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ABSTRACT

The design of abinary ASK noncoherent demodulator circuit in CMOS technology is described. 1t will be used
to deade an ASK signal carying information from an external programming device to an implantable cadiac
pacenaker. The cdl, currently being fabricated, has a @re die aeaof 0.29mn? on a 2.4um standard CMOS
technology with 0.85V nominal threshold voltage.

We review the charaderistics of the signal and the spedficaions for the drcuit. A non-standard topdogy is
propcsed, all owingthe drcuit to be fully integrated, thus, lowering the component court of the system and increasing
reli ability.

We detail the design to the transistor level with speda consideration to the limitations associated with low
supply voltage. We emphasize the caeful sizing, using the (g /Ip) method, of transistors operating in the wegk and
moderate inversion regions. This alowed to lower the gate-source and saturation voltages, achieving operation for
2V even in the worst case condition of 1V maximum threshold voltage and 5 A current consumption.

We present simulation results and the cel |ayout for the proposed circuit and an dternative design. Finaly, we
draw some @nclusions.
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ABSTRACT

The design of a binary ASK noncoherent
demodulator circuit in CMOS technology is
described. The cdl, currently being fabricated, has
a aore die aeaof 0.29mn7t on a 2.4pm standard
CMOS technology with 0.85V nominal threshold
voltage. A non-standard topdogy and acarate
sizing of the transistors for operation in the wegk
and moderate inversion regions alow full
integration and operation down to supply voltages
of 2V with consumption of 5pA.

|. Introduction

This paper describes the implementation, in a
standard 24um CMOS technology, of a low
voltage, low power ASK demodulator circuit®. The
circuit is part of a chip under development by the
Microeledronics Group, Univesidad & la
RepuHica, Uruguay for the Centro de Construcaén
de Cardioestimuladares del Uruguay (C.C.C.U.). It
will be used to decode an ASK signal carying
information from an external programming device
to an implantable cadiacpacemaker.

In sedion Il we review the charaderistics of the
signal and the spedfications for the drcuit, sedion
Il discusses the drcuit topdogy and sedion 1V
detail s the design to the transistor level with spedal
consideration to the limitations assciated with low
supply voltages. Sedion V shows the layout and
simulation results, sedion VI presents an aternative
design, finally in sedion VII we draw some
conclusions.

1. Characteristics of the modulated signal,
constraints and specifications

Some parameters of a pacenaker ned
adjustment, after being implanted, acording to the
patient's edfic neals. The information is

! Thecel is currently being fabricated. We expect to show
some results during the Workshop.

transferred using eledromagnetic ooils [1], one
inside the pacanmaker and another inside the
computerized external programming device. In this
particular case, a binary ASK (amplitude-shift
keying) modulation is used for transmitting these
parameters. This type of modulation consists of a
sequence of binary pulses where a“1” turns on a
sinusoidal carier wave and a “0” turns it off (see
Fig.1).

T T T T T
Q 1 8] 1 Q L] 1
T T T T T

Fig.1 ASK moduation

The demodulator circuit processes the signal
recaved from the programming device restoring a
digital “1” to the paceamaker micro-controller when
it senses the carier and a“0” when it does not.

For compatibility with existing programming
devices, the il (antenna) circuit is kept from
previous designs, yielding a modulated signal
whose minimum amplitude is only 30mV, around
half of the supply voltage (Vpp/2 ). The carier
frequency is 27KHz and either of the bits last for
1464us (in Fig.1, T=1464us).

Each output bit must last at least 100Qus.
Output glitches are accetable during the remaining
464us, which reduces the complexity of the drcuit
aswe will seelater on.

The drcuit must be @le to dive the
cgpadtance of the 1/O pad, wiring and the micro-
controll er, which was estimated to be & most 50pF.

The remaining spedficdions are sswciated to
the incorporation of this cdl in a pacanaker. The
full charge voltage of the Lithium-lodine battery
usualy supplying these devices is 2.8V, and the
circuit must be fully operative for supply voltages



down to 20V . Its total consumption must not be
more than 5pA to comply with the system power
budget.

The target processis a standard 24um analog
CMOS processwith double poly and dauble metal.
This process is intended for 5V supply voltage,
having a nominal threshold voltage of 0.85V with a
maximum and a minimum of 1.0V and 07V
respedively. The fulfillment of the requirements in
such a process instead of alow-voltage spedalized
process with lower threshold voltages, enables a
broader and chegoer range of posshble target
proceses and foundries. However, the operation
with 2V supply voltage in such a process presents
various challenges that are presented in the
following sedions as well as the means we propase
to overcome them.

