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Abstract— A miniature ASK demodulator without any passive generates an envelope signal with small amplitude. Hence, a
elements, i.e., R or C, for low-frequency applications is prsented  Schmitt trigger is required in the C-less ASK demodulator
in the paper. The noise margin of the envelope detector in the 4 ensyre correct demodulation in the noisy environmeris Th
proposed ASK demodulator is enlarged such that any Schmitt th difi ha C-l ASK d dulator t tai
trigger or current limiting resistor is no longer needed. It results paper, us, moarmes suc _a -less emodulatorto re a_'n
in the number of transistors required for the ASK demodulator ~ itS advantage of no capacitor and further remove the Schmitt
circuit is reduced to 12, while the area is merely 0.003025 mtn trigger by improving the noise margin of the envelope detect
using 0.35um 2P4M CMOS process. The power consumption \What even better is that there will be no resistor in the

is found to be 1.01 mW by physical measurement on silicon. ; i
. ' proposed ASK demodulator design. The area of the chip is
The data rate is measured to be 250 kbps for 2 MHz carrier then reduced to be merely 0.003025 fam

frequency and 27% modulation index.

Index Terms—ASK demodulator, low-frequency ISM band, ASK d
. . ! emodulator
noise margin, envelope detector, wireless network. [me————————————o

detector |

I. INTRODUCTION M o L I
FC Because of rapid development of IC and MEMS Wﬂ’wmj\ﬂmnmwm "Mhn"h“mm"nnﬂm \ l \

(micro-electro-mechanical systems) technologies, iMm-  ask modulated Rectified Envelope Demodulated
plantable and portable electronic biomedical devices imeco signal signal signal signal
feasible. Particularly, the implantable devices have baéen
veloped to diagnose or cure the patients’ diseases, eqy., tl§- 1. Block diagram for ASK demodulation.
bladder stimulation for passing urine control [1], the reur
electrical micro-stimulation to alleviate paralysis arttbphy
[2], and the cortical neural prosthesis for deep brain dému Il. ALL-MOS ASK DEMODULATOR

tion which is helpful for the disabilities of Parkinson’'sdase . . . . .
The wireless implantable devices usually use couplingscoil

[3]. to transmit power and data from an external coil to an interna

In order to avoid the infection on the wound due to thgopjl. The received signal on the internal coil is then sent
wired connection, wireless transmission is much prefefoed o a power regulator to produce a stable supply voltage for
the communication between the implantable devices and g implantable electrical device and the demodulator for
external control module. ASK modulation methodology hagata demodulation. When the ASK demodulation is used,
been selected for the telemetry in lots of previous workfie implantable device needs a rectifier to obtain the half-
because of its simplicity [4]- [9]. Besides, the low-freqeg \vave signal before the ASK demodulator, as shown in Fig.
ISM band (2.0 or 13.56 MHz) are widely used due to the low, Notably, the proposed design is implemented by a typical

absorption rate of live tissues. More importantly, 0.35;m 2P4M CMOS process with VDD = 3.3 V.
the area of the implantable electrical devices must be ali sma

as possible to reduce the discomfort of the patient who is im- g | == == == =— —
planted with the device. However, the prior ASK demodulsitor Voo
contain large capacitors for demodulation in low-frequenc
bands such that the system size is large, e.g., a 10 pF aapacit
in both of Liu's [4] and Baru’s [5] designs. Therefore, a C- |
less (without capacitor) ASK demodulator was reported [7]
to reduce the area of the implantable system. However, the |
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bias-based envelope detector in the C-less ASK demodulator

Fig. 2. Schematic of the bias-based C-less ASK demodulator.
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A. Prior Bias-based C-less ASK demodulator PM202 will be turned on such thatgy,»is biased at 1.7 V

