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Abstract—A 1-GHz receiver, integrated in a 0.8¢m BiCMOS Quench
technology, consumes 1.2 mW at 2 V. Based on super-
regeneration, it is dedicated to short-range data exchange up to %
100 kbits/s. Sensitivity of —98 dBm is achieved for a selectivity to
of 100 kHz. The size of the chip is smaller than 1 mm RFin A Envelope
Detector

I. INTRODUCTION B

HE high-volume demand for wireless short-distance data-
exc_hange components for applications sucn as norﬂg 1 Block schematic.
automation, robotics, computer peripherals, or biomedicine
requires an electronic board with a small number of electronic
components and an optimized cost for the receiver chip. TheThe small size of the device means that a small antenna
reduction of the number of components is not only needed With a poor efficiency will be used. To achieve good per-
terms of cost but also in terms of reliability. The cost and siZérmance in those conditions, a high sensitivity is necessary,
reduction in a receiver implies a design without all the big antlhich conflicts with the circuit design requirements for low
expensive components like ceramic or surface acoustic waghsumption. For this reason, a tradeoff has to be found in
(SAW) filters. order to satisfy the two requirements. In this tradeoff we have
The presented circuit responds to this demand by makitfyconsider that the typical transmission range is smaller than
use of an original architecture based on the super-regenera#®nm, and the typical radiated power is smaller than A0
principle which was invented by Armstrong in 1922 [1]in order to comply with Federal Communication Commission
This technique was widely used in vacuum tube circuif6CC) and European Telecommunication Standards Institute
until the 1950’s. Then it was progressively abandoned f¢ETSI) regulations.
the superheterodyne receiver due to its better selectivity.The low-cost option implies a reduction in the silicon size. A
Nowadays, original analog integrated circuit techniques makeally consequential reduction can only be achieved through
possible a great improvement of the bandwidth and of tflee suppression of double paths like in in-phase quadrature
sensitivity of modern super-regenerative receivers. (IQ) systems. Size consuming filters like the bandpass or
Low-range data transmissions generally make use of tifgvpass present in zero intermediate frequency (IF) or low
UHF industrial, scientific, and medical (ISM) bands, centerdff should also be avoided.
at 916 MHz in the United States and at 433.92 MHz in Europe. Current solutions, generally based on conversion systems,
Those bands are characterized by a strong overcrowding, #kél zero-IF or low-IF receivers, are penalized by their power
for this reason a half-duplex link is generally needed. In th@pnsumption, their minimum operating voltage, and the num-
case the receiver will be battery operated, resulting in &er of external components. In this work, the receiver is based
operating voltage range extending from 2 V to 3.2 V in the ca§® the super-regeneration principle. Due to the simplified
of a two-cell operation. A small current consumption of tharchitecture of the circuit, a 2-V 1.2-mW chip has been inte-
receiver is essential in order to extend the life of the operatgtated on a 6-GHz 0.gm BiCMOS technology. The external
device. components are limited to the resonator and to decoupling
Typical data rates for ISM applications are usually small@apacitors.
than 20 kbit/s; however, a higher bandwidth in the receiver
can reduce the current consumption. Currently, a good power
management associated with a small duty cycle between |l. SUPERREGENERATIVE RECEIVER PRINCIPLES
operation mode and sleep mode can reduce effectively the
average current consumption. For this reason, a bandwidthpasg|ock Schematic
wide as 100 kHz can be useful for this kind of application.

Fig. 1 shows the principle of a super-regenerative receiver.

