TOSHIBA TC59RM718MB/RB/GB
TENTATIVE TOSHIBA MOS DIGITAL INTEGRATED CIRCUIT SILICON MONOLITHIC

Overview

The Direct Rambus™ DRAM (Direct RDRAMTM) 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 144-Mbit Direct Rambus DRAMs (RDRAMs) are extremely high-speed CMOS DRAMs that are
organized as 8 M words by 18 bits. The use of Rambus Signaling Level (RSL) technology permits 600-
MHz or 800-MHz transfer rates while still using conventional system and board design technelogies.
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 and x18 organization. The two data bits in the x18 organization can be used either for
additional storage and bandwidth or for error correction.

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 echeduling and maximum performance
- 32 banks: four transactions can take place simultaneously at full-bandwidth data rates.

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

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

¢ Usss Rambus Signaling Levels (RSL) for operation at up to 800 MHz.

¢ Organization: 1-Khyte pages, sand 32 banks x 18
- x18 organization allows ECC configurations or increased storage/bandwidth.
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@ TOSHIBA is continually working to improve the quality and the 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 observe standards of cafety, and to avoid
situations in which a malfunction or failure of a TOSHIBA product 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 products sgecifications. Also, please keep in mind the precautions
and conditions set forth in the TOSHIBA Semiconductor Reliability Handbook.
The products destribed in this document are subject to the foreign exchange and foreign trade iaws.
The information contained herein is gresented 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 use. No license is granted by implication or otherwise under any intellectual
groperty or other rights of TOSHIBA CORPORATION or others.

@ The information contained herein is subject to change without natice.
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The 144-Mbit RDRAM is offered in a versatile horizontal CSP package that is suitable for use in

desktop PCs, in mobile computing applications, on add-in cards and in oyhrt applications where low-
profile memory devices are required.

Direct RDRAMs operate from a 2.5 volt supply.

Key Timing Parameters/Part Numbers

Organization® O Freg. MHz Core A:::se)ss Time Part Number
— ————  — ——— — ——————— — ———————— — ——— — |
256 K x18 2323 600 TBD TC59RM718MB/RB/GB - 6
256 Kx18 x32s 800 TBD TC59RM718MB/RB/GB - 8

a. The “32s" designalion indicates thai 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
12 GND VDD VDD GND 12
11 11
10 DQA7 DQA4 CFM CFMN RQ5 RQ3 DQBO DQB4 DQB7 10
9 GND VDD GND GNDa vDD GND VDD VDD GND 9
8 CMD DQAS5 DQA2 VDDa RQ6 RQ2 DQB1 DQBs SIO0 8
7 7
6 6
5 SCK DQAG DQA VREF RQ7 RQ1 DQB2 DQB6 5101 S
4 | vCMOS GND vDD GND GND vDD GND GND VCMOS | 4
3 DQAS DQA3 DQAD CTMN CTM RQ4 RQO DQB3 DQBB 3
2 2
1 GND VDD VDD GND 1
A B C D E F G H J
Figure 1. TC59RM718MB (P-TFBGA62-1312-0.80AZ)
A B C D E F G H J
12 GND vDD vDD GND 12
11 1A
10 ] DQAS DQA3 DQAD CTMN CTM RQ4 RQO DQB3 DQBs 10
9 | VCMOS GND VDD GND GND vDD GND GND VCMOS | 9
8 SCK DQASG DQA1 VREF RQ7 RQ1 DQB2 DQB6 5100 8
7 7
& 6
5 CMD DQAS DQA2 vDDa RQ6 RQ2 DQ81 DQB5 5101 5
4 GND vDD GND GNDa vDD GND vDD vDD GND 4
3 DQA? DQA4 CFM CTMN RQS RQ3 DQ80 DQB4 DQB7 3
2 2
1 GND vDD VDD GND 1
A B C D E F G H J
Figure 2. TCS59RM718RB (P-TFBGA62-1312-0.80B2Z)
A B C D E F G H J
7 DQA? DQA4 CFM CFMN RQS RQ3 DQBO DQB4 DQB? 7
6 GND DQAS PQA2 vDDa RQ6 RQ2 DQ81 DQB5 GND 6
5 CMD VDD GND GNDa vDD GND vDbD vDD 5101 5
4 4
3 SCK GND vDD GND GND vDD GND GND 5100 3
2 | VCMOS | DQA6 DQA1 VREF RQ7 RQ1 DQB2 DQ86 | VCMOS | 2
1 DQAS DQA3 DQAQ CTMN ™M RQ4 RQO DQa3 DQBS8 1
A B C D E F G H J

Figure 3. TC59RM718GB (P-BGA54-1312-1.27A2)
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Table 1. Pin Descriptions
SIGNAL o TYPE DESCRIPTION
SI01, 5100 /o CMOS Seri'al inputfoutput. 'Pins for reading from and writing to the control
registers using a serial access protocol. Also used for power management,
Command inpul. Pins used in conjunction with S100 and 5101 for reading
CMD | CMOS " .
from and writing to the cantrol register. Also used for power management]
scK | cMOS Serial clock_ input. Clock source used for reading from and writing to the
control registers,
vDD Supply voltage for the RDRAM core and interface logic
Vppa Supply valtage for the RDRAM analog circuitry.
Vemas Supply voltage for the CMOS input/cutput 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
RSL
DQAS...DQAC o s the Channel and the RDRAM.
CFM | RSL Clock from master. Interface clock used for receiving RSL signals from the
Channel. Positive polarity.
CFMN i RSL Clock from mast.er. Inter.face clock used for receiving RSL signals from the
Channel. Negative polarity.
Vaer Logic threshold reference voltage for RSL signais
CTMN ( RSL Clock to master-. Interfalce clock used for transmitting RSL signals to the
Channel. Negative polarity.
cT™ ' RSL Clock to master. Interface clock used for transmitting RSL signals to the
Channel, Positive polarity.
RQ7...RQS or | RSL Row access control. Three pins containing control and address information
ROW2...ROWD for row accesses.
RQ4...RQ0 or | RSL Column access control. Five pins containing control and address information
COL4..COLD for column accesses.
DQBB...DQB0 o RSL Data byte B. Nine pins which carry a byte of read or write data between

the Channel and the RDRAM,
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Figure 4. _ 144-Mbit Direct RDRAM Block Diagram
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General Description

Figure 4 is a block diagram of the 144-Mbit Direct RDRAM. It consists of two major blocks: a
"eore" 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
1.6GB/s.

Control Registers:

The CMD, SCK, SIO0 and SIO1 pins appear in the upper center of the Figure 4. 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 (@) 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 sixteen 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 containe two sets of 17 sense amps. Each sense amp consists of 512 bytes of fast

atorage 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 intreduces 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..., ROWO0, 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 ofthe RDRAM. These pins are demultiplexed into a 24-bit ROWA (row-activate) or ROWR

(row-operation) packet.
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COlL, 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 an ROWA packet causes one of the 512 rows nf tha salectad 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 an ROWR packet causes the selected bank to release its two

associated sense amps, permitting a different row in that bank to be activated, or permitting adjacent
banks to be activated.

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 i 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 NOP, RDA and WRA commands are similar to PREC, RD and WR, except that a precharge

operation is scheduled at the end of the data transfer. These commands provide a second mechanism
for performing precharge.

PREX Precharge:
After a RD command, or after a WR command with no byte masking (M=0), a COLX packet may be

used to specify an extended operation (XOP). The most important XOP command is PREX. This
command provides a third mechanism for performing precharge.
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Packet Format

Figure 5 shows the formats of the ROWA and ROWR packets on the ROW pins.
the fields which comprise these packets.

Table 2 describes
The DR4AT 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.
ROWA and ROWR packets provide a 5-bit device addresa and a 5-bit bank address.

Both the
An ROWA packet

uses the remaining bita 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 "RevX" notation to reserve bits for future extension of
the address field.

Table 2. Field Description of ROWA and ROWR Packets

Field Description
DRA4T, DRAF | 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...ROPO | Op-code field for ROWR packet. Specifies precharge, refresh, and power management functions.

Figure 5 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.
is used for a COLC Write command which needs byte mask control.
with the COLC packet from a time trrRr earlier.
independent precharge command,

A COLM packet
The COLM packet is assosiated
A COLX packet may be used to apecify an
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
3 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...€0 Cotumn 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).
MA7Z..MAQD Byte mask write control bits. 1 =Write, 0 = No-Write. MAD controls first byte on DQAB...0.
MB7...MBO Byte mask write control bits. 1= Write, 0 = No-Write. MB0 controls first byte on DQBS...0.
DX4...DX0 Device address for COLX packet.
BX4...BX0 Bank address for COLX packet. RsvB denotes bite reserved for future extension (controller drives 0's).
XOP4..XOP0 | Op-code field for COLX packet. Specifies precharge, lg, control, and power management functions.

1999.07-01 8/72



TOSHIBA

TC59RM718MB/RB/GB

Ta

To 2 T f T2

CTMICFM |

i r CTMICFM I 5 5 ’
yr E -

Ts Te i Tio i T

ROW2 (DR4TX DRZX BRUX BR3XRSVRX R8 X R3 X R2 ) ROW2 (DR4TX DRZX BRDX BR3KROP‘IDXROP8XROP ROPZ)

ROW1 ‘DMF! omz BR1XBR4XR:VRXR7 XM Xm ) ROW1 (DR4FX Dmx BR1X BR4XROP9XROP7XROP4XROP1)

ROWO ( DRSXDRIEX BRZXRSVBXAV-X R6 x rs X Ro ) ROWO ( pr3) DROX BR2 ) Rsva XAV.OXROP*OHXROP@

ROWA Packet

To§T1§Tz

CTM/CFM |

coLs ( DC;X 5 1X

cols (DCSX X

coL2 (ochcomx X

D] ]
- o] - P Pe]
] P D]

]

-

o

Sagrt”

: p—

ROWR Packet

PRER ¢0

coL4

..COLO

MSK (b1} A PREX dO f

cout ("“XC""’X X X XBCAXBUXU). ague.o T P o T

s (o] Y Jrlole)

COLC Packet

Ts To . Tio

cT MICFM |

coLa ( XS- XMA7XMA5XMA3XMA1X

CoL3 ( XM 1XMA6XMA4XMAZXMAOX

coL2 ( X XMB'IXMB4XMB1X X

coLl ( x XMBOXMBBXMBT

X
COLD( X XMBSXMBZX X X

COLM Packet

a: The COLM is associated within a previous COLC,
and is aligned within the present COLC,
indicated by the Start bit (5= 1) position.

CTMICFME | 5 5 1

Tz Tz i T i~ Tis

coLa ( x;. 1'X oanxoannwnX sx1x

coLs ( XM oR oxsXxost axaY BX0

coLz ( X X DX2XXOP¥ BXSX

¥
X
con (Y Xookeork ey x
X

cow( X XonXxopox X

COLX Packet

b: The COLM is aligned with the prasent COLC,
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Figure 5. Packet Formats
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Field Encoding Summar

Table 4 shows how the six device address bits are decoded for the ROWA and ROWR packets. The
DRAT and DR4F encoding merges a fifth device bit with a framing bit, When neither bit is asserted,
the device is not selected. Note that a broadcast operation is indicated when both bits are set.
Broadcast operation would typically be used for refresh and power management commands., If the
device is selected, the DM (Device Match) signal is asserted and an ACT or ROP command is
performed.

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

DRAT DR4F DR4F Device Match Signal (DM)?
1 1 All devices (broadcast) |[DM==
0 1 One device selected DM = =1 if {DEVID4,, .DEVIDO} = = {0, DR3..DR0} else DM =0
1 0 One device selected DM = =1 if {DEVID4...DEVIDO} = = {1, DR3...DR0} else DM =0
0 0 No devices selected DM= =
a. "/ =" means "not equal 10", "= =" means "equal to".

Table 5 shows the encodings of the remaining felds of the ROWA and ROWR packets. An ROWA
packet is specified by asserting the AV bit, This causes the specified row of the apecified bank of this
device to be loaded into the associated sense amps.

An ROWR packet is specified, when AV is not asserted. An 11-bit opcode field encodes a command
for one of the banks of this device. The PRER command causes a bank and its two associated sense
amps to precharge, so another row or an adjacent bank may be activated.

The REFA (Refresh-Activate) command is similar to the ACT command, except the row address comes
from an internal register REFR, and REFR is incremented at the largest bank address. The REFP
(Refresh-Precharge) command is identical to a PRER command.

The NAPR, NAPRC, PDNR, ATTN and RLXR commands are used for managing the power
dissipation of the RDRAM and are described in more detail in "Power State Management” on page 45.

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 51.

Table 5. ROWA Packet and ROWR Packet Field Encodings

ROP10...ROPO Field

Dmal AV Name Description
0|9 |8 |7[6]5]|4a4]3]2:0
0 -l =-]=-1-1-1-1~-1-1-]— - |No cperation
1 1 Row address ACT Acti.vate row R8..RO of bank BR4...BRO of the device and move
device to ATTNb,
1 0 0| 0| X°| X | X |000| PRER |Precharge bank BR4...BRO of this device.

Refresh{activate)row REFR8...REFR0 of bank BR4...BRC of device.

REFA Increment REFR if BR4..BRO=1111 (see Figure 39).

Precharge bank BR4..BRO of the device after REFA

1 o REFP
(see Figure 39).
] 0 X PDNR Movelthls device into the Power Dowon (PDN) power state
(see Figure 36).
1 0 X NAPR |Move this device into the nap (NAP) power state (see Figure 36).
1 0 [ X NAPRC |Move this device into the nap (NAP) power state conditionally.
1 o | x ATTND Move ‘thns device into the attention {(ATTN) power state
(see Figure 34).
1 0 0 RLXR Move‘thns device into the standby (STBY) power state
{see Figure 35).
1 0 0 TCAL |[Temperature calibrate this device (see Figure41).
1 0 0 TCEN |Temperature calibrate/enable this device (see Figure 41).
1 Jololofojo]o[o] o] o[o00NOROPING operation.

n

The DM (Device Match signal) value is determined by the DRAT, 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).

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 8 shows the COP field encoding.

receive COLC packets.

The device must be in the ATTN power state in order to

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 19 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 45.

Table 6. COLC Packet Field Encodings

S (Ds:it;t:f:{r]\e device) COP3|COP2|COP1(COPO co:‘a::nd Command Description
0 | XXXXX X X X X - No operation
1 |/=(DEVID4...DEVIDO) X X X - Retire write buffer of the device.
1 | = ={DEVID4...DEVIDO) ] NOCOP |Retire write buffer of the device.

i rite buffer of th vice, then write column
' | = -{pEVIDA-DEVIDOY | X | O | O ] WR 23?.'.'&"}‘5”‘2 acs. 800 t?th: write buffer.
1 | = =(DEVIDA.. DEVIDO) 0 1 0 RSRV Reserved, no operation
1 | = =(DEVID4...DEVIDO) 0 1 1 RD Read column €5...C0 of bank BC4...BCO of the device.
1 | = =(DEVIDA..DEVIDD) | X 1 0 0 PREC ::j:;g;m buffer of the device, then precharge bank
1 |==(pEVIDa.OEVIDD) | 1 | 1 | o | 1 WRA Z:Tf:ra(sw\if:.n::: dp;::?ai:g:e:,i::: BC4...BCO after the writq
1 | = =(DEVID4...DEVIDQ) 1 1 0 RSRV Reserved, no operation.
1 | = =(DEVIDA...DEVIDD) 1 1 1 RDA Same a¢ RD, but precharge bank BC4..BCO afterwards.
1 | = «{DEVIDA..DEVIDO) | 1 X X X RLXC Move this device into the standby (STBY) power state.

