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This article contains the answers to frequently asked questi ons about nenory
expansi on i n Power Maci ntosh conputers.

Note: The majority of this information is taken directly fromthe Devel oper
Techni cal Support TECHNOTE: SIMvs to DI Mvs: Maki ng Sense Qut of Menory Expansion

for the Power Maci ntosh.

Questions Answered in this FAQ

1) Way has Apple transitioned nmenory expansion from 72-pin SIMw to 168-pin
DI M for Power Macintosh conputers?

2) Wiy do SIMVs need to be installed in conplenentary pairs, when DI MV can be
added on a per nodul e basis?

3) How does the Power PC address menory?

4) What is nenory interleaving and what advantage does it provide?

5) How is nmenory interl eaving enabl ed?

6) What speed SIMvs and DI MVs are required for Power Macintosh conputers?

7) Can faster speed nenory nodul es be used in Power Macintosh conputers and will
they increase system perfornmance, for exanmple, 60 nsec instead of 70 nsec

nmodul es for a perfornmance increase of 10 - 15 percent?

8) Can different speed nmenory nodul es be internixed, for exanple, 60 and 70 nsec
nodul es in a Power Macintosh conputer that is specified at 70 nsec?

9) What does refresh rate or count refer to (such as, 1K, 2K, or 4K)?
10) How do Power WMaci ntosh computers provide continuous refreshing?
11) How are different sized SIMw and DIM -- 16 Miytes, 32 Miytes, etc. --

designed with different types of DRAM devi ces, such as 4Mx 4, 2Mx 8, and 1M X
16 parts?



12) Do Maci ntosh conputers support conposite nmenory nodul es?

13) Can menory nodules with different refresh rates or counts be internm xed?
14) What is EDO nmenory and do Maci ntosh computers support it?

15) What is parity nenory and do Power Maci ntosh conputers support it?

16) What is ECC menory and do Maci ntosh computers support it?
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1) Question: Why has Apple transitioned nenory expansion from72-pin SIM to
168-pin DMV for Power Maci ntosh conputers?

Answer: New Maci nt osh conputers incorporating DI MV provide a nunmber of key
advant ages for an ever-increasing RAM footprint and menory-hungry applications
(such as in nultinmedia devel opnent):

* a wider 64 bit data path

* hi gher nenory capacity

* greater flexibility because systens do not require DIMVs to be installed in
conpl enentary pairs.

2) Question: Wiy do SIMVs need to be installed in conplenentary pairs, when
DI MMs can be added on a per nobdul e basis?

Answer: The reason is because of differences in the "width" of the data bus. On
SIMVs, the data bus is 32 bits wide while the data bus on DIMWs is 64 bits
w de.

To span the PowerPC 64 bit data bus, SIMw need to be installed in conplinentary
pairs . DMV, with their 64 bit data bus, can be installed individually in
second generation Power Macintosh conputers.

The only exception to this are sone entry-level Power Macintosh conputers, such
as the Power Macintosh 5200/ 75 LC, which incorporate a Power PC 603 processor
configured with a 32 bit bus. In such conputers, SIMVs are used for nmenory
expansi on and not installed in identical pairs.

3) Question: How does the Power PC address nenory?

Answer: Power PC m croprocessors are 32 bit processors that have 4 Ghytes of
address space. This neans that the processor instructions are encoded in 32

bits, and that they can address or access 4 Gbytes of data. Although the PowerPC
has 4G of address space, only a portion of the 4Gis allocated for main nmenory
(DRAM nmenory). For exanple, the total RAM expansion on entry-1Ilevel Macs can be
as much as 136 Moytes, while RAM expansi on on Power Mac 9500 can be as nmuch as
1.5G The remaining portion of the address space is allocated for system ROV

PCl cards, systemcontrol, etc



Data is transferred between the Power PC and nain nenory via the 64 bit data bus
by nmenory reads or nenory writes.

There are two types of menory transactions: single- and four-beat transfers. A
si ngl e-beat menory transaction reads or wites between one to 8 bytes of data.
(Equating 8 bytes to 64 bits and noting that the data bus is 64 bits w de, the
Power PC can read or wite eight bytes in a single nmenory operation.) A four-beat
menory transaction reads or wites a cache block of 32 bytes to or from nenory.
Each of the four beats enconpasses 8 bytes.

What's inportant to understand is that the nenory bus is 64 bits wide and up to
8 bytes can be transferred in a single nenory operation

4) Question: What is nmenory interleaving and what advantage does it provide?