Manuscript received May 7, 1998; revised July 20, 1998. The system is an oscillator, constituted by the gain black
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Switzerland. and by the selective feedback netwgtkTwo external signals
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Fig. 2. Envelope of the oscillator.
The RF input is the terminal connected to the antenna. It will REin !
introduce energy coming from the antenna to the oscillator, l — 1
modifying its start-up behavior. Quench I/—I 1 7 /10
The quench signal is a control signal generated internally. . t
Its purpose is to modify periodically the close-loop gain of Envelopewt
the system, removing or restoring sequentially the oscillation
conditions. BF |
Without RF signals introduced in the system, the start-up t

time of the oscillator is fixed by the different parameters q_fig_ 3. Main signals diagram.

the system. They are the unloaded quality fadtprof the

feedback network, the gain of the amplifier (controlled by the

guench signal), and the amount of thermal noise present in #iéh the amount of RF input signal.

circuit. A signal injected in the oscillator will modify the start- The last line presents the demodulated output, which is

up time, the level of the modification will depend on the gafiPtained by lowpass filtering the detected output signal of the

between its frequency and the frequency of the oscillator aRgcillator.

on its power level. The measurement of the start-up time of

this oscillator is an image of the amount of RF signal injecteéi Modes of Operation

close to the natural frequency of the oscillator. '
Fig. 2 shows the difference in the start-up time with and Super-regenerative receivers have two possible modes of

without an input signal. The start-up time varies with the inp@peration. The logarithmic mode is characterized by a log-

level. Due to the difficulty of measuring accurately the starffithmic relation between the amplitude of the RF input

up time of an oscillator, the oscillator is turned on and offignal and the amplitude of the demodulated output. In this

periodically, and this measurement is replaced by the detectid@de, the oscillator reaches its steady-state amplitude at
of the mean value of the oscillator. each quench cycle due to a low quench frequency and/or

a high start-up current. This mode is characterized by a
o ) reduced dynamic range of the demodulated output due to the
B. Main Signals Diagram logarithmic compression of the signal.

Fig. 3 shows the main signals of the circuit. The first Linear mode is characterized by a linear relation between
line shows the RF input signal, which is 100% amplitudthe amplitude of the RF input signal and the amplitude of the
modulated by the data. Generally, it is on—off keying (OOKgJemodulated output. In this mode, the oscillator does not reach
modulated. its steady-state during the quench period, due to a high quench

The second line presents the quench signal, the periodfi@quency and/or a low start-up current.
which is smaller than the period of the data. This system Typical operation is usually made of a mixture of those
behaves like a sampled system in that the data are sampieatles. This implies that it is difficult to find an exact
by the quench signal. mathematical model. The transition from one mode to another

The third line presents the shape of the oscillations at tiedue to a change in a parameter of the quench signal, like
output of the oscillator. Start-up delay of the oscillator changesplitude, frequency, duty-cycle, or mean level.
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Fig. 4 shows the envelope of the output of the oscillator for o

the linear mode and the logarithmic mode. ! gie 1

Note that. be§|des the super—regenerat‘!ve mode Qf c:pera'uon, W gt-) >0 for stability
the same circuit could also work in the “regenerative” mode. !
In this mode, the bias current of the receiver is smaller ] o2

than the current needed to cancel all the losses. The result
is a Q-enhanced selective amplifier. The value of the biddd- 5. Super-regeneration principle.
current of the oscillator fixes the quality factep of the

amplifier. The detection gain of the regenerative mode is moretne current sourcé, represents the RF input signal. It is
than 10 times higher than the super-regenerative gain. Th€en byi, = I,sin(w,t).

limitation of this mode of operation resides in the difficulty” |¢ g is supposed positive and constant, the differential

to control its @ factor. The presented circuit has been usggyation (3), which describes mathematically the behavior of

in a pseudoregenerative mode, which is a mixture betwegy circuit, has a stable solution. This means that the free

the super-regenerative and the regenerative mode, exhibitiagsijation is damped with a time constant equat te 1/w =

@ values up to 10000. _ _ 2.C/qg and the circuit works like a filter (forced oscillation
FM discrimination can be achieved by centering the edge yominant). When is negative, it behaves like an oscillator

of the selectivity curve at the desired frequency. Howevefree oscillation is dominant) with the growing time constant
this method suffers from many drawbacks: the Maximugyyal in absolute value to the one of the filter.