[11. Selection of the circuit topology
Figure 2 shows the usua circuit for a
noncoherent ASK demodulator.
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Fig.2 ASK demoduator circuit

In this circuit, the ASK signal is compared
with a DC level dightly greaer than its own DC
level. If the carier is present, the caadtor is
charged throughthe diode deading the “1”. On the
other hand, when there is no carier, the cgadtor is
discharged throughthe resistance, thus deaoding the
“0". In thisway, we remnstruct the binary sequence
of pulses.

The main problems to huild this circuit in a
CMOS technology arise from the difficulties to use
resistances and the parasitic bipoar transistors
asciated with floating diodes. We overcame them
by using the drcuit in Fig. 3.

The diode function is implemented with a
PMOS transistor (M) working as a switch. We
substitute the discharge resistance with a mnstant
current source, which is much easier to build in an
IC.

Finadly, the two inverters drive the 50pF
cgpadtanceload (Cy).

Fig.3 ASK demoduator circuit propased
V. Design methodology
We chose atwo-stage OTA to implement the

comparator (see Fig.4). In this way we adieve the
needed gain.

Fig.4 Proposed comparator topdogy

The sizing of the transistors was carried out using
the method presented in [2],[3]. It is based on the
relation of the transconductance over drain current
ratio (g./lp) to the normalized current (Ip/(W/L))
and alows a unified treament of al regions of
operation of the MOS transistor. An acalrate sizing
of the transistors can be adieved by using this
method and the EKV model [4],[5] with a set of
parameters extraded from measurements of the
target process

The man spedficaions that apply to the
comparator design are the minimum input common
mode level of 1.0V (for Vppmin = 2.0V) and the
maximum total consumption of 5uA. We designed
the mmparator based on these spedficaions and
tryingto minimizeits die aea

Becaise of the minimum common mode of
1.0V, we nead to place the transistors of the
differential pair as deg as possble in the wedk
inversion region, therefore doasing a high (gy/1p).
This will give, for a given current, a low gate-
source Vvoltage. Anyway, due to the flat
charageristics of the (g./lp) vs. (Io/(W/L)) curvein
the we& inversion region, a small increment of
(9n/lp) requires a big increment of (W/L) increasing
the parasiti cs and therefore slowing the comparator.

By exploring the design space through the
(gw/lp) method, we dhose the best compromise



between performance and aea which led to a
(gn/lp)1=22 while 15;=500nA.. This correspondsto a
(W/L),=2084. This non minimum value of 4um for
the drawn length of M1, was chosen based on
reliability considerations. In the target CMOS
processthe fina sizes are derived from the drawn
sizes after a 0.8 fador shrink.

The M7 transistor is aso involved in the
minimum common mode parameter. The minimum
common mode of the mparator in Fig.4 is
(Vosmax(M1) + Vpsr(M7)). Therefore, in order to
minimize the cmmon mode, we need to placeM7
nea wed& inversion, where the drain-source
saturation voltage is minimum (approximately
2U+..3Uy, where Ut is the therma voltage). We
chose (g./1p)7=18. This value, together with the
drain-source arrent of 1yA needed by the
differential pair, led to two transistors in paralel,
eahh of sze (W/L)e=8.7=10412. Since M7
implements a arrent source, we chose L=12 so that
it presents a high output impedance

After sizing M1 and M7, we can cdculate the
minimum common mode of the cmparator. From a
simulation using the EKV model,
Vpsx(M7)=60mV, and considering the body effed
introduced by M7, Vggnax(M1)=1.01V. Thus, the
minimum common mode is 1.07V, dightly over
1.0V, but acceptable anyway.

The size of the mirror stage M3-M4 is
determined from the minimum value of Vpp, which
is given by the foll owing inequation

Vomin2 Vpssat(M 7)+Vpsear(M 1)+V sgmax(M 3) (1)

Althoughit is appropriate to paceM3-M4 nea the
strong inversion region to have abetter matching in
the arrent copying, when we move toward the
strong inversion region the gate-source voltages
incresse. In order to simultaneously satisfy the
above onditions, we placel M3-M4 in the
moderate inversion region with a (gn/lp)s=12. This
led to a (W/L);=47/12. The Vma(M3) is 1.12V,
so satisfying inequation 1.

For the sizing of M5, it should be observed that
inequation 1 must also be satisfied if Vsgmax(M3)
were subgtituted by Vggmx(M5). We can placeM5
neaer the stronginversion region than M3, sinceits
current will be higher than that of M3 for the
comparator to have its non dominant pole far away
from the dominant one to increase speed. We chose
(9w/lp)s=5 and ls=3HA. This gives
Veemax(M5)=1.4V and (W/L)s=24/8. The wirrent
through M5 is fixed by M8, which is implemented
with six transistors having the size of M6 in
parallel.

The transistors $zes are summearized in table 1.
The dimensions indicaed below are drawn
dimensions.

