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Overview

The Rambus Direct RDRAMUO is a general purpose high-performance memory device suitable for
use in a broad range of applications including computer memory, graphics, video, and any other
application where high bandwidth and low latency are required.

The 128/144-Mbit Direct Rambus DRAMs (RDRAM") are extremely high-speed CMOS DRAMSs
organized as 8M words by 16 or 18 bits. The use of Rambus Signaling Level (RSL) technology
permits 600 MHz to 800 MHz transfer rates while using conventional system and board design
technologies. Direct RDRAM devices are capable of sustained data transfers at 1.25 ns per two
bytes (10 ns per sixteen bytes).

The architecture of the Direct RDRAMs allows the highest sustained bandwidth for multiple,
simultaneous randomly addressed memory transactions. The separate control and data buses with
independent row and column control yield over 95% bus efficiency. The Direct RDRAM'’s thirty-two
banks support up to four simultaneous transactions.

System oriented features for mobile, graphics and large memory systems include power
management, byte masking, and x18 organization. The two data bits in the x18 organization are
general and can be used for additional storage and bandwidth or for error correction.

Features

« Highest sustained bandwidth per DRAM device

1.6 GB/s sustained data transfer rate

Separate control and data buses for maximized efficiency

Separate row and column control buses for easy scheduling and highest performance
32 banks: four transactions can take place simultaneously at full bandwidth data rates

* Low latency features
— Write buffer to reduce read latency
— 3 precharge mechanisms for controller flexibility
— Interleaved transactions

« Advanced power management:

— Multiple low power states allows flexibility in power consumption versus time to transition to
active state
— Power-down self-refresh

« Organization: 1 Kbyte pages and 32 banks, x16/18

— x18 organization allows ECC configurations or increased storage/bandwidth
— x16 organization for low cost applications

» Uses Rambus Signaling Level (RSL) for up to 800 MHz operation

« The ODF function is allready implemented in this device and will be described in a later
version of this document
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Figure 1 Direct RDRAM CSP Package

The 128/144-Mbit Direct RDRAMs are offered in a CSP horizontal package suitable for desktop as
well as low-profile add-in card and mobile applications.

Direct RDRAMSs operate from a 2.5 V supply.

Table 1 Key Timing Parameters/Part Numbers

Organization I/0O Freq. Trac Part Number

MHz
Normal Package:
8M x 18 600 53 ns HYB25R144180C-653
8M x 18 711 45 ns HYB25R144180C-745
8M x 18 800 45 ns HYB25R144180C-845
8M x 18 800 40 ns HYB25R144180C-840
8M x 16 600 53 ns HYB25R128160C-653
8M x 16 711 45ns HYB25R128160C-745
8M x 16 800 45 ns HYB25R128160C-845
8M x 16 800 40 ns HYB25R128160C-840
Mirror Package:
8M x 18 600 53 ns HYB25M144180C-653
8M x 18 711 45 ns HYB25M144180C-745
8M x 18 800 45 ns HYB25M144180C-845
8M x 18 800 40 ns HYB25M144180C-840
8M x 16 600 53 ns HYB25M128160C-653
8M x 16 711 45ns HYB25M128160C-745
8M x 16 800 45 ns HYB25M128160C-845
8M x 16 800 40 ns HYB25M128160C-840
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Pinouts and Definitions

This tables show the pin assignments of the RDRAM package from the top-side of the package (the
view looking down on the package as it is mounted on the circuit board). The mechanical
dimensions of this package are shown in a later section. Refer to Section “Center-Bonded FBGA
Package” on page 86. Note - pin #1 is at the Al position. DQA8/DQB8 are used for 144 Mbit only.
They are N.C. for 128Mbit.

Table 2 Normal Package (top view)

12 GND - VDD |- - - Voo - GND
11 - - - - - - - - -
10 DQA7 |DQA4 |CFM |[CFMN |RQ5 |RQ3 |DQBO |DQB4 |DQB7

9 GND Voo GND |GNDa |V, GND |V Voo GND

8 CMD DQA5 |DQA2 |V,,, |RQ6 |RQ2 |DQB1 |DQB5 |[SIO1

7 — — — — — — — — —

6 — — — — — — — — —

5 SCK DQA6 |DQAl |Vqer |RQ7 |RQ1 |DQB2 |DQB6 |SIOO

4 Vewos  |GND [V GND [GND |V, GND |GND  |Veyos

3 DQA8 |DQA3 |DQA0O |CTMN |CTM |RQ4 |RQO |DQB3 |DQBS

2 — — — — — — — — —

1 GND - Voo - - - Voo - GND
A B C D E F G H J

Table 3 Mirrored Package (top view)

12 GND - VDD |- - - Voo - GND

11 - - - - - - - - -

10 DQA8 |DQA3 |DQA0O |CTMN |CTM |RQ4 |RQO |DQB3 |DQBS

9 Vewos  |GND [V GND [GND |V, GND |GND  |Veyos

8 SCK DQA6 |DQAl |Vqer |RQ7 |RQ1  |DQB2 |DQB6 |SIOO

7 — — — — — — — — —

6 — — — — — — — — —

5 CMD DQA5 |DQA2 |V,,, |RQ6 |RQ2 |DQB1 |DQB5 |[SIO1

4 GND Voo GND |GNDa |V, GND |V Voo GND

3 DQA7 |DQA4 |CFM |CFMN |RQ5 |RQ3 |DQBO |DQB4 |DQB7

2 — — — — — — — — —

1 GND - VA - - - Voo - GND
A B C D E F G H J
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Table 4
Signal /O | Type # Pins | # Pins | Description
Edge | Center

SI01,S100 /O |CMOSY |2 2 Serial input/output. Pins for reading from and writing to
the control registers using a serial access protocol.
Also used for power management.

CMD | cMos? |1 1 Command input. Pins used in conjunction with SIO0
and SIO1 for reading from and writing to the control
registers. Also used for power management.

SCK I cmMos? |1 1 Serial clock input. Clock source used for reading from
and writing to the control registers.

Voo - - 14 6 Supply voltage for the RDRAM core and interface logic.

Vooa - - 2 1 Supply voltage for the RDRAM analog circuitry.

Vewvos - - 2 2 Supply voltage for CMOS input/output pins.

GND - - 19 9 Ground reference for RDRAM core and interface.

GNDa - - 2 1 Ground reference for RDRAM analog circuitry.

DQAS ... DQA0 |I/O |RSL? 9 9 Data byte A. Nine pins which carry a byte of read or
write data between the Channel and the RDRAM.
DQAS8 is not used by RDRAMSs with a x16 organization.

CFM I RSL? 1 1 Clock from master. Interface clock used for receiving
RSL signals from the Channel. Positive polarity.

CFMN | RSL? 1 1 Clock from master. Interface clock used for receiving
RSL signals from the Channel. Negative polarity

Vier 1 1 Logic threshold reference voltage for RSL signals

CTMN I RSL? 1 1 Clock to master. Interface clock used for transmitting
RSL signals to the Channel. Negative polarity.

CT™M I RSL? 1 1 Clock to master. Interface clock used for transmitting
RSL signals to the Channel. Positive polarity.

RQ7 ... RQ50r |I RSL? 3 3 Row access control. Three pins containing control and

ROW?2 ... ROWO address information for row accesses.

RQ4 ... RQOor |I RSL? 5 5 Column access control. Five pins containing control

COL4 ... CoLo and address information for column accesses.

DQB8 ... DQBO |I/O |RSL? 9 9 Data byte B. Nine pins which carry a byte of read or
write data between the Channel and the RDRAM.
DQBS8 is not used by RDRAMSs with a x16 organization.

Total pin count per package 74 54 -

D All CMOS signals are high-true; a high voltage is a logic one and a low voltage is logic zero.
2 All RSL signals are low-true; a low voltage is a logic one and a high voltage is logic zero.

INFINEON Technologies
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Figure 2 128/144-MBit Direct RDRAM Block Diagram
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General Description

Figure 2 is a block diagram of the 128/144 Mbit Direct RDRAM. It consists of two major blocks: a
“core” block built from banks and sense amps similar to those found in other types of DRAM, and a
Direct Rambus interface block which permits an external controller to access this core at up to
1.6 GB/s.

Control Registers: The CMD, SCK, SIO0, and SIO1 pins appear in the upper center of Figure 2.
They are used to write and read a block of control registers. These registers supply the RDRAM
configuration information to a controller and they select the operating modes of the device. The nine
bit REFR value is used for tracking the last refreshed row. Most importantly, the five bit DEVID
specifies the device address of the RDRAM on the Channel.

Clocking: The CTM and CTMN pins (Clock-To-Master) generate TCLK (Transmit Clock), the
internal clock used to transmit read data. The CFM and CFMN pins (Clock-From-Master) generate
RCLK (Receive Clock), the internal clock signal used to receive write data and to receive the ROW
and COL pins.

DQA, DQB Pins: These 18 pins carry read (Q) and write (D) data across the Channel. They are
multiplexed/de-multiplexed from/to two 72-bit data paths (running at one-eighth the data frequency)
inside the RDRAM.

Banks: The 16 Mbyte core of the RDRAM is divided into 32 0.5 Mbyte banks, each organized as
512 rows, with each row containing 64 dualocts, and each dualoct containing 16 bytes. A dualoct is
the smallest unit of data that can be addressed.

Sense Amps: The RDRAM contains 34 sense amps. Each sense amp consists of 512 bytes of fast
storage (256 for DQA and 256 for DQB) and can hold one-half of one row of one bank of the
RDRAM. The sense amp may hold any of the 512 half-rows of an associated bank. However, each
sense amp is shared between two adjacent banks of the RDRAM (except for numbers 0, 15, 30, and
31). This introduces the restriction that adjacent banks may not be simultaneously accessed.

RQ Pins: These pins carry control and address information. They are broken into two groups.
RQ7 ... RQ5 are also called ROW2 ... ROWO, and are used primarily for controlling row accesses.
RQ4 ... RQO are also called COL4 ... COLO, and are used primarily for controlling column
accesses.

ROW Pins: The principle use of these three pins is to manage the transfer of data between the
banks and the sense amps of the RDRAM. These pins are de-multiplexed into a 24-bit ROWA
(row-activate) or ROWR (row-operation) packet.

COL Pins: The principle use of these five pins is to manage the transfer of data between the
DQA/DQB pins and the sense amps of the RDRAM. These pins are de-multiplexed into a 23-bit
COLC (column-operation) packet and either a 17-bit COLM (mask) packet or a 17-bit COLX
(extended-operation) packet.

ACT Command: An ACT (activate) command from an ROWA packet causes one of the 512 rows
of the selected bank to be loaded to its associated sense amps (two 256 byte sense amps for DQA
and two for DQB).

PRER Command: A PRER (precharge) command from an ROWR packet causes the selected
bank to release its two associated sense amps, permitting a different row in that bank to be
activated, or permitting adjacent banks to be activated.

INFINEON Technologies 6 2.00
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RD Command: The RD (read) command causes one of the 64 dualocts of one of the sense amps
to be transmitted on the DQA/DQB pins of the Channel.