sensitivity frequency is not the desired frequency and the de-, 5 super-regenerative receivervaries periodically below
modulation gain is very weak due to the slope of the selectivity,§ apove zero at a frequengy The mean vaIu% must be
curve of the super-regenerative receiver. The drawbacks of ﬁ}%ater than zero for stable operation. Equation (3) is a typical

FM Odiscrimination explain why it has been decided to use &ge of a time-varying differential equation, which provides a
100% AM (OOK) modulation. solution in the form of [2]-[4]

[ll. THEORY OF SUPERREGENERATION — [l oy ar d?Au
Av=Au-¢e¢ Jo — —
The principle of super-regeneration is summarized in Fig. 5. dt?
A negative conductance-g,,/2 is varied periodically in < 2 _ 2 dw(ﬂ)
parallel with a resonant circuit. The losses of ti@resonator

are simulated by a positive conductangg:. This simple 1 dis [ e de
model is only valid for frequencies near the resonant frequency ar ¢ )
fo. The equivalent conductancg(t), in parallel with the ~
inductance and the capacitor, is equal to the sum of the

negative (active) and positive (passive) conductances Thus

o gm(-[) t
9(t) = gro = =5 (D) gy iema [a cos(wo - 1) + - sinfwo - £) + —
%)

_ fo+1/74 . 0
GO = / g(t)-dt g(t) > 0 for stability. (2) _ /t () - sinlun - (¢ 2] - de
0

if Wi > o —w?. (5)

+ Ay

(4)

It must be noticed that the following theory is only valid in
linear mode. The transient behavior of the circuit can therefore

be described by This expression is too general to be solved analytically. The

d?Av L2, dAv  g(t) i (wzya. dw(t) Aw resolution must be divided into two cases: #lepeand step
dt? da 2.-C 0 dt controlled modes. The first one makes the assumption that the
:\(;)/ variation of the conductancé(t,) is slow wheng(tx) = 0

1 di, (k=1,2,3,---), and in the second one, it is supposed that
- —— this variation is very steep. Two particular solutions to this
problem have been found by Macfarlane and Whitehead [3].
It is interesting to find the solution for typical quench
wo = ——— (3) signal like the sawtooth, triangular, sinusoidal and square wave
2-L-C forms. To reduce and to normalize the equation, it is necessary

C dt

with
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TABLE |
Sinusoidal wave quench Square wave quench
_____________________ e, T :
0 VAN AW 7rrrrf A an 0 — A®
) // p t ®
Ibias /
A, ’
hd T =10
® T, e
Magnitude 5 -Zaar Q? _ AQ? -1
e 2ol - xp| —— s SIAQ, )=
frequency sa.)= [“ o ] M Ry v ) Ty TorrGa 7]
response
2
AQ? -1 2 ) 4AQ7 |,
Bandwidth i S el R o i
q
1/2
Bandwidth at VAQ? -1 _i J2- et +1)-a02 -1 /
- 3dB BW—3dB = 1.6651fq r— 3dB
A
Superregenerative G = et AQO4 |:1 AQ-£ A- —l)—l]
. s =
gain G, /AQZ _1 2
. AQ 1
NAQ? ~1+2- 1/AQ)-
Surface A A = 2 1+2-arcsin(l/AQ)-n A )
Q,
to introduce the following notation: With these notations, it is possible to calculate the band-
width (BW) in Hz and the super-regenerative gai) =
Q, = Ya _o. Q, - “a U/(1,/g) between the voltage output of the filtéfr and the
w wo input RF voltage. The results are summarized in Table I.
q With the circuit of Fig. 6, the main variables become
an
8- C-w, -Ur pB+1 Al
Q. = q . AQ= ——P
AQ = & = g = QT . Ag ¢ Teriv — Disias /3 -1’ Lt — bias
w g C- “wo - Icrit - Ibias /3 —1 _ AI]) /3 -1
YTRCo U B+l “YT8CU B+t
fo resonant frequency central frequency of recep- @, = 4-Crwo- Uy . ptl
tion; I(‘,rit - Ibias /3 -1
fy RF input signal frequency; Iy = 4 Oéwo Uy g+ 17 = %
Af,  f,— fo = gap between the RF input and the e orit 7 Thias
resonant frequencies; It must be noticed that all the equations given in Tables |
w, 2.7 f, with f, = quench wave frequency; and Il are obtained with the assumption that the free oscillation

