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2,097,152 WORDS x 8/9 BIT
Rambus DRAM

Description

The GM73V1682 / GM73V1892 Rambus Dynamic Random Access Memory (RDRAM) is a next
generation high-speed CMOS DRAM organized as 2,097,152 x8/9 bits and capable of bursting up to 256
bytes of data at less than 2 nanoseconds per byte. The use of Rambus Signaling Logic (RSL) technology
makes transfer rates greater than 500 MHz achievable while using conventional system and board design
methodologies. Lower effective latency is attained by operating the single 2KByte sense amplifier as
high speed cache, or by using Random Access mode to facilitate large block transfers. The GM73V1682 /
GM73V1892 uses a 32-pin plastic surface horizontal mount package (SHP) and vertical surface mount
package (SVP). The GM73V1682 / GM73V1892 is general purpose high-performance memory
devices suitable for use in a broad range of applications including PC and consumer main memory,
graphics, video, and any other application where high-performance at low cost are required.

Features
B Rambus Interface:

o Over 500MB/sec peak transfer rate per RDRAM

o Rambus Signaling Logic (RSL) interface

e Synchronous protocol for fast block-oriented transfers

o Direct connection to Rambus ASICs,MPUs, and Peripherals

e Only 15 active signals that require just 31 pins total on the controller interface

e 3.3 +0.3/-0.3 volt operation

e Additional/multiple Rambus Channels provide an additional 533 MB/second bandwidth each

2KByte sense amplifier may be operated as cache for low latency access

Random Access mode enables any burst order at full bandwidth

Features for graphics include random-access mode, write-per-bit and mask-per-bit operations
Control and refresh logic entirely self-contained

On-chip registers for flexible addressing and timing

Available in horizontal and vertical surface mount plastic packages

Higher performance than VRAM at DRAM cost

System Benefits

M Single DRAM component frame buffer for 1024x768x16 display

W Superior performance at a lower system cost than alternative multi-DRAM chip solutions

B Fully engineered solution includes clock chips, memory expansion sockets, simple layout

W For graphics subsystems addressing display resolutions of 1024x768x16 or above, provides lowest
cost frame buffer, greater performance, fewest controller pins, ease of memory expansion

High performance, low cost, ZMbyte granularity
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Part Number

Option S600MHz 533MHz 560MHz

16M SHP GM73VI1682H-20 GMT73VI1682H-19 GM73V1682H-18
16M SVP GM73V1682V-20 GM73V1682V-19 GM73V1682V-18
18M SHP GM73V1892H-20 GM73V1892H-19 GM73V1892H-18
18M SVP GM73V1892V-20 GM73V1892V-19 GM73V1892V-18

BusCtri, BusEnable

Rambus System Overview

A typical Rambus memory system has three main elements : the Rambus Controller, the Channel, and
the RDRAMs. The logical representation of this is shown in Figure 1.

Controller RDRAM 1 RDRAM n

Vierm

| SOut |

BusData[8:0]

ClkFromMaster

ClkToMast
Vref
Gng, GndA
Vdd, VddA D’

Rambus Channel = 8/9 bits every 2ns g
Figure 1. Controller and RDRAMSs Connect to Terminated Transmission Lines

The Rambus Channel is a high-speed, byte-wide, synchronous bus used to connect Rambus devices
together. The Channel carries all address, data, and control information to and from devices. Transfer of
data on the Rambus Channel is managed through the use of a high level block-oriented protocol.

The Rambus Interface is implemented on both master and slave devices. Rambus master (ASIC
devices, memory controllers, graphics engines, peripheral chips, or microprocessors) are the only
devices capable of generating transaction requests. RDRAMs are slave devices and can only respond to
requests from master devices.

The Rambus Channel has thirteen high speed Rambus Signaling Logic (RSL) 17O signals that are used
to transfer information at 2 nanosecond intervals. These signals use low voltage swings (logic 0 is about
2.6V and logic 1 is about 1.6V when Vref is 2.1V) to achieve high bus speeds. Two TTL level signals
are used for initialization and powerdown operation. Fourteen signals supply power and DC voltage
references to the RDRAM, and the remaining pins are No Connects (reserved for future expansion).
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Figure 2 shows a typical physical implementation of a Rambus system. It includes a controller ASIC
that acts as the Channel master and a base set of RDRAMs soldered directly to the board. A
RSocket™ is included on the Channel for memory upgrade using RModule™ expansion cards.

Memory RModules

Rambus
DRAMs / \

::JI% Standard Printed
TTTTT: I h— Circuit Board
L=
oppooons
=}
Memory
4 : Expansion
ASIC Sockets
Figure 2. Rambus Subsystem
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RDRAM 3
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Byie h|
Byte g
Byte f
Byte ¢
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Byte ¢ Rambus interface cell
Byvte b « Macrocell in Embadded Arry and
Byte a Standard Cell libraries
“TolTale f-T « Converts Rambus channel smait
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+ Converts 9bits every 2ns to 72bits
every 16ns

« Contains PLLs
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RDRAM Packages and Pinouts

RDRAMs are available in either an EIAJ standard 32-pin vertical surface mount package (SVP) or an
EIAJ standard 32-pin TSOP-style horizontal surface mount package (SHP).

Each package has 32 signal pins and four mechanical pins that provide support for the device. The
mechanical pins are located on the same side as the signal leads in the SVP, and on the opposite side from
the signal leads in the SHP. The pins are arranged so that a printed circuit board can be designed to

support either package.

Figure 3. SHP and SVP Pin Numbering

Table 1 : Pin Descriptions
vdd i
Gnd 92 . o
BusDaag 3 Signal o Description
Gnd d4 - oS £ ;
BusData[8-0] po | Signal lines for request, write data, and read data packets.
BusData7 d5 The request packet contains the address, operation codes,
(NCy H6 and the count of the bytes to be transferred. These are
BusEnable o7 low-swing, active-low signals referericed to Vref.
vad g8 RxClk I Receive clock. Incoming request and write data packets are
BusData6 039 atigned to this clock. This is a low-swing, active-low signat
Gnd 10 referenced to Vref.

BusData5 Q11 TxCIK [ Transmit clock. Outgoing acknowledge and read data
VddA 12 packets are aligned with this clock. This is a low-swing,
RxClk €13 active-low signal referenced to Vief.

Gnda gl4 Vref I Logic threshold reference voltage for low swing signals.
TxClk 915 - - —
vdd 16 Control signal to frame packets, transmit part of the oper-
BusCul Vo ation code, to acknowledge requests, and to interrupt
BusDaat Q17 (terminate) pending transactions. This is a low-swing,
Gnd g 8 active-low signal referenced to Vref.
BusCut 19 BusEnable 1 Control signal to manage the operating modes of the
Sln 920 RDRAMs and to transfer column addresses for random -
Vet H21 access (non-sequential) ransactions. This is a low-swing,
sout 22 active-low signal referenced to Vref.