Answer: Even though the systemdata bus is 64 bits wide, the menory controller
i n Power Maci ntosh 7300, 7500, 7600, 8500, 8600, 9500, and 9600 conmputers can
support 128 bit data read and wite operations by interleaving data between
correspondi ng DI MVB

Menory interl eaving provides higher bandw dth (MBytes per second) between the
Power PC mi croprocessor and main nmenory. It also provides a significant

per f ormance boost, increasing the execution speed of menory-intensive prograns.
How much faster depends on the program s software architecture and whet her an L2
cache is present.

5) Question: How is nenory interleaving enabl ed?

Menory interleaving is a function of the menory controller used in Power
Maci nt osh 7300, 7500, 7600, 8500, 8600, 9500, and 9600 conputers. Menory
interleaving is enabled by the power-up software when it detects two DIMV6 in
correspondi ng expansion slots (such as, Al and Bl, A2 and B2, and so on) that
are the sanme density, have the sane nenory bank configuration, and have the sane
DRAM addr essi ng nodes.

6) Question: Wiat speed SIMvs and DIMVs are required for Power Macintosh
conmput ers?

Answer: The access tine of DRAMs used to expand nmenory on nost Power Maci ntosh
conputers are 80 nsec, 70 nsec, and faster, as we nove into the future. Al ways
be sure to check nmenory expansion specifications for your particular conputer
bef ore nmaki ng a purchase.

7) Question: Can faster speed nenory nodul es be used in Power Macintosh
conputers and will they increase system perfornance, for exanple, 60 nsec
i nstead of 70 nsec nodul es for a perfornance increase of 10 - 15 percent?

Answer: Faster speed nenory nmodules will nost likely work fine in Power
Maci nt osh conputers, for exanple, 60 nsec instead of 70 nsec nodules. This will



not increase CPU performance, however. The Power PC processor will not access
menory any faster with faster nmenory nodul e speed, since Power Macintosh
conputers do not use nenory nodul e speed sense |ines.

Not e: Apple recomrends that for menory expansion that you stay with the speed
specified for the computer. Although faster devices nost likely will work, keep
in mnd that these are untested configurations.

8) Question: Can different speed nenory nodul es be interm xed, for example, 60
and 70 nsec nodules in a Power Macintosh conputer that is specified at 70 nsec?

Answer: As long as nenory nodul es speeds are equal to or |less than the Power
Maci nt osh-specifi ed nenory speed, installing different speed nodul es shoul d have
no i nmpact on the Power Macintosh conputer's functionality.

9) Question: Wiat does refresh rate or count refer to (such as, 1K, 2K, or 4K)?

Answer: The term"4K refresh,” for exanple, refers to the nunber of refresh
cycles required to refresh all sections of the nenory array and is determ ned by
t he nunber of row addresses. (12 addresses will address 4096, or 4K, |ocations.
Simlarly, 11 addresses will address 2048, or 2K, locations.)

Data stored in DRAM devices is volatile. To naintain data integrity, DRAM
requires a power source and continuous refreshing.

DRAMs are specified at different refresh rates that may or may not be conpatible
with a particular PC nodel. Macintosh conputers are conpatible with wi dely
avai | abl e DRAM devi ces.

For exanple, below are three conmon 16 MBit DRAM devi ces used to construct SIMvs
or DI Mvs.

Begi n_Tabl e

Organi zation Refresh - Addressing Refresh - Addressing

AM x 4 4K - 12/10 2K - 11/11
2M x 8 4K - 12/9 2K - 11/10
1M x16 4K - 12/ 8 1K - 10/10
End_Tabl e

This information denonstrates that 4M x 4 devices conme in 4K and 2K refresh
rates, with 12/10 and 11/11 addressing, respectively. Addressing notation refers
to a matrix array organi zati on where 4K refresh devices (12/10) have 12 row
addresses and 10 col utm addresses. Likew se, 2K refresh devices (11/11) have 11
row addresses and 11 col umm addresses. Both nodes (12/10 & 11/11) have 22
address lines (nunber of colum plus row lines) which is required for an address
space of 4,194,304 (or 4M |ocations, each of which contains a 4-bit word.

Note: 4Mx 4 refers to a DRAM device with an address space of 4M I ocations, each



containing a data word 4 bits wide. (4Mx 4 equals 16 Mits; DRAM devices are
usual ly referred to by size [total nunber of bits].)

10) Question: How do Power Maci ntosh conputers provide continuous refreshing?

Answer: The power source and refreshing are provided as | ong as the conmputer is
powered on. The Menory Controller in Apple Maci ntosh and Power Maci ntosh
conputers generate a CAS (Col unb Address Strobe) before RAS (Row Address Strobe)
refresh cycle every 15.6 nmsec. DRAM devi ces contain an address refresh counter
which is triggered by a CAS before RAS nenory cycl e.

