E2G1059-18-63

This version: Jun. 1998

OKI SemiconducCtor  rrevious version: ot 1997
MSM5716C50/MSM5718C50/
MD5764802

16M/18Mb (2M x 8/9) & 64Mb (8M x 8) Concurrent RDRAM

DESCRIPTION

The 16/18/64-Megabit Concurrent Rambus™ DRAMs (RDRAM®) are extremely hi'gh‘-speed
CMOS DRAMs organized as 2M or 8M words by 8 or 9 bits. They are capable of bursting unlimited
lengths of data at 1.67 ns per byte (13.3 ns per eight bytes). The use of Rambus Slgnahng Level (RSL)
technology permits 600 MHz transfer rates while using conventional system and:board design
methodologies. Low effective latency is attained by operating the two or four 2KB sehse. amplifiers
as high speed caches, and by using random access mode (page mode) to Facilitate. large block
transfers. Concurrent (simultaneous) bank operations permit hlgh effectlve bandw1dth using
interleaved transactions. ;

RDRAMs are general purpose high-performance memory deV1ces sultable for use inabroad range
of applications including PC and consumer main memory,- graphlcs, video, and any other
application where high-performance at low cost is requlred h

FEATURES

* Compatible with Base/LL RDRAMs ...

* 600 MB/s peak transfer rate per RDRAM

e Rambus Signaling Level (RSL) interface - )

¢ Synchronous, concurrent protocol for. block-orlented interleaved (overlapped) transfers
* 480 MB/s effective bandwidth for random 32 byte transfers from one RDRAM

® 13 active signals requ1re }us’t 32 total pIns .on the controller interface (including power)

¢ 3.3 V operation )

¢ Additional/ multlple Rambus Channels each provide an additional 600 MB/s bandwidth
® Two or four ZKByte sense. amphflers may be operated as caches for low latency access

* Random access-mode enables any burst order at full bandwidth within a page

* Graphics features mclude write-per-bit and mask-per-bit operations

o Avallable in horlzontal surface mount plastic package (SHP32-P-1125-0.65-K)
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PART NUMBERS

The 16/18- and 64-Megabit RDRAMs are available in horizontal surface mount plastic package
(SHP), with 533 and 600 MHz clock rate. The part numbers for the various options are shown in

Table 1.

Table 1 Part Numbers by Option

Options

533 MHz

600 MHz

16-Megabit SHP

MSM5716C50-53GS-K

MSM5716C50-60GS-K

18-Megabit SHP

MSM5718C50-53GS-K

MSM5718C50-60GSK-. &

64-Megabit SHP

MD5764802-53GS-K

MD5764802-6065K .
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RDRAM PACKAGES AND PINOUTS

RDRAMs are available in horizontal surface mount plastic package (SHP).
The package has 32 signal pins and four mechanical pins that provide support for the device. The
mechanical pins are located on the opposite side from the signal leads in the SHP.

VDD []1
GND []2
Da8 [3
GND []4
Da7 [15
NC (16/18M) ; VREF (64M) []6
ADDRESS [7
VDD [18
D06 []9
GND []10
DO5 [] 11
VDDA []12-.
RXCLK []13
GNDACL]14 |-
TXCLK [}45°
VDD |16
- DQ4 T]17 |
< ._'GND []18"
<. COMMAND. [} 19
. CU8IN 20
S VREF O 21
..7S0UT []22
<7 D03 []23
GND []24
DQ2 []25
(NC) []26
DQ1 []27
GND []28
DQ0 []29
(NC) []30
GND []31
VDD []32

Fig. 1 SHP Pin Numbering
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Table 2 Pin Descriptions

Signal 1/0 Description
DQS..DQ0 Signal lines for REQ, DIN, and DOUT packets. The REQ packet contains the
(BUS“DATA [8:0)) I/0 address field, command field, and other control fields. These are RSL
' signals.2

CLK | Receive clock. All input packets are aligned to this clock. This is an RSL
(RXCLK) signal.2
CLK | Transmit clock. DOUT packets are aligned with this clock. This i |s an RSL
(TXCLK) signal.2
VREF I Logic threshold reference voltage for RSL signals.
COMMAND | Signal line for REQ, RSTRB, RTERM, WSTRB, WTERI\A RESET ‘and CKE
(BUSCTRL) packets. This is an RSL signal.2
ADDRESS I Signal line for COL packets with column addresses Thrs 1s an RSL srgnal a
(BUSENABLE)

. +3.3 V power supply. VDDA is a separate analog supply for clock generation
VDD, VDDA in the RDRAM.

. Circuit ground. GNDA is a separate analog ground for clock generation in
GND, GNDA the RDRAM.
SIN I Initialization daisy chain ipput:- CI\/LOS Ievels
SouT 0 Initialization daisy cham output CMOS Ievels

a. RSLstands for Rambus Signaling Levels, a low-voltage—swmg, active-low signaling technology.

Mechanrcal -
Support Pms

Mechanical
Support Pins

Fig. 2 SHP Package
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GENERAL DESCRIPTION

Figure 3is a block diagram of an RDRAM. At the bottom is a standard DRAM core organized as two
or four independent banks, with each bank organized as 512 or 1024 rows, and with each row
consisting of 2KBytes of memory cells. One row of a bank may be “activated” at any time (ACTV
command) and placed in the 2KByte “page” for the bank. Column accesses (READ and WRITE
commands) may be made to this active page.

The smallest block of memory that may be accessed with READ and WRITE commandsis anoctbyte
(eight bytes). Bitmask and bytemask options are available with the WRITE command to allow finer
write granularity. There are six control registers that are accessed at initialization tlme to conflgure
the RDRAM for a particular application. 4
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SIN  SOUT RXCLK ADDRESS COMMAND  DQ8,DQ7,..DQ0 TXCLK
A (BUSENABLE) (BUSCTRL)  (BUSDATA[8:0))
A
11 1,1/ 9 1l
A
y

Initialize/Powerdown

J J J
|\ O O O O OV Y- ,
REQ DEVICETYPE Register »<—>» REFROW Register -
RSTRB, RTERM | DEVICEID Register (<< RASINTERVAL Register|.
WSTRB, WTERM . PN 1
88 CKE, RESET MODE Register DEVICEMFGI}Regr‘ste’r\ ] -
Control Logic A . MASK Register
64/72
d64/72: '
64b for 16M/64M TR
72b for 18M 64/72.
1 1 ' B A Y
64/72¢ g2t (a2 64/72¢
y y Loy 1
B4/72x 256 Page | | 64/72x256Page | [ B4/72x256°Page | | 64/72 x 2567 Page
A A L W A A
64/72 x 256 B4/72 x 256 B4/72 x 2562 64/72 x 2562
y y y Y
64/72 x 256% x 512° 64/72 x 256% x 512°
Bank 1 Bank 0
B4/72 x 256 x 1024 B4/72 x 256 x 1024
Bank 3°

Bank 2° [

( ®4 banks per RDRAM for 64M )

256 octbytes per row for 16M/18M
9512 rows per bank for 16M/18M

64/72 x 2562 x 512"
Bank 1

64/72 x 2562 x 512°
Bank 0

356 octbytes pe
54024 rows per

r row for 64M
bank for 64M

Fig. 3 16/18/64-Mbit Concurrent RDRAM Block Diagram
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BASIC OPERATION

Figure 4 (a) shows an example of a read transaction. A transaction begins in interval T with the
transfer of a REQ packet. The REQ packet contains the command (ACTV/READ), a device, bank,
and row address (BNK/ROW) of the page to be activated, and the column address (COLa) of the first
octbyte to be read from the page.

The selected bank performs the activation of the selected row during Ty and T, (the trcp interval).
Next, the selected bank reads the selected octbyte during T3 and Ty (the tcac interval). A second
command RSTRB (read strobe) is transferred during T3 and causes the first octbyte (DOUTa) to be
transferred during Ts.

