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B ORDERING INFORMATION

1 2 3 4 5 6 7 8 9 10
KM 4 XX XX XX X X-X X XX
SAMSUNG Memory Speed
Device tRAC(Row Access Time)
Organization Power & Refresh
Product Package Type
Density Revision
1. SAMSUNG Memory 7. Package Type
- C: u-BGA(CSP-Forward)
- D: u-BGA(CSP-Reverse)
2. Device -W:WL-CSP
-4 : DRAM - S : u-BGA For Consumer Package
3. Organization 8. Power & Refresh
- 16 : x16 bit - Blank : Normal Power Self Refesh(32m/8K, 3.9us)
- 18 : x18 hit -L : Low Power Self Refesh(32m/8K, 3.9us)
-R : Normal Power Self Refesh(32m/16K, 1.9us)
-S : Low Power Self Refesh(32m/16K, 1.9us)
4. Product :
- RD : Direct RAMBUS DRAM 9. tRAC(Row Access Time)
- Blank : for Daisy Chain Sample
-M : 40ns
-K : 45ns
; -G :53.3ns
5. Densit
-2 %’M -B~D, F, J, L, N~ : Reserved
- 4. 4M
- 8: 8M
-16:16M
10. Speed
- DS : for Daisy Chain Sample
. - 80 : 800Mbps (400MHz)
6. Félea‘l’r']i'pgst Gen - 70 : 711Mbps (356MH?z)
-A - 2nd Gen. - 60 : 600Mbps (300MHz)
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Overview

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

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

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

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

Features

" Highest sustained bandwidth per DRAM device

- 1.6GB/s sustained data transfer rate

- Separate control and data buses for maximized
efficiency

- Separate row and column control buses for
easy scheduling and highest performance

- 32 banks: four transactions can take place simul-
taneously at full bandwidth data rates

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

* Advanced power management:
- Multiple low power states allows flexibility in power-
consumption versus time to transition to active state
- Power-down self-refresh

* Organization: 1K byte pages and 32 banks, x 16

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

The 128Mbit Direct RDRAMSs are offered in a CSP hori-
zontal package suitable for desktop as well as low-profile
add-in card and mobile applications.

Direct RDRAMSs operate from a 2.5 volt supply.

IE SEC KOREA
KM416RD8AS-RK 80

Figure 1: Direct RDRAM Consumer CSP Package

Key Timing Parameters/Part Numbers

Speed
Organization IO | trac (Row Part Number
Binning| Freq. | Access

MHz | Time) ns

KM416RD8AS-R"M80
KM416RD8AS-S°M80

256Kx16x32s | -RM80 | 800 40
-SM80 | 800 40

aThe “32s"designation indicates that this RDRAM core is composed of 32
banks which use a "split" bank architecture.

b.The “R"designation indicates that this RDRAM core uses Normal Power
Self Refresh.

¢.The “S"designation indicates that this RDRAM core uses Low Power Self
Refresh.
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Pinouts and Definitions (the view looking down on the package asit is mounted on

the circuit board).
This table shows the pin assignments of the center-bonded-

forward RDRAM package from the top-side of the package

Table1l : Pin Assignment (Top View)

7 DQA7 DQA4 CFM CFMN RQ5 RQ3 DQBO DQB4 DQB7
6 VSS DQAS5 DQA2 VDDA RQ6 RQ2 DQB1 DQB5 VSS

5 CMD VDD VSS VSSA VDD VSS VDD VDD SI00

4

3 SCK VSs VDD VSs VSs VDD VSsS VSsS SI0o1

2 VCMOS DQA6 DQA1 VREF RQ7 RQ1 DQB2 DQB6 VCMOS
1 NC DQA3 DQAO CTMN CTM RQ4 RQO DQB3 NC

A B c D E F G H J
Top View Top marking example of Consumer package

[E SEC KOREA
* KM416RD8AS-RK 80

(1 Chip N

For Consumer package, pin #1(ROW 1, COL A)
islocated at the A1 postion on the top side and the
A1 position is marked by the marker *- "

Page 2 Rev. 0.9 July 1999
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Table2: Pin Description

Signal 110 Type # of Pins Description

S101,SI00 110 cMos?2 2 Serial input/output. Pins for reading from and writing to the control
registers using a serial access protocol. Also used for power man-
agement.

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

SCK | cMos?2 1 Serial clock input. Clock source used for reading from and writing to
the control registers

Vpp 6 Supply voltage for the RDRAM core and interface logic.

Vbpa 1 Supply voltage for the RDRAM analog circuitry.

Vemos 2 Supply voltage for CMOS input/output pins.

GND 9 Ground reference for RDRAM core and interface.

GNDa 1 Ground reference for RDRAM analog circuitry.

DQA7..DQA0 110 RSLP 8 Data byte A. Eight pins which carry a byte of read or write data
between the Channel and the RDRAM.

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

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

VREF 1 Logic threshold reference voltage for RSL signals

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

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

RQ7..RQ5 or | RSLP 3 Row access control. Three pins containing control and address

ROW2..ROWO information for row accesses.

RQ4..RQO or | RSLP 5 Column access control. Five pins containing control and address

COL4..COLO information for column accesses.

DQB7.. 1/0 RSLP 8 Data byte B. Eight pins which carry a byte of read or write data

DQBO between the Channel and the RDRAM.

NC 2 No Connection

Total pin count per package 54

a All CMOS signals are high-true; a high voltage is alogic one and alow voltage islogic zero.
b. All RSL signals are low-true; alow voltage is alogic one and a high voltage islogic zero.
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Figure2: 128 Mbit Direct RDRAM Block Diagram
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General Description

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

Control Registers: The CMD, SCK, SI00, and SIO1
pins appear in the upper center of Figure 2. They are used to
write and read a block of control registers. These registers
supply the RDRAM configuration information to a
controller and they select the operating modes of the device.
The nine bit REFR valueis used for tracking the last
refreshed row. Most importantly, the five bit DEVID speci-
fies the device address of the RDRAM on the Channel.

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

DQA,DQB Pins: These 16 pins carry read (Q) and write
(D) data across the Channel. They are multiplexed/de-multi-
plexed from/to two 64-bit data paths (running at one-eighth
the data frequency) inside the RDRAM.

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

Sense Amps: The RDRAM contains two sets of 17 sense
amps. Each sense amp consists of 512 bytes of fast storage
(256 for DQA and 256 for DQB) and can hold one-half of
one row of one bank of the RDRAM. The sense amp may
hold any of the 512 half-rows of an associated bank.
However, each sense amp is shared between two adjacent
banks of the RDRAM (except for numbers 0, 15, 16, and
31). Thisintroduces the restriction that adjacent banks may
not be simultaneously accessed.

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

ROW Pins: The principle use of these three pinsisto
manage the transfer of data between the banks and the sense
amps of the RDRAM. These pins are de-multiplexed into a

24-bit ROWA (row-activate) or ROWR (row-operation)
packet.

COL Pins: The principle use of these five pinsisto
manage the transfer of data between the DQA/DQB pinsand
the sense amps of the RDRAM. These pins are de-multi-
plexed into a 23-bit COL C (column-operation) packet and
either a17-bit COLM (mask) packet or a 17-bit COLX
(extended-operation) packet.

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

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

RD Command: The RD (read) command causes one of
the 64 dualocts of one of the sense ampsto 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. Thereis also
space in the write buffer for the BC bank address and C
column address information. The datain the write buffer is
automatically retired (written with optional bytemask) to one
of the 64 dualocts of one of the sense amps during a subse-
quent COP command. A retire can take place during aRD,
WR, or NOCOP to another device, or during a WR or
NOCOP to the same device. The write buffer will not retire
during aRD to the same device. The write buffer reducesthe
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 Prechar ge: After aRD command, or after aWR
command with no byte masking (M=0), aCOLX packet may
be used to specify an extended operation (XOP). The most
important XOP command is PREX. This command provides
athird mechanism for performing precharge.

Page 5
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Packet Format

Figure 3 shows the formats of the ROWA and ROWR
packets on the ROW pins. Table 4 describesthefieldswhich
comprise these packets. DRAT and DR4F bits are encoded to
contain both the DR4 device address bit and aframing bit
which allows the ROWA or ROWR packet to be recognized
by the RDRAM.

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

Table4: Field Description for ROWA Packet and ROWR Packet

Field Description

DRAT,DR4F Bits for framing (recognizing) a ROWA or ROWR packet. Also encodes highest device address bit.
DR3..DRO Device address for ROWA or ROWR packet.

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

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

R7..RO Row address for ROWA packet. RsvR denotes bits reserved for future row address extension.
ROP10..ROPO Opcode field for ROWR packet. Specifies precharge, refresh, and power management functions.

Figure 3 a'so shows the formats of the COLC, COLM, and
COLX packets on the COL pins. Table 5 describesthefields
which comprise these packets.

The COLC packet uses the S (Start) bit for framing. A
COLM or COLX packet is aligned with this COL C packet,
and is also framed by the S hit.

The 23 bit COL C packet has afive bit device address, afive
bit bank address, a six bit column address, and afour bit
opcode. The COL C packet specifies aread or write
command, as well as some power management commands.

The remaining 17 bits are interpreted asa COLM (M=1) or
COLX (M=0) packet. A COLM packet is used foraCOLC
write command which needs bytemask control. The COLM
packet is associated with the COLC packet from atimetgrrr
earlier. An COLX packet may be used to specify an indepen-
dent precharge command. It contains afive bit device
address, afive bit bank address, and afive bit opcode. The
COLX packet may also be used to specify some house-
keeping and power management commands. The COLX
packet is framed within a COL C packet but is not otherwise
associated with any other packet.

Table5: Field Description for COLC Packet, COLM Packet, and COL X Packet

Field Description

S Bit for framing (recognizing) a COLC packet, and indirectly for framing COLM and COLX packets.
DC4..DCO Device address for COLC packet.

BC4..BCO Bank address for COL C packet. RsvB denotes bits reserved for future extension (controller drives 0's).
C5..CO Column address for COL C packet. RsvC denotes bits ignored by the RDRAM.

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

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

MA7.MAO Bytemask write control bits. 1=write, O=no-write. MAO controls the earliest byte on DQA7..0.
MB7..MBO Bytemask write control bits. 1=write, 0=no-write. MBO controls the earliest byte on DQB7..0.
DX4..DX0 Device address for COLX packet.

BX4..BX0 Bank address for COL X packet. RsvB denotes bits reserved for future extension (controller drives 0's).
XOP4..XOPO Opcodefield for COLX packet. Specifies precharge, 1o, control, and power management functions.

ELECTRONICS
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Figure 3: Packet Formats

bit (S=1) position.
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Field Encoding Summary

Table 6 shows how the six device address bits are decoded
for the ROWA and ROWR packets. The DRAT and DR4F
encoding merges afifth device bit with aframing bit. When
neither bit is asserted, the device is not selected. Note that a

Table 6: Device Field Encodings for

broadcast operation is indicated when both bits are set.
Broadcast operation would typically be used for refresh and
power management commands. If the device is selected, the
DM (DeviceMatch) signal is asserted and an ACT or ROP
command is performed.

