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Abstract — This paper demonstrates an on-cHipdt
detector IP. Theli/dt detector core consists of a power
supply line, an underlying spiral inductor and an am-
plifier. The mutual inductor induces di/dt propor-
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tional voltage, and the amplifier amplifies and outputs | Leireut ! il

the value. The measurement results show thatlitfat scope

detector output and the voltagetdrence between a re-

sistor have good agreement. Figure 1: Block diagram of thdi/dt detector circuit.

The bold lines represent outside devices.

1 Introduction

As th technol q th b IP[f4]. This IP can be applicable for feedback substrate
S the process technology advances, theé number,, ése cancelling[5], feedbadk/dt noise control[6] and

the_tra_n5|stors on an L.SI chip has been increasing AW%n because the detector is realized on-chip and out-
their high speed operations generate more power sup s thedi/dit value in real time
U .

noise while the low supply voltage reduces the noi

margin. Thus, the power supply noise becomes a seri-

ous issue for the reliability of the LSI operations. 2 Circuit Design
Recently, ali/dt noise is becoming one of the dom-

inant source of the power supply noise along with an &R1  Basic Concept

drop. An EMI noise also becomes a serious problem &)lbure 1 shows the block diagram of thig/dt detec-

high speed ope_rating LSIS', Thefef‘?fe’ a current M&8¥ circuit. A power supply current for the internal cir-
surement technique, especially a high frequedipyit cuit goes through the power supply line inductahge

measurement technique, is necessary in order to eﬁtbickup inductance., coupled toL; with a coupling

mate thedi/dt ne|se. codficient K induces adi/dt proportional voltage. A
Many techniques have been proposed to meashfgse tolerant amplifier amplifies the induced voltage

the power supply voltage bounce[1]. On the other hangy oytputs to a 30 transmission line that enables a

only few techniques have been developed for the powgEh frequency measurement. The detailed circuit with
supply current measurement. One technique uses af&-measurement setup is shown in Fig.2.
sistor connected in series to a power supply line on a

PCB boarq and measures the voltagﬁeder_\ce of the 22 Mutual Inductor

both terminals using electron-beam probing[2]. This

technique needs numerical calculation to obtain the clire inductancé.; should be small since it is in series

rent anddi/dt waveforms. Another technique picks ugonnection to the power supply line. The small induc-

the magnetic field and measure the spectrum[3]. Ittéhce requires a high coupling dheientK and a big-

unable to reproduce the original current dofdt wave- ger L, in order to generate the enough induced volt-

forms from the spectrum because the phase informatige on the terminal df,. The mutual inductor consists

is lost. of the power supply line and an underlying spiral in-
This paper demonstrates an on-clipdt detector ductor. The power supply line has straight layout with



Vdd_detector-t N amplifier . 3 Anal ytICa| M Odel

The mutual inductanc = K +/L;L,. Assuming that
the internal current i§ and the input current of the am-
g plifier is 15, the output voltage of the mutual inductor
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Herel, is small enough because the input impedance is

Figure 2: Over-all circuit with the measurement setuffr9€ €nough compared wiky andwL; (w < 10GHz).
Assuming that the gain of the amplifier @G, the

output voltageéVgigiout Of thedi/dt detector circuit is

_mutual inductor____ T | :
i AL ﬁi 3.1 Equations

ratl]

, : dl;
80Qum _\/\(ldfth using ML2 and ML_3 to_getherto reduce the Viigont = GV = GK m_u @)
parasitic impedance. The spiral inductor has 20 turns dt
with 20Qum diameter, 2m width and Zm spacing us- . .
ing ML1, as shown in Fig.3. The equivalent circuit i¥Vh'Ch means
included in Fig.2. dl; 1 v Y 3
a = m didtOut = ~w2didt VdidtOut ( )
2.3 Amplifier and Output buffer where
1
Since the outpudli/dt value is a high speed analog sig- Avadict = GK V1L, )

nal, a high frequency and high linearity amplification _ _ _

is the key issue for the amplifier design. The amplifi§ftegrating eqn(3) with respect to time,

schematic is also shown in Fig.2. We employ a current

mirror type amplifier without current source. The resis- li = Avdidt f Vidgtoutdt + C. (5)
torsRy, are used to keep the DC bias voltage as half-vdd.

