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Flexible electronics encompasses a rather diverse range of device, material, and design technology
that are built on flexible substrates, such as plastic. The flexible circuits inherently can be rolled or folded,
and the cost can be reduced with roll-to-roll printing process. Therefore, the size of the circuits could be
large with low cost, which will introduce many new applications, especially for flexible display related
applications. In addition, arecent trend called “ system-on-panel,” where the analog and digital circuits are
implemented with the same TFT (thin-film-transistor) process as the pixels and are integrated with the
panel as a system, has picked up steam quite rapidly. Since digital signal processing is aways an
important task for such kind of applications, the target of this project is to design a high performance
digital signal processor on flexible panel process.
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There are many design challenges to design digital circuits on flexible process. The major problems come
from the non-ideal properties of the flexible devices, such as the high supply voltage requirement,
complex organic/semiconductor junction, lacking of complement transistor technology, immature
printing process, device modeling, circuit simulation, low device stabilization, and low mobility. For
digital circuit design, low mobility and device stabilization are the main design challenges. Low mobility
will cause slow switching speed of the circuits and will constrain the performance of the circuits; device
stabilization will lead to the unpredictability of the circuits and will make the circuit design and
simulation very difficult.

In this project, we will design a high performance digital signal processing engine conquering these
problems in three different levels. In circuit level, we will start from good device modeling for the target
flexible process. To deal with the poor device stabilization, that is, the property of different transistors
may be quite different, asynchronous design may be a possible solution. We will also consider the global
asynchronous local synchronous (GALS) approach, which was used for nano-scale silicon process. In



architecture level, we will try to improve the performance of the digital signal processor with parallel
processing technique. The parallel datapath architecture, such as VLIW, will be taken into consideration.
Besides, the multiprocessor or array processor architecture will be considered as well. Finadly, in the
design flow and methodology level, both the design methodologies for digital circuit design on flexible
process and asynchronous circuit design will also be discussed in this project.

Flexible electronics will enable a new field of electronics named “macroelectronics’ and will introduce
new applications and products. Digital circuit design is one of the key issues for flexible electronics. In
this project, we will design a digital signal processing engine on flexible process with asynchronous
circuit design and parallel architecture. The related design methodologies for digital circuit design on
flexible process and asynchronous design will be developed at the same time. We believe the key
technol ogies developed by this project will be valuable for the flexible electronics industry in the future.
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Architecture
(1) Technology

Unlike CMOS circuit, flexible electronics often use TFT to implement. The technology we use is the
amorphous silicon provided by ITRI. We don't have accurate model for the amorphous silicon yet.
S0 building an accurate model for amorphous silicon is very important in the first year of this project.

To achieve low cost, we only use N-type TFT. Thus we can have half number of masks.
(2) Architecture

To be familiar with amorphous silicon, we use SPICE model from ITRI to do some simulations to
get basic parameters, such as threshold voltage. The figure and table below are the I-V curve of the
TFT provided by ITRI and ssimulation environment.

VDD(Volt) Width(um) Length(um) Temperature(°C)
10V 24 um 8 um 27°C
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Fig. 1
From Fig. 1 we can see that the threshold voltage of thisa-Si TFT is about 1.5 volts.

Because we only have N-type MOS, we can’t use circuit technique like CMOS to build symmetric
logic. Here we choose pseudo-nmos to implement because it can maintain the property of restoration
by using only one type of MOS.

In pseudo-nmos, the pull-up circuit is an aways on MOS. So the size ratio of pull-up MOS and
pull-down MOS becomes an important issue. From the previous simulation result, the threshold
voltage is about 1.5 volts with Vpp 10 volts. Here we use this parameter and an inverter to derive the
sizeratio of pull-up and pull-down circuit.
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We can get the relation between Vo, and sizeratiorr.
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Thefollow isatable of Vo with different sizeratior.
r 1 2 3 4 5
VoL (V) 2.86 1.83 1.35 1.07 0.88

From the table we can see that for size ratio 3 the output low will be less than threshold voltage, but

here we choose size ratio 5 because of the following reasons.