ROWA Packet and ROWR Packet

DRAT DR4F Device Selection Device Match signal (DM)

1 1 All devices (broadcast) DMissetto1l

0 1 One device selected DM issetto 1if {DEVID4..DEVIDO} == {0,DR3..DR0} else DM issetto 0
1 0 One device selected DM issetto 1if {DEVID4..DEVIDO} == {1,DR3..DR0} else DM issetto 0
0 0 No packet present DM issetto O

Table 7 shows the encodings of the remaining fields of the
ROWA and ROWR packets. An ROWA packet is specified

by asserting the AV bhit. This causes the specified row of the
specified bank of this device to be loaded into the associated

sense amps.
An ROWR packet is specified when AV is not asserted. An

11 bit opcode field encodes a command for one of the banks

of this device. The PRER command causes a bank and its
two associated sense amps to precharge, so another row or

an adjacent bank may be activated. The REFA (refresh-acti-

vate) command is similar to the ACT command, except the

row address comes from an internal register REFR, and
REFR isincremented at the largest bank address. The REFP
(refresh-precharge) command isidentical 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 manage-
ment” on page 38. 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 43.

Table7: ROWA Packet and ROWR Packet Field Encodings

oma | Ay ROP10..ROPO Field Name Command Description
0|9 |8 |7 |6 |5 [4 (3 |20
0 - N e N N N N T No operation.
1 1 Row address ACT Activate row R8..R0 of bank BR4..BRO of device and move deviceto ATTNP.
1 1 0 [0 |0 |x°|x [x |000 |PRER Precharge bank BR4..BRO of this device.
1 0O (0 |0 |0 (1 |1 |O |O |x [000 |REFA Refresh (activate) row REFR8..REFRO of bank BR4..BRO of device.
Increment REFR if BR4..BRO = 1111 (see Figure 50).
1 0O |1 |0 |1 {0 (1 (0O [0 [x |0O0O0 |REFP Precharge bank BR4..BRO of this device after REFA (see Figure 50).
1 0 [x |{x |0 [0 |O [0 |1 |x [000 |PDNR Move this device into the powerdown (PDN) power state (see Figure 47).
1 0 |x |{x |0 |0 [0 (1 [0 [x |000 |NAPR Move this device into the nap (NAP) power state (see Figure 47).
1 0 |x |x |0 |0 [0 (1 [1 [x |000 |NAPRC |Movethisdeviceinto the nap (NAP) power state conditionally
1 0 [x [x |x [x [x |x |x [0 [000 |ATTNP |Movethisdeviceinto the attention (ATTN) power state (see Figure 45).
1 0 |x |x |x |x [x [x [x [1 |000 |RLXR Move this device into the standby (STBY') power state (see Figure 46).
1 0O (0 |0 |0 [0 |O |O |O |x [001 |[TCAL Temperature calibrate this device (see Figure 52).
1 0o (0 |0 |0 [0 |O |O |O |x [010 |TCEN Temperature calibrate/enable this device (see Figure 52).
1 0O (0 |0 |O [0 |O |O |O |O [000 | NOROP |No operation.

a The DM (Device Match signal) value is determined by the DR4T,DR4F, DR3..DRO field of the ROWA and ROWR packets. See Table 6.
b. The ATTN command does not cause a RLX-to-ATTN transition for a broadcast operation (DR4T/DR4F=1/1).
c. An “x " entry indicates which commands may be combined. For instance, the three commands PRER/NAPRC/RLXR may be specified in one ROP value (011000111000).

ELECTRONICS
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Table 8 shows the COP field encoding. The device must be
inthe ATTN power state in order to receive COLC packets.
The COL C packet isused primarily to specify RD (read) and
WR (write) commands. Retire operations (moving datafrom
the write buffer to a sense amp) happen automatically. See
Figure 17 for amore 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 aPREC. RLXC (relax) performs a power mode transi-
tion. See“ Power State Management ” on page 38.

Table8: COLC Packet Field Encodings

S (Zglel.c.tzg/ci)ce)a COP3..0 | Name Command Description

o |- |- - No operation.

1 |/=(DEVID4.0) |- - Retire write buffer of this device.

1 |==(DEVID4.0) |x000° |NOCOP |Retirewritebuffer of thisdevice.

1 |==(DEVID4..0) x001 WR Retire write buffer of this device, then write column C5..CO0 of bank BC4..BCO to write buffer.
1 |==(DEVID4..0) x010 RSRV Reserved, no operation.

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

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

1 |==(DEVID4..0) x101 WRA Same as WR, but precharge bank BC4..BCO after write buffer (with new data) isretired.
1 == (DEVID4 ..0) x110 RSRV Reserved, no operation.

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

1 |==(DEVID4..0) Ixxx RLXC Move this deviceinto the standby (STBY') power state (see Figure 46).

a“ /=" meansnot equal, “ == " means equal.

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

Table 9 shows the COLM and COLX field encodings. The
M bit is asserted to specify a COLM packet with two 8 bit
bytemask fields MA and MB. If the M bit is not asserted, an
COLX is specified. It has device and bank address fields,
and an opcode field. The primary use of the COLX packet is
to permit an independent PREX (precharge) command to be

specified without consuming control bandwidth on the ROW
pins. It isaso used for the CAL (calibrate) and SAM
(sample) current control commands (see “Current and
Temperature Control” on page 43), and for the RLXX power
mode command (see “Power State Management” on page
38).

Table9: COLM Packet and COL X Packet Field Encodings

M (Dsizl(;t.sl?j);?ice) XOP4..0 Name Command Description

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

0 |/=(DEVIDA4..0) - - No operation.

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

0 |==(DEVID4..0) 1xxx0? PREX Precharge bank BX4..BXO0 of this device (see Figure 14).

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

0 |==(DEVID4..0) x11x0 CAL/SAM Calibrate (drive) and Sample ( update) 1o, current for this device (see Figure 51).
0 |==(DEVID4..0) xxx10 RLXX Move this device into the standby (STBY') power state (see Figure 46).

0 |==(DEVID4..0) XXXX1 RSRV Reserved, no operation.

a An*“x" entry indicates which commands may be combined. For instance, the two commands PREX/RLXX may be specified in one XOP value (10010).
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Target
Direct RDRAM ™

DQ Packet Timing

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

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

ToTi T2 Ts TgTs Tg T7 Tg To T10 T T12T13 T1a Tas T16T17 T1s Tio TooTo1 T2z

DOB7..0

LU U

tcac >

4

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

When a Q packet follows a D packet (shown in the left half
of thefigure), agap (tcac -tcwp) Will automatically appear
between them because the toyyp value is awaysless than the
tcac vaue. There will be no gap between the two COLC
packets with the WR and RD commands which schedule the
D and Q packets.

When aD packet follows a Q packet (shown in theright half
of the figure), no gap is needed between them because the
tcwp valueislessthan the tcac value. However, , a gap of
tcac -towp Or greater must be inserted between the COLC
packets with the RD WR commands by the controller so the
Q and D packets do not overlap.

24T25 Tos T27T28T20 Tao Tar T32Tas T4 Tas T36Ta7 Tas Tao TaoTar Taz TasTaaTas Tas Taz

Thlsgap on the COL pins must bemserted bythe controller}

t
AW
AnjuAvj U.LZ\J.QU

ULTUPLTUNT R UM UL UL L LU L
o

» tcac

Figure4: Read (Q) and Write (D) Data Packet - Timing for tcac =8, 9, 10, 11, or 12tcycL g

COLM Packet to D Packet Mapping

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

If al 16 bytes of the D data packet are to be written, then no
further control information is required. The packet slot that
would have been used by the COLM packet (tr7R after the
COLC packet) isavailable to be used as an COLX packet.
This could be used for a PREX precharge command or for a

housekeeping command (this case is not shown). The M bit
isnot asserted in an COL X packet and causes all 16 bytes of
the previous WR to be written unconditionally. Note that a
RD command will never need a COLM packet, and will
always be able to use the COL X packet option (aread opera-
tion has no need for the byte-write-enable control bits).

Figure 5 also shows the mapping between the MA and MB
fields of the COLM packet and bytes of the D packet on the
DQA and DQB pins. Each mask bit controls whether a byte
of dataiswritten (=1) or not written (=0).
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Target
KM416RDSAS Direct RDRAM ™

ToT1i T2 Ta TaTs Te T7 Tg To TioT1iT12T13T1a T1s T16T17 T1s T1o T20T21 T2z T2a T24T25 Tos T27 T 28720 T30 Tar T32Tas Taa Tas TaeTa7 Tas Tao TaoTar Taz TasTaaTas Tas Ta

CTM/CFMI|||||||||||||||||||||||||||||||||||||||||||||||

ROW?2
..ROWO

CcoL4
.COLO

DQAT7..0
DQB7..0

[Transaction a: WR] ao:{Dd,Ba,Ra} [ al={DaBaCal} ‘1\a3:{Da.Ba} |

Tz Tig | Tio | T To T

cwerny, [T [T [T ¢ :CTM/CF:—‘L T

( COLM Packet ) ( D Packet >
v

| i | = 3 ]'
I 1 1
CoL4 | MA7 MA5|MA3MA1 | DQB7 |87 !D8 IDBZS: 31| DB39 | DB47| DBS5 | DBE3 |
[} [} [} [} 1
[ | | | 1 | 1 | 1 | 1 f
COoL3 | M=1|MA6 MA4MA2 MAOQ | DQB6 | DB6 | DB14 DB22 | DB30| DB38 | DB46 | DB54 | DB6? |
b} 1 1 1 1 1 1 1 ]
| ' | N
[} [} [} [}
COoL2 [ MB7 MB4|MBl | | E ! ! I ! I ! | ! ]
. 1 1 1 1 r
' | | | s (5 o o s s o
CcoL1 | MB6 MB3MBO | | DQB1 | pB1 | DB9 | DB17)DB25) DB33| DB41 | DB49 | DB57 ¢
3 1 1 1 1 1 1 1 1
| i ] ] ] ] ] i |
I I I I I I I I I I
COLO | MB5 MB2 | | DQBO ¢ pBo | DB8 | DB16 DB24 ] DB32! DB4O! DBA48 | DBS6 |
| ) 1 1 1 1 1 1 1 i
| | | I 1 I 1 I 1 I 1 |
> MBOIMBl" Mszlmssl' MB4IMBS" MBGIMB7’I
Each bit of the MB7..MBO field 8 . RN S
controlswriting (=1) or nowriting =7 - | - v | s s - | v s |
(=0) of theindicated DB bitswhen |
the M bit of the COLM packet isone. e e I‘L AR AN '-I‘L'“‘ »'~‘|
[} 1 1 I 1 1 1 1 {
When M=1, theMA and MB DQA7 & DA7 I DA151 DA231 DA31I DA491 DA471 DAS5 | DAG3 !
fields control writing of ' 1 1 1 1 1 1 1 |
individual data bytes. ' 1 1 1 1 1 1 1 |
When M=0, all data bytesare ) : ' : : : : : |
written unconditionally. DQAG6 ! DAG6 | DA14} DA22) DA30} DA3B} DA46 | DAS4 | DAG2 |
[ 1 1 1 1 1 1 1 ;
[} [} [} [} [} [} [} [} 1
[} [} [} [} [} [} [} [} 1
H I 1 1 1 1 1 1 1 1
° [} [} [} [} [} [} [} [} 1
[ 1 1 1 1 1 1 1 '
[} I I I I I I I :
DQAL ! Dpal] DA9!DA17)DA25] DA33) DA41} DA49) DASE
[} 1 [} 1 1 1 1 1 i
[} [} [} [} [} [} [} [} 1
. " [} I I I {
Each bit of theMA7.MAO field DQAO : pA0 | DAS IDA161DA241 DA32I DA40 I DA48 I DASG !
controlswriting (=1) or no writing f 1 1 !
(=0) of theindicated DA bitswhen b 1 1 1 1 '
the M bit of the COLM packet is one. | ! | ! ! ' ! !
> : MAO| MAL| MA2| MA3| MA4| MA5 | MA6| MA7s
Figure5: Mapping Between COLM Packet and D Packet for WR Command
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ROW-t0-ROW Packet Interaction

ToT1 T2 T3 T4Ts Te T7 Tg To T1oT1aT12T13 T1a Tis T16T17 T1s T1e

CTM/CFM || ;

L e tRrdeLAY |
cout T
DQA7..OII::::::I:::I::I:I:
DOB7..0

a0={DaBaRal |
bO={Db,Bb,Rb} |
Figure 6: ROW-to-ROW Packet Interaction- Timing

[Transaction a: ROPa]|

[Transaction b: ROPb]|

Figure 6 shows two packets on the ROW pins separated by
an interval trrpe Ay Which depends upon the packet
contents. No other ROW packets are sent to banks
{BaBat+1,Ba-1} between packet “a’ and packet “b” unless
noted otherwise. Table 10 summarizes the trrpg oy Values
for al possible cases.

