First- and
second-level
packaging
for the IBM
eServer z900

This paper describes the system packaging of
the processor cage for the IBM eServer z000.
This sarver contains the world's most complex
multichip module (MCM]), with a wiring length
of 1 km and a maximum powaer of 1300 W on
a glass-ceramic substrate. The z800 MCM
contains 35 chips comprising the heart of

the central electronic complex (CEC) of this
server. This MCM was implemented using two
different glass-ceramic technologies: one

an MCM-D technology (using thin film and
glass-ceramic) and the other a pure MCM-C
technology (using glass-ceramic) with more
aggressive wiring ground rules. In this paper
we compare these two technologies and
describe their impact on the MCM electrical
design. Similarly, two different board
technologies for the housing of the CEC are
discussed, and the impact of their electrical
properties on the system design is described.
The high-frequency requirements of this design
due to operating frequencies of 918 MHz for
on-chip and 458 MHz for off-chip interconnects
make a comprehensive design methodology
and post-routing electrical verification
necessary. The design methodology, including
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the wiring strategy needed for its success,
is described in detail in the paper.

1. Introduction
The IBM 573N platform has scen a new revilalization
with Lthe movement o complementary melal oxide
scmiconductor (CMOS) scrvers which began in 1993
bccanse of the redoced hardware cosls, high intcgration
density, cxcellent reliability, and bower power of CMOS
comparcd o bipolar technolegy. Table 1 shows the
development of the 58390 CMOS servers for Lhe last (oor
machine gencrations. From 1998 1o 2K, the symmciric
muliiprocessor (SMP) MIPS number inipled in two years.
This improvement in MIPS performance was achicved by
using a [aster processor oycle time (doe w chip lechnology
scaling), improved cycles per instructions (CPD), and an
increase [rom 12 1o M) in the number of ceniral processor
unils {CPUs) per sysicm. The 20 CPUs allow the
implcmentation of a 16-way node with [our scrvice
processors [or Lhe #9000 server. Table 1 also shows Lhe
continecd increase of CPU clectrical power during the Lasi
[our years, which has led w the significant challenge of
cooling a 1300-W muolichip masdule.

In order o achicve the extremely high sysicm
performance for the #™0 scrver, an claboraie hicrarchical
systcm design had 0 be [ollowed. The basic siralcgy was

prrmilicd wilkoul paymenl of reyally provided thal {1 cach
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Table 1 Development of the Server from 1998 1o 2002

Year (Machine) Lirei SMr Processors Processor Chip Procexsar Package
MiIrs MIrs per MOM Jpower technolopy cycle fime cpcle iime
(W) (pm]) (ns) (ms)
1998 (5] 1 ¥7-152 Gl -1 Dy 12 A1-36 LT 24-20 d.E-d4.0
1954 [ (G6) | TH -5 1dd1-1644 14 I5-31 o2z | B-1.57 iG-3114
AN} | SN0 250 2654 fa | 3z 018 1.3 1.6
2 (FN0+ ) =250 =654 | s 018 .09 218

o package the #Server core chips consisting of Lhe
processor, scoond-level (1.2) cache, system control,
memory bos adapicr, and memory slorage control chips
on a single MCM (lirst-lewel package). Here, the short
inicrconnect lenglths wilth well-defined elecirical behavior
allowed a 1:2 cycle time ratio beiween Lhe processor and
the shared 1.2 cache. This approach has boen osed in
previous 573 server designs [1). The 20 processors
required abouwl 16006 intcrconncclions. For this nomber of
interconnections, the MCM wechnology was the only cost-
clfective packaging solution l[or supporting Lthe required
bus widihs, which arc esscotial [or the performance of the
yScrics* SMP node. (For MCM costperformance issucs,
the reader is referred w | 2], which is also valid for this
design.) This MCM Lechnolegy also enabled the use of an
casily implcmcntable and relighle relrigeration sysiem for
the CEC chips by using a redundant cooler scheme. “This
scheme achicves a low-lemperature operating point for the
MOCM chips al which the chip junclion lemperature is (°C.
The multichip module was inlcrconmccled W Lhe rest of
the sysicm clemenis (c.g., memory and 1Y) using an
advanced printed-wiring-board-hascd technokegy.

