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15.1 Introduction

The IMS A110 consists of a high performance configurable array of multiply-accumulators (420 MOPs), three
programmable length 1120 stage shift registers and a versatile backend post processing unit. All these
features are controlled from a microprocessor interface. The comprehensive on-chip facilities ensure that
a single device is capable of dealing with many tasks commonly found in the fields of signal and image
processing.

The backend post processing unit gives the IMS A110 a high degree of flexiblility, especially for image pro-
cessing applications. This document describes by example some of the uses of the backend post processor.

Unless specified otherwise all the examples considered will be based around image processing applications
with 8 bits per pixel being used to represent the image data.

15.2 Description of the backend post processor

Figure 15.1 shows the functional blocks and interconnections which are present within the backend post
processor of the IMS A110. This diagram can be broken down into 4 main sections, the input block, statistics
monitior, data conditioning unit and output block. A brief description of each of these major sections is given
below, for full details reference should be made to the data sheet.

15.2.1  Input block (shifter, cascade adder and rectifier)

Data from the MAC array encounters the shifter when it enters the input block. The shifter is capable of up
to 8 arithmetic shifts in either direction. When shifting left it is possible for an overflow to occur. Such an
overflow is not detected by the device, hence it is left to the user to ensure that unintentional overflows do
not occur. When shifting right rounding is applied to improve the accuracy of the device. The magnitude and
direction of the shift are controlled by BCRO[5..1] as described in the data sheet.

The output data from the shifter is fed into the cascade adder. Here it is added to both the rounding bit
generated by the shifter and the data applied to either the cascade input bus or zero depending on the setting
of BCRO[0]. Should the result of the 22 bit signed addition be greater than 22! — 1 then a positive overflow is
generated. Similarly if the result is less than —222 a negative overflow is generated.

The output from the cascade adder can be optionally full or half wave rectified depending on the setting of

BCRO[7..6]. The output of the rectifier drives the X bus. Note that when full wave rectification is being used
and the output of the cascade adder is —22! then the output from the rectifier remains as —22!.

15.2.2 Statistics monitor

The statistics monitior allows the X bus to be monitored for certain conditions. Four different modes of
operation are possible and these are tabulated below:

Mode BCR1[1] | BCR1[0]
Max Register 0 1
Min Register 0 0
Overshoot Counter 1 1
Undershoot Counter 1 0

When configured to be in max register mode and the X bus exceeds the current threshold in the MMR (max/min
register), then the MMR is loaded with the value on the X bus and the counter (OUC) is incremented. If the
threshold is not exceeded then no action is taken. Thus assuming the MMR was initially set to —22! its value
at some later time is the maximum value which has appeared on the X bus in that period, and the OUC has
been incremented by the number of times the threshold has been updated.
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Figure 15.1 Detailed block diagram of the backend post processing unit
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If configured to be in min register mode the threshold is updated and the counter incremented whenever the
X bus is less than the current threshold. Note that when operating in max/min register mode if a positive or
negative overflow occurs then the threshold is not updated since this could leave a misleading value in the
MMR.

As an overshoot counter the statistics monitor operates by incrementing the OUC every time the value on the
X bus exceeds the threshold in the MMR or if a positive overflow occurs. The OUC is unsigned and will not
wrap around, thus behaving as a saturating counter. Similarly when configured to be in undershoot counter
mode the OUC is incremented every time the value on the X bus is less than the current threshold.

When overflows occur this is recorded in bits 22 and 23 of the MMR. Positive overflows cause bit 22 to be
set while negative overflows cause bit 23 to be set. These bits may be cleared by writing to the MMB copy
location.

Direct access to the MMR and OUC via the microprocessor interface is not possible. Instead the reading
and writing of these registers is performed by making use of the MMB, CMM, OUB and COU registers. Full
details may be found in the data sheet.

