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TENTATIVE TOSHIBA MOS DIGITAL INTEGRATED CIRCUIT SILICON MONOLITHIC

Overview

The Direct Rambus DRAMT™ (Direct RDRAMT™M) 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 applications
where high bandwidth and low latency are required.

The 128-Mbit Direct Rambus DRAMs (RDRAMSs) are extremely high-speed CMOS DRAMs that are organized as
8M words by 16 bits. The use of Rambus Signaling Level (RSL) technology permits 800-MHz transfer rates while
still 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 16 bytes).

The architecture of 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 can support up to four simultaneous
transactions.

System-oriented features for mobile, graphics and large memory systems include power management, byte
masking.

Features

¢ Highest sustained bandwidth of any 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 maximum performance
- 32 banks: four transaction can take place simultaneously at full-bandwidth data rates

e Low latency features:
- Write buffer to reduce read latency
- Three precharge mechanisms for controller flexibility
- Interleaved transactions

e Advanced power management:
- Multiple low power states allows flexibility in power consumption versus time to transition to active state
- Power-down Self-Refresh

e Uses Rambus Signaling Levels (RSL) for operation at up to 800 MHz.

e Organization: 1-Kbyte pages, and 32 banks x16
- x16 organization for low cost applications

000707EBA1

¢ TOSHIBA is continually working to improve the quality and reliability of its products. Nevertheless, semiconductor devices in general
can malfunction or fail due to their inherent electrical sensitivity and vulnerability to physical stress. It is the responsibility of the
buyer, when utilizing TOSHIBA products, to comply with the standards of safety in making a safe design for the entire system, and
to avoid situations in which a malfunction or failure of such TOSHIBA products could cause loss of human life, bodily injury or
damage to property.

In developing your designs, please ensure that TOSHIBA products are used within specified operating ranges as set forth in the
most recent TOSHIBA products specifications. Also, please keep in mind the precautions and conditions set forth in the “Handling
Guide for Semiconductor Devices,” or “TOSHIBA Semiconductor Reliability Handbook” etc..

» The TOSHIBA products listed in this document are intended for usage in general electronics applications (computer, personal
equipment, office equipment, measuring equipment, industrial robotics, domestic appliances, etc.). These TOSHIBA products are
neither intended nor warranted for usage in equipment that requires extraordinarily high quality and/or reliability or a malfunction or
failure of which may cause loss of human life or bodily injury (“Unintended Usage’). Unintended Usage include atomic energy
control instruments, airplane or spaceship instruments, transportation instruments, traffic signal instruments, combustion control
instruments, medical instruments, all types of safety devices, etc.. Unintended Usage of TOSHIBA products listed in this document
shall be made at the customer’s own risk.

« The products described in this document are subject to the foreign exchange and foreign trade laws.

« The information contained herein is presented only as a guide for the applications of our products. No responsibility is assumed by
TOSHIBA CORPORATION for any infringements of intellectual property or other rights of the third parties which may result from its
usI?. No license is granted by implication or otherwise under any intellectual property or other rights of TOSHIBA CORPORATION or
others.

+ The information contained herein is subject to change without notice.
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The 128-Mbit RDRAM is offered in a CSP horizontal package suitable for desktop as well as low-profile add-in

card and mobile applications.

Direct RDRAMs operate from a 2.5 volt supply.

Key Timing Parameters/Part Numbers

Organizationa

/O Freg. (MHz)

Core Access Time (ns)

Part Number

256K x16 x32s

800

45

TC59RM716GB-8

a.

The “32s” designation indicates that this RDRAM core is composed of 32 banks which use a "split” bank architecture.
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PIN OUT and Definition (Top View)

A B c D E F G H J
7 DQA7 DQA4 CFM CFMN RQ5 RQ3 DQBO DQB4 DQB7 7
6 GND DQAS DQA2 VDDa RQ6 RQ2 DQB DQBS GND 6
5 CMD VDD GND GNDa VDD GND VDD VDD sloo 5
4 4
3 SCK GND VDD GND GND VDD GND GND siof 3
2 | vemos | DaQas DQA1 VREF RQ7 RQ1 DQB2 DaBé | vemos | 2
1 DQA8 DQA3 DQAO | CTMN CTM RQ4 RQO DQB3 DQB8 1

A B c D E F G H J

Figure 1. TC59RM716GB (P-BGA54-1312-1 .27B2Z)
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Table 1. Pin Descriptions

SIGNAL 110 TYPE DESCRIPTION
S101, S100 o cMOS Ser'lal input/output. Pins for reading from and writing to the controf registers using a
serial access protocol. Also used for power management.
Command input. Pins used in conjunction with SIO0 and SIO1 for reading from and
CMD | CMOS ” :
writing to the control register. Also used for power management.
SCK | CMOS Ser'lal clock input. Clock source used for reading from and writing to the control
registers.
vDD Supply voltage for the RDRAM core and interface logic.
VDDa Supply voltage for the RDRAM analog circuitry.
VCMOS Supply voltage for the CMOS input/output pins.
GND Ground reference for RDRAM core and interface.
GNDa Ground reference for RDRAM analog circuitry.
Data byte A. Nine pins which carry a byte of read or write data between the
DQA7...DAAD vo RSL Channel and the RDRAM.
Clock from master. Interface clock used for receiving RSL signals from the
CFM | RSL . )
Channel. Positive polarity.
CEMN | RSL Clock from ma.ster. Int.erface clock used for receiving RSL signals from the
Channel. Negative polarity.
VREF Logic threshold reference voltage for RSL signals.
A itti i N
CTMN | RSL Clock .to mastt'ar Interface clock used for transmitting RSL signals to the Channel
Negative polarity.
Clock to master. Interface clock used for transmitting RSL signals to the Channel.
CT™M | RSL " .
Positive polarity.
RQ7...RQ5 or : RSL Row access control. Three pins containing control and address information for row
ROW2...ROWO accesses.
RQ4...RQO or | RSL Column access control. Five pins containing control and address information for
COL4...COLO column accesses.
Data byte B. Nine pins which carry a byte of read or write data between the
DQB7...DABO Vo RSL Channel and the RDRAM.
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Figure 3. 128-Mbit Direct RDRAM Block Diagram
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General Description

Figure 3 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 the Figure 3. They are used to write and
read a block of control registers. These registers supply RDRAM configuration information to a controller and
they select the operating modes of the device. The 9-bit REFR value is used for tracking the last refreshed row.
Most importantly, the 5-bit DEVID value specifies the device address of the RDRAM on the Channel.

Clocking:

The CTM and CTMN (Clock-to-Master) pins generate TCLK (Transmit Clock), the internal clock signal used
to transmit read data. The CFM and CFMN (Clock-from-Master) pins generate RCLK (Receive Clock), the
internal clock signal used to receive write data and receiving 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 which
can be addressed.

Sense Amps:

The RDRAM contains two sets of 17 sense amps. Each sense amp consists of 512 bytes of fast storage 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
sense amp numbers 0, 15, 16 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 divided into two groups. RQ7...RQ5 also called
ROW2...ROWO, and are used primarily for controlling row accesses. RQ4...RQO 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 demultiplexed into a 24-bit ROWA (row-activate) or ROWR (row-operation)
packet.
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COL Pins:

The principle use of these five pins is to manage the transfer of data between the DQA/DQB pins and the
RDRAM’s sense amps. These pins are demultiplexed 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 (Active) command from a ROWA packet causes one of the 512 rows of the selected bank to be loaded
into to its associated sense amps (two 256 byte sense amps for DQA and two for DQB).

PRER Command:

A PRER (Precharge) command from a 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.

RD Command:

The RD (Read) command causes one of the 64 dualocts in 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 byte mask) 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 or
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 operation 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 scheduled at the end of the data transfer. These command 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.
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Pécket Format

Figure 4 shows the formats of the ROWA and ROWR packets on the ROW pins. Table 2 describes the fields which
comprise these packets. The 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 packets provide a 5-bit device address and a 5-bit bank address. A ROWA packet uses the remaining bits to
specify a 9-bit row address, and the ROWR packet uses the remaining bits for an 11-bit op-code field. Note the use
of the “RsvX” notation to reserve bits for future extension of the address field.

Table 2. Field Description of ROWA and ROWR Packets

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) or ROWR packet (AV = 0).
R8...RO Row address for ROWA packet. RsvR denotes bits reserved for future row address extension.

ROP10...ROP0O | Op-code field for ROWR packet. Specifies precharge, refresh, and power management functions.

Figure 4 also shows the formats of the COLC, COLM and COLX packets on the COL pins. Table 3 describes the
fields which comprise these packets.

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 5-bit device address, a 5-bit bank address, a 6-bit column address and a 4-bit
op-code. The COLC packet can 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 byte mask control. The COLM packet is associated with the COLC packet from
a time tRTR earlier. A COLX packet may be used to specify an independent precharge command. It contains a 5-bit
device address, a 5-bit bank address and a 5-bit op-code. 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 3. Field Description for COLC Packet, COLM Packet and COLX Packet

Field Description
S Bit for framing (recognizing) a COLC packet and indirectly for framing a COLM or COLX packet.
DC4...DCO Device address for COLC packet.
BC4...BCO Bank address for COLC packet. RsvB denotes bits reserved for future extension (controller drives 0's).
C5...C0 Column address for COLC packet. RsvC denotes bits ignored by the RDRAM.
COP3...COPO Op-code field for COLC packet. Specifies read, write, precharge, and power management functions.
M Select between COLM packet (M = 1) or COLX packet (M = 0).

MA7...MAO Byte mask write control bits. 1 = Write, 0 = No-Write. MAO controls first byte on DQAS...0.
MB7...MBO Byte mask write control bits. 1 = Write, 0 = No-Write. MBO controls first byte on DQB8...0.

DX4...DX0 Device address for COLX packet.
BX4...BX0 Bank address for COLX packet. RsvB denotes bits reserved for future extension (controller drives 0's).

XOP4...XOP0O Op-code field for COLX packet. Specifies precharge, loL control, and power management functions.
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Figure 4. Packet Formats
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Field Encoding Summary

Table 4 shows how the six device address bits are decoded for the ROWA and ROWR packets. The DR4T and
DRA4F 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 (Device Match) signal is asserted and
an ACT or ROP command is performed.

Table 4. Device Field Encodings for ROWA Packet and ROWR Packet

DR4T DR4F Selects One Device Device Match Signal (DM)a
1 1 All devices (broadcast) DM =1
0 1 One device selected DM =1if {DEVID4...DEVIDOQ} == {0, DR3...DRO} else DM =0
1 0 One device selected DM = 1if {DEVID4...DEVIDO} == {1, DR3...DRO} else DM =0
0 0 No devices selected DM =0
a. “/="means “not equal to”, "= =" means “equal to”".

Table 5 shows the encodings of the remaining fields of the ROWA and ROWR packets. A 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.

A ROWA 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 46.

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 52.

Table 5. ROWA Packet and ROWR Packet Field Encodings

a ROP10...ROPO Field .
DM AV Name Description
10 9 8 7 6 5 4 3 |20

o — —_ -] === - — No operation.
Activat R8...RQ of bank BR4....B f i

1 1 Row address ACT ctivate |iow % of ban RO of the device and
move devicse to ATTN .

1 ¢} PRER | Precharge bank BR4...BRO of this device.

1 0 REFA Refresh (activate) row REFR8...REFRO of bank BR4...BRO of
device. increment REFR if BR4...BRO = 1111 (see Figure 38).
P .

1 o REFP remgrge bank BR4...BRO of the device after REFA
(see Figure 38).
M . o

’ o PDNR ove t.hls device into the Power Down (PDN) power state
(see Figure 35).
M ; o

: 0 NAPR ove t.hls device into the nap (NAP) power state
(see Figure 35).

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

1 0 ATTNb Move l'hls device into the attention (ATTN) power state
(see Figure 33).
M thi ice into tl

1 0 RLXR ove ! is device into the standby (STBY) power state
(see Figure 34).

1 0 TCAL | Temperature calibrate this device (see Figure 40).

1 0 TCEN | Temperature calibrate/enable this device (see Figure 40).

1 o] 0 4] 0 0 0 0 0 0 | 000 | NOROP | No operation.

a. The DM (Device Match signal) value is determined by the DR4T, DR4F, DR3...DRO field of the ROWA and ROWR packets.
See Table 4.

The device's power state remains unchanged for a broadcast operation (DR4T/DR4F = 1/1).
c. 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).
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Table 6 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 18 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 PERC. RLXC (Relax) performs a power mode
transition. See “Power State Management” on page 46.

Table 6. COLC Packet Field Encodings

s (Seleft::ﬁ‘iceace) a | cops|coprz|cop1|coro C%";’:‘“Z"d Command Description
o |——— — — — — —_ No operation.
1 /= (DEVID4...D EVIDO) — _ —_ — — Retire write buffer of the device.
1 ==(DEVIDA4...DEVIDOU) X b o 0 ] NOCOP | Retire write buffer of the device.
Retire write buffer of the devic i
1 [==(PEVID4..DEVIDO) | X 4 0 4 0 ) 1 wRo Bc4..‘Blz:o (o the wrte buffer fhen vl eolumn €960 of
1 == (DEVID4...DEVIDO) X [¢] 1 ] RSRV | Reserved, no operation.
1 == (DEVID4...DEVIDO0) X 0 1 1 RD Read column C5...C0 of bank BC4...BCO of the device.
1 ==(DEVID4...DEVIDO) X 1 0 0 PREC Retire write buffer of the device, then precharge bank BC4...BCO.
1 — = (DEVID4... DEVIDO) X 1 0 1 WRA (Sv:::en::v \;V;j;ﬂ:trz;::Trge bank BC4...BCO after the write buffer
1 == (DEVID4...DEVIDO0) X 1 1 0 RSRV Reserved, no operation.
1 == (DEVID4...DEVIDO) X 1 1 1 RDA Same as RD, but precharge bank BC4...BCO afterwards.
1 ==(DEVID4...DEVID0) 1 X X X RLXC Move this device into the standby (STBY) power state.
a. “/="means “not equal to”, “= =" means “equal to".

b. An “x' entry indicates which commands may be combined. For instance, the two commands WR/RLXC may be specified in one
COP value (1001).

Table 7 shows the COLM and COLX field encodings. The M bit is asserted to specify a COLM packet with two
8-bit byte mask fields MA and MB. If the M bit is not asserted, a COLX is specified.

It has device and bank address fields, and an opcode field. The primary use of a COLX packet is to permit an
independent PREX (Precharge) command to be specified without consuming control bandwidth on the ROW pins. It
is also used for the CAL (Calibrate) and SAM (Sample) current control commands (see “Current and Temperature
Control” on page 52), and for the RLXX Power Mode command (see “Power State Management” on page 46).

Table 7. COLM Packet and COLX Packet Field Encodings

M (Selegi(';ﬂ;?ﬂce)a xoPa | xop3 | xopz | xopr1 | xopPo C?;'::}Z"d Command Description
1 |———— — — — — — MSK MB/MA bytemasks used by WR/WRA.
0 /={(DEVID4...DEVIDO) — — - — — - No operation.
0 == (DEVID4...DEVID0) 0 0 0 0 0 NOXOP | No operation.
0 == (DEVID4...DEVIDO) 1 X b X X 0 PREX | Precharge bank BX5...BXO0 of the device.
0 == (DEVID4...DEVID0) X 1 X X 0 CAL Calibrate (drive) Ig_ current for the device.
0 — = (DEVID4...DEVIDO) x 1 1 X 0 CALSAM dcea‘l,iit;;a'te {drive) and sample (update) IoL current for the
[} == (DEVIDA4...DEVIDO) X X X 1 0 RLXX Move this device into the standby (STBY) power state.
0 == (DEVID4...DEVIDO0) X X X X 1 RSRV | Reserved, no operation.
a. “/="means “not equal to", "= =" means “equal to".

b. An “x" 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 5 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 and 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.

A RD or RDA command will transmit a dualoct of read data Q a time tCAC later. This time includes one to five
cycle of round-trip propagation delay on the Channel. The tCAC parameter may be programmed to a one of a range
of values (7, 8, 9, 10, 11, or 12 tCYCLE). The value chosen depends upon the number of RDRAM devices on the
Channel and the RDRAM timing bin. See Figure 31 for more information.