WR Command: The WR (write) command causes a dualoct received from the DQA/DQB data pins
of the Channel to be loaded into the write buffer. There is also space in the write buffer for the BC
bank address and C column address information. The data in the write buffer is automatically retired
(written with optional bytemask) to one of the 64 dualocts of one of the sense amps during a
subsequent COP command. A retire can take place during a RD, WR, or NOCOP to another device,
or during a WR or NOCOP to the same device. The write buffer will not retire during a RD to the
same device. The write buffer reduces the delay needed for the internal DQA/DQB data path turn-
around.

PREC Precharge: The PREC, RDA and WRA commands are similar to NOCOP, RD and WR,
except that a precharge operation is performed at the end of the column operation. These
commands provide a second mechanism for performing precharge.

PREX Precharge: After a RD command, or after a WR command with no byte masking (M =0), a
COLX packet may be used to specify an extended operation (XOP). The most important XOP
command is PREX. This command provides a third mechanism for performing precharge.

Packet Format

Figure 3 shows the formats of the ROWA and ROWR packets on the ROW pins. Table 5 describes
the fields which comprise these packets. DR4T and DR4F bits are encoded to contain both the DR4
device address bit and a framing bit which allows the ROWA or ROWR packet to be recognized by
the RDRAM.

The AV (ROWA/ROWR packet selection) bit distinguishes between the two packet types. Both the
ROWA and ROWR packet provide a five bit device address and a five bit bank address. An ROWA
packet uses the remaining bits to specify a nine bit row address, and the ROWR packet uses the
remaining bits for an eleven bit opcode field. Note the use of the “RsvX” notation to reserve bits for
future address field extension.

Table 5 Field Description for ROWA Packet and ROWR Packet
Field Description

DRAT, DR4F Bits for framing (recognizing) a ROWA or ROWR packet. Also encodes
highest device address bit.

DR3 ... DRO Device address for ROWA or ROWR packet.

BR4 ... BRO Bank address for ROWA or ROWR packet. RsvB denotes bits ignored by the
RDRAM.

AV Selects between ROWA packet (AV = 1) and ROWR packet (AV = 0).

R8 ... RO Row address for ROWA packet. RsvR denotes bits ignored by the RDRAM.

ROP10 ... ROPO | Opcode field for ROWR packet. Specifies precharge, refresh, and power
management functions.

Figure 3 also shows the formats of the COLC, COLM, and COLX packets on the COL pins. Table 6
describes the fields which comprise these packets.

INFINEON Technologies 7 2.00
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The COLC packet uses the S (Start) bit for framing. A COLM or COLX packet is aligned with this
COLC packet, and is also framed by the S bit.

The 23 bit COLC packet has a five bit device address, a five bit bank address, a six bit column
address, and a four bit opcode. The COLC packet specifies a read or write command, as well as
some power management commands.

The remaining 17 bits are interpreted as a COLM (M = 1) or COLX (M = 0) packet. A COLM packet
is used for a COLC write command which needs bytemask control. The COLM packet is associated
with the COLC packet from a time tg g earlier. An COLX packet may be used to specify an
independent precharge command. It contains a five bit device address, a five bit bank address, and
a five bit opcode. The COLX packet may also be used to specify some housekeeping and power
management commands. The COLX packet is framed within a COLC packet but is not otherwise
associated with any other packet.

Table 6 Field Description for COLC Packet, COLM Packet, and COLX Packet

Field Description

S Bit for framing (recognizing) a COLC packet, and indirectly for framing COLM and
COLX packets.

DC4 ... DCO | Device address for COLC packet.

BC4 ... BCO Bank address for COLC packet. RsvB denotes bits reserved for future extension
(controller drives Q's).

C5...C0 Column address for COLC packet. RsvC denotes bits ignored by the RDRAM.

COP3 ... Opcode field for COLC packet. Specifies read, write, precharge, and power

COPO management functions.

M Selects between COLM packet (M = 1) and COLX packet (M = 0).

MAY ... MAO | Bytemask write control bits. 1 = write, 0 = no-write. MAO controls the earliest byte
on DQAS8 ... 0.

MB7 ... MBO | Bytemask write control bits. 1 = write, 0 = no-write. MBO controls the earliest byte
on DQBS8 ... 0.

DX4 ... DX0 Device address for COLX packet.

BX4 ... BXO Bank address for COLX packet. RsvB denotes bits reserved for future extension
(controller drives 0's).

XOP4 ... Opcode field for COLX packet. Specifies precharge, |5, control, and power
XOPO management functions.

INFINEON Technologies 8 2.00
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( ROwWAPacket ) ( ROWRPacket )

CTMICFM

ROW2

ROW1

ROWO

CTMICFM

CcoL4

coL3

coL2

COoL1

COoLo

CTMICFM

CcoL4

COoL3

CoL2

CoL1

COLO

2 The COLM is associated with a previous COLC, and is aligned b) The COLX is aligned with the present COLC,
with the present COLC, indicated by the Start bit (S = 1) position. indicated by the Start bit (S = 1) position.

SPB04207

Figure 3 Packet Formats
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Field Encoding Summary

Table 7 shows how the six device address bits are decoded for the ROWA and ROWR packets.
The DRAT and DR4F encoding merges a fifth device bit with a framing bit. When neither bit is
asserted, the device is not selected. Note that a broadcast operation is indicated when both bits are
set. Broadcast operation would typically be used for refresh and power management commands. If
the device is selected, the DM (DeviceMatch) signal is asserted and an ACT or ROP command is
performed.

Table 7 Device Field Encodings for ROWA Packet and ROWR Packet

DRAT | DR4F | Device Selection Device Match Signal (DM)

1 1 All devices (broadcast) | DM is setto 1

0 1 One device selected DM is setto 1if {DEVID4 ... DEVIDO} == {0, DR3 ... DRO0}
else DMissetto O

1 0 One device selected DM is setto 1if {DEVID4 ... DEVIDO} == {1, DR3 ... DRO0}
else DMissetto O

0 0 No packet present DMissetto 0

Table 8 shows the encodings of the remaining fields of the ROWA and ROWR packets. An ROWA
packet is specified by asserting the AV bit. This causes the specified row of the specified bank of this
device to be loaded into the associated sense amps.

An ROWR packet is specified when AV is not asserted. An 11 bit opcode field encodes a command
for one of the banks of this device. The PRER command causes a bank and its two associated
sense amps to precharge, so another row or an adjacent bank may be activated. The REFA
(refresh-activate) command is similar to the ACT command, except the row address comes from an
internal register REFR, and REFR is incremented at the largest bank address. The REFP (refresh-
precharge) command is identical to a PRER command.

The NAPR, NAPRC, PDNR, ATTN, and RLXR commands are used for managing the power
dissipation of the RDRAM and are described in more detail in “Power State Management” on
page 58. The TCEN and TCAL commands are used to adjust the output driver slew rate and they
are described in more detail in “Current and Temperature Control” on page 65.

INFINEON Technologies 10 2.00
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Table 8 ROWA Packet and ROWR Packet Field Encodings
DMY | AV ROP10...ROPO Field Name | Command Description
10(9 (8 |7 |6 |5 |4 |3 |20

0 B T S I I e I I S vy No operation.

1 1 Row address ACT Activate row R8 ... RO of bank BR4 ... BRO of
device and move device to ATTN?.

1 0 |1 (2 |0 |0 |0 [x)|x |x |000|PRER |Precharge bank BR4 ... BRO of this device.

1 0O |0 |0 |0 |2 [2 (O |O [x |000|REFA |Refresh (activate) row REFRS8 ... REFRO of bank
BR3 ... BRO of device.

Increment REFR if BR4 ... BRO = 1111 (see
Figure 50).

1 O |1 |0 |2 [0 |2 (O |O [x |000|REFP |Precharge bank BR4 ... BRO of this device after
REFA (see Figure 50).

1 O |[x |[x [0 |0 |0 |O [1 [x |000|PDNR | Move this device into the powerdown (PDN)
power state (see Figure 47).

1 0O |[x |[x [0 [0 [0 |1 [0 |x |000|NAPR | Move this device into the nap (NAP) power state
(see Figure 47).

1 0O |[x |[x [0 [0 [0 |1 [1 |x |000|NAPRC | Move this device into the nap (NAP) power state
conditionally.

1 0 |x |x |x |x |x |x |x [0 |000|ATTN? | Move this device into the attention (ATTN) power
state (see Figure 45).

1 0 |x |x [x [x [x |[x [x [1 [000|RLXR | Move this device into the standby (STBY) power
state (see Figure 46).

1 O |0 |0 |0 |0 |O |0 |O |x [001|TCAL |Temperature calibrate this device (see
Figure 52).

1 O |0 |0 |0 |0 |O |O |O |x [010|TCEN | Temperature calibrate/enable this device (see
Figure 52).

1 O |0 |0 [0 [O [O |O |O O |0O0O0|NOROP|NoO operation.

D The DM (Device Match signal) value is determined by the DR4T,DR4F, DR3 ... DRO field of the ROWA and
ROWR packets. See Table 7.

2 The ATTN command does not cause a RLX-to-ATTN transition for a broadcast operation (DR4T/DR4F = 1/1).

8 An “X” entry indicates which commands may be combined. For instance, the three commands
PRER/NAPRC/RLXR may be specified in one ROP value (011000111000).

Table 9 shows the COP field encoding. The device must be in the ATTN power state in order to
receive COLC packets. The COLC packet is used primarily to specify RD (read) and WR (write)
commands. Retire operations (moving data from the write buffer to a sense amp) happen
automatically. See Figure 17 for a more detailed description.

The COLC packet can also specify a PREC command, which precharges a bank and its associated
sense amps. The RDA/WRA commands are equivalent to combining RD/WR with a PREC. RLXC
(relax) performs a power mode transition. See “Power State Management” on page 58.

INFINEON Technologies 11 2.00
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Table 9 COLC Packet Field Encodings
S |DC4 ... DCO COP3 ... 0 | Name Command Description
(select device) Y

o (- |- - No operation.

1 |/=(EVID4 ...0) |---- - Retire write buffer of this device.

1 |==(DEVID4 ... 0) |x000? NOCOP | Retire write buffer of this device.

1 |==(DEVID4 ... 0) | x001 WR Retire write buffer of this device, then write
column C5 ... CO of bank BC4 ... BCO to write
buffer.

1 |==(DEVID4 ... 0) |x010 RSRV | Reserved, no operation.

1 |==(DEVID4 ... 0) |x011 RD Read column C5 ... CO of bank BC4 ... BCO of
this device.

1 |==(DEVID4 ... 0) |x100 PREC | Retire write buffer of this device, then precharge
bank BC4 ... BCO (see Figure 14).

1 |==(DEVID4 ... 0) |x101 WRA Same as WR, but precharge bank BC4 ... BCO
after write buffer (with new data) is retired.

1 |==(DEVID4 ... 0) |x110 RSRV | Reserved, no operation.

1 |==(DEVID4 ...0) |x111 RDA Same as RD, but precharge bank BC4 ... BCO
afterward.

1 |==(DEVIDA4 ... 0) | 1xxx RLXC Move this device into the standby (STBY) power
state (see Figure 46).