The resistance is big enough to be considered openf% relation between the internal currgrdnd the volt-

AC signal. . ~ ageofsl, 2is
The output is connected to a transmission line
whose characteristic impedance i€b0The blocking Ve — Ve = Ry(l; + 1) (6)

capacitorCy, is inserted at the input port of the oscillo-
scope to prevent the bias point change of the nufle 5 this equation can be converted to
due to the 5@ termination resistor connected to GND.
Note that the average df/dt value is zero because the s
current value is finite, so that the blocking capacitor Vst = (1+ ﬁ)st =Rsli ()
does not fect the measurement.
usingls = V¢/R;, whereR; is the termination resistance
50Q. From eqgn(5) and (7),
2.4 Overview and Measurement Setup
Rs
As shown in Fig.2, the power supply line has an on-vsi~ (1+ ﬁ)vsz - RSA"Zd‘dthd‘dtO“tdt +C (8
chip resistorRg in series, the both terminals of which
are connected to output pins ak ands2 in order to Differentiate eqn(8) by time,
enable the current measurement by calculating the volt-
age diference, and compare the result with thigdt Veiou = 1 dVa - (1+Rs/R)Ve}
detector output as a reference. RsAvzdit dt

9)




3.2 Designed Parameters 4.2 Senditivity of the di/dt detector

The equivalent circuit of the mutual inductor is extigure 4 shows the waveforms of (@LK/2, sl and

tracted using FastHenry 3D field solverlag=0.26nH, 2, (b) Va1 - (1 + Rs/R)Ve signal and the numerical-
R;=0.140, L,=52.3nH,R,=2120 andK =0.25. time-integral of thedi/dt detector output multiplied by

According to HSPICE simulations, the gain of thBs vadict, based on_eqn(_8), (C,) thﬁ_/dt detector out-
amplifier G is 0.76, the cut-fi frequency is 3.3GHz put and th_e numgr_|ca|-t|me~ﬁierentlal OfVer — (1 +
when no load capacitance, and the output linear[ /R)Ve signal divided byRsAvzdiar, based on eqn(9).
range is about0.35V. ince theVg — (1 + Rs/R)Ve waveform is noisy, we

The series resistaR. on the power suoply line isapplied a smoothing before the numericafetientia-
formed using gate-pol SWith siligde and I'?rl?eydesi nti n. The M) and €) in the signal caption represent

: g gate-poly o : 9"%8e measured and calculated waveforms, respectively.
resistance value is about 23 The bias resistoR,

is formed using gate-poly without silicide and the de‘}l’_he current andli/dt values on the right vertical axis
signed value is about 10k in the graph (b) and (c) are calculated usiRg2.040Q

andAygig=1.43x10°, respectively.

These graphs show that the currents measured by
the series resistor voltagefidirence and thdi/dt de-
4 Measurement Results tector output have good agreement, and diydt de-

tector circuit works well.

4.1 Setup
The chip was designed and fabricated using @35 _
2-Poly 3-ML standard CMOS technology. The chi@“
area is 3.0mm1.8mm and the chip photograph is;“
shown in Fig.3. The area of ttd/dt detector core is
34Qumx28Qum.
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7 um width, Figure 4: Waveforms of (aJLK/2, sl ands2, (b) Cur-
2um spacing rent waveforms, (cili/dt waveforms.

Figure 3: (a) Chip photograph. The chip area %3 Accuracy of the di/dt detector

3.0mmx1.8mm. The area of thdi/dt detector core is The series resistance valliRg can be estimated from

34Qumx28Qum. (b) Mutual inductor structure. sl ands2 voltage diference. Since the internal circuit
does not consume current at the time just before the
CLK edge under a low speed operation because of no



switching, the DC current going through the series re-

. . o : Table 1: Characteristics of thie/dt detector IP
sistor is the same as the current going into the termina-

tion resistoR; of 2, andly = Vo /R:. The series resis- area 28Qumx34Qqum
tance value is evaluated R = AV/lp = RAV/Vg = pin count 3 (di/dt output, VddGnd for amp.)
2.04Q. The designed valuBs=2.3 is a rough estima- input impedance R=0.140), L=0.26nH
tion, and the measured value 2D reasonable. accuracy 10mAns
The error between the solid lines and the dashesheasurable range +500mA/ns
lines in Fig.4(b) and (c) are evaluated by the standaréheasurable freq for=3.3GHz
deviation,

N
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The measurement results show that dhalt detector
output and the voltage fiierence between a resistor
have good agreement with the accuracy of 9.0ImsA
The characteristics of this IP is summarized in Tablel.