contribution to the gain is greater than the forced one. It im-

Qrc = quality factor of the resonant circuit; plies that the ratidAQ between the quench current amplitude

gLc

Q. ¢ ‘“0 = 52 = quality factor due to the regenera-and the critical current minus the bias current is about greater
tlve effect than one. The quench frequency must also not be too high to
@ 52 = 1 = mean damping frequency (see Tables let time to the free oscillation to starf}{ ratio limited).
and ||) This analysis shows the importance of the quench signal.
Aw ?—é _ A_ _ difference between the mean and thThe selectivity and the sensmv_l'Fy are directly controlled by
™ . e quench parameters. The critical parameters of the quench

minimum damping frequency factor (see Tablessignal are its shape, its frequency, its amplitude, and its mean

and 1), value. The most important parameter is the slope of the quench
A area under the negative portion of the damping,rrent during the crossing of the critical current value, this
frequency time curve; slope has to be small in order to improve the selectivity.

Ay area above the positive portion of the damping Selectivity is related to the quench frequency with a relation
frequency time curve. of the form of1/, /w, (except in the case of the square wave
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TABLE I
Triangular wave quench Saw-tooth wave quench
ibias ibias
A- ...... “ S A- 4 4
0 A\ AAoa \4‘\ ! ar 0 _/A‘D 777 Al t"cm
AN /A
/ I bias
bias %A
A, : + 7
v 1d
© T =1/
=10, £l
Magnitude r 02 02
AQ )= - S(AQ, )= -
frequency S(4Q,)=exp { 4 Q. -AQ (A0, )=exp 2 Q,-AQ
response q
. fln u ’AQ _ 8-Inu AQ
Bandwidth BW—ZO-logIO(p) =4. T . fq . Q_q BW—20~logw (N) = T . fq . —g‘zj
Bandwidth at AQ, AQ
-3dB BW_345 =1.3286-f, - |— BW_345 =0.9394-f - |—
q Qq Qq
Superregenerative G T _ef‘; G = 1[2-Qq -AQ oA
s s = ="
gain G, 2 AQ } AQ? -1
s T (6Q-17 A (6Q-1)
Surface A ) Q,-AQ -2 Qg -AQ
guench for which the selectivity is independent.g). For this Vb
reason, the quench frequency has to be minimized. However, L Ly
due to the Nyquist criterion, this frequency has to be at least
twice the maximum data frequency. The relation between the In-Out In-Out
selectivity and the quench peak valde/,, has the form of
VAL, (except in the case of the square-wave quench: see
Tables | and Il for more details). i geh Lpol

Sensitivity of the receiver is proportional to the gain of
the circuit, called the “super-regenerative gain.” This gain | |
defined as the ratio between the average voltage at the outp?jt
of the envelope detector and the RF input voltage injected | N .
the parallel resonant circuit. It is proportional to the area %iaze::nugrrfelz):]?doF)t/ht:?rgggnk:eerg:c?ﬁP the critical current and the
the quench current above the critical point (A-). Thus the gain '
is greater for the square wave quench than for the slope-type
quench. A compromise has to be found between the selectivity
anq the s_enS|t|V|ty..a. high sensitivity implies a high A- aredy e illator
while a high selectivity needs a low A- area.