D /=" means not equal, “==" means equal.

An “X” entry indicates which commands may be combined. For instance, the two commands WR/RLXC may

be specified in one COP value (1001).

INFINEON Technologies
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Table 10 shows the COLM and COLX field encodings. The M bit is asserted to specify a COLM
packet with two 8 bit bytemask fields MA and MB. If the M bit is not asserted, an COLX is specified.
It has device and bank address fields, and an opcode field. The primary use of the COLX packet is
to permit an independent PREX (precharge) command to be specified without consuming control
bandwidth on the ROW pins. Itis also used for the CAL (calibrate) and SAM (sample) current control
commands (see “Current and Temperature Control” on page 65), and for the RLXX power mode
command (see “Power State Management” on page 58).

Table 10 COLM Packet and COLX Packet Field Encodings

M | DX4 ... DX0 XOP4 ... |Name Command Description
(selects device) |0

1 |- - MSK MB/MA bytemasks used by WR/WRA.

0 |[/=(DEVID4 ...0) |- - No operation.

0 |==(DEVID4 ... 0) | 00000 NOXOP | No operation.

0 |==(DEVID4 ... 0) | 1xxx0Y PREX Precharge bank BX4 ... BX0 of this device (see
Figure 14).

0 |==(DEVID4 ... 0) | x10x0 CAL Calibrate (drive) |5, current for this device (see
Figure 51).

0 |[==(DEVID4 ... 0) | x11x0 CAL/SAM | Calibrate (drive) and Sample (update) |5, current
for this device (see Figure 51).

0 |==(DEVID4 ... 0) | xxx10 RLXX Move this device into the standby (STBY) power
state (see Figure 46).

0 |==(DEVID4 ... 0) | xxxx1 RSRV Reserved, no operation.

An “xX” entry indicates which commands may be combined. For instance, the two commands PREX/RLXX may
be specified in one XOP value (10010).
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DQ Packet Timing

Figure 4 shows the timing relationship of COLC packets with D and Q data packets. This document
uses a specific convention for measuring time intervals between packets: all packets on the ROW
and COL pins (ROWA, ROWR, COLC, COLM, COLX) use the trailing edge of the packet as a
reference point, and all packets on the DQA/DQB pins (D and Q) use the leading edge of the packet
as a reference point.

An RD or RDA command will transmit a dualoct of read data Q a time t., later. This time includes
one to five cycles of round-trip propagation delay on the Channel. The t.,. parameter may be
programmed to a one of a range of values (7, 8, 9, 10, 11, or 12 t., ¢, g).- The value chosen depends
upon the number of RDRAM devices on the Channel and the RDRAM timing bin. See Figure 39 for
more information.

A WR or WRA command will receive a dualoct of write data D a time t,, later. This time does not
need to include the round-trip propagation time of the Channel since the COLC and D packets are
traveling in the same direction.

When a Q packet follows a D packet (shown in the left half of the figure), a gap (tcac — tewp) Will
automatically appear between them because the t,,, value is always less than the t.,. value.
There will be no gap between the two COLC packets with the WR and RD commands which
schedule the D and Q packets.

When a D packet follows a Q packet (shown in the right half of the figure), no gap is needed between
them because the t.,p value is less than the t.,c value. However, a gap of toac — towp Or greater
must be inserted between the COLC packets with the RD WR commands by the controller so the
Q and D packets do not overlap.

| TO [T [T2 | T3 [T4 |T5 |T6 | T7 [ T8 |T9 |T10| T11|T12|T13| T14|T15| T16(T17|T18|T19|T20| T21| T22| | T25|726( 727|281 T29|T30| T31|T32| T33 | T34| T35/ T36| T37| T38| T39| T40 | TAL| T42|T43| T44|T45|T46 | T47|
cteEM L ELLLERCRECEILELELRDBERLELRLREEEEL BELLELERE G LR RERLEEILREELEL BELLELRLRERELT ELILRL L (L]
\A1\2) \ADANANANA0\ 20202020 21 21 21, 40 21, 21, 41, 2), /R 41, 41, 21, 21 4) \ANANA1\A0 A0\ 40 20\ 40, 2], 21, 41, 20, 20 21, 2]
i This gap on the DQA/DQB pins appears automancallyi i i i i i This gap on tpe ‘CO‘L pms must‘ ba |n‘ser‘ted‘ by the controller i i i
| L |
ROW2 | INANANN ‘ |
sowo” RERARTAAAAAARAAAAAR HMHNN ff MN 0000WWWWWNMMWNMN
T T et P T e o
T T T O A B B e e e o Y O R B | nREEEsEEEEE
L - O O I O S R A A R R
o =tees o ) e
T T T o e T A ARl [ L L T A A A
cour. o0 EEEEEEINODTONNGN [ (i
MUYY) VU

e T e et
(I R A N R A N N R R B R [ - R A A
T T O A A O N T T e e A -
I A B I A R R R R A A A O R e R A
e e L R e e
[ T N O Y A R A R e e H e N

R N B R ) \ . I
R s i I () R et o o I D (LR
08, 0 (XXXXXXXXXXXXXXXXXXX Wil VIV i

Q(v2) X‘ e e |

DQBS..0 i ke e e e I T } P e e e } e e I iy
SPA04208

Figure4  Read (Q) and Write (D) Data Packet - Timing for tc,c =7, 8,9, 10, 11, or 12 toyc e
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COLM Packet to D Packet Mapping

Figure 5 shows a write operation initiated by a WR command in a COLC packet. If a subset of the
16 bytes of write data are to be written, then a COLM packet is transmitted on the COL pins a time
tgrr after the COLC packet containing the WR command. The M bit of the COLM packet is set to
indicate that it contains the MA and MB mask fields. Note that this COLM packet is aligned with the
COLC packet which causes the write buffer to be retired. See Figure 17 for more details.

If all 16 bytes of the D data packet are to be written, then no further control information is required.
The packet slot that would have been used by the COLM packet (t;5 after the COLC packet) is
available to be used as an COLX packet. This could be used for a PREX precharge command or for
a housekeeping command (this case is not shown). The M bit is not asserted in an COLX packet
and causes all 16 bytes of the previous WR to be written unconditionally. Note that a RD command
will never need a COLM packet, and will always be able to use the COLX packet option (a read
operation has no need for the byte-write-enable control bits).

Figure 5 also shows the mapping between the MA and MB fields of the COLM packet and bytes of
the D packet on the DQA and DQB pins. Each mask bit controls whether a byte of data is written
(= 1) or not written (= 0).

INFINEON Technologies 15 2.00
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ROW-to-ROW Packet Interaction
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Transaction a: ROPa| a0 ={Da, Ba, Ra}
Transaction b: ROPb| b0 ={Db, Bb, Rb}
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Figure 6 ROW-to-ROW Packet Interaction-Timing

Figure 6 shows two packets on the ROW pins separated by an interval tggpe Ay Which depends
upon the packet contents. No other ROW packets are sent to banks {Ba, Ba+1, Ba-1} between
packet “a” and packet “b” unless noted otherwise. Table 11 summarizes the tyzpe Ay Values for all
possible cases.

Cases RR1 through RR4 show two successive ACT commands. In case RR1, there is no restriction
since the ACT commands are to different devices. In case RR2, the tg restriction applies to the
same device with non-adjacent banks. Cases RR3 and RR4 are illegal (as shown) since bank Ba
needs to be precharged. If a PRER to Ba, Ba+1, or Ba-1is inserted, tgrpeiay IS tre (tras 10 the PRER
command, and t, to the next ACT).

Cases RR5 through RR8 show an ACT command followed by a PRER command. In cases RR5 and
RR6, there are no restrictions since the commands are to different devices or to non-adjacent banks
of the same device. In cases RR7 and RRS8, the tgz,g restriction means the activated bank must wait
before it can be precharged.

Cases RR9 through RR12 show a PRER command followed by an ACT command. In cases RR9
and RR10, there are essentially no restrictions since the commands are to different devices or to
non-adjacent banks of the same device. RR10a and RR10b depend upon whether a bracketed
bank (Ba + 1) is precharged or activated. In cases RR11 and RR12, the same and adjacent banks
must all wait t,, for the sense amp and bank to precharge before being activated.

INFINEON Technologies 17 2.00



|

Infineon

technologies

Direct RDRAM
128/144-MBit (256K x16/18x32s)

Table 11 ROW-to-ROW Packet Interaction - Rules

Case #| ROPa | Da | Ba | Ra | ROPb | Db Bb Rb | trroeLay Example

RR1 |ACT |Da|Ba |Ra|ACT |/=Da |xxxx X... X | toackeT Figure 11

RR2 ACT |Da|Ba|Ra|ACT |==Da|/={Ba, Batl, Ba-1}| x...x | tzg Figure 11

RR3 ACT |Da|Ba |Ra|ACT |==Da|=={Batl, Ba-1} X...X | tge - illegal unless Figure 10
PRER to Ba/Ba+1/Ba-1

RR4 ACT |Da|Ba|Ra|ACT |==Da|=={Ba} X...X | tgc - illegal unless Figure 10
PRER to Ba/Ba+1/Ba-1

RR5 |ACT |Da|Ba |Ra|PRER |/=Da | xxxx X... X | toackeT Figure 11

RR6 |ACT |Da|Ba |Ra|PRER |==Da|/={Ba, Batl, Ba-1}| X...X | toackeT Figure 11

RR7 |ACT |Da|Ba |Ra|PRER |==Da|=={Batl, Ba-1} X..X | tgas Figure 10

RR8 |ACT |Da|Ba |Ra|PRER |==Da|=={Ba} X..X | tgas Figure 15

RR9 PRER | Da |Ba | Ra | ACT |/=Da | XXxx X... X | toackeT Figure 12

RR10 |PRER |Da|Ba |Ra |ACT |==Da|/={Ba, Batl, X.. X | toackeT Figure 12

Bat2}

RR10a | PRER | Da |Ba | Ra | ACT |==Da|=={Bat2} X..X | toacket/trp if Batl is -
precharged/activated.

RR10b | PRER | Da |Ba |Ra | ACT |==Da|=={Ba-2} X..X | toacker/trp if Ba-1is -
precharged/activated.

RR11 |PRER |Da|Ba |Ra |ACT |==Da|=={Batl, Ba-1} X..X | tep Figure 10

RR12 |PRER |Da|Ba |Ra |ACT |==Da|=={Ba} X..X | tep Figure 10

RR13 |PRER |Da|Ba | Ra | PRER | /=Da | xxxx X... X | toackeT Figure 12

RR14 |PRER |Da|Ba |Ra | PRER | == Da| /= {Ba, Bat+1, Ba-1}| x...x | typ Figure 12

RR15 |PRER |Da |Ba |Ra | PRER | == Da| =={Bat+l, Ba-1} X..X | top Figure 12

RR16 |PRER |Da |Ba |Ra | PRER | ==Da|==Ba X.. X | tpp Figure 12

ROW-to-ROW Interaction (cont'd)

Cases RR13 through RR16 summarize the combinations of two successive PRER commands. In
case RR13 there is no restriction since two devices are addressed. In RR14, t,; applies, since the
same device is addressed. In RR15 and RR16, the same bank or an adjacent bank may be given
repeated PRER commands with only the t; restriction.

