27 6
2006 6

CHINESEJOURNAL OF SEMICONDUCTORS

Vol.27 No.6
June ,2006

A 2 4GHz Low Power ASK Transmitter for Wireless
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Abstract : A 2 4GHz ASK transmitter suitable for a low power wireless capsule endoscope system is presented. A
mixer-based frequency up-conversion transmitter architecture is employed to achieve a high data rate. A pseudo-
differential stacked classsA power amplifier using the current reuse technique is proposed to save power. The
transmitter mainly includes two parts:a 20M Hz ASK modulator based on a constant amplitude phase lock loop
(PLL) and a direct up-conversion RF circuit. This design,implemented in a TSMC 0. 231 m CMOS process, a
chieves a - 23 217dBm output power with a data rate of 1Mbps and dissipates 3 17mA of current with a single

2 5V power supply.
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1 Introduction

Wireless communication techniques have been
advancing rapidly in the past two decades. Many
high performance wireless systems,such as cellular
telephones, GPS systems, and WLAN sys
tems' ® | have been developed. Recently, much
more medical equipments usng wireless communi-
cation techniques have been exploited to monitor
human health!®” | such as wireless capsule endo-
scope systems. Many researchers and corporations
have researched the capsule endoscope because of
its great market demand.

Traditional endoscopic examination of the
small intestine islimited by the intestine’ s sgnifi-
cant length and distance from accessble orifices.
Wireless capsule endoscopy has been developed to
facilitate the examination of this inaccessble por-
tion of the gastrointestinal tract. In May 2000, Id-
dan et al. ™ reported on wireless capsule endoscopy
systems and the results of animal trialsin Nature.
Then they conducted trials in the human body,
leading to the U. S. Food and Drug Administration
approval of the device for clinical use in 2001. Re-
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cently ,a success ul research of wireless capsule en-
doscopy has been reported in many countries, but
practicable products are limited to the* M2A’
(G@ven Imaging ,Atlanta,GA) .

In wireless capsule endoscope systems, the
main constraints of the wireless transceiver are
very different from those of conventiona wireless
applications. First ,the communication is highly a
symmetrical since the dataflow is mostly fromin-
sde to outside of human body. Second ,a high data
transmission rate of several Mbps must be reached
to achieve high quality medical images. Last and
most important ,low power transceivers are typical-
ly required since small ,low-capacity batteries are
used. Due to the foregoing characteristics, achie-
ving a low power , high data rate transmitter has
been a challenge to implementing wireless capsule
endoscope systems.

In addition to the requirements of low power
consumption and a high,reliable data rate,a high
integration level is also an issue for the small sze
of the capsule. Hence ,various levels of the system
desgn hierarchy ,from the modulation technique
and circuit architecture to the selection of the carri-
er frequency ,must be explored to maximize the li-
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fetime of the battery and to minimize the size of the
capsule endoscope system.

In low power transmitters,the constant ampli-
tude FSK modulation techniqueis generally used to
achieve higher power efficiency usng a nonlinear
power amplifier’ . However ,in wireless capsule
endoscope systems us ng the FSK modulation tech-
nique ,the smaller capsule requires a higher carrier
frequency ,and a power-hungry frequency synthe
sSzer is required to generate the desired frequency
used in FSK modulation. In this paper ,the ASK
modulation technique is used because of its weak
frequency dependency. A smple RF L C oscillator
with an off-chip ,high-Q inductor is used as the car-
rier frequency generation circuit ,and in order to a
chieve higher power efficiency with a linear power
amplifier, a pseudo-differential stacked classA
power amplifier is proposed.

2 Transmitter architecture

In traditional A SK transmitter architecture ,an
RF oscillator starts or stops under the control of
the transmitted baseband data to implement the
A SK modulation. In alow power ASK transmitter ,
the startup time of the RF oscillator islong ,which
serioudy restricts the data rate of the ASK sys
tem. Therefore traditional ASK transmitters are of-
ten used in low data rate wireless systems. Howev-
er ,in a wireless capsule endoscope system ,the re-
quirements of high quality medical images force us
to exploit a new transmitter architecture to achieve
a high transmitted-data rate. Hence,we base our
proposed high data rate ASK transmitter for wire-
less capsule endoscope applications on a mixer-
based frequency up-conversion transmitter archi-
tecture ,as shown in Fig. 1. This ASK transmitter
can be divided into two parts,including a 20M Hz
A SK modulator and a direct up-conversion RF cir-
cuit. First ,a low frequency PLL with well-defined
output amplitude is employed to generate the
20M Hz carrier frequency. Then ,under the control
of the baseband data (Tx — Data) and the modular
tion mode selection (Mod _ Sel) , 20M Hz ASK
modulation signals can be achieved through the
modulation control circuits. The up-converson RF
circuit up-converts the low frequency ASK signal
to the 2 4GHz ISM band ,and then a micro-antenna
transmits the modulation signal outside of human

body. A temperature-independent ,high supply re-
jection reference is desgned to provide reference
currents and voltages for the ASK transmitter. In
order to achieve a smaller capsule,almost all the
building blocks are integrated except for a high-Q
off-chip inductor.

