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Freqguency Dependencies of Power Noise

Bernd Garben, Roland Frech, Jochen Supper, and Michael F. McAllister

connectors to voltage regulators MCM pin connector

Abstract—n this paper, frequency dependencies of deltd-
noise caused by variations of the on-chip switching activity
have been analyzed by simulations for a complex computer
system board with multi-chip module, especially the impact of
coincidences with resonances of the power distribution system.
The switching frequency and the noise source waveform have
been varied in case of a single deltd- step. For repeated deltaZ
steps the power noise dependencies on the repetition frequency,£
the duty cycle and the damping of the resonant loop have been
analyzed. Simulations using switching current sources for on-chip
switching have been confirmed by simulations with switching
resistors plus dc voltage source. Mid-frequency noise simulations
using SPEED2000 and noise voltage measurements yield the samq
results within 6% for the first and second voltage droops and
overshoots, if the real resistance of power/ground vias and module
pins are included in the simulation.
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TABLE |
. INTRODUCTION NUMBER AND PARAMETERS OF DECOUPLING CAPACITORS ASUSED
IN THE SIMULATIONS, IF NOT OTHERWISE STATED

HE SWITCHING activity and therefore the average

current demand of microprocessor complimentary metal on-chip (appZéiUI(:)nH
oxide semiconductor (CMOS) chips can change within a few (total for 30 chips) RC average 100ps)
nanoseconds causing power supply noise (deltaise). The 275 x 150nF @-10C
power distribution system must have a low impedance over on-module (30pH, 30mohm,
a wide frequency range which has to be achieved by placing AVX T60T))
power supply decoupling capacitors [1]-[5]. Decoupling on main board 7?25&’1‘ L‘;;%gg's’)
capacitors sink and source extra charge after switching activity (board size: '
variations until the primary system power supply with the 55cm x 45¢cm) 670 x 10uF (1nH,
voltage regulator module responds. However, all capacitances 1.5mohm, size 1210)
on the chips and package, including the decoupling capacitors on voltage regulator cards 464 x 1.2mF
and module and card power/ground plane capacitances, and all and on daughter cards (7nH, 29mohm)

parasitic inductances of capacitors and interconnections create

also resonant RLC-loops, which cause déltpewer supply [g] additional simulations have been made with via resistance

noise in the mid- and low-frequency range [1], [3], [6], [7].  ysing a newer SPEED2000 version (build #1002174). The
In this study, frequency dependencies of déltasise caused (o jits are presented in Sections I1I-E and IV.

by on-chip switching activity variations have been analyzed g impedance of the power distribution system as a function

for an IBM zSeries 900 system board with multichip modulgt frequency has also been determined with SPEED2000 using a

(MCM). The software tool SPEED2000 from Sigrity, Inc. [8lsingle (10 GHz Gaussian) current pulse for excitation and taking

has been used for the simulations, which is based on the FDH{ ratio of Fourier transforms of source voltage and via current
(finite-difference time-domain) method. Time-domain simulasg gescribed in [5] and [9].
tions with an appropriate chip and package model directly yield
noise voltage values which allow an early checking of specified
noise margins. This work started before August 7, 2001, when ) ) )
SPEED2000 assumed zero via resistance during simulationd h® MCM has a size of 127 mm 127 mm and 30 chips with
700 A nominal average current at 1.6 V supply voltage. Fig. 1
. . ) . shows a picture of the board which has a size of 55 cm by 45 cm.
Manuscript received October 31, 2001; revised March 26, 2002. This work Table | all d i . listed. which | d
was presented at the 10th Topical Meeting on Electrical Performance of Elet- aple a ecoupling capacitors are listed, which are locate
tronic Packaging, Royal Sonesta Hotel, Cambridge, AZ, October 29-31, 20an the chips, on-module, on-board, on daughter cards and on

B. Garben, R. Frech, and J. Supper are with IBM Deutschland, Boeblingge voltage regulators for high-frequency, mid-frequency, and
71032, Germany.
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B. Power Noise Voltage and Current Oscillations and
Definitions