Cases RR1 through RR4 show two successive ACT
commands. In case RR1, there is no restriction since the
ACT commands are to different devices. In case RR2, the
trr restriction applies to the same device with non-adjacent
banks. Cases RR3 and RR4 areillegal (as shown) since bank
Baneeds to be precharged. If aPRER to Ba, Ba+1, or Ba-1
isinserted, trrpeL Ay IS tre (tras to the PRER command,
and tgp to the next ACT).

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

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

Table 10: ROW-to-ROW Packet Interaction - Rules

Case# ||[ROPa |Da |Ba |[Ra ||[ROPb |Db Bb Rb  ||tRrDELAY Example
RR1 ACT Da |Ba |[Ra ||ACT /=Da | XxxXx X.X ||teackET Figure 11
RR2 ACT Da |Ba |Ra ||ACT ==Da |/={BaBatlBa1l} X.X ||trr Figure 11
RR3 ACT Da |Ba |Ra ||ACT ==Da |=={BatlBa1l} X..X ||trc- illegal unless PRER to Ba/Bat+1/Ba-1 Figure 10
RR4 ACT Da |Ba |Ra ||ACT ==Da |=={Bag} X..X ||trc- illegal unless PRER to Ba/Bat+1/Ba-1 Figure 10
RR5 ACT Da |Ba |Ra ||PRER [/=Da |xxxx X.X ||teackET Figure 11
RR6 ACT Da |Ba |Ra ||PRER |[==Da |/={BaBatlBal} X.X ||teackET Figure 11
RR7 ACT Da |Ba |Ra ||PRER [==Da |=={ BatlBal} X.X ||tras Figure 10
RR8 ACT Da |Ba |Ra ||PRER [==Da |=={Ba} X.X ||tras Figure 15
RR9 PRER |[Da (Ba |Ra ||ACT /=Da | XxxXx X.X ||teackET Figure 12
RR10 ||PRER |Da |Ba |Ra [|ACT ==Da |/={BaBat-1Bat-2} |X.X ||tpackeT Figure 12
RR10a ||PRER |Da |Ba |[Ra [|ACT ==Da |=={Bat2} X.X ||tpacker/trpif Batl is precharged/activated.

RR10b ||PRER |Da |Ba |[Ra [|ACT ==Da |=={Ba2} X.X ||tpacker/trpif Barlis precharged/activated.

RR11 ||PRER |Da |Ba |[Ra [|ACT ==Da |=={BatlBa1l} X.X ||trp Figure 10
RR12 ||PRER |Da |Ba |[Ra [|ACT ==Da |=={Bag} X.X ||trp Figure 10
RR13 ||PRER |Da |Ba |Ra [[PRER |/=Da |Xxxx X.X ||tpacKET Figure 12
RR14 ||PRER |Da |Ba |Ra [|PRER |==Da |/={BaBatlBa1l} X.X ||tpp Figure 12
RR15 ||PRER |Da |Ba |[Ra [|[PRER |==Da |=={BatlBa1l} X.X ||tpp Figure 12
RR16 ||PRER |Da |Ba |[Ra (|[PRER |==Da |==Ba X.X ||tpp Figure 12
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Target
Direct RDRAM'

M

ROW-t0-ROW Interaction - contin-
ued

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, tpp
applies, since the same deviceis addressed. In RR15 and
RR16, the same bank or an adjacent bank may be given
repeated PRER commands with only the tpp restriction.

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

A ROW packet may contain commands other than ACT or
PRER. The REFA and REFP commands are equivalent to
ACT and PRER for interaction analysis purposes. Theinter-
action rules of the NAPR, NAPRC, PDNR, RLXR, ATTN,
TCAL, and TCEN commands are discussed in later sections
(see Table 7 for cross-ref).

ROW-to-COL Packet Interaction

Figure 7 shows two packets on the ROW and COL pins.
They must be separated by an interval tgepg ay Which
depends upon the packet contents. Table 11 summarizes the
trepeLAY Valuesfor al possible cases. Note that if the COL
packet is earlier than the ROW packet, it is considered a
COL-to-ROW packet interaction.

Cases RC1 through RC5 summarize the rules when the
ROW packet has an ACT command. Figure 15 and

Figure 16 show examples of RC5 - an activation followed by
aread or write. RC4 isanillegal situation, since aread 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, thereis no inter-
action of the ROW and COL packets.

ToT1i T2 T3 T4Ts Te T7 T8To T1oT11T12T13 Tia Tas T16T17 Tas Tao

CTM/CFM

it i (FFFFFAFAFARRRHI 1010
..ROWO WUHULUL RIS AU AT UL UL,
111 e SRR
.COLO UM !

[ Transaction a: ROPa | a0={DaBaRa} |
[ Transaction b: COPb | bl={Db,Bb,Cb1} |

Figure7: ROW-to-COL Packet Interaction- Timing

Cases RC6 through RC8 summarize the rules when the
ROW packet has a PRER command. Thereis either no inter-
action (RC6 through RC9) or an illegal situation with aread
or write of a precharged bank (RC9).

The COL pins can aso schedule a precharge operation with
aRDA, WRA, or PREC command in a COLC packet or a
PREX command inaCOLX packet. The constraints of these
precharge operations may be converted to equivalent PRER
command constraints using the rules summarized in

Figure 14.

Table 11: ROW-to-COL Packet Interaction - Rules

Case# ||[ROPa |Da Ba Ra COPb Db Bb Cbl ||trcpELAY Example
RC1 ACT Da Ba Ra NOCOP,RD,retire /=Da XXXX x.x |0

RC2 ACT Da Ba Ra NOCOP ==Da XXXX x.x |0

RC3 ACT Da Ba Ra RD,retire ==Da /={BaBat+1Bal} |x.x (|0

RC4 ACT Da Ba Ra RD,retire ==Da |=={BatlBal} x.x |[[{lllegal

RC5 ACT Da Ba Ra RD,retire ==Da |==Ba X.X ||trcD Figure 15
RC6 PRER |[Da Ba Ra NOCOP,RD,retire /=Da XXXX x.x |0

RC7 PRER |[Da Ba Ra NOCOP ==Da XXXX x.x |0

RC8 PRER |[Da Ba Ra RD,retire ==Da /={BaBat1Bal} |x.x |[|O

RC9 PRER |[Da Ba Ra RD,retire ==Da =={Bat1,Bal} x.x ||!llega
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Direct RDRAM ™

COL-to-COL Packet Interaction

ToTy T Tg T4 Ts T T7 Tg To TioTuiT1oT13 Tia Tis T16T17 Tas Tao

ct™MiCEM L ELILILELILELEL FLELILRLIL FLEL FLILTLRLIL |

ROW2 1Ay y

Rowo  LLALLUAAAMLL
C 0 CCDELAY | 1 !

coo LA L LELL R— 1L

Transaction a: COPa

al ={Da,Ba,Cal}
b1 ={Db,Bb,Cb1}
cl ={Dc,Bc,Ccl}

Transaction b: COPb
Transaction ¢. COPc

Figure8: COL-to-COL Packet Interaction- Timing

Figure 8 shows three arbitrary packets on the COL pins.
Packets “b” and “c” must be separated by an interval
tccpeLay Which depends upon the command and address
valuesin al three packets. Table 12 summarizes the
tccpeLay Valuesfor al possible cases.

Cases CC1 through CC5 summarize the rules for every situ-
ation other than the case when COPb is a WR command and
COPc isaRD command. In CC3, when a RD command is
followed by aWR command, agap of tcac -teywp must be
inserted between the two COL packets. See Figure 4 for
more explanation of why this gap is needed. For cases CC1,

CC2, CC4, and CC5, thereisno restriction (tccpeLay IS
teo)-

In cases CC6 through CC10, COPb isa WR command and
COPc isaRD command. The tccpg ay Vaue 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, agap will be needed between the packets
with COPb and COPc. The gap will need a COLC packet
with a NOCOP command directed to any device in order to
force an automatic retire to take place. Figure 18 (right)
provides amore detailed explanation of this case.

In case CC10, thereis aRD-WR-RD sequence directed to
the same device. If aprior write to the same deviceis unre-
tired when COPalisissued, then a gap will be needed
between the packets with COPb and COPc asin case CCB6.
The gap will need a COL C packet with a NOCOP command
directed to any devicein order to force an automatic retire to
take place.

Cases CC7, CC8, and CC9 have no restriction (tccpgay 1S
teo)-

For the purposes of analyzing COL-to-ROW interactions,
the PREC, WRA, and RDA commands of the COL C 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 equiva-
lent PRER command on the ROW pins using the rules
summarized in Figure 14.