Bandgap Ji| Crarge] [ Toop | [ Ring | [Modutation]: |
reference || pump filter VCO control

./;d Y L.
" PFD Divider(/4)

20MHz ASK modulator

Fig.1 ASK Transmitter Architecture
3 Building blocks

3.1 Lowfrequency phase lock loop

A smple integer-N PLL is used to generate
the low frequency carrier. It includes a divide by-4
asynchronous divider , a constant amplitude ring
V CO ,a rail-to-rail charge pump ,a zero dead zone
PFD ,and a second-order loop filter (as shown in
Fig.1). When the PLL is locked to the reference
frequency f ,in the output of ring VCO ,an accu-
rate frequency of 4f.« isachieved which acts as the
low frequency carrier.

In the low frequency carrier generation cir-
cuit ,the key block is the ring VCO with well-de-
fined output amplitude. In general ,according to the
circuit switching behavior ,ring VCOs can be cate-
gorized into two types:fixed and full swings. The
full swing ring VCO is not suitable for wireless
capsule endoscope systems because of its high dy-
namic power consumption. Thus in this desgn,a
fixed swing ring VCO using the replica bias tech-
nique is employed™ . This VCO includes three de-
lay stages,and each delay cell is realized with a
source-coupled circuit with pMOS differential input
devices and nMOS triode-region load devices. The
benefits of usng a fully differential delay cell are
its good power supply reection and process varia
tion immunity. A schematic diagram of the replica
bias delay cell is shown in Fig.2. The replica bias
circuits include a feedback amplifier A ,a voltage
controlled pMOS current transistor MI1,a source
follower MS1 and a triode-region transstor M5.
MI2 and M1 M4 constitute the unit delay stage.
The building block” V TI” is a high linearity volt-
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age-to-current converter. The extra capacitor Csis
added to the output nodes to achieve the desred
delay for the given application. If the loop gain is
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Fig.2 Replica bias delay cell

_lf
=
)
3[_
=T
*
D

sufficiently large ,the drain voltage of M5 Ve= Vi« ,
and then the small V.« will force M5 to perform as
alinear redgstor. Once M3 and M4 are identical to
M5 ,and Iz is identical to 11 ,the onrredsstance of
M3 and M4 is equal to that of M5,and then the
output nodes voltage Vx and Vv vary from 0 to Ve
as M1 and M2 steer the tail current I. to one sde
or the other. Hence, usng the replica bias tech-
nique ,a well-defined output amplitude is achieved
that is equal to the reference voltage V. With the
invariable output amplitude and load capacitor Ci,
the delay of the unit delay stage tway can be approx-
imated as
b (1)
Equation (1) indicates that twa iSa monotoni-
cally decreasng function of the tail current I.. As
mentioned earlier ,V T1 will ensure that 12 is pro-
portional to the control voltage V.. Therefore, taaay
isinversely proportional to V. ,and it ensures the
linear monotonicity between the frequency of the
ring V CO and the control voltage V..

ldday =

3.2 Modulation control circuits

Modulation control circuits are the interface
between the low frequency PLL and the RF up-
conversion circuits. A schematic diagram is depic-
tedin Fig.3. Mod_ Sel is used to select the modu-
lation mode. When Mod_ Sel is 0" ,Sl and S2 are
“ ON” while S3 and $4 are¢* OFF". The modulation
control circuits will be bypassed ,and the input sig-

nal directly appearsin the output nodes. When Mod
_Selis 1' ;the modulation control circuits perform
as an ASK modulator. If the transmitted data Tx _
Data=1,and S1 and 2 are® ON” while S3 and 4
are® OFF” ,then the low frequency carrier directly
trandersto theoutput. If Tx - Data=0 ,and Sl and
2 are® OFF’ while S3 and 4 are’ ON” ,then the
output voltage is equal to the common-mode level
of the input node,which ensures a fast transition
time when Tx _ Data change from' 0’ to* 1'.
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Fig.3 Modulation control circuit

3.2.1 Up-conversion RF circuits

The up-converson RF circuit consistsof three
parts,as shown in Fig.1:an oscillator with a high-
Q ,off-chip inductor ,an up-converson mixer with
an inductor load ,and a pseudo-differential stacked
Class A PA. The low frequency ASK dgnal isfirst
up-converted to the 2 4GHz frequency band
through the up-converson mixer. Then the stacked
PA amplifies and transmits the modulated signal.
Snce the ASK modulation signal is insendtive to
frequency variation, an operrloop oscillator with
coarse tuning is used for LO generation for low
power consumption applications.
3.2.2 P=udodifferential stacked PA

A's mentioned earlier ,low power consumption
and high power efficiency are crucial factorsin the
design of a wireless capsule endoscope system. The
PA ,as animportant part of wireless capsule endos
copy ,consumes about 40 % 50 % of the power of
the total system. In a traditional PA ,to achieve e
nough drive capability ,a driver and an output stage
are used. This circuit has the drawback of high
power consumption because there are two current
pathsfrom the supply.

