[T
n

LN

SNIFY,ROTATE,AND LOGICAL INSTRUCTIUNS weee

AND,ANOT INST, TEST 4,5
5
8,5

OR,0RI,EQR INST, TEST 4,9
3
8.5

NOT, SHIFT 8 ROTATE INST, TES4,S
)
5.5

BIT MANIPULATION INSTRUCTIONS eewe
BIT(YST,SET,CLR,CHG) INST, TE4,S

3
5.8

BC0 INSTRUCTIONS
B8LO (ADD,SUB,NEG) INST, TEST 4,8

S
3,8

PROGRAM AND SYSTEM, CONTROL INSTRUCTIONS eeve

BRANCH, JMP AND RET INST, TES4,5
-]
5,8

ADDA, SUBA, CMPA INST, TEST 4,8

MUSP, MSR, MCCR INST, TEST 4,5

5,58
TRAP, TRAPV INST, TEST 4,5

3

5.5

nCE8B0e INSTRUCTION DECODE VERIFICATION & 2,83MMY

BATA MOVE INSTRUCTIONS se9s
EXQ INST, TEST 4,9

PaAsS

Pags
Pacs
Pass
Pass
PASS
PASS
PASS3
PASS

PASS

PASS
PASS

PASS

PASS
PASS
PASS

PASS
PASS
PASY
PASS
PASS
PASS
PASS
PASS
PASS
Pasgs
PASS

PASS

PassS

B-8

TAGIGERIE, - = P daens A, ;.




14p2

1411
1423
1431
1443
1452
1461
1471
1483
1493
1502
181¢
1522
1533
1541
1551
1583
1373
1581¢
1303
16013
161
1623
1638
16418
1681
1601
1671
16813

reve
1691

tres

LEA INST, TESTY

PEA INST, TESY

LINK,UNLINK INST, TEST

MOVE INST, TESY

MOVEM INST, TEST

MOVEP INST, TEST

MOVEA INST, TEST

MOVEQ INST, TEST

SWAP INST, YEAY

INTEGER ARITHMETIC INSTRUCTIONS eeee

ADD, ADOQ INSTRUCTION TEST

E] Pass
5.4 PaSS
4,8 PASS
5 Pass
5.3 PASS
4.5 PASS
5 PASS
5.5 PASS
4.5 PASS
L) Pass
5.8 PASS
4,8 PASS
5 PASS
8,5 PASS
4,5 Pa8s
- PASS
5,8 PASS
4,3 PASS
5 PASS
5.3 PASS
4,3 PASS
5 PASS
3.3 PASS
4.5 PASS
- PASS
5.8 PASS
4,9 PASS
] PASS
5.8 PASS
4,8 PASS
8 Pass

B-9




1711 5.5 Pass

1721 ADDX INST, TEST 4.5 Lags

173: -] Pass

1742 5,% PASy

1751 CLR INST, TEST 4.5 PASS

178: 5 EES

1771 5.5 Pass

1783 CMP,CMPY,CMP™ INST, TEST 4,5 Pass

179t 5 PASS

18@: 5.5 PASS

$81¢ OIV,DIVS INST. TEST 4,5 PASS

182t s PASS

1831 5,5 PASS

1841 EXT INST, TEST 4,5 PASS

1851 5 PASS

1861 5,% PASS ]

1873 MULU AND MULS INST, TEST 4.5 PASS

1888 5 PASS

1893 5,5 PASS

190t NEG,NEGX INST, TEST 6.5 PASS .