To Tt v T2 T« Ta o Ts o T6 o T A8 To i Tho
CLK T
(RX/TXCLK)

ADDRESS
(BUSENABLE)

COLbXCOLCXCOLdkﬁ

COMMAND
(BUSCTRL)

1 I I \ REQ ¥
{DouT aXDOUT bXDOUT CXDOUT dx

DQ8,.DQ0 |
(BUSDATA[8:0])

/COLa

Bank Operation tReD ' \1:{65\‘(555 L

(a) BANK ACTIVATE AN‘\RAN\\DQM READ CYCLES WITHIN A PAGE

CLK
(RX/TXCLK)

ADDRESS "

BUsenAaLE) L CoLb | coLc | COLd

I I I I : Next :
| | | | \ REQ | | |

DINaXDINbXDINCXDINdx

DQ8,..DQ0 E‘BNK/ROW
(BUSD/—\TA[&O]); /COL a

Bank Operation

(b) BANK ACTIVATE AND RANDOM WRITE CYCLES WITHIN A PAGE

Fig. 4 Read and Write Transaction Examples
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In this example, three additional octbytes are read from the activated page. These column addresses
(COLb, COLc,and COLd) are transferred in T, T4, and T5, respectively. The data octbytes (DOUTDb,
DOUTc, and DOUTA) are transferred in Ts, Tg, and Ty, The end of the data octbytes is signaled by
a third command RTERM (read terminate) in T¢. The next REQ packet may be sent in Tg, or in any
interval thereafter.

Figure 4 (b) shows an example of a write transaction. The transaction begins in interval Ty with the
transfer of a REQ packet. The REQ packet contains, the command (ACTV /WRITE), a device, bank,
and row address (BNK/ROW) of the page to be activated, and the column address (COLa) of the first
octbyte to be written to the page. *

The selected bank performs the activation of the selected row during T and T (the. tRCD interval)
A second command WSTRB (write strobe) is transferred during T, and causes: the first- octbyte
(DINa) to be transferred during T3. & B ~

In this example, three additional octbytes are written to the activated page. Thesécolumnaddresses
(COLb, COLc, and COLd) are transferred in Ty, T3, and T respectivély: The data octbytes (DIND,
DINc, and DINd) are transferred in T4, Ts, and T. The end of the data octbytes is. 51gnaled by a third
command WTERM (write termination) in Tg. The next REQ packet may besent in Ty, or in any
interval thereafter. Lo

INTERLEAVED TRANSACTIONS

The previous examples showed noninterleaved: transactlons the next REQ packet was transferred
after the last data octbyte of the current transaction. In anvinterleaved transaction, the next REQ packet
is transferred before the first data octbyte of the. Current transaction. This permits the row and column
access intervals of the next transactlon to overlap the data transfer of the current transaction.

Figure 5 shows an example of 1nter1eaved read transactlons The first transaction proceeds exactly
asthenoninterleaved exampleof Figure 4(a) (all packets of the first transaction are labeled with “1”).
However, in Ts the REQ paéket for the second transaction is transferred (all packets of the second
transaction are labeled w1th #2™). The tRCéD2 and tcacp intervals overlap the transfer of DOUT1 data
octbytes and thus 1ncrease the effectlvé bandwidth of the RDRAM since there are no unused
intervals. A ¥V A

A transaction’ cons1sts of an address transfer phase and a data transfer phase. The REQ packet
performs address, transfer and the remaining packets perform data transfer (DOUT, COL, RSTRB,
and RTERM in thie case ofaread transaction). The time interval between the address and data transfer
phases of the current transaction may be adjusted to match the data length of the previous transaction
(aslong asthe row “and column access times for the current transaction are observed). Thus, there are
no limits on the types of memory transaction which may be interleaved; any mixing of transaction
length and command type is permitted.
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CLK | | |
(RX/TXCLK) | | |
ADDRESS i | | i
e COL bt XCOL ot XCOL 1]
COMMAND [ ACTV |
(BUSCTRL) YREAD £ ‘RSTRB ‘/READ i
: I I 5 REQ I I I 4 REQ
‘1Packet 1 ! ! ! ‘1Packet 2:: ! ! L \Packet 3
DQ8,..DQ0 BNK/ROWX x X x XBNK/ROWX x x x xBNWRUW);
(BUSDATA[8:0]) ( 100L 2 DOUT a0{DOUT h0JDOUT c0[DOUT d0 100L 22 DOUT a1{DOUT b1}DOUT C1 DOUT a1 Jo0L a3 |
[l tm— S e p—,
Bank Operation treD!1 teact tReoe T tCAcz ‘

<—><+>
Data Transport 0 Overlaps Row/Column Access 1 Data Transport 1 Overlaps Row/Column Access 2

Fig. 5 Interleaved Read Transactib:ﬁExa‘mb'lle"',"""l
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REQ PACKET (ADDRESS TRANSFER)

An REQ packet initiates a transaction by transferring the address and command information to the
RDRAM. Figure 6 shows the format of the REQ packet. Note that each RDRAM wire carries eight
bits of information in each tps ckgr- This is the time required to transfer an octbyte of data and is the
natural granularity with which to illustrate timing relationships. The clock that is actually used by
the RDRAM has a period of tcycpg, with information transferred on each clock edge. tpp ckgris four

times tcycr g-

In the REQ packet, the bits which are gray are reserved, and should be driven with a zero. In
particular, the bits in tcycrg ts and ty are needed for bus-turn-around during read transactions

A35..A3: The address field A35..A3 consumes the greatest number of bits. These are alloeated to
device, bank, row, and column addressing according to Table 3: S ~

Table 3 A35..A3 Address Flelds

Field 16M/18M (2KB Page) 64M (2KB Page)

coL A10..A3 < ”h A10.A3
ROW A19.AT ] ”5fj""-~»A20..A11
BNK A20 ] A2, A21
DEV A35.A21, . | A35.A23

OP5..0P0: The command field OP5 OPO speCIfles the typeof transaction thatis to be performed,
according to Table 4. The OPO bit selects a read: or write transaction, the OP1 bit selects a memory or
register space access, and OP5, .OP2 select command options. These command options include B in
OP2 (see byte masking oni'page 22).Di inOP3 for selecting broadcast operations (see refresh on page
35), and b1, b0 in OP5 OP4~ (see blt maskmg on page 23).

ACTV: This bit spec1f1es actlvatlon or precharge/activation of a bank at the beginning of a
transactlon and is’ deslgnated by prepending “ACTV/” or “PRE/ACTV/” to the command.

AUTO: ThlS b1t spec1f1es auto—precharge of a bank at the end of the transaction, and is designated
by appendmg ”A” to the command.

START Thls bit is always set to a one and indicates the beginning of a request to the RDRAM.
REGSEL: ‘T’his bit is used for accessing registers.

PEND2..PENDO: This field is set to “000” for noninterleaved transactions, and to a nonzero value
for interleaved transactions. This is the number of previous STRB and TERM packets the RDRAM
is to skip. Refer to the Concurrent RDRAM Design Guide for further details.

M?7..MO: This field is used to perform byte masking of the first data octbyte DINa for all memory write
transactions (OP1, OP0 = 01). Refer to byte masking on page 22.
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Table 4 Command Encoding

ACTV|AUTO|OP5/0P4/OP3/OP2OP1/0PO Command Description

0 (0 |0 (0O |0 [X |0 |0 |READ Read

0 |0 |b1 |b0O|D |B |0 |1 |WRITE Write (b1, b0, B masking and D broadcast options)
0 |0 0 |0 |1 1 0 |RREG Register Read

0 |0 0 (D |1 |1 |1 |WREG Register Write (D)

0 |1 0 |0 |X |0 |0 |READA Read/AutoPrecharge )

0 (1 |b1 (b0 |D |B |0 |1 |WRITEA Write/AutoPrecharge (b1, b0, D, B)

1 |0 (0 |0 |0 |[X |0 |0 |ACTV/READ Activate/Read ~

1 |0 |[b1 |bO |D (B |0 |1 |ACTV/WRITE Activate/Write (b1, b0, D, B)

1 |1 [0 |0 |0 |[X |0 |0 |ACTV/READA Actlvate/Read/AutoPrecharge

1 1 b1 |b0 [D |[B |0 |1 |ACTV/WRITEA Actwate/\Nnte/AutoPrecharge (b1 bO D, B)
1 /0 (0 |0 |0 |X |0 |0 |PRE/ACTV/READ Precharge/Actlvate/Read ’

1 |0 |[b1 |b0O |D (B |0 |1 |PRE/ACTV/WRITE Precharge/Actlvate/\Nnte (b1 b0, D, B)

1 1 0 [0 [0 |X |0 |0 |PRE/ACTV/READA Precharge/Actlvate/Read/Au’foPrecharge

1 |1 |[b1 |b0O |D |B |0 |1 |PRE/ACTV/WRITEA

Pre@harge/‘Actlvat‘e/ertefAutoF’recharge (b1,00,D, B)
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| tPACKET |
[
FTo v Ty T2 Ts
CLK | ‘
(RX/TXCLK) 1 |
1 |
ADDRESS ('
(BUSENABLE) 1/
! |
COMMAND [ AGTV V.
(BUSCTRL) ] /READ ;;
1 REQ
I Packet |

DQ8,..DQ0
(BUSDATA[8:0]) || /COLa |,

:
) 4

ADDRESSK x x
| v

ITID

0P5 2 OP2

DQ3 A21 A30 AAUTO A M3

DQ2 A20 o A29 2PEND2g M2

Fig. 6 REQ Packet Format
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DATA TRANSFER PACKETS
The next set of packet types are used for data transfer. Their formats are summarized in Figure 7.