BusDaa3 (23 vdd, VddA +3.3V power supply. VddA is a separate analog supply for

Gnd 24 clock recovery in the RDRAM
BusData‘Z 925 Gnd, GndA Circuit ground. GndA is a separate analog ground for

(NC)  g26 clock generation in the RDRAM
BusDatal 27

Gnd o8 Sin I Initialization daisy chain input. TTL fevels. Active high .
BusDaz0 29 SOut 0 | Initialization daisy chain output. TTL levels. Active high.

o~Ne) 930

Gnd o3t

Vdd 32
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Mechanical pins

Mechanical
pins

Vechanical U Yy o Pin 1
pins  Pin 1
Pin 32 Mechanical
pins
Figure 4. SVP and SHP Packages
Protocol

The transaction protocol used in Rambus systems is built from several types of information packets.
These include the request, acknowledge, serial mode, serial address and data packets.

Request Packet : A master device initiates a transaction by generating a six- byte request packet
containing address, control, and byte count information as shown in Figure 5.

~ BusDataf8:0] R
4 | R
Opl0] | Adi{9:2]

T T T T T T
5 Adr{17:10]
£ N l l [
3 OpX[1] Adr{26:18]
»
> ! I | ll\d.r[35:27l | ! !
% I | | I |
o OpXI0) | Requnimp(s:4] Count[6,4,2) Rejgrllim}\_[&(L
| i l | |
' ReqUnimp[8:6) Count{7.5,3] Count[1:0} Adr([1:0]

Figure 5. Request Packet”
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RDRAM Commands

The Op and OpX fields in the Request packet contain a command that is used to instruct the RDRAM
which operation is being requested. A summary of these commands is shown in Table 2.

Table 2 : Command Summary

Op(3:0] | OpX|1:0] Name Description

0000 00 Rseq |Read sequential data from memory space.

0000 01 Rnsq [Read random-access (non-sequential) data from memory space.

0100 00 WseqNpb | Write sequential data to memory space with no per-bit mask application.

0100 o1 WseqDpb Write sequential data to memory space with data-per-bit masking. Static bit
masks are supplied by the MDReg while write data is supplied in the data
packet.

0100 10 WseqBpb | Write sequential data to memory space with mask-per-bit masking. Both write
data and dynamic bit masks are supplied in the data packet.

0100 11 WseqMpb | Write sequential data to memory space with mask-per-bit masking. Static
write data is supplied by the MDReg while dynamic bit masks are supplied in
the data packet.

0110 00 Rreg Read data from register space.

0111 00 Wreg Write data to register space.

1000 00 WnsqNpb Write ran@orr!-access (non-sequential) data to memory space with no per-bit
mask application.

0 ol WnsaDob Write random-access(non-sequential) data to memory space with data-per-bit

1000 nsqbp masking. Static bit masks are supplied by the MDReg while write data is
supplied in the data packet.

Write random- access (non-sequential) data to memory space with mask-per-

1000 10 WnsqBpb | bit masking. Both write data and dynamic bit masks are supplied in the data
packet.

Write random-access(non-sequential) data to memory space with mask-per-bit

1000 11 WnsgMpb | masking. Static write data is supplied by the MDReg while dynamic bit masks
are supplied in the data packet.

Write random-access (non-sequential) data to memory space with byte

1100 00 WbnsNpb | masking and no per-bit mask application. Both byte masks and write data are
supplied in the data packet.

Write random-access (non-sequential) data to memory space with byte

1100 01 WbnsDpb | masking and data-per-bit masking. Static bit masks are supplied by the
MDReg while byte masks and write data are supplied in the data packets.
Write random-access (non-sequential) data to memory space with byte

1100 1 WbnsMpb | masking and mask-per-bit masking. Static write data is supplied by the
MDReg while byvte masks and dynamic bit masks are supplied in the data
packets.

111 WregB Broadcast write to register space of all responding devices with no

acknowledge permitted
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Acknowledge Packet : Each RDRAM monitors the Channel for a request to access its assigned
memory range. The device matching the address range requested then devices an acknowledge packet
back to the master.

Time

. Bus- Bus- _ BusData[8:0]
2 Enable Ctrl l; —
E PR
5 & o
% even
2 [0]
Ackfl1
S ¥ o |5 Ml
[%3
k=
@]

Figure 6. Acknowledge Packet '

The Ack[1:0] field in the Acknowledge packet carries the RDRAMSs response to the request. If the
RDRAM is able to complete the operation as requested, it returns an Okay response. If the RDRAM is
unable to complete the operation as requested, it returns a negative acknowledge response(Nack). The
encoding of the Ack{1:0] bits is shown in Table 3.

Table 3 : Ack[1:0] Encoding

Ack [1:0]] Name Description
Non- Indicates passive acceptance of the request(WregB), or indicates that the addressed
00 existent | device did not respond ( all other commands).
01 Okay Indicates that the request was accepted by the addressed ( responding ) device.
10 Nack Indicates that the request could not be accepted because the state of the responding

device prevented an access at the fixed timing slot.

This should not be returned by this responding device. Initiating devices will, when

1 Ack3 g L
! presented with this combination, have an undefined response.
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In response to an acknowledged command, the RDRAM either drives a data packet back to the master
in the case of a read, or accepts a data packet from the master in the case of a write, Figure 7 shows
example 16 byte read and write transactions. The actual timing from the end of a request packet to data

and acknowledge packets is adjustable through RDRAM register settings.

——I |<— 4 ns
YUYy

—»I 12ns
12ns
— A
Read Request Ack Read Data
4 nsp-
Write Request Write Data 4 .
ck

Figure 7. Sample 16-Byte Read and Write Transactions
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Serial Address Packet : The non-sequential (Random Access) commands specify the eight column
address bits needed to access random octbytes within the open page. These address bits are provided
using a Serial Address packets.

Clock Cycle Number

Bus- Bus- _ BusData{8:0] _
Enable Cul - ~—>
$ @4 | sadr
even | [H3]
[4] SAdr
odd | [1][4]
{1 SAdr
eVven [l][s]
[5] SAdr
odd [ijt6)
[6] SAdr
even {17}
6} SAdr
odd | {18
[7] SAdr
even [”[9]
[7] SAdr
odd | [1)[10]
[#*0] | sadr
even [n][3]
[4*n} SAdr
odd {n][4]
(4*a+1]| SAdr
even {n}[5]
[4*n+1] | SAdr
odd [n}[6]
[4*n+2] | SAdr
even | [n][7]
[4*n+2] | SAdr
odd | [n(8]
[4*n+3]| SAdr
even [ni[%]
[4*n+3] SAdr |
y_odd [n][10]
Time

Figure 8. Serial Address Packet Format''
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Serial Control Packet : The protocol also allows the Channel master to issue an early termination
instruction for a memory read or write transaction. This is done using a Serial Control packet.

