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7 INMOS colour look-up tables 123

It should be noted that any risetime much faster than the bandwidth of the monitor it is feeding serves little
purpose other than to generate more RFI and will not improve the sharpness of the displayed image.

Although not a significant contributor the bond wires of a package can behave like ariels for radiated power.
In very critical high-speed applications it may be preferable to use a device in a PLCC package (IMS G176
or IMS G178) since the bond wires in such a package are shorter than in the 28-pin DIL package and overall
RFI emissions may be reduced.

In summary, to minimise RFI emissions, keep all tracks carrying video and near-video rate signals as short as
possible, keep edge rates as slow as possible and ensure good power supply coupling around all the video
circuitry.

7.2.8 Minimising the power dissipation of a CLUT — Power-down mode

In some cases, portable battery equipment in particular, it may be necessary to minimise the power dissipated
by a CLUT by putting it into a power-down mode. An example would be a lap-top computer which ordinarily
used an LCD display but had the option to generate full colour displays on a standard colour monitor using
a G171.

Although not documented in the data sheets there are several things that can be done to minimise the power
consumption of G17x devices by putting them into an effective "power-down” mode. Firstly the DAC current
can be reduced to zero. The simplest method of doing this is to reduce the reference current, IREF, to zero.
This will switch off the DACs completely, pulling the maximum D.C. current down to below 100mA.

Stopping the pixel clock supplied to the CLUT will reduce the digital current drawn by the part to something
less than 10mA; this remaining current is drawn by DC paths inside the G17x. One of these DC paths is in
the input stage of each pixel input, and by taking the pixel inputs low this path too can be turned off.

In summary, by switching off the IREF current, stopping the pixel clock and holding the pixel inputs low, the
DC current of the G17x can be reduced to something in the range 5-10mA, thus reducing overall power
consumption to 25-50mW.

7.3 Circuit techniques using the G17x family
7.31 Adding composite sync to the G171/6

The major functional difference between the IMS G170 and the G171/6 devices is that the former provides
the facility for adding composite sync, whereas the latter two devices offer the alternative facility of reading
back the colour table contents. It quite possible however to add the composite sync function externally to the
G171 or G176 and have both features. The component count to do this is small and it requires only minimal
redesign around the CLUT socket.

The circuit shown below is used to superimpose a simple step waveform onto the DAC outputs of the G171/6.
When this offset is momentarily removed a sync pulse is transmitted. The circuit basically has three sections:

1 A SYNC Shifter. All IMS G17x parts achieve high pixel rates by pipelining the memory accesses
over a number of clock cycles. Thus there is a delay between the input of pixel data to the look-up
table and the output of the appropriate analogue value. To ensure that the SYNC signal remains
aligned to the picture it must be delayed by a similar number of clock cycles by using a shift register.
For the IMS G171/6 the SYNC signal must be delayed by 3 clock cycles.

2 A Current Reference. Since the IMS G171/6 DACs are current sources a SYNC type waveform can
be added simply by providing an additional sync reference current to the DAC output.

3 A Current Dump. This part of the circuit ensures that the current, and thus the voltage, appearing at
the video outputs drops to zero when the delayed SYNC signal is applied. When the current dump
is turned off the video signal generated is the normal output of the DACs plus the offset provided
by the additional sync reference current. When the current dump turns on it steals all the output
current, since it provides a much lower impedance path to GND, so no voltage will appear on the
video outputs.



124

CURRENT REFERENCE

5V I .
vop 2800 2.7V
7
IMS G171/6 ZENER ‘|’1000F

PCLK

GREEN

DAC output
Qo
SYNC Ql — 750
Q2 ] 17 1K TERMINATION

10K RESISTOR

164

ov

- &

SYNC SHIFTER CURRENT DUMP

Figure 7.8 Adding an external sync pulse circuit to the G171/6.

Note that it is only necessary to build this circuit round the GREEN analogue output. Although all G17x
parts with composite video provide sync signals on all 3 video outputs, most colour monitors only use the
information provided on the GREEN channel.

The current reference circuit shown here should be perfectly adequate for most applications. Although the
reference voltage established by the Zener diode may only be accurate to +10% the absolute value of the sync
offset should not be critical since most monitors are only A.C. coupled and are fairly tolerant to the magnitude
of sync pulse provided. However, if a more accurate sync pedestal is required for a critical application, then
the zener reference circuit should be replaced by one of the precision current reference circuits recommended
for the IREF pin using either the LM-334 or the TL431.

7.4 Troubleshooting — common problems and their solutions
7.441 Unexplained colour changes on the screen
There are a number of possible causes for this effect which is due to corruption of the look-up table contents.

1 Pixel setup and hold times not being met — It is essential that the pixel inputs to the CLUT
are stable within the window defined by the set-up and hold times on every sampling edge of the
pixel clock, even during blanking periods. Any change of the pixel data applied to the device that
occurs while the device is sampling its pixel input may result in an invalid address being applied to
the look-up table. This asynchronous event may occur if for example the pixel data stream switches
between banks of frame store RAM or a video RAM shift register is reloaded under the control of a
system asynchronous to the pixel clock. Some mechanism must be put in place to re-synchronise
this event to the pixel clock.