Fig. 2 shows the prior C-less ASK demodulator whicipitially. Because VY is at 0.6 V initially, Viy will be pulled
contains no capacitors [7]. It senses the rectified signalgly, 1 the voltage close to 1.7 V by PM203. Then, PM201 and
and generates the demodulated signge);1. The output of PM202 will be turned off. It results in ¥,,oto be discharged
such a bias-based envelope detector varies severely daptentp OV L _
on the low frequency components of the rectified signal, <ii-> When Vigco is initially high (3.3 V), PM201 and
Viect: Thus, it could be used to sense the envelope BM202 will be turned on for < Viect2 - Vin PM20t
the ASK-modulated signal. The generated envelope signal’€": Veny2can be biased at the desired voltage of 2.13 V. If
Venyy iS an AC vibration on a DC voltage according to!Y > Vrect2- Vih(pm201)initially, PM201 and PM202 are
the digital level of the ASK modulated signal. However, duff such that \o,7is biased at 0 V initially. \ will then be
to the inherent feature of stability of the bias schematigiScharged to the voltage of/ + Vin ppmppzand PM201
the amplitude of \4p,1 is quite small. Because the inducednd PM203 will be turned on. Thus,gy,> will be pulled to
signal on the internal coils will be corrupted easily owirg t2-13 V. ) o
the displacement and angle between the external and ihternd Nerefore, PM203 is deemed as the self-start-up circuit,
coils, a Schmitt trigger must be added to sense the sm@ffich biases the envelope detector to the desired operating
Veny1 Therefore, the noise margin of the bias-based Asyoltage initially in these two scenarios.
demodulator can be enhanced. Notably, PM103 works duringBesides, the channel resistance of PM203 and the gate
start-up only. parasitic capacitors of PM201, PM202, and NM201 behave

as an LPF (low pass filter), with the 3-dB frequency of

1 1
= = 1

J3dBY =R, Cy ~ Bomzoz Voo O
wherefp)1203is the transconductance parametefyis the
over drive voltage of PM203, and\Cis the parasitic capacitor
at node Y. The LPF can suppress the high frequency carrier of
the ASK-modulated signal. Thus, the AC disturbance gf V
is reduced such thaty can be treated as a control signal for
PM201 and PM202. Similarly, ¥ is also a filtered voltage
resulted from the LPF composed of NM201 and NM204 to
control the channel resistance of NM204.

Modified envelope detector Buffer2
2) Normal operation: After the demodulation is started up
Fig. 3. Schematic of the proposed ASK demodulator. as described in the above, it enters the normal operatioichwh
also has two possible scenariosyg¥io is low or Vygeio is
high.
B. Circuitry of the proposed all-MOS ASK demodulator <i.> Vgct2 = low (received ASK signal is low): When the

This paper, by contrast, proposes a modified ASK demd@w voltage level of ASK-modulated signal is receivedg¥o
ulator which contains no Schmitt trigger, as shown in Figs at 2.5 V. PM201 and PM202 will be turned off because
3. In order to achieve the purpose of removing the Schm¥ty is biased at 1.88 V for Mytp at 3.3 V. Thus, 2 is
trigger, the noise margin of the envelope detector must Béscharged to 0 V by NM203 and NM204. Withyvat 0.95
enhanced. That is, the amplitude of the envelope sigpaly v and Vigct2 = 2.5 V, PM203 will be turned on to discharge
should be enlarged. With M, biased at 2.13 V for logic 1 Vy to the voltage close to ¥ + Vip ppmpo3(~ 0.95 + 1 =
of ASK modulated signal, PM202 is designed to be turned o}95 V). That is, if
for logic 0 of ASK modulated signal. It results in can _
be discharged to 0 V when logic 0 is received. T%%e\%fore, the Vrect2,lowPC) — Vin(Pm202) < Vy,low(PC). - ()
amplitude of \,,2is enlarged and the Schmitt trigger is novhere
longer needed. N

1) Sart-up : In a bias circuit, a steady DC voltage or DC VY’IOW(DC) V_X’IOW(DC) " |Vth(PM2_03j’ &
current should be generated. However, the bias circuit mighM201 and PM202 will be kept off for logic O of ASK-
operate at the state without current flowing because all MOoB$dulated signal such that

are turned off initially. Thus, a start-up circuit is reqedrto Venv2 lonDC) ~ 0. )

provide a current through the bias circuit to carry out the
demodulation function. Notably, the suffix “low” in the voltage symbols indicate tha

There are two possible scenarios when the proposed cirdi¢ voltages are obtained whengo is at the low state.

is initialized: Moreover, “DC” in the parentheses denotes the DC component
<i.> When Vig¢o is low (2.5 V) initially, PM201 and ©f the voltage.