Bus- Bus- _ BusData[8:0]
Enable Cuol | >
4 o send ’

Clock Cycle Number

3

Figure 9. Serial Control Packet F ormat '

The value of the Serial Control field specifies whether the instruction should continue or terminate.
This is shown in the table below.

Table 4. Serial Control Field

Serial Control Field Description Value
SCurl[7:0] Continue 00000000
SCurl{7:0] Terminate 00100000

Serial Mode Packet : Serial Mode Packets are used to instruct the RDRAM to perform a operating
mode change. A Serial Mode packet is simply a pulse on the BusEnable line.

o Bus- Bus- BusData[8§:0}] _
ié’ Enable Ciul | >
Z & SMode | . l | i . ‘_t o l l _ ‘ '
» even [0] . . e . R

2 -

& UANIE" I I B PR D P N D

§ Y add [t : - o L. A

5 Time

Figure 10. Serial Mode Packet’
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RDRAM Overview

The figure 12 is a block diagram of the RDRAM device. The Rambus Channel interface consists of a
clock generator, a receiver, and a transmitter. The clock generator uses the external clock signals
RxClk and TxClk (tapped off the Channel traces ClockFromMaster and ClockToMaster) and creates the
internal signals RClk and TClk. These are used by the receiver and transmitter, respectively, to transfer
a bit every 2 nanoseconds on each wire between the RDRAM and the master device. The receiver and
transmitter blocks also contain multiplexing and storage hardware to permit the internal RDRAM data
paths to operate at the slower clock rate (but equivalent bandwidth) of eight bytes transferred every 15
or 16 nanoseconds (four clock cycles).

The RDRAM also contains control logic and configuration registers. The registers are read and written
using special register space commands and control various aspects of RDRAM operation as described
on Page 17.

The remaining logic consists of a standard DRAM memory core and row sense amplifier caches.

RDRAM Operation

The RDRAM consists of one bank of memory, this bank storing a full 1 Mbyte of data {see Figure 12).
This bank has a 2KByte open page associated with it that is built out of sense amplifier arrays. These
sense amplifiers hold the last accessed row of their associated bank in the sense amplifiers. This allows
further accesses to the same row of memory to result in page hits. With the row already stored in the
sense amplifiers, subsequent data can be accessed with very low latency. Each RDRAM added to a
system adds an open page to the memory system, helping to increase hit rates.

A page miss results when a row is accessed that is not currently stored as one of the open pages. When
this happens, the requesting master is sent a NACK Acknowledge packet indicating the requested row
is not yet available. The RDRAM then loads the requested row into the sense amplifiers and waits for
the master to submit a retry of the previous request. Figure 11 shows an example of a read miss
followed by a read hit for a 32 byte memory read operation.

The amount of time that is needed before the retry can be serviced depends on whether the data in the
open page is clean or dirty. The sense amplifiers act as a rite back cache in that data written to the
open page is not written into the actual DRAM cells until the page is closed. If the data in an open page
is clean (not previously written) when a new page is requested, the open page does not need to be
written back into the DRAM. If the data in an open page is dirty, then additional time must be added to
the miss retry delay to account for the write back operation.

149



GM73v1892
LG Semicon GM73VvV1682
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——I 12 ns |<— 76 ns —-I 12 ns Iq—- 28 ns _.l

Read Request Nack Read Request Ack Read Data

(Miss) (Hir)

Figure 11. Sample 32-Byte Read Miss and Read Hit Transactions

Address Mapping

Address mapping hardware is provided to increase page hit rates by allowing svstem designers to
easily perform n-way RDRAM interleaving. In a non-interleaved memory system, contiguous blocks of
addresses follow each other in sequence in one RDRAM, which is then followed by the next RDRAM.

Using address mapping. adjacent blocks of data (2K or greater) can be separated across several
RDRAMs, and therefore across several open pages. This allows a more optimal mapping of the pages
as caches and creates higher effective page hit rates. In a typical system containing, for example, sight
RDRAMSs, hit rates could be expected to be as high as 95%. Address mapping is easily adjusted by
writing a control register in each RDRAM.

Transaction Concurrency

Concurrent transactions can be used to optimize RDRAM utilization in high performance applications
by taking advantage of available Channel bandwidth during page miss latency periods. When a miss in
one RDRAM takes place, that device will be busy loading a new row into one of its sense amp caches.
The Channel and all other RDRAMs will still be available for use. While waiting for the first RDRAM
to finish loading its open page, a transaction to another RDRAM can be initiated. In system where
memory accesses can be queued, a transaction can take place for any pending access residing in a
different RDRAM.

Pretouching can be used in system where certain memory accesses are predictable, such as video
applications. This is done when an application is finished with a particular RDRAM and about to access
a different one. If the next access a RDRAM is known in advance, a transaction can be first generated
that will cause a row miss and prepare the RDRAM for its next access. When the device is next
accessed. the required row of data will already be loaded in the open page and a page hit will take place.
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T 2
t 63/72 X256 ca z .§ t 6472 X256
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Figure 12. 16/18M RDRAM Block Diagram
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Random Access Mode

Non-contiguous blocks of memory can be accessed through the use of the read and write non-
sequential (Random Access) operations. With these commands, multiple eight-byte blocks (octbytes) of
data within an open page can be accessed in any order. To do this, the master device sends a request
packet specifying a non-sequential operation along with the address of the first octbyte to be accessed.
The master device also generates a serial address packet on the BusEnable signal that specifies the
address of the next octbyte.

Successive serial address packets continue to specify new addresses within the open page while data is
continuously transferred until the access is complete. Random Access mode can be used to satisfy the
burst order of processors like the Intel™ Pentium™ at full RDRAM bandwidth.

Bit Masking

Three forms of bit masking are available for memory write operations. These operations are referred
to as data-per-bit (Dpb), mask-per-bit (Mpb), and both-per-bit (Bpb) masking. An eight-byte Mask
Data register (MDReg) within the RDRAM is used to hold the static value of either mask or data
information for these operations. The Mask Data register is an RDRAM internal register that is written
by the Bpb commands, and is used by the Mpb and Dpb commands.

With the Dpb operation, the MDReg is used to hold a static mask that is applied to all octbytes of data
written to the RDRAM core. With the Mpb operation, the MDReg is used to hold an octbyte of static
data that is masked by dynamic bit masks supplied in the data packets before being written to the
RDRAM core.

The Bpb operation requires data packets to alternate between mask and data octbytes. The even data
packets (starting with data packet 0) carry bit masking information which is placed in the MDReg while
the odd data packets carry the data to be masked by the latest contents on the MDReg. This type of
operation is also used to set the MDReg for later use in Dpb and Mpb operations.

