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Abstract

In the present investigation, a low power FIR filter us
ing FDF structure is designed which is a key compo
nent in a hearing aid application. The details ofdesign
are presented. A novel low power latch using 10 tran
sistors is pro-posed that uses dual edge triggering. It is
shown a power saving up to 65 % is achieved in the
FIR filter using the proposed latch. This filter will find
application in a hearing aid, which demands
area/power constraint and would be useful for other
DSP based portable devices.

1. INTRODUCTION

FIR filtering algorithms such as sub-band decom
position, noise reduction and echo cancellation are ex
ecuted repetitively in DSP systems such as hearing
aids. The effective filtering architecture is an integral
part of a DSP system. The basic FIR filter is repre
sented by the following equation:

N-l

Yn =Lxkhn- k - - - (1)
k=O

From the equation(1), we observe that the key
components/operations used are followings:

• a multiply-accumulator (MAC)
• several forms of memory such as those re

quired for the sample values Xn-k (RAM) and
the coefficient values hk (ROM),

• a storage cell for the filter output value Yn
• a controller which schedules the different

components.

Figure 1 shows the principle data flow between the
above components in a block diagram. The MAC is the
most critical, which in turn accommodates the multi
plier [1].

Different multipliers have been explored in the past
in terms of their architectures and layouts are presented
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in various literatures with regard to power dissipation,
area consumption and circuit delay. However, over all
power consumption of fir filter is not analyzed.

For a true performance evaluation the overall sys
tem architecture together with the design of the key
components must be considered. A linear phase FIR
filter may be implemented using direct form (DF) or a
folded direct form (FDF) structure. The coefficients for
such a filter are symmetric around the midpoint of the
impulse response. In the present work FDF structure is
investigated.
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Figure 1. Dataflow Diagram of MAC based FIR
filter

A linear-phase filter is implemented efficiently by a
FDF structure, where two data samples are added be
fore being multiplied with the corresponding coeffi
cient. Hence using a FDF structure will reduce the
number of multiplications by half at the expense of ad
ditional hardware. A dual-port memory and an addi
tional adder would be required to access two data sam
ples at a time and to add them prior to the multiplica
tion stage. In addition to these, use of different number
representations will introduce some overheads. This is
mainly due to the need for data converters before and
after the multiplication process. In this paper, we in-
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2. FRONT END OF HEARING AID DEVICE

vestigate the impact of DSP architectural realization,
and the choice of number representation on the overall
power consumption of DSP devices. We consider a
hearing aid device as an example of a system with
strict power/area constraints.

clock ramps. These are met with clock buffers that
consume lot of power and large in size.
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The figure 2 shows noise suppression in hearing
aid. In this microphone(mic1) contains the speech and
noise and the mic2 is used to generate a reference sig
nal which is passed through a filter and subtracted from
the delayed version of the first signal.

Mic2

Figure 2. Basic diagram of hearing aid
Figure 3. Fir filter structure

The detailed filter structure for FIR filter in figure 2
is shown in figure 3 which is implemented using fixed
point arithmetic with standard low power technique
such as SM in 2's complement format for data presen
tation, pre-addition and registers.

3. Low POWER CLOCKING STRATEGY

The efficiency obtained with double edge triggered
is limited because clock distribution never absorbs
more than 30 to 40% of the total power chip power
[5] [6]. A symmetrical two phase clocking allows sup
pressing spurious switching activities of the clock and
data path also using two phase clocking. Two types of
design can be done as follows:

Clock and its distribution is a major part which
sinks most of the power in a circuit. A single edge trig
gered (SET) i.e. one phase clocking has major disad
vantages like:

a. There exists an undesirable switching when
registers are disabled.

b. There exists an inactive clock edge.
c. There exists an inactive clock skew.

The point (a) commonly points towards clock gat
ing. According to the second point (b) clock power
should be reduced to half for a given throughput but
this necessity includes an extra multiplexer (mux)
when compared to the single edge trigger de
vices[2][3][4].

Existence of inactive clock skew, operations need
careful balancing of clock distribution delays and fast

a. Multistage clock gating with address decod
ers.

b. Redistribution of latch based register within
the data path.

SET devices have following advantages:
a. Automata theory maps set operation directly.
b. It is supported most of the design tools.
c. It needs routing for one cock only.
d. The basic bi-stable SET FFs are reliable and

less in size.
e. Scan chains can be easily implemented.

But due to the disadvantages as mentioned earlier
these are not popular. So symmetrical two phase clock
ing is generally used are of two types:

a. Multistage clock gating
b. Stop glitch latch barriers.
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In multistage clock gating multiple clock gates are
cascaded hierarchy to minimize the toggling for heav
ily loaded nodes. Non-overlap phases provide enough
skews margins and so multistage clock gratings are
easy to combine with level sensitive two phase clock
ing. These are very useful when it is difficult avoid
timing violations due to hold margins.