Table 7 shows the COLM and COLX field encodings.

packet with two 8-bit byte mask fields MA and MB,

The M bit is asserted to specify a COLM

If the M bit is not asserted, a COLX is specified.

Tt 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 te be specified without consuming contrel 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 51), and for the RLXX Power Mode command (see
"Power State Management” on page 45).

Table 7. COLM Packet and COLX Packet Field Encodings

M (sele?t)::;?::viu) XOP4|X0P3|XQP2|XOP1[XOPO c°h':::;"d Command Cescription

1| XXXXX X X X X X MSK | MB/MA bytemasks used by WR/WRA

0 |/={DEVID4..DEVIDD) X X X X X - No operation

0 | = =(DEVIDA..DEVIDO} | 0O 0 0 0 0 NOXOP | No operation

0 | = =(DEVID4..DEVIDO} { 1 X X X 0 PREX |Precharge bank BX5..BXd of the device.

1} = = {DEVID4..DEVIDO} | X 1 X X [ CAL Calibrate {drive) I, current for the device.

0 | = =(DEVIDA..DEVIDO) | X 1 1 X o | cavsam Calibrat'e (drive) and sample {(update) lo, current for

the device.

0 | = ={DEVIDA...DEVID() X 1 ¢ RLXX Move this device into the standby(STBY) power state

= = {DEVID4...DEVIDO) X X 1 RSRV | Reserved, no operation
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DQ Packet Timing

Figure 6 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,

An RD or RDA command will transmit a dualoct of read data Q a time toac later. This time
includes vne to five cycle of round-trip prupagation 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 32 for more
information,

A WR or WRA command will receive a dualoct of write data D a time towp later point. This time
does not need te 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 left half of the figure), a gap (tcac - tow) will
automatically appear between them because the tcwp value is always leas than the tcac value.
There will be no gap between the two COLC packets with the WR and RD commands which achedule
the D and Q packets.

When a D packet follows a Q packet (shown in the right half of the figure), no gap is needed between
them because the tcwn value is less than the tcac value. However, a gap of tcac - tcwp or greater
must be inserted between the COLC packets with the RD WR commads by the controller so the Q and
D packets do not overlap.

To Ty Ta Ta Ty Ts Tg T3 Tg Tg T1oT11T12T1aT1aTisT16T17T1sT19T20 Ta1 Taz

CTMICFM |

F » B
H |I i
teac-

T2aTasT26 T2 T20 T20 T20 Ta1 Ta2 T3 T34 Tas Toe Ta7 Ta6 Tao Tao Ta1 Taa Tag Taa Tas Tag Taz

CTM/CFM

| This g'ap.'on' the COL plns m:ust:bci insarted by ihl:corjmt;llur:.

ROW2
.ROWO
E N S | ‘tewp
coLs BB RD < \ &
..coLo Ex4 A
P Q (c1) D (d1)
DQAS...0 ]
DQBS.0
: iyl teac

Figure 6. Read(Q) and Write (D) Data Packets - Timings for tcac=7,8,9,10,11 or 12 tcycLe
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COLM Packet to D Packet Mapping

Figure 7 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 19 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 previcus WR command te be written unconditionally. Note that an RD
command will never need a COLM packet, and will always be able to use the COLX packet option (a
read operaton has no need for the byte-write-enable control bits),

Figure 7 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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To Ty T2 Ty Ta Ts T T7 T T TrgTniTizTisTwaTis T TirTiaTis Tao Tor T2 Tz T2a Tas Tae Va7 T2a T2 Ta0 Ta1 732 Tas T34 Tas Tas Va7 Taa Tae
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fields control the writing of [\ pether the corresponding DA bits (as shown P .
individual data bytes. in the diagram}will be written {MB bir=1) "
When M =0, all data bytes are or not written (MB bit = 0). DQAS DASXDATXDAZ DA3
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]

or not written (MA hit a 0).

1
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Figure 7. Mapping Between COLM Packet and D Packet for WR Command
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ROW-to-ROW Packet Interaction

To Ty T2 T3 T4 Ts Tg Tz Tg T T1oT1aT12T13T1aT15T16T17T18T1g

CTM/CFM |

T ROPa a0

* tRRDELAY

ROPb b0

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

Figure 8. ROW-to-ROW Packet interaction -Timing

Figure 8 shows two packets on the ROW pins separated by en interval tRRDELAY which depends
upon the packet contents. No other ROW packets are sent to hanks {Ba, Ba+1, Ba-1} between packet

"a" and packet "b" unless noted otherwise. Table 8 summarizes the tRRDELAY values for all possible
cases,

Casea RR1 through RR4 show two successive ACT commands. Figure 12 and Figure 13 shows an
example of these cases. In case RR1, there is no restriction since the ACT commands are to different
devices. In case RR2 the tgp 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-1 is inserted, tRRDELAY i8 tRC (trAs to the PRER command, and tgp to the next ACT).

Cases RR5 through RRS 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 RRS, the tpag restriction means the activated bank must wait
before it can be precharged. Figure 12 and Figure 13 show these cases.

Cases RR9 through RR12 show a PRER command followed by an ACT command. In cases RR9 and
RR10, there are essentially no restrictions since the commands are to different davices or to non-
adjacent banks of the same device, RR10a and RR10b depend upon whether a bracketed bank (Bat1)
is precharged or activated. In cases RR11 and RR12, the same and adjacent banks must all wait tgp

for the sense amp and bank to precharge before being activated. Figure 1Z and Figure 14 show these
cases,
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Table 8. ROW-to-ROW Packet Interaction Rules

Case#|| ROPa| Da Ba Ra ||ROPb| Db Bb Rb tRRDELAY

RR1 || ACT | Da | Ba | Ra || ACT | rmDa |XXXX X..X [|toacker

RR2 ACT | Da Ba Ra ACT | = mDa|/={Ba, Ba+1,Ba-1}| X..X [tan

RR3 ACT | Da Ba Ra || ACT | = =Dal= ={Ba+1,Ba-1} | X..X [[trc-illegal unless PRER to Ba/Ba + 1/Ba-1
RR4 ACT | Da Ba Ra || ACT | = =Da| = = {Ba} X.X t-illegal unless PRER to Ba/Ba + 1/Ba-1
RR5 | ACT | Da | Ba | Ra ||PRER | /=Da |XXXX X..X lteacker

RR6 [ ACT | Da Ra Ra || PRER | = =Da|/={Ra, Ba+1,Ra-1} X X [tpacker

RR7 || ACT | Da | Ba | Ra |PRER |= =Da|= ={Ba+1Ba-1} | X..X [|tras

RR8 ACT | Da Ba Ra | PRER | = = Da| = = {Ba} X... X [Itras

RRe | PRER| Da | Ba | Ra [ AcT {/=Da |xXxxx X...X |tpacker

RR1G {{PRER| Da | Ba | Ra || ACT | = =Da|/={Ba,Ba+1,Ba-1}] X..X [tpacker

RR10a]| PRER | Da 8a Ra || ACT |= =Da| = ={Ba+2} X..X ltpacker/tae if Ba+ 1 is precharged/activated
RR10b|| PRER | Da Ba Ra | ACT |==Da| = ={Ba-2} X..X |[teackerftrp if Ba- 1 is precharged/activated.
RR11 |[PRER | Da Ba Ra ACT |= =Da| = ={Ba+1,Ba-1} | X..X |[tpp

RR12 || PRER | Da Ba Ra ACT |= =Da| = ={Ba} X.. X [Itrp

RR13 [[PRER | Da | Ba ! Ra i| PRER | /=Da |Xxxx X.. X packer

RR14 || PRER [ Da Ba Ra | PRER | = =Da|/={Ba, Ba+ 1,Ba-1}| X..X tpp

RR15 || PRER | Da Ba Ra PRER | = = Da| = = {Ba + 1,8a-1} X..X [|tpp

RR16 [{PRER | Da Ba Ra || PRER | = =Da| = ={Ba} X..X ||tpe

a. "/" means "not equal to", "= =" means

equal to",

ROW -to -ROW Interaction (continued)

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. Figure 14 shows RR13 and RR14.

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 purpeses. The interaction rules
of the NAPR, NAPRC, PDNR, RLXR, ATTN, TCAL, and TCEN commands are discussed in later sections.
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ROW -to -COL Packet Interaction

Figure 9 shows two packets on the ROW and COL pins. They must be separated by an interval
tReDELAY Which depends upon the packet contents. Table 9 summarizes the tpcpELAY values for all
poseible 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 17 and Figure 18 show examples of RC5 - an activation followed by a read or write. KRC4 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 Ty T2 T3 Ta Ts Tg T7 Tg Tg TroT11T12T1aT1aT15T16T17T1aT1o

CTM/CFM |

A A * tRCDELAY |
ROW?2 { ROPa a0
..ROW0 §
coLs
..COLO |
DQAS..0
DQBS...0
Transaction a: ROPa a0 = {Da, Ba, Ra}
Transaction b: COPb b0 = {Db, Bb, Cb1}

Figure 9. 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 16.

Table 9. ROW-to-COL Packet Interaction Rules

Case #{| ROPa | Da Ba Ra COPb Db Bb Cb1 || trcpELay
RC1 ACT Da Ba Ra NOCOP, RO, retire /=Da" XXXX X.. X 0
RC2 ACT Da Ba Ra |[[NOCOP = =Da XXX X.X 0
RC3 | ACT Da Ba Ra [IRD, retire = =Da /={Ba, Ba+1Ba-1}| X..X 0
RC4 || ACT Da Ba Ra | RD, retire = =Da = a{Ba+1,Ba-1} X.X | Hegal
RCS ACT Da Ba Ra | RD, retire = = Da = = Ba X.. X trRcD
RC6 || PRER | Da Ba Ra | NOCOP,RD, retire |/=Da XXXX X.X 0=
RC7 || PRER Da Ba Ra [{NOCOP = =Da XXXX X.X 0
RC8 || PRER | Da Ba Ra ||RD, retire = =Da /={Ba, Ba+1,Ba-1}| X.X 0
RCH PRER Da Ba Ra RD, retire = mDa = = {Ba+1,Ba-1} X..X illegal

a. "/" means "not equal to", "= =" means "equal to".
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COL-t0-COL Packet Interaction
To Ty T2 T3 Ta Ts Tg T7 Tg To TigT1aT12T1aT1aTisTig Tz Tha Ty

CTM/CEM |

ROW2 &
..ROWO §

| tecpELAY |

coL4 :I C‘OP‘. 3‘1 v CIOP.b bl1

<ol Y A |
DQAB...0 &
DQBE..0 §
Transaction a: COPa at={Da, Ba,Cal}
Transaction b: COPh b1 ={Db, Bb, Cb1}
Transaction ¢: COPc ¢1={Dc, Be, Cc1}

Figure 10. COL4t0o-COL Packet Interaction Timing

Figure 10 shows three arbitrary packets on the COL pins. Packets "b" and "¢" must be separated by
an interval toepeLay which depends upon the command and address values in all three packets.
Table 10 summarizes the tccpELAY 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 toac - towp must be inserted between the two COL packets. See Figure 6 for more
explanation of why this gap is needed. For cases CC1l, CC2, CC4, and CCS5, there is no restriction
(tccpELAY is tce).

In case CC6 through CC10, COPb is a WR command and COPc is a RD command. The tcCcDELAY
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 20 (right) provides a more detailed explanation of this case.

In case CC10, there is a RD-WR-RD sequence direted 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 COPec 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 i8 too).

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

command on the ROW pins using the rules summarized in Figure 16.
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Table 10. COLto-COL Packet Interaction Rules

Case # || COPa Da Ba Cal || COPb | Db Bb Cb1 || COPc Dc? Bc Cel tCCDELAY
cCt XXXX | XXXXX| X..X | X.X [[NOCOP| Db Bb Ch1 [ O | XXXXX | X..X | X. X |tec
cc2 XXXX | XXXXX| X..X | X..X [[RD, WR| Db Bb Chb1 [[NOCOP | XXXXX | X..X | X.X [tec
cc3 | oo [ xxxxx | XX | X.X RD Db Bb | Cbi WR | xxxxx | X.X | X.X [tce+teac-tewn
ja o} 0000 20O XX | X..X RD Db Bb Cb1 RD WOOKX | XX | XX | tee
CCS XXX | XXXXX | X..X | X.X WR Db Bb b1 WR | XXXXX | X.X | X.X o
<] WR ==Db| X X. X WR Db Bb Cb1 RD ==uDb| X.X | X..X {tpre
CcC? WR = = Db X X.X WR Db Bh Ch1 RD /aDb | X. X | X.X |tee
CCB WR /=Db X X..X WR Db Bb Cb1 RD =aDb| X.X | X.X |t
CC9 [INOCOP| m=Db| X X...X WR Db Bb Cb1 RD ==Db| X.X | X.X |t
CCto RD wuDb| X X... X WR Db Bb Cb1 RD ==Db| X. X | X. X [t
a. "/=" means "not equal to", "= =" means "equai to”",

COL-to-ROW Packet Interaction
To Ty T2 T3 Ta Ts Tg T3 Tg T TeoT11T12T13T1aTisT1eT1rT1sTee

CTMICFM |

— YCRDELAY ——H
ROW2 4/ "RoPb b0
...ROWO
COL4 |
..COL0
DQAS...0
DQBS8.

Transaction a: COPa al={Da,Ba, Cal}
Transaction b: ROPb b0 = {Db, Bb, Rb}

Figure 11. COL40-ROW Packet Interaction Timing

Figure 11 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 differnet devices or to
non-adjacent banks.