Table 5 shows the source of the mask and data for each of the write commands. The fitst eight columns
show the Wseq and Wnsq sequential and non-sequential (random-access) write commands. Each has
four bit mask sub-commands: Npb,Dpb, Mpb, and Bpb.

A write command consists of writing from one to 32 octbytes of data W[31:0]. Each cctbyte of data is
masked by an octbyte of bitmask Bit{31: 0]; that is, if the bitmask bit is set, the corresponding bit of
write data is written, if the bitmask bit is clear, the bit in memory is left unchanged.

Each of the first eight columns of Table 5 shows the source of the up-to-32 octbytes of write data and
bitmask for the eight write commands. The Npb commands use no bitmask at all - effectively the
bitmask is all ones. The Dpb command takes a single octbyte of bitmask from the MDReg and applies
it to all data octbytes that are written. The Dpb command does the reverse and takes a single octbyte of
write data from the MDReg and writes it to each octbyte of memory using a different bitmask from the
data packet. The Bpb commands take an octbyte of bitmask and an octbyte of write data alternately,
and writes them to a single octbyte of memory.
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Byte Masking

Contiguous byte masking is supported by the WseqNpb command. This command uses the Adr[2:0]
and Count[2:0] fields of the request packet (Figure 5) to specify the byte masks of the first and last
octbytes of a data packet. Refer to the RDRAM Design Guide for a more complete description of
contiguous byte masking . Table S does not show the contiguous byte masking option.

The RDRAM also supports more general form of byte masking called non-contiguous byte masking.
This is available with the Wbns write commands.

As can be seen in column nine of Table 5 for the WbnsNpb command, the first data packet, and every
ninth thereafter, contain byte masking information that is applied to the eight data packets that follow.
This means data packets 0, 9, 18, and 27 (gray boxes in the table) are not written to memory, but are
instead used as byte masks for the eight octbytes of data that follow. This means that the data packet
Data[35:0] may consist of up to 36 octbytes of information: 4 octbytes of byte mask information and 32
octbytes of data that is actually written to memory.

Each bit of the 64-bit byte mask (one octbyte) controls whether a byte of the following 64 bytes of data
(eight octbytes) is written (one) or not written (zero) to memory.

Static bit masking is also available with non-contiguous byte masking. This is shown in the last two
columns of Table S labelled WbnsDpb and WbnsMpb. The WbnsDpb command applies a static bit
held in the MDReg to each octbyte of data W[31:0]. Each bit of the data octbyte is written if the
corresponding bits of both the bitmask and bytemask are a one, and is not written if either is a zero. The
WbnsMpb command applies a different bitmask Bit[31:0] to a static data octbyte held in the MDReg.
Each bit of the data octbyte is written if the corresponding bits of both the bitmask and bytemask are a
one, and is not written if either is a zero.
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Table 5: WriteDate, BitMask, and ByteMask Sources ~

Data Wseq | Wseq | Wseq | Wse Wnseq| Wnseq| Wnseq| Wnse
Octbyte prCI prq Mp: prq prq prq Mpbq prq Wns Npb) Whns Dpb| Wbns Mpb
Bit w Bit W Bit W
MDReg © | pso]pso | C |l pso]pso ] _ | psg [35:0]
Data[0] wio] | wio) | Bitjo] | Bito wioy | wio] | Bito) Bit[0} Bitef7:0] 73;5(7:0} ) Byen
Data[1] wiip | wny | By | wiol wil | wiy | Biqr w[0] w([0] w[0] Bit[0]
Data[2) wl | w2l | Bi2] | Bit) w2l | w2 | B2 Bit[1] wli] w(l] Bit{1]
Data[3] wil | wig | oBigsp | wil wial | wizl | Big3) Ww[1] w[2] w2} Bit[2]
Data[4] wi4l | w4 | Bifs) | Bit2) wla] | w4l | Bits Bit[2] w[3] W(3] Bit{3}
Datal5] W[5} W[5] Bit[5} W[2] WI5] W[5] | Bit[5] w(2] W4} W4} Bit{4]
Dataf6] Wi6} W6} Bit{6} Bit[3] Wwi6] Wwi6} | Bifs} Bit[3) Wis] Wi5} Bit[5)
Data[7} w7l | wir | By | wisg w1 | wim | Bitin) W3] w[6] Ww[6] Bit[6}
Data[8] wig] | ws] | Bags) | Bit4) wis] | wis) | Bits) Bitf4] w[7| w7} Bit{7]
Data[9] W9l | WOl | Bit[9] | Wi4) WPl | W9 | Bit9] Wi | |- Byefisisl | Bite(15:8) | Bywefisg}
Data[10] wrio} | wpioy | Big10) | Bits) wio] | wpo) | Bifio) | Bit[5) W8] W8] Bit[8]
Data[11] wiy | woyg | Biny | wis) w1 | wpig | Baf1i) | wis) W[9] w[9) Bit[9]
Dataf12] w2} | wiiz2} | Bit[12] | Bite) wii12] | wiizp | Bi[12) | Bise) wl10] W{10] Bit{10]
Data[13] wp3p | w3l | Bi13] | wie) wii3p | w3y | B3] | wie) Wwill] w[il] Bit[11]
Data[ 14] wpi4y | widg | Biiay | Bi7) wiid] | wii4) | Bigi4] | Biy7) wi12] w[12] Bit{12]
Data[15) wiist | wpisp | Bifis) | wi7) wiisy | wis) | Biis) | win Wi13] w(13] Bit{13]
Data[16] wite] | wiie) | Bifis] | Bits] wiie] | wnisp | Bite] | Bits) Ww[l4] w(i4] Bit[14]
Data[17] wi7) | wii | i) | wis) w17y | wii7p | Bif17y | wig) w[15]) W(15] Bit{15]
Data[18} wi18] | wiis] | Bitrg) | Bit[9) wis] | wiis) | Bi[18) | Bi[9] | | Byep2z:16] -} Byreen:16] .} Byref23:16}
Data[19)] W[19] | W[19] | Bit[19] W[9] w[19] | w09 | Bit[19] W[9] Ww(l6] Ww[l6] Bit[16]
Data[20] wpzop | wpzop | Big201 | Big10) w201 | wpop | Bit2o} | Bit10] W[17) w[17] Bit[17}
Dataf21] w21} | wi21] | Bif21) | wjio] wizi] | wi2up | Big21) | wiio) Ww[18] w[18] Bit[18]
Data{22) w221 | wiz2) | Bit22y | Bitfi1) w22} | wi22] | Bit22] | Bitfin W[19] W19 Bit[19)
Data[23} wi23] | wi23) | Bit[23) | WD w23l | wi23) | Bi23) | wing WI20] W[20] Bit[20]
Data[24] wi24] | w24} | Bitf24] | Birf12] wi24] | wi24] | Bit2a) | Bit(12) w2t} wi21] Bit[21]
Data[25] wizsy | wpesy | Biges) | wn2g wi2s] | wp2sy | Baf2s) | w2 w22} w[22] Bit[22)
Data[26] wi26) | W26} | Bi[26] | Bii3) w26] | wize] | Buf26] | Bitf13] wi23) W[23) Bit}23)
Data[27] w27y | w7 | Bie7y | whisg w271 | wi27] | Bi27) | wii3) | | Byte[31:24] | Byte[31:24] | Byre[31:24
Data[28] w2s] | wies] | Bi28) | Bifl4] w28] | wi28] | Bit{28) { Bit14) W24 W[24] Bit[24]
Data[29] w[29] | w9y | Bir29) | wiiy w291 | wp29] | Buf291 | wii4 W[25] W[25] Bit[25]
Data[30] wpzo] | wizop | Bitse] | Bit[15) wpso) | wpzo] | Big30] | Bit15] w[26] w{26] Bit[26]
Data(31) witt | wit sy | wosy w1y | win | Bigan | wiisy w[27] Wi27] Bit{27]
Dataf32] - - - - - - - - W(28] Ww[28] Bit[28]
Data[33] - - - - - - - - w[29] W[29] Bit[29]
Data[34] - - - - - - - - W(30] W[30] Bit[30]
Data[35) - - - - - - - - W[31] W3] Bit[31]
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RDRAM Registers

