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Fig. 2. Simpli ed circuit schematic of the proposed CMOS RF amplitude detector.

TABLE | not a major concern since it is only the average (dc) value of the
DESIGNPARAMETERS sum of both currents that is important. The resultant recti ed
current is converted to voltage by R3. Note that the effective
operating region of M8 and M7 changes during the recti cation
operation, and therefore, the dc biasing in the weak inversion
region does not prevent the circuit from operating as a current-
mode recti er in the RF domain.

As the last stage, the passive LPF formed by R4 and C3
extracts the dc component. This passive pole also sets the
settling time of the detector, which is designed to be on the
order of tenths of nanoseconds. AGND sets the dc operating
point at the output of the detector (DCOUT), as well as the dc
voltage at the source of M10 and M11.

It is important to note that all of the signal ampli cation and
recti cation in the detector is done in current mode, and all of
the high-frequency internal nodes are low impedance. These

) ) ) ) characteristics prevent the occurrence of large voltage swings
for a practical RF implementation; a voltage buffer is needeghd minimize the injection of substrate noise.

at the input, and the parasitics of the rst stage decrease the
recti cation ef ciency. An alternative approach is introduced in
this paper; the circuit operates in current mode and perfor@s Recti“er Analysis and Design Considerations

the recti cation at the rst stage. Th L K | if and onlv if the cl
The output current from the rst stage (IRF) is ac coupled e recti cation process takes place if and only If the class-

to the recti er through capacitor C2. The class-AB recti er igAB stage (M7 and M8) operates in the nonline_ar regio_n, €g.
formed by transistors M6-M15. Transistors M7 and M8 artP> peak> 1B4. If both M7 and M8 operate in the linear

biased in weak inversion. Their operating point is controlled H9ion: the input current splits between the two arms in a linear
the current IB4 through the diode-connected transistors M hion, and eventually, both current components are subtracted

and M11. When IRF is positive, it passes through M7 Wh”gnd ltered out at the output. To avoid this situation, IB4 must

M8 is driven into the cutoff region. The ac current received b?/e minimized. i _

M7 is mirrored to the output of the recti er by M6 and M12. AF the start of the_ana_ly5|s, assume that M7 IS on, yvhereas
On the other hand, during the negative half-cycle of IRF, Mg [¢8 i off, as shown in Fig. 3. If the dc blocking capacitor C2
activated, and M7 is in the cutoff region. During this cycle, th 1arge when compared with the parasitic capacitors C1 and
ac current is mirrored to M13 and then inverted by M14-m1%>3: the equivalent grounded capacitor at the source of M7
Due to the additional inversion, both half-cycles of the RE @PProximated by Ck C3. Therefore, the current owing
current are added with the same polarity, and hence, fuII-wa@HOUgh M7 is given by
recti cation is accomplished. The additional delay introduced

by the extra inversion (performed on the negative half-cycle) is ID7 = ID5S I cisca N}









1476 IEEE TRANSACTIONS ON INSTRUMENTATION AND MEASUREMENT, VOL. 57, NO. 7, JULY 2008

TABLE 1l
AREA OVERHEAD ANALYSIS WITH RESPECT TOREPORTEDTRANSCEIVERS[32], [34]-[36] AND RECEIVERS[33], [37]

that the on-chip test demonstration presented in [30] for @] A. Gopalan, T. Das, C. Washburn, and P. R. Mukund, “Use of source
5-GHz LNA in a 0.18xm CMOS presents a gain measurement degeneration for non-intrusive BIST of RF front-end circuits, Hroc.

. . IEEE Int. Symp. Circuits SysR005, vol. 5, pp. 4385—-4388.
error of 0.7 dB and a 1-dB compression point I’neasuremer[ﬁ] Q. Wang, Y. Tang, and M. Soma, “Method to measure RF transceiver

error of 3 dB. bandwidth in the time domain,JEEE Trans. Instrum. Measvol. 55,
As proposed in [18], multiple RF detectors can be employed  10: 3, pp. 982-988, Jun. 2006.

for th f . Table II hélo J. Yoon and W. R. Eisenstadt, “Lumped passive circuits for 5 GHz em-
or the test of a transcelver. Table Ill presents an area overnead peqged test of RF SoCs,” Proc. IEEE Int. Symp. Circuits Sys2004,

analysis for this RF system test scenario considering recently vol. 1, pp. 241-244.
reported radios that operate at frequencies of 2.4 GHz or leldd] J--S. Yoon and W. R. Eisenstadt, "Embedded loopback test for RF ICs,"

. N - . . IEEE Trans. Instrum. Measvol. 54, no. 5, pp. 1715-1720, Oct. 2005.
Note that this is a pessimistic estimation since the reportgd; ;v ryy, 8. C. Kim anagjwl' Sylla, A ngf, low-cost RF built-in self-

RF ICs employed for comparison have been implemented in test measurement for system-on-chip transceivéEEE Trans. Instrum.
CMOS technologies with smaller minimum feature length. Meas, vol. 55, no. 2, pp. 381-388, Apr. 2006. ,
[13] A. Valdes-Garcia, F. A.-L. Hussien, J. Silva-Martinez, and E. Sanchez-
Sinencio, “An integrated frequency response characterization system with
a digital interface for analog testind EEE J. Solid-State Circuitsvol. 41,
IV.-CONCLUSION no. 10, pp. 23012313, Oct. 2006.
A practical RF amplitude detector design is demonstratéf] K- Nose and M. Mizuno, “A 0.016 mf 2.4 GHz RF signal quality

. . measurement macro for RF test and diagnosisProt. IEEE Symp. VLSI
in a standard CMOS technology. Its very small area, input circuits, Jun. 2007, pp. 212-213.