Asinthe REQ packet, eight bits are transferred on each wire during each tpa cxprinterval. Therising
and falling edges of the RDRAM clock define the transfer windows for each of these bits. The data
transfer packets will align to the tpacxpr intervals defined by the START bit of the REQ packet by
simply observing the timing rules that are developed in the next few sections of this document.

DIN and DOUT Packets

There are nine wires allocated for the data bytes. These wires are labeled DQ8..DQ@: The elght bytes
transferred in a DIN or DOUT packet have 72 bits, which are labeled D0..D63(on the DQO .DQ7
wires) and EQ..E7 (on the DQ8 wire). The 18Mbit RDRAM have storage cells- for the EO E7bits.The
EOQ..E7 bits are also used with byte masking operations. This is descrlbed in, the sectlon on byte
masking on page 22. \ ~

COL Packet

The column address A10..A3 of the first octbyte of data (DIN a or DOUTa) is prov1ded in the REQ
packet. The COL packet contains an eight bit field A10.,A8; which: prov1des the column address for
the second and subsequent data octbytes. The COL packets ‘have a fixed timing relationship with
respect to the DIN and DOUT packets to which they’ correspond Asthe DIN and DOUT packetsare
moved (to accommodate interleaving ). the COL packets move with them.

RSTRB and RTERM Packets

The RSTRB and RTERM packets mdlcate the begmnmg and end of the DOUT packets that are
transferred duringaread transaction. ‘TheRSTRB and RTERM packetsare each eightbits and consist
of a single “1” in an odd tcygLE posmon, W1th the other seven positions “0”. Note that when a
transaction transfers a singlé data. octbyte, the RSTRBand RTERM packets will overlay oneanother.
Thisis permitted and isinfact the reasonthateach packet consists of asingleasserted bit. Anexample
of this case is shown.n Flgure 14 (a). There will be transaction situations in which the RTERM
overlays a REQ packet (two octbyte interleaved transaction). Again, this is permitted. The general
ruleis that the RFERM may overlay any of the other packets on the Command (BUSCTRL) wire,and
RSTRB may overlay any other except for a REQ packet.

WSTRB-aridW‘rEhM'Paékets

The WSTRB and WTERM packets indicate the beginning and end of the series of DIN packets that
are transferred during a write transaction. The WSTRB and WTERM packets are each eight bits and
consist of a'single “1” in an odd tcycy g position, with the other seven positions “0”. Note that when
a transaction transfers a single data octbyte, the WSTRB and WTERM packets will not overlay one
another (unlike the case of a one octbyte read). An example of this case is shown in Figure 14 (b). There
will be transaction situations in which the WSTRB overlays a REQ packet (no bank activate). Again,
thisis permitted. An example of this is shown in Figure 9 (a). The general rule is that the WSTRB may
overlay any of the other packets on the Command (BUSCTRL) wire, and WTERM may overlay any
other except for a REQ packet.
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CKE PACKET

The average power of the RDRAM can be reduced by using Suspend power mode. This is done by
setting the FR field of the MODE register to a zero (the MODE register is shown in Figure 17). ACKE
packet must be sent a time tckg ahead of each REQ packet (this is shown in interval Ty in Figure 21
(b)). This causes the RDRAM to transition from Suspend to Enable mode. When the RDRAM has
finished the transaction, it returns to Suspend mode. The CKE packet will overlay the RSTRB and
RTERM packets when transactions are interleaved. If the FR field is set to a one, CKE packets are not
used and the RDRAM remains in Enable mode.

RESET PACKET
The RESET packet is used during initialization. When RESET packets are driven- for a hme tRESET or

greater, the RDRAM will assume a known state. Because the RESET packet is 11m1ted to thisoneuse,
it will not interact with the other packet types. This is illustrated in Flgure 21 (a)

PWRUP PACKET

The PWRUP packetis used to causean RDRAM to transition from Powerdown to’ Enable mode. This
is illustrated in Figure 21 (c). . :
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t4

to

t3

ts

t5 t6 t7

ADDRESS < A3 x A4

COMMAND <

COMMAN'bK

commanp

& :':CQMMANI\J\\(

“COMMAND (

COMMAND < 1

COMMAND < 1

20 O O O & &,
I I
ITIIrIrro
Irrrryro
rYryrryryo
I Y YYIryII
DO OO0
OO0 000

DINc

COL b
COLc
coLd
CKE

RSTR

@

R

WTER

RESET

U

WRU

)

= [=] o ol'[go] .. .-
%2} — o o o o |
4 m c c c c y

= ;] = =3 o = o |

Fig. 7 DIN, DOUT, COL, CKE, RSTRB, RTERM, WSTRB, WTERM, and RESET Packet Formats
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READ TRANSACTIONS

When a controller issues a read request to an RDRAM, one of three transaction cases will occur. This
is a function of the request address and the state of the RDRAM .

READ: The first case is shown in Figure 8 (a). This occurs when the requested bank has been left in
an activated state and the requested row address matches the address of this activated row. This is
also called a page hit read and is invoked by the READ or READA commands.

There are three timing parameters which specify the positioning of the packets which control the data
transfer. These are as follows: ‘

tspr Start of RSTRB to start of DOUT
tcpr Start of COL to start of DOUT
tTDR Start of RTERM to end of DOUT

These parameters are all expressed in units of tcycr g, and the mlnlmum and maxrmum values are
the same; the RSTRB, RTERM, COL, and DOUT packets move together as a block

A fourth parameter has a minimum value only, and pos1t10ns the block of data transfer packets
relative to the REQ (address transfer) packet: -

trRsR Start of REQ to start of RSTRB for‘ READ h

When a read transaction is formed, these packet Constralnts must be observed. Inaddition, there are
constraints upon the timing of the bank operatlons ‘which must also be observed. These are shown
in Figure 8 (a) next to the label “Bank Operatlo After the transfer of the REQ packet in T, the
RDRAM performs a column access:(requiring; fcac for the column access time) of the first data
octbyte DOUTa during Ty and T». The RDRAM performs three column cycles (requiring tcc for the

column cycle time) in order toaccess the next three data octbytes (DOUTb. DOUTc, DOUTd) during
T3, T4 and Ts. Each data octbyte is transferred one tpaCkgr interval after it is accessed.

ACTV/READ: The second caSe is shown in Frgure 8 (b). This occurs when the requested bank has
beenleftina precharged state ThlS is invoked bythe ACTV/READand ACTV/READA commands.

The RSTRB, RTERM COL and DOUT packets remain in the same relative positions as in the READ
case, but they move further from the REQ packet:

t AgR Start of REQ to start of RSTRB for ACTV/READ

After the transfer of the REQ packet in T¢, the RDRAM performs an activation operation (requiring
trRCD for the row-column delay) during Ty and T». This leaves the requested row activated. From this
point the sequence of bank operations are identical to the READ case, except that everything has
shifted two tpackgr intervals further from the REQ packet. The sum of tgcp and tcacis also known
as trac (the row access time).
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PRE/ACTV/READ: The third case is shown in Figure 8 (c). This occurs when the requested bank has
been left in an activated state and the requested row address doesn’t match the address of this
activated row. This is also called a page miss read and is invoked by the PRE/ACTV/READ and
PRE/ACTV/READA commands. The RDRAM knows the difference between a PRE/ACTV/
READ and a ACTV /READ because each RDRAM bank has a flag indicating whether it is precharged
or activated. The external controller tracks this flag, and also tracks the address of each activated bank
in order to distinguish READ and PRE/ACTV /READ accesses.

The RSTRB, RTERM, COL, and DOUT packets remain in the same relative positions as in the READ
case, but they move further from the REQ packet: ,

tpsr Start of REQ to start of RSTRB for PRE/ACTV/READ

After the transfer of the REQ packet in Ty, the RDRAM performs a precharge. operatlon (tRp) dunng
Ty and Ty, and an activation operation (trcp) during T3 and Ty. This leaves the requested row
activated. From this point the sequence of bank operations areidentical to theREAD ase, except that
everything has shifted four tp cxgrintervals further from the REQ packet The sum of tRp, trep,and
tcac is also known as tgc (the row cycle time). ' .