15.2.3 Data conditioning unit (data transformation unit and data normaliser)

Data transformation unit

The data transformation unit contains a prescaler, an under/over select detector, a look up table and a byte
selector. It may be used on its own to provide arbitrary data mappings of an 8 bit segment of the X bus, or
in conjunction with the data normaliser to implement sophisticated dynamic range compression functions.

The prescaler allows an 8 bit field to be selected from anywhere within the 22 bits of the X bus. This 8 bit
field is used as an address to the LUT. The over/under select detector monitors the operaton of the prescaler
to ensure that all the significant bits and the sign of the X bus are included within the 8 bit field. If this is not
the case then an overselect or underselect signal is generated depending on whether the X bus is positive
or negative respectively.

The LUT consists of sixty four 32 bit words. In addition there are a further two 32 bit locations known as the
upper and lower saturation registers (USR, LSR). The most significant 6 bits of the address field are used to
select one of the 32 bit registers in the LUT. This 32 bit output is known as the Y bus. The least significant
2 bits of the address field are then used to control a byte select on the output. Thus the LUT may be used
to provide arbitrary 8bit - 8bit data transformations.

Positive overflows on the X bus or overselects in the prescaler cause the LUT to access the USR overriding
the address supplied by the prescaler. Similarly negative overflows and underselects cause the LUT to
access the LSR. When such conditions occur the byte select control is also overridden thus causing the most
significant byte (byte 3) of the appropriate saturation register to appear on the byte wide output of the data
transformation unit.

The LUT is programmed via the memory interface. The addressing for the LUT corresponds directly to the
8 bit field, assuming that the byte selector is being used. To enable access to the LUT, USR and LSR from
the microprocessor interface the LUT access control bit ACR[1] must be set to zero. This forces the Y bus
to zero and causes the normaliser to be controlled by BCR3[7..3] regardless of the setting of the dynamic
normalisation bit. Once the LUT has been programmed the LUT access control bit may be reset to one thus
allowing the LUT to be used in the data transformation unit.

Data normaliser

The data normaliser contains a shifter followed by a zero data unit. The shifter is capable of right shifts of
up to 14 bits and left shifts of up to 2 bits. Any amount of shift outside this range invokes the zero data unit
which zeros the output of the data normaliser. The amount of shift is specified by one of two 5 bit sources.
These are either BCR3[7..3] or bits 26 to 22 of the Y bus. The source currently selected is determined by
the setting of BCR3[2].
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15.2.4 Output unit (output adder and output multiplexers)

Output adder

The output adder takes one of its inputs from the data normaliser (including the rounding bit). The other input
is either the least significant 22 bits of the Y bus or zero depending on the setting of BCR3[1]

Output multiplexers

The output multiplexers allow the selected byte from the LUT to be optionally selected to drive either the most
or least significant 8 bits of the cascade output pins. This feature is controlled by the setting of BCR2[5..6).
Any cascade output pins not being driven by the selected byte are driven by the appropriate bits of the output
adder.

153 Uses of the backend post processor

15.3.1 Local area averaging

Local averaging is the one of the simplest image filtering operations. A typical local averaging filter may be
seen in figure 15.2. Although this filter looks very simple to implement on IMS A110s there is one slight
problem and that is how to achieve the divide by nine operation. The operation is necessary to ensure that
the output image data requires the same number of bits to represent it as the input data.

ol
-
-
-

1 1 1

Figure 15.2 Local averaging filter kernel

The IMS A110 is capable of dividing by integer powers of two. Using this capability the § could be replaced
with 115 Although this would adequately restrict the magnitude of the output data a significant loss of dynamic
range could occur. A better solution is to generate an approximation to § in the form shown below. Where z
represents the coefficient and y the number of right shifts applied:

z 1

™3
It may be simply shown that the closest approximation which may be used with IMS A110s is:

z=57

y=9

By using these values the local averaging kernel to be programmed into the IMS A110 is as shown below:

57 | 57 57

% | 57 | 57 | 57

57 | 57 | 57

Figure 15.3 Modified local averaging filter kernel

The division by 2° can't be performed by the shifter in the input block since it is only capable of right shifting
up to 8 places. The shifter in the normaliser however is capable of right shifting the required nine places.
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INMOS products are designed to have parametric margins beyond the product target specifications. The
design performance is verified using simulations of circuit performance over voltage and temperature values
beyond those of specified product operation, including verification beyond the military performance range. In
addition, the device models are chosen to ensure tolerance to wide variations in process parameters beyond
those expected in manufacture.