Two adjacent banks can’t be activate simultaneously. A precharge command to one bank will thus
affect the state of the adjacent banks (and sense amps). If bank Ba is activate and a PRER is
directed to Ba, then bank Ba will be precharged along with sense amps Ba-1/Ba and Ba/Ba+1. If
bank Ba+1 is activate and a PRER is directed to Ba, then bank Ba+1 will be precharged along with
sense amps Ba/Ba+1 and Ba+1/Ba+2. If bank Ba-1 is activate and a PRER is directed to Ba, then
bank Ba-1 will be precharged along with sense amps Ba/Ba-1 and Ba-1/Ba-2.

A ROW packet may contain commands other than ACT or PRER. The REFA and REFP commands
are equivalent to ACT and PRER for interaction analysis purposes. The interaction rules of the
NAPR, NAPRC, PDNR, RLXR, ATTN, TCAL, and TCEN commands are discussed in later sections
(see Table 8 for cross-ref).
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ROW-to-COL Packet Interaction

Figure 7 shows two packets on the ROW and COL pins. They must be separated by an interval
trcpeLay Which depends upon the packet contents. Table 12 summarizes the tyope ay Values for all
possible cases. Note that if the COL packet is earlier than the ROW packet, it is considered a
COL-to-ROW packet interaction.

Cases RC1 through RC5 summarize the rules when the ROW packet has an ACT command.
Figure 15 and Figure 16 show examples of RC5 - an activation followed by a read or write. RC4 is
an illegal situation, since a read or write of a precharged banks is being attempted (remember that
for a bank to be activated, adjacent banks must be precharged). In cases RC1, RC2, and RC3,
there is no interaction of the ROW and COL packets.

TO|TL|T2|T3|T4| TS| T6| T7| T8 | T9 |T10] T11| 12| TL3|T14| T15| 16| T17| T18| T19|

CTMICFM

ROWZ2... (VY ‘
oo™ (e XARNRCARONONTY

Inn Innnpnninnl - I i i i R A
cous..couo (|HIMEEE TN
[H ML |

DQB8...0 WAV \

Transaction a: ROPa| a0 ={Da, Ba, Ra}
Transaction b: COPb| bl ={Db, Bb, Ch1}
SPT04211

Figure 7 ROW-to-COL Packet Interaction - Timing

Cases RC6 through RC8 summarize the rules when the ROW packet has a PRER command. There
is either no interaction (RC6 through RC9) or an illegal situation with a read or write of a precharged
bank (RC9).

The COL pins can also schedule a precharge operation with a RDA, WRA, or PREC command in
a COLC packet or a PREX command in a COLX packet. The constraints of these precharge
operations may be converted to equivalent PRER command constraints using the rules
summarized in Figure 14.
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Table 12 ROW-to-COL Packet Interaction - Rules

Case# |ROPa |Da Ba Ra COPb Db Bb Cbl |tzcpelay Example
RC1 ACT Da Ba Ra NOCOP, RD, retire /= Da XXXX X..x |0 -
RC2 ACT Da Ba Ra NOCOP ==Da |XXxX X...X |0 -
RC3 ACT Da Ba Ra RD, retire ==Da |/={Ba, Batl, Ba-1} X...x |0 -
RC4 ACT Da Ba Ra RD, retire ==Da |=={Ba+1, Ba-1} X...x |lllegal -
RC5 ACT Da |Ba Ra RD, retire ==Da |==Ba X..X |tzep Figure 15
RC6 PRER |[Da Ba Ra NOCOP, RD, retire /= Da XXXX X..x |0 -
RC7 PRER |Da Ba Ra NOCOP ==Da |XXxx X...X |0 -
RC8 PRER |Da Ba Ra RD, retire ==Da |/={Ba, Batl, Ba-1} X...x |0 -
RC9 PRER |Da Ba Ra RD, retire ==Da |=={Ba+1, Ba-1} X...x |lllegal -

COL-to-COL Packet Interaction

T9 |T10| T11| T12| TL3|T14| T15 | T16| T17| T18| T19|

| TO | TLIT2|T3| T4 |T5|T6|T7|T8[T9|
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D
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R | NN e ninninnnnl
COL4.COLo [Copaal COPD bl COPCCl XXXXXXX)
| VU U

odss-o N RN
DQBB..0 AN

Transaction a: COPa

al ={Da, Ba, Cal}

Transaction b: COPb

bl = {Db, Bb, Cb1}

Transaction ¢; COPc

¢l ={Dc, Bc, Ccl}

SPT04212

Figure 8 COL-to-COL Packet Interaction-Timing

Figure 8 shows three arbitrary packets on the COL pins. Packets “b” and “c” must be separated by
an interval tcpg ay Which depends upon the command and address values in all three packets.
Table 13 summarizes the t..pg 4y Values for all possible cases.

Cases CC1 through CC5 summarize the rules for every situation other than the case when COPb
is a WR command and COPc is a RD command. In CC3, when a RD command is followed by a WR
command, a gap of t-,c — tcywp Must be inserted between the two COL packets. See Figure 4 for
more explanation of why this gap is needed. For cases CC1, CC2, CC4, and CC5, there is no
restriction (tccpeiay IS tee)-
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In cases CC6 through CC10, COPb is a WR command and COPc is a RD command. The tocpe ay
value needed between these two packets depends upon the command and address in the packet
with COPa. In particular, in case CC6 when there is WR-WR-RD command sequence directed to
the same device, a gap will be needed between the packets with COPb and COPc. The gap will
need a COLC packet with a NOCOP command directed to any device in order to force an automatic
retire to take place. Figure 18 (right) provides a more detailed explanation of this case.

In case CC10, there is a RD-WR-RD sequence directed to the same device. If a prior write to the
same device is unretired when COPa is issued, then a gap will be needed between the packets with
COPb and COPc as in case CC6. The gap will need a COLC packet with a NOCOP command
directed to any device in order to force an automatic retire to take place.

Cases CC7, CC8, and CC9 have no restriction (tccpgiay IS teo)-

For the purposes of analyzing COL-to-ROW interactions, the PREC, WRA, and RDA commands of
the COLC packet are equivalent to the NOCOP, WR, and RD commands. These commands also
cause a precharge operation PREC to take place. This precharge may be converted to an
equivalent PRER command on the ROW pins using the rules summarized in Figure 14.

Table 13 COL-to-COL Packet Interaction - Rules

Case # |COPa Da Ba |Cal |COPb Db |Bb |Cbl |COPc Dc Bc Ccl |teepelay Example
CC1 XXXX XXXXX | X...X [X...x [NOCOP [Db |Bb |[Cbl |xxxx XXXXX | X. X [ XenX | T -
CC2 XXXX XXXXX | X...X |X...Xx |RDWR |Db |Bb |Cbl |[NOCOP [XXXXX [X...X |X...X|lcc -
CC3 XXXX XXXXX | X...X | X...X | RD Db |Bb |Cbl |WR XXXXX | X...X [ X...X | teetteac-tewn | Figure 4
CC4 XXXX XXXXX | X...X [X...X | RD Db [Bb |Cbl |RD XXXXX | X. X [ XeoX | T Figure 15
CC5 XXXX XXXXX | X... X [X...x | WR Db [Bb |Cbl |WR XXXXX | Xoo X [ XenX | T Figure 16
CC6 WR ==Db |x X...X |WR Db |Bb |Cbl |RD ==Db [x..X |X..X|lzrr Figure 18
Cc7 WR ==Db |x X...X |WR Db [Bb |Cbl |RD /=Db |x..x [X..X|l -
CCs8 WR /=Db |x X...X |WR Db [Bb |Cbl |RD ==Db [X..X [X..X [t -
CC9 NOCOP |==Db |x X...X |WR Db [Bb |Cbl |RD ==Db [X..X [X..X [t -
CCl10 |RD ==Db |x X...X |WR Db |Bb |Cbl |RD ==Db [Xx..X |X...X |t -
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COL-to-ROW Packet Interaction
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Figure 9 COL-to-ROW Packet Interaction - Timing

Figure 9 shows arbitrary packets on the COL and ROW pins. They must be separated by an
interval t-gpe ay Which depends upon the command and address values in the packets. Table 14
summarizes the tzpe 4y Value for all possible cases.

Cases CR1, CR2, CR3, and CR9 show no interaction between the COL and ROW packets, either
because one of the commands is a NOP or because the packets are directed to different devices or
to non-adjacent banks.

Case CR4 is illegal because an already-activated bank is to be re-activated without being
precharged Case CR5 is illegal because an adjacent bank can't be activated or precharged until
bank Ba is precharged first.

In case CR6, the COLC packet contains a RD command, and the ROW packet contains a PRER
command for the same bank. The tzp, parameter specifies the required spacing.

Likewise, in case CR7, the COLC packet causes an automatic retire to take place, and the ROW
packet contains a PRER command for the same bank. The ty;p parameter specifies the required
spacing.

Case CRS8 is labeled “Hazardous” because a WR command should always be followed by an
automatic retire before a precharge is scheduled. Figure 19 shows an example of what can happen
when the retire is not able to happen before the precharge.

For the purposes of analyzing COL-to-ROW interactions, the PREC, WRA, and RDA commands of
the COLC packet are equivalent to the NOCOP, WR, and RD commands. These commands also
cause a precharge operation to take place. This precharge may converted to an equivalent PRER
command on the ROW pins using the rules summarized in Figure 14.

A ROW packet may contain commands other than ACT or PRER. The REFA and REFP commands
are equivalent to ACT and PRER for interaction analysis purposes. The interaction rules of the
NAPR, PDNR, and RLXR commands are discussed in a later section.
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Table 14 COL-to-ROW Packet Interaction - Rules

Case# |COPa Da Ba Cal ROPb Db Bb Rb terpELAY Example
CR1 NOCOP Da Ba Cal X...X XXXXX XXXX X...X 0 -
CR2 RD/WR Da Ba Cal X...X /= Da XXXX X...X 0 -
CR3 RD/WR Da Ba Cal X...X ==Da /= {Ba, Ba+1, Ba-1} X...X 0 -
CR4 RD/WR Da Ba Cal ACT ==Da == {Ba} X...X lllegal -
CR5 RD/WR Da Ba Cal ACT ==Da =={Ba+1, Ba-1} X...X lllegal -
CR6 RD Da Ba Cal PRER ==Da =={Ba, Bat1, Ba-1} |X...x trop Figure 15
CR7 retire? Da Ba Cal PRER ==Da =={Ba, Ba+1, Ba-1} |X...x trre Figure 16
CRS8 WR? Da |[Ba |[Cal PRER ==Da =={Ba, Ba+1, Ba-1} [x..x [0 Figure 19
CR9 XXXX Da Ba Cal NOROP XXXXX XXXX X...X 0 -

D This is any command which permits the write buffer of device Da to retire (see Table 9). “Ba” is the bank address in the write
buffer.

2 This situation is hazardous because the write buffer will be left unretired while the targeted bank is precharged. See Figure 19.

