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Fig. 2 Computed resonance length and normalised conductance of longi-
tudinal slot in an array and as an isolated slot in an infinite ground
plane, in a single ridge waveguide

———slot in array

— — — ~ isolated slot

a; = 1.4mm, @, = 8.8mm, a; = 2mm, a, = 8mm, 4 = 1.6mm, ¢ =
Imm, g = 20.6mm, f= 7.5GHz

validate the procedure, it is first implemented for the calculation
of the infinite longitudinal slot array on the broad walls of con-
ventional rectangular waveguides. Results are compared with
those of Yee [6] in Table 1 for /., and G, /Y, of the slots, resonat-
ing at 9.75GHz in the infinite array model for 8¢ = 0. The
waveguide dimensions are 0. 837" x 0.2" and the slot width is
0.125". The thickness ¢ of the waveguide top wall is 0.032" and the
period g of the array is 0.877”. Our computed results agree very
well with those of Yee.

For an infinite array of ridged waveguides, computed resonance
length and the corresponding slot admittance against offset are
shown in Fig. 2. Calculations have been carried out using N = 1.
In the absence of available data for comparison in the literature,
these plots are only shown against reference data for the isolated
slot. These plots may be useful for the design of slot arrays in
ridged waveguides.
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New method for evaluating local pulse wave
velocity by measuring vibrations on arterial
wall

H. Kanai, K. Kawabe, M. Takano, R. Murata,
N. Chubachi and Y. Koiwa

Indexing terms: Biomedical ultrasonics, Biomedical engineering

A new method is proposed for measuring the local pulse wave
velocity (PWV), which is an index of the hardness of the aortic
wall. Using the method, high spatial resolution, which is necessary
in the evaluation of local hardness, is attained.

Introduction: A major concern in the diagnosis of atherosclerosis
has been to develop a noninvasive method for evaluating the hard-
ness of the aortic wall. Since the development of the pulse wave
velocity (PWV) as an index for use in diagnosis of atherosclerosis
[1], numerous studies on measuring the PWV have been reported
[2-4]. In the standard method, the PWV is obtained from the dif-
ference in the arrival time of pressure waves propagating from the
carotid artery to the femoral artery [2, 3].
This method, however, has the following problems:

(i) Because sounds generated by a pressure wave are measured
with microphones, the measurable points are limited to those
where the aorta exists near the skin surface and the distance
between such points is considerable, i.e. several hundred millime-
tres.

(ii) The measured sound has a frequency component of 10Hz at
the most, and the delay time is determined in the time domain.
Thus, the spatial resolution of the local evaluation is limited by
the wavelength of the pulse wave, that is, several hundred millime-
tres.

(i1i) There is a large increase of the PWYV from near the heart to
the temoral artery [5]. Thus, the PWV obtained in the standard
method between these distant points shows their average value.
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Fig. 1 ECG and small vibration signals v (t) and vt) at the points on
the aortic wall near the heart for a young normal person

a ECG

bv,(1)

c vglt)

The segments marked by dotted lines around the R-wave in Fig. la
are analysed in Fig. 4

In the early stage of atherosclerosis, fibrous spots several milli-
metres in diameter are scattered on the surface of the artery. After
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growth of these spots, the arterial wall becomes homogeneously
hard in the final stage of atherosclerosis. It is important for early
diagnosis, therefore, to measure the local hardness of the surface
of the arterial wall. To increase the spatial resolution, it is neces-
sary to measure small vibrations due to pulse waves with higher
frequency components.

We have developed a new method to noninvasively measure
small vibration signals on the heart wall or the aortic wall from
the surface of the skin based on the ultrasonic Doppler effect [6].
In simulation experiments to detect small vibrations with ampli-
tudes of ~5S0um on the motion due to heartbeat with an amplitude
of 10mm, such signals were successfully detected in the frequency
range up to 1kHz [7]. Fig. 1 shows two small vibrations v, (¢) and
vy (f) on the aortic wall near the aortic valve measured from the
chest by this method. Frequency components of at least up to
50Hz are involved in these vibration signals. Based on these
results, this Letter presents a new method for obtaining local PWV
by measuring small vibrations at two points on the aortic wall.