0.007 —— ] 1
| : At first the core on-chip switching of 30 chips has been
0.006 / 1 1 I represented by 504 current sources which are connected to
power/ground vias at the MCM top surface as in [11]. The
0.005 major assumptions and definitions are briefly repeated. Each
0 5 10 15 20 25 30 current source has one RC element in parallel (88 4.6 nF,
Frequency (MHz) 100 ps RC time constant). These represent the on-chip decou-
(b) pling capacitors which are assumed to have zero inductance.
Fig. 2. Input impedance of the power and ground system observed frcfnlg' 3 ShOWS_ the voltage at a Sour_ce in the MCM C_enter and the
the MCM top surface at vias in the MCM center with on-chip, on-MCM andurrent flowing from the source into one MCM via, after all
on-board decaps (case a), and without any decoupling capacitors (case b). sources start switching at time zero with 1 ns cycle. Each cur-
rent pulse has 200 ps rise- and 800 ps fall-time and 555.6 mA
power distribution, are included in the simulation. In [10peak current (Fig. 9, curve a). In this section, the délsdep is
and [11], the simulation methodology and simplifications ar@ssumed to go from zero to 20% (140 A for the total MCM) of
described in detail. A smaller capacitance value has been u#faginominal average (continuous) current.
for the module capacitors in Section Ill compared with the The voltage and current curves in Fig. 3 show three
previous work in order to increase the oscillation frequefzy oscillations.
(see Section 11I-B) and to reduce the required simulation time. 1) A high-frequency oscillation with the same frequerféy
(1 GHz in Fig. 3) as the current sources. In the following
[ll. SIMULATION RESULTS sections the high-frequency peak-to-peak noise is taken
over one switching cycle at the maximum of the voltage

) . ] curve and denoted voltag®™3.” A moving average cal-
Fig. 2(a) shows the inputimpedance of the power and ground ¢ ;jation is used to eliminate the high-frequency oscilla-
system observed from the MCM top surface atviasinthe MCM  ion and to determine the mid-frequency noise amplitude

Impedance

A. Impedance as Function of Frequency

center in two cases: V1 as shown in Fig. 3.
a) with all on-chip, on-MCM and on-board decoupling ca- 2) A mid-frequency oscillation with a frequencfl =
pacitors as described in Table I; 172 MHz (5.8 ns period). The voltage curve shows
b) without any decoupling capacitors. The impedance curve  this oscillation more clearly, if the source switching
shows several large peaks in case b). frequency is lower tharf1, e.g., for a single switching
However, itis a smooth function of frequency and below @25 event. As pointed out in [11], this oscillation is caused
between 0 GHz and 1 GHz in case a). There only a small by the “horizontal” resonant loop formed by the on-chip
impedance peak of 0.002 is visible at 7.5 MHz [Fig. 2(b)] decoupling capacitors, the adjacent on-MCM ceramic
and a tiny “bump” at 175 MHz [Fig. 2(a)], which correspond decoupling capacitors, and the effective loop inductance
to the oscillation frequencief2 and f1 described in the next and resistance between these two sets of capacitors.

section. This mechanism is supported by the linear dependency
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Fig. 5. V\oltage at a source in the MCM center versus time, after all sources
start continuously switching at time zero with (a) 1 GHz, 1 ns cycle and
(b) 172.4 MHz, 5.8 ns cycle.
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Fig. 4. (a) Square of the oscillation peridd f1 and (b) high-frequency
peak-to-peak nois&’3 versus source capacitance. The switching frequency
1 GHz. The source capacitance is decreased from the 14.6 nF (normal va
to 75%, 50% and 25% of the normal value.