A WR or WRA command will receive a dualoct of write data D a time tCwD later point. This time does not need to
include the round-trip propagation time for 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 top of the figure), a gap (tCAC — tCWD) will automatically
appear between them because the tCWD value is always less than the tCcAC 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 bottom of the figure), no gap is needed between them because
the tcwD value is less than the tCAC value. However, a gap of tCAC — tCWD or greater must be inserted between
the COLC packets with the RD and WR commands by the controller so the Q and D packets do not overlap.
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Figure 5. Read (Q) and Write (D) Data Packets-Timings for tcac =7, 8, 9, 10, 11 or 12 teycLE
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COLM Packet to D Packet Mapping

Figure 6 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 tRTR 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 18 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 which would have been used by the COLM packet (tRTR after the COLC packet) is available to be used as a
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 a COLX packet and causes all 16 bytes of the previous WR command 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 hits).

Figure 6 also shows the mapping between the MA and MB fields of the COLM packet and the 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).
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ROW-to-ROW Packet Interaction

To Tt T2 Ta Ta Ts Tg T7 Ta T T10T11T12T13T1aT15T16T17T18T19

e TR

Row2 {ROPaa0 YWHVMVMNROPG b0

Transaction a: ROPa a0 = {Da, Ba, Ra}
Transaction b: ROPb b0 = {Db, Bb, Rb}

Figure 7. ROW-to-ROW Packet interaction-Timing

Figure 7 shows two packets on the ROW pins separated by an interval tRRDELAY 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 8 summarizes the tRRDELAY 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 tRR 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, tRRDELAY is tRC (tRAS to the PRER command, and tRP 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 RR8, the tRAS 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 case 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 tRp for the sense amp and bank to precharge before
being activated.

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, the tpp 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 tpp
restriction.

Two adjacent banks can’t be activated simultaneously. A precharge command to one bank will thus affect the
state of adjacent banks (and sense amps). If bank Ba is activated 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 activated and 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
activated 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 and 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.
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Table 8. ROW-to-ROW Packet Interaction Rules

Case# | ROPa | Da | Ba | Ra | ROPb Db Bb Rb tRRDELAY Example
RR1 ACT | Da | Ba | Ra || ACT |/=Da®|xxxx X...X|[tpACKET Figure 12
RR2 ACT Da| Ba| Ra| ACT |[==Da|/={Ba,Ba+1,Ba-1} X . X|trr Figure 12

o o _ trc — illegal unless PRER )
RR3 ACT Da| Ba | Ra| ACT [==Da|=={Ba+1,Ba-1} X.. X to Ba/Ba + 1/Ba - 1 Figure 11
o o trc — illegal unless PRER .
RR4 ACT Da| Ba| Ra| ACT [==Da|=={Ba} X..X to Ba/Ba + 1/Ba - 1 Figure 11
RR5 ACT Da | Ba | Ra || PRER{ /=Da | XXXX X..X|trackeT Figure 12
RR6 ACT Da | Ba| Ra||PRER|==Da|/={Ba,Ba+1,Ba-1} X.. X|[tpackeT Figure 12
RR7 ACT Da | Ba | Ra||PRER|[==Da{=={Ba+1,Ba-1} X.. X|tras Figure 11
RR8 || ACT | Da | Ba | Ra || PRER | ==Da |=={Ba} X.. X[ tras Figure 16
RR9 PRER | Da | Ba | Ra || ACT | /=Da | XXXX X.. X[ tPACKET Figure 13
RR10 |PRER| Da | Ba | Ra || ACT |==Da|/={Ba,Bat1,Ba+2} X... X[ tPACKET Figure 13
tPaAckET/tRP — ifBa+ 1is

RR10a | PRER | Da | Ba | Ra || ACT |==Da|=={Ba+2} X..X precharged/

activated.

tPACKET/tRP —if Ba—1is

RR10b |[PRER | Da | Ba | Ra |} ACT |==Da|=={Ba-2} X...X precharged/

activated.
RR11 [PRER| Da | Ba | Raj| ACT |==Da|=={Ba+1,Ba-1} X.. X|trp Figure 11
RR12 |PRER | Da | Ba | Ra | ACT |==Da|=={Ba} X..X|trp Figure 11
RR13 | PRER | Da | Ba | Ra || PRER | /=Da | XXXX X.. X[tPACKET Figure 13
RR14 |PRER | Da | Ba | Ra || PRER |==Da|/={Ba,Ba+1,Ba-1} X.. X[ tpp Figure 13
RR15 ||PRER | Da | Ba | Ra |PRER |==Da|=={Ba+1,Ba- 1} X.. X[ tep Figure 13
RR16 || PRER| Da | Ba | Ra || PRER | ==Da |== {Ba} X.. X[itpp Figure 13

a. “/ =" means "not equal to”, “= =" means “equal to”.
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ROW-to-COL Packet Interaction

Figure 8 shows two packets on the ROW and COL pins. They must be separated by an interval tRCDELAY which
depends upon the packet contents. Table 9 summarizes the tRCDELAY 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 contains an ACT command. Figure 16 and
Figurel7 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 Tt T2 T3 Ta Ts Te T7 Te ToT1oT11T12T13T14T15T16T17T18T 1o

[LLLLL |

CTM/CFM

Transaction a: ROPa a0 = {Da, Ba, Ra}
Transaction b: COPb b1 = {Db, Bb, Cb1}

Figure 8. ROW-to-COL Packet Interaction Timing

Cases RC6 through RC9 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 15.

Table 9. ROW-to-COL Packet Interaction Rules

Case # [[ROPa| Da Ba Ra COPb Db Bb Cb1 || trcDELAY Example
RC1 | ACT| Da | Ba | Ra :?i:“;op' RO /= pa® oo x.xf o
RC2 ACT Da Ba Ra [[NOCOP ==Da | XXXX X.. X 0
RC3 ACT Da Ba Ra |[|RD, retire ==Da |/={Ba,Ba+1,Ba-1} X...X 0
RC4 ACT Da Ba Ra ||RD, retire ==Da |=={Ba+1,Ba~1} X...X lilegal
RC5 ACT | Da Ba Ra [IRD, retire ==Da |==Ba X...X trRCD Figure 16
rRes |PRER| Da | Ba | Ra [NOCOP Pl _pa |00 x.x| o
RC7 [[PRER| Da Ba Ra [INOCOP ==Da | XXXX X...X 0
RC8 |[|[PRER| Da Ba Ra |[|RD, retire ==Da |/={Ba,Ba+1,Ba-1} X.. X 0
RC9 ||IPRER| Da Ba Ra ||RD, retire ==Da |=={Ba+1,Ba-1} X...X llegal

a. “/="means “not equal to”, "= =" means “equal to”.
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COL-to-COL Packet Interaction

To T1 T2 T3 Ta Ts Te Tz Tg ToT10T11T12T13T14T15T16T17T18T 19

CTM/CFM

ROW2
...ROWO

coL4
...CoLo

1 ] 1

R
o pin ain ot
DQAS...0
DQB8...0 |

Transaction a: COPa al={Da, Ba, Ca1}
Transaction b: COPb b1={Db, Bb, Cb1}
Transaction ¢: COPc ¢1={Dc, Be, Cc1}

Figure 9. COL-to-COL Packet Interaction Timing

Figure 9 shows three arbitrary packets on the COL pins. Packets “b” and “c” must be separated by an interval
tCCDELAY which depends upon the command and address values in all three packets. Table 10 summarizes the
tCCDELAY 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 tCAC
— tCWD must be inserted between the two COL packets. See Figure 5 for more explanation of why this gap is
needed. For cases CC1, CC2, CC4, and CC5, there is no restriction (¢CCDELAY is tCC).

In case CC6 through CC10, COPb is a WR command and COPc is a RD command. The tCCDELAY 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 19 (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 (tCCDELAY is tCC).

Table 10. COL-to-COL Packet Interaction Rules

Case#|| copa | Da® Ba cat || copb | bb | Bb | cb1 || copc o’ Bc | cet | tccoelay | Example
cet || xoex [ xoooc | x.x | x.x [ nocor | bb | Bo [ cor | o | xoox | x.x | x.x [tee
cc2 || xox [ xoooc | x.x | x.x [ro.wr [ bb | Bb | ebt | Nnocor | xooex | x.x | x.x [tec
ce3 || oo | xoox | x.x | x.x RD ob | 8o [con [ wr o0 | x.x | x.x '_th: V“;D'CAC Figure 5
CC4 XXX | XXXXX X..X RD Db 8b Cb1 RD XXXXX XX XX |tee Figure 16
CC5 XXXX [ XXXXX X... X WR Db Bb Cb1 WR XXXXX X.X | X.X tce Figure 17
coe | wr [==ob| x | x.x|[ wr [ ob|Bb|cet] rO | —=pb | x.x|x.x|wr Figure 19
cC7 WR ==Db X X.. X WR Db Bb Cb1 RD /=Db XX | X.X Jtee
ccs WR /=Db X X.. X WR Db Bb Cb1 RD ==Db XX | X.X |tce
cco |nocor| ==pb| x [ x.x| wr | Db | B o] RO ==ob | Xx.x | x.x |tcc

ccio| RO | ==bb| x | x.x|| wr |oOo|Bb|cpil RD ==Db | X.X | X..X |tec

a. "/ ="means “not equal to”, "=

1l

" means “equal to”.
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COL-to-ROW Packet Interaction

To T1 T2 Ta Ta Ts Tg Tz Tg ToT10T11T12T13T14T15T16T17T18T19
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COL4 COPa a1

DQAS..0 é é

DQB8...0
Transaction a: COPa al={Da, Ba, Cat}
Transaction b: ROPb b0 = {Db, Bb, Rb}

Figure 10. COL-to-ROW Packet Interaction Timing

Figure 10 shows arbitrary packets on the COL and ROW pins. They must be separated by an interval tCRDELAY
which depends upon the command and address values in the packets. Table 11 summarizes the tCRDELAY 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 CRA4 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 tRDP 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 trRTP
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 20 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 15.

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.

Table 11. COL-to-ROW Packet Interaction Rules

a

Case # |COPa| Da Ba Ca1 ROPb Db Bb Rb || tcroELAY Example
cr1 |NOC| pa [ Ba | cat XoX oo | xxxx x.xfo
CR2 R%/W Da Ba Ca1l X... X /=Da XXX X..X |0
CR3 R%IW Da Ba Cat X.. X ==Da /={Ba,Ba+1,Ba-1} X..X|o
cra [FOW| pa | Ba | ca ACT |--Da |--{Ba} X..X || egal
crs [FOW| pa [ Ba | Cat ACT |==Da |=={Ba+1,Ba-1} X...X [ iegal
CRé RD Da Ba Cat PRER ==Da =={Ba,Ba+1,Ba-1} | X...X|troP Figure 16
CR7 retireb Da Ba Ca1 PRER ==Da |=={Ba,Ba+1,Ba-1} |X._.X|tryp Figure 17
CR8 wr® | Da Ba Ca1 PRER ==Da =={Ba,Ba+1,Ba-1} | X.X|0 Figure 20
CR9 [[XXXX| Da Ba Ca1 NOROP XXXX XXXX X.. X0

a. “/ =" means “not equal to”, “=="means “equal to”.
b. This is any command which permits the write buffer of device Da to retire. “Ba” is the bank address in the write buffer.
c. This situation is hazardous because the write buffer will be left unretired while the targeted bank is precharged.
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ROW-to-ROW Examples

Figure 11 shows examples of some of the ROW-to-ROW packet spacings from Table 8. 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 tRAS and tRP timing parameters, the separation between ACT commands to the same
bank must also satisfy the tRC 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 | RR8 al = {Da, Ba}
Same Device | Adjacent Bank | RR3 b0 = {Da, Ba + 1, Rb}
Same Device Same Bank RR4 b0 = {Da, Ba, Rb}
Same Device | Adjacent Bank | RR11 b0 ={Da, Ba + 1, Rb}
Same Device Same Bank RR12 b0 = {Da, Ba, Rb}

T2 Ta Ta Ts Te T7 Ty of 147127 13T 14T 15T 16T 17T 18T 19T 20T 21T 22T 237 24T 25T 267 27T 287 21 3V 317321 33T 34T 35T 367 377 387 35T a0V 41T 42T 43T 44T asT 26T 47

CTM/ICFM

Figure 11. ROW Packet Example
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Figure 12 shows examples of the ACT-to-ACT (RR1, RR2) and ACT-to-PRER (RR5, RR6) command spacings from
Table 8. In general, the commands in ROW packets may be spaced an interval tPACKET apart unless they are
directed to the same or adjacent banks, or unless they are of a similar command type (both PRER or both ACT) and
directed to the same device.

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}
l——— Same Device |Non-Adjacent Bankj] RR6 | ¢0={Da, Bc, Rc}

T2 Ta Ty T

Te T7 Ta T43T12T 14T 14T 15T 16T 17T 18T 18T 20T 20T 22T 23T 24 T27TeaT 25T a0l 31Ta2T 331 34T asT 36 TagTaoT 41T 4zl 4aTaaTasT 46T 47

CTMCEM H ! l || ﬂ
ROW2 ACT a0 JPRER b0
ROWO
tPACKET]

Figure 12. ROW Packet Examples

Figure 13 shows an example of the PRER-to-PRER (RR13, RR14) and PRER-to-ACT (RR9, RR10) command
spacings from Table 8. 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 tPACKET apart unless
they are directed to the same or adjacent banks, or unless they are of a similar command type (both PRER or both
ACT) and directed to the same device.

a0 = {Da, Ba, Ra}
Different Device Any Bank RR13 | b0 = {Db, Bb, Rb}
Same Device [Non-Adjacent Bank| RR14 | c0 = {Da, Bc, Rc}
Same Device Adjacent Bank | RR15 [c0 ={Da, Ba + 1, Rc}
Same Device Same Bank RR16 | c0={Da, Ba, Rc}
— Different Device Any Bank RR8 | b0 = {Db, Bb, Rb}
|— Same Device |Non-Adjacent Bank| RR10| c0={Da, B¢, Rc}

To T1|T2 T3 Ts Ts|Te T7 Te

T11T12T1 167177187 197 207 21T22T23T24

[

T277 26T 26T 307 31T 32T 34l 34T 28T 36 TagTaoTa1T a2l a3TadTaqlacT a7

CTM/CFM

o ===

ROW2
...ROWO

[=1
>
o]
g
S

=
m
Pl

CoL4
...COLO

DQAS...0
DQBS8...0

Figure 13. ROW Packet Examples
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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) or 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 that 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 tRCD,MIN to complete. The hidden restore operation requires the
interval tRAS,MIN — tRCD,MIN to complete. Column read and write operations are also performed during the
tRAS,MIN — tRCD,MIN interval (if more than about four column operations are performed, this interval must be
increased). The precharge operation requires the interval tRP,MIN to complete.

Adjacent Banks:

A RDRAM with a “s” designation (256K x32s x16/18) indicates it contains “split banks”. This means that the
sense amps are shared between two adjacent banks. The only exception is that sense amp 0, 15, 16, 31 which
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 3), 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 1K byte
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.
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Precharge Mechanisms

Figure 14 shows an example of precharge using the ROWR packet mechanism. The PRER command must occur
tRAS after the ACT command and tRP 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}

To T1 T2 T3 T4 Ts Te T7 T ToT1oT 117 12T 13T 14T 15T 16T 177 1T 19T 207247 22T 237 247 257 267 277 287 267 307 917 327 33T 34T 38T 36T 377 36T 39T 40T 41T a2T aaT a4TasT 46T 47
CTM/CFM l
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Figure 14. Precharge with PRER Command in ROWR Packet

Figure 15 (top) shows an example of precharge with a RDA command. A bank is activated with a 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 a ROWR packet on the
ROW pins that is offset tOFFP 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 a ROWR
packet when analyzing interactions with other packets.

Figure 15 (middle) shows an example of precharge with a WRA command. As in the RDA example, a bank is
activated with a 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 a ROWR packet on the ROW pins that is offset tOFFP 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 a ROWR packet when analyzing interactions with other packets. Note
that the automatic retire is triggered by a COLC packet tRTR 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 18.

Figure 15 (bottom) shows an example of precharge with a PREX command in a COLX packet. A bank is activated
with a 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 a COLX packet with a PREX command. This
causes the bank to precharge with timing equivalent to a PRER command in a ROWR packet on the ROW pins that
is offset tOFFP from the COLX packet containing the PREX command.
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ToTyT2T3 T4 Vs Te Tz To ToT1oT 1T 12T 137 14T 15T 16T 177 187 197 201 21T 227 23T 24T 25T 26T 27T 287 267 30T 217 32T 337 34T 38T 36T a7V 387 30T 40T 41T 42T 43T 44T 45T 46T a7

(" COLC Packet: RDA Precharge Offset )
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Figure 15. Offsets for Alternative Precharge Mechanisms
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Read Transaction Example

Figure 16 shows an example of a read transaction. It begins by activating a bank with an ACT a0 command in a
ROWA packet. A time tRCD 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 tCAC 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 tCC after the first COLC packet on the COL pins a second COLC packet 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. tCAC 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 a 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 tRAS 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 tRAS interval). The PRER command must also occur tRDP or more after the last RD command. Note that
the tRDP value shown is greater than tRDPMIN specified in page 63. This transaction example reads two dualocts,
but there is actually enough time to read three dualocts before tRDP becomes the limiting parameter rather than
tRAS. If four dualocts were read, the packet with PRER would need to shift right (be delayed) by one tCYCLE
(note-this case is not shown).