» The SPICE model may not be accurate enough.

» Thethreshold voltageisjust an estimation value from the IV curve, not an accurate value.

» We use inverter to derive the relation of output low and size ratio. But besides the inverter there
are other kind of logic gates, such as NAND and NOR.

» TFT parameters may change with environment.

Because the parameters of thin film transistor may change with environment, it is not appropriate to
use synchronous circuit. Here we use asynchronous circuit to overcome parameter variation and
enhance the circuit performance.

The major difference between synchronous and asynchronous circuit is the existent of global clock.
In synchronous circuit, data transfer happens at specific time (clock rising of clock falling) and in
asynchronous circuit latches transfer data by using handshake protocol. Handshake protocol is a data
transfer method by adding two signals — request and acknowledge. Request is used to ask other latch
to transfer data and acknowledge is used to response the data transfer, shown in Fig. 2.
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Fig. 2

There are severa advantages compared with synchronous circuit:

» High operation speed: Thin Film Transistors have different parameters between different
transistors and also have parameter variation in different environments. If we design acircuit based
on synchronous circuit design, critical path delay may be very long due to some worse transistors
although most other transistors work good. This may be inefficient.

» Low power consumption: In synchronous circuit, the clock signal consumes a lot of power.

Synchronous communication



Although the circuit doesn’t have to turn on, the clock signal aso consumes power except that we
use gated clock to turn it off. But in asynchronous circuit there is no clock signal and it saves alot
of power. If we apply it into some electronic devices, we can use the devices for alonger time and
we don’'t have to frequently recharge the battery.

» Better stability: TFT characteristic may change after turning on for a long time. If we use
synchronous circuit, the performance degradation of a transistor may cause timing violations. Thus
use handshake protocol becomes a better choice. Handshake protocol transfer the data depends on
the characteristic of TFTs. We don't have to worry about the timing problem.

» Modularity: In synchronous circuit if we have to combine circuits with different time domains, we
have to design very carefully. But in asynchronous circuit, we can just use handshake protocol to
communicate between blocks and blocks.

In asynchronous circuit there are several handshake protocols. The common handshake protocols are
2-phase Bundled-data, 4-phase Bundled-data, 2-phase Dual-rail, and 4-phase Dual-rail. Bundled-data
protocol needs path delay in advance. This is not appropriate because we do not know the specific
characteristic of TFTs. Thus we choose dual-rail protocol. In dual rail protocol we use two wires to
represent one bit signal. One wire represents logic one and the other represents logic zero. The truth
table and timing diagram are as follows, where d.t and d.f represent logic one and logic zero,
respectively.

dt df |
Data {dt, d.f} Empty . valid-{.Emoty { Valid [Empry () | 0 O
| : Valid "0” D 1
Ack R ST | valid "1 1 0
—_— | Mot used 1 1
Fig 3.

In dual-rail protocol, there is no request signal. Here we use data to represent request. If all the datais
valid “0” or valid “1”, i.e. not empty, then the latch is ready to transfer data. Thus we don’t have to
know the path delay in advance. There are 2 kinds of dual-rail protocol. One is 2-phase and the other
is 4-phase. The mgjor different between the two protocols is 4-phase protocol will return every wire to
0. Compare with 4-phase protocol, 2-phase protocol use the transition of acknowledge to inform other
latches and it needs more complex circuit. In the situation that we don't know the specific
characteristic of TFTs and without the EDA tool’ s help, we choose 2-phase protocol for safety.

In this project, we will design a multiply-and-accumulator (MAC) and a fixed-coefficient FIR filter.
We will describe the design process of these two circuits in sequence.

MAC is very important in digital circuit and microprocessors. In the first year of our project, the



MAC is our goal and we will integrate with other components in other subprojects in the future. The
following figure illustrates the architecture of an MAC, where L1, L2, and L3 are asynchronous
latches.

4x4 MAC
4 L3 & &
INpUt A= 44 > sbit | :
Multiplier | adder [H2—*>Output
Input B~ — L5

Fig. 4

Multiply-and-accumulator consists of three parts:

(@ Multiplier: Here we implement a 4x4 dual-rail signed multiplier. There are several methods to
implement a multiplier. We use Wallace tree, which is based on carry-save adder. This kind of
multiplier has shorter operation time to compute the product.