The main problem with super-regenerative receivers is theirThe oscillator of the super-regenerative receiver is based
selectivity limitation due to the sampled mode of operation. I8 the schematic of Fig. 6. The differential pair, with cross-

a classical superheterodyne receiver, it is possible to demo@@upled bases, generates a negative resistance connected to
late two adjacent signals separated by a bandwidth twice #&LC resonator. The value of the real part of the impedance
binary data-rate in OOK. In the case of the super-regeneratRi€sented to the resonator is given by
receiver, this is not possible because the minimum value of -2

. . Re(Zi ) =
the quench frequency is equal to two times the data frequency O

(Nyquist criterion), more in practice, and it is not possible 19.., being the transconductance of each bipolar transistors of
decrease the bandwidth below two times the quench frequengyy g

Thus, in practice, the bandwidth will be 20 times the binary Thjs structure has the following two modes of operation:
data rate.
. . . . . H H grn
The only way to overcome this limitation is to make use of oscillator if 5 2 9o
regeneration instead of super-regeneration. The major problem
of this mode is the tight control of th@ of the receiver. The

6. Oscillator schematic.

IV. DESIGN AND OPTIMIZATION OF THE RECEIVER

filter if % < 9.
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1 1.01 1.02 1.03 1.04 1.05 schematic diagram of Fig. 8 shows the principle of the voltage
lstart/lerit boosting. The output amplitude, for a given gap between the
Fig. 7. Relation between current and amplitude in the oscillator. critical and the start-up current, will be increased Ay. In

this case, the “voltage gaini, of the structure is given by a

lts current consumption is inversely proportional to th6&Pacitor ratio and is well controlled. It is expressed by

unloaded® of the resonator. The differential structure of the 2C,

oscillator ensures a high common mode rejection ratio. The Ay =1+ Cy 6)
bias current of the oscillator is provided by two sources. The

first one, I;,.1, gives the DC operating point and the secon\g

one, iq, represents the AC quench current. Cy =n(].

The differential pair of bipolar transistors is a nonlinear Th ¢ i f this struct is boosted b
element. Amplitude limitation depends on those nonlinearities. € current consumption ot this structure 1S boosted by a
ctor1+ 2n. The real part of the impedance presented by the

The distortion increases with amplitude, thereby reducingt%ﬁ tial bair to the induct oo by the followina:
gm- Amplitude stabilization occurs wheg,,,/2 = go. The iflerential pair to the inductors, 1S given by the foflowing:

.. . - . 4 2
critical current of such an oscillator is defined as the current Re(Zin) n + )

for which g,,,/2 = go for an output amplitude equal to zero. Im

) ) The control of the center frequency of the receiver is
B. Operating Point Control achieved through the control of the frequency of the oscillator.
The optimization of the selectivity of the receiver is base@ihere is a gap between the frequency of reception and the
on the control of the operating current of the oscillator. Thigequency of the saturated oscillator. For a small level of
gap between its start-up current and its critical current hgeench current, this gap is smaller than the selectivity of the
to be minimized. The position of this operating point can beeceiver.
controlled through the measurement of the output level of theFrequency control can be achieved by using any kind of
oscillator. The solid line in Fig. 7 shows the relation betweeresonator. A dielectric coaxial resonator improves the current
this gap and the saturation amplitude of the oscillator. Tle®nsumption by a factor ten and insures the temperature
chip presented in this paper will use an amplitude locked loggability of the receiver.
to control the operating point. Phase-locked loop (PLL) control of the receiver is the best
The dashed line of Fig. 7 shows the variation of the sseolution for high level of integration and for multichannel use.
lectivity of the receiver as a function of the ratio betweeiihe oscillator of the super-regenerative receiver represents
the critical and the peak quench current. High selectivities dlfee voltage-controlled oscillator (VCO) of the PLL. However
obtained for small gaps and thus for small output amplitudkis VCO will be periodically turned on and off by the
of the oscillator. One limit of super-regenerative receivers @guench signal. For this reason, a sampled PLL has to be used.
shown here: very high selectivity implies undetectable outplihis original circuit has been evaluated and is currently in
level of the oscillator. The presented design makes use infegration.
a Alart/Leic Of 1%, with an amplitude of 10 mV. The
parameterA i,y is equal to(Lsiars — Lerit)- D. Block Diagram

