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Abstract

This paper presents measurement results of on-chip noise on
power and ground rings for 1/O (input/output) cells in a simple
test structure fabricated in 90nm process. We also show mea-
sured timings of an output signal from chip to PCB board, and
examine the relation between the magnitude of /O power sup-
ply noise and the output transition timings.

Introduction

As chip-to-chip signaling throughput grows, estimation and
mitigation of 1/O timing jitter have been studied[1]. For such
signals, high-quality chip-to-board transmission lines are pro-
vided. On the other hand, for cheaper commodity products,
the number of 1/O pins is directly related to the production
cost, and hence designers are pressured to reduce the number
of power/ground pins for both core and I/O cells as much sigure1: Chip photo anaircuit outline. Chip size is 2.5mm x
possible for cost reduction. 2.5mm. #pads is 72.

This work focuses on the power integrity for I/O cells, and
evaluates power/ground noise waveforms using on-chip noise

sensors[2]. With the measured noise waveforms and outiyf 5 real-time oscilloscope, we attached an active probe to pin
transition timings, the timing shift of output transitions, I...0UT1, where the input capacitance of the active probe is 1pF.
delay due to SSO (simultaneous switching outputs) [3], iS &Xye ais0 connected a passive probe, as necessary, whose input
plored. capacitance is 9pF to OUT1 to see the dependency of the output
transition timing on the supply noise. To other outputs OUT2

Test Structure and Measurement Setup 4 OUTS3. additi L outout load h ed
. . n , additional output loads are not connected.
We fabricated a simple test structure that can change the P

number of SSO from one to three (OUT1, OUT2 and OUT3)easured Noise Waveforms

in 90nm process as shown in Fig. 1. Each of them outputs atpe noise waveforms of VDDIO and VSSIO were measured
_clock signal given from PLL through an output bl_Jffer. Depend Fig. 2-5). Figs. 2 and 4 depict VDDIO and VSSIO noises when
ing on the SSO numbers, power and ground noises on rings éﬁ active probe is attached to OUT1. Figs. 3 and 5 are noises
!‘/O ceIIs” are expected to vary. /O pins labeled "VDDIO" andyhen hoth active and passive probes are attached to OUTL.
VSSIO” are dedicated to supply power and ground voltages {Qqte that the externally given VDDIO and VSSIO are 2.1V
/O rings. _ and OV. We can see that the noise magnitude becomes larger
To sense VDDIO and VSSIO, noise measurement macr@g the number of switching output buffers increases, which is
called “gated oscillator” [2], which is a ring-oscillator-basedreasonable since the increases in VDDIO and VSSIO current
circuit but it captures dynamic noise waveforms thanks to inte[am|arge VDDIO drop and VSSIO bounce, respectively. Look-
mittent operation at the timing of interest, are used. In this tef{g at the presence of the passive probe, the average VDDIO,
chip, three macros, which are responsible to VDDIO, VSSIQgpecially after 5,900ps, becomes smaller when both active and

and VDDIO-VSSIO respectively, are integrated. After fabripassive probes are attached. A similar tendency is found in VS-
cation, the chip was mounted on a QFP package and put o’yfH noise.

PCB board through an IC socket. For each pair of VDDIO and

VSSIO, 0.1/F chip capacitor is inserted near the socket as @orrelation between Noise Magnitude and Output Transi-

decoupling capacitor. In addition, 4%;tantalum capacitor is tion Timing

placed on board. We also measured the output transition waveforms of OUT1
In measurements, 1/O supply voltage VDDIO is set to 2.1Warying the number of switching output buffers and the pres-

A reference clock given to the PLL is 10MHz, and the PLLence of the passive probe. We then computed the successive ten

outputs 100MHz clock. When the noise and the output voltransition timings regarding the reference clock to PLL as the

age are measured, one input buffer for the reference clock arederence timing (Fig. 6). Here, the reference clock frequency is

the output buffers under consideration are active, and other IAMMHz and the clock frequency at the PLL output is 100MHz.

buffers are quiet. To measure the output waveform of OUT1 uuring a single cycle of the reference clock, ten transitions ap-
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Figure 2: VDDIO noise Figure3: VDDIO noise (ac-
(active probe is attached totive and passive probes are at-

OUTY) tached to OUT1) Figure7: Relation between delay and noise magnitudeg,,,
(w/ passive probe).
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Figure 4: VSSIO noise (ac- Figure5: VSSIO noise (ac-
tive probe is attached totive and passive probes are at-

OuTY). tached to OUT). Figure8: Relation between delay and noise magnitudg,, .,
(w/o passive probe).
reference clock [
(10MHz) ] \
which results in increase db. Fig. 8 indicates the similar ten-
OUT1(100MHz) + —‘ “ P P I—‘ P P P P P dency, though the delay variation is quite small. The on-chip
1 ﬂ\ I/0 power supply noise affects the output transition timing, and
dolay[0] e | hence careful consideration and estimation of 1/O power supply
i noise as well as core power supply noise, especially when the

delay[1]
P number of pads for 10 power supply is reduced, is necessary for

) o sustaining reliable chip-to-chip communication.
Figure6: Definition of Measured Delay.

Conclusions
This paper presented on-chip 1/0 power supply noises mea-
pear at OUT1. We thus obtain ten delay values (delay[0], deured by the noise measurement macros. The measured noises
lay[1], ..., in Fig6) for each reference clock. To evaluate the dexre consistent with intuitive understanding of SSO noise, that
lay increase due to I/O power supply noise, We here define delgy the noise amplitude becomes larger as the number of SSO
D as the average of these ten delaysﬂgL 27 _o delay[i]). increases. We also verified the correlation between noise mag-
We also define noise magnitudg,,, as follows, nitude and delay and found that the delay increase due to SSO
can be reasonably explained with the noise magnitude of 1/O

1 .
Vmag = / Vnoise (t) - ‘/idealdt, power SuPpIy noise.
t1—10 Jyo
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