Case CR4 is illegal because an already-activated bank is to be re-activated without being precharged
Case CRE 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 containa a PRER
command for the same bank. The tppp parameter specifies the required spacing. Likewase, 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 CRS is labeled "Hazardous" because a WR command should always be followed by an automatic

retire before a precharge ias scheduled, Figure 21 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 commnads 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 16.
A ROW packet may contain commands other than ACT or PRER. The REFA and REFP commands

are equivalent to ACT and PRER for interaction analysis purposes. The interaction rules of the
NAPR, PDNR, and RLXR commands are discussed in a later section.
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Table t1. COL-to-ROW Packet Interaction Rules

Case # COPa Da Ba Cal ROPb Dba Bb Cb1 tCRDELAY

CR1 [NOCOP Da Ba Cal [[x.x XXXX XXXX x.x [o

CR2 (|RD/WR Da Ba Cal |IX..X /=Da XXX xX.X |0

CR3 [|RD/WR Da Ba Cal [|X..X = aDa /={BaBa+1Ba-1} | X.X [0

CR4 (|RD/WR Da Ba Cal [fACT = =Da = = (Ba} X..X | lllegal

CR5 [IRD/WR Da Ba cal [lact = = Da = = {Ba+1Ba-1} | X.X [egal

CR6 [[RD Da Ba Cal [|PRER ==Da = = {BaBa+1Ba-1} X.X [trop

CR7 [ retireb Da Ba Cal |[|PRER = =Da = ={BaBa+18a-1} X..X [tarp

CR8 [ wre Da Ba cal [|Prer = =Da = ={Ba,Ba+1B8a-1}] X.X o

CRO [ 20xxx Da Ba Ca1 [[NOROP XXX XU X.X |0

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,
¢. This situation is hazardous because the write buffer will be left unretired while the targeted bank is precharged.

ROW -to -ROW Examples

Figure 12 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 tpas 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 banka to remain precharged. As a result, the
adjacent hanks will also satisfy parallel timing constraints; in the example tha RR11 and RR2 rules
are analogous to the RR12 and RR4 rules,

To Ta[Ta T3 T4 Ts Te T7 Ta|Ta ThoT1qT12T13T1aVisTre T TisT1eTooT21 T22 Toa T2a Tas T26 27 T2a Tod Vo T31 T2 Ta3 Taa Tas Tas T1r Tas Todwo T To T Taa Tas Tus Ty

ROW?2
..ROWO |

......

coL4
...COL0

DQAS..0
DQB8...0

Figure 12. Row Packet Example
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a0 = {Da,Ba,Ra}
Same Device Adjacent Bank RR7 al={DaBa+1}
Same Device Adjacent Bank RR3 b0 = {Da,Ba + 1,Rb}
Same Device Same Bank RR4 bl = {Da,Ba,Rb}
Same Device Adjacent Bank RR11 b0={Da.Ba+1Rb} |
l_ Same Device Same B_ank RR12 b0 = {Da Ba Rb} T‘
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Figure 13 shows examples of the ACT-to-ACT (RRO, RR1) and ACT-to-PRER (RR5, RRS6) command
spacings from Table 8. In general, the commands in ROW packets may be spaced an interval
tpackET apart unless they are directed at the same or adjacent banks, or unless they are of a similar

command type (both PRER or both ACT) and directed at the same device,

a0 = {Da,Ba,Ra})
Different Device Any Bank RR1 bt = {Db,Bb,Rb}
Same Davice Non-adjacent Bank | RR2 <0 = {Da,B¢,Rc}
Different Device Any Bank RRS b0 = {Db,Bb,Rb}
E—1 Same Device Non-adjacent Bank | RR6 <0 = {Da,Bc,Re}

To T1]Ta Ty Ty Ts|Ts T7 Ta TiT1aTiaT1aTisTig V17 T18 T19 T20 T21 T2 T23 T2

T27T28T20T30T31 32Ty

(34 Tas Tag

Figure 13. Row Packet Examples

TaaTeoTa1Taa Va3 TaaTas Tus Taz

Figure 14 shows an example of the PRER-to-PRER (RR13, RR14) and PRER-to-ACT (RR9, RR10)
command spacings from Table 8. The RR16 and RRI16 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 at the same or. adjacent banks, or unless
they are of a similar command type (both PRER or both ACT) and directed at the aame device.

a0 = {Da,Ba,Ra}
Different Device Any Bank RR13 b0 = {Db,Bb,Rb}
Same Device Non-Adjacent Bank RR14 <0 = {Da B¢,Re}
Same Device Adjacent Bank RR15 c0 = {Da,Ba + 1R}
Same Device Same Bank RR16 c0 = {Da,Ba,Rc)
Different Device Any Bank RRY b0 = {Db,Bb,RE}
L-——— Same Device Non-Adjacent Bank RR10 0= {DaBcRc}

To Te|Ta Ty Ty Tg|Ts T7 Ta T T TiATeqT1gT1gT17 Vi T1aT2o T2 T2a T2a T2

Tz

CTMICFM |

I teacker i tpp i i tpackEeT
coLs Py ihel
..coLn

DQAS...0
DQB8s..0

i

Figure 14. 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 reamain
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 tRcDMIN to complete. The hidden restore operation
requires the interval tRas MIN - tRCDMIN to complete. Column read and write operations are also
performed during the tRaSMIN - tRCDMIN 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:

An RDRAM with a "s" designation (256 K x 32 s x 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,
reatore, read/write and precharge operations.

For example (referring to the block diagram of Figure 4), 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 hyte row - 256 hytes tn the DQA side and 256 bytas to the DQRB 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 15 shows an example of precharge using the ROWR packet mechanism. The PRER command
must occur tpag after the ACT command and tgpp before the next ACT command. This timing will
serve as a baseline againat which the other precharge mechanisms can be compared.

a0 = {Da,Ba Ra}

a5 ={Da,Ba}

30 = {Da,Ba,Rb}

To T T2 T3 Ta Ts Te T7 To To TooTusTaaT a3 TaaTasTig V17 T1aT1oT20T2s T2a ToaToa Tos T26 T2 T2 T20 T30 Ta1 T32 T93 T34 Tas Tas Tar Tag Tad a0 Ta1 Ta2 Taa Taa Tas Tus Ty |

“tac

Figure 15. Precharge with PRER Command in ROWR Packet

Figure 16 (top) shows an example of precharge with an RDA command. A bank is activated with an
ROWA packet on the ROW pins, Then, a series of four dualocts are read with RD commands in
COLC packets on the COL pins. The fourth of these commands is an RDA, which causes the bank to
automatically precharge when the final Read has finished. The timing of this automatic precharge is
equivalent to a PRER command in an ROWR packet on the ROW pins that is offset toprp from the
COLC packet with the RDA command. The RDA command should be treated as an RD command in
a COLC packet as well as a simultaneous (but offset) PRER command in an ROWR packet when
analyzing interactions with other packets.

Figure 16 (middle) shows an example of precharge with a WRA command. As in the RDA example,
a bank is activated with an ROWA packet on the ROW pins. Then, two dualocts are written with
WR commands in COLC packets on the COL pins. The second of these commands is a WRA, which
causes the bank to automatically precharge when the final Write has been retired. The timing of this
automatic precharge is equivalent to a PRER command in an ROWR packet on the ROW pins that is
offset 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 cffset) PRER command in
an ROWR packet when analyzing interactions with other packets. Note that the automatic retire is
triggered by a COLC packet tpTr after the COLC packet with the WR command unless the second
COLC contains an RD command to the same device. This is described in more detail in Figure 19.

Figure 16 (bottom) shows an example of precharge with a PREX command in a COLX packet. A
bank is activated with an ROWA packet on the ROW pins. Then a series of four dualocts are read
with RD commands in COLC packets on the COL pins. The fourth of these COLC packets includes a
COLX packet with a PREX command. This causes the bank to precharge with timing equivalent to a
PRER command in an ROWR packet on the ROW pine that is offset toppp from the COLX packet
containing the PREX command.
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( COLC Packet: RDA Precharge Offset )

To T1 T2 T3 Ta Ts Tg Ty Tg Ta TioTraTraTeaTraTisTagTurTraT1oT20 T T2 T3 T2a Tas T26 T27 Taa Tas T30 Ta1 T32 733 T34 Tas T36 737 T38 T30 Tao Ta1 Taa Taa TaaTas Tas Ta

COL4
P (s 1V4]

Q @n x Q (a2)

DQAB..0 [ aty VY Q@
DQB8..0 :
Transaction a: RO a0 = {Da,Ba,Ra} al= (ba,B.a,Caﬂ vaZV={I;;»a,Bra,Ca2}
a3 ={Da,Ba,Ca3} ad = {Da,Ba, Cad} a5 = {Da,Ba} ]

f

(COLC Packet: WDA Precharge Offset)

To Ty Ty T3 Ta Ts Tg Ty Ta To T1aTuiTraT1aTraTasTie T17T1aT1g Tao T2 T2z T23 T24 Tos Ta6 T27 T28 T20 T30 Ta1 T32 T23 T4 T35 T36 Ta7 Taa Tao Tao Ta1 Taz Ta3 Taa Tas Tus Tar

cm
ICFM

Rowz | ACT a0
—ROWD }

! retire (al) E g

MSK (a1) MSK (a2) |

R (;1)' X 5 (al).

| Transac‘tion;; H;\IR [ I .a0.={ba,.Ba,llia}'l [ ‘ .a1-={ba,Ba,.Ca1} l I .32;{6a,éa,c;2). l al5=l{Da,Ba} _I

(COLX Packet: PREX Precharge Offset)

To Ty T2 T3 Ta Ts T Tz T To TaoT1iT12T1aT1aTisTre Tar TraT19 T20T21 T22T23 T2

aT2sT26T27T28T29T30 T3 T22T33 T34 T T35 Ta7 T2 Ta9 Tan Ta1 Ta2 Taa Taa Tas Tas Tay

CTM i
JOPME

The PREX éreéhaﬂfge tommand is equivalent to a PR

e
...ROWD )

K

QN XO(aZ) F(’aa)' Xf Q @d

al ;{E;a.nla,c;a1)l a:—(Da.Ba,CIﬂ)
a3=(Dafaca3} a4 = {DaBa,Cad} as={oafBa) |

ao = (Da,Ba,Rla}

I Tranlsac.tlor.\a: RL I

Figure 16. Offsets for Alternative Precharge Mechanisms

1999-07-01 24772



TOSHIBA TC59RM718MB/RB/G8

Read Transaction Example

Figure 17 shows an example of a read transaction. It begins by activating a bank with an ACT a0
command in an ROWA packet. tpcp later an 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). tgac 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.

toc after the first COLC packet on the COL pins a second is issued. It contains an RD a2
command. The a2 addrcss 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 dualect Q(a2)
is returned by the device.

Nexl, « PRER a3 command is issued in an ROWR packet on the ROW pins. This causes the bank
to precharge so that a different row may be activated in a subsequent transaction or so that an
adjacent bjnk may be activated. The a3 address includes the same device and bank address as the
a0, al and 82 addresses. The PRER eommand must oecur trag 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 trag interval). The
PRER command must alse occur tgpp or more after the last RD command. Note that the tgpp value
shown is greater than trppmIN specified in page 62. This transaction example reads two dualocts, but
there is actually enough time to read three dualocts before tRpp becomes the limiting parameter rather
than tras. If four dualocts were read, the packet with PREF would need to shift right (be delayed) by
one teyeLE (note-this case is not shown).

Finally, an ACT b0 command is issued in an ROWR packet on the ROW pins. The second ACT
command must occur tgc or more after the first ACT command and tgp 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 cther devices may be issued during transaction a,

Transaction a; RD a0 = {Da,Ba,Ra} ~ a1={Da,Bacal} | a2={Da,Ba,Ca2} | a3 ={Da,Ba} |
Transaction b: XX b0 = {Da Ba,Rb}

Figure 17. Read Transaction Example

To Ty T2 Ty Ta T5 Tg Ty T To TioTuaTiaT1aTaaTasTigT17TaaTraTooTar Taa ToaTaaTos To6 T2r T2a T2a Ta0 731 T32 T3 Taa Tas Tas 37 Tas Tad a0 Ta1 Taa Taz Taa Tas Tas Taz
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Write Transaction Example

Figure 18 shows an example of a write transaction. It begins by activating a bank with an ACT a0
command in an ROWA packet. trep-trRTr later a WR al command is issued in a COLC packet (note
that the tpcp 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). tcwp 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.

tcc 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. tcwp after the second WR command a second write data
dualoct D(a2) is issued.

trTr aftor 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 19 for more
details on the write/retire mechanism. If a COLM packet is not used, all data bytes are
unconditioﬂa]ly written, If the COLC packet which causes the write buffer to retire is delayed, then
the COLM packet (if used) must also be delayed.

Next, a PRER a3 command is issued in an ROWR packet on the ROW pins. This causes the bank to
precharge so that a different row may be activated in a subsequent transaction or so that an adjacent
bank may be activated. The a3 address includes the same device and bank address as the a0, al, and
a2 addresses. The PRER command must occur tpas 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 trag interval).

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

Finally, an ACT b0 command is issued in an ROWR packet on the ROW pins. The second ACT
command must occur tpc or more after the first ACT command and tgp or more after the PRER
command. This ensures that the bank and its associated sense amps are precharged. This example
assumesn 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.

To Ta Ta Ta Ty Ts Tg Tr Ty Tg TooTia TaaTisTraTesToaTorTasT1aT20 V21 Ta2 Va3 T2a T2s T26 T2r T2n V29 T30 Ta1 T32 T33 T34 Tas Tas Tar Tas Tad an Ta1 Tuz Taa Tad Tas Tus Tay

PRER a3

WR a1 w WR aZ Vrotlre (a1) Wretlre {a2)

oL B
.COLO § A_MsK @n A MSK (a2)
DQAB..0 | ‘ )

DQes..0 §

taco A towo
Transaction a: WR 0= {DaBa,Ra}) at={Da,Bs,Cal} | a2 ={Da,Ba,Ca2} l a3 ={DaBa} J
Transaction b: XX b0 = {Da,Ba,Rb}

Figure 18. Write Transaction Example
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Write / Retire Examples

The process of writing a dualoct into a sense amp in an RDRAM bank occurs in two steps. The
first step consists of transporting the write command, write address, and write data into the write
buffer. The second step happens when the RDRAM automatically retires the write buffer (with an
optional 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 19 (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
tcwp later. This information is loaded into the write buffer of the specified device. The COLC
packet which follows tpTr 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 containg an RD command to the same device. If the retire does not take place at tRTR
after the original WR command, then the device continues to frame COLC packets, looking for the first
that is not an 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 tyrg 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.

ToTi T2 T3 Tqg Ts Tg Tz Tz Ta T10T11 T2 To Ty T2 Ty Ta Ts Tg T7 Tg Ta T1oT11T12T13T14T15T16T17T18T19T20T21 T22T23

Retire is automatic here unless:
{1) No COLC packet{(S=0)or
: OLC packet is RD to dpvice Da

P —tcac
RD b1 retire {a1)
4 MsK (a1) A

tRIR—

AN

D (a1}

I Transaction a: WR [ al={Da,BacCal} ] Transaction a: WR al =w{Da,Ba,Cal}
Transaction b: RD b1 = {Da,Ba,Cal}
Transaction ¢: RD ¢! ={Da,Ba,Cal}

Figure 19. Normal Retire (left) and Retire/Read Ordering {(right)

Figure 18 (right) shows the firat 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 20 (left) shows the result of performing an 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 88 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 an RD to another
device or a WR or NOCOP to any device is issued, the retire will take place. Figure 20 (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

columnas,

Write / Retire Examples (continued)

The RD will prevent a retire of the first WR from automatically happenning. But the first dualoct
D(al) in the write buffer will be overwritten by the second WR dualoct D(bl) 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 tpsckET. This situation
is explicitly shown in Table 10 for cases in which tccnrLAY i2 equal to tRTR.