INFINEON Technologies 23 2.00



o .
Infineon ~ Direct RDRAM
echnologies 128/144-MBit (256K x16/18x32s)

ROW-to-ROW Examples

Figure 10 shows examples of some of the ROW-to-ROW packet spacings from Table 11. A
complete sequence of activate and precharge commands is directed to a bank. The RR8 and RR12
rules apply to this sequence. In addition to satisfying the tz,g and tg, timing parameters, the
separation between ACT commands to the same bank must also satisfy the tz. timing parameter
(RR4).

When a bank is activated, it is necessary for adjacent banks to remain precharged. As a result, the
adjacent banks will also satisfy parallel timing constraints; in the example, the RR11 and RR3 rules
are analogous to the RR12 and RR4 rules.

a0 ={Da, Ba, Ra}
Same Device | Adjacent Bank | RR7 al ={Da, Ba+1}

Same Device | Adjacent Bank | RR3 b0 = {Da, Ba+1, Rb}
Same Device | SameBank | RR4 b0 = {Da, Ba, Rb}
( Same Device | Adjacent Bank | RR11| | b0 ={Da, Ba+1, Rb}

Same Device | Same Bank | RR12 b0 = {Da, Ba, Rb}

| TO|TL|T2 | T3 |T4 |T5 [T6 |T7 |T8 | T9 |T10| T1L|T12|T13|T14| T15| TL6| T17 | T18| T1| T20| T2L| T2 T23| T24|T25| T26 | T27 | T28 | TP T30| T31| T32 | T33| T34 |T35| T36| T37 | T38| T30 | T4O| T41| T42| T43| T44| Td5 | 46| T47 |
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Figure 10 Row Packet Example

Figure 11 shows examples of the ACT-to-ACT (RR1, RR2) and ACT-to-PRER (RR5, RR6)
command spacings from Table 11. In general, the commands in ROW packets may be spaced an
interval tpacker @part unless they are directed to the same or adjacent banks or unless they are a
similar command type (both PRER or both ACT) directed to the same device.

INFINEON Technologies 24 2.00



|

Infineon

technologies

Direct RDRAM
128/144-MBit (256K x16/18x32s)

a0 ={Da, Ba, Ra}
Different Device| ~ Any Bank RR1| b0 ={Db, Bb, Rb}

Same Device |Non-adjacent Bank| RR2 | ¢0 ={Da, Bc, Rc}
Different Device|  Any Bank RR5 | b0 ={Db, Bb, Rb}
F Same Device |Non-adjacent Bank] RR6 | ¢0={Da, Bc, Rc}

| TO|TL|T2 [T3 |T4 |T5 (T6 |T7 T8 | | TAL|T12|T13|T14| T15| T16| T17 | T18| T19| T20| T21| T22|T23|T24| |7277281729| T30 | T31| 32| T33| T34 T35| T36| | T39| T40| T41|T42| 43| T44| T45| T46| T47 |
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s 11411411 AT AR R AN
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Figure 11 Row Packet Example

Figure 12 shows examples of the PRER-t0-PRER (RR13, RR14) and PRER-to-ACT (RR9, RR10)
command spacings from Table 12. The RR15 and RR16 cases (PRER-to-PRER to same or
adjacent banks) are not shown, but are similar to RR14. In general, the commands in ROW packets
may be spaced an interval t,,cxe7 @part unless they are directed to the same or adjacent banks or
unless they are a similar command type (both PRER or both ACT) directed to the same device.
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a0 ={Da, Ba, Ra}
Different Device]  Any Bank  |RR13| b0 ={Db, Bb, Rb}
Same Device |Non-adjacent Bank|RR14| ¢0={Da, Bc, Rc}
Same Device | Adjacent Bank |RR15| ¢0 ={Da, Ba, Rc}
Same Device | Same Bank |RR16] c0 ={Da, Ba+1, Rc}
Different Device| ~ Any Bank RR9 | b0 ={Db, Bb, Rb}
f Same Device |Non-adjacent Bank|RR10| ¢0 ={Da, Bc, Rc}

TL|T2 |73 |T4 |T5 |T6 [T7 |T8 | | T11| T12| T13| T14| T15| T16| T17| T18| T19|T20| T21|T22| 723 | T24| | T27|728|T29|T30| T31| T32| T33| T34 | T35| T36| | T39| T40 | T41| T42 | T43 | T44| T45| T46| T47 |
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Figure 12 Row Packet Examples

Row and Column Cycle Description

Activate: A row cycle begins with the activate (ACT) operation. The activation process is
destructive; the act of sensing the value of a bit in a bank’s storage cell transfers the bit to the sense
amp, but leaves the original bit in the storage cell with an incorrect value.

Restore: Because the activation process is destructive, a hidden operation called restore is
automatically performed. The restore operation rewrites the bits in the sense amp back into the
storage cells of the activated row of the bank.

Read/Write: While the restore operation takes place, the sense amp may be read (RD) and written
(WR) using column operations. If new data is written into the sense amp, it is automatically
forwarded to the storage cells of the bank so the data in the activated row and the data in the sense
amp remain identical.

Precharge: When both the restore operation and the column operations are completed, the sense
amp and bank are precharged (PRE). This leaves them in the proper state to begin another activate
operation.

Intervals: The activate operation requires the interval tzcp iy t0 complete. The hidden restore
operation requires the interval t;zs v — trep,min t0 COMplete. Column read and write operations are
also performed during the tgas vin — trep,min iNterval (if more than about four column operations are
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performed, this interval must be increased). The precharge operation requires the interval tzp \yn t0
complete.

Adjacent Banks: An RDRAM with a “s” designation (256K x 32s x 16/18) indicates it contains “split
banks”. This means the sense amps are shared between two adjacent banks. The only exception
is that sense amp 0, 15, 30, and 31 are not shared. When a row in a bank is activated, the two
adjacent sense amps are connected to (associated with) that bank and are not available for use by
the two adjacent banks. These two adjacent banks must remain precharged while the selected bank
goes through its activate, restore, read/write, and precharge operations.

For example (referring to the block diagram of Figure 2), if bank 5 is accessed, sense amp 4/5 and
sense amp 5/6 will both be loaded with one of the 512 rows (with 512 bytes loaded into each sense
amp from the 1 Kbyte row - 256 bytes to the DQA side and 256 bytes to the DQB side). While this
row from bank 5 is being accessed, no rows may be accessed in banks 4 or 6 because of the sense
amp sharing.

Precharge Mechanisms

Figure 13 shows an example of precharge with the ROWR packet mechanism. The PRER
command must occur a time tg,g after the ACT command, and a time tg, before the next ACT
command. This timing will serve as a baseline against which the other precharge mechanisms can
be compared.

a0 ={Da, Ba, Ra}
a5 ={Da, Ba}
b0 = {Da, Ba, Rb}

| TOITL T2 [T3 |T4 |T5 |T6 |T7 [T8 |T9 |T10| T1L| T12|T13|T14|T15|T16|T17| T18|T19|T20| T21|T22|T23|T24| 725|726 | 727|728 |T29| T30| T31| T32| T33| T34| T35| T36| 37| T38| T39| TA0| T41| T42| T43 | T44| T45 | T46 | T47 |

CTMICFM

ROW2...

ROWO PRER a5

e e i e e e e
}\\\\\\\\\\\t [ \\\\tp “
|

CoL4..Colo 0NNNONMNONMNNONON000000000000000000000000000000000000000NNNNNWNWN
| t, MQJJJH_P EEREEEEN

EARSRRSRRNRRRR NRNRRRANRN
0G56.0 00N000NONNO0N000NONNO0N000N0000N000NO0NNOM000N000NONNNNNMNNNNM

SPA04217

Figure 13 Precharge via PRER Command in ROWR Packet

Figure 14 (top) shows an example of precharge with a RDA command. A bank is activated with an
ROWA packet on the ROW pins. Then, a series of four dualocts are read with RD commands in
COLC packets on the COL pins. The fourth of these commands is a RDA, which causes the bank
to automatically precharge when the final read has finished. The timing of this automatic precharge
is equivalent to a PRER command in an ROWR packet on the ROW pins that is offset a time tocp
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from the COLC packet with the RDA command. The RDA command should be treated as a RD
command in a COLC packet as well as a simultaneous (but offset) PRER command in an ROWR
packet when analyzing interactions with other packets.

Figure 14 (middle) shows an example of precharge with a WRA command. As in the RDA example,
a bank is activated with an ROWA packet on the ROW pins. Then, two dualocts are written with WR
commands in COLC packets on the COL pins. The second of these commands is a WRA, which
causes the bank to automatically precharge when the final write has been retired. The timing of this
automatic precharge is equivalent to a PRER command in an ROWR packet on the ROW pins that
is offset a time typ from the COLC packet that causes the automatic retire. The WRA command
should be treated as a WR command in a COLC packet as well as a simultaneous (but offset) PRER
command in an ROWR packet when analyzing interactions with other packets. Note that the
automatic retire is triggered by a COLC packet a time tg after the COLC packet with the WR
command unless the second COLC contains a RD command to the same device. This is described
in more detail in Figure 17.

Figure 14 (bottom) shows an example of precharge with a PREX command in an COLX packet. A
bank is activated with an ROWA packet on the ROW pins. Then, a series of four dualocts are read
with RD commands in COLC packets on the COL pins. The fourth of these COLC packets includes
an COLX packet with a PREX command. This causes the bank to precharge with timing equivalent
to a PRER command in an ROWR packet on the ROW pins that is offset a time tyg, from the COLX
packet with the PREX command.
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COLC Packet: RDA Precharge Offset

| TOITL[T2 [ T3 |T4 |T5 [T6 |T7 | T8 |T9 |T10| T11| T12|T13|T14|T15|T16|T17| T18|T19|T20| T21| 722|723 T24 | T25|T26| T27| 7281 T29| T30 T31| T32| T33|T34| 735|736 | T37| T38| T39 | T40| T41|T42|T43 | T44 | T45|T46| T47|

ewwer L T A A
} } }'I"he‘R[‘)Abre‘chérg‘ei:‘;edui\‘/alént‘to‘aF;RE‘Réofnrﬁand héré } } } } } } } } } } } } } } } } } } } } } } } } }
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T o Ly o
e e e e o
DOAS...0 \}‘}\HH\}H\}H\}HH““H\“‘HHHH\H
Qi) 1 Q@2) 1 Q@) 1 Q4
DQBS..0 m L L e e e ey ek

al ={Da, Ba, Cal} | a2={Da, Ba, Ca2}
a3={Da, Ba, Ca3} | a4={Da, Ba, Ca4} a5={Da, Ba} |

| Transaction a:RD | a0 = {Da, Ba, Ra}

COLC Packet: WRA Precharge Offset

[ TO|TL[T2 | T3 |T4 |T5 |T6 |T7 |T8 | T9 |TL0| TLL|T12|T13| T14| T15| T16|T17 | T18 | T19| T20| T2L| T2 | T23| T24|T25| T26| T27 | T28| T29| 30| T3L| T32| T33| T34| T35 T36| T37 | T38| T30 | T4O| T41| T42| T43 | T44 | T45 | 46| T47|

