Self-timed
iInterface of the
input/output
subsystem

of the IBM
eServer z900

The self-timed interface (STI), used in several
generations of IBM’s most powerful servers,
has evolved to provide a greater I/0
subsystem bandwidth than ever before. The
STI of the IBM eServer z900 is capable of
transferring data between the processor
complex and the I/0 subsystem at a rate of up
to 1 GB/s compared with the 333MB/s rate of
the IBM S/390® G3/G4- and G5/G6-class large
servers—an improvement of up to a factor

of 3. Additionally, in the eServer 2900, STI
links suitable for transferring data at a rate

of 1 GB/s are used for the third iteration of the
integrated cluster bus (ICB-3), thus providing
direct links to other eServer z900s. Also, the
role of the STI has increased in the eServer
2900, becoming the interface used on the 1/0
subsystem backplane. The majority of the

STI logic (both physical and logical layers)
has remained essentially unchanged, with
advances resulting from the use of improved
cables and connectors, and from the
introduction of a multilevel, pre-distortion
differential off-chip “super-driver.”

Introduction

The self-timed interface (STI) has been used in IBM’s
largest servers for several generations, providing
successively improved I/O subsystem bandwidth capacities.
The eServer z900 contains the latest example in the
evolution of the STI, which has the capability of moving
data at 1 GB/s. Prior to the introduction of the eServer
2900, the STI data rate topped out at 333 MB/s, and STI
deployment was limited to interframe applications. In the
eServer z900, STI use has been expanded to include the
interface used on the backplane of the I/O subsystem. This
paper describes the improvements that allow the STI to
run up to a factor of 3 faster than in previous large
servers.

Figure 1 is a block diagram of two eServer z900s
showing STT usage. Primary STI links running at 1 GB/s
provide the interface between the memory bus adapters
(MBAs) in the processor nest and the MUX/DEMUX chips
in the I/O subsystem. The MUX/DEMUXSs further provide
secondary STT links running at 333 or 500 MB/s on the
I/O subsystem backplane, enabling legacy I/O such as
ESCON* and intersystem channels (ISC-3) to be used for
Parallel Sysplex* configurations. Through the common I/O
platform, PCI connectivity is provided to the IBM Fibre
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Channel offering (FICON*), to network-based protocols
such as ATM, Ethernet, and Token Ring, as well as to
the IBM PCI cryptography processor [1]. New with

the eServer z900 is the ability for direct 1GB/s
communication links, using STI, between other

eServer z900s via the integrated cluster bus (ICB-3)

[2]. A secondary 333MB/s STI link may be configured
for sysplex connectivity to previous-generation machines,
such as $/390* G3/G4- and G5/Go6-class servers, using
ICB-2 [3].

The challenge confronting the STI designers was how to
increase the speed from 333 MB/s to 1 GB/s while driving
essentially the same distances and package structure as the
previous machines. The signal transmission path would
have to include an MCM or SCM, printed-circuit wiring
on a card or board, a cable connector, and up to 10
meters of cable, with a similar arrangement at the
receiving end of the cable. In some cases there would be
additional connectors and cards in the signal path. Other
than relatively straightforward improvements such as a
reduction in circuit delays realized using the IBM
CMOS SA-12' technology, the increase in speed was

I The IBM SA-12 technology: 0.25-um lithography with L
nominal.

0.18 pm at 1.8 V

effective
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accomplished without appreciably affecting the STT logic
design. Innovation and improvements in the cable,
connectors, and I/O circuit design allowed the data
pulse widths to be reduced from 3 ns to 1 ns.

The STI combines parallel and serialized data running
at high speeds. This paper discusses the challenges
encountered with the development of the 1GB/s STI
physical link and its implementation. The topics presented
include the electrical characteristics of the copper cable
and the resulting consequences, the problem of jitter and
noise on the link performance, the effects of silicon
tolerances and the ability of the STI to compensate for
skew among the data bits.

Review of the STI physical macro logic

As mentioned earlier, the STI of the eServer z900 was
implemented preserving the majority of the physical
macro (PM) logic. The PM logic is described at length in
Reference [4]; however, a brief review can be helpful in
understanding the remainder of the material presented
here. STI transmits one byte of data, a combination
parity/flag bit, and a half-speed clock signal in each
direction. This requires 20 differential signal pairs (10
pairs in each direction) in the cable. The maximum STI
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data rate is 1 GB/s (2 GB/s total), producing 1-ns data
pulse widths using a half-speed 500-MHz clock signal.
A major problem with operating a copper link at these
speeds is that the skew between data signals on the link
can easily exceed the bit time.

The physical layer of the STI is partitioned into two
semicustom macros, a physical send macro (PSM) and
a physical receive macro (PRM). As shown in Figure 2,
these entities interface with the off-chip differential
drivers and receivers on the link side and with the STI

logical layer macros [logical send macro (LSM) and logical

receive macro (LRM), respectively] on the host side.
The STI logical macros handle flow control and packet
generation for the STI link and interface with the host
chip logic. Additional information on the STI protocol
layer can be found in Reference [1].

The primary function of the PSM is to serialize the
word-wide data bus from the LSM down to a byte-wide
bus for transmission onto the STI cable. A major advance
in this implementation over its predecessors is the
creation of the differential “super-drivers.” More is said
about the super-drivers later in this paper. Figure 3 shows
all of the entities that comprise the transmit function of
the STI physical layer.
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Again referring to Figure 2 on the receiver side of
the STI link, the PRM receives the signals from the
differential receivers, resynchronizes the data signals to
the received clock, and finally deserializes the four bytes
of data back into a word and presents the data to the
LRM. Similarly, Figure 4 shows all of the entities that
comprise the receive function of the STI physical layer.

Skew aspects of data transmission

Consider the data transmission system shown in Figure 5.

Data is launched by a clock from a set of latches on the
transmit end of the link through a set of off-chip drivers
(OCDs) into a set of conductors. As is the case with the
STI, the launching clock is sent along with the data. At

the receiving end of the conductors, a corresponding set
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