The 16/18M RDRAM contains ten registers. These are read and written with the Rreg, Wreg, and
WregB commands. They are used to provide configuration information to the RDRAM controller
(DeviceType, Minlnterval, and DeviceManufacture), to control device, bank, and row
addressing(Deviceld, AddressSelect, and Row), to control refresh (RefRow), to contro! RDRAM timing
(Delay and Rasinterval), and to control RDRAM operation (Mode). The following table summarizes

these functions:

Table 6 : Register Summary

Register Name Reg. # Description
DeviceType [3:0][8:0] 0 Read-only register that defines the size and configuration of the RDRAM.
Deviceld [3:0][8:0] 1 Used to specify the base address for the RDRAM.
Delay [3:0][8:0] 2 Used to specify CAS timing parameters.
Mode {3:0](8:0] 3 Used to initialize the RDRAM and set the [oL output current.
RefRow [3:0][8:0] 5 Used to specify the nextrow and bank of the RDRAM to be refreshed.
Raslnterval [3:0][8:0] 6 Used to specify RAS timing parameters.
Minlnterval [3:0}[8:0] 7 Read-only register defining minimum timing parameters for CAS accesses.
AddressSelect [3:0]{8:0] 8 Used to specify address bit swapping to maximize RDRAM cache hit rate.
DeviceManufacturer {3:0][8:0]] 9 Read-only register containing a manufacturer code.
Row [3:0}{8:0] 128 Used to specify the currently sensed row in the back.

The following diagrams show the individual fields of the RDRAM registers.

The color of a field

denotes its usage: dark-gray is unimplemented, light-gray is read-only, and white is read- write. The
arrow within each multi-bit field points from least-significant bit to most-significant bit. Bit and byte
numbering use little-endien notation.
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Figure 13. Registers

8 7

Byte[0]

6 5

Device Type Register - 0

4 3 2 1 0

Byte[1]

[Verdion

Type
i

1. This value specifies the number of bytes per row (1011 = 11.10= 2" = 2048 bytes).

This is the address range over which accesses may be made without causing a row miss.
2. This value specifies the number of rows per bank (1001 =9 = 2’ =512 rows).
3. This value specifies the number of banks per RDRAM (0001 = lio= 2' =2 bank).

Read-only register that defines the size and
configuration of an RDRAM.

Bns (Bonus) - 8 (0) or 9(1) bit bytes
ColumaBits - 1011 (number of column addr bits)‘lli
RowBits - 1001 (number of row addr bits)'}-'
BankBits - 0001 (number of bank addr bits) &

Type -0000 (RDRAM device)
Version - 0001 (extended architecture)

Deviceld Register - 1

6 5

4 3 2 1 0

{35:

[ti‘ield
]

8 7
Byte[0] I
*
Byte[l]
Byte{2]
Byte[3]

Read-write register for setting the base
address of the RDRAM.

IdField - Compared to Adr{35:21] of
request packet to select RDRAM.
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Byte[0]

Byte[l}

Byte[2]

Byte[3]

8 7

-
Ll

Delay Register - 2

6

5

4 3 2 1 0

=

c

WinPelay AcKWinBits

Re

pdDglay | RehdBils
1 1

kbela

W1iteDtlay W1iteBlts

AckWinDelay adjusts the size of the acknowledge window. ReadDelay, WriteDelay. and AckDelay
adjust the time from the end of the packet to the start of read data, write data, and the acknowledge
packets, respectively.

Read-write and read-only register to
program the CAS access delays.

AckWinBits- 011 (Number of AckWinDelay bits)
AckWinDelay - Normally set to 101 (5 busclocks)

ReadBits - 011 (Number of ReadDelay bits)
ReadDelay -Normally set to 111 (7 busclocks)

AckBits- 010 (Number of AckDelay bits)
AckDelay - Normally set to 011 (3 busclocks)

WriteBits- 011 (Number of WriteDelay bits)
WriteDelay - Normally set to 001 (1 busclocks)

Byte[0]

Byte[1]

Bytej2}

Byte[3]

8 7

Mode Register - 3

6

CE

Read-write register for initializing the RDRAM
and for controlling operating modes.

DE(DevEn)-Selects RDRAM at initialization
AS - Set to one

PL - Selects powerdown wake-up time
X2(CCMult) - Set to one. Specifies IoL current

CE - Set to one. Specifies IoL output current.

C[5:0] - Set to { 63....31 } Specifies IoL output
current.
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Byte[0]

Byte[1]

Byte[2]

Byte[3]

RefRow Register - 5
8 7 6

5 4

Read-write register for setting the next
row refreshed by SetRR burst refresh.

RowField - Next row to be refreshed by SetRR

BankField - Next bank to be refreshed by SetRR

Byte[0]

Bvte[l]

Byte[2]

Byte[3]

8 7

6

RaslInterval Register - 6

5 4

3 2 10

RowSen;*
1

Row| mp*estore

RowEx estokg
1

Read-write register to program the RAS access
intervals. Note that fields are in bit-reversed order.

RowPrecharge - Set the precharge interval
(normal value is 10000 = 1 busclock cycles)

RowSense - Set the sense interval
(normal value is 01100 = 6 busclock cycles)

RowRestore - Set the implicit restore interval
(normal value is 10010 = 9 busclock cycles)

RowExpRestore - Set the explicit restore interval
(normal value is 01000 = 2 busclock cycles)

Byte[0]

Byte{l]

Byte[2]

Byte[3]

)

6

MinInterval Register - 7
8 7

5 4

s

3

MinRepdDly

MinW rjteDly,

SchFic
|

powerdown mode.