CTMICFM IRV R R R RLEL LR R R RLTLRERE G RV R CL VLU RERE R RLEL LR R RLEL L REGERLEL LT (L L
ettt ivirielyirideivideivivivivivieivivivirivivsiviciveyeiveddevsdyeded
} } } The WRA precharge (triggered by the automatic retire) is equiv‘alent to a PRER command here} } } } } } } } } } } } } }

o | e : | i
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[ [ T s I A O
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DQBS...0 | \\\\\\“‘\“‘\“(a) ‘(a)‘ AN ANANAMARMNANNAD

| Transactiona:WR | a0={Da, Ba,Ra} | al={Da,Ba,Cal} | a2={Da,Ba,Ca2} | a5={Da,Ba} |

COLC Packet: PREX Precharge Offset

| TO|TL|T2 | T3 |T4 |T5 |T6 |T7 |T8 |TO |T0| TLL|T12|T13| 14| TL5| T16| 17| T18 | T19| T20| T2L| T2 |T23| 24| T25| T26| T27 | T28| T29| T30| T31| T32| T33| T34| T35 T36| T37 | T38| T30 | T4O| T41| T42| T43 | T44| T45 | 46| T47|

CTM/CFM
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| Transaction a:RD | a0={Da, Ba,Ra} | al={Da, Ba, Cal} | a2={Da, Ba, Ca2}
a3={Da, Ba, Ca3} | a4 ={Da, Ba, Ca4} a5={Da, Ba} |
SPA04218

Figure 14 Offsets for Alternate Precharge Mechanisms
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Read Transaction - Example

Figure 15 shows an example of a read transaction. It begins by activating a bank with an ACT a0
command in an ROWA packet. A time typ later a RD al command is issued in a COLC packet.
Note that the ACT command includes the device, bank, and row address (abbreviated as a0) while
the RD command includes device, bank, and column address (abbreviated as al). A time t.,. after
the RD command the read data dualoct Q(al) is returned by the device. Note that the packets on
the ROW and COL pins use the end of the packet as a timing reference point, while the packets on
the DQA/DQB pins use the beginning of the packet as a timing reference point.

A time t.. after the first COLC packet on the COL pins a second is issued. It contains a RD a2
command. The a2 address has the same device and bank address as the al address (and a0
address), but a different column address. A time t.,¢ after the second RD command a second read
data dualoct Q(a2) is returned by the device.

Next, a PRER a3 command is issued in an ROWR packet on the ROW pins. This causes the bank
to precharge so that a different row may be activated in a subsequent transaction or so that an
adjacent bank may be activated. The a3 address includes the same device and bank address as the
a0, al, and a2 addresses. The PRER command must occur a time tg,g Or more after the original
ACT command (the activation operation in any DRAM is destructive, and the contents of the
selected row must be restored from the two associated sense amps of the bank during the tg,g
interval). The PRER command must also occur a time tgzpp Or more after the last RD command. Note
that the tzpp value shown is greater than the tzpp \yy Specification in Table 23. This transaction
example reads two dualocts, but there is actually enough time to read three dualocts before tgpp
becomes the limiting parameter rather than tz,s. If four dualocts were read, the packet with PRER
would need to shift right (be delayed) by one t.,c g (note - this case is not shown).

Finally, an ACT b0 command is issued in an ROWR packet on the ROW pins. The second ACT
command must occur a time ty- or more after the first ACT command and a time tg, or more after
the PRER command. This ensures that the bank and its associated sense amps are precharged.
This example assumes that the second transaction has the same device and bank address as the
first transaction, but a different row address. Transaction b may not be started until transaction a has
finished. However, transactions to other banks or other devices may be issued during transaction a

INFINEON Technologies 30 2.00



|

Infineon

technologies

Direct RDRAM
128/144-MBit (256K x16/18x32s)

=
=
=l

CTM/CFM

| | | |

| e

1 1 L

1 | 1 e
ROWo” | | FFERS R HHFRA 0 RARRRALN
ROWO AR XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX PRER?K N il

| ' | |

| |

| |

| |

="

e Y
s arsiil

| |
DQA8.“O m ‘
DQBgO ATATATATAY) 1 1 1 1 ‘ ‘ W ?(al) Q (a2)

O

U I |
[ | |
Transaction a: RD | a0={Da, Ba, Ra} | al={Da,Ba, Cal} | a2={Da, Ba, Ca2} | a3={Da,Ba} |
Transaction b: XX | b0 ={Da, Ba, Rb}
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Figure 15 Read Transaction Example

Write Transaction - Example

Figure 16 shows an example of a write transaction. It begins by activating a bank with an ACT a0
command in an ROWA packet. A time tycp — trrg later a WR al command is issued in a COLC
packet (note that the tgzp interval is measured to the end of the COLC packet with the first retire
command). Note that the ACT command includes the device, bank, and row address (abbreviated
as a0) while the WR command includes device, bank, and column address (abbreviated as al). A
time t.,,p after the WR command the write data dualoct D(al) is issued. Note that the packets on the
ROW and COL pins use the end of the packet as a timing reference point, while the packets on the
DQA/DQB pins use the beginning of the packet as a timing reference point.

A time t after the first COLC packet on the COL pins a second COLC packet is issued. It contains
a WR a2 command. The a2 address has the same device and bank address as the al address (and
a0 address), but a different column address. A time t.,, after the second WR command a second
write data dualoct D(a2) is issued.

A time tg after each WR command an optional COLM packet MSK (al) is issued, and at the same
time a COLC packet is issued causing the write buffer to automatically retire. See Figure 17 for
more detail on the write/retire mechanism. If a COLM packet is not used, all data bytes are
unconditionally written. If the COLC packet which causes the write buffer to retire is delayed, then
the COLM packet (if used) must also be delayed.

Next, a PRER a3 command is issued in an ROWR packet on the ROW pins. This causes the bank
to precharge so that a different row may be activated in a subsequent transaction or so that an
adjacent bank may be activated. The a3 address includes the same device and bank address as the
a0, al, and a2 addresses. The PRER command must occur a time tg,g Or more after the original
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ACT command (the activation operation in any DRAM is destructive, and the contents of the
selected row must be restored from the two associated sense amps of the bank during the tg,g
interval).

A PRER a3 command is issued in an ROWR packet on the ROW pins. The PRER command must
occur a time tgp Or more after the last COLC which causes an automatic retire.

Finally, an ACT b0 command is issued in an ROWR packet on the ROW pins. The second ACT
command must occur a time ty- or more after the first ACT command and a time tg, or more after
the PRER command. This ensures that the bank and its associated sense amps are precharged.
This example assumes that the second transaction has the same device and bank address as the
first transaction, but a different row address. Transaction b may not be started until transaction a has
finished. However, transactions to other banks or other devices may be issued during transaction a.

[ TO[TL|T2 T3 | T4 |T5 [T6 [T7 | T8 |T9 |T10|TLL| T12|T13|T14|T15|T16|T17|T18|T19|T20| T21|T22| T23|T24| T25| 726727 728|729 |T30| T3L|T32| 733|734 735|736 | T37 | T38| T30| T40| TAL| T42| T43| T44 | T45| T46| T47|

CTM/CFM LR RERTRLELELBERERECLELEERERE LRIV RERLREELELERERERERLEL LR RERLELEL L RLELELEL LT L L
i i
B e e e e e NN N R RN
T A A A B A R A A N R R BN BN N R I
I || | T T T T T T T TTTLRAS RPT™1 | 1 1 1 1 || || |
T T T e T T O O O N O I RO A A A

I AN VA AR AR R AR AR R R AR AR AR R R AR AN n AR AR AR AR AR

ROWZ“ . Wm XXXXXXX XXXXXXXXXXXXXXXXXXXXX)
ACT a0 PRER a3 ACT b0
ROWO | x ‘
Y |
|
|
|
|
|
|
|

|
DQB8..0 e e e e e A G T L T UG ETY,

Transaction a: WR | a0={Da, Ba,Ra} | al={Da,Ba, Cal} | a2={Da,Ba, Ca2} | a3={Da Ba} |
Transaction b: XX | b0 ={Da, Ba, Rb}

SPT04220

Figure 16 Write Transaction Example
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Write/Retire - Examples

The process of writing a dualoct into a sense amp of an RDRAM bank occurs in two steps. The first
step consists of transporting the write command, write address, and write data into the write buffer.
The second step happens when the RDRAM automatically retires the write buffer (with an optional
bytemask) into the sense amp. This two-step write process reduces the natural turn-around delay
due to the internal bidirectional data pins.

Figure 17 (left) shows an example of this two step process. The first COLC packet contains the WR
command and an address specifying device, bank and column. The write data dualoct follows a
time t.,p later. This information is loaded into the write buffer of the specified device. The COLC
packet which follows a time tgg later will retire the write buffer. The retire will happen automatically
unless (1) a COLC packetis not framed (no COLC packet is present and the S bit is zero), or (2) the
COLC packet contains a RD command to the same device. If the retire does not take place at time
tgrr after the original WR command, then the device continues to frame COLC packets, looking for
the first that is not a RD directed to itself. A bytemask MSK(al) may be supplied in a COLM packet
aligned with the COLC that retires the write buffer at time tz;g after the WR command.

The memory controller must be aware of this two-step write/retire process. Controller performance
can be improved, but only if the controller design accounts for several side effects.

| TO| TL| T2 |T3 |T4 |T5 |T6 |T7 |T8 |T9 |T10| T11|T12|T13|T14]| | TO|TL|T2 |T3 |T4 |T5 |T6 |T7 |T8 |T9 |T10| T11|T12|T13|T14|T15|T16|T17|T18|T19|T20| T21|T22|T23|
enwce [JANUUUULIR  cmcen JUUAAAULULLAANLY
| 1 1 Retire s automatic here unless: | | This RD getsthe old data | | | | | This RD gefs the new data
I 1 1(1) No COLC packet (S = 0) or ! T R VA O R T R R AR T
b }(2‘)COLCpacketisRD‘todevic‘e?a} ROW? Il i i i i N i i i i i il il i el i el e o
[ | "
rowz... i) ) Rowe  PACRRRMRIATAMIARN
| AN | |
ROWD “ } } } i i i | i i i i ! tCAC P i tCAC i !
Lo N Lol
COLA4... WRal XXXXXXX Tetite (al) XXXXXX) CcoLA4... WR a1 RDb](X Ll AT
WSK (a1)
oL R oL ey
o Rmee— EEEEase s ERNERRERRREN
=l Cl e N
S S S B ‘\\\\\““\\\\\\\\\\\\\
=R 10010100 SR 10100 ) 1
DQBS..0 1 } \ } (e e ‘(‘a)‘ ‘ DQBS..0 e e e (aw
| Transaction a: WR | al={Da, Ba, Cal} | Transaction a: WR | al ={Da, Ba, Cal}
Transaction b: RD | bl ={Da, Ba, Cal}
Transaction ¢: RD | c1={Da, Ba, Cal}
SPT04221

Figure 17 Normal Retire (left) and Retire/Read Ordering (right)

Figure 17 (right) shows the first of these side effects. The first COLC packet has a WR command
which loads the address and data into the write buffer. The third COLC causes an automatic retire
of the write buffer to the sense amp. The second and fourth COLC packets (which bracket the retire
packet) contain RD commands with the same device, bank and column address as the original WR
command. In other words, the same dualoct address that is written is read both before and after it
is actually retired. The first RD returns the old dualoct value from the sense amp before it is
overwritten. The second RD returns the new dualoct value that was just written.
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Figure 18 (left) shows the result of performing a RD command to the same device in the same
COLC packet slot that would normally be used for the retire operation. The read may be to any bank
and column address; all that matters is that it is to the same device as the WR command. The retire
operation and MSK(al) will be delayed by a time t,, -« @s a result. If the RD command used the
same bank and column address as the WR command, the old data from the sense amp would be
returned. If many RD commands to the same device were issued instead of the single one that is
shown, then the retire operation would be held off an arbitrarily long time. However, once a RD to
another device or a WR or NOCOP to any device is issued, the retire will take place. Figure 18
(right) illustrates a situation in which the controller wants to issue a WR-WR-RD COLC packet
sequence, with all commands addressed to the same device, but addressed to any combination of
banks and columns.