Capacitance, and frequency of operation make it suitable fép] O. Eliezer, I. Bashir, R. B. Staszewski, and P. T. Balsara, “Built-in self

; ; testing of a DRP-based GSM transmitter,” Bmoc. IEEE RFIC Symp.
the embedded test and calibration of CMOS RF components of ' 2007, pp. 339-342.

modern communication systems. A class-AB recti er providgge)] J. Ferrario, R. Wolf, and S. Moss, “Architecting millisecond test
an enhanced dynamic range and bandwidth of operation with solutions for wireless phone RFICs,” Rroc. IEEE Int. Test Conf2003,

; ; pp. 1325-1332.
respect to previous solutions. Measurement results also s 9W S. Bhattacharya and A. Chatterjee, “Use of embedded sensors for

that the use of integrated RF amplitude detectors is an effectivé pyilt-in-test of RF circuits,” in Proc. IEEE Int. Test Conf.2004,
technique to perform the on-chip measurement of the gain a[Tg] 29-\/8?3—8%9- 1. SiveMart 4 E Sincher.Si o “Onchi
B ; ; . Valdes-Garcia, J. Silva-Martinez, and E. Sdnchez-Sinencio, “On-chip
1-dB compression point of an RF CUT. testing techniques for RF wireless transceivellSEE Des. Test Comput.
vol. 23, no. 4, pp. 268-277, Jul./Aug. 2006.
[19] B. Gilbert, “The multi-tanh principle: A tutorial overview]EEE J. Solid-
State Circuitsvol. 33, no. 1, pp. 2-17, Jan. 1998.
. .. . [20] J. Mulder, A. C. van der Woerd, W. A. Serdijn, and A. H. M. Van
The authors would like to thank R. Srinivasan for the desdn Roermund, “An RMS-DC converter based on the dynamic translinear
of the LNA and buffer, as well as the MOSIS service for the principle,” IEEE J. Solid-State Circuitsvol. 32, no. 7, pp. 1146-1150,
fabrication of the IC prototype. Jul. 1997.° _
[21] Q. Yin, W. R. Eisenstadt, R. M. Fox, and T. Zhang, “A translinear RMS
detector for embedded test of RF ICSBEE Trans. Instrum. Meas.
vol. 54, no. 5, pp. 1708-1714, Oct. 2005.
REFERENCES [22] R. G. Meyer, “Low-power monolithic RF peak detector analysiEEE
[1] F. Demmerle, “Integrated RF-CMOS transceivers challenge RF test,” in  J. Solid-State Circuitsvol. 30, no. 1, pp. 65-67, Jan. 1995.
Proc. IEEE Int. Test Conf2006, pp. 1-8. [23] T. Zhang, W. R. Eisenstadt, R. M. Fox, and Q. Yin, “Bipolar microwave
[2] The International Technology Roadmap for Semiconduct@305. RMS power detectors,IEEE J. Solid-State Circuitsvol. 41, no. 9,
Tech. Rep. [Online]. Available: http://www.itrs.net/Links/2005ITRS/ pp. 2188-2192, Sep. 2006.
Test2005.pdf [24] C. A. De La Cruz-Blas, A. Lopez-Martin, A. Carlosena, and J. Ramirez
[3] E. Silva, J. P. de Gyvez, and G. Gronthoud, “Functional vs. multi-vDD  Angulo, “1.5-V current-mode CMOS true RMS-DC converter based on
testing of RF circuits,” irProc. IEEE Int. Test Conf2005, pp. 412-420. class-AB transconductorsJEEE Trans. Circuits Syst. I, Exp. Briefs
[4] E. Acar and S. Ozev, “Defect-based RF testing using a new catastrophic vol. 52, no. 7, pp. 376—379, Jul. 2005.
fault model,” inProc. IEEE Int. Test Conf2005, pp. 421-429. [25] F. Jonsson and H. Olson, “RF detector for on-chip amplitude measure-
[5] S. S. Akbay, J. L. Torres, J. M. Rumer, A. Chatterjee, and J. Amts eld,  ments,”Electron. Lett, vol. 40, no. 20, pp. 1239-1240, Jun. 2004.
“Alternate test of RF front ends with IP constraints: Frequency domain td®6] A. Valdes-Garcia, R. Venkatasubramanian, R. Srinivasan, J. Silva-
generation and validation,” iRroc. IEEE Int. Test Conf2006, pp. 1-10. Martinez, and E. Sanchez-Sinencio, “A CMOS RF RMS detector for
[6] R. Voorakaranam, S. S. Akbay, S. Bhattacharya, S. Cherubal, and built-in testing of wireless receivers,” iRroc. IEEE VLSI Test Symp.
A. Chatterjee, “Signature testing of analog and RF circuits: Algorithms  May 2005, pp. 249-254.
and methodology,lEEE Trans. Circuits Syst. |, Reg. Papemol. 54, [27] H.-H. Hsieh and L.-H. Lu, “Integrated CMOS power sensors for RF BIST

ACKNOWLEDGMENT

no. 5, pp. 1018-1031, May 2007. applications,” inProc. IEEE VLSI Test Symgay 2006, pp. 1-5.
[7] S. S. Akbay and A. Chatterjee, “Built-in test of RF components usinf28] T. Voo and C. Tomazou, “High-speed current mirror resistive com-
mapped feature extraction sensors,” Rmoc. IEEE VLSI Test Symp. pensation technique,Electron. Lett. vol. 31, no. 4, pp. 248-250,

May 2005, pp. 243-248. Feb. 1995.