The design process includes consideration of quality issues such as signal levels available for sensing, reduc-
tion of internal noise levels, stored data integrity and testability of all device functions. Electro-static damage
protection techniques are included in the design with input protection goals of 2K volts for MIL-STD-883 test-
ing methods. Specific customer requirements can be met by matching their detailed specifications against
INMOS designed in margins.

The completion of the design includes the use of INMOS computer aided design software to fully check and
verify the design and layout. This improves quality as well as ensuring the timely introduction of new products.

A3 Document control

The Document Control Department maintains control over all manufacturing specifications, lot travellers,
procurement specifications and drawings, reticle tapes and test programmes. New specifications and changes
are subject to approval by the Engineering and Manufacturing managers or their delegates. Change is
rigorously controlled through an Engineering Change Notice procedure, and QA department managers screen
and approve all such changes.

An extensive archiving system ensures that the history of any Change Notice is readily available.

Document Control also has responsibility for controlling in-line documentation in all manufacturing areas which
includes distribution of specifications, control of changes and liaison with production control and manufacturing
in introducing changed procedures into the line.

Extensive use is made of computer systems to control documentation on an international basis.

A4 New product qualification

INMOS performs a thorough internal product qualification prior to the delivery of any new product, other than
engineering samples of prototypes to customers.

Care is taken to select a representative sample from the final prototype material. This typically consists of
three different production lots. Testing is then done to assure the initial product reliability levels are achieved.
Product qualifications are done in accordance with MIL-STD-883, methods 5004 and 5005, or CECC/BS9000.

The initial INMOS qualification data, and the ongoing monitor data can be very useful in the user qualification
decision process. INMOS also has a very successful history of performing customer qualification testing
in-house and performing joint qualification programmes with customers. INMOS remains committed to joint
customer/vendor programmes.

A5 Product monitoring programme

At the levels of quality and reliability performance required today (low PPM and FIT levels), it is essential that
a large statistically significant, current product database be maintained. One of the programmes that INMOS
uses to accomplish this is the Product Monitoring Programme (PMP).

The PMP is a comprehensive ongoing programme of reliability testing. A small sample is pulled from pro-
duction lots of a particular part type. This population is then used to create the specific samples to put on
the various operating and environmental tests. Tests run in this programme include extended temperature
operating life, THB and temperature cycle. Efforts are continuing to identify and correlate more accelerated
tests to be used in the PMP.
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A6 Production testing and quality monitoring procedure
A.6.1 Reliability testing

INMOS' primary reliability test method is to bias devices at their maximum rated operating power supply level
in a 140° C ambient temperature. A scheme of time varying input signals is used to simulate the complete
functional operation of the device. The failure rate is then computed from the results of the operating life
test using Arrhenius modelling for each specific failure mechanism known. The failure rate is reported at a
temperature that is a typical worst case application environment and is expressed in units of FITs where 1
FIT = 1 Fail in 10E9 device hours, (100 FIT = 0.01%/1000 Hrs). The current database enables the failure
rate to be valid over various environmental conditions.

The failure rate goal for INMOS products is 100 FITs or less at product introduction with a 50 FIT level to be
attained within one year.

For plastic packaged product, additional testing methods and reliability indices become important. Humidity
testing is used to evaluate the relative hermeticity of the package, and thermal cycling tests are used principally
to evaluate the durability of the assembly (e.g. die/bond attach).