Static experiments using silicon tube: First, by employing a silicon
tube as a model of the aorta, the PWV ¢, was obtained from the
relationship between the change AP in the internal pressure and
the change AV in the internal volume of the tube as follows [1]:

Vo AP

= —— (1)

p AV

where p and ¥V, denote the density of water in the tube and the ini-

tial volume of the tube, respectively. From the resultant PWV ¢,
the Young modulus F is given by

2=

_2rp .

E= 5 C (2)
where 4 and r denote the thickness of the vessel wall and its
radius, respectively. They are 2.5 and 7.5mm, respectively, for the
employed tube. The effective length of the tube is 840mm and the
initial internal volume v, is 1.48x10°mm’*, The tube was filled with
water and both ends of the tube were clamped. By using a syringe,
the volume ¥V and the internal pressure P were simultaneously
changed. From the results in Fig. 2, AP = 150mmHg and AV =
6.31x10°mm? in the decreasing process of the pressure. Thus, from
eqns. 1 and 2, the PWV ¢, and F of the silicon tube are 21.9m/s
and 2.87MPa, respectively.

—

-50 0 50 100 150 200

change in volume AV, cm?

pressure, mmHg

Fig. 2 Relation between internal pressure P and volume V of tube

Dynamic experiments using silicon tube: Next, the PWV ¢, of the
same silicon tube employed in the above static experiment was
measured using an artificial circulation system. In this system,
water flowing out of the ventricular-assist device (VAD) goes
through the tube, passes a water tank, and finally returns to the
VAD. Small vibrations on the tube are simultaneously detected by
two acceleration pickups. The distance between them (d,;) is 8.6
mm. Fig. 3¢ and b show the two vibration signals measured, y (?)
and yg(r), respectively. By applying frequency analysis to the
resultant y,(r) and yg), the coherence function yz_w (), and the
transfer function, H ,4(f). from point A to point B are obtained as
shown in Fig. 3c~e. Using the delay time t,; of transmission
between points A and B, the phase characteristics 0 ,,(f) in Fig. 3e
of H /) are given by 0,4f) = -2nft,,; Thus, 1, is determined
from the gradient d0,5(f)/df = -2tz of 0,5(f) and then ¢, is given
by

oo = JAE (3)
TAB
From the cohcrence function YZAB(/), in Fig. 3¢, these two waves are
sufficiently correlated in the frequency range from DC to 700Hz.
From the gradient of the phase in the resultant frequency band of
Fig. 3e, the local PWYV ¢, is determined to be 22.4m/s. From eqn.
2, the Young modulus E is 3.01 MPa. These values almost coincide
with those obtained in the former static experiment. Therefore, it
is confirmed that the local hardness of the vessel wall is evaluated
with high spatial resolution by measuring two small vibrations on

the vessel wall.
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Fig. 3 Vibration signals y (1) and ygt), and coherence function YZ'AB(/)
between them, and phase characteristic £ H ,5(f) of the transfer function
H (/) from y4(1) to yu(t)
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Fig. 4 Segments of the ECG and the small vibration signals v (1) and
vy(t) around the R-wave of the ECG for 11 beat periods in Fig. 1

In vivo experiments: We applied the procedure in the above
dynamic experiments to the two vibration signals v (r) and v,(f)
simultaneously measured at the two points on the aortic wall in
Fig. 15 and c¢. As shown in Fig. 4, there is evident time delay of
~2.66ms from v,(¢) to v4(r) around the R-wave of the ECG in each
beat period. As the distance between the two points d,, is 9.1 mm,
the PWYV ¢, is obtained as 3.4m/s.

Conclusions: By the proposed method, the measured vibration sig-
nals have frequency components of up to ~S0Hz and delay time is
determined in the frequency domain. Thus, the spatial resolution
achieved by the proposed method is several millimetres, which
almost coincides with the size of the fibrous spots on the arterial
wall in the early stage of atherosclerosis. Therefore, the proposed
method will be effective for local evaluation of the hardness on the
aortic wall.
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Novel pseudo-class AB fully differential 3V
switched current system cells

H. Triff and S. Eriksson

Indexing terms: Switched-current circuits, Circuit design

A novel pseudo-class AS low conductance fully differential
switched current memory structure with high clock feedthrough
(CFT) attenuation, is presented. It is designed with a 3V power
supply. An integrator using the proposed structure is also
presented with simulation results.