To T1 T2 Ta Tg Ts Tg Tz Tg Tg T1oT11T12T1F1aT15T16T17T1a Teg ToTi T2 T3 Ta Ts Te T7r Ts Te T1oT11T12T13T1aTisTagd 17

;T e contro o rnust insert P to retire (al] |
to make room for the datn (b1)|n the Write Buﬂer

T :rmre :opcratmn' or a:Wrne tan [}
held off by a Read to the same gevice |

RD b1 Wretlre(aﬂ WRal ¥ WA b1 Y retrea)

Amsx(an [\ MK (a1) A
fnm”ucxs‘r : tn}n——*
B TELLY oy XD(M) )
Transaction a: WR a1={Da,Ba,Cal} Transaction a: WR al={DaBaCal}
Transaction b: RD b1={Da,Bb,Cb1} Transaction b: WR b1 ={Da,Bb,Ch1}
Transaction ¢: RD ¢l ={Da,Bc,Ccl}

Figure 20. Retire Held off by Read (left) and Controller Forcing WWR Gap (right)
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Figure 21 shows a poesiblo result when a retire is held off for a long time (an extended version of
Figure 20 (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 tgTr before or earlier.

TaoT TeTy T Ts Tg T Ta Ty T|oT11TnT|3T1;T|5T1sT11T1sT19TznT11TnTnTuTststuTlezs730731TazT:sTuTasTasTnTuTaiaoTn Ta3TaaTasTasTar

CTM i

M The retire opaeration puts the
write o he new

—

 retire (a

AE MSK (a1

RO b5 Y RO b6

o —

Qib1) X Q{b2) ro(bs) x’ Q (b4) x Q (bs) )
pmped gy e e
WARNING
Transaction a: WR a0 ={Da,Ba,Ra} 21 ={Da,Ba a1} 22 = {Da,Ba} ™ b hezardous and
: = - s sequence ezardous
Transactionb: RD b0 = {Da,Bb,Cb1} b2 = {Da,Bb.Cb2} b3 = {Da,Bb,Cb3) T R with caion.
b4 = {Da Bb,Cb4} b5 = {Da,Bb,Cb5} b6 = {Da,Bb,Cb6}
[ Transactione: WR 0 = {Da,Ba,Rc}

Figure 21. Retire Held off by Reads to Same Device, Write Buffer Retired to New Row
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Interleaved Write Example

Figure 22 shows an example of an interleaved write transaction. Transactions similar to the one

presented in Figure 18 are directed at non-adjacent banks of a single RDRAM. This allows a new
transaction to be issued once every tggr 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 an
ROWR packet on the ROW pins.

The next three

transactions are directed to the same device Da, but need to use different, non-adjacent banks Bb, Bc
The fifth transaction could be redirected back at bank Ba
without mt,erference, since the first transaction would have completed by then (tgrc has elapaed) Each

In this example, the first transaction is directed to device Da and bank Ba.

and Bd so there is no bank conflict.

transaction may use any value for row address (Ra, Rb-) and column address (Cal, Ca2, Cbl Cb2:),

ToTi Ty Ty Ts Te Ty T Ty T1oTnTl1T|;TuT|sTwTwTuTszoTnTzszaTz4TststnTzuTstaoTﬂ'sz TasTuTssT)sTnTnTnT«:TﬂTuTuTuTuT«Ta
HEHEHEHRHRBRHRHRHEHEE H HEH T H AR AU E G EoEoEnE o o]
il - Transaction & can use (hoJ-

sﬂl‘_H_Ik a3, trqnsqﬂoma

CTM:
ICFM

I R l hm : | ' ': T S N N T N T T R T 11 R HE I B
%%LG’_V Wl VWRAzZ YV wh a1 anAquwnm Vwiabz Y wacl Y Whaa ¥ WRdl Y wRdz ¥ WRei Y Wae
'_A MSK (y1) A MSK(yZ) A MSK.(ZIL Msx(zz) AMsx(n) A MSK (.z) A MSK(bl) AMSK(bZ) ,\ MSK (c1) A MSK(cZ) ]Lmsx (dt) Amsx(dz)

WR

IR Xu(az“'x SET 3 I x S x i x ) x

Transaction y: y0 = {Da,Ba + 4,8y} y1 ) (Dl Ba +4,Cy1 2 Da, Ba +4,Cy) 3 - I5s, + .
Transaction z: WH 20 = {Da Ba + 6,R2} z1={Da,Ba+ 1;.&!1} :2 ED: Ba + 6 C‘:J% g - Eg:':: + ;g
Transaction a: WR_ #0 = {Da fia Ra} al={DaBatai} a2 = [DaBa,Ca7} a3 = {Da Ba}
Transaction b: WR b0 = {Da,Ba + 2, Rb} b1 ={Da Ba+2,Cb1} b2 = {Da,Ba+2,Cb2} b3 = {DaBa+2}
Transaction ¢; WR c0={Da,Bs +4,Rc} cl={DaBa+4Ccl} c2={Da,Ra+4Cc2} ci={DaBa+d}
Transaction d: WR Jﬁ-{m Ba + 6,Rd} d1={Da,Ba+6,Cdl} d2w{Da Ba+6Cd2} d3={DaBa+6}
Transaction o: WR o0 = {Da Ba, le} o1 ={DaBaCel} ¢2 ={Da,Ba,Ce2} «3 ={DaBa}
Transaction T: WR 0= {Da,Ba + 2RT} f1={DaBa+2CF1} 12 = {Da Ba + 2,Cf2} f3m{Da| Ba + 2}

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

Figure 23 shows an example of an interleaved read transaction. Transactions similar to the one
presented in Figure 17 are directed at 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 alsc 100%.

The only difference with the write example (aside from the use of the RD command rather than the
WR command) is the use of the PREX command in a COLX packet to precharge the banka rather than
the RDA command. This is done because the PREX is available for & read transaction but is not.

available for a masked write transaction.

Interleaved RRWW Example

Figure 24 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 22 7nd Figure 23, 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 24 is 32/42 or 79%. 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 24, the first bubble-type tceuB1 is inserted by the controller between an 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 6. This bubble appears on the DQA and DQB pins as
tppUB1 between a write data dualoct D and a read data dualoct Q. This bubble alsc appears on the
ROW pins as tRpUBI.

To T1 Tz TJ T4 Ts Tﬁ T1 Tl Ty 71nT1|T1zTuT14T1sT|sTnT1aT|9Tonz1Tzsz:TuTzsTstszstuTsnTnTnTssTuTssTssTnTalT:;TwTuT4zTuTuT45T«T41
Trr : all i T : T ™ oMo e
: : H Tranuctlon @ can use the

N

tncp tan

i ' ; . I HE ! : HIH . ; . I . H | ; HE ii
CC%LL‘ ' RD 1 V'l nnzz v RD at RD a2 Y rRObt Y RD B2 V RDc1 V RDdV RD dT Y RO d2 Vanu VRoez
0 A A PREX y3 A A PREX 23 A J\_PREXa3 A A PREX b! L A PREX c3 A APREX d3
2 o ‘x ‘TR X Qan )( TR X e x T X T 5 1T x o
, Trar;s.lc.u'or; y: RD. ™ ' .{D; Ba‘+4. Ily-} T yt-{Da BI-H Cy1} v2 ( 4c 21 : ya-(Da Ba +4} :
Transaction z: RD zo-{m Ba+6Rz} zi={Da,Ba+6Cy1} tl:fmnlﬂ: :5 c::n 23={Da.Ba+6
Transaction a: RD a0 = {Da Ba Ra} al={Da,Ba,Cat} 22={DaBa.Ca2} 23 -]Dl,!lfl
Transaction b: RD b0 ={DaBa+ 2 Rb} bi={DsBa+2,Cbl) w 4 2.Ch2} b3 = {Da,Ba+2}
Trlnuct!on ¢ RD ¢c0={Da,Ba +4 R} ci={DaBa+4,Ccl} c3={DaBa+4
Trtns_!cl!on d: RD d0 ={Da,Ba + 6,Rd} dl«{Das,Ba+6Cdl} d2 m.,, & Cel2} 3={DaBa+6
Transaction ¢: RD el = {Ca Ba.Re} el = {Da,Ba,Cel o2 ={DafaCe2} e3={DaBa}
Yransaclion 1: RD 0= {Da,Ba + 2 R} 11={Da,Ba+2,CT1} f2={DaBa+2.Cf2} fi={CaBa+2}

Figure 23. Interleaved Read Transaction with Two Dualocts Data Length
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The second bubble-type tcrupz is inserted (as a NOCOP command) by the controller between a WR
command and an 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 20. There would be no bubble if address ¢0 and address d0 were
directed at different devices. This bubble appears on the DQA and DQB pins as tpgyBz between a
write data dualoct D and a read data dualoct @  This bubble also appears on the ROW pins as
tRBUB2.

To L Tz T: T‘ Ts Tc Tr Te Ty TmTﬂ'uTu TnTmeTwTu"'uTonznTzszstnTstzeTnTuTz!TluTnTsz Ts!TSATBSTIGTSTTSITJDTJBTMTnTuTuTuT«Tu

ITMASIAAAMAER
i Transaction a can use the ;

B8, PRk e beneon s,

i v il!DEaJE

A PREX 23

MsK (yZ) A PREX 43 A MSK(M) Amsx(bz) Amsxm) A

= x T X TR X D(bZ)X o(cu‘x )

H b

Transaction y: WR yO = {Da,Ba + 4,Ry} vyl ={Das Ba +4,Cy1) z - (Q.Ja +4 cyn y3 = {Da Ba + 4}
Transaction z: RD z0 = {Da,Ba +6,Rz} z1 ={DaBa+6,Cz1} 22={DaBa+&Cz2} 23 ={Da, a;_- 6}
Transaction a: RD a0 ={DaBaRa} at w{DaRaCal} 22 ={Da,BsCal} a3 ={Da,Ba
Transaction b: WR b= ]b—a,‘l s+ 2,Rb} b1 ={DaBa+2.Cht} - 2+ 2.Ch2} b3 = {Da,Ba + 2}
Transaction ¢: WR <0 ={Da,Ba+4,Rc} cl={DaBa+4Ccl} £2={DaRa+4.0c2) ¢3={Da,Ba+4)
Transaction d: RD d0 = {Da,Ba + 5,Rd} d) ={Da,Ba+6Cdl} d2={DaBs+6Cdl} d3w«{Da Ba+§}
Transaction #: RD e0 =« {Da Ha Re} 41 ={Das,Ba,Cel} e2 ={Dg Ba Ce2} e3={DaBa}
Transaction f: WR f0={Da Ra+ 2R} 11 ={Dafas2.Cf1} f2={DaBas2CI2} f1={DaBas2}

Figura 24. Interleaved RRWW Sequence with Two Dualocts Data Length
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Control Register Transactions

The RDRAM has two CMOS input pins SCK and CMD, and two CMOS input/output pins SIO0 and
SIO1. These provide serial access to a set of contrel 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 SIO0 is repeated on SIO1, which connects to SIO0 of the next RDRAM (the data
is repeated from SIO1 to SIO0 for a read data packet). The controller connects to SIO0 of the first
RDRAM,

Ta T20 T3g Ts2 Tes

! next transaction |}

cMD §1 1!]00; 00000000...000000000 00000009...000000000 JV 00000000...000000000 X 00000000...000000000
. : - : 0
s10n SRQ - SWR command SA x sD X SINT
L LY LY L
P\ Each packet is repeated \: : i i | @ i i }\ i i i i i i i\ i
; from SIQ0 to 5101 [ T T " T T A T A ) "
101 SRQ - SWR command X SA X 5D X SINT

Figure 25. 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 256 and Figure 26.

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 begine 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...S0P0 (Serial Op-code)
field, which selects the transaction type. The SDEVS...SDEV( (Serial Device address) selects one of the
32 RDRAMs. If SBC (Serial Broadcast)is set, then all RDRAMs are selected. The SA (Serial Address)
packet contains a 12 bit address for selecting a control register.

A write transaction has a SD (Serial Data) packet next. This contains 16 bits of data that is written
into the selected control register. An SNT (serial interval) packet is last, providing some delay for any
side-effecta 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.

Ta T T3 Ts2 Tes

{ next transactioniei _

00000000...00000000C | 00000000...000000000

CMD@H}OO! 00000000...000000000 | 00000000...000000000

S B . .m.o
addressed RDRAM drives ‘controller drives HL
9/5D15...SD0/0 on SI0C i 0onSIO0~—_ i
1
SRQ - SRD command x SA X SINT sSD
) - - - - - . - - . 1 . I. - A - .
Pl IFIrﬁt; 'pac'ket's are r"epéate'd ' - : FEE A W I"!GI'I' h sse& RbRAM
PR frgm :SIO:O to 5!01:. : I iSD15. {5D0: om 5(01fto SIOO
< -—— . e —— N 1
S10our SRQ - SRD command x SA X SINT ﬁ \ D ™~

Figure 26. Serial Read (SRD) Transaction to Control Register
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Control Register Packets

L T

1
Table 12 summarizes the formats of the four packet types sCK “ l ” H ” ”'”””“”” “H”H ”””
Table 13 summarizes the il e M M 0

for control register transactions.

fields that are used within the packets.

:oo! 00000000...000000000

cMD

Figure 27 shows the transaction format for the SETR, é”
CLRR, and SETF commands. These transactions consist of a Pop
single SRQ packet, rather than four packets like the SWR A

SRQ packet -

1
S100 :
and SRD commands. The same framing sequence on the JRIRE S.ETB"C".RR’.SETF __TRIEIRE
i i . mmands are used i 1 1 i\ The packet is repeated !
CM'D ln'pl;.lt,. u:s utmd, ht?wever These co : a o \ o S100 10 3107 |
during initialization prior to any control register read or A S T TS SO A
. . SRQ packet- 1
write transactions.

SETR/CLRR/SETE
T 1+ 0

Figure 27. SETR, CLRR, SETF Transaction

Table 12. Control Register Packet Formats

$CK 5100 or SI00 or SIOD or 5100 or SCK SIO0 or 5100 or 5100 or SIQU or
Cycle ; SIo1 SIO1 SI01 SION Cycle 5101 SIO1 5101 S101
or SRQ for SA for SINT for 5D for SRQ for SA for SINT for 5D
0 rsrv rsrv 0 SD15 8 SOP1 SA7 0 $D7
1 rsrv rsrv 0 SD14 9 SOPO SA6 0 D6
2 rsrv sty 0 SD13 10 SBC SA5 0 SD5
3 rsrv rsrv 0 SD12 11 SDEV4 SA4 0 SD4
4 rsrv SA11 0 SD11 12 SDEV3 SA3 0 sD3
5 SDEVS SA10 0 SD10 13 SDEV2 SA2 0 SD2
6 SQP3 SAS 0 SDS 14 SDEV1 SA1 0 SD1
7 S0P2 SAB 0 SD8 15 SDEVO SAQ 0 500
Table 13. Field Description for Control Register Packets
Field Description
rsrv Reserved. Should be driven as "0" by controller,

SOP3,..SOP0 0000 - SRD. Serial read of control register {SA11..5A0} of RDRAM {SDEVS..SDEVO0}.