PM202 will be off such that ¥, ois at 0 Vif Vy > Vigctp  <ii.> Vgcto = high (received ASK signal is high): When

- Vih,pm20t Vv < Vyect2 - Vih,pM202 PM201 and the high voltage level (logic 1) of ASK modulated signal is
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received, \gcro is at 3.3 V. Because Y is biased at 1.88 2P4M CMOS process. Fig. 4 shows a transient post-layout
V for Vygctz at 2.5 V, PM201 and PM202 will be turned onsimulation of the proposed ASK demodulator. The demodu-
for VincemM201)= Vth1(PM202): 1V when Vigct2 changes lated output of the proposed demodulatogeyy,a is generated
from 2.5 V to 3.3 V. Thus, Y2 is pulled to its high level from the rectified signal, M;ct2 The output of the envelope
voltage from O V. Because y/ is at 1.15 V for gctp = 3.3  detector, \gp2 swings between 2.13 V and 0 V such that the
V, Vy will be charged by 4 through PM203. The increasedfollowing buffer can detect the voltage level og,, - easily.
Vy will reduce the charging current from PM201 and PM20ZEig. 5 shows high level ()4), low level (V| ) of Vg2 and
Thus, the high voltage level of §,,o will be biased at 2.13 the switch point (\gp) of the buffer in different PVT (pro-
V, which can be expressed by Eqn. (5) fO{hYpM203)= 1 cess, supply voltage, and temperature) corners. Notdiy, t
V. temperature is simulated at 36 to comply with the human’s
Venv2,higHDC) ~ Vx(DC) + |Vth(PM203jv (5) normal temperature. Moreover)/denotes the smallest value
at the peak of ¥,,2 V| denotes the largest value at the
valley of Vg2 Fig. 5 shows that all of the §p voltages fall

where the suffix “high” in \énvz,hifqhmeans that the voltage
between Y and \{ . Thus, Vg2 can be correctly sliced by

is obtained at the high state of ;> Besides, NM204

possesses an aspect ratio smaller than 1 to reduce theeemieﬁguﬁer2 in these comers. Notably, Vis not biased at 0 V in
current. all of these corners. Moreover, Vis pulled high in FF and

3) Buffer : In order to drive large capacitive loads and t&F corners. That is caused by the small threshold voltages
avoid the loading effect to the envelope detector, a buffgf pmoOS Wth(PMOS) which will be produced in SF and
which can drive a 10 pF load at 20 kbps bit rate is addeﬂF corners. According to Eqn (2) and (3), Sma“"lthOS)
Moreover, the switch point of the buffer must be set to thgight turn on PM201 and PM202 when Mo is low. It is

value between the peak and valley oY such that the why v, will be pulled to 1.312 V in the worst case (FF, 2.97
state of \,2 can be sliced correctly. V, 36°C).
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Fig. 4. Post-layout simulation result of the proposed ASkKnddulator at
[VDD=3.3 V, TT model, 36C].
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‘ \/ : ‘VL‘:LS‘)i"V/K : \ N A data rate when the modulation index is 27%.
23388852523 @3553 Fig. 6 shows the die photo of the proposed all-MOS ASK
Wow e N W N W N L e N . . .
ahspbtaligaibsgnit demodulator, which occupies merely 0.003025 nfig. 7
P e i i
CeLtEiieiivETed shows the measured waveform of the ASK modulated and
(=2} S & S S S s S 2> S & ) . .
A8 338820 AA043358%7 ASK demodulated signals when data rate is 10 kbps and

the modulation index is 27%. Moreover, Fig. 8 shows the
Fig. 5. Simulation results of M, V| , and Vigp in different PVT corners.  proposed ASK demodulator can even recover the modulated
signal correctly when the data rate is up to 250 kbps for 27%
modulation index. Table | reveals the performance comparis
I1l. SIMULATION AND MEASUREMENTRESULTS with prior works. The proposed demodulator is the only desig
The proposed ASK demodulator is carried out using TSM@hich contains no resistors and capacitors. Moreover, tha a
(Taiwan Semiconductor Manufacturing Company) 0,35 of the proposed design is smaller than these prior works.
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TABLE |

COMPARISON WITH PRIORASK DEMODULATORS

Design | Cap. | Res. | MOS Area Carrier | Data Rate MI FOM | Year
No. | No. | No. (mm2) (MHz) (kbps)

4] 1 - 14 0.3 10 1000 30% 3.33 | 2000
6 3 - 13 - 4 70 35% 0.5 2003
7 0 1 16 0.01274 2 10 18.75% | 0.27 | 2004
8 1 1 > 30 - - 250 - - 2004
9 1 3 19 - 10 800 100% 0.8 2000
10 10 3 > 26 0.22 10 200 10% 2 2000
11 1 - > 58 - 13.56 - - - 2005
12 3 3 > 43 0.18 1 18 100% 0.18 | 2006
Ours 0 0 12 0.003025 2 250 27% 3.583 | 2007
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the fast data rate for the ASK demodulator can be achieved
easily when fast carrier frequency and large modulatioind [7]
are used. Thus, we define a simple figure of merit (FOM =

data rate ;
(carrier frequencymodulation mdex) to normalize the data

rate such that the data rate could be compared fairly. It shovig]
that the proposed design has the best FOM compared to all of
the prior works.
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IV. CONCLUSION

