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2. Abstract

In this design there are two function
blocks. The First part is an self-testable full
adder design in TFT. This technique is
designed for flexible characteristics of TFT
chip. If the outputs are erroneous due to some
folded elements or wire, the designed block
can send a signal to notice that the output is
error. This technique will be helpful to
fault-tolerance in VLSI design. The second
part is DFT in asynchronous: scan chain.
Although the asynchronous circuit has no
clock to control, we can still insert scan chain
according to the signal transmitting method.
This will enhance testability of asynchronous
circuits.

3. Self-testable 4-bit full adder

Full Adder plays an important role in
M-processor and DSP design. The circuits in
TFT may have transient or permanent errors
due to flexible material. If we know whether
the output is erroneous or not, the control unit

will be able to manager the errors and let the
system work correctly. Then the reliability will
be higher.

3-N code algorithm is applied in this
technique: multiply the input data by 3 and
divide the output data by 3. For example, if an
3+5 operation is required, it can multiply the
two inputs by 3 and then adds them. Finally
the output will be divided by 3 and the result
value is the required output (Figure-1).

0011 % 3 001001
+0101 +001111 . g
1000 011000 =~ 1000
Figure-1 : 3-N code for “3+5” operation

If there are some faults in the adders or
multiplier, remainder will exist after the
operation of divider according to the theorem
of 3-N code algorithm. Thus the erroneous
outputs will be detected (Figure-2).

Case 1: erroneous multiplier
Errorin

-4 multiplier

0011 3 001017
+ 0101 +0011l1 .q

1000 011010 —=~—» 1000

Remainder = 2

Case 2: erroneous adder

0011 X 3 001001
+ 0101 +001111 .q

1000 111000 —=—~—» 10010

Remainder = 2

Figure-2 : 3-N code operation with error bit

In the architecture of the self-testable full
adder (Figure-3), PLA design is considered
since the number of gates in multiplier and
divider is enormous. The difficulties of
verification are also considered. The PLA is
designed by NOR-NOR logic because there is
only NMOS in amorphous silicon (a-Si)
process. Thus we use pull-down logic to



design inverter and NOR logic.
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Figure-3 : Self-Testable full adder
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In the 6-bit full adder of Figure-3,
pass-transistor method is considered in
one-bit full adder since it conserves power
and area, and it doesn’t need CMOS
technique. Therefore the 6-bit full adder is

composed of series 1-bit full adder (Figure-4).

Because pass-transistor will degrade Voy for
each stage, inverters are inserted between
the pass transistors in this design (Figure-5).
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Figure-4 : 6-bit full adder
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Figure-5 : 1-bit full adder with pass-transistor

4. Asynchronous circuit in DFT (scan chain)

The scan chain block diagram for four-phase
dual-rail asynchronous circuit is shown in
Fig.6.
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Fig-6

The empty-cells have been inserted between
every two latch-cells in the four-phase
dual-rail asynchronous circuit. The original
latch-cell and a new inserted empty-cell are
combined to form one new scan-cell as shown
in Fig.7. All scan-cells are serial connected as
a scan chain.
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In normal operation mode (SE=0), the
control signals between latch-cell and
empty-cell are opened by multiplexer and the
values contain in empty-cells are locked to
‘empty” (e.t=e.f=0).

In test mode (SE=1), the control signals
between latch-cell and empty-cell are
connected. The Fig.8 shows the equivalent
circuit of scan-cell under test mode.
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Fig.8
5. Simulation results

In this paragraph the SPICE simulated
results in each block will be shown: 1-bit full
adder, self-testable 4-bit full adder and
asynchronous scan chain.

(1) 1-bit full adder

The test patterns are {A,B,Cl} =
000~111. The simulation result is in Figure-9.

(2) Self-testable 4-bit full adder

The simulations take two parts: the first is
a fault-free simulation (Figure-10). This can
expect the operation time of this circuit. The
test patterns are {A[3:0],B[3:0],Cl} =
{[1100],[0110],1},{[0011],[1011],0},{[1111],[00
01],0},{[1101],[1111],1},{[0110],[0100],0}. The
frequency of these patterns is 2kHz. From the
result we can expect the operation time of this
circuit is 200us~400us.
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Figure-10 : One condition of fault site

The second part is a fault simulation: one
fault exists in the 6-bit full adder. The site of
error is random chosen to open the wire
(Figure-10). This method can simulate the
condition of folded circuit in the real world.
The test patterns are the same as part 1 and
the simulated result is in Figure-11. And the
faulty signal tells us that the output
{CO,S3,52,51,S0} is erroneous if faulty = 1.

Figure-11 : Self-testable full adder in fault simulation



(8) Asynchronous scan chain

In test mode, the scan-cell is able to shift
the test vector bit by bit. The test vectors for
four-phase dual-rail asynchronous circuit
should insert “EMPTY” bit between every
non-empty bit.

In Fig.12, the test vector : EMPTY(SI.t=0,
S1.f=0 ), TRUE(SI.t=1, SI.f=0 ), EMPTY(SI.t=0,
S1.f=0 ), and False(SI.t=0, Sl.f=1) are shifted
from Sl to the SO sequentially.
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Floorplan and layout view

Figure-13 is the floorplan of this chip.
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Figure-13 Floorplan of the full circuit

The special blocks are Testkey and 4-bit
full-adder with long inter-wire. Testkey (large
transistor) is designed for measurement of
destructed NMOS. This will be helpful to
expect the folded element in TFT.

Full adder with long inter-wire is designed
to measure its delay behavior. Because TFT
has a special characteristic of large area, the
measurement will be a good reference in TFT
circuit delay expectation.

Figure-14 is the total layout view.

Figure-14 Layout view of full circuit
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In nano-meter technology, I1C diagnosis has become one of the most important topics. There are

two sessions in the VTS this year.

Also, small delay testing is gaining importance and many people are trying to find test solutions

Low power testing, on the other hand, has gradually phased out and no more paper this year

Test compaction is still one of the important topics to watch

SOC testing has been gradually slow down and no very new research