Finally, an ACT b0 command is issued in a ROWR packet on the ROW pins. The second ACT command must
occur tRC or more after the first ACT command and a time tRP 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.

ToT1T2TaTa Ts Te T7 Ts TaT10T 11T 12T 13T 14T 15T 167 177 187 19T 207 21T 227 23T 24T 257 267 277 287 257 301 317 32T 337 34T asT 36T a7 3al 3sT a0l 417 42T 43T aaT asT acV a7

CTM/CFM

Transaction a: RD | a0 = {Da, Ba, Ra} |a1 ={Da, Ba, Ca1}|a2 = {Da, Ba, CaZ)I a3 = {Da, Ba} l
Transaction b: XX | b0 = {Da, Ba, Rb}

Figure 16. Read Transaction Example
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Write Transaction Example

Figure 17 shows an example of a write transaction. It begins by activating a bank with an ACT a0 command in a
ROWA packet. A time tRCD — tRTR later a WR al command is issued in a COLC packet (note that the tRCD 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 tCwD 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 tC(C 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 tcwD after the second WR command a second write data dualoct D (a2) is issued.

A time tRTR after each WR command an optional COLM packet MSK (al) is issued at the same time a COLC
packet is issued causing the write buffer to automatically retire. See Figure 18 for more details 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 a 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 tRAS 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 tRAS interval).

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

Finally, an ACT b0 command is issued in a ROWR packet on the ROW pins. The second ACT command must
occur a time tRC or more after the first ACT command and a time tRP 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 stated until transaction a has finished. However, transactions to other banks or other devices may be
issued during transaction a.

ToT1T2T3 T4 Ts Te Tz Ts TaT1oT 1T 12T 13T 14T 15T 16T 17T 18T 197207 21T 22T 23T 24T 257 267 277 287 28T a0V 31752V 3aT 3T 35T 367 37T 367 agT 40T 417 42T aaTadTasT 6T a7

tRc
ROW2 ACT a0 Y¥FL Il i ACT b0 ‘iv' ;
...ROWO Hhl |
fd P
RAS Mo trP .
RS i
coL4 WR a2 Jretire (a1)fretira (a2 HFYEYY) i i !
...COLO MSK (at)JMSK (a2) 1 M
i IRT E‘ i P E
P
P IRTR ¢ | | IRTP P
DQAS..0 IS AL LRIV D (a1) '
DQBB..0 }| HubB iR TR
AR e W AU U RN
1 ] ] ] 1 ] ] + ] ] t 1 ’ tCC“ tCWD N
P tRCD | tcwp -

Transaction a: WR| a0 = {Da, Ba, Ra} |a1 ={Da, Ba, Ca1)|a2 ={Da, Ba, Ca2}| a3 = {Da, Ba} ]
Transaction b: XX | b0 = {Da, Ba, Rb}

Figure 17. Write Transaction Example
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Write/Retire Examples

The process of writing a dualoct into a sense amp in a 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 byte mask) into the sense amp. This
two-step write process reduces the natural turn-around delay due to the internal bidirectional data pins.

Figure 18 (left) shows an example of this two-step process. The first COLC packet contains the WR command and
an address specifying the device, bank and column. The write data dualoct follows a time tcwD later. This
information is loaded into the write buffer of the specified device. The COLC packet which follows a time tRTR later
will retire the write buffer. The retire will happen automatically unless (1) a COLC packet is 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 a time tRTR 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 byte mask MSK (al) may be supplied in a COLM
packet aligned with the COLC that retires the write buffer a time tRTR 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.

ToT1 T2 T3 Ta Ts Tg Tz Ta T TeoT11 T2 To T1 T2 T3 Ta Ts Te T7 T To T1oT11T12T13T1aT1sT16T17T18T19T20T21 T22T 23
MTARABATNMAMMMTN
CTM/CFM HEHRHEHRHEHRHEHRHEA AR CTM/CFM
UL L L BLELILELY
Retire is automatic here unless: i
{1) No COLC packet (S=0) or !
(2) COLC packet is RD to device Da i
FFR A R RV HRU . N R A T P
ROWZ  ENVVNLYUN VRV VNIV E LY VPV L ROW2 ¢!
...ROWO AN RAAAARRANANATAY ...ROWO
T N |
[ A !
AN ! R
REREANE 7
cola | WRal YUWUWUYLY retire (a1) ¥V coL4 _JVy ¥
ANAAANA_MSK (a1) AR ...COLO MSK(a1) N AN
H : B G
MR | BERLIEE N i
[ 1 [ H [
Y E'v WYVY D a1) paas..o VANVEURVVYUVVNVYE D a1) YV abn YA
WA pass..o AANAMAMNARAAN A AN
[ it e e i e e et e e e T Tt s ey Bttt
tcwD fcwp
Transaction a: WR | a1l ={Da, Ba, Cat} Transaction a: WR al={Da, Ba, Cat}
Transaction b: RD b1 = {Da, Ba, Ca1}
Transaction ¢: RD ¢1 ={Da, Ba, Ca1}

Figure 18. Normal Retire (left) and Retire/Read Ordering (right)

Figure 18 (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 19 (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
tPACKET as 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 19 (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 tPACKET. This situation is explicitly shown in Table 10 for cases in
which tCCDELAY is equal to tRTR.

To Tt T2 T3 Ty Ts Te T7 Ta To T1oT11T12T13T1aT15T16T17T18T1T20 To T1 T2 Ta Ta Ts Te Tz Ta To T1oT11T12T13T14T15T16T17

| | | | CTM/CFM

CTM/CFM

The controller must insert a NOCOP to retire (a1) to

The retire operation for a write can be heid off

by a read to the same device. make rool

i

m for the da

N

ta (b1) in the write buffer.

RRNCERRREAN:

WR al WRb1_Y reire(at) ¥ RDct YA
MSK (a1) A
” IRTR .
VYV PN Gan ¥ Don
g ¥
. tcwp
Transaction a: WR a1 ={Da, Ba, Ca1} Transaction a: WR a1 ={Da, Ba, Cat}
Transaction b: RD b1 = {Da, Bb, Cb1} Transaction b: WR b1 = {Da, Bb, Cb1}
Transaction ¢: RD c1={Da, Bc, Cc1}

Figure 19. Retire Held off by Read (left) and Controller Forcing WWR Gap (right)
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Figure 20 shows a possible result when a retire is held off for a long time (an extended version of Figure 19 (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
ensure that this does not 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 RDRAMs with unretired write buffers. This is
because a WR command issued to one device automatically retires the write buffers of all other devices written a
time tRTR before or earlier.

To T1 T2 T3 T T Te T7 Te TaTagT11T 12T 13T 14T 15T 16T 17T 18T 19T 20V 21T 22T 23T 24T 25T 26T 277 28T 26T 30T 34T 32T 33T 34T asT 367377 36T 3V auT 41T a2V 43T aaTasT aeT a7

CTM/CFM

The retire operation puts the
ta in the n

Il

lwn’t da

i

W row.

i

ROW2
...ROWO

CcoL4
...COLO

Transaction a: WR

a0 = {Da, Ba, Ra}

a1l ={Da, Ba, Cat}

a2 ={Da, Ba}

Transaction b: RD

50 = {Da, Bb, Cb1}

b2 = {Da, Bb, Cb2}

b3 = {Da, Bb, Cb3}

b4 = {Da, Bb, Cb4}

b5 = {Da, Bb, Cb5}

b6 = {Da, Bb, Cb6}

ITransaction c: WR

c0 = {Da, Ba, Rc}

WARNING
This sequence is hazardous and
must be used with caution.

Figure 20. Retire Held off by Reads to Same Device, Write Buffer Retired to New Row
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Figure 21 shows an example of an interleaved write transaction. Transactions similar to the one presented in
Figure 17 are directed to non-adjacent banks of a single RDRAM. This allows a new transaction to be issued once
every tRR interval rather than once every tRC 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 a 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 and 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 (tRC has elapsed). Each transaction may use any value for row address (Ra, Rb, - - -)
and column address (Cal, Ca2, Cb1, Cb2, - - -).

To Ty T2T3Ta Vs Te T Te ToT1oT 14T 12T 13T 14T 15T 16T 47T 18T 19T 207247 22T 23T 24T 25T 26T 27T 26T 29T 30T 31T 32V 33T 34T 3T 36T 37T 36T a0V 0T 41T 42T 43T a4TasT agT a7

— [ Il [LHARRARA
- ' g % ransaclion e can use the
: same bank as transaction a.

ROW2 g ACT b0 ACT d 1

...ROWO

CcoL4 WRz1 JWRAZ2 | WR cl FWRAc2| WRd1

..COLO MSK (y1) | MSK (y2) | MSK (z1) | MSK (22) AMSK (a1) AMSK (a2) | MSK (b1)§ MSK (b2) MSK (c1) f MSK (c2) i MSK (d1) sk @2)

i fcwp

DQA8..0 D(x2)f Diy) § D2 § D(z1) Y D(z2) § D(a1) § D(a2) § D(b1) § D(b2) | D(ct) § D(c2) § D(d1)

DQBS...0
Transaction y: WR |y0 = {Da, Ba + 4, Ry}|y1={Da, Ba+4, Cy1}|y2 = {Da, Ba + 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}

b1={Da, Ba+2, Cb1}

b2 = {Da, Ba + 2, Cb2}

b3 ={Da, Ba + 2}

Transaction c: WR |c0 = {Da, Ba + 4, Rc}|c1 = {Da, Ba + 4, Cc1}|c2 = {Da, Ba + 4, Cc2}| ¢3 ={Da, Ba+ 4}
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}

f3={Da,Ba+2}

Figure 21.

Interleaved Write Transaction with Two Dualocts Data Length
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Interleaved Read Example

Figure 22 shows an example of an interleaved read transaction. Transactions similar to the one presented in
Figure 16 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)
1s 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.

ToT1 T2 T3 TaTs Te T7 Ts ToT1oT 147127 13T 14T 15T 16T 17T 18T 19T 207 217 22T 23T 24T 26T 267 27T 267 26T 30T 31T 32T 3T 34T asT 36T 37T 26T 26T 40T 41T 43T 4aT 44T asT 46T 47

cTmcrm B A e A A
. i i E = 4 i i E . o i i . i E ransaction e can use the same
L | R.C : L [ ank as transaction a.
ROW2 ) ACT c0 JYPHIVEL I AcTe0 | ] Acto ¥
...ROWO 1 | 1 ik -
e T
[ } [ I = T BRI ) [
COL4 RDa2 § ROb1 | ROb2 § RDc1 § RDc2 § RDd1 § RDd2 § RDe1 JROe2
...COLO PREX 23 PREX a3 PREX b3 PREXc3 REX d3
fcac
DQAS...0 Q (x2) Q(y1) Q(y2) Q(z1) Q (z2) Q1) § Q@) § Qpn Q (b2) Q(c1) Q(c2) yQ(d1)
DQBS...0
Transaction y: RD |y0 = {Da, Ba + 4, Ry}|y1={Da, Ba + 4, Cy1}|y2 = {Da, Ba + 4, Cy2}} y3={(Da, Ba +4}
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}/b1 = {Da, Ba + 2, Cb1}(b2 = {Da, Ba + 2, Cb2}} b3 ={Da, Ba + 2}
Transaction ¢: RD [c0 ={Da, Ba + 4, Rc}|c1={Da, Ba+4, Ccl}{c2={Da, Ba+4,Cc2}} c3={Da, Ba+4}
Transaction d: RD [d0 = {Da, Ba + 6, Rd}|d1 ={Da, Ba + 6, Cd1}{d2 = {Da, Ba + 6, Cd2}| d3 ={Da, Ba + 6}
Transaction e: RD e0 = {Da, Ba, Re} e1 = {Da, Ba, Cel} e2 = {Da, Ba, Ce2} e3 = {Da, Ba}

Transaction f: RD

f0 = {Da, Ba + 2, Rf}

f1 = {Da, Ba + 2, Cf1}

f2 = {Da, Ba + 2, Cf2}

f3 ={Da, Ba + 2}

Figure 22. Interleaved Read Transaction with Two Dualocts Data Length
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Interleaved RRWW Example

Figure 23 shows a steady-state sequence of two-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 21 and Figure 22,
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 23 is 32/42 or 76%. If there were more RDRAMs 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 23, the first bubble-type tCBUBL1 is inserted by the controller between a RD and a 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 5. This bubble appears on the DQA and DQB pins as tDBUB1 between a write data dualoct D and a
read data dualoct Q. This bubble also appears on the ROW pins as tRBUB1.

The second bubble-type tCBUB2 is inserted (as a NOCOP command) by the controller between a WR command and
a RD command on the COL pins when there is a WR-WR-RD sequence directed at a single device. This bubble
enables write data to be retired from the write buffer without being lost, and is explained in detail in Figure 19.
There would be no bubble if address cO and address d0 were directed at different devices. This bubble appears on the
DQA and DQB pins as tDBUB2 between a write data dualoct D and a read data dualoct Q. This bubble also appears
on the ROW pins as tRBUB2-

To Ty T2 T3 Ta Ts Tg T7 Tg ToT1aT 91T 12T 13T 14T 15T 16T 17T 187 19T 20T 29T 22T 23T 24T 25T 26T 27T 26T 29T 30T 31T 32T 33T 34T 38T 36T 37T sl agT aol 417 a2 aalaaT 45T 46T a7

CTM/CFM

same bank as transaction a.

ROW2 ACT d0
ROWO | WA
tce } |'osuB2 P
€ o I
coL4 wrab2] WR c1 Jwrac2fNocop
.COLO PREX a3 MsK (o1)] MK (o2 MSK (c1)
toaysy ! | | toBus: | P
’ [~ 1 I ] ! ] ! ’ i 1 1
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Transaction y: WR [y0 = {Da, Ba + 4, Ry}|y1={Da, Ba + 4, Cy1}{y2 = {Da, Ba+ 4, Cy2}| y3={Da, Ba+ 4}
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, Ca1} | a2={Da, Ba, Ca2} a3 ={Da, Ba}

Transaction b; WR |b0 = {Da, Ba + 2, Rb}|b1 = {Da, Ba + 2, Cb1}(b2 ={Da, Ba+ 2, Cb2}| b3 ={Da, Ba+ 2}
Transaction ¢: WR |c0 ={Da, Ba + 4, Rc}|{c1={Da, Ba +4, Cc1}{c2={Da, Ba+4, Cc2}| c3={Da, Ba+4)}
Transaction d: RD |d0 = {Da, Ba + 6, Rd}|(d1 = {Da, Ba + 6, Cd1}|d2 ={Da, Ba+ 6, Cd2}| d3={Da, Ba + 6}
Transaction e: RD e0 = {Da, Ba, Re} el = {Da, Ba, Cet} 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}

Figure 23. Interleaved RRWW Sequence with Two Dualocts Data Length

2000-07-12 32/71



TOSHIBA TC59RM716GB-8

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 for 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 SIOO0 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.

Ta Tao Tae Ts2

oo AR,

i i
i next transaction <_....:

A 1
CMD (] 00000000...000000000 ] 00000000...000000000 ] 0C000000...000000000 | 00000000...000000000 ﬂﬁw

-
2

0
H T
il | 1
sioo {}1¥] SRQ-SWR command SA sD SINT
| \ \
0
o {Each packet is repeated from |
Pt S100 to SI01 ;
- 1
sio1 ERpk] SRQ-SWRcommand X SA sSD SINT
0

R R L e e e e e e e e e e e e e R T B

Figure 24. Serial Write (SWR) Transaction to Control Register
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Write and read transactions are each composed of four packets, as shown in Figure 24 and Figure 25.

Each packet consists of 16 bits, as summarized in Table 12 and Table 13. 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 and rising edges of SCK). The
SRQ packet contains the SOP3...SOP0 (Serial Op-code) field, which selects the transaction type. The
SDEVS5...SDEVO0 (Serial Device address) selects one of the 32 RDRAMs. If SBC (Serial Broadcast) is set, then all
RDRAM S 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. An 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 a 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.