Scction 2 gives a detailed overview of the logic systcm
slnuectore of Lthe z0 scrver. In the first sysicm, released
in 2K, the chip scl had a cycle ime of 1.3 ns osing
the IBM 0L18-pm wechnology. Howeyer, the MCM was
designed 1o supporl a CEC chip sel thal operaies sl 1.09 ns,
allowing the processor chips (o be upgraded o a [asier
icchnology in 202, This aggressive package design
approach cnables an casy npgrade al the customer's sile
by simply replacing the MCM with another MCM
conlaining ncw processor chips. It also minimized the
package development cosls by using a single MCM design
for two product oflcrings.

A HitachifIBM partnership cnabled os 1o have two
supplicrs [or the MCM uscd in the same #9000 scrver

produocil. Specifically, there are (wo iypes of muoltichip
modules used. Omne, manufactured by the 1BM
Microclectronics Division [MI)), uses glass-ceramic
lcchnology with a thin-film wiring planc pair. The

ather MOCM, which is functicnally cquivalent and is
manulaciurcd by Hitachi, uscs a glass-ceramic technology
wilth Lighter ccramic ground roles and nda Lhin-lilm
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wiring. However, since Lthese two designs have Lhe samc
mochanical dimensions and are funclionally cquivalent
while employing Lhe same bollom side conneclor o Lhe
processor planar board, they can be used interchangeably.
This is the first time that such 2 complex design (Lotal
wiring kength of 1000 m connecling 16000 neis, in which
H0% of all connections musi operale at 459 MHz) has
been implemented in two diffcrent wechnologics in a
complelely transparcnl manncr and in record design Limc.
Although many factors contributed 1o this achicvemeni,
Lhic primary oncs were cxcellent team cooperation and an
cliicicnl and cllective designfverification system. The two
MCM techmolegics mentioned carlicr are compared with
respect 1o cross section and clectrical propertics in Section 3.

To achieve a beller granularity and cosi redoction [or
Lhe mid-range sysicm, a simpler MOCM has been designed
which coniains 12 processor chips (inslcad of 20) and
connecls W the memory subsysiem with two buscs instead
of fowr. In addition, some cosi reduction was achicved
throwgh the use of an alumina material insicad of a glass-
ceramic maienial for the MCM subsiraic and a reduced
number of ceramic layers. However, this cost-redoced
MCM maintained the same plug-in form [actor in order
Lo be able 1o ose the same connector system and CEC
board 1o reduce development cxponsc.

Scction 4 describes the processor subsysiem and the
sccond-level packaping. Specilically, the MCM is plugeed
inte & board thal conlains power sapplics, [our memory
cards with a maximum capacily of 64 GB, iwo cryplographic
coprocessors, and scll-umed interface (ST1) bus conneclors
L the L0 subsystem. The high-specd S5T1 conncciions
provide a bandwidih of 24 GES o the 1N subsysicm.

The 1BM parallel processed printed wiring board
(PWR), or P3, wechnology has been introduced lor the
200 processor board in 2002, The building block for this
lechmology is a three-layer core, [caforing a reflercnce

plane sandwiched between two signal plancs. This
construction allows buricd vias (o pass through sandwiched
relerence plancs [or betler wirability, an advaniage which
could not be achicved by the siandard technology [1). The
cnhanced baricd-via technolegy provides a balanced
triplaic struclure that climinates all conpling beiwecn

the x and p signal plancs. Furthcrmore, il increascs Lhe
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clleclive wiring densily of cach signal planc, as discossed
in Scction 4.

The design of a high-fregquency packaging sinsciore
reguires a well-controlled process [or physical design,
clectrical analysis, and verification. The high carrent
demand (630 A) of the 2002 muoltichip module requires a
decoupling sirategy o avoid malfunclions duc w0 power
distribation noisc. The Fourier transform of this power
distribation noisc has three distinel componenis, which
ocour in the low-Ireguency, mid-frequency, and high-
frequency ranges. The low-Irequency noisc is causcd by
changes in the power-supply load current and is filicred by
twi decoupling capacitor cards plugeged into the processor
subsystem board. The mid-lfreguency noisc s dominated
by inductive parasilic packaging clements in the power-
supply path between the on-MOM and on-board decoupling
capacitors. L affcas primarily phase-locked-loop (P1LL)
circuitry, and il can be controlled by decoupling capacilors
with low inductive paths on the mualtichip module and
on Lthe processor subsysiem board. The high-lreguency
noise 5 dominated by a large synchronous en-chip swilching
and must be controdled by on-chip capacilors.