Read-only register (configuration info)
and write-only register (special control).

MinWriteDelay - 0001
(minimum WriteDelay of RDRAM)

MinReadDelay - 0111
(minimum ReadDelay of RDRAM)

MinAckDelay - 0011
{minimum AckDelay of RDRAM)

SpecFunc -Performs SetRR burst
refresh and SetPD powerdown entry

MinWriteDelay. MinReadDelay, and MinAckDelay specify the minimum number of cycles allowed
between a request packet and a write data, read data, and acknowledge packet, respectively. SpecFunc
is a write-only field that is used to initiate a SetRR burst refresh or to place the RDRAM into
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AddressSelect Register - 8
8 7 6 5 4 3

Byte[0]

Swjgl-‘ie d
|

Byte[1]

Byte[2]

Byte[3]

Read-write register for swapping subfields of the
Adr field of request packet. This maximizes the
rowhit rate for many applications.

SwapField - Each bit swaps a pair of
bits from Adr[28:20] and Adr[19:11].

DeviceManufacture Register - 9

8 7 6 S 4 3 2 10
Byte[0] \Il*;andlijch reCpde
Byte[1] ﬂll amifactlllrec bde |,

Byte[2]

Majwfm turel'

e

Byte{3]

1

Mah:fac tur&;\

Read-only register with configuration
information for RDRAM.

ManufactureCode - Manufacturer
specific information.

Manufacture - Contains ID number specifying
the manufacturing company.

Row Register - 128
8 7 6 5 4 3

2 10

Byte[0]

SensedRew([0

Read-write register with address of currently-
sensed row in each bank of RDRAM.

SensedRow([0] - Address of currently
sensed row of bank 0.

SensedRow([1] - Address of currently
sensed row of bank 1.
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Refresh

The RDRAM is a dynamic device, and the memory array must be refreshed every 17 ms (trer). To
support this need, the RDRAM includes all of the logic necessary to support three refresh modes built
in. These refresh modes are:

B Manual Refresh: The Rambus Channel master uses a register write transaction (SetRR) to initiate a
single burst refresh of four rows.
@ Touching : A single row is refreshed each time that a read or write request is made: to that row in the
RDRAM.
B Powerdown Mode Refresh : A single row is refreshed with each pulse on the SIn/SOut pins.

When the RDRAM is in PowerDown mode, it can be refreshed by passing a periodic pulse at a
frequency of 60.2 KHz or greater through the SIn/SOut pins. This minimum frequency is equal to

1024/trer.

Operating Modes

The RDRAM has three operating modes; Active, Standby and Power Down. The three modes are
distinguished by two factors, their power consumption, and the time that it will take the RDRAM to
service a request from that mode.

The control logic within the RDRAM includes a counter that counts Serial Mode packets. It takes a
specific number of packets to cause the RDRAM to transition from a low-power mode to the Active
state. This counter is active in all three operating modes.

In Active mode, the RDRAM is active and ready to immediately service a request packet. Power
consumption is also highest in Active mode.

An RDRAM automatically transitions to Standby mode at the end of a transaction. While in this low
power state, each RDRAM monitors the BusEnable signal for a serial mode packet while ignoring other
activity on the remaining Channel signals. The Channel master sends a serial mode packet bring all
RDRAMSs temporarily out of Standby and into Active mode so they can respond to a request packet.
Once the request packet is acknowledged, all of the RDRAM return to Standby mode with the exception
of the one responding to the request. That device returns to Standby mode once the read or write
operation is complete.

Unlike conventional DRAM memory systems where each device in an entire bank of memory must be
kept active and consuming power through an entire access, Rambus memory systems use only one
active device while all others remain in a lower power state.

Power consumption may be greatly reduced by using the PowerDown mode. This mode is entered
manually by setting the Special Function bit SetPD in the MinlInterval register. Entering this mode
causes the device to write back and precharge its cache line, disable the internal clock generator, and
disable most DC current sources. The BusEnable receiver is kept active to detect serial mode packets
used to exit powerdown mode. The only significant power consumption in powerdown mode is due to
refresh.
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Since the RDRAM internal clocks are disabled while in powerdown mode, refresh must be
maintained manually by the master device. This is done by supplying a low frequency square wave on
the SIn TTL signal. This propagates through each RDRAM and is used to initiate asynchronous refresh
operations in each device.

Each RDRAM may be placed in either low or high threshold powerdown mode. Threshold refers to the
number of serial mode packets required to wake up the RDRAM. A low threshold requires relatively
few serial mode packets while a high threshold requires a larger number. The actual power dissipation
is identical in both modes.

An example of where these modes are used is in a portable computer application. In this example, sleep
mode is implemented by placing a majority of the RDRAMs in high threshold powerdown while the
RDRAM that contains the frame buffer is placed in low threshold powerdown. This permits screen
refresh to take place without powering up the entire memory system.

Initialization

The Channel master resets the RDRAM devices on the Channel by asserting the BusEnable signa! for
tmopear Miv clock cycles. After the RDRAM has been reset, the base address and register space registers
revert to their default values. Because the default address of all devices is zero until initialization is
complete, individual devices cannot be addressed from the Channel, although the devices can and will
respond to broadcast commands. In a typical system application, the SIn pin of the first RDRAM is
connected to the SOut pin of the Channel master (refer Figure 1). The SIn pin of the next RDRAM is
connected to the SOut pin of the first RDRAM, and so on. SOut of the last device is then connected to
SIn of the Channel master to complete the daisy chain. A RDRAM will not respond to a write
command (other than a broadcast write) until the SIn pin is set to 1. If power-down mode is not being
used, two pins can be saved on this controller by connecting the SIn pin of the first RDRAM to a logic
high, and leaving the SOut pin of the last RDRAM unconnected.

To start the initialization sequence, SIn is asserted on the first RDRAM in the chain to enable it. The
Channel master then writes the desired device address to the AddressSelection register and enables it
using the DevEn bit. Enabling the device sets the SOut pin (and the SIn pin on the next device in the
chain) to 1. This continues until all of the RDRAMSs have been initialized.
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Initializing an individual RDRAM consists of these steps:

1. Broadcast write any shared register parameters to the RDRAM registers. Shared parameters are
values that are common to all of the devices in the system, such as;

o [ACKWINDELAY
o {READDELAY
® tACKDELAY

o twrITEDELAY

2. Load the DevicelD register of the first (next) device using a register write transaction. The four
bytes of the DevicelD should be unique to that device.

3. Set the DevEn(Device Enable) bit in the Mode register to enable the RDRAM Setting DevEn will
cause the assertion of the Sln pin of the next device in the SIn/SOut chain.