A 16 MBit (11/11) device with an 11 row address - referred to as a 2K refresh
part - requires all row address conbinations (2048) to be accessed every 32
nsec. A 4K refresh device (12/10) requires 64 nsec to refresh all row addresses.
DRAM r ow addresses are refreshed by the Refresh Address Counter, which is
triggered by a CAS before RAS refresh cycle.

The inmportance, therefore, lies less in whether or not a Maci ntosh CPU supports
1K, 2K, and/or 4K refresh DRAM parts than whether the Macintosh Menory

Control |l er and DRAM devi ces have conpati bl e addressi ng schenes, and whether the
DRAM devi ces are conpatible with CAS before RAS refresh cycles every 15.6 use.

11) Question: How are different sized SIMW and DIM -- 16 Mytes, 32 Moytes,
etc. -- designed with different types of DRAM devi ces, such as 4Mx 4, 2Mx 8,
and 1M x 16 parts?

Answer: Consider three different DI MM nodul es designed using 4Mx 4, 2Mx 8, and
1M x 16 devices: DI MM #1, DI W #2, and DI MM #3.

Renenbering that DIMw and SI MV have a 64 bit and 32 bit w de data bus,
respectively, the foll owi ng exanpl es can be applied to SI MM nodul es by using
hal f the nunmber of devices to span 32 bhits.

This is a 32 Moyte DIMM using 4M x 4 devices in a single bank design. SI MM and

DI MM nenory nodul es acconmpdate one or two nmenory banks. This DI MM has the

foll owi ng characteristics:

* a single bank inplenmentation;

* the nenory is laid out to span 64 bits, so 4Mx 4 devices require 16 parts per
bank;

* the addressing is conmon across all DRAM on the nodule and is nmultiplexed via
RAS and CAS singles, as noted by Control;

* the nodul e has a density of 4M x 64 (address space of 4Mby 64 bits w de), or
32 Moytes.

Not e: Maci ntosh conmputers will size and determ ne the addressing node (e.g., 4M
X 4, 2Mx 8, etc.) of nenory nodul es at system startup.

DI WM #2



This is a 16 Moyte DIMM using 2M x 8 devices in a single bank. You may be asking
yourself: if both 4AMx 4 and 2M x 8 parts are considered 16 Mit devices and
bot h exanpl es are single bank designs, why is DIMV #1's design 32 Miytes and

DI WM #2's design 16 Moytes?

Since the data path of a 2Mx 8 device is 8 bits wide, rather than 4 bits wide
-- as for 4Mx 4 parts -- it requires half the nunmber of devices to span across
64 bits.

Not e: DI MM #2 uses 8 devices and DI MM #1 uses 16. DI MM #2 thus has a nodul e
density of 2M x 64, or 16, Mytes.

This is a 16 Moyte DIMM using 1M x 16 devices in a two bank design. Wat's
important to note for this particular design is the follow ng:

* There are two separate nmenory banks;

* each bank contains four devices - spanning 64 bits

* both banks have common address and data buses

In this exanple, there are two 1M x 64 banks, resulting in a nodul e density of
2M x 64 or 16 Mytes.

12) Question: Do Maci ntosh conputers support conposite nmenory nodul es?

Answer: No. Apple defines a conposite menory nodul e as one that | oads the data
bus with nmore than one DRAM input |oad per bank. Both SI MM and DI MM can
accommodat e a nmaxi num of two menory banks per nodul e.

13) Can menory nodules with different refresh rates or counts be intern xed?

For first generation Power Macintosh conputers that require SIMVs to be
installed in pairs, the two SIMV within a pair need to be identical. Oher
pairs can have different supported refresh rates.

DiMs with different supported refresh rates can be interm xed. But if it's
i ntended to enable nmenory interleaving, DIMWs with different refresh rates may
or may not have DRAM devi ces with sanme addressing nodes.

Not e: DRAM devi ces require the sane addressing node to enable interl eaving.

14) CQuestion: Wiat is EDO nenory and do Maci ntosh conputers support it?

EDO (Extended Data Qut -- sonetinmes called hyperpage) nenory are DRAM devi ces
that inprove access tining by extending its data out timng while allow ng the
menory controller to address the next colum address. Al though EDO devices will
improve timng efficiency to main nenory by approximately 10% it does not
necessarily nmean prograns will execute 10% faster. Because nuch of the tinme the



CPU fetches instructions and data from cached nenory, for exanple, L1 cache
wi thin the Power PC m croprocessor and or L2 cache on the nother board.