Table 12: COL-to-COL Packet Interaction - Rules
Case# [[COPa |Da Ba |[Cal ||COPb Db |Bb |Cbl ||COPc Dc Bc Ccl ||tcepeLay Example
CC1 XXXX XXXXX | X.X |Xx.X [[NOCOP |Db |Bb |Cbl ||xxxx XXXXX [ XX | XX ||tee
Ccc2 XXXX XXXxx | X.x |x.X [[RDWR |Db [Bb |Cbl |[NOCOP |XxXXxX [X.X |X.X [|tcc
CC3 XXXX XXXXX | X.X [X.X ||RD Db |Bb |Chl [|WR XXXXX | X..X X.X ||tccttcac -tewp Figure 4
Cc4 XXXX XXXXX | X.X [X.X ||RD Db |Bb |[Cbl ||RD XXXXX | X..X X.X ||tcc Figure 15
CC5 XXXX XXXXX | XX | XX [|[WR Db |Bb |[Cbl [[WR XXXXX | XX | XX ||tee Figure 16
CCé6 WR ==Db |x X.X |[WR Db |Bb |[Cbl ||RD ==Db |x.X X.X ||trTR Figure 18
cc7 WR ==Db |x X.X [|WR Db (Bb |Cbl ||RD /=Db |x.x X.X ||tce
CCs8 WR /=Db |x X.X [|[WR Db |Bb |[Cbl ||RD ==Db |[x.X |X.X ||tcc
CC9 NOCOP |==Db |x X.X ||WR Db |Bb |Cbl ||RD ==Db |x.x |X.X ||[tcc
CC10 ||RD ==Db |x X.X |[WR Db |Bb |[Cbl ||RD ==Db |x.X X.X ||tce
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COL-to-ROW Packet Interaction

ToTy To T3 T4 Ts Te T TgTo Tio TuaT12T13T1a Tas T16T17 Tas Tao

cTM/CEM LD ELELELIL DL ELLL L L L L LV

'
[ R
'

0 le——————p tCRDELAY
ROW2 ARAVY X' X' X xl XROPb b0 i X‘ x‘ i i X‘ ‘
.ROWO UL, L) L) UL,
.COLO )

al={DaBaCal} |
b0={Db,Bb,Rb} |

[ Transaction a: COPa_|

[ Transaction b: ROPb |

Figure9: COL-to-ROW Packet Interaction- Timing

Figure 9 shows arbitrary packets on the COL and ROW pins.
They must be separated by an interval tcrpg oy Which
depends upon the command and address valuesin the
packets. Table 13 summarizes the tcrpg oy Vaue for al
possible cases.

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

Case CR4 isillegal because an already-activated bank isto
be re-activated without being precharged Case CR5isillegal
because an adjacent bank can't be activated or precharged
until bank Bais precharged first.

In case CR6, the COL C packet containsaRD command, and
the ROW packet contains a PRER command for the same
bank. The tgpp parameter specifies the required spacing.

Likewise, in case CR7, the COL C packet causes an auto-
matic retire to take place, and the ROW packet contains a
PRER command for the same bank. The tgtp parameter
specifies the required spacing.

Case CR8 is|abeled “Hazardous” because a WR command
should always be followed by an automatic retire before a
prechargeis scheduled. Figure 19 shows an example of what
can happen when the retire is not able to happen before the
precharge.

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

A ROW packet may contain commands other than ACT or
PRER. The REFA and REFP commands are equivalent to
ACT and PRER for interaction analysis purposes. The inter-
action rules of the NAPR, PDNR, and RLXR commands are
discussed in alater section.

Table 13: COL-to-ROW Packet Interaction - Rules

Case# [|[COPa  |Da [Ba |Cal |[ROPb  |Db Bb Rb ||tcroeLAy Example
CR1 NOCOP (Da |Ba |Cal |[[x.x XXXXX XXXX X..X 0

CR2 RD/WR Da |Ba |Cal |[x.xX /=Da XXXX X..X 0

CR3 RD/WR (Da |Ba |Cal [[x.x ==Da |/={BaBatlBal} |x.x |[|O

CR4 RD/WR (Da |Ba |[Cal [|ACT ==Da |=={Ba X..X Illegal

CR5 RD/WR (Da |Ba |[Cal [|ACT ==Da |=={BatlBal} X..X Illegal

CR6 RD Da |Ba |Cal ||PRER ==Da |=={BaBatlBal} [x.Xx ||trpp Figure 15
CR7 retire® Da |Ba |Cal ||PRER ==Da |=={BaBatlBal} [x.Xx ||trrp Figure 16
CR8 WRP Da (Ba |Cal |[|PRER ==Da |=={BaBatlBal} |x.x 0 Figure 19
CR9 XXXX Da [(Ba |Cal |INOROP |XXXXX XXXX X..X 0

a Thisis any command which permits the write buffer of device Darto retire (see Table 8). “

Ba’ is the bank address in the write buffer.

b. This situation is hazardous because the write buffer will be left unretired while the targeted bank is precharged. See Figure 19.
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Target
KM416RDSAS Direct RDRAM ™

ROW-to-ROW Examp les between ACT commands to the same bank must also satisfy
the tge timing parameter (RR4).

Figure 10 shows examples of some of the ROW-to-ROW

packet spacings from Table 10. A complete sequence of acti-

vate and precharge commands is directed to a bank. The

RR8 and RR12 rules apply to this sequence. In addition to

satisfying the tgp g and tgp timing parameters, the separation

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

rules.
a0 = {Da,Ba,Ra}
Same Device Adjacent Bank RR7 al ={DaBat+1}
Same Device Adjacent Bank RR3 b0 = {Da,Ba+1,Rb}
Same Device Same Bank RR4 b0 = {Da,Ba,Rb}
Same Device Adjacent Bank RR11 b0 = {Da,Ba+1,Rb}
|_ Same Device Same Bank RR12 b0 = {Da,Ba,Rb}

ToTi|T2 Ts TaTs Te T7 Tg To TigTuiT12T13 T1a[T1s T16T17 T1s Tao T20T21 T2z T2a T24T25 Tos T27 T 28T Tho Tar T32Tas Tas Tas TaeTa7 Tas Tao TaoTar Taz TasTaaTas Tas Ta7

S =

oo W m Tt o micii

Figure10: Row Packet Example

Figure 11 shows examples of the ACT-to-ACT (RR1, RR2) the same or adjacent banks or unless they are asimilar
and ACT-to-PRER (RR5, RR6) command spacings from command type (both PRER or both ACT) directed to the
Table 10. In general, the commandsin ROW packets may be same device.

spaced an interval tpack et apart unless they are directed to

a0 = {Da,Ba,Ra}

Different Device Any Bank RR1 b0 = {Db,Bb,Rb}

Same Device Non-adjacent Bank | RR2 c0={Da,Bc,Rc}
Different Device Any Bank RR5 b0 = {Db,Bb,Rb}

|_ Same Device Non-adjacent Bank | RR6 c0={Da,Bc,Rc}

ToTi|T2 Ts T4 Ts|Te T7 Tg T1uT12T13[T1a T1s T16T17 Tis Tao T20T21 T2z T2z Tox T27T28T20 Tao Tar T32Tas(Tas Tas Tae Too TagTar Taz TasTaaTas|Tas Taz

CTMIOEM [t vt e e

T T e [
ROW?2 ACT 20 | ACT b0 )O O“ actao YUV K ACT 0 )O {“ ACT 20 | PRER b0 )O O< ACT 20 | PRER cO
.ROWO ! ) ) \ ! !

PACKETI—T—b| | | | | | [ 'tgg ——> | | PACKET|¢——» & 'PACKET[¢—+p
COL4  remTI I e RR o
.COLO {><XXXXXXXX}(XXXXX}!X) H(X” ( () M””) :: ) ::. ‘ (: . ) :: .. ); . : .. LA AANANANANE
DQA7..0 VYV VYT YTV
DQB7..0 | AN Xxxxxxxxxxxxxxxm

Figure1l: Row Packet Example
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Figure 12 shows examples of the PRER-to-PRER (RR13,
RR14) and PRER-to-ACT (RR9, RR10) command spacings
from Table 10. The RR15 and RR16 cases (PRER-to-PRER
to same or adjacent banks) are not shown, but are similar to
RR14. In general, the commands in ROW packets may be

spaced an interval tpack et apart unless they are directed to
the same or adjacent banks or unless they are asimilar
command type (both PRER or both ACT) directed to the
same device.

—

a0 = {Da,Ba,Ra}
Different Device Any Bank RR13 | b0={Db,Bb,Rb}
Same Device Non-adjacent Bank | RR14 | c0={Da,Bc,Rc}
Same Device Adjacent Bank RR15| c0={DaBaRc}
Same Device Same Bank RR16 | c0={DaBat+1Rc}
Different Device Any Bank RR9 b0 = {Db,Bb,Rb}
Same Device Non-adjacent Bank | RR10 c0 = {Da,Bc,Rc}

ToTi|T2 Ta T4 Ts|Te T7 Tg

T14 T15 T16T17 T1s T1o To0To1 T22 Tog Tz

T27T28T20 Tao Tar T32Tas(Tas Tas Tae

Tao TaoTar Taz TasTaaTas[Tas Tar

CTM/CEM [ |LILELILIL I IILILILILILL: A A M R KR
IIVI'II'EEI...:EIIII'E3::::'::'3 A B
ROW?2 (PRERaO PRER b0 X] [“PRERaO M[\UMPRER@ X] {XlPRERaO ACT b0 X] (XIPRERao ACT 0
..ROWO ! | ) ) ! | !
tPACKET|@—p| | | ! €= tpp ~—p| | lPACKET[@=2p{ | lPACKET|¢—<

.COLO

DQAT7..0
DQB7..0

Figure12: Row Packet Examples

Row and Column Cycle Description

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

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

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

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

Intervals. The activate operation requires the interval
trep, min tO complete. The hidden restore operation requires
the interval tragmin - trep,min t0 complete. Column read

and write operations are also performed during the trasmin
- trep min interval (if more than about four column opera
tions are performed, this interval must be increased). The
precharge operation requires the interval tgpyn tO
complete.

Adjacent Banks. An RDRAM with an “s” designation
(256K x32sx16) indicates it contains “split banks”. This
means the sense amps are shared between two adjacent
banks. The only exception is that sense amp 0 and sense amp
0, 15, 16, and 31are not shared. When arow in abank is acti-
vated, the two adjacent sense amps are connected to (associ-
ated with) that bank and are not available for use by the two
adjacent banks. These two adjacent banks must remain
precharged while the selected bank goes through its activate,
restore, read/write, and precharge operations.

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

Figure 13 shows an example of precharge with the ROWR
packet mechanism. The PRER command must occur atime

tras after the ACT command, and atime tgp before the next
ACT command. Thistiming will serve as a baseline aginst
which the other precharge mechanisms can be compared.

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

ToTi T2 Ts T4 Ts Te T7 Tg To TioT1iT15T13T1a T1s T16T17 T1s Tao T20T21 T2z T2a T24T25 Tos T27 T 28729 Tao Tar T32Tas Tas Tas TaeTa7 Tas Tao TaoTar Taz TasTaaTas Tas Ta7

ctmicem LI LI

ROW?2 ACT a0
..ROWO LU

CcoL4 '
.COLO

DQAT7..0
DQB7..0

A

e o —>

Figure 13: Prechargevia PRER Command in ROWR Packet

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

Figure 14 (middle) shows an example of precharge with a
WRA command. As in the RDA example, a bank is acti-
vated 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 commandsisaWRA,
which causes the bank to automatically precharge when the
final write has been retired. The timing of this automatic
precharge is equivalent to a PRER command in an ROWR
packet on the ROW pins that is offset a time togep from the
COLC packet that causes the automatic retire. The WRA
command should be treated as a WR command in a COLC
packet as well as a simultaneous (but offset) PRER
command in an ROWR packet when analyzing interactions
with other packets. Note that the automatic retire istriggered
by a COLC packet a time tgyr after the COLC packet with

the WR command unless the second COLC contains a RD
command to the same device. This is described in more
detail in Figure 17.