4. Loop through steps 2 and 3 until all of the RDRAMs have been initialized.
When these steps have been completed for every device in the chain, all of the slave devices should

have unique, contiguous DevicelD values, and will have their DevEn bits set. Any further
configuration of the devices can be performed across the Channel.

Table 7 : RDRAM State Transitions

Current State Operation Next State
ResetState Count < tmopearmax ™ ActiveState
ActiveState Count 2 tMODEARMAX ResetState
ActiveState Count > tmMODEDELAYMAX ™ StandbyState
ActiveState Write SetPD in the Minlnterval Register PowerDownState
ActiveState BusCtrleven = 1 (Start Bit) Transaction Framing States
StandbyState Count = tMODESAMIN *¢ ActiveState
PowerDownState Count 2 tmoDEPAPLIMIN ™6 ActiveState
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Absolute Maximum Ratings

The following table represents stress ratings only, and functional operation at the maximums is not

guaranteed. Extended exposure to the maximum ratings may affect device reliability.

although devices

Furthermore,

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
VLABS Voltage applied to any RSL pin with respect to Gnd -0.5 Vddmax+0.5 \Y
VILTTL ABS Voltage applied to any TTL pin with respect to Gnd -0.5 Vdd+0. 5 \%
VDD.ABS Voltage on VDD with respect to Gnd -0.5 Vddmax+1.0 \Y
Tr1.aBs Junction temperature under bias -55 125 T
TSTORE Storage temperature - 55 125 T

Thermal Parameters
Symbol Parameter and Conditions Min Max Unit
Ta Ambient operating temperature -5 75 T
O Junction-to-Case thermal resistance 5 T/Watt
Capacitance

Symbol Parameter and Conditions Min Max Unit
Ci Low-swing input parasitic capacitance 2 PF
Crrm TTL input parasitic capacitance 8 PF

Power Consumption
Mode Description Min Max Unit
Powerdown Device shut down 0337 mW
Standby Device inactive 26077 mwW
Active Device evaluating request packet 900 7 mW
Read Data being transferred from device 12007 nw
Write Data being transferred to device 1156° mWw
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Recommended Electrical Conditions

Symbol Parameter and Conditions Min Max Unit
Vbp, VDDA Supply voltage to Vdd, VddA( 3.3V version) 3.0 3.6 \%
VREF Reference voltage to Vref 1.9 Vob - 0. 8 \%
Vi Input low voltage Vrer - 0. 8 Vrer - 0.35 \'
Vi Input high voltage Vrer +0.35 Veer +0. 8 \"
Voo TTL input low voltage - 05 0.8 A%
Vi TTL input high voltage 1.8 Voo +0.5 \%

Electrical Characteristics

Symbol Parameter and Conditions Min Max Unit
IreF VREF current (@ VREF, MAX -10 10 tA
lon Output high current @ (0 < Vour < Vop) -10 10 LA
Io ToL Qutput current @ Vout = 1.6V @ C[5:0]=111111 (6310)"% 0.0 4.5 mA
Izo IoL Output current @ Vout = 1.6V @ C[5:0] = 110001 (4910) 18.0 220 mA
lso Iot Output current @ Vout = 1.6V @ C[5:01 = 011111 (3110)"® 30.0 440 mA
It TTL input leakage current @ (0 < VL11L < VDD) -10.0 10.0 77
Vo, TTL. TTL output voltage @ IoL,TTL = 1.0mA 0.0 0.4 \'
VoH, TTL TTL output high voltage @ lou, Tt = -0.25mA 2.0 Vbb Vv

Recommended Timing Conditions

Symbol Parameter Min Max Unit

ter,ter TxCIk and RxClk input rise and fall times 0.3 0.8 ns

tevere TxClk and RxClk cycle times 4.0 4.5 ns
tricx Transport time per bit per pin (this timing interval is 0.5(2ns @ 0.512.5ns @ toveLe
synthesized by the RDRAM internal clock generator) fcvcLe=4ns) | tcvele= 3ns)

tenter TxClk and RxClk high and low times 45% 53% tovee

tr TxCik-RxClk differential 0 0.5 fevere

tor.toF Data/Control input rise and fall times 0.3 0.6 s
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Symbol Parameter Min Max Unit
ts Data/Control-to-RxCIk setup time 0.35 ns
tu RxClk-to-Data/Control hold time 0.35 ns
trer Refiesh interval 17 ms
tLock, RESET RDRAM internal clock generator lock time from Reset mode 750Gus@ tevole

teycLe = 4ns)
; : . 750(3us‘@
trock, roweryr | RDRAM internal clock generator lock time from PowerUp = teveLE
’ mode teveee = 4ns)
Timing Characteristics

Symbol Parameter Min Max Unit
teio SIn-to-SOut propagation delay @ Croap,11i. = 40pF 25 ns
to TClk-to-Data/Control output time tevere/d tevere/a tovere/d

-0.4ns + 0.4 ns and ns
tor, tor Data/Control output rise and fall times 0.3 0.5 ns
Rambus Channel Timing

The next table shows important timing on the Rambus Channel for common operations.
Please refer to the RDRAM Design Guide for all possible interactions that could occur on the Rambus
Channel. All timings are from the point of view of the Channel master, and thus have the bus overhead
delay of 4ns per bus transversal included where appropriate.

Symbol Parameter Min Max Unit
teyeie TxClk and RxClk cycle times 4.0 4.5 ns
trespoNsE Start of request packet to start of acknowledge packet 67 9% | tevoie
trEADHIT Start of request packet to start of read data packet for row hit(Okay) 107 177 | tevoue
twriTenIT Start of request packet 1o start of write data packet for row hit(Okay 4" 1" fcvoe
tRETRYSENSED Start of request packet for row miss (Nack) to start of request 10
CLEAN (no restore)] packet for row hit (Okay). The previous row had not been written 22 teveLe
tRETRYSENSED Start of request packet for row miss (Nack) to start of request 30" tover
DIRTY (restore) packet for row hit (Okay). The previous row had been written -