Auto-Precharge Option: Fora READ, ACTV/READ, ora PRE /. ACTV'/ READ command, the bank
operations are complete once the last data octbyte has been. accessed The bank will be left with the
requested row activated. For a READA, ACTV/ READA ora. PRE / ACTV /READA command,
thereisanadditional step. During the twotpacker intervals after the lastdata octbyteaccessanauto-
precharge operation (requiring trpa for therow. precharge au’co) is performed. Thisleaves the bank
in a precharged state. . O

CLK

(RX/TXCLK)

ADDRESS

(BUSENABLE) .

COMMAND . | \ F—

(BUSCTRL) | READA‘ BSTR

p y \ ‘:\ REQ ™™ ] ]

f\ S ;‘ Pa(lzzke - Tspm TR
DQ8;..DQ0 x x
(BUSDATA[8 O]) /COL g ‘ DoUT b‘DOUT c‘DOUTd
Bank Operatmn tcac tec tec tee tRPA

(a) READA - RANDOM READ CYCLES WITHIN A PAGE
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To T4 T2 T3 T4 Ts Ts Tz Ts To T1o
CLK
(RX/TXCLK)

ADDRESS

(BUSENABLE) coLb | coLc | coLd

COMMAND
(BUSCTRL)

DQ8,..DQ0 E(BNK/ROW}-‘
(BUSDATA[8:0]) : | /COLa

Bank Operation

' tror |

DOUT a|DOUT bXDOUT cjbouT d

|
tcc  fec  feo o tRPALL

(b) ACTV/READA - BANK ACTIVATE AND RANDOM READ CYCLES WITHIN A PAGE

To T To T3 T4,*x;‘T‘5~\“’(\“'Te.:,n,:Tf Ts To + Ti0

CLK
(RX/TXCLK)

ADDRESS
(BUSENABLE)

COLCXCOLdk

COMMAND
(BUSCTRL)

OUT a[DOUT bXDOUT GXDOUT d

DQ8,.DQ0
(BUSDATA[8:0]).-

Bank Operation  ©... " “tgp treD teac tec  tcc  fcc  trea

(c)'(PB‘E‘/ACT\{/READA - BANK PRECHARGE/ACTIVATE AND RANDOM READ CYCLES IN A PAGE

Fig. 8 Read Transactions
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WRITE TRANSACTIONS

Whena controllerissues a write request toan RDRAM, one of three transaction cases will occur. This
is a function of the request address and the state of the RDRAM.

WRITE: The first case is shown in Figure 9 (a). This occurs when the requested bank has been left
in an activated state and the requested row address matches the address of this activated row. This
is called a page hit write and is invoked by the WRITE or WRITEA commands.

There are three timing parameters which specify the positioning of the packets which control the data
transfer. These are as follows: ‘

tspw Start of WSTRB to start of DIN
tcpw Start of COL to start of DIN
tTpw Start of WTERM to end of DIN

These parameters are all expressed in units of tcycr g, and the mlnlmum and rnax1mum values are
the same; the WSTRB, WTERM, COL, and DIN packets move together asa block

A fourth parameter has a minimum value only, and posmons the block of data transfer packets
relative to the REQ (address transfer) packet: -

twsw Start of REQ to start of WSTRB for WRITE h

When a write transaction is formed, these packet constralnts mUSt be observed. In addition, there are
constraints upon the timing of the bank operatlons ‘which must also be observed. These are shown
in Figure 9 (a) next to the label “Bank Operatlo After the transfer of the REQ packet in T, the
RDRAM performs a column access:(requiring; fcac for the column access time) of the first data
octbyte DINa during T; and Tp, The RDRAM performs three column cycles (requiring tcc for the

column cycle time) in order to.access the next three data octbytes (DINb, DINc. DINd) during T3, Ty
and Ts. Each data octbyte is transferred one tp ACKET interval before it is accessed.

ACTV/WRITE: The second case is shown in Figure 9 (b). This occurs when the requested bank has
been left in a precharged state Thls is invoked by the ACTV/WRITE and ACTV/WRITEA
commands. ,

The WSTRB WTERM COL and DIN packets remain in the same relative positions as in the page
hit case; but they move Further from the REQ packet:

t Agw Start of REQ to start of WSTRB for ACTV/WRITE

After the tran_sfer of the REQ packet in T¢, the RDRAM performs an activation operation (called trcp
or row-column delay) during T1 and T,. This leaves the requested row activated. From this point the
sequence of bank operations are identical to the WRITE case, except that everything has shifted two
tpackerintervals further from the REQ packet. The sum of trcp and tcacis also known as trac (the
row access time).
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PRE/ACTV/WRITE: The third case is shown in Figure 9 (c). This occurs when the requested bank
has been left in an activated state and the requested row address doesn’t match the address of this
activated row. This is also called a page miss write and is invoked by the PRE/ACTV /WRITE and
PRE/ACTV/WRITEA commands. The RDRAM knows the difference between a PRE/ACTV/
WRITE and a ACTV/WRITE because each RDRAM bank has a flag indicating whether it is
precharged or activated. The external controller tracks this flag, and also tracks the address of each
activated bank in order to distinguish PRE/ACTV /WRITE and WRITE accesses.

The WSTRB, WTERM, COL, and DIN packets remain in the same relative positions asin the WRITE
case, but they move further from the REQ packet: ,

tpsw Start of REQ to start of WSTRB for PRE/ACTV /WRITE

After the transfer of the REQ packet in Ty, the RDRAM performs a precharge. operatlon (tRp) dunng
Ty and T, and an activation operation (trcp) of during T3 and Tj. This léaves the requested row
activated. From this point the sequence of bank operations are identical to the WRITE case, except
thateverything has shifted four tpacxprintervals further fromthe REQ packet The sum of trp, trRCD,
and tcac is also known as trc (the row cycle time). ¢

Auto-Precharge Option: For a WRITE, ACTV/WRITE or a\ PRE/ACTV//WRITE command, the
bank operations are complete once the last data octbyte hasbeen accessed The bank will be left with
therequested row activated. Fora WRITEA, ACTV/ WRITEAor aPRE/ACTV/WRITEA command,

thereisanadditional step. During the twotpacker intervals after the lastdata octbyteaccessanauto-
precharge operation (requiring trpa for therow. precharge auto) is performed. Thisleaves the bank
in a precharged state. N :

CLK | !

(RX/TXCLK) | |

ADDRESS 7

(BUSENABLE) | CO-P XFOL,C x coLd S |
tWSW il thW gt S | | | | | | | | |

COMMAND -

(BUSCTRL) .. [WRITEA!
REQ : | | | | | | |
A Packet | | , trow | | | | | |
<D@8,..DA0  [BNK/ROW x x
(BUSDATA[B?O]) /oL .DINa DIN b | DINc | DINd

e - e

Bank Operation  “tspw™ toac tec  tcc  tec tReA

(a) WRITEA - RANDOM WRITE CYCLES WITHIN A PAGE
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CLK
(RX/TXCLK)

ADDRESS
(BUSENABLE)

COLbXCOLcXCOLd

COMMAND
(BUSCTRL)

DQ8,.DQ0 |
(BUSDATA[8:0])

DIN a DINbXDINCXDINd

Bank Operation treD teac tce toe tec™ o odRea

tRaC
(b) ACTV/WRITEA - BANK ACTIVATE AND RANDOM WRITE OYCL;E:‘S‘WIT\I‘-II‘N',\A PAGE

o\ T T T Te o MEeeTe Tt Te o To o Tio
CLK 10 TT-F )
(RX/TXCLK)

ADDRESS —
(BUSENABLE) QO,L c x coL d

COMMAND
(BUSCTRL)

| DINa DINbXDINCXDINd

DQ8,..0Q0 |
(BUSDATA[8:0]) :

~ARe treD teac tec  tcc  fc trea

tre g
(c) PRE/ACTV/WRITEA o BANK PRECHARGE/ACTIVATE AND RANDOM WRITE CYCLES IN A PAGE

Fig. 9 Write Transactions
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BYTEMASK OPERATIONS

Allmemory write transactions (OP1,0P0=01) use the M7..MOfield of the REQ packet to control byte
masking of the first octbyte DINa of write data. M7 controls bits D56..D63,E7 while M0 controls bits
DO0..D7, E0. A “0” means don’t write and a "1" means write.