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

ToTi T2 Ts T4 Ts Te T7 Tg To TioT1iT15T13T1a T1s T16T17 T1s Tao T20T21 T2z T2a T24T25 Tos T27 T 28729 Tao Tar T32Tas Tas Tas TaeTa7 Tas Tao TaoTar Taz TasTaaTas Tas Ta7

onz W e QOO

toFrp + &+ v 0

[Transactiona: RD] a0={DaBaRa} | al={DaBaCal} | a2={DaBaCa2 |
| a3={DaBaCa3} | a4={DaBaCad} | a5 = {Da,Ba} |

(COLC Packet: WDA Prechar ge Offset )

ToTi T2 Ts T4 Ts Te T7 Tg To TioT1iT15T13T1a T1s T16T17 T1s Tao T20T21 T2z T2a T24T25 Tos T27 T 28729 Tao Tar T32Tas Tas Tas TaeTa7 Tas Tao TaoTar Taz TasTaaTas Tas Ta7

Transactiona: WR] a0={DaBaRa} | al={DaBaCal} | a2={DaBaCa?} | a5 = {Da,Ba} |

(COL X Packet: PREX Precharge Offset)

ToTi T2 Ts T4 Ts Te T7 Tg To TioT1iT15T13T1a T1s T16T17 T1s Tao T20T21 T2z T2a T24T25 Tos T27 T 28729 Tao Tar T32Tas Tas Tas TaeTa7 Tas Tao TaoTar Taz TasTaaTas Tas Ta7

' The PREX precharge command isequivalent to a PRER command here, * © ' ' ' ' ' 0 e

Rowz - e YT O e et 1 1)

[Transactiona: RD] a0={DaBaRa} | al={DaBaCal} | a2={DaBaCa?} |
| a3={DaBaCa3} | a4={DaBaCad} | a5 = {Da,Ba} |

Figure 14: Offsetsfor Alternate Precharge Mechanisms
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Read Transaction - Example

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

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

Next, a PRER a3 command isissued in an ROWR packet on
the ROW pins. This causes the bank to precharge so that a
different row may be activated in a subsequent transaction or
so that an adjacent bank may be activated. The a3 address

includes the same device and bank address as the a0, al, and
a2 addresses. The PRER command must occur a time tgag
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 tgp g interval). The PRER
command must also occur atime tgpp Or more after the last
RD command. Note that the tzpp value shown is greater
than the trpp vin SPecification in Table 22. This transaction
example reads two dualocts, but there is actually enough
time to read three dualocts before tgpp becomes the limiting
parameter rather than tgas. If four dualocts were read, the
packet with PRER would need to shift right (be delayed) by
one tcy oL g (Note - this case is not shown).

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

ToTi T2 Ts T4 Ts Te T7 Tg To TioT1iT15T13T1a T1s T16T17 T1s Tao T20T21 T2z T2a T24T25 Tos T27 T 28729 Tao Tar T32Tas Tas Tas TagTa7 Tas Tao TaoTar Taz TasTaaTas Tas Ta7

CTM/CFEM

ROW?2 ACT a0

..ROWO

CcoL4
.COLO

: .

DQAT7..0
DQB7..0

«— tcac —»

[Transaction a: RD] a0 ={DaBaRa} |

al ={DaBaCal} |

a2 ={DaBaCa2} | a3={DaBa} |

[Transaction b: xx |  b0={DaBa,Rb} |

Figure 15: Read Transaction Example

Page 20

Rev. 0.9 July. 1999

ELECTRONICS



KM416RD8AS

Target
Direct RDRAM'

M

Write Transaction - Example

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

A time tc after the first COLC packet on the COL pinsa
second COL C packet isissued. It contains aWR a2
command. The a2 address has the same device and bank
address as the al address (and a0 address), but a different
column address. A time tgyp after the second WR
command a second write data dualoct D(a2) isissued.

A time tgyg after each WR command an optional COLM
packet MSK (al) isissued, and at the sametimea COLC
packet isissued causing the write buffer to automatically
retire. See Figure 17 for more detail on the write/retire
mechanism. If aCOLM packet is not used, all databytes are
unconditionally written. If the COLC packet which causes

the write buffer to retire is delayed, then the COLM packet
(if used) must also be delayed.

Next, aPRER a3 command isissued 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 &0, al, and
a2 addresses. The PRER command must occur atimetgag
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 tga g interval).

A PRER a3 command isissued in an ROWR packet on the
ROW pins. The PRER command must occur atime tgpor
more after the last COL C which causes an automatic retire.

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

ToTy To Tg TaTs To T7 Tg To T1oT11T12T13T1a Tas T16T17 Tas Tao T20T21 T2z T2z T24Tos Tos T27 728729 Tao Tar T32Tas Tas Tas T36Tar Tas Tag T40Tar Taz TasTaaTas Tas Tar

CTM/CFEM L LILL L L

o g

[ I
R OW 2 ACT a0 %ﬂtﬂ'ﬂﬂ'ﬂﬂ'
..ROWO MU ddreulL U

o [ tRas T
COL4 Cmv WRal | WRa2 Yretire (D) Y retire (22) JERALA
coLo MMM IA MSK(all MSK (a2) } [\

R Mty
DQA7..0 m D (al) D (a2)
DQB7..0  LUAANANANANANS i AN AN

"""" ' &«lccple=tcwp |

<—tCWD—>|

ransaction a: WR| a0 ={DaBaRa} |

al={DaBaCal} |

a2 ={DaBaCa2} | a3={DaBa} |

Transaction b: xx | b0={Da,Ba,Rb} |

Figure 16: Write Transaction Example
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Write/Retire - Examples

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

Figure 17 (left) shows an example of this two step process.
The first COLC packet contains the WR command and an
address specifying device, bank and column. The write data
dualoct follows atimeteyp later. Thisinformation is loaded
into the write buffer of the specified device. The COLC

ToTi T2 T3 Ty Ts To T7 Tg To T TuaT12TiaTua T

Retire isautomatic here unless:

packet which follows a time tgrrg 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 hit is zero), or (2) the COLC packet contains a RD
command to the same device. If the retire does not take place
at time g after the original WR command, then the device
continues to frame COLC packets, looking for the first that
is not a RD directed to itself. A bytemask MSK(al) may be
supplied in a COLM packet aligned with the COLC that
retires the write buffer at time tgyg after the WR command.

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

ToT1 T2 Ta TaTs T T7 Tg To T10T11T12T13 T1a Tas T16T17 T1s Tao To0T21 T22 T2s

: €— tch
{ retire (al)
\ MSK (al)

— (r1r TP

i1y (1) No COLC packef (S=0) or e
ROW2 (2) COLC packet is Dtode\/i‘gglggo ROW2
.ROWO  JUUUOuu s A AU U U U, ROWO
coL4 [ WRal W retire (al) m coL4
.coLo | MMM @ UMW ..coLo
o e lRr
DQA7..0 MOOOC D (al) DQA7..0
DQB7..0 AN AR R DQB?7..0
4 tcwp P

Transaction a: WR

[ al={DaBaCal}

<+ fowp P

5D

Transaction a2 WR

al={Da,Ba,Cal}

Transaction b: RD

bl={Da,Ba,Cal}

Transaction ¢: RD

cl={Da,Ba,Cal}

Figure 17: Normal Retire (Ieft) and Retire/Read Ordering (right)

Figure 17 (right) shows the first of these side effects. The
first COLC packet has a WR command which loads the
address and data into the write buffer. The third COLC
causes an automatic retire of the write buffer to the sense
amp. The second and fourth COL C 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 addressthat is
written isread both before and after it isactually retired. The
first RD returns the old dualoct value from the sense amp
beforeit is overwritten. The second RD returns the new
dualoct value that was just written.

Figure 18 (left) shows the result of performing a RD
command to the same device in the same COL C packet slot
that would normally be used for the retire operation. The
read may be to any bank and column address; al that matters
isthat it is to the same device as the WR command. The

retire operation and MSK (al) will be delayed by atime
tpackeT @saresult. 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 arbi-
trarily long time. However, once a RD to another device or a
WR or NOCOP to any device isissued, the retire will take
place. Figure 18 (right) illustrates a situation in which the
controller wants to issue a WR-WR-RD COL C packet
sequence, with all commands addressed to the same device,
but addressed to any combination of banks and columns.
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Write/Retire Examples - continued

The RD will prevent aretire of the first WR from automati-
caly happening. But the first dualoct D(al) in the write
buffer will be overwritten by the second WR dualoct D(b1)
if the RD command is issued in the third COLC packet.

ToTi T2 T3 TgTs Ts T7 Tg To T1o T1iT12T13T1a Tas T16Ta7 Tas Tao T2oT,

COL4 ["WRal retire (al)
.coLo | MU MSK (a)
R e S
DQA7..0
odsr.o - (HAUMPRRRORNIRURL2=2 JHRMAALCRD
<4 tcwp P

al= {Da,Ba,Cal} |
bl={DaBb,Cbl} |

[ Transactiona: WR |
[ Transactionb: RD |

Therefore, it is required in this situation that the controller
issue a NOCOP command in the third COLC packet,
delaying the RD command by atime of tppcker. This situa-
tion is explicitly shown in Table 12 for the cases in which

tcepeLay isequd to trrp.

ToTi To T3 T4Ts Te T7 TgTo Tio TuT12T1s Taa Tas T16T17 Tag Tio Toc

[ WRal retire (al)
.coLo | MSK (al)

: e tRRTM
DQB7..0  LANANNNANANANANS _ AN
<4 tcywp P

Transaction a: WR al={Da,Ba,Cal}

Transaction b: WR bl={Da,Bb,Cbh1}
Transaction ¢: RD cl={Da,Bc,Ccl}

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

Figure 19 shows apossible result when aretireis held off for
along time (an extended version of Figure 18-l€eft). 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 automati-
caly performed, it is made to this new row, since the write

buffer only contains the bank and column address, not the
row address. The controller can insure that this doesn’t
happen by never precharging a bank with an unretired write
buffer. Note that in a system with more than one RDRAM,
there will never be more than two RDRAMSs with unretired
write buffers. Thisis because a WR command issued to one
device automatically retires the write buffers of all other
devices written atime tryr before or earlier.

ToTi T2 Ts T4 Ts Te T7 Tg To TioT1iT15T13T1a T1s T16T17 T1s Tao T20T21 T2z T2a T24T25 Tos T27 T 28720 Tao Tar T32Tas Tas Tas TagTa7 Tas Tao TaoTar Taz TasTaaTas Tas Ta7

CTM/CFEM

ROW?2
..ROWO

CcoL4

retire (al)

MSK (al)

.COLO UL

[ I Y

DQAT7..0
DQOB7..0

ransaction a: WR

a0 = {Da,Ba,Ra}

al = {DaBa,Cal}

a2 ={Da,Ba} WARNING

Transactionb: RD| bl ={Da,Bb,Cb1}

b2 ={Da,Bb,Cb2}

b3={Da,Bb,Cb3} This sequenceis hazardous

b4 = {Da,Bb,Cb4}

b5 = {Da,Bb,Ch5}

b6 = {Da,Bb,Ch6} and must be used with caution

[Transaction c: WR|  c0={DaBa,Rc}

Figure19: Retire Held Off by Readsto Same Device, Write Buffer Retired to New Row
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Interleaved Write - Example

Figure 20 shows an example of an interleaved write transac-
tion. Transactions similar to the one presented in Figure 16
are directed to non-adjacent banks of asingle RDRAM. This
alows anew transaction to be issued once every tgg interval
rather than once every tgc 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 pinsarefully utilized. Banks are precharged

using the WRA autoprecharge option rather than the PRER
command in an ROWR packet on the ROW pins.