0001 -SWR. Serial write of control register {SA11..5A0} of RDRAM {SDEV5..SDEVD}.

0010 -SETR. Sets Reset bit; all control registers assume their reset values. 2 16 ts¢yc g delay untit CLRR command.
0100 - SETF. Set Fast (Normal) Clock Mode. 24 tgeye e delay until next command.

1011 -CLRR. Clears Reset bit; all control registers retain their reset values. 24 tgeyc)  delay until next command.

1111-NQP. No serial operation.
0011, ©101-1010, 1100- 1110 -RSRV. Reserved encodings.

Serial device. Compared to SDEVID5..5DEVIDO field of INIT contro! register field to select the RDRAM to

SDEVS...SDEVD
which the transaction is directed.

SBC Serial broadcast. When set, RDRAMs ignore {SDEVS..SDEV(Q} for RDRAM selection,
SA11..5A0 Serial address. Selects which control register of the selected RDRAM is read or written.
5015...SD0 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
To Tis

3

SION

: The packet is repeated
i from St00 to SIO1

0000000000000000

F'ighre: 28. 'Slb Reset S'eq'ue'nce

Initialization refers to the process that a controller must go through after power is applied to the
system or the system is reset. The controller prepares the RDRAM sub-system for normal Channel

operation by using a sequence of control register transactions on the serial CMOS pins.

The first step in this sequence is to assign unique serial device addresses to all the RDRAMs. This
is done with Algorithm InitDev, shown in the cpposite column. The controller assumes that there are
no more that "N" RDRAMs on the Channel (the Channel maximum is 32, but some applications may
have a lower limit),

First, the SIO0 and SIO1 pin directionality is established with the sequence in step 1. The
controller then resets all RDRAMs, using broadcast SETR and CLRR commands (step 2, 3, 4, 5) with a
delay in between (this is also called SIO Reset). In step 6, a SETF command establishs the normal
clock frequency. See Figure 27 for the format of SETR, CLRR, and SETF transactions, In step 7 the
SI00-t0-SI01 link is broken in all RDRAMa, s0 the controller is only talking to the first RDRAM.
Also, the SDEVID field is set to ite maximum value. Next, the loop index INDX is initialized (step 8).

In step 9, the SDEVID field is loaded with the INDX value, and the SRP bit is set se the next
RDRAM becomes accessible. In step 10, the INDX value is incremented, and in step 11, steps8and 9
are repeated for the remaining RDRAMs.

Finally, it will be necessary for the controller to force a 200us pause interval to allow the RDRAM
core timing circuits to stabilize. All banks of all RDRAMs must also be accessed twice. An access is
an activate (ACT) and a precharge (PRE) command, This may be accomplished with the refresh

commands,
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At this peint, Algorithm InitDev is complete and all RDRAMs have a unique device address
SDEVIDS...0 for control register transactions. Note that the SDEVID address value of an RDRAM
indicates its position in the daisy-chained CMOS serial pins. This will not necessatily be the same
value as the DEVID register which is used for memory transactions. The next steps taken by the
controller will vary depending upon the application, so only a rough outline can be given here.

In essence, the controller must read all the read-only configuration registers of all RDRAMs, and
then it must write all the read-write registers to place the RDRAMs intc the proper operating mode.
The most important of these read-write registers are DEVID (the device address for memory
transactions} and TRDLY (which sets the delay value for memory read data).

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

There are two classes of 64/72Mbit RDRAM. They are distinguished by the "S2BIECO" bit in the
SPD. The behavior of the RDRAM at initialization is slightly different for the two types:
828IECO=0: Upon power-up the device enters ATTN state. The serial operaicns 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 operaions SETR, CLRR, and
SETF require a SDEVID match.

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

After the step of equalizing the total read delay of each RDRAM has been completed (i.e. after the
TCDLY0 and TCDLY!1 fields have been written for the final time), a single final memory read
transaciton should be made to each RDRAM in order to ensure that the output pipeline stages have
been cleared.

This page is reserved for further initialization detail when that information becomes avalible.
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Algorithm InitDev: Assign SDEVID Device Addresses
1,
2.

10,

11.
12.
13.

Issue SIO Reset sequence (see Figure 28).
Issue one SETR tranzaction:
SOP3...S0P0=0010 (SETR command)
SBC=1 (Broadcast)
SDEVS...SDEV0=000000 (don't care).
Wait 16 SCK cycles.

Issue one CLRR transaction:
S0P3...80P0=0011 (CLRR command).
SBC=1 (Broadcast)

SDEVS...SDEV0= 000000 (don't care).

Wait 4 SCK cycles.

Issue one SETF transaction:
SOP3..80P0=0100 (SETF command}
SBC=1 (Broadcast)
SDEVS...SDEV(=000000 (don't care)

Wait 4 S8CK cycles.

Issue one register write transaction:
SOP3...50P0=0001 (SWR command)
SBC =1 (Broadcast)
SDEVS...SDEV0=000000 {don't care).

8A11..8A0=021;¢ (INIT control register).
8D15...8D0=401f15 (SRP< =0, SDEVID< =3f).

Set INDX5...INDX0 to 00000002, INDX is a counter in the Controller which acts as a loop index.

Issue one register write transaction (SRP< =1, SDEVID < =INDX):

SOP3...80P0=0001 (SWR command)}
SBC=0 (non-broadcast)
SDEVS..SDEVO=111111.

SA11..8A0=021;5 (INIT control register).
SD16...8D0={0g, INDXSE, 000001003, INDX4... INDX0}.

Increment INDXS5...INDXO0.

Repeat Steps (8) and (9) an additional (N-1) times.

tpayuse delay, then tppnya+tppnxp delay (to allow DLLs to lock), then access all banka twice
from a precharged state; i.e. perform one of the two following two (broadcast) sequences to each

bank of all RDRAMs:

a. REFA/REFP, REFA/REFFP, REFA/REFP or

a. REFP, REFA/REFP, REFA/REFP
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Control Register Summary

Table 14 summarizes the RDRAM control registers, Detail is provided for each control register in
Figure 29 through Figure 33. 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 (DL-0054) describes additional read-only configuration registers which are
present on Direct RIMMas.

The state of the register fields are potentially affected by the 10 Reset operation or the SETR/CLRR

operation. This is indicated in the text accompanying each register diagram.
Table 14. Control Register Summary
. . Read.write, .
SA11..5A0] Register; Field or read-only Description
02145 IN{T SDEVID | read-write, 6 bits | Serial device ID. Device address for control register read / write.
PSX read-write, 1 bit | Power Select exit. RDN/NAP exit with device address on DQAS...0.
SRP read-write, 1 bit SI0 repeater. Used t¢ initialize RDRAM,
NSR read-write, 1 bit | NAP Self-Refresh. Enables Self-Refresh in NAP Mode.
PSR read-write, 1 bit | PDN Self-Refresh. Enables Self-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.
T8Q read-write, 1 bit | Temperature sensing output,
DIs read-write, 1 bit | RDRAM disable.
02245 TEST34 |TEST34 |read-write, 16 bit | Test register. Do not read or write after SIO reset,
0234 CNFGA | REFBIT | read-only, 3 bits | Refresh bank bits. Used for Multi-Bank refresh.
DBL read-only, 1 bits | Double. Specifies Doubled-8ank architectura.
MVER read-only, 6 bits Manufacturer version. Manufacturer identification numbar.
PVER read-only, 6 bits | Protocol version. Specifies version of Direct protocol supported.
0244¢ CNFGB |BYT read-only, 1 bits | 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.
SPT read-only, 1 bits | Split-core. Each core half is an individual dependent core.
CORG read-oniy, 6 bits | Core organization. Bank, row, column address field sizes.
SVER read-only, 6 bits | Stepping version. Mask version number,
040,¢ DEVID |DEVID read-write, 5 bits | Device ID. Device address for memory read/write.
04146 REFB REFB read-write, 5 bits | Refresh bank. Next bank to be refreshed by Seif-Refresh.
0424¢ REFR REFR read-write, 9 bits | Refresh now. Next row to be refreshed by REFA, Self-Refresh.
0434 CCA CCA read-write, 7 bits | Current control A. Control lg. output current for DQA.
ASYMA |read-write, 2 bits | Asymmetry control. Controls asymmetry of Vo /Von swing for DQA,
0444¢ CCB CCB read-write, 7 bits | Current contrel B. Controls Ig; output current for DQB.
ASYMB |read-write. 2 bits | Asymmetry contorl. Controls asymmetry of Vo/Voy swing for DQB.
0454 NAPX NAPXA |read-write, 5 bits | NAP exit. Specifies length of NAP exit phase A.
NAPX read-write, S bits | NAP exit. Specifies langth of NAFP exit phase A +phase B
DQs read-write, 1 bit | DQ select. Selects CMD framing for NAP/PDN exit.
046, PDNXA | PDNXA |read-write, 13 bits | PDN exit. Specifies length of PDN exit phase A.
0475 PONX PDNX read-write, 13 bits | PDN exit. Specifies length of PDN exit phase B + phase B
048.¢ TPARM | TCAS read-write, 2bits | tcas ccore parameter. Determines torpp datasheet parameter.
TCLS read-write, 2 bits |tc s.c core parameter. Determines tcac and toprp datasheet parameter.
TCDLYO |read-write, 3 bits |tcp yo.c core parameter, Programable delay for read data.
049, TFRM TFRM read-write, 4 bits | tggm ¢ core paramaeter. Determines ROW-to-COL packet framing interval.
D4ag TCDLY1 [ TCDLY1 | read-write, 3 bits | tcp vy .c datasheet parameter. Programmable delay for read data,
0dcqg TCYCLE | TCYCLE | read-write, 14 bits | teyc e datasheet parameter. Specifies cycle time in 64ps units,
04b,e TEST75 [ TEST?5 | read-write, 16 bits | Test register. Do not read or write after SIO reset.
Qdd g TEST77 ;TEST77 |read-write, 16 bits | Test register. Write with zero after 51O reset.
Odeys TEST78 | TEST78 |read-write, 16 bits | Test register. Do not read or write after SIO reset.
04fyg TEST79 | TEST79 |read-write, 16 bits | Test register. Do not read ot write after SIO reset.
08014 - off15| reserved | reserved | vendor-specific Vendor-specific tast registars. Do not read or write after SIO reset.
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Control Register: INIT Address: 0214¢

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

ry

v

A 4

v

v

v

v

v

Read/write register.
Reset values are undefined except as affected by SIO Reset as noted
bhelow. SETR/CLRR Reset does not affect this register.

. SDEVIDS...0 - Serial Device Identification. Compared with SDEV5...0,

serial address field of serial request packst for register read/write
transactions. This determines which RDRAM is selected for the
register read or write operation. SDEVID reset to 3fiq.

PSX . Power Exit Select. PON and NAP are exited with{=0)or
without (=1} a device address on the DQAG...0 pins,

SRP - SIO Repeater. Controls value on SIO1; SIO1=S8I00 if SRP=1;
SI01=0 if SRP=0. SRP reset to 1.

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

PDN Self-Refresh. PSR =1 gnables Sell-Refresh in NAP Mode. PSR
ean't be sat 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. 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 Cutput. TSQ@=1 when a temperature trip point
has been exceeded, TSQ=0 when it has not. TSQ is availible during a
current control operation {see Figure 51).

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

Control Register: CNFGA J | Address: 02344 | Read - only register.
15 14 13 12 11 10 8 7 &6 4 3 2 1 0
PVERS..0 MVERS...0 oeL| reFmTz..0
= 000001 =mmmmmm 1 = (00
Il _ l |y REFBITZ...0 - Refresh Bank Bits. Specifies the number of bank
address bits used by REFA and REFP commands. Permits
multi-bank refresh in future RDRAMs.

--~————————» DBL - Doubled-Bank. DBL=1 means the device uses a doubled-

bank architeture with Adjacent-Bank dependency. DBL=¢
means ho dependency.

» MVERS5...0 - Manufacturer Version. Specifies the manufacturer

identification number.

Note: In RDRAMa with protocel 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
case, the effective {gy parameter must increase and no
row or column packets may overlap the restricted

interval. See Figure 36 and page 62.

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

0 - Compliant with version 0.62 and ECO1-ECO18.
1-Compliant with version 0.7 and ECC1-ECO038.

2 to 63 - Reserved

Figure 29. Control Registers
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Control Register: CNFGB Address: 024, Read - only register.

15 14 33 12 11 10 9 8 7 6 5 4 3 2 1 0

SVERS...0 CORG4..0 SPT] DEVTYZ..O0 [BYT
= 558588 - NXXX ] =000 B

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 (8, 6, or 7 bits), address bits, The encoding of this field
will be specified in a later version of this document.

¥

v

SVERSG. .0 - Stepping version. Specofies the mask version
number of this device.

Control Register: TEST34 Address: 0224 Control Register: DEVID Address: 0404¢

1514 13 12 1110 9 8 7 6 5 4 3 2 1 0 15 14 13 12 11 10 9 8 7 6 & 4 3 2 1 O

DEVID4...DEVIDO

Read / write register. Read / write register,

Reset value of TEST34 is zero (from SI0 Reset) Reset value is undefined.

This register are used for testing purposes, It must not be Device Identification Register.

read or written after SIO Reset. 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,

Control Register: REFB Address: 0414 Control Register: REFR Address: 04246

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

REFB4...REFBO REFRB...REFRQ

Read / write register. Read / write register.

Reset value is 0 (from SETR/CLRR). Reget value is 0 (from SETR/CLRR).

Refresh Bank Register. Refresh Row register.

REFB4., REFB{ is the bank that will be refreshed next during REFRS..REFRO is the row that will be refreshed next by the

Self-Refresh. REFB4...0 is incremented after each Self-Refresh REFP command or by Self-Refresh. In the case of the REFP

Activate and Precharge operation pair. command REFRS...0 is incremented when REFR3..0=1111. In

the case of the Self-Refresh command REFRS...0 is incremented
when REFB3...0=1111.

Figure 30. Control Registers
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Control Register: CCA Address: 0434¢ Control Register: CCB Address: 04444
15 14 13 12 11 16 9 8 7 6 5 4 3 2 1 0O 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
' CCAb..CCAD CCB6...CCBO
Read /write register. Read /write Register.
Read value is 0 (SETR/CLRR or S10 Reset). Read value is O (SETR/CLRR or SIO Reset).
CCASB6...CCAD - Current Contro] A. Controls the Igp output CCB6...CCBO - Current Control B. Controls the Inp output
current for the DQAB..DQAOD pins current for the DQB8...DQB0 pins
ASYMAO control the asymmetry of the Vor/Voy voltage swing ASYMBO control the asymmetry of the Vor/Voy voltage swing
about the Vg reference voltage for the DQAB...0 pins. about the Vygp reference voltage for the DQBB8...0 pins.