Ts T2 T36 Ts2 Tes

o ..

)
|
cmp (o] 00000000...000000000 oooooooo,..oooooooooXoooooooo...ooooooooo X 00000000...000000000 1

[
Vo
{1 hexttransaction
] 1
L

[ |

addressed RDRAM drives E controller drives 0
]
)
i

0/SD15...8D0/0 on SIQ0 on SI00
R bl 4
SION SRQ-SRD command SA SINT \ SD

} \ 1 \

0

i E EFirst 3 packets are repeated non addresqed RDRAMY pa3q 0/SD15™

Pl from SIO0 to SIO1 $101 to SIO!

a1

S10our tEEE] SRQ-SRD command X SA SINT sD ¢

Figure 25. Serial Read (SRD) Transaction to Control Register
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Control Register Packets

Table 12 summarizes the formats of the four packet types for control ~ S€K JH“H”U”“]””JW

register transactions. Table 13 summarizes the fields that are used
within the packets.
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Figure 26 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 g, (Y1} SRQ packet- ."”'%

* SETRICLRRISETF A
i T'he bac'ketl is nl'ep:‘aatéd
: from S100 to SIO1

framing sequence on the CMD input is used, however. These commands
are used during initialization prior to any control register read or write

transactions. : 1
S0 1y SRQ packet- YEy
M, sermormsere MAY
Figure 26. SETR, CLRR, SETF Transaction
Table 12. Control Register Packet Formats
SCK SIO0 or SIO00 or SI00 or SI00 or SCK SI00 or S100 or SI00 or SI00 or
Cycle SI01for | SlO1 for SIO1 for SIO1 for Cycle S101 for SI01 for SIO1 for SIO1 for
SRQ SA SINT SD SRQ SA SINT SD
0 rsrv rsrv 0 SD15 8 SOP1 SA7 0 sD7
1 rsrv rsrv 0 SD14 9 SOPO SAB 0 SD6
2 rsrv rsrv 0 SD13 10 SBC SA5 0 SD5
3 rsrv rsrv 0 SD12 1 SDEV4 SA4 0 SD4
4 rsrv SA11 0 SD11 12 SDEV3 SA3 0 SD3
5 SDEV5 SA10 0 SD10 13 SDEV2 SA2 0 SD2
6 SOP3 SA9 0 SD9 14 SDEV1 SA1 0 SD1
7 SOP2 SA8 0 sD8 15 SDEVO SA0 0 sSDo
Table 13. Field Description for Control Register Packets
Field Description
rsrv Reserved. Should be driven as “0" by controller.
0000-SRD. Serial read of control register {SA11..SAC} of RDRAM {SDEV5. SDEVO0}.
0001-SWR. Serial write of control register {SA11..SA0} of RDRAM {SDEV5..SDEV0}.
0010-SETR. Set Reset bit; all control registers assume their reset values. a16 tscycLE delay until CLRR command.
SOP3...S0OPO 0100-SETF. Set Fast (Normal) Clock Mode. a4 tSCYCLE delay until next command.
1011-CLRR. Clear Reset bit; all control registers retain their reset values. a4 tscycLe delay until next command.
1111-NOP. No serial operation.
0011, 0101-1010, 1100-1110-RSRV. Reserved encodings.
SDEVS... SDEVO .Serfal device. Compared to SDEVIDS..SDEVIDO field of INIT control register field to select the RDRAM to which the transaction
is directed.
SBC Serial broadcast. When set, RDRAMs ignore {SDEV5..SDEV0} for RDRAM selection.
SA11...SA0 Serial address. Selects which control register of the selected RDRAM is read or written.
SD15...8D0 Serial data. The 16 bits of data written to or read from the selected control register of the selected RDRAM.

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

SCK

eMD {|

SIoo

SIo1

To Tie
1 Initialization refers to the process that a controller must go through
I ' | MMU” Jm_ﬂ_muuu“mmﬂ_ o after power is applied to the system or the system is reset. The controller
prepares the RDRAM sub-system for normal Channel operation by using
1 a sequence of control register transactions on the serial CMOS pins.

) |
) |
' 1
' '
L HE

00000000...000000000 §

The following steps outline the sequence seen by the various memory

1 subsystem components (including the RDRAM components) during
VATAY, e 1e . . . . .

0000000000000000 - initialization. This sequence is available in the form of reference code.

A o Contact Rambus Inc. for more information.

The packet is repeated
from SIO0 to SI01
T T

1
0000000000000000
0

vt 4 & o4 1 b 1o

Figure 27. SIO Reset Sequence

1.0 Start Clocks

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

2.0 RAC Initialization

This step causes the INIT block to generate a sequence of pulses which resets the RAC, performs RAC
maintenance operations, and measures timing intervals in order to ensure clock stability.

3.0 RDRAM Initialization

This stage performs most of the steps needed to initialize the RDRAMs. The rest are performed in stages 5.0,
6.0, and 7.0. All of the steps in 3.0 are carried out through the SIO block interface.

3.1/3.2 SIO Reset

This reset operation is performed before any SIO control register read or write transactions. It clears six
registers (TEST34, CCA, CCB, SKIP, TEST78, and TEST79) and places the INIT register into a special state
(all bits cleared except SKP and SDEVID fields are set to ones).

3.3 Write TEST77 Register
The TEST77 register must be explicitly written with zeros before any other registers are read or written.

3.4 Write TCYCLE Register
The TCYCLE register is written with the cycle time tCYCLE of the CTM clock (for Channel and RDRAMs)
in units of 64 ps. The tCYCLE value is determined in stage 1.0.

3.5 Write SDEVID Register

The SDEVID (serial device identification) register of each RDRAM is written with a unique address value
so that directed SIO read and write transactions can be performed. This address value increases from 0 to 31
according to the distance a RDRAM is from the ASIC component on the SIO bus (the closest RDRAM is
address 0).

3.6 Write DEVID Register

The DEVID (device identification) register of each RDRAM is written with a unique address value so that
directed memory read and write transactions can be performed. This address value increases from 0 to 31.
The DEVID value is not necessarily the same as the SDEVID value. RDRAMs are sorted into regions of the
same core configuration (number of bank, row, and column address bits and core type).
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3.7 Write PDNX, PDNXA Registers
The PDNX and PDNXA registers are written with values that are used to measure the timing intervals
connected with an exit from the PDN (Powerdown) power state.

3.8 Write NAPX Register
The NAPX register is written with values that are used to measure the timing intervals connected with an
exit from the NAP power state.

3.9 Write TPARM Register

The TPARM register is written with values which determine the time interval between a COL packet with
a memory read command and the Q packet with the read data on the Channel. The values written set each
RDRAM to the minimum value permitted for the system. This will be adjusted later in stage 6.0.

3.10 Write TCDLY1 Register

The TCDLY1 register is written with values which determine the time interval between a COL packet with
a memory read command and the Q packet with the read data on the Channel. The values written set each
RDRAM to the minimum value permitted for the system. This will be adjusted later in state 6.0.

3.11 Write TFRM Register

The TFRM register is written with a value that is related to the tRCD parameter for the system. The tRCD
parameter is the time interval between a ROW packet with an activate command and the COL packet with a
read or write command.

3.12 SETR/CLRR
Each RDRAM is given a SETR command and a CLRR command through the SIO block. This sequence
performs a second reset operation on the RDRAMs.

3.13 Write CCA and CCB Register
These registers are written with a value halfway between their minimum and maximum values. This
shortens the time needed for the RDRAMs to reach their steady-state current control values in state 5.0.

3.14 Powerdown Exit

The RDRAMSs are in the PDN power state at this point. A broadcast PDN Exit command is performed by
the SIO block to place the RDRAMs in the RLX (relax) power state in which they are ready to receive ROW
packets.

3.15 SETF

Each RDRAM is given a SETF command through the SIO block. One of the operations performed by this
step is to generate a value for the AS (autoskip) bit in the SKIP register and fix the RDRAM to a particular
read domain.

4.0 Controller Configuration

This stage initializes the controller block. Each step of this stage will set a field of the ConfigRMC[63:0] bus to

the appropriate value. Other controller implementations will have similar initialization requirements, and this
stage may be used as a guide.

4.1 Initial Read Data Offset

The ConfigRMC bus is written with a value which determines the time interval between a COL packet with
a memory read command and the Q packet with the read data on the Channel. The value written sets
RMC.d1 to the minimum value permitted for the system. This will be adjusted later in stage 6.0.

4.2 Configure Row/Column Timing

This step determines the values of the tRAS MIN, tREMIN, tRC MIN, tRCD,MIN, tRR,MIN, and tPPMIN
RDRAM timing parameters that are present in the system. The ConfigRMC busies written with values that
will be compatible with all RDRAM devices that are present.
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e 4.3 Set Refresh Interval
This step determines the values of the tREFMAX RDRAM timing parameter that are present in the system.
The ConfigRMC bus is written with a value that will be compatible with all RDRAM devices that are present.

¢ 4.4 Set Current Control Interval
This step determines the values of the tCCTRL,MAX RDRAM timing parameter that are present in the
system. The ConfigRMC bus is written with a value that will be compatible with all RDRAM devices that are
present.

e 4.5 Set Slew Rate Control Interval
This step determines the values of the tTEMPMAX RDRAM timing parameter that are present in the
system. The ConfigRMC bus is written with a value that will be compatible with all RDRAM devices that are
present.

¢ 4.6 Set Bank/Row/Col Address Bits
This step determines the number of RDRAM bank, row, and column address bits that are present in the
system. It also determines the RDRAM core types (independent, doubled, or split) that are present. The
ConfigRMC bus is written with a value that will be compatible with all RDRAM devices that are present.

5.0 RDRAM Current Control

This step causes the INIT block to generate a sequence of pulses which performs RDRAM maintenance
operations.

6.0 RDRAM Core, Read Domain Initialization
This stage completes the RDRAM initialization.

e 6.1 RDRAM Core Initialization
A sequence of 192 memory refresh transactions is performed in order to place the cores of all RDRAMs into
the proper operating state.

¢ 6.2 RDRAM Read Domain Initialization
A memory write and memory read transaction is performed to each RDRAM to determine which read
domain each RDRAM occupies. The programmed delay of each RDRAM is then adjusted so the total RDRAM
read delay (propagation delay plus programmed delay) is constant. The TPARM and TCDLY1 registers of
each RDRAM are rewritten with the appropriate read delay values. The ConfigRMC bus is also rewritten
with an updated value.

7.0 Other RDRAM Regqister Fields

This stage rewrites the INIT register with the final values of the LSR, NSR, and PSR fields.

In essence, the controller must read all the read-only configuration registers of all RDRAMs (or it must read
the SPD device present on each RIMM), it must process this information, and then it must write all the
read-write registers to place the RDRAMs into the proper operating mode.
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Initialization Note [1]:

During the initialization process, it is necessary for the controller to perform 128 current control operations
(3 x CAL, 1 x CAL/SAM) and one temperature calibrate operation (TCEN/TCAL) after reset or after Powerdown
(PDN) exit.

Initialization Note [2]:

There are two classes of 64/72 Mbit RDRAM. They are distinguished by the “S28IECO” bit in the SPD. The
behavior of the RDRAM at initialization is slightly different for the two types. 128/144 M bit RDRAM belongs to
the latter class:

S28IECO = 0:
Upon power-up the device enters ATTN state. The serial operations SETR, CLRR, and SETF are performed
without requiring a SDEVID match of the SBC bit (broadcast) to be set.

S28IECO = 1:
Upon power-up the device enters PDN state. The serial operations SETR, CLRR, and SETF require a SDEVID
match.

See the document detailing the reference initialization procedure for more information on how to handle thisin a
system.

Initialization Note [3]:

After the step of equalizing the total read delay of each RDRAM has been completed (i.e. after the TCDLYO and
TCDLY1 fields have been written for the final time), a single final memory read transaction should be made to
each RDRAM in order to ensure that the output pipeline stages have been cleared.

Initialization Note [4]:

The SETF command (in the serial SRQ packet) should only be issued once during the Initialization process, as
should the SETR and CLRR commands.

Initialization Note [5]:

The CLRR command (in the serial SRQ packet) leaves some of the contents of the memory core in an
indeterminate state.
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Control Register Summary

Table 14 summarizes the RDRAM control registers. Detail is provided for each control register in Figure 28
through Figure 32. Read-only bits which are shaded gray are unused and return zero. Read-write bits which are
shaded gray are reserved and should always be written with 0. The RIMM SPD Application Note (Rambus Inc.
Document DL0O054) describes additional read-only configuration registers which are present on Direct RIMMS.

The state of the register fields are potentially affected by the SIO Reset operation or the SETR/CLRR operation.
This is indicated in the text accompanying each register diagram.

Table 14. Control Register Summary

SA11..SA0| Register Field Rer:::‘_’g::;/ or Description
SDEVID read-write, 6 bits |Serial device ID. Device address for control register read/write.
PSX read-write, 1 bit |Power Select exit. PDN/NAP exit with device address on DQAS...0.
SRP read-write, 1 bit |SIO repeater. Used to initialize RDRAM.
NSR read-write, 1bit |NAP Self-Refresh. Enables Self-Refresh in NAP Mode.
02116 INIT PSR read-write, 1 bit |PDN Self-Refresh. Enables Seif-Refresh in PDN Mode.
LSR read-write, 1 bit |Low-power Self-Refresh. Enables low-power Self-Refresh.
TEN read-write, 1 bit |Temperature sensing enable.
TSQ read-write, 1 bit  {Temperature sensing output.
DIS read-write, 1 bit |RDRAM disable.
02215 TEST34 TEST34 read-write, 16 bits | Test register. Do not read or write after SIO reset.
REFBIT read-only, 3 bits  |Refresh bank bits. Used for Muli-Bank refresh.
DBL read-only, 1 bit  |Double. Specifies Doubled-Bank architecture.
02315 CNFGA
MVER read-only, 6 bits | Manufacturer version. Manufacturer identification number.
PVER read-only, 6 bits  ]Protocol version. Specifies version of Direct protocol supported.
BYT read-only, 1 bit  |Byte, Specifies an 8-bit or 9-bit byte size.
DEVTYP read-only, 3 bits  [Device type. Device can be RDRAM or some other device category.
0241¢ CNFGB SPT read-only, 1 bit Split-core. Each core half is an individual dependent core.
CORG read-only, 5 bits  |Core organization. Bank, row, column address field sizes.
SVER read-only, 6 bits  [Stepping version. Mask version number.
04016 DEVID DEVID read-write, 5 bits  |Device ID. Device address for memory read/write.
04115 REFB REFB read-write, 5 bits | Refresh bank. Next bank to be refreshed by Self-Refresh.
0421¢ REFR REFR read-write, 9 bits  |Refresh row. Next row to be refreshed by REFA, Self-Refresh.
04316 cea CCA read-write, 7 bits  |Current control A, Control Io| output current for DQA.
ASYMA read-write, 1 bits JAsymmetry control. Controls asymmetry of Vg /VoH swing for DQA.
04416 ccB ccB read-write, 7 bits  |Current control B. Control o output current for DQB.
ASYMB read-write, 1 bits | Asymmaetry control. Controls asymmetry of Vo Vop swing for DQB.
NAPXA read-write, 5 bits |NAP exit. Specifies length of NAP exit phase A.
0451 NAPX NAPX read-write, 5 bits  [NAP exit. Specifies length of NAP exit phase A + phase B.
DQS read-write, 1 bit  [DQ select. Selects CMD framing for NAP/PDN exit.
04616 PDNXA PDNXA read-write, 6 bits |PDN exit. Specifies length of PDN exit phase A.
04716 PDNX PDNX read-write, 3 bits |PDN exit. Specifies length of PDN exit phase A + phase B,
TCAS read-write, 2 bits  [tcas.c core parameter. Determines toppp datasheet parameter.
04816 TPARM TCLS read-write, 2 bits  |tc s.c core parameter. Determines tcac and toppp datasheet parameter.
TCDLYO read-write, 3 bits  |tcpLyo-C core parameter. Programmable delay for read data.
0496 TFRM TFRM read-write, 4 bits |tFrM-c core parameter. Determines ROW-to-COL packet framing interval.
04a1g TCDLY1 TCDOLY1 read-write, 2 bits  [tcpLy1-C datasheet parameter. Programmable delay for read data.
04c1g TCYCLE |TCYCLE read-write, 6 bits  |tcycLE datasheet parameter. Specifies cycle time in 64 ps units.
AS read-only, 1 bit  |Autoskip value established by the SETF command.
04b1g SKIP MSE read-write, 1 bit  |Manual skip enable. Allows the MS value to override the AS value.
MS read-write, 1 bit  |Manual skip value.
04d1g TEST77 TEST77 read-write, 16 bits | Test register. Write with zero after SIO reset.
0de16 TEST78 TEST78 read-write, 16 bits |Test register. Do not read or write after SIO reset.
04f15 TEST79 TEST79 read-write, 16 bits | Test register. Do not read or write after SIO reset.
0801¢-0ff1g |reserved |reserved vendor-specific  |Vendor-specific test registers. Do not read or write after SIO reset.
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I Control Register: INIT I I Address: 0214
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Read/write register.
Reset values are undefinad except as affected by SIO Reset as noted
below, SETR/CLRR Reset does not affect this register.