In this example, the first transaction is directed to device Da
and bank Ba. The next three transactions are directed to the
same device Da, but need to use different, non-adjacent
banks Bb, Bc, Bd so there is no bank conflict. The fifth
transaction could be redirected back to bank Ba without
interference, since the first transaction would have
completed by then (tgc has elapsed). Each transaction may
use any value of row address (Ra, Rb, ..) and column address
(Cat, Caz, Cbi, Cb2, ...).

ToTy T2 T3 T4 Ts Te T7 Tg To Tio TusT12T13T1a T1s T16T17 T1s Tao T20T21 T2z Tos T24Tos Tos Tor 28720 Tao Tan T32Ta3 Taa Tas T3pTa7 Tag Tag T40Ta1 Taz Tag T44Tas Tas Tar

CTM/CFM : 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :
T e Transaction ecan usethe
""" o 'RC v v Coo o 71 samebank astransaction a

ROW2 W IACTaO Wl ACT b0 MXMI ACT c0 MXMX ACT dO WI ACTe0 WI ACT f0 IW

ROWO ) UL UL UL UL U UL
o e—trep = o e——tgr—

COL4 WRz1L | WRAZz2 | WRal YWRA=a2 | WRbL | WRAD2 | WRcl J WRAc2 | WRdl | WRd2 | WRel | WRe
COLO MSK (yD) [MSK (v2) AMSK (zD) LMK (22) M SK (al) MK (32) [MSK (b1) | MSK (52) A MSK (c1) | MSK (c2) [MSK (d1) [MSK (d
Lo e—towp S S S S SR

Transaction y: WR y0 = {Da,Bat+4,Ry}

y1={Da,Ba+4,Cyl} y2={Da,Ba+4,Cy2} y3 ={Da,Ba+4}

Transaction zz WR 20 = {Da,Bat+6,Rz}

z1 = {Da,Ba+6,Cz1} z2= {Da,Bat+6,Cz2} z3 ={Da,Bat+6}

Transaction a: WR a0 = {Da,Ba,Ra} al ={Da,Ba,Cal} a2={Da,Ba,Ca2} a3 ={DaBa}
Transaction b: WR b0 = {Da,Ba+2,Rb} bl={DaBat+2,Chl} b2={Da,Ba+2,Cb2} b3 ={Da,Ba+2}
Transaction c: WR c0 = {Da,Bat+4,Rc} cl ={Da,Bat+4,Ccl} c2= {Da,Ba+4,Cc2} c3={Da,Bat+4}
Transactiond: WR | d0={DaBat6,Rd} | d1={DaBa+6,Cdl} | d2={DaBat+6,Cd2} d3 = {Da,Bat6}
Transaction e WR €0 ={Da,Ba,Re} el ={Da,Ba,Cel} e2={Da,Ba,Ce2} e3={Da,Ba}

Transaction f: WR f0 = {Da,Bat+2,Rf}

f1={Da,Ba+2,Cf1} f2={Da,Ba+2,Cf2} f3={Da,Ba+2}

Figure 20: Interleaved Write Transaction with Two Dualoct Data L ength

Interleaved Read - Example

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

Interleaved RRWW - Example

Figure 22 shows a steady-state sequence of 2-dualoct
RD/RD/WR/WR.. transactions directed to non-adjacent
banks of asingle RDRAM. Thisis similar to the interleaved
write and read examples in Figure 20 and Figure 21 except

that bubble cycles need to be inserted by the controller at
read/write boundaries. The DQ data pin efficiency for the
example in Figure 22 is 32/42 or 76%. If there were more
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 22, the first bubble type tcgygy IS inserted by the
controller between a RD and WR command on the COL
pins. This bubble accounts for the round-trip propagation
delay that is seen by read data, and is explained in detail in
Figure 4. This bubble appears on the DQA and DQB pins as
tpgug1 between awrite data dualoct D and read data dual oct
Q. This bubble also appears on the ROW pins as trgyg1-
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ToTi T2 Ts T4 Ts Te T7 Tg To TioT1iT15T13T1a T1s T16T17 T1s Tao T20T21 T2z T2a T24T25 Tos T27 T 28729 Tao Tar T32Tas Tas Tas TaeTa7 Tas Tao TaoTar Taz TasTaaTas Tas Ta7

CTM/CFM [ [ [ [ [ [ [ [ ] [ [ [ ] [ [ [ ] [ [ [ [ [ [ [ ] [ [ [ ] [ [ [ ] [ [ [ [ [ [ [ ] [ [ [ ] [ [ [ [
I...:.--:t"'w:::: X .. .|/ Transaction ecan usethe
......‘..............\RC\............»samebankastransactiona

O i1 i1k 11 i 10 1

..ROWO U
P €= tgep = L =R

coL4 RD z1 RD 72 RD al RD a2 RD b1 RD b2 RD ¢l RD c2 RD d1 RDd2 RD el RD €2

.COLO PREX y3 PREX z3 PREX a3 PREX b3 PREX ¢3 PREX ¢
e teac T

DQA7..0 Q(x2) Q(y1) Q2 Q(z1) Q(22) Q(a1) Qa2 Q (b1) Q (b2) Q(ch) Q(c2) QL

DQB7..0

Transaction y: RD y0 = {Da,Bat+4,Ry} y1={DaBa+4,Cyl} y2= {Da,Ba+4,Cy2} y3 ={Da,Bat+4}
Transaction zz RD 20 = {Da,Ba+6,Rz} z1 ={Da,Ba+6,Cz1} z2={Da,Ba+6,Cz2} z3={Da,Ba+6}
Transaction a: RD a0 = {Da,Ba,Ra} al ={Da,Ba,Cal} a2={Da,Ba,Ca2} a3 ={Da,Ba}

Transaction b: RD b0 = {Da,Ba+2,Rb} bl={DaBa+2,Cbl} | b2={DaBa+2,Ch2} b3 ={Da,Bat+2}
Transaction c: RD c0 ={Da,Ba+4,Rc} cl ={Da,Ba+4,Ccl} c2={Da,Ba+4,Cc2} c3={Da,Ba+4}
Transaction d: RD d0 = {Da,Ba+6,Rd} dl={DaBa+6,Cdl} | d2={Da,Ba+6,Cd2} d3 ={Da,Ba+6}
Transaction e RD €0 = {Da,Ba,Re} el ={Da,Ba,Cel} e2= {Da,Ba,Ce2} e3={Da,Ba}

Transaction f: RD fO0 ={Da,Ba+2,Rf} f1 ={Da,Ba+2,Cf1} f2={Da,Ba+2,Cf2} f3={Da,Ba+2}

Figure21: Interleaved Read Transaction with Two Dualoct Data L ength

The second bubble type tcgygy is inserted (as a NOCOP
command) by the controller between a WR and RD
command on the COL pins when there is a WR-WR-RD
sequence to the same device. This bubble enables write data
to be retired from the write buffer without being lost, and is

explained in detail in Figure 18. There would be no bubble if
address c0 and address dO were directed to different devices.
This bubble appears on the DQA and DQB pins as tpgyg2
between awrite data dualoct D and read datadualoct Q. This
bubble also appears on the ROW pins as trgyg>-

ToT1 T2 T3 T4 Ts Te T7 Tg To Ti0T1aT12T13T1a T1s T16T17 T1s T19 T20T21 T2z Tos T24T25 Tas T27 T 28T20 Tao Tar T32Tas Taa Tas T36Ta7 Tas Tao Ta0Tar Taz TasTaaTas Tas Ta7

CTM/CFM ' ' ' ' ' ' ' ' ] ' ' ' 1 ' ' ' 1 ' ] ' ' ' 1 ' ' ' 1 ' ' ' ' ' ' ' ] ' ' ' 1
Le'  tom imo . _inl 1 . Transactionecan usethe
(RBUBL |+ 111 RBUB2 —p] | 'same bank s transaction a
ROW2 ACT b0 XWX ACT 0 ACT dO MXM A\%Teo X)O
..ROWO UL ) ) U
b e tegusl L e—tcBUB2 —p
COoL4 Rba2 ||V /[ Wrbt Y WRADZY WRcl Y WRAc2 Y NOCOP Y NOCOP Y _Rbdo
.COLO PREX z3 | || | | AMSK (y2) | PREX a3 fMSK (b1) AMSK (b2) kM SK (c1) A MSK (c2) L
topuen [ BREz i g el
DQA7.0 D2 Mmm Q) Y oe@ Y o@ Y Q@ D®l) Y D(®2 Y D) D (c2) MC\@
DQB7..0 MU AAAANA ,
Transaction y: WR y0 = {Da,Ba+4,Ry} y1={Da,Ba+4,Cyl} y2={Da,Ba+4,Cy2} y3 ={Da,Ba+4}

Transaction zz. RD

20 = {Da,Bat+6,Rz}

z1 ={Da,Ba+6,Cz1}

z2= {Da,Ba+6,Cz2}

z3 ={Da,Bat6}

Transaction a: RD a0 ={Da,Ba,Ra} al ={Da,Ba,Cal} a2={Da,Ba,Ca2} a3 ={Da,Ba}
Transaction b: WR | b0={DaBa+2,Rb} | bl={DaBa+2,Cbl} | b2={DaBat+2,Cb2} b3 = {Da,Ba+2}
Transaction ¢c: WR c0 ={Da,Bat+4,Rc} cl ={Da,Ba+4,Ccl} c2= {Da,Ba+4,Cc2} c3={Da,Bat+4}
Transaction d: RD d0 = {Da,Ba+6,Rd} dl={DaBa+6,Cd1} | d2={Da,Ba+6,Cd2} d3 ={Da,Ba+6}
Transaction e RD €0 ={Da,Ba,Re} el ={Da,Ba,Cel} e2={Da,Ba,Ce2} e3={Da,Ba}

Transaction f: WR

f0 = {Da,Bat+2,Rf}

f1={Da,Bat+2,Cf1}

f2= {Da,Ba+2,Ci2}

f3={Da,Ba+2}

Figure 22: Interleaved RRWW Sequence with Two Dualoct Data L ength
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Control Register Transactions

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

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

scKk Ta T2 T3 Tsp Teg L
(A 0
CMD next transaction
ey Lo ‘ 1
{ (111'1100'001 00000000...00000000 l 00000000...00000000 l 00000000...00000000 l 00000000...00000000 111]! m 0
I I |
soo ||Vl
1

QOO[X SRQ - S\/\(R command l ‘SA l ‘SD l S‘INT 0

! Each packet isrepeated |
Sio1 ‘ ‘ ‘ from SI00 o SIO1 1
OOO[X SRQ - SWR command l SA l SD l SINT

T T T T T T T T T T T T T T T T T 0

Figure23: Serial Write (SWR) Transaction to Control Register

Write and read transactions are each composed of four
packets, as shown in Figure 23 and Figure 24. Each packet
consists of 16 bits, as summarized in Table 16 and Table 17.
The packet bits are sampled on the falling edge of SCK. A
transaction begins with a SRQ (Serial Request) packet. This
packet is framed with a 11110000 pattern on the CMD input
(note that the CMD bits are sampled on both the falling edge
and the rising edge of SCK). The SRQ packet contains the
SOP3..SOP0 (Serial Opcode) field, which selects the trans-
action type. The SDEV5..SDEVO (Serial Device address)
selects one of the 32 RDRAMs. If SBC (Seria Broadcast) is
set, then all RDRAMSs are selected. The SA (Serial Address)

packet contains a 12 hit address for selecting a control
register.