Control Register: NAPX Address: 0451 | Read/write register.

Reset value is undefined

15 14 13 12 11 10 9 8 7 6 S 4 3 2 1 0 Note - tgoycLg 18 teycLEl (SCK cycle time).

NAPXA4...0 i

[ ]
[ 5 NAPXA4..0-Nap Exit Phase A, Thig field specifies the number of
SCK cycles during the first phase for exiting NAP Mode.
NAPXA XtgoveoLE ZtNAPXAMAX. Do not set this field to 0.

#» NAPXB4...0 - Nup Exit Phase B. This field specifies the number of
SCK cycles during the second phase for exiting NAP Mode.

NAPX XtgoycLg= NAPXA - tgeyoLE +tNAPXB.MAX. Do not set this field
to 0.

» DYS - DQ Select. This field specifies the number of SCK cycles
(0=>0.5 cycles, 1=">15 cycles) between the CMD pin framing
sequence and the device selection on DQ5..0. See Figure 37-This field
must be written with a "1" for this RDRAM.

Control Register: PDNXA Address: 04646 Control Register: PDNX Address: 0471¢
1 14 13 12 11 10 9 8 7 & 5 4 3 2 1 0 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 Q@
PDNXA12..0 PDNX12...0

Read / write register, Read / write register.

Reset value is undefined. Reset value is undefined.

PDNXA4...0-PDN Exit Phase A. This field specifies the PDNX4...0 - PDN Exit Phase A plus B. This field specifies the

number of (84xSCK c¢ycle) unita during the first phase for number of (256xSCK cycle) units during the first plus second

exiting PDN mode, It must satisfy: phase for exiting PDN mode. Tt must satiafy:

PDNXA - 64 - tgcycLE 2 tPDNXA) MAX PDNX - 256 - tgcyoLr 2 PDNXA - 64 - tsoycLE+ tPDNXBMAX

Du not set this field L 0. Do not set this field to 0.

Note - only PDNAS5...0 are implemented. Note - only PDNX2,..0 are implemented.

Note - tgcycLe 18 toyeLrr (SCK Cycle time), Note - tscyoLg 18 teyepne: (SCK cycle time).

Figure 31. Control Registers
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Control Register: TRARM Address: 04845

15 14 13 12 11 10 9 B 7 & 5 4 3 2 1 O

TCDLYD | TCLS

Read / write register.
Reset value is undefined.

TCASL...0 - Specifiea the tpag.c core parameter in toyepg units.
This should be "10" (2 toyoLr).

TCLS1...0 - Specifies the tors.c core parameter in toycrz units,
Should be "10" (2 teyeLg)

TCDLTO - Specifies the tenrya.c core parameter in toycLg
units. This adde a pregrammble delay to Q (read data)
packets, prtmitting round trip read delay to all devices to be
equalized. This field may be written with the values "010"
(Z2-toyeLg) through "1017 (B-toycLE)-

The equations relating the core parameters t¢ the datasheet
parameters follw:

tcas-c=2 teycLE

toLs-c =2 boyeLE

teps.c=1toycLE Not programmable

torFp=teps.c+HtoascttoLsc - 1 tovere
=41ioYCLE
trep=trop.c+1teyere - toLsc
=tgrep-c- 1 tovoLE

teac=3"tcycLE +tols-c + tepLye.c+tepLyi-c
(sae table below for programming ranges)

TCDLYQ | tcpuyo.c | TCOLY 1 | tepivo-c tCAg?-;CnY;CLE tCAi ?;Cr:;q‘i
010 2tevelE 000 O-tevele Ttevele not allowed
011 | 3tcyce| 000 j0teveie|  Btovce Btovowe
011 | 3teyce| 001 J1teyvae|  9tevae G tovere
011 |3tevce| 010 [2tcyce| 10tovele 10-tevelE
100 |dtevae| 010 | 2tcvae | Vtevae 11tevele
101 | 5tcyvqe| 010 | 2tevae [ 12'tevae 12tevele

Control Register: TFRM Address: 0494g

Control Register: TCDLY1 Address: 0daqg

15 14 13 12 11 10 9 B 7 &6 5 4 3 2 1 0

TERM3..0

Read / write regisler.
Reset value is undefined.

TFRM3...0 - Specifies the pesition of the framing point in
tayeLp units.  This value must he greater than or equal to the
tyry,miv 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-tcycLg) through
"1010" (10tcycLg). TFRM is usually set to the value which
matches the largest tpop MmN perameter (moduloe 4-tcycLE) that
is present in an RDRAM in the memory system. Thus, if an
RDRAM with tgcpMin=11tcycLE were present, then TFRM
would be programmed to 7-t¢yCLE.

15 1413 12 1110 ¢ 8 7 6 5 4 3 2 1 0

TeoLy |

Read / write register.
Reset value is undefined.

TCDLY1 - Specifies the value of the tcpryi.c core parameter in
tcycLg 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 toyeLe) through "010" (2 teycLg). Refer to Figure 5 for more
details.

Figure 32. Control Registers
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Control Register: SKIP Address: 04bg

Control Register: TCYCLE Address: 04cqg

15 14 13 12 11 10 9 8 7 6 53 4 3 2 1 0

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 correponds to the
early Q(al) packet and AS=0 to the Q (al) packet one toyorg
later for the four uncertain cases.

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

MS - Manual skip{MS musat be 1 when MSE=1). During
initialization, the RDRAMa 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 1/1 overrides the autoskip value and returns
them to the furthest point of the fifth read domain.

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 @

TCYCLE13..TCYCLEQ

|

Read / write register.
Reset value is undefined.
TCYCLE13...0 - Specifies the value of the toycrg datasheet

parameter in 64ps units. For the tovere min of 2.5na (2500ps).
this field should be written with the value "00027,4" (39*64ps).

Control Register: TEST77 Address: 04dqg

Control Register: TEST78 Address: 04eq¢

Control Register: TEST79 Address: 04fqg

15 14 13

1211 10 9 8 7 6 & 4 3 2 1 0

Read / write register.

Reget value of TEST78, 79 is zero (SIQ Reset),

Do net read or write TEST78, 79 after SIQO reset. TEST77 must
be written with zero after SIQ reset. These registers must only
be used for testing purposes.

Figure 33. 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 inthe 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 signul.

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 38 for a description of the two refresh mechanisms, NAP
state has a shorter exit latency than PDN because the TCLK/RCLK block maintains
synchronization state relative to the external clock signal. This imposes a limit (tNLIMIT) on how leng
an RDRAM may remain in NAP state before briefly returning to STBY or ATTN to update this
synchronization state.

its

Table 15. Power State Summary

Power L Blocks Consuming Power .. Blocks Consuming
Description Description
State Power State Power
PDN Power - Down state. |Self-refresh NAP Nap state. Similar to Self - refresh or REFA -
PDN state except for refresh TCLK/RCLK - Nap
lower wake-up latency
sTBY Standby state REFA - refresh ATTN | Attention state REFA -refresh
Ready for ROW TCLK /RCLK Ready for ROW and COL| TCLK /RCLK
packets. ROW demux receiver packets ROW demux receiver
COL demux receiver
ATTNR | Attention Read state | REFA -refresh ATTNW [ Attention Write state REFA - refresh
Ready for ROW and | TCLK/RCLK Ready for ROW and COL| TCLK /RCLK
COL packets. ROW demux receiver packets ROW demux receiver
Sending Q (read data) | COL demux receiver Ready for N (write data) | COL demux receiver
packets DQ mux transmitter packets DQ demux receiver
Core power Core power
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Figure 34 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 or 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 en the CMD and SIOjN 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.
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.

sequence involves an optional PDEV specification and bits on the CMD and SIO0 pins.

The RDRAM returns to STBY from these

The PDN or NAP exit
The RDRAM

returns to the ATTN or STDY state it was originally in when it first enterred NAP or PDN,

An RDRAM may only remain in NAP state for a time tnLIMIT.

ATTN or STBY.

{ ATTNR J*
/J

automatic

of ATTNW )
LN

It must periodically return to

The NAPRC command causes a nap-down

i automatic ; operation if the RDRAM's NCBIT is set, The
a“t""‘aticr automatic automatic | | automatic  NCBIT is not directly visible. It is undefined on
ATTN ﬂl‘ reset. It is set by a NAPR command to the
AT TAl 1% RDRAM and it is cleared by an ACT command to
= NAPR-RLXR the RDRAM. It permits a controller to manage a
— P NAP-A ) | set of RDRAMs in a mixture of power states.
PDEV.CMD-SIO0
NAPR-RLXR __Nap
> )
b NAPS
PDEV.CMDS100
PDNR-RLXR
"1 PDN-A ’
PDEV.CMD-SIQ0
PDNR-RLXR . _FPON
>/ )
Ll PDN-S
| S—
z a 3 PDEV.CMD-SIO0
z z o
a <
[ a z
<4y y Y SETR/CLRR
STBY
Notation:

SETR/CLRR - SETR/CLRR Reset sequence in SRQ packetis
PDNR - PDNR command in ROWR packet

NAPR - NAPR command in ROWR packet

RLXR - RLX cummand in ROWR puckei

RLX-RLX command in ROWR, COLC or COLX packet
ROW - ROWA packet or POWR packet (non-broadeast)
PDEV.CMD - (PDEV=DEVID)-(CMD=01)

SI00 - 8100 input value

ATTN - ROWA packet (non-broadcast) or

ROWR packet (non-broadcast) with ATTN command

Figure 34. Power 5tate 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 pine 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 35).

This requires tga during which time the RDRAM activates the specified row of the specified bank.
TFRM-tcycLE after the ROW packet, the RDRAM will be able to frame COL packets(TFRM is a
control register field - see Figure 32}. 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 35). 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 is received,
the RDRAM goes to STBY,

To Ty T2 Ts Ta Ts Tg Ty Tg Tg TioThy

To Ty T2 T3 Tq Ts Tg Ty Tg To T1aT11T12T13T1aT15T1s
PLYHEE HEHNHEE HEHEHEE :
L HEHEHEH iLhLLl a=p=puk

ROW2 B
..ROWO §

: ROP = nan-broadcast
L] rowa or RowR/ATTN

| a0 = {d0,b0,10}
at={d1,b1c1}

AE
ICFM 2

ROW2
...ROWO
;] No COL packets may be

| placed in the three

i indicated positions; i.e. at
s (TFRM - {1,231 tevaue

) A COL packet to device
¥ d0 [or any other device)
" is okay at (TFRM} - teycee
- ar later,

coLa §
oL §

DQAS..

poesa. A COL packet to another

device {d} =« d0)is okay
at (TFRM -4} - toyre
or earlier,

Power

Fower STBY  'state STBY ATTN

Figure 35. STBY Entry (left) and STBY Exit (right)

Figure 36 shows the NAP entry sequence (left). NAP state is entered by sending a NAPR command
in a ROW packet. tagn is required to enter NAP state (this specification is provided for power
calculation purposes). The clock on CTM/CFM must remain stable for tgp after the NAPR command.

To Th T2 T3 Ty Ts Tg Ty Tg Tg T1gT11T12Ty3 To Ty T2 T3 T T5 Tg T7 Tg Tg T1aT11T12T13T1a

% a0 = {dl0,b0,r0}
H alm{d1,b1,c1}

ctm
ICFM

7

So— o No ROW and COL packets
restricted restricted Y ROP a1 ; directed to device d0 may
...ROWI (PDNR) a 3 overlap' the r:stricdted
: Bl W interval. No broadcast
{thpg— Db b oty N Inpg— : / ROW packets may overlap
coud restricted C q coLd g COP a0 restricted Pa1 the quiet interval.
" XOP a1l -coLe A XOPa0 XOP a1 ROW or COL packetsto a
T E : e L device other than dd may
: overlap the restricted
Ba‘sg 38':: interval.
H : G i R e ROW or COL packets
Lask P i M—r—tasP—=———H | directed to device 0 after
Power Power the restricted interval will
Powe ATTN/STBY2 NAPRowe ATTN/STBYa PDN beignored.

a  The{eventual) NAP/PDN exit will be to the same ATTN/STBY state the RDRAM was in prior to NAP/PDN entry
Figure 36. 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 36 alse 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 tcp 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 stew - 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, und XCPa0 packets in Figure 36, No broadcast packets nor packets
directed to the RDRAM entering NAP or PDN may overlay the quiet window. This window extends
for a time tNpg after the packet with the NAPR or PDNR command.

To T1 T2 T3 Ta Ts Tw T/ T3 Te TioT1iT12T13T1aT15T16T1r T1eT15T20 T2y T2z T2a T24 Tas T26 T2 Tra Taa Tan Tas T34TasTaT37T20 T30 TaoTa1Ta2 Ta3 Taa Tas Tas Tar

CTMICFM

If PSX = 1 in nit register, gNo Row f_’“k"‘“lmy overlap theg ROP restr
ROW2 then NAP/PDN exit is stricted interva
~ROWO broadcast (no POEV field) o COL packets may overlap the, —
R A N\ stricted interval if device PDEV ! t4 W
exiting the NAP-A or PDN-A o
cOoL4 ates x
- eoLe W : -
T H H T H H H H I d s" /
DQAS..0
DQEB...0
e
tce | DQS = 0bs
H——DQs = 1b—h
ek —l ”
€MD 0 ! Effective setup becomes
154" = 54 + [PDNXA-84tscycie + tponxa,maxk - [PONX-256t5cvrel
if [PDNX-256 tscveie] < [PDNXAB4-tscycre + tronxe max]:
SIQ0 0/1»
The pncket [5) regeated
from 5100 01
$101 0/1a
" ((NAPX)tyey ) / (256-PONX tscvcy) ; L,
Power TTNd
State NAP/PDN \ STBY/A
" Use 0 for NAP exit, ? or-g?)N ex ?05‘ 1 ! : < 1.'he pQs fieid must be written with * "1 for this RORAM.

b Device selection timing slot is selected by DQS field of NAPX register. ¢ gxit to STBY or ATTN depends upon whether RLXR was
asserted at NAP or PDN entry time

Figure 37. NAP and PDN Exit
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To T1 T2 T3 Ty Ts Tg Tz Tg To T1oT11T12T13T14T15T15T17 T1sTrg T2 Ty Ta Ts Tg T7 Ty Tg T1oT11T12T13T1aTisTagT17T1gThg

CT™M CTM
/CFM ICFM |

NAP entry P PDN entry |

ROW2 E¥
. ROWI

SCK _I

*tpyo

. tNUO ; N tNU1_ — oo —— tpu1_
no entry to NAP or PDN no exit no entry to NAP or PDN no exit
thnug = Stovele + (2 + NAPX tsevele tpuo=S5tcyce +(2+ ZSE‘PDNX).'tchCLE
tNut = Btevere - (0.5 tscycie)  if NSR=0 tpur =8tcvere - (0.5 tscyeLe) If PSR=0
=23teveLe if NSR=1 =23tcvee if PSR=1

Figure 38. NAP Entry / Exit Windows (left) and PDN Entry/Exit Windows (right)

Figure 37 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 tcg. 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 SIOcp 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 PDEVS5...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 guiet at tg4/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 88 shows the constraints for entering and exiting NAP and PDN states. On the left side, an
RDRAM exits NAP state at the end of cycle T3. This RDRAM may not re-enter NAP or PDN state
for an interval of tyuo. The RDRAM enters NAP state at the end of cycle Ty3. This RDRAM may
not re-exit NAP state for an interval of tnyi. The equations for these two paramaters 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 48, an RDRAM exits PDN state at the end of cycle T5. This RDRAM
may not re-enter PDN or NAP state for an interval of tpyg. The RDRAM enters PDN state at the
end of cycle Ti3. This RDRAM may not re-exit PDN state for an interval of tpy;. The 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 [ield in the PDNX register.
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Refresh

RDRAMs, like any other DRAM technology, use volatile storage cells which must be periodically
refreshed. This is accomplished with the REFA command. Figure 39 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 commands are sent once every trgp/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 tgrgf interval,

The REFA command is equivalent to an ACT command, in terms of the way that it interacts with

other packets (see Table ). In the example, an ACT command is sent after tgr to address b0, a
different (non-adjacent) bank than the REFA command.