noise voltage (mV)
N «
(=] o

-
<

L] ‘ ;200 300 400 500 600 700 800 900 1000

86 | 172 frequency (MHz)
133

between the square of the oscillation perlgg'1 and the ) ] ) )
.6. (a)Mid-frequency noise amplitudél , (b) peak-to-peak noisé3, and

sourcg capaci_tance [Fig. 4(a)], which is expected, i_f tH[:é;gversus switching frequency of the current sources. The peak-to-peak noise
on-chip capacitance is small compared to the capacitanceis aways taken over one switching cycle. The triangles indicate simulations
of the adjacent on-module ceramic capacitors. with doubled MCM power/ground plane conductivity, and source and module
3) A second mid-frequency oscillation with a frequency2Pacitor resistance cut to haff.
f2 = 7.58 MHz (132 ns period) and an amplitude
denotedV/ 1. This oscillation is caused by the “vertical”for the smaller switching frequency. This is explained in the
resonant loop formed by all capacitors (on-chip anfbllowing paragraphs.
on-module) connected to the module top surface, thein Fig. 6V1 (curve a) and’3 (curve b) are plotted versus the
board decoupling capacitors, and the effective loagwitching frequency of the current sources in the range from
inductance and resistance between the two sets of capact8 MHz and 1 GHzV 1 is proportional to the switching fre-
tors. The impact of variations of decoupling capacitancegiency, becausg1 is proportional to deltd-and delta is in
and loop inductance on the mid-frequency noise anthese simulations proportional to the switching frequency, since
plitude V'1 and on the resonant frequen¢g has been the waveform of the current pulses has not been changed. This

studied in [11]. is normally true also in reality’1 shows no peak at the reso-
Finally the peak nois&2 is defined in Fig. 3. nant frequencyf2 = 7.58 MHz, where deltaF is very small.
As expected, the high-frequency peak-to-peak nbi8éhas
C. Variations of the Switching Frequency maximum values for the resonant frequenfy = 172 MHz

and for 86 MHz (50% off 1). V3 increases further at these fre-
Fig. 5 compares the noise voltage at a source in the MCliencies, if the damping of the resonant circuit is reduced, e.g.,
center for 1 GHz and 172 MHz switching frequency. The shafsy doubling the conductivity of the MCM power/ground planes
of the current pulses (peak current, rise- and falltime) is the sa@red by cutting the resistance of the source and module capaci-
for both switching frequencies. The peak-to-peak voltége tors to half (Fig. 6, curve c). The resistance reduction has negli-
is larger and the mid-frequency noise amplitddée is smaller gible impact on the mid-frequency noise amplitude at these
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Fig. 7. \oltage at a source in the MCM center versus time, after all sourc
start continuously switching at time zero with (a) 1 ns, (b) 5.8 ns, and (c) 132 11>
switching cycle.

Time (ns)

Fig. 8. \oltage at a source in the MCM center versus time, after all sources
start continuously switching at time zero with 2 ns cycle. Each current pulse has

; : : “ T 200 ps rise- and 800 ps falltime, 555.6 mA peak in case (a), and 400 ps rise- and
frequencies, becausél is determined by the “vertical” and not’ ¢ ps falltime, 277.8 mA peak in case (b).

by the “horizontal” resonant loop.

A method has been described in [12] to avoid the coincidence
of a package resonant frequency with the chip switching (clock)
frequency by on-chip decoupling capacitance tuning. Thereby

600 ‘

the peak-to-peak noise is reduced. z

With decreasing switching frequency the voltdg&approx- =
imates theV’3 value of a single current pulse (20 mV), which
is primarily determined by the first voltage drop (Fig. 7). This §
can be estimated with the current from each soufgg (...), the =z
current flowing into the packagé,...4.) and the voltage drop S

Ug across the RC element parallel to each soukce-(6.8 me2,
Csource = 14.6 nF) as follows:

1 1ns
U = ° / (Isource - Ipa,cka,ge) dt + UR (1a)
0

CSOUTCS

0.5ns

U< Lyeak — Lyear - R. (1b)

source

. . . Fig. 9. (a) Source current in case of switching current sources and (b) current
Equation (1b) yield®/ < 23 mV for I,c.; = 0.5556 A SOUrCe through a resistor in the MCM center in case of switching resistors. The

peak current, in gOOd agreement with the simulation. continuous switching starts at time zero with 1 ns switching cycle.
The decrease of the peak-to-peak ndisewith increasing

switching frequency above the resonant frequeficys corre- 5y /3 gecreases with decreasing switching frequency, be-

lated with two assumpti(?ns. _ _ _ cause more current flows into the package during each
1) The source (on-chip) decoupling capacitors have zeroin-  cycle and less through the RC parallel to each source. In
ductance and the effective loop inductance of the chip  this casd’3 equals 1.5 mV at 15 MHz, which is only 8%
power distribution is negligible; the latter assumption is  of the V3 value for constant current pulses. In case b) in
not adequate for small signal rise times [13], [14]. Fig. 8V 3 is 45% smaller than in case a).
2) The time dependency (waveform) of the switching cur- The current waveform depends also on the delays between
rents is independent of the switching frequency, which {fe various switching events in reality.
true in_reality in many cases. _ _ For 1 GHz the simulation can be compared with a simple
However, if e.g., the current rise- and falltime are increasediculation. It has been shown in [11], that for 1 GHz switching
for longer switching periods so that there is no deadtime, afidquency and 200 ps rise- and 800 ps fall-time, the current
the peak current is assumed to be proportional to the switchifi@ving through each of the 6.8 fhresistors and the 14.6 nF
frequency, then capacitors (parallel to each source) oscillates almost sym-
1) the mid-frequency noise amplitudél still does not metrical around zero after the 172 MHz oscillations has been
change as shown e.g., in Fig. 8, because the chadgmped away, which is the case 20 ns after the dek&ep
delivered by the sources in each cycle does not changeccurred (Fig. 3). Then the peak-to-peak amplitddeof this
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capacitor current equals the peak current of each current sout

(555.6 mA). Therefore the peak to peak voltdge across one 1.62
RC element can be calculated for 1 GHz by < -
E s
1.60
1 2 o [
Vo=1Io\| R+ <ﬁ> . @ ©° P
3 158 3
ForR =68mQ,C =146 nFw =27 - f, f = 1 GHz and % 5
To = 555.6 mA equation (2) yield$ o = 7.1 mV, which is very 156
close to the 7.5 mV obtained féf3 at 1 GHz by simulation. '
It should be emphasized, that the on-chip (high-frequency

peak-to-peak nois&'3 sol_Y | | \ 154
; e - 0 100 200 300
1) is not effected by the package properties in the high fre Time  (ns)
quency range above the resonant frequeficythere it
is strongly effected by the on-chip decoupling capackig. 10. (a) Voltage at a current source in case of switching current sources
tance—as indicated by the simulation results shown f#d (b) at a switching resistor in case of switching resistors in the MCM center.
. . . The continuous switching starts at time zero with 1 ns switching cycle.
Fig. 4(b) and also by equation (2)—and the on-chip power
distribution properties; 200,
2) is effected by the package properties (loop inductanc__ ?
and resistance, MCM decap capacitance), the on-chip CE 100‘
pacitors and on-chip power distribution, if the switching
frequency coincides with the frequengy of the “hori-
zontal” resonant loop;

" b)

a)

Voltage

3) is proportional to the current; therefov& is five times -100 v
larger for the nominal MCM current (700 A) compared 28|28 eemy
with the 20% value in the simulation. -200 g "g G 200mv
0" 132 264 400 800 1200
D. Reversal of Current Flow Time  (ns)

The 504 current sources representing the core on-chi _— ,
11. \oltage at a switching current source in the MCM center for

switching aCt|Y|ty h.ave been replaced by switching reS|StOF eated deltd-steps. All vias are assumed to have zero resistance during the
and the shorting vias at the connector to voltage regulataisulations. Case (a): normal plane conductivity and capacitor resistance, case

have been replaced by dc voltage sources of 1.6 V. Then fRk doubled conductivity of board power/ground planes and half resistance of
source, module and board decaps.

direction of the simulated current flow is the same as in reality.

The resistors switch with the core switching frequencybetweent_ itchi d quiet ti iods (dut le) has b
2.880and 60002so that the waveform of the current flowingac Ive (switching) and quiet time periods (duty cycle) has been

through each resistor during the first switching cycle is th aried. Moreover, the effective loop resistance has been varied.