SDEVIDS...0-Serial Device Identification. Compared with SDEVS...0, serial
address field of serial request packet for register read/write transactions.
This determines which RDRAM is selected for the register read or write
operation. SDEVID resets to 3fqg.

PSX-Power Exit Select. PDN and NAP are exited with {= 0) or without (= 1)
a device address on the DQA5...0 pins. PDEV5 (on DQAS5) selects
broadcast (1) or directed (0) exit. For a directed exit, PDEV4...0 (on
DQAA4...0) is compared to DEVID4...0 to select a device.

SRP-SI0 Repeater. Controls vatue on SI01; SI01 = SIO0 if SRP = 1,
Si01 = 1if SRP=0. SRP resets to 1.

NAP Self-Refresh. NSR = 1 enables Seif-Refresh in NAP Mode. NSR can't
be set while in NAP mode. NSR resets to 0.

PDN Self-Refresh. PSR = 1 enables Self-Refresh in PDN Mode. PSR can't
be set while in PDN mode. PSR resets to 0.

Low-Power Self-Refresh. LSR = 1 enables longer self-refresh interval. The
self-refresh supply current is reduced. This RDRAM doesn't use LSR bit.
LSR resets to 0.

Temperature Sensing Enable. TEN = 1 enables temperature sensing
circuitry, permitting the TSQ bit to be read to determine if a thermal trip point
has been exceeded. TEN resets to 0.

Temperature Sensing Output. TSQ = 1 when a temperature trip point has
been exceeded, TSQ = 0 when it has not. TSQ is available during a cuirent
control operation (see Figure 39).

RDRAM Disable. DIS = 1 causes RDRAM to ignore NAP/PDN exit
sequence, DIS = 0 permits normal operation. This mechanism disables an
RDRAM. DIS resets to 0.

| Control Register: CNFGA | [ Address: 0234

15141312 1110 9 8 7 6 6 4 3 2 1 0

DBL{REFBIT2...0
1 =101

L J1 ] L 1

|7’VER5...O = 000001 MVERS...0 = mmmmmm

v

v

A 4

>

Note: In RDRAMs with protocol version 1 PVER([5:0] = 000001, the range of
the PDNX field (PDNX[2:0] in the PDNX register) may not be large
enough to specify the location of the restricted interval in Figure 36. In
this cass, the effective tq4 parameter must increase and no row or
column packets may overlap the restricted interval. See Figure 36
and page 54.

Read-only register.

REFBIT2...0-Refrash Bank Bits. Specifies the number of bank address bits
used by REFA and REFP commands. Pemits multi-bank refresh in future
RDORAMs.

DBL-Doubled-Bank. DBL = 1 means the device uses a doubled-bank
architecture with adjacent-Bank dependency. DBL = 0 means no
dependency.

MVERS...0-Manufacturer Version. Specifies the manufacturer identification
number.

PVERS...0-Protocol Version. Specifies the Direct protocol version used by
this device:

0-Compliant with version 0.62.
1-Compliant with version 0.7 through this version.
2~63-Reserved

Figure 28. Control Registers
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( Control Register: CNFGB I | Address: 02445 I

15 14 131211 10 9 8 7 6 5 4 3 2 1 0
SPT DEVTYPZ...OIBYT

| SVERS...0 = ssssss CORG4...0 =00100

1 =000 B
| T f e
L
L >

v

v

Read-only register.

BYT-Byte width. B = 1 means the device reads and writes 9-bit memory
bytes. B = 0 means 8 bits.

DEVTYP2...0-Device type. DEVTYP = 000 means that this device is an
RDRAM.

SPT-Split-Core. SPT = 1 means the core is split, SPT = 0 means it is not.

CORG4...0-Core organization. This field specifies the number of bank (3, 4,
5, or 6 bits), row (9, 10, 11, or 12 bits), and column (5, 6, or 7 bits), address
bits. The encoding of this field will be specified in a later version of this
document.

SVERS...0-Stepping version. Specifies the mask version number of this
device.

| Control Register: TEST34 | | Address: 02215 |

| Control Register; DEVID | I Address: 0401 I

151413121 10 9 8 7 6 5 4 3 2 1 0

Read/write register.

Reset value of TEST34 is zero (from SIO Reset)

This register are used for testing purposes. It must not be read or written
after SIO Reset.

51413121110 9 8 7 6 5 4 3 2 1 0

DEVID4...DEVIDO

Read/write register.
Reset value is undefined.

Device Identification Register.

DEVID4...DEVIDO is compared to DR4...DR0, DC4...DCO and DX4...DX0
fields for all memory read or write transactions.

This determines which RDRAM is selected for the memory read or write
transaction.

I Control Register: REFB I | Address: 0414¢ l

| Control Register: REFR l l Address: 04244

1514 1312 11 10 9 8 7 6 5 4 3 2 1 0

REFB4...REFBO

Read/write register.

Reset valus is 0 (from SETR/CLRR).
Refresh Bank Register.
REFB4...REFBO is the bank
Self-Refresh. REFB4...0 is incremented after each Self-Refresh Activate
and Precharge operation pair.

that will be refreshed next during

15141312 11 10 9 8 7 6 5 4 3 2 1 0

REFR8...REFRO

Read/write register.

Resst value is 0 (from SETR/CLRR).

Refresh Row Register.

REFRS8...REFRO is the row that will be refreshed next by the REFA
command or by Self-Refresh. REFR8...0 is incremented when BR4...0 =
11111 for the REFA command. REFR8...0 is incremented when REFB4...0
= 11111 for self-refresh.

Figure 29. Control Registers
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[ Control Register: CCA | | Address: 0431 |

[ Control Register: CCB l [ Address: 0444¢ |

15 14 13 12 11 10

9 8 7 6 5 43 2 10

CCAB...CCAD

Read/write register.

Read value is 0 (SETR/CLRR or SIO Reset).

CCAB...CCAO0-Current Control A, Controls the I output current for the
DQA8...DQAO pins.

ASYMA control the asymmetry of the Vo Vo voltage swing about the
VREF reference voltage for the DQAB...0 pins.

15141312 110 9 8 7 6 5 4 3 2 1 0

CCB6...CCBO

Read/write register.

Read value is 0 (SETR/CLRR or SIO Reset).

CCB6...CCBO-Current Control B. Controls the Igi output current for the
DQBS.. DOBO pins.

ASYMB control the asymmetry of the Vo /Vpp voltage swing about the
VREF reference voltage for the DQBS...0 pins.

[ Control Register: NAPX I | Address: 0451¢ |

10 9 8 7 6 § 4 3 2 1 0

-

15 14 13 12 11

NAPX4...0 NAPXA4...0

L Il ]

L

A 4

\ 4

Read/write register.
Reset value is undefined.
Note-tscYCLE is toycLE1 (SCK cycle time).

NAPXA4...0-NAP Exit Phase A. This field specifies the number of SCK
cycles during the first phase for exiting NAP Mode.
NAPXA x t5CYCLE 2 tNAPXA,MAX: Do not set this field to 0.

NAPX4...0-NAP Exit Phase B. This field specifies the number of SCK
cycles during the second phase for exiting NAP Mode.

NAPX x tgCYCLE 2 NAPXA x tgCYCLE + tNAPXB,MAX- Do not set this field
to 0.

DQS-DQ Select. This field specifies the number of SCK cycles (0 — 0.5
cycles, 1 —» 1.5 cycles) between the CMD pin framing sequence and the
device selection on DQ5...0. See Figure 36-This field must be written with a
“1” for this RDRAM.

Control Register: PDNXA l | Address: 04645 |

| Control Register: PDNX I | Address: 047 ¢ I

1514 131211 10 9 8 7 6 5 4 3 2 1 0

PDNXAS...0

Read/write register.

Reset value is undefined.

PDNXA4...0-PDX Exit Phase A. This field specifies the number of (64 x
SCK cycle) units during the first phase for exiting PDN mode. it must
satisfy:

PDNXA x 64 x tSCYCLE > tPDNXA,MAX

Do not set this field to 0.

Note-only PDNXAS...0 are implemented.
NotetscyYcLE is toycLET (SCK Cycle time).

15141312110 9 8 7 6 5 4 3 2 1 0

Read/write register.
Reset value is undefined.
PDNX4...0-PDX Exit Phase A plus B. This field specifies the number of
(256 x SCK cycle) units during the first plus second phase for exiting PDN
mode. It must satisfy:

PDNX x 256 x tscycLE 2 PDNXA x 64 x tSCYCLE + tPDNXB,MAX
If this equation can’t be satisfied, then the maximum PDNX value should
be written, and the tS4/tH4 timing window will be modified (see Figure 36).
Do not set this field to 0.
Note-only PDNX2...0 are implemented.
Note-tscYCLE is tcycLE1 (SCK Cycle time).

Figure 30. Control Registers
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The equations relating the core parameters to the datasheet parameters

| Control Register: TPARM | I Address: 04B1g follow:

15 14 13 12 11 10 9 8 7

6 5 4 3 2 1 0

TCDLYC | TCLS | TCAS

Read/write register.
Reset value is undefined.

TCAS1...0-Specifies the tcag.¢ core parameler in toyc|E units.
This should be “10” (2 toycLE)-

TCLS1...0-Specifies the tc| s.¢ core parameter in toycLE units.
This should be “10" (2 toYGCLE)-

TCDLYO0-Specifies the tcp| yo-¢ core parameter in toycLe units. This adds
a programmable delay to Q (read data) packets, permitting round trip read
delay to all devices to be equalized. This field may be written with the values
"010" (2- toycLE) through *101” (5 toycLE)-

tcas-c =21cycLe

tcLs-c =2 teycLE

tcps-c = 11gcycLE  Not programmable

toFrFP =tcpPs-c +lcas-C +tcLs-c - 1iCcYCLE
=41tcveLE

=tr¢D-C + T ICYCLE - toLs-C
=1RCD-C — 1 tCYCLE

tRCD

tcac = 3-toycLE + teLs-c + tepLyo-c + tebLyi-¢
(see table below for programming ranges)

TeDLY0 | tepLyo-c | TEOLY1 |tepLyo-c tCAS?;C:SCLE tCAS(z‘?;C:sCLE
010 |2-tcycLe} 000 |O-tcyclLe| 7-tcyclLe not allowed
011 [3-tcycte| 000 {0-tcycLe|l 8-lcycLE 8-1CYCLE
011 [3-tcycLe| 001 {1-tgycLE] 9-fcycLE 9-{CYCLE
011 [3-tcycLe| 010 {2-tcycLef 10-tcycle | 10-tCyCLE
100 J4-tcycLe| 010 j2-tcycle] M-toyvcie [ 1-toyvcle
101 |5-tcvcLe] 010 |2-tcvcle] 12-tcycle [ 12-tevele

Control Register: TFRM

3

|| Address: 0491 |

l Control Register: TCDLY'1 | | Address: 04aqg |

1514131211 10 9 8 7 6 5 4 3 2 1 0

TERM3...0

Read/write register.
Reset value is undefined.

TFRM3...0-Specifies the position of the framing point in tcycE units. This
value must be greater than or equal to the trrm,MIN parameter. This is the
minimum offset between a ROW packet (which places a device at ATTN)
and the first COL packet (directed to that device) which must be framed.
This field may be written with the values “0111” (7 - teycLe) through *1010”
(10-toycLe)- TFRM is usually set to the value which matches the largest
tRCD,MIN parameter (modulo 4-tcycLg) that is present in an RDRAM in
the memory system. Thus, if an RDRAM with trcp,MIN = 11- tcyCLE were
present, then TFRM would be programmed to 7 -t{CYCLE.

151413 1211 10 9 8 7 6 5 4 3 2 1 0

Read/write register.
Reset value is undefined.

TCDLY1-Specifies the value of the tcp|y4.c core parameter in toyYCLE
units. This adds a programmable delay to Q (read data) packets,
permitting round trip read delay to all devices to be equalized. This field
may be written with the values "000" (0 toycLg) through 010" (2 toycLE)-
Refer to table above for more details.

Figure 31. Control Registers
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[ Control Register: SKIP [ | Address: 04bqg J

l Control Register: TCYCLE l I Address: 04cqg |

151413 12 1110 9 8 7 6

5 4 3 2 10

IMSE

Read/write register (except AS field).
Reset value is zero (SIO Reset).

AS-Autoskip. Read-only value determined by autoskip circuit and stored
when SETF serial command is received by RDRAM during initialization. In
Figure 47, AS = 1 corresponds to the early Q (a1) packet and AS =0 to
the Q (a1) packet one toycLE later for the four uncertain cases.

MSE-Manual skip enable (0 = auto, 1 = manual).

MS-Manual skip (MS must be 1 when MSE = 1). During initialization, the
RDRAMs at the furthest point in the fifth read domain may have selected
the AS = 0 value, placing them at the closest point in a sixth read domain.
Setting the MSE/MS fields to 1/t overrides the autoskip value and returns
them to the furthest point of the fifth read domain.

51413121110 9 8 7 6 5 4 3 2 1 0

TCYCLES...0

Read/write register.
Resst value is undsfined.

TCYCLES...0-Specifies the value of the toyct g datasheet parameter in
64 ps units. For the toyc g MIN of 2.5 ns (2500 ps), this field should be
written with the value "000271¢" (3964 ps).

Control Register: TEST77 Address: O4dq¢

Control Register: TEST78 Address: O4e4¢

Control Register: TEST79 Address: 04f1g

15141312 110 9 8 7 6 5 4 3 2 1 0

Read/write register.

Reset value of TEST78, 79 is zero (SIO Reset).

Do not read or write TEST78, 79 after S10 reset. TEST77 must be written
with zero after SIO reset. These registers must only be used for testing

purposes.

Figure 32. Control Registers
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Power State Management

Table 15 summarizes the power states available to a Direct RDRAM. In general, the lowest-power states have the
longest operational latencies. For example, the relative power levels of PDN state and STBY have a ratio of about
1:110, and the relative access latencies to get read data have a ratio of about 250:1.

PDN state is the lowest power state available. The information in the RDRAM core is maintained with
self-refresh; an internal timer automatically refreshes all rows of all banks. PDN has a relatively long exit latency
because the TCLK/RCLK block must resynchronize itself to the external clock signal.

NAP state is another low-power state in which either self-refresh or REFA-refresh are used to maintain the core.
See “Refresh” on page 51 for a description of the two refresh mechanisms. NAP state has a shorter exit latency than
PDN because the TCLK/RCLK block maintains its synchronization state relative to the external clock signal. This
imposes a limit (¢NLIMIT) on how long an RDRAM may remain in NAP state before briefly returning to STBY or
ATTN to update this synchronization state.

Table 15. Power State Summary

Power - . Power - .
State Description Blocks Consuming Power State Description Blocks Consuming Power
Powerdown state. Self-refresh Nap state. Similar to PDN | Self-refresh or
PDN NAP | state except for lower REFA-refresh
wake-up latency TCLK/RCLK-Nap
Standby state REFA-refresh Attention state REFA-refresh
STBY Ready for ROW packets. | TCLK/RCLK ATTN Ready for ROW and COL | TCLK/RCLK
ROW demux receiver packets ROW demux receiver
COL demux receiver
Attention Read state REFA-refresh Attention Write state REFA-refresh
Ready for ROW and COL | TCLK/RCLK Ready for ROW and COL | TCLK/RCLK
packets. ROW demux receiver packets ROW demux receiver
ATTNR Sending Q (read data) COL demux receiver ATTNW Ready for D (write data) | COL demux receiver
packets DQ mux transmitter packets DQ demux receiver
Core power Core power

2000-07-12 46/71



TOSHIBA TC59RM716GB-8

Figure 33 summarizes the transition conditions needed for moving between the various power states.