The M7..MO field should be filled with “00000000” for non-memory-write transactions.

OP2=1: When OP2 =1 for amemory write transaction, the remaining data octbytes (DINb DINc )
are written unconditionally (all bytes are written).

OP2 = 0: When OP2 =0, the remaining data octbytes (DINDb, DINC,...) are written w1th abytemask
Each bytemask is carried on the DQ8 wire, pipelined one tppckgr interval ahead of the data octbyte
it controls. , .

Figure 12 (b) shows the format of the M packet and DIN packet when OPZ O M7 coritrols bits
D56..D63 (of the next DIN packet) and MO controls bits D0..D7 (of the fext DIN| packet) Figure 12
(a) summarizes the location of the M packets and the DIN packets they control

When 16M and 64M RDRAMs are used, there is no hmltatlon Caused by the use of bytemask
operations; the DQS8 wire is only used for the REQ packet and M packets

When 18M RDRAM s used, thereisalimitation causedby the use ofbytemask operations; the E7..EQ
bits of the 72 bit DIN packet may not be used when OP2'= - 0.To achieve bytemasking, it will be
necessary to use read-modify-write operatlons or. smgle octbyte writes with the bytemask in the
REQ packet and OP2 = 1. s ‘ .

DIN/DOUT :
] M7, V6. MO from REQ (Ma) and DQ8 (Mb, Mc,...)

64/72 L

'\ ~~-"64/7"2‘

5T

v¥64/72
Memory
Data

Fig. 10 Details of ByteMask Logic
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BITMASK OPERATIONS

All memory write transactions (OP1,0P0 = 01) may use bitmask operations (OP5,0P4). Bitmask
operations may be used simultaneously with the bytemask operations just described; a particular
data bit is written only if the corresponding bytemask M and bitmask m are set.

OP5,0P4 = 00: This is the default option with no bitmask operation selected; all data bits are written,
subject to any bytemask operation.

OP5,0P4 = 01: This is the write-per-bit option. Figure 13 (a) shows the transaction format. The 64/
72-bit MASK register is used as a static bit mask, controlling whether each of the 64 /72 bits of DIN
octbytes is written (m = 1) or not written (m = 0). The MASK register is loaded usmg the dynamlc
bitmask operation (OP5,0P4 = 10). PN '

OP5,0P4 = 10: This is the dynamic bitmask option. Figure 13 (b) shows the transactlon format
Alternate octbytes (ma, mc,..) are loaded into the MASK register to be used asa bltmask for the data
octbytes (DINb, DING,...). Only the COL packets which correspond to DIN packets (€COLb,COLd,..)
contain a valid column address. The MASK register is left with the last bitmask that is transferred
(mc in this case). The write-enable signal is asserted after DIN packet (Flgure 1.

OP5,0P4 =11: This is the mask-per-bit option. Figure 131(c) ShOWS the transactlon format. The 64/
72-bit MASK register is used as a static data octbyte . DIN The bitmask packets (ma, mb,...) control
whether the data is written (m = 1) or not wrltten (rn O) The MASK register is loaded using the
dynamic bitmask operation (OP5,0P4 = 10). L

DIN/DOUT
(DIN packet) » (OP5, OP4 = 10)
, (m packet) ¢ (OP5, OP4 = 10)
iz o2
—= MASK Register |
a4 64/72
64/72 | 64/72
y
64/72 I[ 64/72

“Vear |1
\ \

> Memory Write | 11 [o01,10] o5 OP4value |
Data  Enable Enable BitMask Path

Fig. 11 Details of BitMask Logic
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CLK
(RX/TXCLK)

ADDRESS
(BUSENABLE)

COMMAND
(BUSCTRL)

DQs
(BUSDATA[8])

DQ7,..DQ0

(BUSDATA[7:0]) |

:COLbXCOLCXCOLd

1 DINa DWbXDWCXDWd

(b) OP2 = 0 - DATA AND BYTEMASK PACKET FORMATS
Fig. 12 ByteMask Operations

=

=
o

o (=3

DINc
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To T T2 T3 T4 Ts Ts Tz Ts To T1o
CLK
(RX/TXCLK)

ADDRESS

(BUSENABLE) COLb x COLc x CoLd

COMMAND
(BUSCTRL)

| DINa DINbXDINCXDINd

DQS,.DQ0
(BUSDATA[8:0])

CLK
(RX/TXCLK)

ADDRESS
(BUSENABLE)

COMMAND | ACTY
(BUSCTRL) | WRITE
‘| REQ
i | Packet

DQ8,..DQ0 W}
(BUSDATA[8:0) |

i | l
};ma DINﬂmc MNd

MASK T \( X
PEGISTER "~ e me

" (b) OP5, OP4 = 1, 0 - BITMASK FROM DQ INPUTS, DATA FROM DQ INPUTS
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To T4 T2 T3 T4 Ts Ts T7 Ts To T1o
CLK
(RX/TXCLK)

ADDRESS
(BUSENABLE)

COLbXCOLCXCOLd

COMMAND
(BUSCTRL)

DQS,.DQ0
(BUSDATA[8:0))

(c) OP5, OP4 = 1, 1 - BITMASK FROM DQ INPUTS, DATA |N,MAsk\\REé|$TEFi‘~"'

Fig. 13 BitMask Operations

REGISTERS

There are six control registers in an RDRAM. Theycontam read only fields, which allow a memory
controller to determine the type of RDRAM: that is present They also contain read-write fields which
are used to configure the RDRAM. y S

Registers are read and written with transactlons that are identical to one-octbyte memory read and
write transactions. These transaction formatsareillustrated in Figure 14. Thereis one difference with
respect to memory transactlons, for a register write, it is necessary to allow a time of twggg to elapse
before another transactlon is dlrected toi the RDRAM.

In the descriptions of some of the read—wrlte fields, the user is instructed to set the field to a default
value (“Set to 1.”; fox example) When this is done, the suggested value is the one needed for normal
operatlon of the RDRAM

A summary of the control reglsters and a brief description follows

DEVICET,YBE \*.RDRAM size, type information

DEVICEID Set RDRAM base address
MODE-_ . Set RDRAM operating modes
REFROW™-~ Set refresh address for Powerdown

RASINTERVAL  Set RAS intervals
DEVICEMFGR RDRAM manufacturer information

The control register fields are described in detail in the next six pages. The format of the one octbyte
DIN or DOUT packet that is written to or read from the register is shown. Gray bits arereserved, and
should be written as zero. The value of the A10..A3,REGSEL field needed to access each register is
alsoshown. The ROW and BANK address fields are not used for register read and write transactions.
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To T4 T2 T3 T4 Ts Ts T7 Ts To T1o
CLK
(RX/TXCLK)

ADDRESS
(BUSENABLE)

Y PRI ..

COMMAND | |
(BUSCTRL) | NHEG -

. REQ |

DQ8,.DQ0
(BUSDATA[8:0])

To Ti T2 T3 Ts o T5-Ts T? Tg To + Tio
CLK A TR R
(RX/TXCLK)

ADDRESS
(BUSENABLE)

twsw

COMMAND ‘WSTRB‘
(BUSCTRL) | WREG |"VT=RM

i1 Packet 1i DW=,

Dakmao) Lhal oWe)
(BUSDATA[8:0]) : |/COL

Y . twreg
(,b)'REGISTER WRITE TRANSACTION

Fig. 14 Register Transactions
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DEVICETYPE Register '

A10,A9,A8,A7,A6,A5,A4,A3,REGSEL 0000000002'

Description

DQ8

DQ7

DQ6

DQ5 { COL1 & BNK1

This is a read only register with
fields that describe the .-
characteristics of the device, This
includes the number of address
bits for bank, rov;-and column The
column countinciudes the
(unimplemiented). A2 A1,A0 bits.”
The other f1e|ds specn‘y the
arch|tecture version, the dévice
type, and the. byte size. This
‘:reglster is-read durmg initialization

DQ4 so the memory controller can
. determine the proper memory
~configuration.
DQ3
DQ2
DQ1
DQO
“‘*,‘I‘D\:I,N/\DOUT Format
i 2KByte Page .
Field Description
16M | 18M | 64M
—>| VER3... VERQ | 0010, |Arch|tectureVerS|on is Concurrent U
> TYP3..TYPO | 0000, | Device is DRAM U
—»  BNK3..BNKO  |00012=10010o=2 | Number of bank address bits IJ
[/ » > ROW3..ROWO |1001,=9 [1010,=10| Number of row address bits U
| COL3..COLO  [1111p=11[10115=11| Number of column address bits U
e BONUS | o | 1 | o | Specifies x8(0) orx 9(1 bytelengthu