. . rren r r with zer rrent during th ietan
same as in case of switching current sources and the flelt urrent sources are used with zero current during the quiet and

. 0 . . e
step is again from zero to 20% of the nominal current [Fig. §‘,"th 20% of the nominal current during the switching (1 GHz)

i . : riods.
curves a) and b)]. The switching resistors yield almost the sar’%%l:ig 11, curve a) shows the noise voltage curve for the co-

voltage oscillations (Fig. 10), but the simulation speed is 10 . " .
times smaller. The mid-frequency noise amplitide is 3% incidence of the deltd-repetition frequency with the resonant

smaller than for switching current sources, because the p rqgl;.entcyfﬁ (7.5d8 MHz, 13k2 nTt period) anld gl;ty S/yCIE_ 0h'5'
current is 3% smaller in the time range from 28 ns to 30 ns e first voltage droop (peak voltage2) equals 57 mV whic

(Fig. 9) due to the voltage reduction by approximately 3% §6t
the switching resistors in this time range.

he same as in Fig. 3. The current sources stop switching after
ns. The first voltage overshoot amounts 74 mV compared
It is expected that switching resistors with more current lo ith 25 mV in case of continuously SW'tCh!ng sources (Fig. 3).
(e.g., 100%) provide more parallel damping of the mid-fr After 132 ns the current sources start svynchmg again and the
guency oscillation than with 20% current load. This is furthezecond voltage droop peak? at _103 mV. Finally the 10th voltage
investigated in Section IV. roop peaks at_135 mV, Wr_nch is 22457 mV.

Again the noise voltage in case of resonance depends on the
damping of the resonant circuit. The curve b) in Fig. 11 has been
obtained for doubled conductivity of the board power/ground

So far the effects of one deltastep (at time zero) have beenplanes and half resistance of the source, module and board
studied, that means the deltaepetition frequency was zero. Indecaps. There the 10th voltage droop peaks at 200 mV. The
reality increase and decrease of the switching activity can alt&4CM and board vias and the MCM pins have zero resistance
nate. Therefore the effect of repeated ddlgteps has been an-in case a) and b), because these simulations were done with an
alyzed and the repetition frequency as well as the ratio betwe'std” SPEED2000 version before August 7, 2001. Additional

E. Deltad Repetitions



GARBEN et al.: FREQUENCY DEPENDENCIES OF POWER NOISE 171

200

200 b)
S 150

s E
E

150 ) e
g c .E 100
2 R
x @
S 2 5
2 100

7.58MHz, 132n
3.79MHz, 264ns|

0 10 20 30 40 50
frequency (MHz)

50

1 2 3 4 5 6 7 8 9 10
delta-l cycle number

Fig. 13. Max peak nois&2 at a current source in the MCM center during 10

deltad cycles (7 cycles in case of 3.79 MHz) versus déltapetition frequency.

Fig. 12. Peak noise V2" (definition in Fig. 3) at a current source in Simulation conditions: 1 GHz source switching frequency, duty cycle 0.5, zero

MCM center versus delté-cycle number for various resonant loop dampingvia resistance, normal board plane conductivity and decap resistance.

(a) normal board plane conductivity and decap resistance, zero via and pin

resistance (corresponding to Fig. 11, curve a), (b) doubled conductivity “ 459

the board power/ground planes and half resistance of the source, module

board decaps, zero via and pin resistance (corresponding to Fig. 11 curve

(c) doubled board plane conductivity, normal decap resistance, zero via and

resistance, (d) normal plane conductivity and decap resistance as in caseS

but simulation with real via and MCM pin resistance. (e) Conditions as for cak 100

(d), but resistance of the/AF board decaps increased from 0.@®070 0.06¢2.