1918 5 PaSS

1922 5,5 PASS

1938 SuB,SUBI,SuUBG,SUBX INST, TESTA.S PASS

1941 5 PASS

1951 5,5 PASS

1961

1961 TAS,TST INST, TEST 4,9 PASS

1971 ] * PASS

1981 5.9 Pas%s

®oes SHIST ROTATE,AnD LOGICAL INSTRUCTIONS even

1991 AND,ANOI INST, TESY 4" BASS

F{ L1 S PaSS
i
|

B-10 !
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2011 5,8 PASS

2021 OR,0RI,EUR INST, TEST 4.5 PASS

2031 5 pASS

241 5,5 PASS

208t NOT, SHIFY 8 ROTATE INST, TES4,S PASS

208: 5 PASS

2071 5.5 PASS

evas BIT MANTPULATION INSTRUCTINNS wwee

2281 BIT(TST,8ET,CLR,CMG) INST, TE4,S PASS

2001 5 Pasy :
21e: 5,5 PASS |
wewe BCO INSTRUCTIONS

2111 BCO (ADD,SUB,NEG) INST, YEST 4.5 PASS t
2121 ) PSS !
2131 8,5 PASS

aeee PROGRAM AND SYSTEM, CONTROL INSTHUCTIONS eewe

2347 BRANCH, JMP AND RET INST, TES4,S PASS

215 5 PASS

2161 5,5 PASS

2171 ADDA, SUBA, CMPA INST, TEST 4,3 PasS

2188 L Pass

2191 5.5 PASS

220t mysSp, MSW, MCCR INST, TEST 4.3 PASS

221 L} PASS

2 [} PASS 1
2231 TRAP, TRAPV INSY, TESY 4.5 PASS

2241 s bass

223 5.3 PASS




(22 2]

226
227:
228:
2293
238
231
2
FARE]
FRLR]
2331
2381
I
238612
2391
24as

FMAX  TESY

FMAX TEST #

FMAX TEST o

FMAX TEST o

FMAX TEST ¢

FMAX TEST o

(2% ]

AMNT

5,88MH2

7.14M12

7,7MRT

8,3IMHZ

DEVICE NUMHERS

»
-
w»

AT

Pasy
PASS
PASS
PASS
PASS
PASS
PASS
PASS
PASS
PASS
PASS
PASS
PASS
PaSS

PASS

2%

NEG. CENT,

x&




e

DEVICE NUMHERY 3 AT

vesse MCOBRIP AC PERFURIMANCF TESTS swews

ALL

24t
2422
243
¢4t
248t
2461
2472
2482
2493
292
FEEE]

2921

2838

234t

2351t
236!
287

25381

2591
20m

2611

SPECIFICATIONS REFLELY A 6 mn? DEVICE

QIN TO Cex LOW (TBET)1 TRICL (254§ MIN)!®
DIN 70 CLK LOw {TROLO}S THOICL 3

DTACK YO CLK LOW (TSETI TSOTCL (2ONS mIN)}
B8R TO CLA LOW (TSET)I: TS8ACL t

BR TO CLK LOW (THOLD)S THBRCL @

BGACK TQ CLK (Ow (TSET)3 T88GCL 13

BGALK TO LUK LOW

VPA TO TLK LOw (TSET)T TSVPACL

VRA TO CLK LOW (THULC) S THvPACL 1

BERR TO CLx LOW (TSET)? TSBERCL @

SERR TO Cux LOW (THOLD)3 THBERCL 1

CLX wIBTN LOW & TCL (73N8 MIN)?

CLK wWIOTH NIGH 3 TCH (75NS MIN)3

CLX mIGH TO FC VALID 3 TCLAV (8ONS MaXx)d

CLK MIGN TO AN LOW (MINIE TCHSLX (20NS MIN)
CLX MIGH TO A8 LOW C(HAX)T TCHSLN (70NS MAX)
CLK HIGK TG DY LOW (MIN) 3 TCHSLX (20NS MIN)

25 DES, CENY,

T
Cran
CmaN
Cran
CHAN
CHAN
CraN
CrHAN
CrAN
CHAN
CHAN
Cran
Cran
Cran
CHaN
CHAN
CHAN
CHAN
Cran

CraN
Chan

CHAN
t CnaN

CHEN
CHAN

CLR WIGH TQ D08 LOW (MaXx)}t TCHSLN (7Dn3 MAX)Y CHAN

CLX LOR TQ A8 wIGW3 TCLSM (BONS MAX)$
CLK LOw TD 08 WMIGHT TCLSM (8BNS maX)s

CLX M YO Rew M (MAX)I TJUMRNR (BEBNS Max)L

s oy v o
Tee ol s v
. ;‘} " E -

Cnan
CHaN

CHaN
Cnan

CraN

B-13

62
62

37
87
57
57

32
62
62
d2
33
34
38
32
3
34
38

L)