EDO DRAM i s a superset of conventional (also called Fast Page Mbde) DRAM  This
nmeans that an EDO DRAM can be used in place of a Fast Page Mbde DRAM al t hough
unl ess the nmenory controller is designed to utilize the faster EDO timing, the
nenory performance will be the same as Fast Page Mode.

There are three categories of Power Macintosh conputers based on their |evel of
EDO menory support. In some Power Macintosh conputers, you can use EDO nmenory
and get some potential performance boosts. In others, you can use EDO nmenory
even though you will not derive any benefits fromdoing so. Finally, there are
some Power Macintosh conputers in which Apple does not recomrend usi ng EDO
nmenory because doi ng so nmay damage your conputer.

Power Maci ntosh Conputers that Support EDO Menory
The foll owi ng Power Maci ntosh conputers fully support EDO nenory and nay
experi ence increased performance:

- Power Maci ntosh 4400 series
- Power Maci nt osh 5500 series
- Power Maci nt osh 6500 series
- Maci ntosh Performa 6400/200 with internal Zip drive

Al'l menory installed nmust be EDO to take advantage of the benefits. If you mx
FPM and EDO RAM the EDO nodules will performas if they were FPM

| MPORTANT: There are two types of EDO nmenory--5 Volt and 3.3 Volt. The Power
Maci nt osh 4400 series requires 3.3 Volt EDO nenmory whereas the Power Macintosh
5500, 6500, and 6400 conputers require 5 Volt EDO The two types of EDO menory
are NOT interchangeable. Most 5 V and 3.3 V EDO nenory are physically keyed
differently to prevent you fromusing the wong type, but even if the DI MM can
be installed, verify that you are installing the correct type.

Addi tionally, EDO nmenory can al so be used as video nenory in the Power Macintosh
4400 ONLY. However, when using EDO nenory as video nenory, the Power Macintosh
4400 uses 5 Volt EDO nenory rather than the 3.3 Volt used as DRAM

Power Maci ntosh Conputers that Can Use EDO nenory
Al t hough you will not derive any perfornmance benefits by using EDO DI Mvs, you
can use themin the foll owi ng Power Macintosh conputers:

- Power Macintosh 6100 series
- Power Maci ntosh 7100 series
- Power Maci ntosh 8100 series
- Power Maci ntosh 5200 series
- Power Maci ntosh 5300 series
- Power Maci ntosh 5400 series
- Power Maci ntosh 6200 series
- Power Maci ntosh 6300 series
- Power Maci nt osh 6400 series



- Power Macintosh 7500 series

- Power Macintosh 7600 series

- Power Maci ntosh 8500 series

- Power Maci nt osh 9500 series

- Maci ntosh Performa 6360 series

- Some Maci ntosh Performa 6400 series

Power Maci ntosh Conputers that CANNOT use EDO nenory

You cannot use EDO DIMvs in the Power Macintosh 7200 conmputer. Using EDO nmenory
in the Power Macintosh 7200 computer can cause damage to the logic board and to
the DI MMs. Because of this, Apple does not support using EDO nenory in the Power
Maci nt osh 7200 computer. Any danage incurred fromusing EDO nenory in the Power
Maci nt osh 7200 conputer nmay not be covered under Apple Conputer's limted

har dware warranty.

15) Question: Wiat is parity nmenory and do Power Macintosh conputers support
it?

Answer: If a conmputer is designed for parity RAM the parity bit allows the

menory controller to check for DRAM errors in the formof a parity error. A

parity error cannot correct systemerrors, but the systemcan be designed to
alert the user that a nenory error has occurred.

Appl e's new y-introduced Network Server 500 and 700 products are the only

conputers that support parity nenory; all other Power Macintosh Desktop, Tower,

and Power Book conputers do not. Parity menory nodul es add one parity bit to each
byte. Thus, a 64 bit DIMM-- eight bytes -- expands from®64 bits to 72 bits

wi de.

16) Question: Wiat is ECC nenory and do Maci ntosh conputers support it?

Answer: Maci ntosh conmputers do not support ECC nenory. ECC (Error Correction
Codi ng) menory has additional check bits for each byte. This entails the nmenory
controller calculating and witing error control check bits on each nmenory wite
operation, and recal culating and conparing the check bits on nenory read
operations, and then if necessary correcting the bad bits. As opposed to parity,
this can automatically correct single bit RAMerrors.

This article was published in the Information Alley on 22 Cctober 1996.
Article Change History:

28 Feb 1997 - Updated information with | atest conputers.
12 Nov 1996 - Added alley blurb
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