Introduction: Mobile telecommunications is a very active area of
research. The ‘one-chip’-concept with low power and low power
supplies (battery) has been aimed for, making analogue circuit
techniques compatible with inexpensive digital processes. This may
require current mode circuit techniques [1] that have the potential
for high frequency operation, mixed analogue digital design, small
area and power consumption. A low voltage mode dynamic range
also contributes to the advantages over voltage mode circuits.
Switched current techniques (SI) [2] seem a promising alternative
to switched capacitor techniques (SC). However, SI still suffers
from ’childhood diseases’ such as clock feedthrough errors (CFT),
finite output/input conductance ratio etc. CFT is by far the most
severe, and several papers have been published on the topic [2-5].
Here, low conductance operation and fully differential structures
are used to overcome some of the problem.

In this Letter we present a novel fully differential structure for
one of the most important SI building blocks, the memory circuit
(MC) (2, 6]. 1t is crucial to have good MCs to design high per-
formance SI system level blocks as delay lines, integrators, filters,
A/D and D/A convertors, etc, and the simulation performance of
an integrator is also shown. The circuits are currently under fabri-
cation.

Fig. 1 Novel pseudo-class AB fully differential low power SI structure

Input and output signals at io+ and io—

Memory circuit: The novel fully differential memory circuit is
shown in Fig. 1. The second generation structure {2] has been used
to avoid transistor mismatch. Because both M1 and M2 adjust to
match the input current in clock phase 1 and a small quiescent
current flows, the action may be considered as class AB. However,
the connection of M2+ and M2- to the common mode feedback
(CMFB) circuitry MCM, MCM+, MCM-, give the devices a
slightly different task. Now, the M2 transistors will regulate and
memorise only the common mode part of the signal, whereas the
M1 transistors take care of both common and differential mode
parts. This structure is advantageous also because it uses only one
switch for both M1 and M2. The CFT attenuation is thereby
increased by a factor 2 [6]. Another pair of switches are included
to separate the output from the discharging nodes of the M4
devices in clock phase 2. Furthermore, the specific structure allows
the gate-source voltages of M1 and M2 to be designed to operate
with low conductances. This results in large gate-source voltages,
meaning that the signal dependent CFT becomes relatively smaller
and the signal dependent error on the output is reduced. The large
gate-source voltages, however, do result in large signal independ-
ent CFT [6]. Fully differential structures effectively reduce com-
mon mode offsets, and the signal independent CFT presents itself
as a positive constant on both the positive and negative side.

The stages M3 — M5 perform the two actions of keeping the
output voltage constant, and transferring and amplifying the small
signal voltage at the input to the gates of M1 and MCM transis-
tors; thus

2 ¥
Vg.d = Vge 2 —
g' gma 94,5

Where gm,1 = Gm.,2, gm,i > 9d,j V'l,_j

where v, ; and v, , are the differential and common mode voltages
at the drain of M4 (node g) in the input phase, respectively. g,,
and g, are the transconductances and output conductances. Pas-
sive common gate transistors M4+ and M4~ are sufficient for this
task.
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Fig. 2 Track- and -hold simulation of pseudo-class AB fully differential
SI memory circuit

The first diagram shows the positive and negative single differential
input and output signals respectively (inputs are sine-shpaed and out-
puts S&H-shaped). The large CFT 1s obvious, but due to the specific
structure it is equal and constant. This results in the small CFT in the
lower diagram, which shows (i, — i, )/2 and (i, - i,,.)/2, respec-
tively. The large spiking due to recharging of amplifier internal nodes
is easily seen.

For a single memory circuit, a smaller problem remains to be
solved. Because the M3 — M5 structure is disconnected during one
half clock cycle, the drain and source nodes of M4 devices dis-
charge slightly. The result is that when the structure is connected
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