. , Fig. 9 shows the architecture of the receiver. The block at

C. Capacitive Voltage Boosting the top of the diagram is the receiver itself. It is based on an

Amplitude detection of a 10 mV signal at 1 GHz isoscillator, an envelope detector, and a lowpass filter (LPF).
unrealistic without amplification. Amplifiers realized in this The operating point control circuitry is shown at the bottom
0.8 um BICMOS technology exhibit a gain-bandwidth productight of the diagram. The level of the oscillator output is
smaller than 1 GHz. The accuracy of the voltage gain of tlsampled periodically and compared to a reference voltage. The
amplifier is then insufficient for a tight control of the operatingesult of the comparison conditions the operation of a charge
point. However, it is possible to overcome this problem bgump circuit, injecting or taking off charge from an integrator
extending the dynamic range of the oscillator. depending on the amplitude of the oscillation. The output of

To simplify the analysis of the oscillator, the base curretihe integrator drives a current source which controls the bias
and the collector-base capacitance will be neglected. Tterrent of the oscillator.
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Clock
M6 M7 VDD M8 M9
. . Bias
Fig. 9. Block diagram. Bgﬁ B B Béﬁ
V. Vv
Tgch <% B > B' L
Vout t 1 vimp ving
C C S S Q5 = Ql Q2 F—~<x Q3 Q4
‘ Vss
Vemp X
" " " " Fig. 12. Envelope detector.
t
Fig. 10. Timing diagram. combination of the losses of th& and the negative resistance

provided by the differential cross-coupled paip;(Q2). The

The last block of the circuit diagram shows the quenc‘ﬁ"‘lue of this negative resistance is continuously modified by

- ; ; the quench signal.
control circuit. It is a simple sawtooth generator. SO .
The timing diagram of Fig. 10 presents the principle signals The amp!lﬂerglst blasefh by a 1'tQ'a't‘ cufrrtint to SmeSfy t((; th
used in the receivery, is the quench current,,; the output a compromise between the sensilivity of the receiver an €

of the oscillator, and’....;, the clock applied to the samplingIovl\fpowelrt operatlon.t. L d by the b biasi ¢
circuit. The pulses o¥,,;, are placed at the end of the quenc ow-voitage operalion IS Improved by the base-biasing o

period in order to guarantee the saturation of the oscillator. T amgllftl\?vr and the oscillator. dBlasmg IS basifj on a_tfurrent

initial state of the bias current value has been fixed to 1 mA O ? eeggl_QQ_Qll gnb. Q?’E%L_Ql‘;’\‘/[ femiter

in order to guarantee a start-up time shorter than the que gliower formed byQ7-Qs and biased byMo—M,, improves

period the isolation between the oscillator and the envelope detector.
’ ()1 and Q)2 have a double-base structure for a noise-

performance improvement. An emitter size of ten optimizes

the current consumption. The optimal size of those transistors

has been obtained by harmonic-balance simulations.

V. DETAILED SCHEMATICS

A. Input Amplifier and Oscillator

The input amplifier and the oscillator use the same Ioaéi
(terminalsL.C; andL.C5) as shown in the schematic in Fig. 11.™"
The input amplifier is based on a cascode structure to optimizel he schematic of the envelope detector is given in Fig. 12.
its reverse isolation. It provides 39 dB of isolation betweehhe function of this circuit is to provide a voltage proportional
the oscillator and the antenna terminal at 1 GHz. Its inpt the rectified envelope of the input RF signal. Functionality is

Envelope Detector

admittance has been simulated as based on the exponential relation between the collector current
. and the base-emitter voltage @f and .. This nonlinearity
Yi, = 36 4+ 5160 pmhQOs creates an increase of the mean collector currer pfand

The equivalent circuit for the input is a 1.%2kresistor in Q2 when an alternr_;\tive voltage is applied on the b"’?s@pf
parallel with a 30 fF capacitor at 916 MHz. The measured inpﬁpd Q2. A .dn‘ferentlal structure presents a symmetrical load
impedance i49 + 583 €. This value is due to the impedanceto the osqllato_r. : . .
transformation by the printed circuit board and the packa eFor a sinusoidal input 5|gna!, the mean value of the rise of
of the circuit. Qualification of the receiver has been achievgﬂe collector currenfo; + gz is equal to
with an input matching network.