() Conditions as for case (a), but resistance of thé=Iboard decaps increased

from 0.007to 0.06€2. The deltaf repetition frequency equals 7.58 MHz 5

(132 ns time period), the duty cycle 0.5, and the switching frequency duril_:

the active periods 1 GHz. g 50
o

simulations have been made with via resistance using a ne\

SPEED2000 version. 0
Fig. 12 shows the peak voltag&2” (definition in Fig. 3) © o1 02 o3 04 05 06 07 08 09 1
versus the deltd-cycle number for 7.58 MHz delta-repeti- duty cycle

tion frgquency (resonant Condltlon_)’ 025 duty C,yCIe and,dlﬁerepltg. 14. Max peak nois&’2 at a current source in the MCM center during 10

damping of the resonant loop, which is described in Fig. 12. gejtas cycles versus duty cycle. Simulation conditions: 1 GHz source switching
These curves show only small differences for the first voltageaquency, 7.58 MHz deltd-repetition frequency, zero via resistance, normal

droop, but large variations for deltarepetitions. The following Peard plane conductivity and decap resistance.

conclusions are drawn.

1) The effective board plane resistance of high performanmee deltal repetition frequency. The duty cycle is 0.5. The

boards with many power/ground planes is so small, th g res_istance Is zero and the damping is the_;ame as for case
yp 9 b \éyn Fig. 12.V2 equals 57 mV for zero repetition frequency

the impact on the resonant damping is negligible [cas? . .
a) and c) of Fig. 12]. a single deltaF step) and reaches a maximum value of 135 mV

2) It is important to include the via resistance in th or 7'.58 MHz (gqmmdence W.'th the resonant frequerf@)._
simulations [cases a) and d) of Fig. 12]. The moduleorh'.gher repetition frequenmééz apprqaches the peak noise
power/ground pins, which are modeled as vias in SPEEE(,a single deltaf step with 500 MHz switching frequency due
yield the major portion of the effective loop resistanc O the 0.5 duty cycle. .
for the vertical resonant loop. The damping is as small The duty gycle has been varied for a constant (7.58 MH.Z)
as for zero via and pin resistance, if the pin conductivilé?lta’[ repetition frequency and damping as for case a) in
is increased by a factor 100.

ig. 12. V2 reaches a maximum, if the duty cycle equals
3) Theincrease of the board decap resistance has onIyanOe' _(Fig. 14). As expected/2 decreases, as the duty cycle
ligible impact on the damping for this package, if the vi

roximates zero, because the average current decreases.

resistance is included in the simulations [cases d) and e .decreases down 'to 57'mV as the duty cycle approaches 1,
of Fig. 12]. which represents a single deliastep.
However, the module and board decap resistance has a large
impact on the damping, if the via resistance is zero [cases a), b) V. COMPARISONWITH MEASUREMENTS
and f) of Fig. 12]. Methods to optimize the power distribution In [11], the mid-frequency noise simulations using switching
impedance profile by optimization of the decap ESR have beeuarrent sources have been compared with noise voltage mea-
reported in [15] and [16]. surements at the location of the center chip of the MCM for
Fig. 13 shows the maximum peak noige during 10 deltaF 2 ns switching cycle and a capacitance of the MCM capacitors
cycles (seven cycles in case of 3.79 MHz) as a function of the range from 200 nF to 210 nF corresponding to a decap
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Tk Rty 5.RoGRs | Sample ] conditions as curve b) except of the different grid size. Also
M ' 'rb) :fg_ife_simm?m“ with real via and pin resistance the simulation with switching resistors yield almost the same
| \ <l T—— ; mid-frequency oscillation (dashed curve d). However, the
R i j ;{ iy simulation with switching resistors and a factor 1000 higher
) m ; ; ; module pin conductivity (dotted curve €) yield a much smaller
0 2) measurement (power and ground difference) damping of the mid-frequency oscillation than the measure-
o ©) Lt B e ment (a) and the simulation with normal pin conductivity (d).
e N T ot S s e This indicates that for the analyzed package and 237 A the
AEARES module pin resistance dominates the damping compared with
0 0 N the resistive load of the switching resistors. This is reasonable,
J - On_éhi‘:)“;uzrgr:’:::uZ?:;”:;‘;’jtrj'sz:::;’r‘;ifdgm:“”d because all current of the 7.58 MHz mid-frequency oscillation
3 Cvegersignal flows through the module pins and most of this current f_Iow_s
; ; ; ; : ; through the module decaps and much less through the switching

: Vo TR O ORIV M S6-0Rs CRT 7112V 2 May 2000 . ; o - .