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

Note that a broadcast REFP command is issued tgras after the initial REFA command in order to
precharge ¥he 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 REFT.

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 broadeast te all
devices, and would be {Broadcast, Ba+2, REFR}. Note that the bank address should skip by two te
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 15 is
reached, the REFA command would automatically increment the REFR register.

A second refresh mechaniem is available for uae 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 trgp/2BBIT+RBIT interval. The REFB and REFR control
registers are used to keep track of the bank and row being refreshed.

Before a controller places an 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
gkipped. When a controller returns an RDRAM to REFA/REFP refresh, it should start with the
minimum bank address value (zero).

To Ty T2 T3 T4 Ts Tg T7 Te Ta TaaT11T12T13T1aTesT16Trs Ve Tr9T20T21 T2a T23 T2a V25 T2 T27 728 T2 T30 Ta1 T32 Ta3 T34 Tas Tas Tay TerTazTazTaaTasTasTar

CTMICFM

ROW?2 REFA dO

- ROWO |

coLa

..COLO
; :'QRE:F/zB:alT;ltaiT ;
DQAs..0
DQBA...0
s try il

Transaction a: REFA a0 = {Broadcast,Ba, REFR} a1 ={Broadcast, Ba} ] BEIT = # bank address bits
Transaction b: xx b0 ={Db,/ ={Ba, Ba+1,Ba- 1}, Rb} RBIT = # row address bits
Trancaction_¢: xx <0 = {Dc, = = Ba,Rc} REFB = REFB4...REFBO
Transaction d: REFA d0 = {Broadcast, Ba + 1, REFR] REFR = REFR8...REFRQ

Figure 39. REFA/REFP Refresh Transaction Example
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Current and Temperature Control

Figure 40 shows an example of a transaction which performs current control calibration. It is
neccessary to perform this operation once to every RDRAM in every tccTrL interval in order to keep
the TgL output current in its proper range.

This example uses four COLX packets with a CAL command. These cause the RDRAM to drive
four calibration packets Q(a0) a time tgac later. An offset of tRpTocc must be placed between the
Q(a0) packet and read data Q(al) from the same device. These calibration packeis are driven on the
DQA4...3 and DQB4..3 wires. The TSQ bit of the TNIT 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 las: calibration packet and adjusts its Igp 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 toorrl/N, where N is the number of RDRAMs on the Channel. The device field
Da of the address ad in the CAL/SAM command should be ineremented after each transaction.

Figure 41 shows an example of a temperature calibration sequence to the RDRAM. This sequence is
broadeast gnce every tTEMP interval te all the RDRAMs on the Channel. The TCEN and TCAL are
ROP commands, and cause the slew rate of the outpu: drivers to adjusi for temperature drift. During
the quiet interval trcQuigT the devices being calibrated can't be read, but they can be written.

To T1 2 Ty Ta Ts Tg Tz Ta To TagTiaTa Tz TaaTys Tog Tr Ta Ts Ta0T21 Toz Va3 T2a Tas To6 T27 T28 720 Ta0 T3 T2 Ta: T34 Fa5 Tas T2 T3 Tan Ta3TaaTasTag Tar T
TM’CFM H H H H M H H . H H v H v H H H H H H H B . H M H H v H H H H H H H H N N N H B H

Read data from the same
evice from a later RD
ommand must be at thish

acket?:ition or later,
W 1.0 Bl L LY

R:ad data from the' same Read data from a different Read data from a dnfferen.
riavice from an carher RD lavice from an carlier RD
ommand must be at thisF¥command can be anywhe

ack i .
et eﬁﬁl&gga&gg ; nokwutngsgaoliaacket

.[ Y R
v/ Y V

C0La J
- COLO:\ CAL a0 CAL a0 A\ cAL a0 JcausaMag

ROW2
...ROWO

tocsamToREAD

33958

tREADTOCC DQAS of the first ullbraie ;laad;et has the lnveﬁod TSb Blt 6f INIT.

- - control ragister; i.e. logic 0 or high vaoitage means hot temperature.
1 At ={Da, Rx} When usad for monitoring, it should be egabled with the 037\3 bit
2 : = . {current cantrel one value) in case there is no RDRAM present:
; az={Da+1.8x} HotTemp = DOAS . DQAI

Figure 40. Current Control CAL/SAM transaction Example

Te Te To Ta Ta Ts Te 77 To TaFroTos M1z TaaTraTus T Tio Tua T V20 Tar T2e Toa Tou Tas Tae Too Tae TaTa3TacTasTas Tar Taa TarTaaTarTaaTusTasTar

CTMICFM:!

placed in the gan betweent

the ROW packets wrth the TCEN
and TCAL commands

Figure 41. Temperature Calibration {TCEN-TCAL) Transitions to RDRAM
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Electrical Conditions

SYMBOL PARAMETER MIN MAX UNIT
t Junction temperature under bias TBD T8D °C
Voo. Vooa Supply voltage 2.50-0.13 250+0.13 \'
VpD.N. VDDAMN | Supply voltage droop (DC) during NAP interval (tyymir) - 2.0 %
Vop.N. YoDAN | Supply voltage ripple (AC) during NAP interval (tnLimim) -2.0 2.0 %
Vemos Supply voltage for CMOS pins{2.5V controllers) 2.50-0.13 250+0.25 \"
Supply voltage for CMOS pins (1.8V controllers) 1.80-0.1 1.80+0.2 v
VTERM Termination voltage 1.80-0.1 1.80+0.1 v
VRer Reference volatage 1.40.0.2 1.40+0.2 Y
VoL RSL data input — low voltage VREF-0.5 VREF-0.2 v
Vo RSL data input — high voltage VREF+0.2 VREF +0.5 v
Vpis RSL data input swing: Vps=VpH - VpiL 0.4 1.0 A
Ap RSL data asymmetry: Ap = {{VpiH - VRer) + (VoL - Veer)} / Vois —10 10 %
Vy RSL ctock input— crossing point of true and complement signals 1.3 1.8 v
Vem RSL clock input — common mode Ve =(Vou + Vo) / 2 1.4 1.7 v
Veis, €™M RSL ctock input swing: Vs =V - Vo (CTM, CTMN pins) 0.35 0.70 v
Veis, cm RSL clock input swing: Vs = Ve - Vo (CFM, CFMN pins) 0.125 0.70 v
Vi, cmos CMOS input low voltage -03 Vemos/2 - 0.25 v
VIH, CMOS CMQOS input high voltage Vemos/e +0.25) Vemos 0.3 v
Timing Conditions
SYMBOL PARAMETER MIN MAX UNIT Figure(s)
tevele CTM and CFM Cycle times (-600) 333 383 ns Figure 42
CTM and CFM Cycle times (-800) 2.50 3.83 ns Figure 42
ter, ter CTM and CFM input rise ang fall times 0.2 0.5 ns Figure 42
tems teL CTM and CFM high and low times 40% 60% tevae | Figure 42
tTr CTM-CFM differential (MSE/MS = 0/0} c.0 1.0 tovere Figure 33
CTM-CFM differential (MSE/MS = 1/1)s 0.9 1.0 tevere | Figure 42
tocw Domain crossing window —0.1 0.1 tovele Figure 48
tontor DQA/DQB/ROW/COL input rise/fall times 0.2 0.65 ns Figure 43
s th DQA /DQB/ROW /COL-to-CFM Set-up/Hold g{;:‘c;is;;”s :;;J:b _ ns Figure 43
tpr1, torr SIO0, SI01 input rise and fall times - 50 ns Figure 45
tprz toF2 CMD, SCK input rise and fall times - 20 ns Figure 45
teveLe SCK Cycle time - Serial Control Register Transactions 1000 - ns Figure 45
SCK Cycle time - Power Transitions 10 - ns Figure 45
teHt teu SCK high and low times 4.25 - ns Figure 45
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Timing Conditions

SYMBOL PARAMETER MIN MAX UNIT Figure(s)
59 CMD Set-up time to 5CK rising or falling edgec 1 - ns Figure 45
tHy CMD Hoid time to SCK rising or falling edgec 1 - ns Figure 45
ts2 SI0Q set-up time to SCK falling edge 40 - ns Figure 45
thz SI00 Hold time to SCK falling edge 40 - ns Figure 45
tsa PDEV Set-up time on DQAS...0 to 5CK rising edge 0 - ns Figure 37
ths PDEV Hold time on DQAS5...0 to SCK rising edge 5.5 - ns Figure 46
154 ROW?2...0, COL4...0 Set-up time for Quiet Windowd -1 - tovele Figure 37
tHa ROWZ..0, COL4...0 Hold time for Quiet Window 5 - tevele Figure 37
ViL cmos 'ih:!'(:: t|:;::tc,l:.a\f:::':tzltt:gesnc;werlun:harshr.»cn voltage duration 07 Vemos/2-0.6 v
Vin, cos Sf::: ;:::tor:lz:u\.:ltt:g;r; :werlundershoot voltage duration Vemos'2 +0.6| Vemos +0.7 v
tnpg Quiet on ROW/COL bits during NAP/PDN entry 4 - tevele Figure 36
tREADTOCC Offset between read data and CC packets (same device) 12 - tovele Figure 40
tccsamTorean | Offset between CC packets and read data (same device) 8 - teveLe Figure 40
tce CTM/CFM stable before NAP/PDN exit 2 - tovele Figure 37
tcp CTM/CFM stable after NAP/PDN entry 100 - tevele Figure 36
M ROW packet to COL packet ATTN framing delay 7 - teves Figure 35
tnLIMIT Maximum time in NAP Mode 10.0 us Figure 34
tREF Refresh Interval 32 ms Figure 39
teeraL Current Control Interval 34 teveLe 100ms msitcycig | Figure 40
tremp Temperature Contrel Interval 100 ms Figure 41
trcen TCE command to TCAL command 150 - tevelE Figure 41
tycaL TCAL command to quiet window 6 6 toveLe Figure 41
trcQuIET Quiet window (no read data) 140 - tevee | Figure 41
teausE 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 tDCW paramater range is effectively
0.0 to 0.0.
b. This parameter also applies to a- 800 part when operated with tcycie = 3.33ns. Timing parameters for other toyeue
values can be determined by interpolation between or extrapolation from the timings at tcyce= 2.5ns and teyce =

3.33ns.

¢ With Vi emos = 0.5Vemos - 0.6V and Viy cyos = 0.5Vemos + 0.6V
d. IEffectln setup becomes tsy' = tgq + [PDNXA-64-tscycip + tponxs,Max] - [PDNX 256 tscveLe]
it [PDNX-256tscyci el < [PDNXA-B4-t5cvcie + tronxamax] . See Figure 37,
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Electrical Characteristics
SYMBOL PARAMETER AND CONDITIONS MIN MAX UNIT
O Junction-to-Case thermal resistance TBD °C/Watt
IRes Vrer current @ Veer, max -10 10 A
loH RSL output high current @ (0&Vgyr&Vpp) -10 10 HA
laLL RSL loy current @ VoL =0.9 Voomine TiMax® 30 90 mA
Algy RSL oy current resolution step - 2.0 mA
rout Dynamic output impedance 150 - Q
I, cmos CMOS input leakage current @ (0SV) cmosSVemos) -10.0 10.0 pA
VoL, cMos CMQS output voltage @ lo, cmos=1.0 mA - 0.3 v
Vow,cmos | CMOS output high voltage @ lgn, cmos = —0.25 mA Vemos-0.3 - v

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)
to CTM-to-DQA/DQB output time ggzt::;:::; :.3256:. : :.3256:. ns Figure 44
Q. toF DQA/DQB output rise and fall time 0.2 0.45 ns Figure 44
ta1 SCK-t0-S100 Delay @ Cioap,max =20 pF (SD read packet). - 10 ns Figure 47
tqr1. toF1 SIOgyy rise/ fall @ Croap max =20 pF - 5 ns Figure 47
teroP! SI00-to-SIO1 or §I01-t0-SI00 Delay @ CLoapmax =20 pF - 10 ns Figuhe 47
tNAPXA NAP Exit Delay-Phase A - 50 ns  |Figure 37
tNAPKB NAP Exit Dalay - Phase B - 40 ns Figure 37
teonxA PDN Exit Delay - Phase A - 4 us Figure 37
troNxe PON Exit Delay - Phase B - 8000 tevee | Figure 37
tas ATTN-to-STBY Power State Delay - 1 teyce | Figure 35
tsa STBY-to-ATTN Power State Delay - 0 teyele | Figure 35
tasn ATTN/STBY-to-NAP Power State Delay - 8 tovce | Figure 36
tage ATTN/STBY-to-PDN Power State Delay - 8 tevere |Figure 36

a. This parameter also applies to a-800 part when operated with toycie=3.33ns. Timing parameters for other toyeis
values can be determined by interpolation between or extrapolation from the timing at tcyci e =2.5ns and
tevere = 3.33ns
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RSL_Clocking

Figure 42 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 ia measured from the falling CTM edge to the falling CTM edge. The toL and ton
parameters are measured from falling to rising and rising to falling edges of CTM. The tcr and tcp
rise - and fall-time parameters are measured at the 20% and 80% points.

teveLe

ten

ola -

tol

CT™

V-

CTMN

R

CT™M

= VO
V-
e 50%

Ve

CTMN

P P
-

tovoe

[
i

Figure 42. 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 o the puinte where they cross, The
tcycLE parameter is measured from the falling CFM edge to the falling CFM edge. The tcr and tcy
parameters are measured from falling to rising and rising to falling edges of CFM. The tgcr and tcp
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 differntial clock inputs (the CTM pair is always earlier).
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RSL -Receive Timing

Figure 43 is a timing diagram which shows the detailed requirements for the RSL input signals cn
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 toycLg interval. The set/hold window
of the sample points is tg/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 tpr and tpr rise - and fall - time parameters are measured at the 20% and 80% points of the
input transition.