Start of request that performs a burst refresh (SetRR) until the
IRETRYREFRESH start of a request that will not have a Nack acknowledge due to
. . ’ 209 fevcLe
CcLEAN (no restore)| the pending refresh. The previously sensed row had not been
written
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Symbol Parameter Min Max Unit
{RETRYREFRESH Start of request that performs a burst refresh (SetRR) until the start
DIRTY (restore) of a request that will not have a Nack acknowledge due to the| 217 tevere
pending refresh. The previously sensed row had been written
{READBURST32 Start of request packet to end of 32 byte read data packet for row hit 26! teveLE
(Okay)
treapBURST2S6 Start of request packet to end of 256 byte read data packet for row| 138 tevere
hit (Okay)
twritesURsTs2 Start of request packet to end of 32 byte write data packet for row hit] 0" teveLe
(Okay) -
Start of request packet to end of 256 byte write data packet for row
twritesursT2se | (Okay) 132 tevere
tREADDELAY End of request packet to beginning of read data packet 7% 14 tevoLe
twRITEDELAY End of request packet to beginning of write data packet 1" 8 tevele
LACKDELAY End of request packet to beginning of acknowledge packet 37 6 tevee
LACKWINDELAY Window in which an acknowledge packet will be sent 5 12 teveLe
{SERIALREAD- Delay from the beginning of a serial address packet or serial control 13 13 te
OFFSET packet to the beginning of the corresponding read data subpacket CYCLE
LSERIALWRITE- Delay from the beginning of a serial address packet or serial control 5 5 tey
OFFSET packet to the beginning of the corresponding write data subpacket CYCLE
teosTvEm- Delay from the end of the current memory space transaction to the teyeLe
WRITEDELAY beginning of the next memory space transaction 2
tPOSTREG- Delay from the end of the current register space transaction to the 4 te
WRITEDELAY beginning of the next register space transaction CYCLE
t Offset from the beginning of SMode packet to request packet for 1 4 te
MODEQFFSET standby to active transaction YCLE
t Number of SMode packets to cause a transition from Standby Mode 1 4 te
MODESA to ActiveMode CYCLE
t Number of SMode packets to cause a transition from PowerDown- 16 20 tey
MODEPA[] Mode[0] to ActiveMode - YCLE
Number of SMode packets to cause a transition from PowerDown- - .
buopera(1] Modef1] to ActiveMode 208 224 | tevae
Number of SMode packets necessary to cause a transition from
{moDEAR 288 teveLe

ActiveState to ResetState
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Notes:

—

. A - in this diagram signifies that this pin is not used by this packet. If it used by another

packet, it is pulled to a logic zero value.

(x5}

- The shade data packet contains byte masking information that is applied to the eight data packets
that follow.

3. tmopEarMax is the maximum number of SMode packets necessary to cause a transition from
ActiveState to ResetState.

4. tvobebeLavMax is maximum delay (in clock cycles) after a transaction is complete for the
RDRAM to enter the StandbyState.

5. tmopesamy in the minimum number of SMode packets necessary to cause a transition from
StandbyState to AciveState.

6. tmopepammy is the minimum number of SMode packets necessary to cause a transition from
PowerDownState to ActiveState.

7. The numbers shown represent ypical maximum power levels.

8. This is the value written into the C[5:0] field of the Mode register. Values of oL in between the
To, 120, and I40 values are produced by interpolating C[5:0] to intermediate values. For
example, C{5:0] = 101000 (4010) produces an IoL in the range of 27.0 to 33.0 mA.

9. Programmable- All RDRAMs will operate across the full programming range.

10. Minimum at tcycLE, MiN.The delay is programmable to give equivalent timings at longer {CYCLE .
11. Calculated with tREADHIT,MIN
12. Calculated with tWRITEHIT,MIN
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Timing Waveforms

VIHMN
80%
20%
VILMaX
tcF —» tcr -—
VIHMIN
Vpaain - . Yo 80%
VConuol.m ........ - A P 200,6
ViLMax
toF —»] tor -—
VOHMIN
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Where : Vormm = VTERMMIN
VoL Max = VIERMMAX - Zo * (loL MIN)

FIGURE 14. Rise/Fall Timing

H 4
VTxCIk—ﬁ \ Logic 0, ViH

I (HMMIEESHHETTR S Veer

Logic 1, ViL

tcL tcH
-— >+
tcycie
trR —»| |e—
fcycie
_ tcL fcH

Logic 0, ViH

N :
.............. N (I N

Logic 1. ViL

FIGURE 15. Clock Timing
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FIGURE 16. Receive Data Timing
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FIGURE 17. Transmit Data Timing
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FIGURE 20. Reset Timing
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FIGURE 21. Read Hit Timing Diagram
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FIGURE 22. Write Hit Timing Diagram
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FIGURE 23. Read Miss Timing Diagram
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FIGURE 24. Write Miss Timing Diagram
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FIGURE 25. Register Read Timing Diagram
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FIGURE 27. Manual Refresh Using SetRR
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FIGURE 28. Refresh Timing for Powerdown Mode Using SIn, SOut
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Mechanical Drawings

The RDRAM is available in both horizontal and vertical surface mount plastic packages. Dimensions
for the Horizontal surface mount plastic package are shown below.
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FIGURE 31. SHP-32 Package

The next figure shows the footprint of the SHP-32 package. Plan R-R is the electrical reference plane of
the device on the center line of the SMT pads.
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FIGURE 32. SHP-32 Footprintf All pins on 0.63 horizontal grid
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This table summarizes the values of the package and footprint dimensions.

Table 8 : SHP-32 Package Dimensions

Symbol Parameter Min Max Unit
Pine Pin Pitch 0.65 0.65 mm
PkgD Package Body Length 249 25.1 mm
Pkg A Lead tip to Lead tip Distance 12.9 13.1 mm
Pkg E Package height - 1.7 mm
Pad b3 SMT pad width 0.19 0.29 mm
Pad 11 SMT pad length 1.2 1.4 mm
Sup Dp Support pad outer pitch 2275 2275 mm
Pad O SMT pad offset 12.5 12.5 mm

The next figure summarizes the dimensions of the a EIAJ standard SVP - 32 package as used in the RDRAM.
Refer to the EIAJ specifications for more details of the package dimensions and recommended footprint.
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FIGURE 33. SVP-32 Package
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The figure below shows the footprint of the SVP-32 package.
Plane R-R is on the center line of both the package and support leads, and offset from the center line of
the SMT pads. Plane R-R is also the electrical reference plane of the device.
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Figure 34. SVP-32 Footprint
This table summarizes the values of the package and footprint dimensions.
Table 9 : SVP-32 Package Dimensions

Symbol Parameter Min Mix Unit
Pine Pin pitch 0.65 0.65 mm
PkgD ' Package width 249 25.1 mm
Pkg A Package total height 11.8 mm
Pkg E Package thickness 1.2 1.4 mm
Sup Ls Support lead span 3.7 mm
Sup D2 Support lead spacing 23.15 23.25 mm
Pad b3 SMT pad width 0.19 0.29 mm
Pad 11 SMT pad length 1.4 1.55 mm
Sup bs Support pad width 0.45 0.59 mm
Sup Is Support pad length 2.1 23 mm
Pad O SMT pad offset 0.25 0.35 mm
Sup Os Support pad offset 1.55 1.65 mm
Sup es Support pad pitch 0.50 0.90 mm
* Note : Dimension does not include mold protrusion and gate burrs. Mold protrusior and gate burrs

shall not exceed 0.15 per side.
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