Note that NAP and PDN have been divided into two sub-states (NAP-A/NAP-S and PDN-A/PDN-S) to account for
the fact that a NAP or PDN exit may be made to either ATTN to STBY states.

At initialization the SETR/CLRR Reset sequence will put the RDRAM into PDN-S state. The PDN exit sequence
involves an optional PDEV specification and bits on the CMD and SIOO pins.

Once the RDRAM is in STBY, it will move to the ATTN/ATTNR/ATTNW state when it receives a non-broadcast
ROWR packet with the ATTN command. The RDRAM returns to STBY from these three states when it receives a
RLX command. Alternatively, it may enter NAP or PDN state from ATTN or STBY states with a NAPR or PDNR
command in an ROWR packet. The PDN or NAP exit sequence involves an optional PDEV specification and bits on
the CMD and SIOO pins. The RDRAM returns to the ATTN or STBY state it was originally in when it first entered
NAP or PDN.

An RDRAM may only remain in NAP state for a time tNLIMIT. It must periodically return to ATTN or STBY.

ij%w_) The NAPRC command causes a nap-down
automatic operation if the RDRAM’s NCBIT is set. The

X y
automatic| |automatic automatic| [automatic NCBIT is not directly visible. It is undefined on
~ reset. It is set by a NAPR command to the
ATTN /? @ RDRAM and it is cleared by an ACT command
1% \l NAPR. RIXR to the RDRAM. It permits a controller to
T _ R >< NAP-A ) manage a set of RDRAMs in a mixture of power
PDEV.CMD - SIO0 states.
NAP
NAPR - RLXR ~
> NAP-S }
PDEV.CMD- SIO0
PDNR - RLXR R
>( PON-A )
PDEV.CMD - S100
PDN
PDNR-RLXR R
» PDN-S
PDEV.CMD - SIO0
z gl SETR/CLRR
E ol <
<ly o[y 2
STBY
Notation:

SETR/CLRR-SETR/CLRR Reset sequence in SRQ packets

PDNR-PDNR command in ROWR packet

NAPR-NAPR command in ROWR packet

RLXR-RLX command in ROWR packet

RLX-RLX command in ROWR, COLC or COLX packet

ROW-ROWA packet or POWR packet (non-broadcast)

PDEV.CMD-(PDEV = DEVID) - (CMD = 01)

SI100-S100 input value

ATTN-ROWA packet (non-broadcast) or ROWR packet (non-broadcast) with ATTN
command

Figure 33. Power State Transition Diagram
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STBY state is the normal idle state of the RDRAM. In this state all banks and sense amps have usually been left
precharged and ROWA and ROWR packets on the ROW pins are being monitored. When a non-broadcast ROWA
packet or non-broadcast ROWR packet (with the ATTN command) addressed to the RDRAM is seen, the RDRAM
enters ATTN state (see the right-hand side of Figure 34).

This requires tSA during which time the RDRAM activates the specified row of the specified bank. A time
TFRM tcYCLE after the ROW packet, the RDRAM will be able to frame COL packets (TFRM is a control register
field-see Figure 31). Once in ATTN state, the RDRAM will automatically transition to the ATTNW and ATTNR
states as it receives WR and RD commands.

Once the RDRAM is in ATTN, ATTNW or ATTNR states, it will remain there until it is explicitly returned to the
STBY state with an RLX command. An RLX command may be given in an ROWR, COLC or COLX packet (see the
left-hand side of Figure 34). It is usually given after all banks of the RDRAM have been precharged; if other banks
are still activated, then the RLX command would probably not be given. If a broadcast ROWA packet (with the ATTN
command) is received, the RDRAM’s power state doesn’t change. If a broadcast ROWR packet with RLXR command
1s received, the RDRAM goes to STBY.

ToT1 T2T3 TaTs Te Tz Te To T1oTn ToT1 T2 T3 Ta Ts Te T7 Tg To TaoT11T12T13T14T15T1s

1]

i ROP = non-broadcast
ROWA or ROWR/ATTN

a0 = {d0, b0, r0}
at={d1,b1, c1}

™~ No COL packets may be placed
in the three indicated positions;
i.e. at (TFRM-{1, 2, 3} ) -tcYCLE

™ A COL packet to device d0 (or
any other device) is okay at

DQB8...0 AU ik AN (TFRM) - tcycLE or later.
[ [ T T S A R L
i Lo i I i E E i P A COL packet to another device
Power (d1 = d0) is okay at (TFRM-4)
State ST8Y { ATTN -tcycLe or earlier.

L O

Figure 34. STBY Entry (left) and STBY Exit (right)

Figure 35 shows the NAP entry sequence (left). NAP state is entered by sending a NAPR command in a ROW
packet. tASN is required to enter NAP state {this specification is provided for power calculation purposes). The clock
on CTM/CFM must remain stable for tCD after the NAPR command.

ToT1T2TaTaTs Te Tz Ta T TroT11Tr2Ty3 ToT1T2TaTaTs Ts T7 Ta T T1gT11T12T13T1s

LU e JULUUULLUU

) T T
t t
0 restricted ROP a1 restri

a0 = {d0, b0, r0}
al={d1,b1, c1})

=

==

No ROW and COL packets
directed to device d0 may
overlap the restricted interval.

No broadcast ROW packets may
overtap the quiet interval.

__INPQ |

. _INPQ_|
[ j—t
restricted COP at

1 1 1]
restricted

ROW or COL packets to a device
other than d0 may overlap the
restricted interval.

ROW or COL packets directed to
device d0 after the restricted
interval will be ignored.

a. The (eventual) NAP/PDN exit will be to the same ATTN/STBY state the RDRAM was in prior to NAP/PDN entry

Figure 35. NAP Entry (left) and PDN Entry (right)
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The RDRAM may be in ATTN or STBY state when the NAPR command is issued. When NAP state is exited, the
RDRAM will return to the original starting state (ATTN or STBY). If it is in ATTN state and an RLXR command is
specified with a NAPR, the RDRAM will return to STBY state when NAP is exited.

Figure 35 also shows the PDN entry sequence (right). PDN state is entered when a PDNR command in a ROW
packet. tASP is required to enter PDN state (this specification is provided for power calculation purposes). The clock
on CTM/CFM must remain stable for a tcD after the PDNR command.

The RDRAM may be in ATTN or STBY state when the PDNR command is issued. When PDN state is exited, the
RDRAM will return to the original starting state (ATTN or STBY). If it is in ATTN state and an RLXR command is
specified with a PDNR, then the RDRAM will return to STBY state when PDN is exited. The current-and
slew-rate-control levels are re-established.

The RDRAM'’s write buffer must be retired with the appropriate COP command before NAP or PDN are entered.
Also, all the RDRAM’s banks must be precharged before NAP or PDN are entered. The exception to this is if NAP is
entered with the NSR bit of the INIT register cleared (disabling self-refresh in NAP). The commands for relaxing,
retiring, and precharging may be given to the RDRAM as late as the ROPa0, COPa0, and XOPa0 packets in Figure
35. No broadcast packets nor packets directed to the RDRAM entering NAP or PDN may overlay the quiet window.
This window extends for a time tNPQ after the packet with the NAPR or PDNR command.

To T4 T2 Ta T4 Ts T T7 Ta TaTroT 117127137 14T 15T 167 17T 18T 19T 20T 24T 25T 237 24T 25T 26T 27T 26T 26T 30T 31 T34T 35T 36T a7T 38T agT 40T a1T 42T 43T adTasT 46T a7
P TRMFAMNEARNMRAE
CTM/CFM % i SRR g
7 LUGLLOUUTUN
P A iNo ROW packets may overlap the i i tsg b
{1 1 fPSX=1inInit register, Irestricted interval i ;
ROW?2 \lithen NAP/PDN exit is ¥ -
ROWO roadcas! (no PDEV field). ﬁNo COL packsts rTnay oyerlap thel J
£ e e e e e s we s o Lrestricted interval if device PDEV is
A
I Py Iexiting the NAP-A or PDN-A states il tsa
o | | v 1 i >
Pl |
COL4 : ; rest
~coo ARRAANYNNA
ARRREER UNIRUREE
i ) ..-w..‘. ) oo lboc
DQAB...0 PDEVS...0 JPDEVS...0° 1
DQBS8...0 . .
] 1 tc 1 1 1 6OSI M :)b, b 1 ] 1 [ ‘ (] b 1 1 1 1 1 [ ]
b
_DQsS=1
] ] ]
*§§,3 & ’M\mmm% i g Al : o [
CMD ke o1 : I I ffective hold becomes
] - : tH4' = tH4 + [PDNXA - 64 - tsCyCLE + tPDNXB,MAX] — [PDNX.- 256 -tsCYCLE]
SR : ; rf [PDNX - 256 -tscycLg] < [PDNXA 64 - tscvCLE +tPDNxe, MAX.
sioof s on® Bl B B \
| The packpt is repealed from S|O0 to SIO1 H | \
siotfe. X on® § ) .
i | ! (INAPX)-tcycLE) /(256 - PDNX-tsCyCLE)
| < < 1 y T T
d
Power State NAP/PDN X STBY/ATTN
T T Lars P T T T T T T
DQS=0 DQS=1
a: Use 0 for NAP exit, 1 for PDN exit. c: The DQS field must be written with “1” for this RDRAM.
b: Device selection timing slot is selected by DQS field of NAPX d: Exit to STBY or ATTN depends upon whether RLXR was asserted at
register. NAP or PDN entry time

Figure 36. NAP and PDN Exit
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To T1 T2 T3 Ta Ts Te T7 Ts To T10T11T12T1aT1aT1sT16T17T18T1a

T2TaTa Ts Te T7 Ta Ta T1oT11T12T13T14T15T16T17T18T1g

CTM CTM
/CFM ICFM
1 H [ 1 . L
E i R R i
| | NAP entry i i i PDN entry
! )
ROW2 ROW2 UAVATRTATATAY 'k PDNR
...ROWO | : ~.Rowo {AAAA ; AN \ )
| | | RN |
| | : ; !
i ! H :
=1 H I | H —
SCK | i SCK J '
! ! :
: : ! :
! ! ! !
: | | :
' NAP exit | PDN exit
CMD 0 1 ~ CMD ‘ 0 1
T i e A e e e e e L .
P tNuo R tnut . tpuo N tpu1 |
< >
no entry to NAP or PDN no exit no entry to NAP or PDN no exit

tpuo = 5-tcycLE + (2+ 256-PDNX) - tscycLE
tput =8-tcycLE - (0.5 tscycLe) ifPSR=0
=23-tcYCLE ifPSR=1

tNuo =5-tCYCLE + (2 + NAPX) - tscyCLE
tNu1 =8 -tcycLe - (0.5 tscycLe) FNSR=0
=23-tcYCLE ifNSR =1

Figure 37. NAP Entry/Exit Windows (left) and PDN Entry/Exit Window (right)

Figure 36 shows the NAP and PDN exit sequences. These sequence are virtually identical; the minor differences
will be highlighted in the following description.

Before a NAP or PDN exit, the CTM/CFM clock must be stable for a time tCE. Then, on a falling and rising edge of
SCK, if there is a “01” on the CMD input, NAP or PDN state will be exited. Also, on the falling SCK edge the SIO0
input must be 0 for a NAP exit and 1 for a PDN exit.

If the PSX bit of the INIT register is 0, then a device PDEV5...0 is specified for the NAP or PDN exit on the
DQAS5...0 pins. This value is driven on the rising SCK edge 0.5 or 1.5 SCK cycles after the original falling edge,
depending upon the value of the DQS bit of the NAPX register. If the PSX bit of the INIT register is 1, then the
RDRAM ignores the PDEV5...0 address packet and exits NAP or PDN when the wake-up sequence is presented on
the CMD wire.

The ROW and COL pins must be quiet at tS4/tH4 around the indicated falling SCK edge (timed with the PDNX or
NAPX register fields). After that, ROW and COL packets may be directed to the RDRAM which is now in ATTN or
STBY state.

Figure 37 shows the constraints for entering and exiting NAP and PDN states. On the left side, a RDRAM exits
NAP state at the end of cycle T3. This RDRAM may not re-enter NAP or PDN state for an interval of tNUo. The
RDRAM enters NAP state at the end of cycle T13. This RDRAM may not re-exit NAP state for an interval of tNU1.
The equations for these two parameters depend upon a number of factors, and are shown at the bottom of the figure.
NAPX is the value in the NAPX field in the NAPX register.

On the right side of Figure 37, a RDRAM exits PDN state at the end of cycle T3. This RDRAM may not re-enter
PDN or NAP state for an interval of tPUo. The RDRAM enters PDN state at the end of cycle T13. This RDRAM may
not re-exit PDN state for an interval of tpy1. This equations for these two parameters depend upon a number of
factors, and are shown at the bottom of the figure. PDNX is the value in the PDNX field in the PDNX register.
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Refresh

RDRAMSs, like any other DRAM technology, use volatile storage cells which must be periodically refreshed. This is
accomplished with the REFA command. Figure 38 shows an example of this.

The REFA command in the transaction is typically a broadcast command (DR4T and DR4F are both set in the
ROWR packet), so that in all devices bank number Ba is activated with row number REFR, where REFR is a control
register in the RDRAM. When the command is broadcast and ATTN is set, the power state of the RDRAMs (ATTN or
STBY) will remain unchanged. The controller increments the bank address Ba for the next REFA command. When
Ba is equal to its maximum value, the RDRAM automatically increments REFR for the next REFA command.

On average, these REFA command are sent once every trEr/2BBIT * RBIT (where BBIT are the number of bank
address bits and RBIT are the number of row address bits) so that each row of each bank is refreshed once every
tREF interval.

The REFA command is equivalent to an ACT command, in terms of the way that it interacts with other packets
(see Table 8). In the example, an ACT command is sent after tRR to address b0, a different (non-adjacent) bank than
the REFA command.

A second ACT command can be sent after tRC to address c0, the same bank (or an adjacent bank) as the REFA
command.

Note that a broadcast REFP command is issued tRAS after the initial REFA command in order to precharge the
refreshed bank in all RDRAMs. After a bank is given a REFA command, no other core operations (active or
precharge) should be issued to it until it receives a REFP.

It is also possible to interleave refresh transactions (is not shown). In the figure, the ACT b0 command would be
replaced by a REFA b0 command. The b0 address would be broadcast to all devices, and would be {Broadcast, Ba + 2,
REFR}. Note that the bank address should skip by two to avoid adjacent bank interference. A possible bank
incrementing pattern would be: {13, 11,9, 7, 5, 3, 1, 8, 10, 12, 14, 0, 2, 4, 6, 15, 29, 27, 25, 23, 21, 19, 17, 24, 26, 28, 30,
16, 18, 20, 22, 31}. Every time bank 31 is reached, the REFA command would automatically increment the REFR
register.

A second refresh mechanism is available for use in PDN and NAP power states. This mechanism is called
Self-Refresh Mode. When the PDN power state is entered, or when NAP power state is entered with the NSR control
register bit set, then Self-Refresh is automatically started for the RDRAM.

Self-Refresh uses an internal time base reference in the RDRAM. This causes an activate and precharge to be
carried out once in every trer/2BBIT * RBIT jnterval. The REFB and REFR control registers are used to keep track
of the bank and row being refreshed.

Before a controller places a RDRAM into Self-Refresh Mode, it should perform REFA/REFP refreshes until the
bank address is equal to the maximum value. This ensures that no rows are skipped. Likewise, when a controller
returns a RDRAM to REFA/REFP refresh, it should start with the minimum bank address value (zero).

To Ty T2 T3 Ta Ts Te T7 T ToT 10T 14T 12T 13T 14T 15T 16T 17T 18T 19V 207297 22T 237 24T 28T 26T 271 26T 26T 20T 31T 32T 33T 34T 35T 3T a7 Ta1TazT 43T 44TasTacT47

CTMICFM HH I “H H ” H
UL LU LR LU

ROW2 REFA a0
...ROWO

COL4
...COLO0

DQAS...0
DQBS...0

Transaction a: REFA a0 = {Broadcast, Ba, REFR} a1 = {Broadcast, Ba} | BBIT = # bank address bits
Transaction b: xx [b0 = {Db, / ={Ba, Ba + 1, Ba - 1}, Rb} RBIT = # row address bits
Transaction c: xx c0 = {Dc, == Ba, Rc} REFB = REFB4...REFBO

Transaction d: REFA dO = {Broadcast, Ba + 1, REFR} REFR = REFR8...REFR0O

Figure 38. REFA/REFP Refresh Transaction Example
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Current and Temperature Control

Figure 39 shows an example of a transaction which performs current control calibration. It is necessary to perform
this operation once to every RDRAM in every tCCTRL interval in order to keep the IQL output current in its proper
range.

