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SEMI GUIDELINE

EQUIPMENT RELIABILITY (PROPOSED)

1. Scope

1.1 This guideline is intended to establish a basis for
communications between users and vendors of semi-
conductor equipment. The terms uptime and down-
time are everyday expressions, but do not have weli-
defined meanings. This guideline defines time
categories and gives formulas for calculating percent
uptime, based on these categories.

1.2 Two approaches for determining percent uptime
are presented: the first, Equipment-Dependent Up-
time, measures equipment performance strictly on
equipment capability; the second, Comprehensive
Uptime, measures human interfacing with the equip-
ment as well as the performance of the equipment.

[.3 Effective use of this guideline requires weekly
scheduling of productive time, scheduled downtime,
and logistic time. The status of the maching can be
categorized by logging all machine events which
allow the users and vendors to isolate and resolve
equipment problems,

1.4 The ultimate purpose of this document is to
create an atmosphere of cooperation between users
and vendors of semiconductor equipment. As a result,
the user goal of effective equipment utilization and
the vendor goal of good equipment performance can
be simultaneously achieved.

2. Definitions

2.1 Equipment Reliability is the capability of the
equipment with the human interfacing of the equip-
ment to maintain a pre-determined level of uptime
while incurring a minimum level of downtime, Two
equipment performance measures are defined as fol-
lows:

2.1.1 Equipment-Dependent Uptime is an equipment
{igure of merit which measures equipment perfor-
mance by extracting human delays from the perfor-
mance of that equipment.

2.1.2 Comprehensive Uptime is a figure of merit
which measures equipment performance by including
the human delays to the performance of the equip-
ment. Four common indicators of equipment perfor-
mance can be used to separately judge each piece of

equipment: MTBF; MTTR; MTBA; MTTA. (see
Section 11}

2.2 Time elements are treated in the following sec-
tions. Each section starts with a definition in general
terms, and then gives a pumber of specific cases
belonging to that time element. If an actual situation
is not mentioned explicitly, one should use the general
definition to find the correct classification. These
time elements may be grouped into categories: up-
time, downtime, and logistic time depending on the
factors to be considered in measuring percent uptime.

2.2,1 Productive Time -- The period of time during
which the equipment performs its intended function.
It includes:

I. Regular production, including loading and un-
loading of the machine;

2. Work for third parties;

3. Reworks;

4. Verification runs using production materials fol-
lowing scheduled downtime;

5. Verification runs to test new applications.

NOTE — If the equipment has a defect not affecting
the operation of the equipment during regular pro-
duction, the time shall be recorded as productive time.

2.2.2 Standby Time -- The period of time during
which the equipment is in a condition to perform its
required function, and is intended to be operated, but
is not operated. It includes:

. Scheduled breaks;

. No operator or process engineer available;

. No orders;

. No products available to be processed (due to

delays caused by preceding machines);

5. No facilities available (electrical power, gases,
vacuum, efc.);

6. No materials;

7. Start-up or shutdown periods beyond those rec-
ommended by the vendor;

8. Initial time during which fault-finding checks are

performed after suspicion of failure, but no faults

are found.
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2.2.3 Scheduled Downtime -- The period of time
during which the equipment cannot be used for
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production due to scheduled maintenance and set-up.
It includes:

I. Periodic maintenance, checks, and adjustments
as required or recommended by the user or
vendor;

2. Standstill  necessary
consumables;

3. Cleaning;

4. Start-up and shutdown periods at the beginning
and end of work periods, if necessary, for the
function of the equipment;

3. Repair time for minor faults found during regu-
lar maintenance checks. These can include small
repairs that were postponed until a regular
check;

6. Verification runs using non-production mate-
rial;

7. Set-up time: Checks or changes necessary be-
cause of a change of process when this is part of
a regular schedule,

2.2.4 Unscheduled Downtime -- The period of time
during which the equipment cannot perform its in-
tended function, excluding the logistic time. It in-
cludes:

[. Initial downtime during which maintenance per-
forms fault-finding checks after a suspicion of a
faiture and finds a fault;

2. Repair and debugging time;

3. Verilication runs using non-production mate-
rial,

NOTE — Unscheduled downtime commences when
user/vendor maintenance personnel are available fol-
lowing notification of equipment failure.