6d
83

(1]
(1}

L] ]
&1

63

se
[}]

62

N N SN

-3
3

22

LY ]
NS
NS
NS
LH]
NS
NS
NS
NS
N8
L1]
L1

NS
NS
NS
NS
NS
NS

NS
NS

NS
NS

NS
NS

L1 )
NS

NS

NS
ND

NS

-~

'J‘.i:r\ »od

AT




2622 CLX M TO Rew M (MIN)E TCHRRX (20ONS MIN) 2
2638 CLA MIGH TO Rew (OW3 TCHRL (&6ANS Max):
2641 CLK LOW TN DOUT VALID: TCLDO (BANS Mav}:

2658 CLX L TO ADDR, VALID: TCLAV (BZNS Max)s

2661 CLX NIGh TO 8G LOW t TCHGL (BONS HAX)1
2671 CLK MIG™ TO BG HIGH 1 TCHGH (8ENS Max)t
2681 CLK LD TO vMA LOM § TCLVML (8PNS MAX)1
2698 CLX RIGN TO VMA HIGW 13 +CHVHN H

27t CLK LOW TO E LOw 3 TCLEL ¢

2781 CLK LOW TO E WIGH 1 TCLEW ¢

2723CLK W TO ADNR,=FC T,N, (VOW R VvOL)=P,8V1

Cran

Crar,

CHan
Cran
Cran
Cran
Cmary
Cran,
AN
Cmian
Cran
Cran
CHAN
CHan
CHAN
CHan
Chan
CHan

CHAN
Chan
ChaN
CrAN
CHAN
CHAN
CHAN
CHAN
ChAN
CHAN
CHAN
CHAN
CHaN
ChAN
CHAN
CHAN
ChaN
ChAN
CHAN
CHaAN
CHAN
Cran
CHaAN

CHaN
CHAN
CHAN
CHAN
CraN

Cman

CraN
Cran
CraN
CraN
Cran

€2
52

32
32
asd
35
36
37
a8
3%
cn
4
%2
43
a4
ab

a7

9
19
1t

13
14

16
17
18
19
2e
21

23
24
28
26
27
28
29
3n
31

57
57
32
92
83

-0 N

'S

(TR I I SR I T B SR ST

41
28
a7
g9
47
49
L1
46
29
49
53
3b
448
32

a6
46
45
a9
4y
52
45
435

2v
29
22
23
23
57
EL
58

(1]
63

LA

NS

NS
NS
g
L3
NS
NS
NS

NE
NS
NS

NS
NS

NS

L
NS
NS
NS

NS
NE
NS

L
NS
NS
NS

Ng
NS

NS
NS
NS
NS
~8
NS

NS




APPENDIX C




THE FOLLOWING GRAPHS ARE SELECT PARAMETERS OBTAINED
FROM THE MOST RECENT MC68000L8. MC68000L10 AND

HITACHI HD68000 DEVICES, THE DATA IS REPRESENTATIVE
OF THE WORSE CASE DATA OBTAINED ACROSS THE TEMPERATURE
RANGE OF -55°C TO +110°C Tcase,
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MISSION
of
Rome Awr Development Center

RADC plans and executes reseanch, development, test and
delected acquisition progrnams in suppornt of Command, Contnol
Communications and Intelligence (C31) activities. Technical
and engineening suppont within areas of technical competence
48 provided to ESP Prognam Offices (POs) and othen ESD
elements. The principal technical mission areas are ,
communications, electromagnetic guidance and control, sur- S
veillance of ground and aerospace obfects, Antelligence data ¢
collection and handling, information system technology,
donospheric propagation, solid state sciences, microwave
physics and electronic neliability, maintainability and
compatibility.
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