The example uses four COLX packets with a CAL command. These cause the RDRAM to drive four calibration
packets Q (a0) a time tCAC later. An offset of tREADTOCC must be placed between the Q (a0) packet and read data Q
(a1) from the same device. These calibration packets are driven on the DQAA4...3 and DQB4...3 wires. The TSQ bit of
the INIT register is driven on the DQAS wire during same interval as the calibration packets. The remaining DQA
and DQB wires are not used during these calibration packets. The last COLX packet also contains a SAM command
(concatenated with the CAL command). The RDRAM samples the last calibration packet and adjusts its IQL current
value.

Unlike REF commands, CAL and SAM commands cannot be broadcast. This is because the calibration packets
from different devices would interfere. Therefore, a current control transaction must be sent every tCCTRI/N, where
N is the number of RDRAMs on the Channel. The device field Da of the address a0 in the CAL/SAM command
should be incremented after each transaction.

Figure 40 shows an example of a temperature calibration sequence to the RDRAM. This sequence is broadcast
once every tTEMP interval to all the RDRAMs on the Channel. The TCEN and TCAL are ROP commands, and cause
the slew rate of the output drivers to adjust for temperature drift. During the quiet interval tTCQUIET the devices
being calibrated can’t be read, but they can be written.

ToT1T2TaTs Ts T T7 Ta ToT1oT 1iT12T 10T 14T 15T 16T 177 18T 187 207 247227 23T 24T 25T 267 27T 28T 267 307 31T 92T 35T 34T 35T a6T 377 367 39 TaaT4aTasTaaTa7Tas

i HEHRHRnEH
t 1
! |
Ui
Read data from the same Read data from a different Read data from a different ! Read data from the same
device from a carlier RD device from a earlier RD device from a later RD _ device from a later RD

ROW2 command must be at this J t ommand can be anywhere }{}icommand can be anywhere g é ommand must be at this
...ROWO 'packet position or earlier. i prior to the Q (a0) packet. i 4 fafter to the Q (a0) packet. §‘;‘§ packet position or later.

CTM/CFM :

(
t
|
1
|
(
'

H
1
1
1
|
|
i

Y 1CCTRL
.

<€

COL4
...COLO | cALa0 |/CAL a0 | CAL a0

ioteac (A

MR A

DQA8..0 [ aa0) k

DQBS...0 1)
T e ) i
tREADTOCC | DQAS of the first calibrate packet has the inverted TSQ bit of INIT control
— register; i.e. logic 0 or high voltage means hot temperature.
Transaction a0: CAL/SAM| a0 = {Da, Rx} When used for monitoring, it should be enabled with the DQAS3 bit (current
Transaction a1: RD a1l ={Da, Bx} control one value) in case there is no RDRAM present:
Transaction a2: CAL/ISAM| a2 ={Da, Bx} HotTemp = DQAS -DQA3
Note that DQB3 could be used instead of DQA3.
Figure 39. Current Control CAL/SAM transaction Example

ToT1 T2 T3 T4 Ts Te Ty Te ToT1oT 11T 12T 43T 14T 15T 6T 177187 197 20T 217 22T 23T 24T 25T 26T 277 28 T32TaaT 34T asT aeTa7T 38 TaiTazlasTa4TasTagTar

CTM/CFM | I | ‘

ROW2 TCEN
...ROWO

8 ‘;;

TCQUIET |

COL4
...COL0
with the TCEN and TCAL commands.
DQAB...0 O e
DQBS...0 A

Figure 40. Temperature Calibration (TCEN-TCAL) Transitions to RDRAM
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Electrical Conditions

SYMBOL PARAMETER MIN MAX UNIT
ty Junction temperature under bias 0 90 °C
Vop, VDDA Supply voltage 2.50-0.13 2.50 +0.13 \Y
Vpp,N. VopaN | Supply voltage droop (DC) during NAP interval (tnLimiT) — 2.0 %
VDD,N: YODAN Supply voltage ripple (AC) during NAP interval (tNLiviT) -2.0 2.0 %

v Supply voltage for CMOS pins (2.5 V controllers) 2.50-0.13 2.50 +0.25 \
cMos Supply voltage for CMOS pins (1.8 V controllers) 1.80 - 0.1 1.80+0.2 \%
VTERM Termination voltage 1.80 - 0.1 1.80+0.1 A
VREF Reference voltage 1.40-0.2 140+ 0.2 \
VpiL RSL data input — low voltage VRer - 0.5 VRep - 0.2 v
VDIH RSL data input — high voltage VRer + 0.2 VRefr + 0.5 \4
Vois RSL data input swing: Vpis = VpiH - VbIL 0.4 1.0 v
RSL data asymmetry:
A 0 -20 %
D! Api = {(Voi+ — VReF) + (VoL - VREF)} / Vbis >
Vy RSL clock input — crossing point of true and complement 13 18 v
signals
Vem RSL clock input — common mode Vem = (Ve + Vo) / 2 1.4 1.7 \
RSL clock input swing:
Vois.cTm Veis = Ve - VoiL (GTM, CTMN pins) 0.3 070 v
RSL clock input swing:
0.125 .7
Veis.orm Veis = Ve - VoL (CFM, CFMN pins) 0.70 v
ViLcmos CMOS input low voltage -0.3 Vemos/2 - 0.25 v
VIH,CMOS CMOS input high voltage Vemos/2 + 0.25 Vemos + 0.3 v
CMOS input low voltage-over/undershoot voltage duration
-0.7 V -0
viL.cmos is less than or equal to 5 ns cmos/2 - 0.6 v
CMOS input high voltage-over/undershoot voltage duration
VIH,CMOS is less than or equal to 5 ns Vewmos/2 +0.6 Vewmos + 0.7 v
Timing Conditions

SYMBOL PARAMETER MIN MAX UNIT Figure (s)
fCYCLE CTM and CFM Cycle times -800 2.50 3.83 ns Figure 41
tcr. ter CTM and CFM input rise and fall times 0.2 0.5 ns Figure 41
tchs toL CTM and CFM high and low times 40% 60% tcycLe | Figure 41
‘ CTM-CFM differential (MSE/MS = 0/0) 0.0 1.0 tcycLe | Figure 32
TR

CTM-CFM differential (MSE/MS = 1/1)"’1 0.9 1.0 tcycLe | Figure 41
tocw Domain crossing window ~0.1 0.1 tcycLe | Figure 47
tor, toF DQA/DQB/ROW/COL input rise/fall times 0.2 0.65 ns Figure 42

DQA/DQB/ROW/COL-to-CFM d )
ts, tH Set-up/Hold @tcycLe =2.50 ns 0.250 — ns Figure 42
tpr1. tDF1 S100, SI01 input rise and fall times — 50 ns Figure 44
tor2. toF2 CMD, SCK input rise and fall times — 2.0 ns Figure 44
\ SCK Cycle time-Serial Control Register Transactions 1000 — ns Figure 44
CYCLE1

SCK Cycle time-Power Transactions 10 — ns Figure 44
tcH1. toLa SCK high and low times 4.25 — ns Figure 44
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Timing Conditions

SYMBOL PARAMETER MIN MAX UNIT Figure (s)
ts1 CMD Set-up time to SCK rising or falling edgec 1.25 — ns Figure 44
tH1 CMD Hold time to SCK rising or falling edgeC 1 — ns Figure 44
tsz S100 Set-up time to SCK falling edge 40 — ns Figure 44
tHo SI00 Hold time to SCK falling edge 40 — ns Figure 44
ts3 PDEYV Set-up time on DQAS5...0 to SCK rising edge 0 — ns Figure 45
tH3 PDEV Hold time on DQAS...0 to SCK rising edge 55 —_ ns Figure 45
tsa ROW?2...0, COL4...0 Set-up time for Quiet Window® -1 — tcycLe | Figure 36
tha ROW?2...0, COL4...0 Hold time for Quiet Window 5 — tcyCLE Figure 36
iNPQ Quiet on ROW/COL bits during NAP/PDN entry 4 — tevcLe | Figure 35
tREADTOCC Offset between read data and CC packets (same device) 12 — tcycLe | Figure 39
tccsaMTOREAD | Offset between CC packets and read data (same device) 8 — tcycLe | Figure 39
tce CTM/CFM stable before NAP/PDN exit 2 — tcycLE Figure 36
tco CTM/CFM stable after NAP/PDN entry 100 — tcycLe Figure 35
tFRM ROW packet to COL packet ATTN framing delay 7 — tcYoLE Figure 34
tNLIMIT Maximum time in NAP Mode — 10.0 us Figure 33
tREF Refresh Interval — 32 ms Figure 38
tcCTRL Current Control Interval 34 tcycLe 100 ms msftcycLe| Figure 39
treEmP Temperature Controf Interval — 100 ms Figure 40
tTCEN TCE command to TCAL command 150 - tcycLe | Figure 40
trcAL TCAL command to quiet window 2 2 tcycLe | Figure 40
trcQuIET Quiet window (no read data) 140 — tcycLe | Figure 40
tPAUSE RDRAM Delay (no RSL operations allowed) — 200.0 us page 36
a. MSE/MS are fields of the SKIP register. For this combination {skip override) the tpcw parameter range is effectively 0.0 to 0.0.
b. This parameter also applies to a -800 or -711 part when operated with tcycie = 3.33 ns.
¢. This parameter also applies to a -800 part when operated with tcyci g = 2.81 ns.
d. tgmin and ty min for other teycLe values can be interpolated between or extrapolated from the timings at the 3 specified

tcycLe values.

With V| cmos = 0.5 Vemos - 0.6 V and Viy cmos = 0.5 Vemos + 0.6 V

Effective setup becomes tha' = tHa + [PDNXA -64 - tscycLe + tepNxs,mMax] — [PDNX- 256 - tscycLE]
if [PDNX - 256 - tscycLe] < [PDNXA - 64 - tscycLE + tronxe Max]- See Figure 36.

~®
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Electrical Characteristics

SYMBOL PARAMETER AND CONDITIONS MIN MAX UNIT
8yc Junction-to-Case thermal resistance — TBD °C/Watt
IREF VREF current @ VREF, MAX -10 10 HA
loH RSL output high current @ (0 < VouTt < VDD) -10 10 HA
laLL RSL loy current @ VoL = 0.9 Vop MiN: TiMAX 30 90 mA
Alot RSL Ig|_ current resolution step — 2.0 mA
rout Dynamic output impedance 150 — Q
h.cmos CMOS input leakage current @ (0 < V| cmos < Vemos) -10.0 10.0 MA
VoL,cMOS CMOS output voltage @ loL,cmos = 1.0 mA — 0.3 \Y
VoH,.cMos CMOS output high voltage @ lon,cmos = —0.25 mA Vomos - 0.3 — \%

a. This measurement is made in manual current control mode; i.e. with all output device legs sinking current.

Timing Characteristics

SYMBOL PARAMETER AND CONDITIONS MIN MAX UNIT Figure (s)
tq CTM-to-DQA/DQB output time @tcycLE =2.50 ns -0.310° +0.310° ns Figure 43
tar tar DQA/DQB output rise and fall time 0.2 0.45 ns Figure 43
SCK (neg)-to-SI00 Delay @ CLoap,max = 20 pF .
‘a1 (SD read data valid). 10 ns Figure 46
SCK(pos)-to-S100 Delay @ CLoAD MAxX = 20 pF .
HR (SD read data hold). 2 - ns | Figure 46
tar1. taF1 SIOpuyr riseffall @ CLoap max = 20 pF —_ 5 ns Figure 46
S100-t0-S101 or S101-to-SIO0 Delay
{ — 10 ns Figure 46
PROPI @ Croapmax =20 pF g
INAPXA NAP Exit Delay-Phase A — 50 ns Figure 36
INAPXB NAP Exit Delay-Phase B — 40 ns Figure 36
tPDNXA PDN Exit Delay-Phase A — 4 us Figure 36
tPDNXB PDN Exit Delay-Phase B — 9000 tcycee | Figure 36
tas ATTN-to-STBY Power State Delay — 1 teycLE Figure 34
tsa STBY-to-ATTN Power State Delay —_ 0 tcycLe | Figure 34
tasN ATTN/STBY-to-NAP Power State Delay — 8 tcycLe | Figure 35
tasp ATTN/STBY-to-PDN Power State Delay — 8 tcycLe | Figure 35

a. This parameter also applies to a -800 or -711 part when operated with tcycLe = 3.33 ns.
b. This parameters also applies to a -800 for part when operated with tcycLe = 2.81 ns.
c. tgmin and tq max for other toycLe values can be interpolated between or extrapolated from the timings at the 3 specified

tcycLE values.
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RSL Clocking

Figure 41 is a timing diagram which shows the detailed requirements for the RSL clock signals on the Channel.

The CTM and CTMN are differential clock inputs used for transmitting information on the DQA and DQB,
outputs. Most timing is measured relative to the points where they cross. The tCYCLE parameter is measured from
the falling CTM edge to the falling CTM edge. The tCL and tCH parameters are measured from falling to rising and
rising to falling edges of CTM. The tCR and tCF rise-and fall-time parameters are measured at the 20% and 80%

points.

~ lcYCLE _
M tcL tcH N
tcr tcr
CTM < >
—\ Ve
% 80%
Y
o 50%
Vx +
DR ® 20%
Vew
CTMN RN ek
tcr tcr
CFM < > <
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\'\ - { \\ r/ 80%
V
e f} \\ y K i Q0%
— Ve
CFMN - ter| | tcF |
) tcL 1 tcH
M {CYCLE .

Figure 41. RSL Timing-Clock Signals

The CFM and CFMN are differential clock outputs used for receiving information on the DQA, DQB, ROW
and COL outputs. Most timing is measured relative to the points where they cross. The tCYCLE parameter is
measured from the falling CFM edge to the falling CFM edge. The tCL and tCH parameters are measured from
falling to rising and rising to falling edges of CFM. The tCR and tCF rise-and fall-time parameters are measured
at the 20% and 80% points.

The tTR parameter specifies the phase difference that may be tolerated with respect to the CTM and CFM
differential clock inputs (the CTM pair is always earlier).
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RSL-Receive Timing

Figure 42 is a timing diagram which shows the detailed requirements for the RSL input signals on the Channel.

The DQA, DQB, ROW, and COL signals are inputs which receive information transmitted by a Direct RAC on the
Channel. Each signal is sampled twice per tCYCLE interval. The set/hold window of the sample points is tS/tH. The
sample points are centered at the 0% and 50% points of a cycle, measured relative to the crossing points of the
falling CFM clock edge. The set and hold parameters are measured at the VREF voltage point of the input
transition.

The tDR and tDF rise-and fall-time parameters are measured at the 20% and 80% points of the input transition.

CFM
~VeIH
80%
Vewm
50%
>< - /
Vel
CFMN | O0S5-tevele
DQA
tbr ts tH ts tH
DQB % > < »ie > < »le >
\\ - _— .. . / \ . 80%
even odd
\ / - d D] D VREF
\ /D D 20%

4 Ve
DF

Figure 42. RSL Timing-Data Signals for Receive
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RSL-Transmit Timing

Figure 43 is a timing diagram which shows the detailed requirements for the RSL output signals on the Channel.

The DQA and DQB signals are outputs to transmit information that is received by a Direct RAC on the Channel.
Each signal is driven twice per tCYCLE interval. The beginning and end of the even transmit window is at the 75%
point of the previous cycle and at the 25% point of the current cycle. The beginning and end of the odd transmit
window is at the 25% point and at the 75% point of the current cycle. These transmit points are measured relative
to the crossing points of the falling CTM clock edge. The size of the actual transmit window is less than the ideal
tCYCLE/2, as indicated by the non-zero values of tQ MIN and tQ MAX. The tqQ parameters are measured at the VREF
voltage point of the output transition.

The tQR and tQF rise-and fall-time parameters are measured at the 20% and 80% points of the output transition.
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Figure 43. RSL Timing-Data Signals for Transmit
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CMOS-Receive Timing

Figure 44 is a timing diagram which shows the detailed requirements for the CMOS input signals.

The CMD and SIOO signals are inputs which receive information transmitted by a controller (or by another
RDRAM’s SIO1 output. SCK is the CMOS clock signal driven by the controller. All signals are high true.

The cycle time, high phase time, and low phase time of the SCK clock are tCYCLE1, tCH1 and tCL1, all measured
at the 50% level. The rise and fall times of SCK, CMD, and SIOO0 are tDR1 and tDF1, measured at the 20% and 80%
levels.