Transistor W/L On/lp
M1 2084 22
M3 47/12 12
M5 24/8 5
M6 10412 18

Table 1 Transistors of the cmmparator. All dimensions are
drawn dmensions that are shrunk by a 0.8 fador before
fabricaion

After the comparator, we must determine the
sizeof M and values for 11 and C (seeFig.3). In
the cae of C, we chose avalue of 10pF in order to
avoid the dfeds of parasitic cguadtances. The
value of 11 was determined from the maximum fall
time dlowed in a“1-0" transition. As mentioned in
sedion Il, this time is equal to 464us. This means
that

C VDbmax

<
THES 464us 2
which implies that 11>60nA. We dose 11=100nA
so as to generate it from the pacemaker internal
current reference source

For transistor M, it would be enoughto choose
W>>L in order to have the minimum delay in the
deading of a“1”. Anyway, it is better to charge C
in several steps o as to have some immunity to
noise in the transmisson. We gplied the aiterion
of reading (Vppma/2) (threshold voltage of an
ided inverter) in four carier cycles, when the ASK
signal produces the minimum differential input in
the comparator. The darge gained by C in eat
step is propational to the aomparison window
(topen) @ drownin Fig.5.
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]

Fig.5 Voltages during the decoding of a “1”

AV e and AV depend on tope Which must be
found. From the sizes of the transistors of the
comparator, we estimated its DC gain, the dominant
pole given by C; and its non-dominant pole




supposed only given by the parasitic output
cgpadtance of the comparator C, (see Fig.4). This
last hypothesis can be gplied since Cp, gate-
source cgadtanceof M, will result negligible small
compared to C,. This semnd order transfer function
for the comparator was smulated with Matlab, with
a worst case ondition of an ASK signa of
minimum amplitude and the maximum DC level
plus a maximum comparator offset as inputs (refer
to [6] for a procedure to estimate the comparator
offset). The comparison window t,p, resulted to be
3.5us. In thisway,

I 1 (Tcarrier - topen)

AVial = 00.33v 3
and

(AVraise- AVfall) 4 = Vobmax [ 2 4
S0 AV 4=0.68V. Then

Is(M)-11=(C AVraise) / topen 5)

From eq.5, Is (M)[RO5MA. With this current, we
can uwse the simplified equation for saturation in
strong inversion, shown in eq.6, to size transistor
M.

UCoxp (W /L)m

n (VDDmax - VTmax) 2 (6)

Is(M) =

From the &ove a., (W/L)y=4/43.

Finaly, it was enough to choose the A and B
inverters (see Fig.3) with minimum size in order to
drive the 50pF capadtance load (this was chedked
by simulation).

V. Simulation results and layout
A complete simulation of a “1-0-1" decwding,

for a omparison with minimum overdrive, is $own
in Fig.6.
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Fig.6 Complete smulation d a “1-0-1" decodificaion
Asit can be seen in the simulation, the output of the
circuit presents glitches. Thisis dueto the dharge of
cgpadtor C in steps snce we can cross the

threshold voltage of the inverters more than once
(see Fig.3). In the proposed circuit, a single aoss
can not be asaured since the threshold voltage of an
inverter can not be predsely known. As the glitches
do not cause problems at system level, this is the
circuit that we implemented.

Figure 7 shows the layout of the achitedure
propased in Fig.3. It usesadie aeaof 0.29mn?.

Fig.7 Layout of the ASK demoduator circuit
VI. Alternative cir cuit
If desired, the glitches can be aoided hy

implementing the function of inverter A with two
current sources as £hematized in Fig.8.

Fig.8 Dewdificaion circuit withou glitches

Here, 12 performs the pull-up function and 13 the
pull-down function of an inverter. On one hand, the
single adossthrough the threshold voltage of the A

inverter has to be guaranteed by the sizing of 13.

This can be done by not alowing, taking a margin

of seaurity for the switching of the inverter, C' to

discharge more than (0.35V ppmin) in @ carier cycle.

On the other hand, 12 can be sized studying a “1-0”

transition and imposing a charge of C' (for example
to 0.65Vppma) iN the time dlowed to guarantee a
certain bit length required. Since 12 results to be
higher than 13, it has to be cntrolled by the voltage
in C in order to be &le to perform a “0-1"

deaodification.

V1. Conclusions

The presented design is compatible with the
requirements for demodulating the ASK signal
carying information from the eterna
programming device to an implantable pacemaker.
The drcuit can operate with supply voltages down
to 2V and its total consumption is less than 5pA.



The caeful sizing of the transistors, operatingin the
week and moderate inversion regions, by the (g./1p)
method alowed to lower the gate-source and
saturation voltages, acdhieving operation for 2V
even in the worst case @ndition of 1V maximum
threshold voltage.

The proposed circuit can be fully integrated,
lowering the component count of the system and,
thus, increasing reli ahilit y.
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