Fig. 15 DEVICETYPE Register
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DEVICEID Register ' A10,A9,A8,A7,A6,A5,A4,A3,REGSEL 0000000012'

CLK l Description

This is a read-write register with a

single field ID35...1D21. This field is

compared to the A35...A21 address

pa7 { 1025 ¥ 1026 ¥ 1D27 Y ID35 bits of the REQ packet to determine
if the current transaction is directed
to this RDRAN. If-the OP3 bit of the
REQ packet is set, then this match
is ignored {broadcast operation to
all RDRAMs). Note that some low

order bits ofthis'field are not

“comparéd for the higher density
RDRAMSs.... >~

DQ6

DQ5

DQ4

DQ3

DQ2

DQ1

DQO

‘1:1‘\"*, ‘:f\D:I‘N/DOUT Format

Field RDRAM Size Description '

: ID35..1D21 16M/18M Compared to A35...A21 for device match

ID35..1D23 Compared to A35...A23 for device match

Fig. 16 DEVICEID Register
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MODE Register ' A10,A9,A8,A7,A6,A5,A4,A3,REGSEL | 0000000112 '
to 14 1) 13 7} 15 16 t7

CLK l Y Y Y Description

This is a read-write register with
fields that control the operéting
modes of the RDRAM. The modes
include output current control
(C5..C0, CE), clock/power control
(FR,FT), compatibility contrel ..
(BASE), tyg skip conitrol (SV, SK;
AS), and initialization control (DE).
Refer to the Coneurrent RDRAM
Design Guiide for a detailed
‘discussion.of the use of these

DQ7
DQ6

DQ5

DQ3

DQ2

DQ1

DQO A
Y LA DIN/DOUT Format
m
5... 0 | Specifies o, output current. 1111112=>min, 000000=>max. U
FR, FT | Force RXCLK,TXCLK on. FR = 1 = RDRAM Enable. Set FT = O.U
BASE | Set to 1 if Base RDRAMs with acknowledge are present.
CCAsym | Current Control-Asymmetry adjustment.

SV | Skip value for auto ttg control. Read-only.

AS | Specifies manual (0) or auto (1) ttg control. Set to 0.

) Sl I N I Nl I N (N i —

ol
>
g
4>| SK | Specifies Skip value for manual trg control. Set to 0.

DE | Device Enable. Used during initialization.

Fig. 177 MODE Register
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REFROW Register '

CLK

DQs

DQ7

DQ6

DQ5

DQ4

DQ3

DQ2

DQ1

DQO

to ty

A10,A9,A8,A7,A6,A5,A4,A3,REGSEL 0000001012'

Y Y Description

REF6

REF5

REF4

REF3 {REF11

REF2 {REF10

REF1 REF9

REFO REF8

SP REF7
A

\ 43 ‘ ‘ ‘ This is a read-write register which

is used to track the bank/row
address that will be refreshed by
the next SIN pulse-in. Powerdown
mode. This register is not used for
normal refresh in Enable mode >,
the bank/row address is supplled
by the-external controller in the
refresh transactlon h

“A‘Powerdown |s entered by setting
the SP field to one. The REF field
. should be simultaneously set with
. »the'next bank/row to be refreshed.
- When-Powerdown is exited, this
---register is read from one RDRAM
_ to set the proper bank/row address
» for normal refresh operation.

The reset value of the REFROW
registers are all zeros.

y

~.DIN/DOUT Format

RDRAM Size Description

Field

REF10

| 16M/18M | Bank address of next row to be refreshed

"\#>|REF11 REFI0|  64M | Bankaddress of next row to be refreshed

' ,4.| REFS..REFO | 16M/18M | Row address of next row to be refreshed

4>| REF9...REF0 | 64M | Row address of next row to be refreshed

-

SP

)l i el I e () e i —

| — | Set to enter Powerdown mode.

Fig. 18 REFROW Register
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RASINTERVAL Register ' A10,A9,A8,A7,A6,A5,A4,A3,REGSEL | 0000001102 '

) t4 1o t3 14 t5 tg t7

CLK L i i VJ Description

This is a read-write register with
DQs fields that control the length of the
RAS intervals of the RDRAM. The
relationship between the trc; trep,
trpa and tgp in'[eF\l/a|S\(ih>’[‘cyc‘|;_E
units) and the-P; S, and R fields-.
follows: . )

DQ7

DQ6
bas tRc = (1 0012 +R + S4B toyole
“tRop = (01012 + S)* tevei

DQ4

tRP‘, =(01013'+ P) * toveLe

DQ3 {ﬁPA“F,(O1O12 +P) *toveLe

DQ2

DQ1

DQo
I ! . DIN/DOUT Format
7 Field Description '
8 —>| R3...R0 | Specifies the (trg - trep - trp) restore interval. Set to 01115. IJ
:\\\\, S3..50 | Specifies the trep sence interval. Set to 00115. IJ

4>| P3...P0 | Specifies the trp and trpa precharge intervals. Set to 00115. IJ

Fig. 19 RASINTERVAL Register
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DEVICEMFGR Register ' A10,A9,A8,A7,A6,A5,A4,A3,REGSEL | 000001001, '

\i Y Description

This is a read-only register with
fields that specify the
manufacturer's identification
number and manufac_t_urér-s‘pecific
date-code and version information.

Contact Ba'rl/nbusnfd"rra list of "
manufacturer's identification
numbers.

DQ6

DQ5

DQ4

DQ3

DQ2

DQ1

DQO

oy “‘*_Ile/‘VDOUT Format

Field Description '

| L M15...M0 | Manufacturer's identification number U

‘>| (15...C0 | Manufacturer's datecode or version information IJ

Fig. 20 DEVICEMFGR Register
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INITIALIZATION

The first step ininitialization is to reset the RDRAM. This is accomplished by driving RESET packets
for a time trgsgT or greater. This causes the RDRAM to assume a known state. This also causes the
internal clocking logic (a delay-locked-loop) to begin locking to the external clock. This requires a
time of t; ock. At this point, the RDRAM is ready to accept transactions. This timing sequence is
shown in Figure 21 (a).

The next step for the memory controller is to read and write the six control registers, in order to
determine the size and type of RDRAM that is present, and to configure it properly A full
initialization sequence is provided in the Concurrent RDRAM Design Guide.

POWER MANAGEMENT

Thereare several power modes availableinan RDRAM. These modes perrrut power d1$Slpat10n and
latency to be traded against one another. /

Enable Mode: The simplest option is to remain permanently in Enable power mode ThlS is done by
setting the R field to a one in the MODE register (refer to Figure 19), The RDRAM will return to
Enable mode whenitis not performing a read or write transaction. ‘This is the operating mode which
has been assumed in all the transaction timing dlagrams (except in Flgure 21 (b).

Suspend Mode: The average power can be reduced by usmg Suspend power mode. Thisis done
by setting the FR field to a zero. A CKE packet mustbesenta time tcxg ahead of each REQ packet
(this is shown in Ty in Figure 21 (b)). This causes the RDRAM to transition from Suspend to
Enable mode. When the RDRAM has finished the transaction, it returns to Suspend mode. The
average power of the RDRAM is reduced, butat the cost of slightly greater latency. There is no
loss of effective bandwidth, since- the CKE packet may be overlapped with the other packet

types.

Powerdown Mode: The RDRAM power can be reduced toa very low level with Powerdown mode.
Powerdown is entered. by Setting ‘the SP. field of the REFROW register to one (the REF field is
simultaneously set to'the next-bank and row to be refreshed). As a result, most of the RDRAM's
circuitry is disabled, although its, memory must still be refreshed. This is accomplished by pulsing
the SIN 1nput w1th a cycle time’ of tscycLE or less.