In the DSP based application circuits multistage
clock gating are used for both data path and line de
lays. It involves a counter and address decoder for ac
cessing memory as shown in figure.

In the clock gating scheme (traditional), it has a
heavy capacitive load on the clock nets. Rearranging
the traditional multistage clock gating strategy in a hi
erarchy fashion reduces switching activities and also
node capacitance is reduced.

Using a multistage gate strategy as mentioned in
figure 5 above a 67% of the dynamic energy can be
saved [5]. It is also more efficient than other clock gat
ing strategy.

4. FILTER STRUCTURE

In the traditional MAC based fir filter (figure 6)
there exist set registers at the accumulator and out put
side. In this structure we have implemented a folded
for of FIR structure taking a 8 tap filter for our design

The same structure using DET is shown in figure
7. Both are implemented within a small a small DSP
processor we have designed. The dotted registers are
negatively triggered FFs and others are positive edge
triggered FFs. A novel low power latch using 10 tran
sistors is proposed. The circuit schematic is presented
in figure 8. This uses dual edge triggering. Simulation
results shows that this consumes 22 J.1W. This latch is
used in the fir filter for purpose of reducing power loss
and it is found that a power saving of 65% is achieved.

output reg

Figure 6 Traditional MAC

clock

Figure 4. Traditional clock gating technique

Counter
C1 Co

clock

Figure 5. New clock gating technique
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output reg

Figure 7. DET based

5. RESULTS AND CONCLUSIONS

A lots of energy is wasted by glitch activities in the
data path and circular memory access, which is com
mon in all types of DSP application.

Taking the advantages of clock gating schemes, the
typical front end of a DSP based adaptive directional
hearing aid device when operated at a clock frequency
of 250 MHz, consumes power as mentioned in table 1.

Table 1. Power consumption of fir filter

FIR Filter Cell inter- Switching Total power
structure nal power power consumed
Traditional 1.8142mW 527.89uW 2.6421mW
MAC
DET based 1.2462mW 300.85uW 1.5471mW
MAC

The circuit operation is as follows: From the figure
8 assuming that an input oNdd-Vtn is applied during
previous cycle when clock (clk)=1, which causes cir
cuit output to go low. The effect of new input (low)

turns off the n-transistor (M6) and M3 is turned on.
This causes input node voltage at A to decrease and as
soon as A falls below Vdd- IVtpl, M4 is turned on.
When voltage at node B falls rises above IVtpl, Ml be
comes off, which allows voltage at node A to fall
faster. This switching action is regenerative type so
node voltage at B is pulled to IVtpl above ground.

Assuming an input low is applied in next transparent
cycle of clock, causing output to be at high. When in
put high is applied (i.e. Vdd - Vtn) is transferred from
input which turns on the transistor M6 and M3 is
turned off thereby M8 is pulled to off. When clock sig
nal ~ecomes high, voltage at node falls below Vdd-IVtpl,
M1 IS turned on, thereby node voltage at B rises.

M1= 2 5/1 M6= 5/1
M7=2/1

M3 =5 5/1 M8=3/1
M4=6/1 M9 = 2/1
M5=3.5/1 M10= 2/1

M1

A

M3

D

Figure 8. low power latch circuits using 9
transistors

As voltage at B rises, M4 turns off, causing voltage
at A to fall at a faster rate. Due to this M7 turns on.
Therefore, logic high is observed at output. From this
analysis, we can see that some power is dissipated in
the latch due to fact that M3 is no completely turned
off.

Figure 9. Low power latch circuits using 10
transistors
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M1 and M3 must be properly scaled to control the
current flows throughM3, as the only load that is dri
ven by node A are drain to source capacitance of M2
and M3 and gate capacitance of M4 so that switching
activity can be minimized. In one trade off exists that
more current flow during switching of node B as there
exists a feedback action ofMl and M6.

Due to this there exists a static power dissipation. So
to minimize the a transistor M2 is connected as shown
in figure 9 which reduces the potential at drain of M3
to Vdd-Vtn for an input high. The gate of M3 is also at
Vdd- Vtn. From simulation, we observed that power
consumption with M2 is less than without M2.

From the above we conclude that the DET based
MAC fir filter consumes less power than the traditional
one that is about 41 %. Using the proposed low power
latch shown in Figure 9 power saving upto 65% is
achieved in the FIR filter. The figure 10 and figure 11
shows the simulation result for above circuits in figure
8 and figure 9 respectively.

Figure 10. Simulation result of dff with 350nm tech
3.3V with power loss of 21J.1W at 250
MHz
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Figure 11. Simulation result of dffwith 350nm with
reset logic tech 3.3V with power loss of
22J.1W at 250 MHz
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