The Humidity Test comprises of temperature, humidity, bias (THB) at 85°C, 85% Relative Humidity, and a
5V static bias configuration selected to maintain the component in a state of minimum power dissipation and
enhance the formation of galvanic corrosion. INMOS reliability goals have always been to meet or better
the current 'industry standards’ and a target of less than 1% failures through 1000 hours of THB at 90%
confidence has been set.

The Thermal Cycling tests are performed from —65°C to + 150 °C for 500-1000 cycles, with no bias applied.
Thermal Shock tests using a liquid to liquid (Freon) method are cycled between —55°C and + 125 °C.
The INMOS Reliability qualification and monitoring goal for the above tests is less than 1% failures at 90%

confidence.

A.6.2 Production testing

Electrical testing at INMOS begins while the devices are still in wafer form before being divided into individual
die. While in this form, two different types of electrical test are performed.

The Parametric Probe test is to verify that the individual component parameters are within their design limits.
This is accomplished by testing special components on the wafer. The results of these tests provide feedback
to our wafer fab manufacturing facilities which allows them to ensure that the components used in the actual
devices perform within their design limits. This testing is performed on all lots which are processed, and any
substandard wafers discarded. These components are placed in the scribe streets of the wafer so they are
destroyed in the dicing operation when they are not of any further use. By placing them there, valuable chip
real estate is saved, thereby holding down cost while still providing the necessary data.

The Electrical Probe test performed on all wafers is the test of each individual circuit or chip on every wafer.
The defective dice are identified so they may be later discarded after the wafer has been separated into
individual die. This test fully exercises the circuits for all AC and DC datasheet parameters in addition to
verifying functionality.

After the dice have been assembled into packages they are again tested in our Final Test operation. In a
mature product the typical flow is:

o Preburn-in test
e Burn-in at 140°C

Final test

o PDA (Percent Defect Allowed)
o Device Symbolisation

QA Final Acceptance
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The temperature setting used for hot testing is selected so that the junction temperature is the same as it
would be after thermal stabilisation occurred in the specified environment. This is calculated using the hot
temperature power dissipation along with the thermal resistance of the package used. All INMOS product is
electrically tested and burned-in prior to shipment. Historically, the industry has selected burn-in times using
the MIL Standards as a guide (when the market would support the cost) or on a ‘best guess’ basis dominated
by cost considerations. Whereas INMOS invoke a burn-in reduction exercise to ensure the reduced time has
no reliability impact.

A6.3 Quality monitoring procedure

In the Outgoing Quality Monitoring programme, random samples are pulled from lots, that have been suc-
cessfully tested to data sheet criteria. Rejected lots are 100% retested and more importantly, failures are
analysed and corrective actions identified to prevent the recurrence of specific problems.

The extensive series of electrical tests with the associated Burn-in PDA limits and Quality Assurance tests
ensure we will be able to continue to improve our high quality and reliability standards.
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INMOS MIL-STD-883C/MIL-1-45208
MATERIAL PROCUREMENT & PRODUCT FLOW

INMOS INMOS
OFFSHORE
NEWPORT COL. SPGS.
UK. ASSEMBLY USA

Wafer Fab Mat'l Procurement [2]
Wafer Fab Process [2]

Wafer Level Elect. Test [2]
Internal Visual QA Sample [2]
Assembly Mat'l Procurement
Assembly Mat'l QA Inspect

Assembly Process [1]
_I5] el

Electrical Testing

Burn-in

[Solder Dip] [3]

QCI Group AB

QCl Group C,D

Certificate of Conformance

[CSI, GSI, PVT] [4]

Notes:

[1] Anam, Korea or GTE, Taiwan [5] iﬁo mil Package Parts,

[2] Newport Fab. Product: MICRO & G17x Parts
All NMOS, CMOS SRAM [6] 300 mil DIP, LCC & FLAT PACK
All Transputer SRAM Parts

All G17x (CLUT)

[3] Hot Solder Dip as req'd at
Colo. Spgs. Subcontractor \/ Raw Material Procurement

[4] As required by Customer
O Manufacturing Process

D QA Gate