Approximately 80% of the nels on the MCM are source-
lcrminaicd and operaie al a clock freguency of 459 MH
Each mci has a wiring mulc o define its allowablc
wiring kengih. Shorl nets had o be lime-delay padded
to avoid latching of A signal from the previous cycle (an
carly-maodde [ail) due Lo clock skew and PLLL jitter between
driver and receiver chips. The high wiring density on the
packaging compancnis also reguired a carefully coupled
noise contral between inlerconnection nels. The design
mc Lhisdionlogy, described in considerable detail for 5390
(35 scrvers in | 1], was [ollowed [or the IBM cServer #5000
design. In this paper, we prescnl the Liming and nodsc
resulls oblained by [ollowing this methodokeoy [or the
200 systcm, which confirm that this systcm mects its
performance specilications. Scction 5 gives details of the
design methodelogy, including the decoupling stratcgy [or
bow-, mid-, and high-Iregquency noise [or both Lthe [rst-
and scoomd-level packaging. In addition, Liming analysis
resulls and signal intcgrity results for all intcrconncclions
across all the package levels are discloscd.

2. Logical system structure and chip technology
The major change in the *Scrics sysicm has been the

implemeniation of a 64-bit CEC architectore. For the
scoomd-level cache inlerface o the processor chips, we

were able 1o continoe wsing the same double-quadword

bus introduced in the 539 G5 scrver, bul now [ecding 20
mstcad of 14 processors in the @0 server. This increase
in the number of processors allows us o achicye the
desired multiprocessor 5MP performance, bal i has produwced
a signilicant increase in the nomber of inlerconnects
among Lhe chips in the CEC.
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Figmre | shows the high-kevel logical structore of Lhe
200 system. The 2 processor chips are raditionally
arranged in a binodal siroctore, in which len processors
arc [ully connccled within an 1.2 cache clusler of [our
chips. In addition, cach nodc conlains two memory bus
adapicr (MBA) chips and one sysicm contral chip. A
hinodal core structure consists of two nodes, in which
all CPUs arc folly connccted o the 1.2 cache within a
nisde and can operale independently of the other node.
This resulls in the cxcellent reliability, availability, and
serviccability (RAS) [catures which arce the hallmark of all
5739 mainframes and Enicrprisc #%cries scrvers. Only the
clock (CLK) chip, which has a small numbcr of circuils
and wscs 4 mature CMOS wchnology 1o minimize its
probability of [ailure, is singular in the CEC.

Each single-core processor i implemented on a 9.9%-mm
¥ 17.0-mm chip in 0.18-pm technoloegy and operating al &
cycle time of 1.3 ns in the imitial Year 2000 wechnology,
ultimatcly operating at 1.09 ns in 2002, This is an 18%
cycle-time improvemenl over the 5390 G6 processor. A
single-core processor chip design point s chescn bocanse
it resulis in a relatively small chip sivz (170 mm®) and
provides salislactory manuiacturing chap yicld.

The processor chip is connecled with a 16-byic
bidirectional bus 1o cach 1.2 cache chip within cach clusicr
of the binodal structore. This conncclion achicves the
required memory bus performance, akded by an 1.1 cache
on the processor chip thal contains 256 KH of daia and
256 KB of instrection capacity. The 1.2 cache siee of cach
chip is double that of the Gh. The cight 4ME 1.2 cache
chips prowide a tolal of 32 MB on the MCM. The cache
chip is the largest chip in the CEC chip scl, mcasuring
17.6 mm by 183 mm. The interconnection between the
lwo nodes in Lhe CEC is provided throwgh the cache
and systcm contrel chips. Specifically, cvery pair of
corresponding 1.2 cache chips on Lthe two nodes s
connccled by means of an #byic unidireclional slore bus
and an 8-byic unidircctional feich bus. The large data
bandwidith between processor and 1.2 cache is uniguoe in
IBM systcms and has been achicved by the use of the
dense glass-ceramic MOCM packaging technolegy. 1L allows
Lhe operation of the interface Lo the 1.2 cache al twice Lhe
processor cycle time, which s crucial for the =Scrics
multiprocessor performance. In comparison Lo asing &
swilch [or connecling processor cards as in the Sun
Microsysicms Fircplane Sysicm |3], this sirociore allows 2
higher bandwidih and minimizes the lalcncy beiwecn the
processor and the 1.2 cache chips.

Each of the four memory cards conlains 2 memory
storage controller (MSC). The physical implemenlation
has onc MSC connecled o two 1.2 cache chips wilh B-byic
buscs W cach. This bus interface is very critical for syslem
performance, and it is reqguired o meel the 21 [requency
ralix with respect to the processor operaling [reguency.
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