The RD will prevent a retire of the first WR from automatically happening. But the first dualoct D(al)
in the write buffer will be overwritten by the second WR dualoct D(b1) if the RD command is issued
in the third COLC packet. Therefore, it is required in this situation that the controller issue a NOCOP
command in the third COLC packet, delaying the RD command by a time of t,,cker- This situation
is explicitly shown in Table 13 for the cases in which tocpg ay iS €qual to tgg.

| TO|TL T2 |T3 | T4 |T5 |T6 [T7 |T8 |T9 |T10|TL1|T12|T13|T14|T15|T16|T17|T18| 19| T20| | TO|TL T2 |T3 |T4 |T5 |T6 |T7 |T8 |T9 |T10| T11|T12|T13|T14| T15|T16|T17|T18|T19]T20|

CTMICFM i } i LI i LI i LR i } i CTMICFM i i i AR A A A A A A A i
|| | The retire operation for awrite canbe | | | | | | I | The controller must insert a NOCOP to retire (al) | |
} } } held oﬁ‘c b¥ a ‘re?d t? tr‘1e ‘sar‘ne ‘de\‘/ic? } } } } } } } } } to make room for the data (b1) in the write buffer } }
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[
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Transaction a: WR | al ={Da, Ba, Cal} Transaction a: WR | al ={Da, Ba, Cal}
Transaction b: RD | bl ={Da, Bb, Cb1} Transaction b: WR | bl ={Da, Bb, Cb1}
Transaction ¢: RD | cl1={Da, Bc, Ccl}
SPA04222

Figure 18 Retire Held Off by Read (left) and Controller Forces WWR Gap (right)

Figure 19 shows a possible result when a retire is held off for a long time (an extended version of
Figure 18-left). After a WR command, a series of six RD commands are issued to the same device
(but to any combination of bank and column addresses). In the meantime, the bank Ba to which the
WR command was originally directed is precharged, and a different row Rc is activated. When the
retire is automatically performed, it is made to this new row, since the write buffer only contains the
bank and column address, not the row address. The controller can insure that this doesn’t happen
by never precharging a bank with an unretired write buffer. Note that in a system with more than one
RDRAM, there will never be more than two RDRAMSs with unretired write buffers. This is because
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a WR command issued to one device automatically retires the write buffers of all other devices

written a time tg;g before or earlier.
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Figure 19 Retire Held Off by Reads to Same Device, Write Buffer Retired to New Row
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Interleaved Write - Example

Figure 20 shows an example of an interleaved write transaction. Transactions similar to the one
presented in Figure 16 are directed to non-adjacent banks of a single RDRAM. This allows a new
transaction to be issued once every t. interval rather than once every tg interval (four times more
often). The DQ data pin efficiency is 100% with this sequence.

With two dualocts of data written per transaction, the COL, DQA, and DQB pins are fully utilized.
Banks are precharged using the WRA autoprecharge option rather than the PRER command in an
ROWR packet on the ROW pins.

In this example, the first transaction is directed to device Da and bank Ba. The next three
transactions are directed to the same device Da, but need to use different, non-adjacent banks Bb,
Bc, Bd so there is no bank conflict. The fifth transaction could be redirected back to bank Ba without
interference, since the first transaction would have completed by then (tgxc has elapsed). Each
transaction may use any value of row address (Ra, Rb, ...) and column address (Cal, Ca2, Cbl,

Cb2, ..).
| TO[TL|T2 |T3 | T4 |T5 |T6 |T7 |T8 |T9 |T10|T11|T12|T13|T14|T15|T16|T17|T18|T19|T20| T21|T22| T23|T24|T25|T26| 727 | T28|T29|T30| T31| T32|T33|T34|T35|T36 | T37 | T38| T39| T40 | T41| T42 | T43| T44 | T45| T46 | T47|
(00 1177103 VI 1 o O At A A R AR R A R A
LALSNANALS) AN S &) AALA)S) &) LAl &) AL S) &) AALSLANS|\S)\ S\ S &) | AL &) A} 8]\ &) e ey
I e e e e e e e e e e ‘Tréns‘ac‘tioﬁe‘caﬁu‘se‘thé
HlHlHHHHHHHHtRcHHHHHH1H/lsamebankastransacﬁona
LR BT ER LU ER R
}}}iii\\\\\::tRCD\\\\:::}}}}}iii\\\\tRR:::}}iiiiiiiii
! | L L L L | L L L L | | | L | L L L L | | L L | L | ! L L | | L L L
TV RZL Y WRAZZ N TWR A Y TWR 22 Y WR B Y TWR B2 Y TWR eV TWR 2 Y WR AL Y WR a2 N WReT Y\ WR &2
COL4...COLO MSK (y1) AMSK (y2) AMSK (z1) A MSK (z2) AMSK (a1) AMSK (a2) AMSK. (b1) AMSK| (b2) MSK(cl)AMSK(cZ)AMSK(dl)AMSK(dZ)
T | I L | T T | T | L T T
L et L
Wl}lwl‘lw‘lllH\l‘\wl‘lll‘lwl‘l‘l‘lwlllllllll‘l
DQA8..0 s x por) 1 b2 ] pey ] 0@ ] pey ] pe ] ooy 1 o) ] Dl x D (c2) x D (d1)
DQBSmO L S B B B B T T L L
Transactiony: WR | y0 ={Da, Ba+4, Ry} | y1 ={Da, Ba+4, Cyl} | y2={Da, Bat+4, Cy2}| y3={Da, Ba+4}
Transaction zz WR | z0 ={Da, Ba+6, Rz} | z1 ={Da, Ba+6, Cz1} | z2 = {Da, Ba+6, Cz2}| z3 ={Da, Ba+6}
Transaction a: WR a0 ={Da, Ba,Ra} | al={Da, Ba, Cal} | a2={Da, Ba, Ca2} a3 ={Da, Ba}
Transaction b: WR | b0 ={Da, Ba+2, Rb} | bl ={Da, Ba+2, Chl}| b2 ={Da, Ba+2, Cb2}| b3 ={Da, Ba+2}
Transaction ¢: WR | c0 ={Da, Ba+4, Rc} | c1 ={Da, Ba+4, Ccl} | c2 ={Da, Bat+4, Cc2}| c¢3={Da, Bat4}
Transaction d: WR | d0 ={Da, Ba+6, Rd} | d1 ={Da, Ba+6, Cd1}|d2 ={Da, Ba+6, Cd2}| d3={Da, Ba+6}
Transaction e: WR e0 ={Da, Ba, Re} el={Da, Ba, Cel} | e2={Da, Ba, Ce2} e3 ={Da, Ba}
Transaction f: WR | f0={Da, Ba+2, Rf} | f1 ={Da, Ba+2, Cf1} | f2={Da, Ba+2, Cf2} 3 = {Da, Ba+2}
SPA04224
Figure 20 Interleaved Write Transaction with Two Dualoct Data Length
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Interleaved Read - Example

Figure 21 shows an example of interleaved read transactions. Transactions similar to the one
presented in Figure 15 are directed to non-adjacent banks of a single RDRAM. The address
sequence is identical to the one used in the previous write example. The DQ data pins efficiency is
also 100%. The only difference with the write example (aside from the use of the RD command
rather than the WR command) is the use of the PREX command in a COLX packet to precharge the
banks rather than the RDA command. This is done because the PREX is available for a read
transaction but is not available for a masked write transaction.

Interleaved RRWW - Example

Figure 22 shows a steady-state sequence of 2-dualoct RD/RD/WR/WR... transactions directed to
non-adjacent banks of a single RDRAM. This is similar to the interleaved write and read examples
in Figure 20 and Figure 21 except that bubble cycles need to be inserted by the controller at
read/write boundaries. The DQ data pin efficiency for the example in Figure 22 is 32/42 or 76%. If
there were more RDRAMSs on the Channel, the DQ pin efficiency would approach 32/34 or 94% for
the two-dualoct RRWW sequence (this case is not shown).

In Figure 22, the first bubble type t.g g, iS inserted by the controller between a RD and WR
command on the COL pins. This bubble accounts for the round-trip propagation delay that is seen
by read data, and is explained in detail in Figure 4. This bubble appears on the DQA and DQB pins
as tpgys; between a write data dualoct D and read data dualoct Q. This bubble also appears on the
ROW pins as tzgp;-