The CMD signal is sampled twice per tCYCLE1 interval, on the rising edge (odd data) and the falling edge (even
data). The set/hold window of the sample points is t§1/tH1. The SCK and CMD timing points are measured at the
50% level.

The SIOO0 signal is sampled once per tCYCLE1 interval on the falling edge. The set/hold window of the sample
points is tg2/tH2. The SCK and SIOO0 timing points are measured at the 50% level.
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Figure 44. CMOS Timing-Data Signals for Receive
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The SCK clock is also used for sampling data on RSL inputs in one situation. Figure 36 shows the PDN and NAP
exit sequences. If the PSX field of the INIT register is one (see Figure 28), then the PDN and NAP exit sequences
are broadcast; i.e. all RDRAMs that are in PDN or NAP will perform the exit sequence. If the PSX field of the INIT
register is zero, then the PDN and NAP exit sequences are directed; i.e. only one RDRAM that is in PDN or NAP
will perform the exit sequence.

The address of that RDRAM is specified on the DQA [5:0] bus in the set/hold window tS3/tH3 around the rising
edge of SCK. This is shown in Figure 45. The SCK timing point is measured at the 50% level, and the DQA [5:0]
bus signals are measured at the VREF level.
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Figure 45. CMOS Timing-Device Address for NAP or PDN Exit
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CMOS-Transmit Timing

Figure 46 is a timing diagram which shows the detailed requirements for the CMOS output signals.
The SIOO signal is driven once per tCYCLE1l interval on the falling edge. The clock-to-output window is
tHR,MIN/tQ1,MAX. The SCK and SIO0 timing points are measured at the 50% level. The rise and fall times of SIO0
are tQR1 and tQF1, measured at the 20% and 80% levels.
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Figure 46. CMOS Timing-Data Signals for Transmit

Figure 46 also shows the combinational path connecting SIO0 to SIO1 and the path connecting SIO1 to SIO0
(read data only). The tPROP1 parameter specified this propagation delay. The rise and fall times of SIQ0 and SIO1
inputs must be tDR1 and tDF1, measured at the 20% and 80% levels. The rise and fall times of SIO0 and SIO1
outputs are tQR1 and tQF1, measured at the 20% and 80% levels.
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RSL-Domain Crossing Window

When read data is returned by the RDRAM, information must cross from the receive clock domain (CFM) to the
transmit clock domain (CTM). The tTR parameter permits the CFM to CTM phase to vary through an entire cycle;
i.e. there is no restriction on the alignment of these two clocks. A second parameter tDCW is needed in order to
describe how the delay between a RD command packet and read data packet varies as a function of the tTR value.

Figure 47 shows this timing for five distinct values of tTR. Case A (tTR = 0) is what has been used throughout this
document. The delay between the RD command and read data is tCAC. As tTR varies from zero to tCYCLE (cases A
through E), the command to data delay is {tcAC — tTR). When the tTR value is in the range 0 to tDCW,MAX, the
command to data delay can also be (tCAC — tTR - tCYCLE).

This is shown as cases A’ and B’ (the gray packets). Similarly, when the tTR value is in the range (tCYCLE +
tDCW,MIN) to tCYCLE, the command to data delay can also be (¢CAC - tTR + tCcYCLE). This is shown as cases D’ and
E’ (the gray packets). The RDRAM will work reliably with either the white or gray packet timing. The delay value
is selected at initialization, and remains fixed thereafter.
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Figure 47. RSL Transmit-Crossing Read Domains
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Timing Parameters
MIN
PARAMETER DESCRIPTION -45 MAX UNITS Figure (s)
-800
Row Cycle time of RDRAM banks — the interval between ROWA packets Figure 16
tRC ) 28 — tcycLe )
with ACT commands to the same bank. Figure 17
RAS-Asserted time of RDRAM bank — the interval between ROWA packet Fi 16
b
1RAS with ACT command and next ROWR packet with PRER” command to the 20 64 s tevoLE ngure 17
same bank. ‘gure
Row Precharge time of RDRAM banks — the interval between ROWR Fi 16
trRp packet with PRER? command and next ROWA packet with ACT command 8 — tcYCLE ngure 17
to the same bank. igure
Precharge-to-Precharge time of RDRAM device — the interval between
tpp successive ROWR packets with PRER® commands to any banks of the 8 — tCYCLE Figure 13

same device.

RAS-to-RAS time of RDRAM device — the interval between successive

8 — t Figure 14
'RR ROWA packets with ACT commands to any banks of the same device. CYCLE gu

RAS-t0-CAS Delay — the interval from ROWA packet with ACT command to
‘ COLC packet with RD or WR command. Note: the RAS-to-CAS delay seen 9 ; Figure 16
RCD by the RDRAM core (trep-c) is @qual to trep.c = 1+ taep because of CYCLE | Figure 17

differences in the row and column paths through the RDRAM interface.

CAS Access delay — the interval from RD command to Q read data. The Figure 5
tcac ) R - 8 12 tcveLe .

equation for teac is given in the TPARM register in Figure 31. Figure 31
tcwb CAS Write Delay — the interval from WR command to D write data. 6 6 tcycLE Figure 5

CAS-to-CAS time of RDRAM bank — the interval between successive Figure 16
tcc 4 - tcYcLE )

COLC commands. Figure 17
tPACKET Langth of ROWA, ROWR, COLC, COLM or COLX packet. 4 4 tCYcLE Figure 4

Interval from COLC packet with WR command to COLC packet which

t 8 _ . !
RTR causes retire, and to COLM packet with bytemask. CYCLE Figure 18

The interval (offset) from COLC packet with RDA command, or from COLC
packet with retire command (after WRA automatic precharge), or from COLC

Fi 15
torrp packet with PREC command, or from COLX packet with PREX command to 4 — teycLe ngure 31
the equivalent ROWR packet with PRER. ‘gure
The equation for togep is given in the TPARM register in Figure 31.
Interval from last COLC packet with RD command to ROWR packet with i
tRDP PRER 4 — tcycLE Figure 16
Interval from last COLC packet with automatic retire command to ROWR )
trRTP 4 — toycLe Figure 17

packet with PRER.

a. Or equivalent PREC or PREX command. See Figure 15.
b. This is a constraint imposed by the core, and is therefore in units of s rather than tcycLe.
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Absolute Maximum Ratings

SYMBOL PARAMETER MIN MAX UNIT
V|,ABS Voltage applied to any RSL or CMOS pin with respect to GND -0.3 Vpp+0.3
Vbp,ABS: VDDA ABS | Voltage on Vpp and Vppa with respect to GND -0.5 Vpp+ 1.0
TSTORE Storage temperature -50 100 °C

Ipp-Supply Current Profile

ipp VALUE RDRAM BLOCKS CONSUMING POWER @ tcycLE = 2.5 ns® MIN MAX UNIT
IpD.PON Self-refresh only for INIT. LSR =0 — TBD HA
IDD,NAP T/RCLK-Nap - 8D mA
lpp,sTBRY T/RCLK, ROW-demux — 101 mA
IDDATTN T/RCLK, ROW-demux, COL-demux — 148 mA
T/RCLK, ROW-demux, COL-demux, DQ-demux, b
IoD ATTN-W 1-WR-SenseAmp, 4 - ACT-Bank - S75/635 mA
T/RCLK, ROW-d , COL-de , DQ-mux,
/RC emux, CO mux, DQ-mux . 567/575b mA

IDDATTN-R 1.RD-SenseAmp, 4 - ACT-Bank®

Power-up current

oo, PwRUP (Interval between power-up and SETR command issued) - 200 mA

| Power-up current 332 A
DD.SETR (Interval between SETR and CLRR command) m

a. The CMOS interface consumes power states.
b. x16 RDRAM data width.
c. This does not include the lp sink current. The RDRAM dissipates log - VgL in each output driver when a logic one is driven.
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Capacitance and Inductance

Figure 48 shows the equivalent load circuit of the RSL and CMOS pins. The circuit models the load that the

device presents to the Channel.

Pad L

)

Ci

Ry

—W— HX]

Pad L

G

R

—W— ]

Pa Licmos

Cicmos

—

Pad Licmos

Ci,cMmos.SI0

— HX]

Figure 48. Equivalent Load Circuit for RSL Pins

DQA, DQB, RQ Pin

Gnd Pin

CTM, CTMN, CFM, CFMN Pin

Gnd Pin

SCK, CMD Pin

Gnd Pin

S100, S101 Pin

Gnd Pin
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This circuit does not include pin coupling effects that are often present in the packaged device. Because coupling
effects make the effective single-pin inductance Li, and capacitance Cy, a function of neighboring pins, these
parameters are intrinsically data-dependent. For purposes of specifying the device electrical loading on the
Channel, the effective L] and C] are defined as the worst-case values over all specified operating conditions.

LI is defined as the effective pin inductance based on the device pin assignment. Because the pad assignment
places each RSL signal adjacent to an AC ground (a Gnd or VDD pin), the effective inductance must be defined
based on this configuration. Therefore, LI assumes a loop with the RSL pin adjacent to an AC ground.

C1 is defined as the effective pin capacitance based on the device pin assignment. It is the sum of the effective
package pin capacitance and the IO pad capacitance.

SYMBOL PARAMETER AND CONDITIONS-RSL PINS MIN MAX UNIT
Ly RSL effective input inductance — 4.0 nH
C RSL effective input capacitancea -800 2.0 2.6 pF

Difference in C value between average of CTM/CFM and
AC) ) . . — 0.12 pF
any RSL pins of a single device.

Ry RSL effective input resistance 4 18 Q

a. This value is a combination of the device 10 circuitry and package capacitances.

SYMBOL PARAMETER AND CONDITIONS-CMOS PINS MIN MAX UNIT
Li,cmos CMOS effective input inductance —_ 8.0 nH
Cicmos CMOS effective input capacitance (SCK, CMD)a 1.7 21 pF

Ci,cmos,s10 CMOS effective input capacitance (SIO1, SIOO)a

a. This value is a combination of the device IO circuitry and package capacitances.
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Glossary of Terms

ACT
activate
adjacent
ASYM
ATTN
ATTNR
ATTNW
AV

bank

BC
broadcast
BR
bubble
BYT

BX

C

CAL
CBIT
CCA
CCB
CFM, CFMN
Channel
CLRR
CMD
CNFGA
CNFGB
COL
COL
COLC
COLM
column
command
COLX
controller
(o]0)
CORG
core
CTM, CTMN
current control

Activate command from AV field

To access a row and place it in a sense amp

Two RDRAM banks which share sense amps (also called doubled banks)
CCA register field for RSL VOL/VOH

Power state-ready for ROW/COL packets

Power state-transmitting Q packets

Power state-receiving D packets

Op-code field in ROW packets

Ablock of 2RBIT . 2CBIT giorage cells in the core of the RDRAM

Bank address field in COLC packet

An operation executed by all RDRAMs

Bank address field in ROW packets

Idle cycle (s) on RDRAM pins needed because of a resource constraint
CNFGB register field-8/9 bits per byte

Bank address field in COLX packet

Column address field in COLC packet

Calibrate (I0L) command in XOP field

CNFGB register field-# of column address bits

Control register-Current Control A

Control register-Current Control B

Clock pins for receiving packets

ROW/COL/DQ pins and external wires

Clear Reset command from SOP field

CMOS pin for initialization/power control

Control register with configuration fields

Control register with configuration fields

Pin for column access control

COLC, COLM or COLX packet on COL pins

Column operation packet on COL pins

Write mask packet on COL pins

Rows in a bank or activated row in sense amps have 2CBIT dualocts column storage
A decoded bit-combination from a field

Extended operation packet on COL pins

A logic device which drives the ROW/COL/DQ wires for a Channel of RDRAMs
Column op-code field in COLC packet

CNFGB register field-# of bank and row address bits

The banks and sense amps of a RDRAM

Clock pins for transmitting packets

Periodic operations to update the proper 10L value of RSL output drivers
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D

DBL

DC

device
DEVID

DM
doubled-bank
bQ

DQA

DQB

DQS

DR, DR4T, DR4F
dualoct

DX

field

INIT
initializatiom
LSR

M

MA

MB

MSK

MVER

NAP

NAPR
NAPRC
NAPXA
NAPXB
NOCOP
NOROP
NOXOP
NSR

packet

PDN

PDNR
PDNXA
PDNXB

pin efficiency
PRE

PREC

Write data packet on DQ pins

CNFGA register field-double bank

Device address field in COLC packet

A RDRAM on a Channel

Control register with device address that is matched against DR, DC and DX fields
Device match for ROW packet decode
RDRAM with shared sense amp

DQA and DQB pins

Pins for data byte A

Pins for data byte B

NAPX register field-PDN/NAP exit

Device address field and packet framing fields in ROWA and ROWR packets
16 bytes-the smallest addressable data item
Device address field in COLX packet

A collection of bits in a packet

Control register with initialization fields
Configuring a Channel of RDRAMs so that they are ready to respond to transactions
INIT register field-low-power self-refresh
Mask op-code field (COLM/COLX packet)
Field in COLM packet for masking byte A
Field in COLM packet for masking byte B
Mask command in M field

Control register-manufacturer ID

Power state-needs SCK/CMD wake-up

Nap command in ROP field

Conditional nap command in ROP field
NAPX register field-NAP exit delay A

NAPX register field-NAP exit delay B
No-Operation command in COP field
No-Operation command in ROP field
No-Operation command in XOP field

INIT register field-NAP self-refresh

A collection of bits carried on the Channel
Power state-needs SCK/CMD wakeup
Power-Down command in ROP field

Control register-PDN exit delay A

Control register-PDN exit delay B

The fration of non-idle cycles on a pin

PREC, PRER and PREX precharge commands
Precharge command in COP field
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precharge
PRER
PREX
PSX
PSR
PVER

Q

R
RD/RDA
read
receive
REFA
REFB
REFBIT
REFP
REFR
refresh
retire

SBC

SCK

SD

SDEV
SDEVID
self-refresh
sense amp

Prepares sense amp and bank for Activate

Precharge command in ROP field

Precharge command in XOP field

INIT register field-PDN/NAP exit

INIT register field-PDN self-refresh

CNFGA register field-protocol self-refresh

Read data packet on DQ pins

Row address field of ROWA packet

Read (/precharge) command in COP field

Operation for accessing sense amp data

Moving information from the Channel into the RDRAM (a serial stream is demuxed)
Refresh-Activate command in ROP field

Control register-next bank (self-refresh)

CNFGA register field-ignore bank bits (for REFA and self-refresh)
Refresh-Precharge command in ROP field

Control register-next row for REFA

Periodic operations to restore storage cells

The automatic operation that stores write buffer into sense amp after WR command
RLXC, RLXR and RLXX relax commands

Relax command in COP field

Relax command in ROP field

Relax command in XOP field

Row-op-code field in ROWR packet

2CBIT gyalocts of cells (bank/sense amp)

Pins for row access control

ROWA or ROWR packets on ROW pins

Activate packet on ROW pins

Row operation packet on ROW pins

Alternative name for ROW/COL pins

Rambus Signaling Levels

Sample (I01) command in XOP field

Serial address packet for control register transactions w/ SA address field
Serial broadcast field in SRQ

CMOS clock pin

Serial data packet for control register transactions w/ SD data field
Serial device address in SRQ packet

INIT register field-Serial device ID

Refresh mode for PDN and NAP

Fast storage that holds copy of bank’s row
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SETF
SETR
SINT
SIO0, SIO1
SOp

SRD

SRP

SRQ
STBY
SVER
SWR
TCAS
TCDLY0
TCDLY1
TCLS
TCLSCAS
TCYCLE
TEST77
TEST78

Set fast clock command from SOP field

Set reset command from SOP field

Serial interval packet for control register read/write transactions
CMOS serial pins for control registers

Serial op-code field in SRQ

Serial read opcode command from SOP

INIT register field-Serial Repeat bit

Serial request packet for control register read/write transactions
Power state-ready for ROW packets

Control register-stepping version

Serial write op-code command from SOP

TCLSCAS register field-tCAS core delay

Contol register-tCDLY0 delay

Contol register-tcDLY1 delay

TCLSCAS register field-tCLS core delay

Control register-tCAS and tCLS delays

Control register-tCYCLE delay

Control register-for test purposes

Control register-for test purposes

ROW, COL or DQ packets for memory access

Moving information from the RDRAM onto the Channel (parallel word is muxed)
Write (/precharge) command in COP field

Operation of modifying sense amp data

Extended opcode field in COLX packet
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PACKAGE DIMENSIONS
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