CFM

= Vo
- B0%

- 50%

- 20%

Figure 43. RSL Timing -Data Signals for Receive
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RSL -Trasmit Timing

Figure 44 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 tcycLg interval. The beginning and end of the even
transmit window is at the 76% point of the previous cycle and at the 26% 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 tqmiN and tqmax. The tq parameters are measured at the VREF voltage
point of the output transition,

The tgr and tqr rise-and fall-time parameters are measured at the 20% and 80% points of the
output transition.

CT™
e Ve
Vy+
Vy+
0.75tcvcLE o 0.75-teveLe
tg 10.25tcyciE |
to,MIN

Figure 44. RSL Timing -Data Signals for Transmit
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CMOS -Receive Timing

Figure 45 is a timing diagram which shows the detailed requirements for the CMOS input signals.

The CMD and SIO0 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 tcycLEl. tcH: and tela,
all measured at the 50% level. The rise and fall times of SCK, CMD, and SIO0 are tpri1 and tpri,
measured at the 20% and 80% levels.

The CMD signal is sampled twice per tcvcrr: interval, on the rising edge (odd data) and the falling
edge (even data). The set/hold window of the sample points is tgi/tg;. The SCK and CMD timing
points are measured at the 50% level.

The SIQQ signal is sampled once per toycLe: interval on the falling edge. Tha set/hold window of
the sample points is tsa/ta. The SCK and SIOQ timing pointa are measured at the 50% level,

tpRz_
ViH.cmos

- 80%

-~ 50%

g - 20%

ViLcMos

toH

= VIH,cMOS
- B0%

50%

20%

= ViLemos

= ViH,cmos
- 0%

- 20%

= ViLemos

Figure 45. CMOS Timing -Data Signals for Receive
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The SCK clock is also used for sampling data on RBL inputs in one situation. Figure 37 shows the
PDN and NAP exit sequences. If the PSX field of the INIT register is one (see Figure 29), 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
gequences are directed; i.e. only one RDRAM that is in PDN or NAP will perform the exit sequence.

The addreas of that RDRAM is specified on the DQA[5 :0] bus in the set hold window tgs/tys areund
the rising edge of SCK. This is shown in Figure 46. The SCK timing point is measured at the 50%
level, and the DQA[S : 0] bus signals are measured at the VRgr level,

ViH,cmos
- B0%

= §50%

20%

- ViLemos

Vpin
80%

Figure 46. CMOS Timing -Device Address for NAP or PDN Exit

1999-07-01 59/72



TOSHIBA TC59RM718MB/RB/GB

CMOS -Transmit Timing

Figure 47 is a timing diagram which shows the detailed requirements for the CMOS output signals.
The SIO0 signal is driven once per tcycLEl interval on the falling edge. The clock-to-output window
is tq1MIN/tQi,Max. The SCK and SIQ0 timing points are measured at the 50% level. The rise and
fall times of SIO0 are tQr) and tqFi, measured at the 20% and 80% levels.

ViH,cmos
- 0%

= ViLcMos
to1 max

»

Vou,cmas
-1 80%

-1 50%

~120%

' Voucmos

1 Vi, cMos
| 80%

| 50%

-] 20%

ViLcmos
teropy,mAX teroPy MIN %

o —

| VoH.cmos
B0%

~150%

20%

VoLcmos

Figure 47. CMOS Timing -Data Signals for Transmit
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Figure 47 also shows the combinational path connecting SIO0 to SIO1 and the path connecting S101
to SIOO (read data only). The tprop1 parameter specified this propagation delay. The rise and fall
times of SIO0 and SIO1 inpute must be tpri and tpF1, measured at the 20% and 80% levels. The rise
and fall times of SIO0 and SIO1 outputs are tgri and tgri, measured at the 20% and 80% levels.

TC59RM718MB/RB/GB

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 trp 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 tpcw is needed in order to describe how the delay between a RD command packet
and read data packet varies as a function of the tTg value.

Figure 48 shows this timing for five distinct values of tTr, Case A (trr=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 tcycLEg (cases A through E), the command to data delay is (tcac-trr). When the
tTr value is in the range 0 to tpcw MaX, the command to data delay can alse 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 +IDCW MIN) to tCYCLE, the command to data delay can also be (tgac - tTR+tcyYcLE). This is
shown as cases D' and E'(the gray packets). The RDRAM will waork reliably with either the white or
gray packet timing. The delay value is selected at initialization, and remains fixed thereafter.

em L L LI L L= | | 1 | | [
o (XXX X XX | -
cT™ | | R | L | | I [
DQAB  tn| CaseA  tmad - P X
DQA/B CaseA' trpa0 - e
; ; : CAC™ TR~ TcyCLE
AL A
U (| L1 1 L rL gt N [
DQA/B tir Case B R ' tDCW,MA)ﬁf - teac- t:n ;
DQA/B Case B' TR - tDCW,MA)é - n t " :
: ! : : cac- tm-tevale
am ] I | l L] |
DQA/B i Case C tTe t 0. 5't.cvc|_‘; - teac- ti’l
o I I O I O R e
DOAB | 1t CaseD  tra®tcvcies DEWMIN [ teac-tin
DQA/B Case D tra l;'tcvc:LE + oé:w.mm : .
N ctnvtoae L (RS
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DQA/B Case;E' trn‘;'tcvas : - ? ; ->'< XQ’(a)E X X )
T o 0

Figure 48. RSL Transmit-Crossing Read Domains
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Timing Parameters
PARA MIN | MIN [ MIN | MIN | MIN
METEI‘i DESCRIPTION 40 | -45 | -50 [ -45 | -53 | MAX | UNITS | Figure(s)
-800 | -800 | -800 | -600 | -600
Row Cycle time of RDRAM banks—the interval between Figure 17
t 28 28 34 22 28 - |t .
Re ROWA packets with ACT commands to the same bank. CYCLE Figure 18
RAS-Asserted time of RDRAM bank—the interva! between Figure 17
tras | ROWA packet with ACT command and next ROWR packet 20 | 20 | 24 | 16 | 20 |64psb|tcycie Figure 18
with PRER® command to the same bank.
Row Precharge time of RDRAM banks—the interval between Figure 17
trp ROWR packet with PRER* command and next ROWA packet 8 8 10 6 8 = | teveLe Figure 18
with ACT command to the same bank.
Precharge-to-Precharge time of RDRAM device—the interval
top between successive ROWR packets with PRERa commands to 8 8 8 B 8 — | tevere |Figure 14
any banks of the same device.
RAS-to-RAS time of RDRAM device—the interval between
tRR successive ROWA packets with ACT commands to any banks 8 8 ] 8 8 — | tcyeee |Figure 15
of the same device.
RAS-to-CAS Delay—the interval from ROWA packet with ACT
command to COLC packet with RD or WR command. Note: Figure 17
thco the RAS-to-CAS delay seen by the RDRAM core {tpcp.c)is 7 9 1 5 7 — | tevele Fiqure 18
equal to trep.c=1+tpcp because of differences in the row 9
and column paths through the RDRAM interface.
CAS Access delay—the interval from RD command to Q read Figure 6
teac data. The equation for tCAC is given in the TPARM register 8 8 8 7 8 12 | tevere Figure 32
in Figure 39.
eewo CAS Write Delay—the interval from WR command to D write 5 6 P s 6 6 | toves | Figureé
data.
te, CAS-to-CAS time of RDRAM bank—the interval between 4 s A 4 4 - |t Figure 17
< successive COLC commands. CYCLE Figure 18
teackeT | Length of ROWA, ROWR, COLC, COLM or COLX packet. 4 4 4 4 4 4 toycue | Figure 5
Interval from COLC packet with WR command to COLC packet
t 8 8 8 8 8 — |t Figure 19
RTR which causes retire, and to COLM packet with bytemask, Cveie |19
The interval {offset} from COLC packet with RDA command, of
from COLC packet with retire command (after WRA automatic
¢ precharge), or from COLC packet with PREC command, or 4 4 4 4 4 - |t Figure 16
OFFP from COLX packet with PREX command to the equivalent CYCLE Figure 32
ROWR packet with PRER. The equation for topp is given in
the TPARM register in Figure 39,
Interval from last COLC packet with RD cammand to ROWR
t 4 _ .
ROP | packet with PRER. 4 4 | 4 | 4 teveee |Figure 17
Interval from last COLC packet with automatic retire
t 4 4 a _ .
RTP command to ROWR packet with PRER. 4 4 tevewe |Figure 18

a. Or equivaient PREC or PREX command. See Figure 16.

b. This is a constraint imposed by the core, and is therefore in units of us rather than teyece.
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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 Vop+0.3
Vpp,ass, Vopa,aes| Voltage on VDD and VDDA with respect to GND —0.5 Vpo+1.0 v
TsTORE Storage temperature —50 100 °C

Ipn =Supply Current Profile

lop Value RDRAM BLOCKS CONSUMING POWER @teycLg=2.5ns8 MIN MAX UNIT
lop, PON Self-refresh only for INIT.LSR=0 TBD 3000 wA
oD, NAP T/RCLK - Nap TBD 4.2 mA
lop. sTBY T/RCLK, ROW - demux TBD 101 mA
Ipp, ATTN T/RCLK, ROW - demux, COL - demux TBD 148 mA
lpp, aTrn-w | T/RCLK, ROW - demux, COL - demux, DQ -demux, 1-WR - SenseAmp, 4-ACT -Bang  TBD 575/635 mA
lpp, ATTN-R T/RCLK, ROW - demux, COL - demux, DQ - mux, 1-RD - SenseAmp, 4-ACT - Bankk TBD 567/575 mA

a. The CMOS interface consumes power states.
b. This does not include the Ig, sink current. The RDRAM dissipates lg Vo, in each output driver when a logic one

is driven.

Ipp Value RDRAM BLOCKS CONSUMING POWER @tcyep g =3.3nsa MIN MAX UNIT
Ipp, PON Self-refresh only for INIT.LSR=0 T8D 3000 HA
lpp, NaP T/RCLK - Nap T8D TBD mA
lpp, sTRY T/RCLK, ROW - demux TBD 8D mA
lop, ATFN T/RCLK, ROW - demux, COL - demux TBD TBD mA
lop, ATTN-w | T/RCLK, ROW - demux, COL - demux, DQ -demux, 1-WR - SenseAmp, 4-ACT-Bang  TBD TBD mA
Ipp, ATTN-R T/RCLK, ROW - demux, COL - demux, DQ - mux, 1-RD - SenseAmp, 4-ACT - Bankb TBD TBD mA

a. The CMOS interface consumes powaer states.
b. This does not include the Ip, sink current. The RDRAM dissipates Ig Vo, in each output driver when a logic one
is driven,
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Capacitance and Inductance

Figure 49 shows the equivalent load circuit of the RSL and CMOS pine. The circuit models the load
that the device presents to the Channel.

Pad U
U DQA,DQB,RQ Pin
<G
R
Gnd Pin
Pad b
0 0 CTM,CTMN,
CFM,CFMN Pin
G
R
Gnd Pin
Pad Li,cmos
M SCK,CMD Pin
—— C,cmos
Gnd Pin
Pad L.cmos
$100,5101 Pin
— G.cmos,s10
Gnd Pin

Figure 49, Equivalent Load Circuit for RSL Pins
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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 Ly, 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 Ly and Ci are defined as the worst-case values
over all specified operating conditions.

Ly ie 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, Lj assumes a loop with the RSL
pin adjacent to an AC ground.

Cp 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
L RSL effective input inductance 4.0 nH
c RSL effective input capacitance? -800 2.0 24 .
| p
-600 2.0 2.6

AC, Difference in Cl value between average of CTM/CFM and any RSL } 0.06 of

ping of a single devica.

Ry RSL effective input resistance 4 15 Q

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

Symbol Parameter ang Conditions - CMQS pins MIN MAX UNIT
Li.cmos CMOS effective input inductance 8.0 nH
G .cmos CMOS effective input capacitance (SCK, CMD)2 1.7 2.1 pF
Ciemossio | CMOS effective Input capacitance (SIO1, SIO0)» - 7.0 pF

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

ACT
activate
adjacent
ASYM
ATTN
ATTNR
ATTNW
AV

bank

BC

BBIT
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
Ccop

core
CTM,CTMN

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 /Vou

Power state - ready for ROW / COL packets

Power state - transmitting Q packets

Power state- receiving D packets

Op-code field in ROW packets

A block of 2RBIT-2CBIT gtorage cells in the core of the RDRAM
Bank address field in COLC packet

CNFGA register field - # of bank address hita

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 fisld - 8/9 bits per byte

Bank address field in COLX packet

Column address field in COLC packet

Calibrate (IpL) command in XOP field

CNFGB register field - # of column adrress bits

Control register - Current Control A

Control register - Current Control B

Clock pins for receiving packets

ROW /COL/D@Q pins end 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 en COL pins

Write mask packet on COL pins

Rows in a bank or activated row in sense ampe have 2CBIT dualects 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

The banks and sense amps of an RDRAM

Clock pins for transmitting packets

current control Periodic operations to update the proper Ior value of RSL output drivers
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D

DBL

DC

device
DEVID

DM
double-bank
DQ

DQA

DQB

DQs

DR, DRAT, DR4F
dualoct

DX

field

INIT
initialization
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

CNFGB register field - double bank

Device address field in COLC packet

An 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
CNFGA 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 bhyte 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
Ne-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

RBIT
RD/RDA
read
receive
REFA
REFB
REFBIT
REFP
REFR
refresh
retire
RLX
RLXC
RLXR
RLXX
ROP
row
ROW
ROW
ROWA
ROWR
RQ

RSL
SAM

SA

SBC
SCK

8D
SDEV
SDEVID
self-refresh

sense amp

Propares 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

CNFGB register field - protocol self-refresh

Read data packet on DQ pins

Row address field of ROWA packet

CNFGB register field - # of row address bits

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 operatione 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 dualocts of cells (bank /sense amp)

Pins for row access control

ROWA or ROWR packets on ROW pins

Activata packst on ROW pins

Row operation packet on ROW pins

Alternative name for ROW/COL pins

Rambus Signaling Levels

Sample (IoL) 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 regiater fiold - 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
8100,8101
S0P

SRD

SRP

SRQ
STBY
SVER
SWR
TCAS
TCLS
TCLSCAS
TCYCLE
TDAC
TEST77
TEST78
TRDLY
transaction
transmit
WR/WRA
write
XopP

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 - tcag core delay

TCLSCAS register field - toLs core delay

Control register - tcas and tcLg delays

Control register - tcycLE delay

Control register - tpac delay

Control register - for test purposes

Control register - for test purposes

Control register - trpLy delay

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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TOSHIBA

OUTLINE DRAWING (P-TFBGA62-1312-0.08AZ)

Unit in mm
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QUTLINE DRAWING (P-TFBGA62-1312-0.08B2)
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OUTLINE DRAWING (P-BGA54-1312-1.27AZ)

Unit in mm
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