| TO|TL|T2 | T3 |T4 |T5 |T6 |T7 |T8 |T9 |T10| T11|T12|T13|T14|T15|T16|T17|T18|T19|T20| T21| T22|T23|T24|T25|T26|T27|T28|T29| T30 | T31| T32|T33|T34| T35|T36| T37 | T38| T39 | T40| T41|T42| T43| T44|T45|T46 | T47|
(00 197105V A 1 1 1 oA A Attt R R A R R R R
T e T st ecanse
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}}\\\\\}}}\\\\\}}}\\\\\}}}\\\\\}}}\\\\}““““
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rown (e O Cer OO MO OO MO O
\\\\\\\\\“\\\\\\\\\\\\\\\\\\\\\\‘\\\\\}}\\\}}}}
e e
| L L L L L | | | L L L L L L L L L L L L L L L L L | L L L L ‘ ‘ L L ‘ ‘ ‘ ‘
i RDz1 Y'RDz2 'Y 'RDal Y RD a2 Y RDbL Y RO 62 Y RDcL /Y RD/c2 'Y RDd1 Y RD/d2 'Y RD el YRDe2
COL4---CO'—O§ A PREXy3 PREXz3 PREX a3 PREX b3 PREX.c3 PREX
‘_V_‘\\\‘\\\\\\‘\\\‘\\\‘\\\‘\\\‘\\\\\\\‘\\\‘\\\‘\\
L e tgae e D
L S
DOAS..0 1 ape) [ aom | oea 1 o | ae) | o@ T o) | aen [ aea T oen ] e foen
DQBs"O f s s e B B B L T T 1 T T 1 I L L L T
Transactiony: RD | y0={Da, Ba+4, Ry} | y1 ={Da, Ba+4, Cy1} | y2={Da, Bat+4, Cy2} | y3={Da, Bat4}
Transaction z: RD | z0 ={Da, Ba+6, Rz} | z1 ={Da, Ba+6, Cz1} | z2 ={Da, Ba+6, Cz2} | z3 ={Da, Ba+6}
Transaction a: RD a0={Da, Ba,Ra} | al={Da, Ba,Cal} | a2={Da, Ba, Ca2} a3 ={Da, Ba}
Transaction b: RD | b0 ={Da, Ba+2, Rb} | bl ={Da, Ba+2, Cb1} | b2 = {Da, Ba+2, Cb2}| b3 ={Da, Ba+2}
Transaction ¢: RD | c0={Da, Ba+4, Rc} | c1 ={Da, Ba+4, Cc1} | c2={Da, Bat+4, Cc2} | c¢3={Da, Bat4}
Transaction d: RD | d0={Da, Bat+6, Rd} | d1={Da, Bat6, Cdl}|d2 ={Da, Ba+6, Cd2}| d3={Da, Bat+6}
Transaction e: RD e0={Da, Ba,Re} | el={Da, Ba, Cel} | e2={Da, Ba, Ce2} e3 ={Da, Ba}
Transaction f: RD f0 ={Da, Bat2, Rf} | f1={Da, Bat2, Cf1} | f2 ={Da, Ba+2, Cf2} f3 ={Da, Ba+2}
SPT04225
Figure 21 Interleaved Read Transaction with Two Dualoct Data Length
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The second bubble type t.g g, is inserted (as a NOCOP command) by the controller between a WR
and RD command on the COL pins when there is a WR-WR-RD sequence to the same device. This
bubble enables write data to be retired from the write buffer without being lost, and is explained in
detail in Figure 18. There would be no bubble if address cO and address dO were directed to
different devices. This bubble appears on the DQA and DQB pins as tyg,, between a write data
dualoct D and read data dualoct Q. This bubble also appears on the ROW pins as tggg,-

| TO[T1 T2 |T3 [T4 |T5 |T6 |T7 |T8 |T9 |T10|T11|T12|T13|T14|T15|T16|T17|T18|T19|T20| T21|T22|T23| T24|T25|T26(T27|T28|729| T30 | T31|T32|T33|T34|T35|T36|T37| T38| T30 | T40| T4L| T42| T43 | T44 | T45 | T46 | T47 |
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Transaction y: WR

y0 = {Da, Ba+4, Ry}

y1 = {Da, Bat+4, Cyl}

y2 = {Da, Bat+4, Cy2}

y3 = {Da, Ba+4}

Transaction z; RD

70 = {Da, Ba+6, Rz}

71 ={Da, Ba+6, Cz1}

22 ={Da, Ba+6, Cz2}

23 ={Da, Ba+6}

Transaction a: RD

a0 ={Da, Ba, Ra}

al ={Da, Ba, Cal}

a2 ={Da, Ba, Ca2}

a3 ={Da, Ba}

Transaction b: WR

b0 = {Da, Ba+2, Rb}

bl = {Da, Ba+2, Ch1}

b2 = {Da, Ba+2, Ch2}

b3 ={Da, Ba+2}

Transaction ¢: WR

c0 ={Da, Ba+4, Rc}

¢l ={Da, Ba+4, Ccl}

c2 ={Da, Ba+4, Cc2}

c3 ={Da, Ba+4}

Transaction d: RD

d0 ={Da, Ba+6, Rd}

d1={Da, Bat6, Cd1}

d2 = {Da, Bat6, Cd2}

d3 ={Da, Ba+6}

Transaction e: RD e0={Da, Ba, Re} | el={Da, Ba, Cel} | e2={Da, Ba, Ce2} e3 ={Da, Ba}
Transaction f: WR | f0={Da, Ba+2, Rf} | f1={Da, Ba+2, Cf1} | f2={Da, Ba+2, Cf2} f3 = {Da, Ba+2}
SPT04226

Figure 22
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Control Register Transactions

The RDRAM has two CMOS input pins SCK and CMD and two CMOS input/output pins SIO0 and
SIO1. These provide serial access to a set of control registers in the RDRAM. These control
registers provide configuration information to the controller during the initialization process. They
also allow an application to select the appropriate operating mode of the RDRAM.

SCK (serial clock) and CMD (command) are driven by the controller to all RDRAMs in parallel. SIO0
and SIO1 are connected (in a daisy chain fashion) from one RDRAM to the next. In normal
operation, the data on SIOQ is repeated on SIO1, which connects to SIO0 of the next RDRAM (the
data is repeated from SIO1 to SIOO for a read data packet). The controller connects to SIOO0 of the
first RDRAM.

T4 T20 T36 T52 T68
T T T PR P P T o S S R T R PSP SR P R R :ln::n::n g L
SCK
A U iunemaon
llHHIHHHHHHHHHlHHNéxnransacuonl—L
T T e O O N
| | L L L L L L L | L L L L L L L | L L L L L L L | L L L | 1
CMD  frafoooo} | 11 00000000...00000000 00000000...00000000 00000000...00000000 00000000...00000000 1111“1)
| I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 0
N T T T T O I S N S Y B
RN T T T T O (S N S O B
S T O O O S O A
T ‘ ‘ ‘ ‘ T
SI00 ( | SRQ- SWR Command \SA \SD S!NT | )

; ; I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I ; ; 0
oo T O S O O VR B
Dol | Fachs%:get |§|rggeated T T T T O T N [ A O
Lo ptems to RN,

- —— —v —y e 1
SIOl( } SRQ-SWRCommand SA SD SINT N )
0
T 1 1 T T

L L T
SPT04227

Figure 23 Serial Write (SWR) Transaction to Control Register

Write and read transactions are each composed of four packets, as shown in Figure 23 and
Figure 24. Each packet consists of 16 bits, as summarized in Figure 15 and Figure 16. The packet
bits are sampled on the falling edge of SCK. A transaction begins with a SRQ (Serial Request)
packet. This packet is framed with a 11110000 pattern on the CMD input (note that the CMD bits are
sampled on both the falling edge and the rising edge of SCK). The SRQ packet contains the
SOP3...SOPO0 (Serial Opcode) field, which selects the transaction type. The SDEV5...SDEVO
(Serial Device address) selects one of the 32 RDRAMSs. If SBC (Serial Broadcast) is set, then all
RDRAMs are selected. The SA (Serial Address) packet contains a 12 bit address for selecting a
control register.

A write transaction has a SD (Serial Data) packet next. This contains 16 bits of data that is written
into the selected control register. A SINT (Serial Interval) packet is last, providing some delay for
any side-effects to take place. A read transaction has a SINT packet, then a SD packet. This
provides delay for the selected RDRAM to access the control register. The SD read data packet
travels in the opposite direction (towards the controller) from the other packet types. The SCK cycle
time will accommodate the total delay.
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Figure 24 Serial Read (SRD) Transaction Control Register
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Control Register Packets

|
141
ek JUUUNUURNUNDNUNDIROImnD
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| | | | | | | | | | | |
| | | | | | | | | 1
CMD {tutfooeo] /| |1 00000000...00000000 mmn
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Figure 25 SETR, CLRR, SETF Transaction

Table 15 summarizes the formats of the four packet types for control register transactions.
Table 16 summarizes the fields that are used within the packets.

Figure 25 shows the transaction format for the SETR, CLRR, and SETF commands. These
transactions consist of a single SRQ packet, rather than four packets like the SWR and SRD
commands. The same framing sequence on the CMD inputis used, however. These commands are
used during initialization prior to any control register read or write transactions.

Table 15 Control Register Packet Formats

SCK SIO0 or | SIO0 or | SIO0 or | SIO0 or | SCK SIO0 or | SIO0 or | SIOO0 or | SIOO or

Cycle [SIO1 SI01 SI01 SI01 Cycle |SIO1 SIo1 SIo1 SI01
for for SA |for for SD for for SA |for for SD
SRQ SINT SRQ SINT

0 rsrv rsrv 0 SD15 SOP1 SA7 0 SD7

1 rsrv rsrv 0 SD14 SOPO SA6 0 SD6

2 rsrv rsrv 0 SD13 10 SBC SA5 0 SD5

3 rsrv rsrv 0 SD12 11 SDEV4 | SA4 0 SD4

4 rsrv SAl1l 0 SD11 12 SDEV3 | SA3 0 SD3

5 SDEV5 | SA10 0 SD10 13 SDEV2 | SA2 0 SD2

6 SOP3 | SA9 0 SD9 14 SDEV1 | SAl 0 SD1

7 SOP2 | SAS8 0 SD8 15 SDEVO | SAO 0 SDO
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Table 16 Field Description for Control Register Packets

Field Description

rsrv Reserved. Should be driven as “0” by controller.

SOP3 ... SOPO 0000 - SRD. Serial read of control register {SA11 ... SA0} of RDRAM
{SDEVS ... SDEVO0}.
0001 - SWR. Serial write of control register {SA11 ... SAO} of RDRAM
{SDEVS5 ... SDEVO0}.
0010 - SETR. Set Reset bit, all control registers assume their reset values.?
16 tgcyc e delay until CLRR command.
0100 - SETF. Set fast (normal) clock mode. 4 tg-yc e delay until next
command.
1011 - CLRR. Clear Reset bit, all control registers retain their reset values.?
4 tocycLe delay until next command.
1111 - NOP. No serial operation.
0011, 0101-1010, 1100-1110 - RSRV. Reserved encodings.

SDEVS ... Serial device. Compared to SDEVID5...SDEVIDO field of INIT control register

SDEVO field to select the RDRAM to which the transaction is directed.

SBC Serial broadcast. When set, RDRAMs ignore {SDEV5 ... SDEVO0} for
RDRAM selection.

SA11...SA0 Serial address. Selects which control register of the selected RDRAM is read
or written.

SD15...SD0 Serial data. The 16 bits of data written to or read from the selected control

register of the selected RDRAM.

D The SETR and CLRR commands must always be applied in two successive transactions to RDRAMSs; i.e. they
may not be used in isolation. This is called “SETR/CLRR Reset”".
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Initialization

S HARAN

L | 1
CMD | ooot100 00000000...00000000 mx[m
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‘ 1
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T \ —T 77— 0
||| Thepacketisrepeated | | |
. 1 | fromSIOO0to SIO1 Lo
R R T YT T S
v 1
SIO1 0000000000000000

T 7777 7- 0
SPT04230

Figure 26  SIO Reset Sequence

Initialization refers to the process that a controller must go through after power is applied to the
system or the system is reset. The controller prepares the RDRAM sub-system for normal Channel
operation by (primarily) using a sequence of control register transactions on the serial CMOS pins.
The following steps outline the sequence seen by the various memory subsystem components
(including the RDRAM components) during initialization. This sequence is available in the form of
reference code. Contact Rambus Inc. for more information.

1. Start Clocks — This step calculates the proper clock frequencies for PCIk (controller logic),
SynClk (RAC block), RefClk (DRCG component), CTM (RDRAM component), and SCK (SIO
block).

2. RAC Initialization — This step causes the INIT block to generate a sequence of pulses which
re