A write transaction has a SD (Serial Data) packet next. This
contains 16 hits of data that is written into the selected
control register. A SINT (Seria Interval) packet is last,
providing some delay for any side-effects to take place. A
read transaction has a SINT packet, then a SD packet. This
provides delay for the selected RDRAM to access the
control register. The SD read data packet travelsin the oppo-
site direction (towards the controller) from the other packet
types. The SCK cycle time will accomodate the total delay.

sck  Ta T2 Ts6 Ts2 Tes
AA KA A AL A4 AL A AL LA A4 AA LA AL 1
WA JUpupuuoy I 0
CMD nelxt trlansliction
|1
TV T
{ (111']*)0'001 00000000...00000000 l 00000000...00000000 l 00000000...00000000 00000000...00000000 l(
T T T addressed RDRAM drives controller drives 0
SIO0 | 0/SD15.5D0/0on SI00 0on SI00 1
SRQ - SRD command l SA l SINT Sh
\ \ \ A 0
s01 ! First 3 packetsare repeated | non<addr RAMs pass
from SIO0to SIO1 0/SD15.:SD0/0 from SI©i.to SIO0 1
1 T
QOQ@ SRQ - SRD command l sA l SINT H Mg T @
1 1 1 1 1 1 1 I I I 1 1 1 1 I I I I I I I I I I I I I I I I | 0

Figure 24: Serial Read (SRD) Transaction Control Register
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KM416RD8AS Direct RDRAM
Control Register Packets

Ty T2
Table 14 summarizes the formats of the four packet types for R R T T
control register transactions. Table 15 summarizes the fields |_| J J J J 0
that are used within the packets. L
Figure 25 shows the transaction format for the SETR, {Xﬂl 00 00000000...00000000

CLRR, and SETF commands. These transactions consist of a } } } } 0

single SRQ packet, rather than four packets like the SWR 1

and SRD commands. The same framing sequence on the SRQ packetl: SETR/CLRRISETE 0

CMD input is used, however. These commands are used T?reoir;agg(;stgegleglled

during initialization prior to any control register read or 1

write transactions. SRQ packet SETR/CLRR/SETF 0
| | | |

Figure25: SETR, CLRR,SETF Transaction

Table 14: Control Register Packet Formats

SCK SO0 or SIO0 or SIO0 or SIO0 or SCK SO0 or SIO0 or SIO0 or SO0 or
Cycle SIo1 SIo1 SIo1 SIo1 Cycle SIo1 SIo1 SIo1 SIo1
for SRQ for SA for SINT for SD for SRQ for SA for SINT for SD
0 rsrv rsrv 0 SD15 8 SOP1 SA7 0 SD7
1 rsrv rsrv 0 Sbh14 9 SOPO SA6 0 SD6
2 rsrv rsrv 0 SD13 10 SBC SA5 0 SD5
3 rsrv rsrv 0 SD12 11 SDEV4 SA4 0 Sbh4
4 rsrv SAl1 0 SD11 12 SDEV3 SA3 0 SD3
5 SDEV5 SA10 0 SD10 13 SDEV2 SA2 0 Sb2
6 SOP3 SA9 0 SD9 14 SDEV1 SA1 0 SD1
7 SOP2 SA8 0 SD8 15 SDEVO SAO 0 Sbo
Table 15: Field Description for Control Register Packets
Field Description
rsrv Reserved. Should be driven as “0” by controller.
SOP3..SOPO 0000 - SRD. Serial read of control register { SA11..SA0} of RDRAM { SDEV5..SDEV0}.
0001 - SWR. Seria write of control register { SA11..SA0} of RDRAM { SDEV5..SDEV0}.
0010 - SETR. Set Reset bit, al control registers assume their reset values.2 16 tgcy o g delay until CLRR command.
0100 - SETF. Set fast (normal) clock mode. 4 tscy ¢y g delay until next command.
1011 - CLRR. Clear Reset bit, all control registers retain their reset values.24 tgoy o g delay until next command.
1111 - NOP. No seria operation.
0011, 0101-1010, 1100-1110 - RSRV. Reserved encodings.
SDEV5..SDEVO Serial device. Compared to SDEVID5..SDEVIDO field of INIT control register field to select the RDRAM to which the transac-
tionisdirected.
SBC Seria broadcast. When set, RDRAMsignore { SDEV5..SDEV0} for RDRAM selection.
SA11..SA0 Serial address. Selects which control register of the selected RDRAM isread or written.
SD15..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. Thisis called “SETR/CLRR Reset”".
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Initialization

SCK

0
1

CMD 00000000...00000000
0
1

SIO0 0000000000000000
The packet isrepeated 0
from SIO0to SIO1 1

Slo1 0000000000000000
0

T

Figure 26: SIO Reset Sequence

Initialization refers to the process that a controller must go
through after power is applied to the system or the system is
reset. The controller prepares the RDRAM sub-system for
normal Channel operation by 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 al the RDRAMs. This is done with
Algorithm InitDev, shown in the opposite 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 alower limit).

First, the SIO0 and SIO1 pin directionality is established
with the sequence in step 1. The controller then resets all
RDRAMSs, using broadcast SETR and CLRR commands
(steps 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 25 for the format of
SETR, CLRR, and SETF transactions. In step 7 the SIO0-to-
SIO1link isbrokenin all RDRAMS, so the controller isonly
talking to the first RDRAM. Also, the SDEVID field is set to
its maximum value. Next, theloop index INDX isinitialized
(step 8). In step 9, the SDEVID field is loaded with the
INDX value, and the SRP bit is set so the next RDRAM
becomes accessible. In step 10, the INDX value is incre-
mented, and in step 11, steps 8 and 9 are repeated for the
remaining RDRAMSs.

Finally, it will be necessary for the controller to force a
200ms pause interval to alow 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.

At this point, Algorithm InitDev is complete and al
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 necessarily be the
same value asthe DEVID register which is used for memory
transactions. The next steps taken by the controller will vary
depending upon the application, so only arough outline can
be given here.

Algorithm InitDev: Assign SDEVID Device Addresses

1. Issue SIO Reset sequence (see Figure 26).

2. Issueone SETR transaction:
*SOP3..SOPO0 = 0010 (SETR command)
*SBC =1 (Broadcast)
«SDEV5..SDEV0 = 000000 (don't care).

3. Wait 16 SCK cycles.

4. Issueone CLRR transaction:
*SOP3..SOP0 = 0011 (CLRR command)
*SBC =1 (Broadcast)

«SDEV5..SDEV0 = 000000 (don't care).

5. Wait 4 SCK cycles.

6.  Issueone SETF transaction:
«SOP3..SOP0 = 0100 (SETF command)
*SBC =1 (Broadcast)
«SDEV5..SDEV0 = 000000 (don't care).

7. Wait 4 SCK cycles.

8.  Issueone register write transaction:
*SOP3..SOPO0 = 0001 (SWR command)
*SBC =1 (broadcast)
«SDEV5..SDEV0 = 000000 (don't care).
*SA11..SA0 = 02114 (INIT control register).
+SD15..SD0 = 401f 15 (SRP<=0, SDEVID<=3f).

9. SetINDX5..INDXO0 to 0000000,. INDX isacounter in the
Controller which acts as aloop index.

10. Issueone register write transaction (SRP<=1, SDEVID<=INDX):
*SOP3..SOPO0 = 0001 (SWR command)
*SBC = 0 (non-broadcast)
*SDEV5..SDEVO = 111111,
*SA11..SA0 = 02114 (INIT control register).
+SD15..SD0 = {05, INDX5, 00000100,, INDX4..INDXO0} .

11.  Increment INDX5..INDXO.
12. Repesat Steps (8) and (9) an additional (N-1) times.

13.  tpayse delay, then tppyxat tponxs delay (to alow DLLsto lock),
then access all banks twice from a precharged state; i.e perform one of
the two following two (broadcast) sequences to each bank of all
RDRAMSs:

a REFA/REFP, REFA/REFP, REFA/REFP or
a REFP, REFA/REFP, REFA/REFP
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Initialization (continued)

In essence, the controller must read all the read-only config-
uration registers of all RDRAMS, it must process this infor-
mation, and then it must write all the read-write registers to
place the RDRAMSs into 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
controller to perform 128 current control operations
(3xCAL, 1xCAL/SAM) and one temperature calibrate oper-
ation (TCEN/TCAL) after reset or after powerdown (PDN)
exit.

There are two classes of 128Mbit RDRAM. They are distin-
guished by the “S28|ECO” hit in the SPD. The behavior of
the RDRAM at initidlization is slightly different for the two
types:

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

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

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

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

Table 16 summarizes the RDRAM control registers. Detail
is provided for each control register in Figure 27 through
Figure 43. 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 zero. The RIMM

SPD Application Note describes additional read-only
configuration registers which are present on Direct RIMMs.

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 16: Control Register Summary

SA11..SA0 | Register Field read-write/ read-only | Description
0216 INIT SDEVID read-write, 6 bits Seria device ID. Device address for control register read/write.
PSX read-write, 1 bit Power select exit. PDN/NAP exit with device addr on DQAS..0.
SRP read-write, 1 bit SIO repeater. Used to 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.
TSQ read-write, 1 bit Temperature sensing output.
DIS read-write, 1 bit RDRAM disable.
02244 TEST34 TEST34 read-write, 16 bits Test register. Do not read or write after SIO reset.
02344 CNFGA REFBIT read-only, 3 bit Refresh bank bits. Used for multi-bank refresh.
DBL read-only, 1 bit Double. Specifies doubled-bank architecture
MVER read-only, 6 bit Manufacturer version. Manufacturer identification number.
PVER read-only, 6 bit Protocol version. Specifies version of Direct protocol supported.
02444 CNFGB BYT read-only, 1 bit Byte. Specifies an 8-bit or 9-bit byte size.
DEVTYP read-only, 3 bit Device type. Device can be RDRAM or some other device category.
SPT read-only, 1 bit Split-core. Each core half isan individual dependent core.
CORG read-only, 6 bit Core organization. Bank, row, column address field sizes.
SVER read-only, 6 bit Stepping version. Mask version number.
04046 DEVID DEVID read-write, 5 bits Device ID. Device address for memory read/write.
04146 REFB REFB read-write, 4 bits Refresh bank. Next bank to be refreshed by self-refresh.
0426 REFR REFR read-write, 9 bits Refresh row. Next row to be refreshed by REFA, self-refresh.
04344 CCA CCA read-write, 7 bits Current control A. Controls g output current for DQA.
ASYMA read-write, 2 bits Asymmetry control. Controls asymmetry of Vg, /V o swing for DQA.
04444 CCB CCB read-write, 7 bits Current control B. Controls |, output current for DQB.
ASYMB read-write, 2 bits Asymmetry control. Controls asymmetry of Vg, /V oy swing for DOB.
0454 NAPX NAPXA read-write, 5 bits NAP exit. Specifieslength of NAP exit phase A.
NAPX read-write, 5 bits NAP exit. Specifies length of NAP exit phase A + phase B.
DQS read-write, 1 bits DQ select. Selects CMD framing for NAP/PDN exit.
04644 PDNXA PDNXA read-write, 13 bits PDN exit. Specifieslength of PDN exit phase A.
04716 PDNX PDNX read-write, 13 bits PDN exit. Specifies length of PDN exit phase A + phase B.
04844 TPARM TCAS read-write, 2 bits tcas.c core parameter. Determines toprp datasheet parameter.
TCLS read-write, 2 bits tcLs.c core parameter. Determines toac and toppp parameters.
TCDLYO read-write, 3 bits tepLyo-c core parameter. Programmable delay for read data.
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Table 16: Control Register Summary

SA11.SA0 | Register Field read-write/ read-only | Description
0494 TFRM TFRM read-write, 4 bits trrM-c Core parameter. Determines ROW-COL packet framing interval.
04a,4 TCDLY1 TCDLY1 read-write, 3 bits tepLy 1-c core parameter. Programmable delay for read data.
04b;6 SKIP AS read, 1 bit Auto Skip.

