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The Maci ntosh Centris 650, and Quadra 800 conputers feature a newl y designed
menory controller that supports interleaved nenory. The following article
expl ai ns how i nterl eaved nenory works on these conputers and how to configure
the conputers for naxi num performance.

The Quadra 650 can be used interchangably with the Centris 650 in this
docunent .
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Note that as of this date, the Centris 650 and Quadra 800 are the only Macintosh
nodel s that support nenory interleaving. Neither the Centris 66AV nor the Quadra
840AV support nenory interleaving.

Interl eaved Menory on the Centris 650 and Quadra 800

The main nenory subsystem of the Macintosh Centris 650 and Quadra 800 conputers
makes use of a nenory access technique called interleaved nenory. This menory
organi zation serves to reduce the overall access tine of the 68040 processor
into DRAM  The following description illustrates how this menory organi zati on
works and why it results in reduced nenory access tine.

Non- I nterl eaved Menory System

In a non-interl eaved nenmory system all of the first bank of nmenory, bank 0, is
addressed before the first long word of the second bank of nermory, bank 1, al

of bank 1 is addressed before the first long word of bank 2, and so on. Figure
1 shows this organization for two banks of N long words. (A long word is 4
bytes, or 32 bits, and is the natural unit of nmenory for the 68040.)
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Figure 1. Non-interl eaved Menory Organi zation

The 68040 perforns burst accesses (a single bus transaction that reads or wites
16 bytes in 4 adjacent |ong words) to nove data between its caches and nenory.
Al 16 bytes conme from one bank of DRAMin a non-interleaved nenory system so
the tine required to conplete the transfer depends directly on the access tine
of the DRAM Figure 2 shows an exanple of such a burst access. The tine needed
to access the 2nd, 3rd, and 4th long words is shorter because it uses a DRAM
feature call ed "page-node access."
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Figure 2. Non-interl eaved Burst Access Tining

Interl eaved Menory System

In an interleaved nmenory system there are still two physical banks of DRAM but
logically the system sees one bank of nmenory that's twice as large. |In the

i nterleaved bank, the first long word of bank O is followed by the first |ong
word of bank 1, which is followed by the second | ong word of bank 0, which is
foll owed by the second |ong word of bank 1, and so on. Figure 3 shows this
organi zation for two physical banks of N long words. All even |long words of the
| ogi cal bank are | ocated in physical bank 0 and all odd [ong words are | ocated

i n physical bank 1.
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Fi gure 3. Interl eaved Menory Organi zation

The interleaved nenory configuration is designed to speed up 68040 bur st
accesses by as much as 30% (The actual inprovenent depends on the system cl ock
speed and the DRAM access tine.) Since the four Iong words of a burst access
are spread across two physical banks of DRAM the individual accesses can be

overl apped to hide part, or all, of the DRAM access tine delay, as shown bel ow
in Figure 4.
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Fi gure 4. Interl eaved Burst Access Tinng

Centris 650 and Quadra 800 Menory Organi zation

Physically, the DRAMin a Centris 650 or Quadra 800 systemis organi zed as 110
banks of menory, where each bank is 32 bits wi de and 4MB or 16MB deep
Logically, the DRAMis organized as 5 pairs of banks, any of which may or may
not be interleaved. At system boot time, each pair of DRAM banks is exam ned;
if they are the sane size (4MB or 16 MB), the interleaved nmenory configuration
for that bank pair will be enabled. Oherwi se, the bank pair will be left in
the non-interl eaved configuration



The menory controller in the Centris 610 or Quadra 800 is capable of operating
with some bank pairs in the interleaved configuration and sone bank pairs in the
non-interl eaved configuration. The type of nenory access perforned is

determ ned dynam cally at the start of each cycle based on the value of an
"interleave configuration register” within the menory controller. ROM accesses
can't be interleaved since there's only a single bank of ROM

The Centris 650 and Quadra 800 nmain | ogic board contains 4MB or 8MB of DRAM and
4 DRAM SI MM sockets. Systens that contain 8MB on the nmain | ogic board (al
Quadra 800 and sone Centris 650 conmputers) already interleave the two 4MB banks
soldered to the main | ogic board. Systens which have only 4MB sol dered on the
mai n [ ogic board can't interleave the single soldered 4MB DRAM bank, although
DRAM on SI MVs can still be interleaved.

Each DRAM SI MM can contain either one or two banks of DRAM The Centris 650 and
Quadra 800 use 72-pin DRAM SI Ms; these SIM have a 32-bit data path, allow ng
menory upgrades to be perforned with a single SIMM Single- sided SIMvs contain
one DRAM bank; doubl e-sided SI Mvs contain two DRAM banks. A doubl e-si ded SI MM
can't contain an interleaved bank pair since there aren't enough pins on the
SIMMto acconmpdate the two 32-bit data buses required for interleaved nenory.
Interl eaving can only be done between DRAM S| WM pairs

The main [ ogic board contains banks 0 and 1, SIMM slot 1 contains banks 2 and 3
(renmenber, SIMvs can be doubl e-sided and contain 2 banks of DRAM, slot 2
contains banks 4 and 5, slot 3 contains banks 6 and 7, and slot 4 contains banks
8 and 9. SIMMslot pairs 1-2 and 3-4 are interl eaved together whenever a bank
pair is of the sanme size. For exanple, if 4vMB SIMVs are placed in both SI MV
slots 1 and 2, then that menory will be interleaved (banks 2 and 4). If a

doubl e-sided 8MB SIMM (that is, a SIMMwith two 4MB banks on it) is placed in
slot 1, and a single-sided 4MB SIMMis placed in bank 2, then two of the banks
will be interleaved (banks 2 and 4) and one bank won't be interleaved (bank 3).

The gist of all this is that in order to nmaxinmally enable nenory interleaving,
menory upgrades should be performed with a pair of SIMvs, both of the sane size.
A single SIMM can be used for menory expansion, but will result in a portion of
nmenory being non-interleaved. The system actually takes care of configuring
everything autonmatically at boot, regardl ess of what nmenory is installed.
However, by physically configuring DRAMin identically sized bank pairs, the
fastest overall nenory access is achieved (that is, the highest performance).
The actual performance delta between an interl eaved and non-interl eaved nmenory
systemw || depend on the application, and will vary fromapplication to
application.

Article Change History:

28 Jul 1994 - Added note that Centris 650 and Quadra 650 are interchangable in
this article.

20 Aug 1993 - Added note at top

Copyri ght 1993-94, Apple Computer, Inc.

Keywords: <None>



This information is fromthe Apple Technical Information Library.

19960215 11:05:19. 00
Tech Info Library Article Number: 11761