Cha 1.03;%«:5’"1” <o ::w i et resistors and the on-chip decaps as indicated by the simulations.
— This is in agreement with the calculated impedance values at

Fig. 15. Comparison between noise measurement (curve a) and simulatién®8 MHz: 0.4 nf2, 3 m2 and 7 nf2 (average) for all module

(curves b-e) for the chip in the MCM center with 2 ns switching cycle, 210 n&ecaps, on-chip decaps and switching resistors, respectively.
MCM decap capacitance, and 237 A deftaFhe curves c, d, and e are obtaine

by moving average calculations (2 ns averages). Simulation conditions: (b) r zge .mOdlfle Capa:CItorS and_ module pins provide the largest
via and pin resistance, 0.5 mm grid, current sources; (c) solid curve: real @aMmic resistance in the “vertical” resonant loop (both approx-
and pin resistance, 0.98 mm grid, current sources; (d) dashed curve: real viaﬁﬁgte|y 0.1 I’Tﬂ) and therefore both determine the damping of
pin resistance, 0.98 mm grid, switching resistors; (d) dotted curve: factor 10896 7.58 MHz oscillation

increased MCM pin conductivity, 0.98 mm grid, switching resistors. : '

TABLE I V. CONCLUSIONS
MID-FREQUENCY NOISE VOLTAGE VALUES AND TIME VALUES OF THEFIRST i . i . . . . .
AND SECOND VOLTAGE DROOPS ANDOVERSHOOTS FOR THECHIP IN MCM Time domain simulations yield a significant increase of the

CENTER FOR237 A DELTA-I. THE SIMULATIONS ARE DONE WITH 210 nF

deltad power supply noise, if the on-chip switching frequency
MCM DECAP CAPACITANCE AND WITH REAL VIA AND MCM PIN RESISTANCE

or the deltaf repetition frequency coincides with resonant fre-

first first second | second guencies of the power distribution system. The high-frequency

- - droop |overshoot| droop |overshoot — gn_chip noise is strongly effected by the package properties
mid-frequency voltage: . . .
measurement 91.8mV | 124mv | 44mv 33mV (es_pec_lally the loop m_du_ctance_ and resistance), when the
simulation 93.3mV | 11.7mV | 42mV 33mv switching frequency coincides with a resonant frequency. In
i o, -RY A9 | 0, " . . .
f_‘ﬂerence 2% 6% 4% 0.1% case of delta- repetitions the mid-frequency noise is largest
ime: . . .
measurement 434ns | 131ns | 217ns | 305ns for duty cycle 0.5 and coincidence with a resonant frequency.
simulation 43.1ns 132ns 227ns 323ns The resistance of the module pins, which are modeled as vias
i 0y 0 0 0, . . . . . . .
difference 0.7% 1% +5% +6% in SPEED, must be included in the simulations, if they provide

the major portion to the effective resistance of a resonant loop

temperature between 15C and 20C. The d&ksep was for the like for the analyzed package.

measurements from 47 A to 284 A and for the simulations from On-chip switching activity simulations with current sources
zero to 237 A. The agreement between measurement and i#gld the same mid-frequency noise within approximately 3%
ulation was excellent for the first voltage droop. However, tHeS Simulations with switching resistors plus dc voltage sources
simulation which assumed zero MCM pin resistance exhibitd@" deltad steps from zero to 20% of the nominal current, but
much less damping of the mid-frequency noise oscillation. THae Simulation speed is 10 times larger.

simulation has been repeated now for 210 nF MCM decap resis-

tance with real pin and via resistance using the new SPEED2000 ACKNOWLEDGMENT

version. The agreement between the measurement and the sim- , . .

ulation is now excellent for the complete time range of 350 ns | "€ authors would like to thank their colleagues in the Hard-
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