Miniaturization is a critical specification of the implabta [10]
electrical devices. Lots of prior ASK demodulators emplbye
capacitors such that the area was too large. We have prdsefitg
a novel all-MOS ASK demodulator. By improving the noise
margin of the bias-based envelope detector, the Schnggeri |15
is then no longer needed. It, thus, reduces the size of the
proposed ASK demodulator. The proposed design employs
merely 12 MOSs and occupies 0.003025 farfihe average
power consumption is 1.01 mW by physical measurement.

V. ACKNOWLEDGMENT

The authors would like to express their deepest gratefalnes
to CIC (Chip Implementation Center) of NARL (National
Applied Research Laboratories), Taiwan, for their thofight
chip fabrication service. The authors also like to thankmiAi
for Top University Plan” project of NSYSU and Ministry of
Education, Taiwan, for partially supporting the research.

J. S. Walter, J. S. Wheeler, W. Cai, W. W. King, and R. D. ¥fer,
“Evaluation of a suture electrode for direct bladder stiatioh in a lower
motor neuron lesioned animal moddEEE Trans. on Rehabilation
Engineering, vol. 7, no. 2, pp. 159-166, June 1999.

G. E. Loeb, F. J. R. Richmond, D. Olney, T. Cameron, A. Cpbnt,
K. Hood, R. A. Peck, P. R. Troyk, and H. Schulman, “BIOW. Bionic
neurons for functional and therapeutic electrical stirofg’ 20th IEEE
Engineering in Medicine and Biology Society, vol. 5, pp. 2305-2309,
Nov. 1998.

R. E. Isaacs, D. J. Weber, and A. B. Schwartz, “Work towazdl-time
control of a cortical neural prosthesidEEE Trans. on Rehabilation
Engineering, vol. 8, no. 2, pp. 196-198, June 2000.

W. Liu, K. Vichienchom, M. Clements, S. C. DeMarco, C. Hhes,
E. McGucken, M. S. Humayun, E. De Juan, J. D. Weiland, and
R. Greenberg, “A neuro-stimulus chip with telemetry unit fetinal
prosthetic device,1EEE J. of Solid-Sate Circuits, vol. 35, no. 10, pp.
1487-1497, Oct. 2000.

M. Bar(, H. Valdenegro, C. Rossi, and F. Silveira, “An A8emodulator
in CMOS technology,” inProc. 1V Iberchip Workshop, pp. 37-42, 1998.
H. Yu, and K. Najafi, “Low-power interface circuit for bimnplantable
microsystems,2003 |EEE Inter. Solid-Sates Circuits Conf., vol. 1, pp.
194-203, Feb. 2003.

C.-C. Wang, Y.-H. Hsueh, U. F. Chio, and Y.-T. Hsiao, “Al€ss ASK
demodulator for implantable neural interfacing chips,”Rnoc. 2004
|EEE Inter. Symp. on Circuits and Systems., |SCAS 2004, vol. 4, no. 4,
pp. 57-60, May 2004.

A. Djemouai, and M. Sawan, “New CMOS current-mode anojplé
shift keying demodulator (ASKD) dedicated for implantalelectronic
devices,” inProc. 2004 IEEE Inter. Symp. on Circuits and Systems.,
ISCAS 2004, vol. 1, no. 1, pp. 441-444, 2004.

R. Harjani, O. Birkenes, and J. Kim, “An IF stage design &m ASK-
based wireless telemetry system,” Bnoc. 2000 |EEE Inter. Symp. on
Circuits and Systems., ISCAS 2000, vol. 1, pp. 52-55, 2000.

G. Gudnason, “A low-power ASK demodulator for induetiy coupled
implantable electronics,1EEE Inter. Solid-Sates Circuits Conf., pp.
385-388, 2000.

M. Sawan, Y. Hu, and J. Coulombe. “Wireless smart imdatedicated
to multichannel monitoring and microstimulation,EEE Circuits and
Systems Magazine, vol. 5, no. 1, pp. 21-39, 2005.

H. Yu, and R. Bashirullah. “A Low Power ASK Clock and Data
Recovery Circuit for Wireless Implantable Electronic2006 |IEEE
Custom Integrated Circuits Conference, pp. 249-252, 2006.