Powerdown rnode 1s ex1ted. when PWRUP packets are asserted for a time tpyyryp on the Command

wire. Theinternal: clocklng logic will begin locking to the external clock. After a time of t; ock the
RDRAM willbe in Enable mode, ready for the next REQ packet. This is illustrated in Figure 21 (c).
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REFRESH

Memory refresh (when not in Powerdown) uses a one-octbyte broadcast memory write with the
following REQ field values:

OP5..0 001001, A35.3 DEV: 0..0 (unused)
AUTO 1 BNK: next bank
ACTV 1 ROW:  next row
PEND 000/001/010 COL: 0..0 (unused)
M7..0 00000000, REGSEL: 0

The transaction format for memory refresh is shown in Figure 22 (a). The, transactlon may be
noninterleaved or interleaved (if interleaved, the PEND field must be properly. filled). The transaction
causes the requested row of the requested bank of all RDRAMs to be activated and then auto-
precharged (note that the interval tgp + trcp should elapse since the spec1f1ed bank of some
RDRAMSs might be open). This transaction must be repeated at 1ntervals of tREF/ (NBNK *NrOW),
where Npng and Nrow are the number of banks and rows in the RDRAM ThlS interval will be the
same for the different RDRAM configurations. For each refresh transactlon ~the bank and row field
of A35..A3 mustbeincremented, with the bank field changmg most often sQ the tRAS, MAX parameter
is not exceeded. . N ,

CURRENT CONTROL

The transaction format for current control is shbwn in Flgure 22 (b). This transaction is encoded as
a directed register read operations, and is repeated at 1ntervaIs of tcctrr./ Npgy, where Npgy is the
number of devices on the Channel. ThlS w111 mamtam the optimal current control value.

OP5..0 000110, A35.3 D«E‘V.'\ *unext dev1ce

AUTO 0 BNK: . 0.0 (unused)
ACTV 0 . ROW: 0.0 (unused)
PEND 000 s \COL 00000101,
M7.0 00000000, REGSEL o

Aftera t; ock, aseries of 64 of these current control transactions must be directed to each device on
the Channel.to estabhsh the‘optlmal current control value.
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To Tt | eee | T3 Ta Ts | e | Ty Ts To T1o

CLK
(RX/TXCLK)

ADDRESS
(BUSENABLE)

COMMAND
(BUSCTRL)

DQS,..DQ0
(BUSDATA[8:0])

(a) RESET PACKET FOR INITIALIZATION

To T4 To T3 T4 Ts Ts T7T8 Ty T1o
CLK TR [ A
(RX/TXCLK)

ADDRESS
(BUSENABLE)

COMMAND
(BUSCTRL)

DQ8,..0Q0
(BUSDATA[8:0])

BNKIROW|
/CO!. al )

(b) CKE PAGKET lEQRS\OSP/I:E,Nb-TO-ENABLE POWER MODE TRANSITION

To T e Tg T4 Ts e Tr 0 Ts o To o Tig

CLK
(RX/TXCLKY .~ iyl
ADDRESS -
(BUSENABLE)
4 v tewrup
COMMAND | |
(BUSCTRL) | PWRUP‘ PWRUP
DQ@s,..DQ0
(BUSDATA[8:0])

(c) PWRUP PACKET FOR POWERDOWN-TO-ENABLE POWER MODE TRANSITION

Fig. 21 Transactions using RESET, CKE, and PWRUP Packets
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CLK |
(RX/TXCLK)
ADDRESS |
(BUSENABLE)
COMMAND (
(BUSCTRL) |
§‘Packet‘§
DQ8,.DQ0
(BUSDATA[8:0]) BNWROW@
. R ST TR T ~ ......................
trp + tReD tcac | tRP,f'tch y “lcac
trer/ (Nank * Nrow) o
(a) REFRESH TRANSACTION
CLK
(RX/TXCLK)
ADDRESS
(BUSENABLE)
COMMAND T —
BUSCTRL) a RREG ‘X_RSTRB‘XRTERM
o . 1 REQ . ‘
. 7 i REQ i1 Packet '; !
DQ8,..DQ0 veo [ DEV T
(BUSDATA[8:0]) DOUTaxDOUTpX | *** coLa

o _x‘*l;“’fCCTRL/NDEv

" L "(b) CURRENT CONTROL TRANSACTION

Flg 22 Refresh and Current Control Transactions

Dué‘cq fhé:hature of the current control operation, a delay of 4 BusClks may be needed before
and after. the current control transaction.

If the request immediately before the current control request is a write request, there should be
a 4 BusClks (1 Synclk) delay between the end of write data and the beginning of the RDRAM
current control request (see * in Figure 22 (b)). If the request immediately before the current
control request is a read request, no delay is required.

If the current control data is followed by a request using the MODE register address, there must
be a 4BusClks (1 Synclk) delay between the end of current control data transport and the
subsequent requests using the MODE register addresses (see ** in Figure 22 (b)). Any other
request may immediately follow the currrent control data transport.
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ABSOLUTE MAXIMUM RATINGS

The following table represents stress ratings only, and functional operation at the maximum ratings
is not guaranteed. Extended exposure to the maximum ratings may affect device reliability.
Although these devices contain protective circuitry to resist damage from static electric discharge,
always take precautions to avoid high static voltages or electric fields.

Symbol Parameter Min. Max. | Unit
Vi.ABS Voltage applied to any RSL pin with respect to Gnd -0.3 VDD,MAX+0§3 Y
V|.cMOS,ABS Voltage applied to any CMOS pin with respect to Gnd -0.3 Vpp+0.3 v
Vb ABS Voltage on Vpp with respect to Gnd -0.3 VDD vax+1.0| .V
Ty,ABS Junction temperature under bias -55 . 125 °C
TSTORE Storage temperature 55’ 1250 | °C
THERMAL PARAMETERS
Symbol Parameter and Conditions el \Min. Max. Unit
T, Junction operating temperature . - - N 100 °C
Oy Junction-to-Case thermal resistance <~ ». . | — 5 °C/Watt
CAPACITANCE
Symbol Parameter and Cond‘ tlons Min. Max. Unit
Ci RSL input parasitic capacitanice o 1.64/2.00 | 2.08/2.5P pF
Ly RSL input parasitic inductance — 2.7/5.0 nH
Ci.cmos CMQS'input parasitic capacitance — 8 pF
Notes:
a. 16M/18M RDRAM
b. 64M RDRAM '
IDD SUPPLY CURRENT PROFILE
W AV (Ta=0°C to 70°C)
~~:Mod:e Description Min. Max. Unit
Powerddwn \f,- Device shut down, clock unlocked — 1.0 mA
Suspend Device inactive, clock locked but Suspended — 95 mA
Enable Device active, clock unlocked and Enabled — 340 mA
READ Device reading column data — 500 mA
WRITE Device writing column data — 430 mA
ACTV/Enable Device evaluating REQ packet and activating row in bank — 330 mA
ACTV/READ Device reading column data in bank 1 and activating row in bank 2 — 600 mA
ACTV/WRITE Device writing column data in bank 1 and activating row in bank 2 — 580 mA
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RECOMMENDED ELECTRICAL CONDITIONS

(Ta = 0°C to 70°C)

Symbol Parameter and Conditions Min. Max. Unit
Voo, Vppa Supply voltage — 3.3 V version 3.15 3.45 v
VRer Reference voltage 1.9 Vpp—0.8 V
Vi RSL Input low voltalgeb VRer—0.35 | VRer—0.8 V
Vi RSL Input high voltageb VRer+0.35 | VRer+0.8 V
ViL.cmos CMOS input low voltage -0.5 08 4 V
ViH,cMOS CMOS input high voltage 1.8 Vpp+0.5% v
ELECTRICAL CHARACTERISTICS &
" (Ta="0°C to 70°C)
Symbol Parameter and Conditions ' ‘"Min_._ ‘Max. Unit
|rer VREF CURRENT @ VR Max L ) HA
loH RSL output high current @ (0 < Voyt < Vpp) : 31:0"' 1710 uA
Inone(manual) RSL lgL current @ Voyr = 1.6 V @ C[5:0] = 000000 (010)a 00 4.0 mA
laLL(manual) RSL lgL current @ Voyr=1.6 V@ C[5: 0] = 111 111 (6310) \‘;3'0'.0 80.0 mA
I cmos CMOS input leakage current @ (0 < V- QMOS < VDD) 74100 10.0 UA
VoL cmos CMOS output voltage @ gL cmos= = 1.0, mA h 0.0 0.4 V
VoH,cmos CMOS output high voltage @ IOH CMos = —0 25 mA 2.0 Vop v
Note:

a. In manual-calibration mode (CCEnable 0) th1s is the value written into the C[5:0] field of the
Mode register to produce the indicated: IOL value. Values of o in between the INong and AL 1.
are produced by interpolating C[5:0] tointermiediate values. For example, C[5:0] =011111 (311)
produces an Ipy, in the range of 20 to 40 mA.