However ,in a wireless capsule endoscope sys
tem, the maximum output power is less than
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0dBm ,which allows the current-reuse technique to are integrated in the IC. For measurement conven-
be used in the design of the PA. This combinesthe ience ,the PA output is directly connected to a 50
two current pathsinto a single current path ,there- load that acts as the antenna.

by reducing the power consumption and enormous
ly increasng the power efficiency of the total sys
tem. A schematic diagram of the proposed stacked
PA is shownin Fig.4. M1,M2,L: ,and G consti-
tute the first-stage amplifier ,which is stacked on
the output stage ,which consstsof M3 ,M4 ,L. ,and
C:. The capacitor Gs couplesthe output of thefirst-
stage to the input of the output stage. The current
of the output stageis reused by the first-stage am-
plifier which saves power. The voltage node X pro- Fig.5 Microphotograph of ASK transmitter
vides an ac ground which prevents interference be-
tween the two amplifier stages. In this desgn,the
node X is biased around V/ 2 ,which protects the
device from excess drain-gate voltage. MB1 MB4
and S1 &S2 constitute the current bias circuit. Pow
_ Con is used to control the output power. When
Pow_ Con= 1" ,then & is' ON’ and the lower
current liow infuses the bias circuit ,s0 the low out-
put power will be transmitted. When Pow Con =
* O ,the higher current Ingn isinfused and the high
output power will be transmitted. Compared with 200
the traditional PA ,our proposed pseudo-differenti-
al PA has higher power efficiency ,and the smula -

tion power consumption is about half that of atra E 120 M(
ditional PA with the same output power. NS

The measured sgnal peak-to-peak amplitude
of the low frequency PLL is shown in Fig.6. The
maximum signal amplitude is 119mV when the
PLL islocked at 19. 5M Hz ,and the minimum sg-
nal amplitude is 84 5mV when the PLL is locked
at 12M Hz. The measured PLL can be locked be-
tween 6. 5 and 36M Hz. Figure 7 shows the meas
ured 20M Hz ASK dgnal with a 1IMbps input data
rate.
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Fig.4 Pseudo-differential stacked Class A PA

4 Results

To verify the performance of the ASK trans e ] ] I
mitter designed here ,the proposed circuit was fab- Fig.7 20MHz ASK signal with 1IMbpsinput data

ricatedina TSMC 2P6M 0 2% m CMOS process. _ _
Figure 5 shows a microphotograph of the ASK Connecting the PA output to a vector signal

transmitter. The die size is 1174 m x 309 m. Ex-  analyzer ,the modulated ASK sgnal and the de-
cent for one discrete inductor ,al the components ~ Modulated signal can be measured. The ASK mod-
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ulation signal spectrum with a 1IMbps data rate is
shown in Fig. 8 (a) , and the output power is
- 23 217dBm with a 2 4GHz center frequency.
Figure 8 (b) shows the demodulated signal where
the input data rate is 1Mbps,and the current con-
sumption is roughly 3 17mA with a 2 5V power

supply.

'rf:éfw e 2 w0 000 000 e ’ ~23, 217 m‘i
Loghag i 9

. P

/aéﬁh ANE
TRACE 81 Cnt Nain Fime ol
T ; 7
Lineg R {1
i Ei ¥ il

‘ ¥
Tl 4 i
i i |
~ s
o 4 e
Wi - Seapt 20,167 T43657 s
Fig.8 (a Modulated output ASK spectrum; (b) ASK

demodulation

Table 1 summarizes the measurements of the
proposed ASK transmitter and Ref.[11]. The pro-
posed transmitter has a higher data rate ,higher in-
tegration level ,higher carrier frequency ,and lower
energy consumption per hit.

Table 1 Performance comparison

Desgn features This Work Ref. [11]
Supply voltage 2.5V 0.9V

Data rate 1Mbps 100kbps
Carrier frequency 2.4GHz 433M Hz
Current consumption 3.17mA 1.9mA
Energy consumption 7.925n/ hit 17nd/ hit
Qutput power - 23.217dBm - 10dBm
Technology (CMOS) 0.2% m 0.29 m
Chip area 3.62mm? 4.8mm?

5 Conclusion

A fully integrated ASK transmitter for wire
less capsule endoscope applicationsis presented. A

low frequency carrier with a well-defined amplitude
is implemented usng the replica bias technique. A
pseudo-differential class A PA with the current re-
use technique is used to save power. The transmit-
ter operates at afrequency of 2 4GHz and is real-
ized usng the up-converson technique. With a
1Mbps data transmission rate ,an output power of
- 23 217dBm can be achieved ,and only 3 17mA
current is disspated with a2 5V power supply.
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