2 Video data going tri-state — In some system the pixel data stream is made to go tri-state during
blanking periods. If there is not a valid TTL level on the pixel inputs on the rising edge of pixel clock
an invalid address may be applied to the RAM. The solution to this is either to leave the pixel data
enabled, or to use pull-up resistors on the pixel inputs.
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7.4.2

3 Excessive undershoot on pixel inputs — Due to the mismatch between the low impedence

outputs of the TTL device driving the CLUT and the high impedence CLUT inputs, the pixel data port
and pixel clock are the most common areas for signal undershoot. If this exceeds 1V this can cause
device malfunction, or at worst latch-up. The section on "Pixel Inputs” details termination methods
and other recommendations to eliminate this problem.

4 Asynchronous mask register updates — On the IMS G170 and IMS G171 devices the pixel

mask register must be updated synchronously with the data stream to avoid the possibility of the
colour look-up table contents being corrupted. The timing and suggested hardware to achieve this are
described in the appropriate datasheet. The pixel mask register synchronisation takes place internally
on the IMS G176 and IMS G178 so all accesses to these devices can take place asynchronously
without risk of look-up table corruption.

Grey streaks on light/dark boundaries

The possible causes for this effect are as follows:

1 Noise on VCC and IREF pins of CLUT — To get a constant full-scale DAC output the voltage
between VCC and IREF must remain constant. If there is appreciable noise on VCC supply and
the current reference cannot track the variations, this voitage difference will not be constant and
incorrect DAC output will occur. In this case coupling capacitors should be used between IREF and
VCC, typically a 100nF low-inductance chip capacitor in parallel with a 47y tantalum should be used.

2 Unneccessary decoupling on current reference — Many current reference circuits in reality will

have a high enough bandwidth to track any variations in VCC very well. In such cases it may well
be that, particularly for high-speed applications, any decoupling between IREF and VCC will serve
to slow down the current reference response so that it does not track VCC correctly. It is therefore
worth trying both with and without current reference decoupling in applications where this streaking
occurs.

3 Poor quality monitor — [t should be noted that the above problem may not be due to the graphics
system design at all. If the monitor used is of poor quality and has insufficient HT regulation then
this effect will occur however good the system design is.
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The INMOS quality programme is set up to be attentive to every phase of the semiconductor product life
cycle. This includes specific programmes in each of the following areas:

« Total Quality Control (TQC)

« Quality and Reliability in Design
e Document Control

« New Product Qualification

e Product Monitoring Programme

o Production Testing and Quality Monitoring Procedure

A Total quality control (TQC) and reliability programme

Our objective to continuously build improved quality and reliability into every INMOS part has resulted in a
comprehensive Quality/Reliability Programme of which we are proud. This programme demonstrates INMOS’
serious commitment to supporting the quality and reliability needs of the electronics marketplace.

INMOS is systematically shifting away from a traditional screening approach to quality control and towards
one of building in Experimental Design quality through Statistical Process Control (SPC). This new direction
was initiated with a vigorous programme of education and scientific method training.

In the first year of the programme approximately 80 INMOS employees worldwide received thorough SPC
training. This training has been extended to cover advanced SPC and experimental design. Some of the
courses taught are listed below:

e Experimental Design Techniques

o Statistical Process Control Methods

e Quality Concep*s

e Problem Solving Techniques

o Statistical Software Analysis Techniques

Today INMOS utilizes experimental design techniques and process control/monitoring throughout its devel-
opment and manufacturing cycles. The following TQC tools are currently supported by extensive databases
and analysis software.

1. Pareto charts 6. Correlation Plots

2. Cause/Effect Diagrams 7. Control Charts

3. Process Flow Charts 8. Experimental Design

4. Run Charts 9. Process Capability Studies
5. Histograms

A2 Quality and reliability in design

The INMOS quality programme begins with the design of new INMOS products. The following procedures
are examples from the INMOS programme to design quality and reliability into every product.

Innovative design techniques are employed to achieve product performance using, whenever possible, state
of the art techniques. For example, INMOS uses 300 nanometre gate oxides on its high performance graphics
and MICRO products to obtain the reliability inherent in the thicker gate oxide. Additionally, the circuit design
engineers work hand in hand with process engineers to optimise the design for the process and the process
for the product family. The result of this is a highly reliable design implemented in a process technology
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achievable within manufacturing.

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,
reduction 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 testing 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 comprehensive ongoing programme of reliability testing. A small sample is pulled from production
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
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in the PMP.

A6 Production testing and quality monitoring procedure

A6.1 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 being 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 die 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 die 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

o Final test
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e PDA (Percent Defect Allowed)
e Device Symbolisation
« QA Final Acceptance

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 recurence 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.