b. Iop, of Bus Data outputs is set at 30 mA ‘when Bus Enable pin Vii1/ Vi value is measured.
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RECOMMENDED TIMING CONDITIONS

(Ta = 0°C to 70°C)

Symbol Parameter Min. Max. Unit
teR, toF TXCLK and RXCLK input rise and fall times 0.3 0.8 ns
tovoLE TXCLK and RXCLK cycle times 3.752/3.33"| 4153/4150 | ns
trick Transfer. time per bit per pirll (this timing interval is 05 05 fovoLe

synthesized by the RDRAM's clock generator)
teH, toL TXCLK and RXCLK high and low times 45% 55% .4 tovoLe
tTR TXCLK-RXCLK differential 0 0.7  toveLE
Transfer time for REQ, DIN, DOUT, COL, WSTRB,
tPACKET WTERM, RSTRB, RTERM, CKE, PWRUP and RESET 4 4| foyoue
packets
tor, toF DQ/ADDRESS/COMMAND input rise and fall times 03 [ 06 s
ts DQ/ADDRESS/COMMAND-to-RXCLK setup time 0356 . = ns
tH RXCLK-to-DQ/ADDRESS/COMMAND hold time ~.0.35¢ b — ns
tREF Refresh interval . —17“/ 33¢ ms
tsCYCLE Powerdown refresh cycle time 9 04 16.69/8.0¢ us
tsL Powerdown refresh low time 9 0.2 10 us
tsH Powerdown refresh high time 02 10 us
teeTRL Gurrent control interval & — 150 ms
tRAS RAS interval (time a row may stay/acti\}ated‘)\ 0 — 133 us
tLock RDRAM clock-locking time for reset ;or\‘pqvv‘eryp}' — 5.0 us
Notes:
a. 533 MHz RDRAM
b. 600 MHz RDRAM
c. 600 MHz IO timing
d. 16M/18Mbit
e. 64Mbit
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TIMING CHARACTERISTICS
(Ta = 0°C to 70°C)

Symbol Parameter Min. Max. Unit
tpio SIn-to-SOut delay @ Coap,cMOS = 40 pF 1 25 ns
tq DQ output time -0.42 0.42 ns
taR, tar DQ output rise and fall times 0.3 0.5 ns

Note:
a. 600 MHz IO timing

RAMBUS CHANNEL TIMING

Thenext table showsimportant timings on the Rambus channel for common opefatiehs All tiiniﬂgs
are from the point of view of the channel master, and thus have the bus overhead delay of tcYCLE
per bus transversal included where appropriate. ; .

“(Ta = 0°C to 70°C)

Symbol and Figure Parameter Y )| Min. | Max.
tcac - Figure 8,9 Column ACcess time. May overlap trcp, tap, or trpa to anothér bank 6a/7b| —
tee - Figure 8,9 Column Cycle time. May overlap tgcp, tRp, or tRPA‘tO ah‘othé‘r bank 4 —
trep - Figure 8,9 Row to Golumn Delay. May overlap tcAc or. tccto another bank 8 —
tgp - Figure 8,9 Row Precharge time. May overlap toAc or tcc to another bank 8 —
trpa - Figure 8,9 Row Precharge Auto. May overlap tRPA, TcAc or tco to another bank 8 —
trac - Figure 8,9 Row ACcess time. (trac = tRCD + ’[CA(;) L 15 —
tre - Figure 8,9 Row Cycle time. (tre fpr + tRCD\*‘ tCAC) : 23 —
trsr - Figure 8 (a) Start of REQ (BEADHQ‘start"b‘f\RgTRB}packet for Read transaction. 2 —
tasr - Figure 8 (b) Start of REQ (ACTV/READ) to start of RSTRB packet for Read transaction. | 11 | —
tpsg - Figure 8 (c) Start of REQ\(ERE/ACTV}READ)’[Q start of RSTRB packet for Read transaction. 19 —
tcor - Figure 8 Start of COL packet to start of DOUT packet for Read transaction. 12 | 12
tspr - Figure 8 Start of RSTRB packet to start of DOUT packet for Read transaction. 8 8
tror - Figure 8 {Start of RTERM packet to end of DOUT packet for Read transaction. 12 | 12
twsw - Figure 9 (a)----- ‘Sta\rt of:REQ’(WRITE) to start of WSTRB packet for Write transaction. 0 —
tasw - Figure 9(b) $f(_a_rf‘of\REQ"(’ACTV/WRITE) to start of WSTRB packet for Write transaction| 5 —
tpsw - Figure 9 (¢). ,,.St';l‘rkt‘oflREO (PRE/ACTV/WRITE) to start of WSTRB packet for Write transaction. 13 | —
toow -,Fi'gU'r‘e\Q\_ ~f~~ Start of COL packet to start of DIN packet for Write transaction. 8 8
Ts{DW/ -,;Fi'gu‘r‘,e 9 Start of WSTRB packet to start of DIN packet for Write transaction. 4 4
th\W\- Figulr,efg Start of WTERM packet to end of DIN packet for Write transaction. 4 4
tRESET \-*F‘i\gﬂre‘ 21 (a) | Length of RESET packets to cause RDRAM to reset. 800 ns| —
tcke - Figure21 (b) Start of CKE packet to start of REQ packet for Suspend-to-Enable. 4 7
tpwrup - Figure 21 (c) | Length of PWRUP packets to cause Powerdown-to-Enable. 8 8
twreg - Figure 14 (b) | End of DIN packet for WREG transaction to start of next REQ packet. 16 —

Note: All units are tcycrg when not mentioned
a. For READ, WRITE commands
b. For ACTV/READ, ACTV/WRITE, PRE/ACTV/READ, PRE/ACTV/WRITE commands
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TIMING WAVEFORM

RSL Rise/Fall Timing

ViH,MIN
809

(1]

VRxClk
V1xcik 20%

ViLmax

Vi
Vba,In 80% -
VcommanD 50%
VILMAX s

VADDRESS

n..k:VOHMINl
“---80%

20%
VoL max

Vbo,out

Where: _
VoumIN = VTERMM1N , o
VoL, max = VTERM MAX - Z0 (|0LM|N)

RSL Clock Timing

Logic 0, Vix

VRer
Logic 1, V)L

A

Logic 0, V4

,,,,,,,,,, \

VRxClk
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RSL Input (Receive) Timing

toveLe

‘ Logic 0, V4
VRxek - N R o VRer )
‘ Logic 1, Vi

‘ 1 | o Logi’clo;j\./jj.j:‘

VcommanD

S, (‘QQ ******* ,/vgf;%

VADDRESS =< Logic 1;:Vy

RSL Output (Transmit) Timing

fevoe~ .
tric (even). S ok (odd)
St Logic 0, VoH
50%
Logic 1, VoL
Logic 0, Vou
50%
Logic 1, VoL

4 toyoLe/4 tovoLe/4 |
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SIN/SOUT Timing

! Logic 1
Vsin ===+ >< *********************************** Vsw,cmos

Logic 0

‘ tpio,MAX

; Logic 1
Vsour -~ AR 1‘

Vsw,cmos
Logic 0

Logiof . 1
Vswgies.
— LogicO. .

tsL tsH

>
V“

A A
LA

tscycLE & WP
. Vswiemos =15V
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PACKAGE DIMENSIONS
(Unit : mm)
SHP32-P-1125-0.65K |
25.0+ 0.1
1125 TYP.
—_—t—
RA i I~
- L EEEE L L L R EEEE LT A
0.17+ 0.05 A
INDEX MARK @ ® /’%‘,J:o: 02 1o
Mirror finish é g . N -
2.425TYP. 0.65 024 B BT = &
B S T
T 20 v 0.5TYP.
h W e 0.6+ 0.15
o \ SEATING P/LIAN‘E\\:; 2
A . .| Package material Epoxy resin
| Lead frame material 42 alloy
| “Pin‘treatment Solder plating
> Solder plate thickness | 5 um or more
Package weight (g) TYP.

Notes for Mounting the Surface MQiinnyf)“eiPakc\;‘kaige

The SOP, QFP, TSOP, SOJ, QFJ (PLCC),; SHP and BGA are surface mount type packages, which
are very susceptible to heat in'reflow mounting and humidity absorbed in storage.

Therefore, before you perform reﬂow aounting, contact Oki’s responsible sales person for the
product name, package name, pm ‘number, package code and desired mounting conditions
(reflow method, temperature and tlmes)
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