2.2.5 Unscheduled Time

1. Unscheduled time, such as off shift hours, week-
ends, or holidays. Any maintenance done to the
equipment during unscheduled time will be
counted as downtime. Any production or process
testing done on the eguipment during
unscheduled time will be counted as uptime. All
other unscheduled time shall be defined as logis-
tic time;

2. Equipment installations, upgrades, overhauls, or
retrofits;

3. Waiting for a process/maintenance engineer to
release the equipment after an installation, up-
grade, overhaul, or retrofit.

2.2.6 Delay Time -- The period of time during which
the equipment cannot perform its intended function
because of delays attributed to either the user or
vendor.

for the change of
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1. User Delays
a. Waiting for user maintenance personnel after

notification of equipment failure;
b. Waiting for user replacement parts;
c. User administrative delays;

2, Vendor Delays
a. Waiting for vendor-and/or third party main-

tenance personnel after notification of equip- -

ment fatlure;
b. Waiting for vendor and/or third party re-

placement parts;
c. Vendor and/or third party administrative de-

lays.

3. Percent Uptime Formula

.
- X 100

Uptime (%) =
Total Time — Logistic Time

(168 hours)

NOTE — The clements included in logistic time
depend on the approach taken.
4, Uptime Log

4.1 Use of a weekly uptime log such as the one shown
in Figure 1 is required for each equipment. An
exampie of a completed log is shown in Figure 2.

EQUIPMENT-DEPENDENT UPTIME

AS. Summary of Approach

5.1 This approach isolates the equipment from user
and vendor dependent time delays which would affect
the measured equipment performance.

6. Definition of Time Categories

6.1 Uptime -- The sum of productive time and
standby time.

6.2 Downtime -- The sum of scheduled downtime and
unscheduled downtime.

6.3 Logistic Time — The period of time during which
unscheduled time and delays would affect the mea-
sured equipment performance, il not substracted

from total time.

7. Time Elements

7.1 The relationship between the time elements and
time categories is illustrated in the diagram below:

TOTAL TIME
{168 hours per week)

Lptime Downtime f Logisiic Time
Productive | Slandby Scheduled | Unscheduied| Delay [Llnscheduled
[Time Time Dowatime | Downmime | Time |
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1.2 The detailed composition of these time categories
is summarized in the time matrix shown in Table 1,

7.3 Percent Uptime Formula:

Uptime
P % 100

Uptime (%)=
168 hours - (Delay Time+Unscheduled Time)

COMPREHENSIVE UPTIME

8. Summary of Approach

8.1 This approach combines both machine and hu-
man performance into one figure of merit, The status
of the machine can be categorized by logging all
machine events; this allows the users and vendors to
isolate and resolve equipment problems.

9. Definition of Time Categories

9.1 Uptime — The sum of productive time and
standby time.

9.2 Downtime — The sum of scheduled downtime,
unscheduled downtime, and delay time.

9.3 Logistic Time — The period of time during which
unscheduled time would affect the measured equip-
ment performance, if not subtracted from total time,

10. Time Elements

10.1 The relationship between time elements and
time categories is illustrated in the diagram below;

TOTAL TIME
{168 hotirs per week)

Logistic
Uptime . Downitime Time
[Productive | Stancby Scheduled | Unscheduled| Delay |Unscheduled
Time Time Dewntime | Downtime | Time | Time

10.2 The detailed composition of these time catego-
ries is summarized in the time matrix shown in Table
2.

10.3 Percent Uptime Formula:

Upti
Uptime {%) = pime ¥ 100
168 hours - (Unscheduled Time)

11. Definitions of Equipment Performance Indica-
{ors

1.1 The following definitions provide a consistent
language in the use of certain equipment performance
indicators. They are not meant to be specifications:
however, the indicators may be used to work toward a
commen goal agreed to by the user and vendor. [t
should be understood that if the indicators are used to
compare different manufacturing areas, they could be
significantly different unless manufacturing pro-
cesses, equipment, and personnel utilization/perform-
ance are comparable.

11.1.1 Failure — any interruption of operation, due
to equipment malfunction, which requires maiate-
nance intervention.

11.1.2 Assist — any interruption of operation cor-
rectable by operator intervention only,

H.1L.3 MTBF — Mean Time Between Failures; Up-
time divided by the number of failures during that
time.

I1.1.4 MTBA — Mean Time Between Assists; Up-
time divided by the number of assists during that
time.

.15 MTTR — Mean Time To Repair; The total of
unscheduled downtime and delay time (the sum of
2.2.4 and 2.2.6) divided by the number of failures.

ILLG6 MTTA — Mean Time To Assist; Total assist
time divided by the number of assists,
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