Noise figure and power gain concept cannot be used in this o0 (L)" 2
circuit because of the nonlinear load of the amplifier. This Al =1, - Z [ Q'L.T' ]
load can be represented byRal.C resonator, wherd? is the n=1 e
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M

where I, is the DC bias current of}; and @, and U is the Vss

alternative voltage applied to the basestif or Qs. S N ——
The conversion of the current increase to a voltage increase Biasing OTA

is achieved by the cross-coupled structyg to Qg and the Fig. 14. G.C fiter
pair Q3—Q,. Q3 and Q, are matched in size and current to ~ = " :

Q1 and Q.

The gain, or transresistance, of this structure is given by
AV 1 1+k

A g, 102 ®)
with
7
k= 3
and g,, being the transconductance @f and )9 and
We.o , Wrsg
3 = : > 3 = —7. -
f Leg f Lzg < >

If 3 </, the circuit is unstable. _ _
Simulations and measurements show smaller detectigf 15 Microphotography.
gain than mathematically predicted. This is due to the high-

frequency behavior of the transistor and the high voltaggjecting a charge-Q/2 at nodeF. Then My, is turned on,
swing. This swing makes the effect of the channel |en9'ihjecting a charge—Q in the nodesF and G that are now
modulation non-negligible, and it can turn @f; and put the short circuited.Q are the charges stored in the channel of
gate of Ms in conduction. the MOS transistor. At this point, a total amount-e8Q/2 is
Simulation and measurement give a detection gain of thi§ected in the virtual ground? and integrated on the capacitor
stage as high as ten for a bias current of20per transistor. . when the clock signal returns to zero, nafereturns to
The base-biasing of the structure improves the low voltag%D. M, turns off first, injecting a charge-Q/2 in nodesF”

operation and the interstage isolation. and @, then M, turns on discharging nodE. Therefore the
o total amount of charges injected in nodeat the end of the
C. Current-Control Circuit operation is equal te-@. One can verify that whel, < V_,

The current-control circuit is based on a charge-punfbcharge equal ta-Q is injected in node7 after one clock
operation [6]. Its schematic is shown in Fig. 13. The goal diulse.
this circuit is to adjust the bias current of the oscillator. The
adjustment is achieved when its steady-state amplitude reaches
the desired value. This circuit is constituted by a sampl Gm—C LPF
comparator and by a charge-pump circuit. The comparisonThe schematic diagram of tlg,—C LPF is given in Fig. 14
time is determined by the clock signal. The result of the corfi7]. The filter has a third-order transfer function, based on a
parison conditions induces an injection (positive or negativButterworth polynomial. Its cutoff frequency is fixed by the
of charges in an integration capacitor. The voltage across thias current of the operational transconductance amplifiers.
capacitor controls the bias current throuh. The transconductance amplifier is based on transistrand
The charge pump operation is the following. It will beMs. The circuit is biased by the current sourdes and M.
assumed that’* > V—. When the clock signal changes fromThe output common-mode voltage is stabilized by a regulation
zero to oneM; is turned off and the drain af/; falls to Vss.  loop consisting ofAM; and A4, which operate in conduction
M7 is turned on and nod# is therefore pulled down while mode. Transistord/; and M realize an active load.
node A remains close td,p. Node D changes fromipp, to M and M, operate in weak inversion in order to improve
Vss. During the transition of nod®, M, is turned off first their g,,, /1 ratio and thus the current consumption.
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TABLE Il chitectures. This improvement is due to a reduction of the
SUMMARY OF THE MEASUREMENTS complexity of the receiver. The RF performance of this circuit
Min.Operating oV is sqﬁ‘icient for_a low-range data link. The structure of_ the
Voltage receiver allows it to_ work C_Iose to_ thg of the technology (|n_
Supply Current 600 LA this case aff;/4). Itis p(_)ss_lblg to improve supgr-reggneranve
Operating Frequency 300 10 1500MHz receivers by further optimization of th_e operatlng pomt and of
Sensitivity 98 dBm the quench S|gna! \(vaveform. Operatlo.n'l.n regenerayve mode
— seems very promising due to the possibility of reaching much
Selectivity 100kHz higher selectivity. Low voltage operation, as small as 2 V in
Inpu.t _referre,d IP3 -25dBm this case, is easy to achieve due to the very simple structures
Silicon Size < Imm? of the RF building blocks. Selectivity and sensitivity can be
Technology 0.8um, 6GHz f;, BiCMOS improved by using this receiver in a regenerative mode. This