(b) Adder: Because we use handshake protocol, data will not transfer together at specific time. Thus
it is not essential to implement the adder with some carry-look-ahead technique. Carry-ripple
adder is enough here.

() Asynchronous latch: Dual-rail asynchronous latch consists of data and acknowledge signal. The
datum has been received if one of the two wires is high. Then set acknowledge high to let the
previous latch know that the datum has been received. If both the wires are low, this latch is
ready to receive datum. Thus we set acknowledge low to inform the previous latch. The follow is
the architecture of asynchronous latch.

Ack = o]
| o] — . o] i—= Ack
A [ o ‘ .
d.t . W, . |_"—F_J'|_ . —C"jl d.t
1+ + 1+
di __C} Br - Cwl di
Fig5
Design Flow

The follows are design flow of MAC.

(1) Use SPICE to measure the amorphous silicon characteristics.

(2) Do transistor-level simulation and verification by using SPICE (pre-layout simulation).
(3) Use Cadence Virtuoso to layout.

(4) UseCalibreto run layout versus schematic(LVS) verification.



Simulation Result
The pre-layout simulation of 4x4 MAC is correct. It can compute about 3000 data per second (like
work at 3KHz in synchronous circuit).

Specifications

Power Supply 10V

Datals ~3000
Transistor Number 3844

Chip Area 12mm*8mm
1O Number 49

(1) A 4x4 MAC out and verify the correctness of functionality.

(2) Inaddition to 4x4 MAC, we aso test some basic logic block, such as full adder and C-Element.

(3 In MAC, the input pattern will go through multiplier first. Thus if we connect the multiplier
outputs to chip outputs, then we can verify the functionality of multiplier if the MAC is fail to
work. The layout of 4x4 MAC isin Fig. 6.
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Fig 6: Layout of the asynchronous MAC circuit.

The FIR filter has six taps. We adopt the fixed coefficient design for simplicity, that is to say, shift
operation have replaced the multiplication.
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Fig. 7: Frequency response of the FIR filter
Table 1. Coefficient & shift operation

Coefficient Input data D
-0.062500 -(D>>4)
0.125000 D>>3
0.375000 D>2+D>>3
0.375000 D>>2+D>>3
0.125000 D>>3
-0.062500 -(D >>4)

Fig. 8 illustrates the architecture of the asynchronous FIR filter.
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Fig. 8: Asynchronous fixed coefficient FIR filter architecture
Basically, the internal circuit are all combinational circuit, the multiplication and accumulation



operation completed by the shift wire assign and adder tree. We use the 2-bit asynchronous
full-adder[3], it is similar to the dynamic logic in the synchronous circuit, only when request is high,
the FA can work, or it is dways in the pre-charge state. Figure4 is the circuit of a 2-bit full-adder
SO-parts. Besides, because of the process only have the NMOS, so all the PMOS for pre-charge are
changed to always-on NMOS.

Specifications of the FIR filter:

Item Specification measure
\Vdd (supply voltage) 10V IN/A
Propagation delay 2500us > 400Hz Y es
Transistor count 3315 |N/A
Area 1.2mm x 1.0mm |N/A
Pad number 74 |N/A

Test consideration :

We design the additional test port, there are each FA output, for one thing, we can know FA works
correct or not, on the other hand, we can ensure the asynchronous communication protocol is right.

We aso place some test component. If the chip can not work, we can find the solution from these test
component :

® Asynchronous 2-bit Full Adder

® | atch based register

® C-element

The layout of 6-tap FIR filter isshown in Fig. 9.
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Fig. 9: Layout of the 6-tap FIR filter using asynchronous logic.
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In this project, we have designed two important signal-processing module using asynchronous design
on a aSi process provided by ITRI. They are a 4x4 MAC circuit and a 6-tap fixed-coefficient FIR
filter. We expect to receive the fabricated circuits and have the preliminary test results in September,
2007.
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