mode of operation seems really promising, due to its absence

of limitations in term of selectivity. However, the selectivity of

_ ) o super-regenerative receivers make it incompatible with group
The layout microphotography is shown in Fig. 15. Thgpecial mobile (GSM) or Digital European Cordless Telephone

super-regenerative receiver has been implemented in a QeCT) operations. Further optimization of this kind of circuit

pm BICMOS technology. The structure at the left of thegyiq |ead radio transmission to become competitive with

circuit is the input amplifier and the oscillator, with its emitte{nrared transmissions.

followers. The tracks to the external resonator are ®0vide

in order to optimize th&} of the resonator, and thus the current REFERENCES

consumption. The central structure is the—C' LPF, and the

circuit at the right of the lavout is the bias-control circuitry. [1] E. H. Armstrong, “Some recent developments of regenerative circuits,”
9 y y Proc. IRE vol. 10, pp. 244-260, Aug. 1922.

In this version, most of the pads are for test purposes. Thg] H. A Glucksman, “Superregeneration—An analysis of the linear mode,”
size of the circuit has not been optimized. However, the tota[lg] (P;rch. INFIQEfVOII- 37, pg-JS(F){OTIsm. rl]\lla)(/j 15%4}119- i )

; . G. Macfarlane and J. R. Whitehead, “The super-regenerative receiver
surface is smaller than 1 nfmn in the linear mode,"Proc. Inst. Elect. Eng.vol. 93, pt. lll-A, pp.
284-286, Mar./May 1946.

VIl. M EASUREMENTS [4] J. R. Whitehead,Super-Regenerative ReceiversCambridge, U.K.:
Cambridge Univ. Press, 1950.
[5] A. Vouilloz, M. Declerqg, and C. Dehollain, “Selectivity and sensitivity

A. Adjacent Channel Rejection Versus Quench Shape performances of superregenerative receivers, Piroc. ISCAS'98
. . .. [6] P.Deval, V. Valence, and F. Anghinolfi, “Low-voltage/low power (100
Fig. 16 shows the curve of the adjacent channel rejection’ mw), 2 MHz CMOS comparator for 12-bit ADCS,” iRroc. ISCAS'94

in relation with the quench waveform. This curve has beefy] F. Krummennacher and N. Joehl, "A 4 MHz CMOS continuous-time
db Vi dulated RF si | to th . filter with on-chip automatic tuning,/EEE J. Solid-State Circuitsvol.

measured by applying a modulate signal to the receiver gc.o3 o 750-758, June 1988.
at a frequency different from the central frequency and by
adjusting its level to get a 12 dB/N ratio at the demodulated
output.

This measurement shows that the selectivity is strong
dependent on the quench waveform. The best performances
achieved by the sawtooth quench, with a 100-kHz bandwid

at —3 dB.
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B. Adjacent Channel Rejection Versus Quench Amplitude

Fig. 17 shows the adjacent channel rejection as a functi [MMT‘\\
of the relative gap between the critical and the start-up curre; ‘

C. Summary of the Measurement

Table lll gives a summary of the performances of th
measured chip.

VIIl. CONCLUSION
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