MSE read-write, 1 bit Manual Skip Enable.

MS read-write, 1 bit Manual Skip.
04c4 TCYCLE TCYCLE read-write, 14 bits tey L datasheet parameter. Specifies cycle time in 64ps units.
04d;6 TEST77 TEST77 read-write, 16 bits Test register. Write with zero after SIO reset.
Odeyq TEST78 TEST78 read-write, 16 bits Test register. Do not read or write after SIO reset.
04f 5 TEST79 TEST79 read-write, 16 bits Test register. Do not read or write after SIO reset.
0804 - Off 5 | reserved reserved vendor-specific Vendor-specific test registers. Do not read or write after SIO reset.

ELECTRONICS
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. . ] Read/write register.
‘ Control Register: INIT ‘ ‘ Address: 02144 ‘ Reset values are undefined except as affected by SIO Reset as noted
below. SETR/CLRR Reset does not affect this register.

151413121110 9 8 7 6 5 4 3 2 1 0

SDE| SDEVID5..0 - Seria Device |dentification. Compared to SDEV5..0
0 |VID|DIS|TSQTENIL SRIPSRINSR|SRP|PSX| Q | SDEVID4.SDEVIDO I serial addressfield of serial request packet for register read/write transac-
tions. This determines which RDRAM is selected for the register read or

' : L—» write operation. SDEVID resetsto 3f;4.

Ly PSX - Power Exit Select. PDN and NAP are exited with (=0) or without (=1) adevice address on the
DQADS..0 pins.

——» SRP- SIO Repeater. Controls value on SIO1; SIO1=S100 if SRP=1, SIO1=1if SRP=0. SRP resets
tol.

L » NAP Self-Refresh. NSR=1 enables self-refresh in NAP mode. NSR can't be set whilein NAP
mode. NSR resetsto 0.

> PDN Self-Refresh. PSR=1 enables self-refresh in PDN mode. PSR can't be set whilein PDN mode.
PSR resetsto 0.

L L ow Power Self-Refresh. LSR=1 enables longer self-refresh interval. The self-refresh supply
current isreduced. L SR resetsto 0.

Temperature Sensing Enable. TEN=1 enables temperature sensing circuitry, permitting the TSQ bit
to be read to determine if athermal trip point has been exceeded. TEN resetsto O.

v

Temperature Sensing Output. TSQ=1 when atemperature trip point has been exceeded, TSQ=0
when it has not. TSQ is available during a current control operation (see Figure 51).

v

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

v

Figure27: INIT Register

Address: 02314 ‘ Read-only register.
1514131211 10 9 8 7 6 5 4 3 2 1 0 REFBIT2..0 - Refresh Bank Bits. Specifies the number of

Control Register: CNFGA ‘

PVERS 0 WVERS.0 — oBLI REFEIT20 ) hank address bits used by REFA and REFP commands.

= 000001 =mmmmmm

Permits multi-bank refresh in future RDRAMS.

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

MVERS..0 - Manufacturer Version. Specifies the manufac-
turer identification number.

v

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

0 - Compliant with version 0.62 and ECO1-ECQO18.

1 - Compliant with version 0.7 and ECO1-ECO38.

210 63 - Reserved.

v

Note: In RDRAMswith protocol version 1 PVER[5:0] = 000001, the
range of the PDNX field (PDNX[2:0] in the PDNX register) may not
belarge enough to specify the location of therestricted interval in
Figure47. In this case, the effective tg, parameter must increase and
norow or column packets may overlap therestricted interval. See
Figure 47 and Table 19.

Figure 28: CNFGA Register
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Target

. ™
KM416RD8AS Direct RDRAM
| Control Register: CNFGB | | Adaress: 02446 | Read-only register.
1514131211109 8 7 6 5 43 2 10 BYT - Byte width. B=1 means the device reads and

s, ol R oYl T writes 9-bit memory bytes. B=0 means 8 bits.

DEVTYP2..0 - Device type. DEVTY P = 000 means
that this device isan RDRAM.

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

===

L » CORGA4..0- Core organization. Thisfield specifies the number of bank (3,
4,5, or 6 hits), row (9, 10, 11, or 12 bits), and column (5, 6, or 7 bits)
address bits. The encoding of thisfield will be specified in alater version of
this document.

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

v

Figure29: CNFGB Register

‘ Control Register: TEST34 ‘ ‘Addreﬁ: 02216‘ ‘ Control Register: DEVID ‘ ‘Addreﬁ: 04016‘
151413121110 9 8 7 6 5 4 3 2 1 0 1514 13121110 9 8 7 6 5 4 3 2 1 0
ooooooooooooooool o|ojo|o|o|o|ofo|O|0]|O DEVID4..DEvmoI
Read/write register. Read/write register.

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

Thisregister are used for testing purposes. It must not Device I dentification register.
be read or written after SIO Reset. DEVID4..DEVIDO is compared to DR4..DRO,

DC4..DCO0, and DX4..DX0 fields for all memory read
or write transactions. This determines which RDRAM
is selected for the memory read or write transaction.

Figure 30: TEST Register Figure 31: DEVID Register
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‘ Control Register: REFB ‘ ‘ Address: 0414 ‘

151413121110 9 8 7 6 5 4 3 2 1 0

000000000000REFB3--REFBO|

Read/write register.

Reset value is zero (from SETR/CLRR).

Refresh Bank register.

REFB3..REFBO is the bank that will be refreshed next
during self-refresh. REFB3..0isincremented after each
self-refresh activate and precharge operation pair.

‘ Control Register: REFR ‘ ‘ Address: 0424 ‘

1514 13121110 9 8 7 6 5 4 3 2 1 0

o(0o|j0|Of0O|O]|O REFR8..REFRO l

Read/write register.

Reset valueis zero (from SETR/CLRR).

Refresh Row register.

REFR8..REFRO is the row that will be refreshed next
by the REFP command or by self-refresh. REFR8..0is
incremented when BR3..0=1111 for the REFA
command. REFRS8..0 is incremented when
REFB3..0=1111 for self-refresh.

Figure 32: REFB Register

Figure 34: REFR Register

‘ Control Register: CCA ‘ ‘ Address: 0434 ‘

151413121110 9 8 7 6 5 4 3 2 1 0

ASYM
o(ofofo|0f0|0|0O],

CCA6..CCAO0

Read/write register.

Reset valueis zero (SETR/CLRR or SIO Reset).
CCAB6..CCAO - Current Control A. Controls the |
output current for the DQA7..DQAO pins.

ASYMAO control the asymmetry of the Vo, /V oy
voltage swing about the V ggp reference voltage for the
DQA7..0 pins.

‘ Control Register: CCB ‘ ‘ Address: 0444 ‘

1514 13121110 9 8 7 6 5 4 3 2 1 0

[sympB
0o(o0(0fO0fOf0|0O|O],

CCB6..CCBO

Read/write register.

Reset valueis zero (SETR/CLRR or SIO Reset).
CCB6..CCBO - Current Control B. Controlsthe o
output current for the DQB7..DQBO pins.

ASYMBO control the asymmetry of the Vo /V oy
voltage swing about the V ggp reference voltage for the
DQB7..0 pins.

Figure 33: CCA Register

Figure 35: CCB Register
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Target
KM416RDSAS Direct RDRAM ™

‘ Control Register: NAPX ‘ ‘ Address: 0454 ‘ Read/write register.
Reset value is undefined
Note - tsoy o e iSteycLer (SCK cycletime).

NAPXAA4..0 - Nap Exit Phase A. Thisfield specifies
[ I ! the number of SCK cycles during the first phase for
’ exiting NAP mode. It must satisfy:

NAPXA4scycLE ® tnapxa MAX
Do not set thisfield to zero.

151413121110 9 8 7 6 5 4 3 2 1 0

0(0|Of0O]| O |pQ NAPX4..0 NAPXA4..0

» NAPX4..0 - Nap Exit Phase A plus B. This field specifies the number of SCK
cycles during the first plus second phases for exiting NAP mode. It must satisfy:

NAPX4 gcycLe ® NAPXA4 ey cLeHNAPXB,MAX
Do not set thisfield to zero.

DQS - DQ Select. Thisfield specifies the number of SCK cycles (0=>0.5
—— » cycles, 1 => 1.5 cycles) between the CMD pin framing sequence and the device
selection on DQ5..0. See Figure 48 - Thisfield must be written with a212 for
this RDRAM.

Figure 36: NAPX Register

| Control Register: PDNXA | | Address 04646 | | Control Register: PDNX | [ Address: 047 |
151413121110 9 8 7 6 5 4 3 2 1 O 1514 13121110 9 8 7 6 5 4 3 2 1 0
0|0]|O0 PDNXA12..0 l o|o|o0 PDNX12..0 l
Read/write register. Read/write register.
Reset value is undefined Reset value is undefined
PDNXAA4..0 - PDN Exit Phase A. Thisfield specifies PDNX4..0 - PDN Exit Phase A plusB. Thisfield spec-
the number of (64sSCK cycl€) units during the first ifies the number of (256-SCK cycle) units during the
phase for exiting PDN mode. It must satisfy: first plus second phases for exiting PDN mode. It must
PDNXA%44 scycLe® tronxAMAX satisfy:
Do not set thisfield to zero. PDNX 2564 scycg® PDNXA®4Y ooy gt
Note - onIy PDNXAS..0 are |mp|efnmted tPDNXB,MAX
Note - tsey o E iSteycLgr (SCK cycletime). Do not set thisfield to zero.
Note - only PDNX2..0 are implemented.
Note - tsey o e iSteycL g1 (SCK cycletime).

Figure 37: PDNXA Register Figure 38: PDNX Register
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| Control Register: TPARM | | Address: 048 |

151413121110 9 8 7 6 5 4 3 2 1 0

olo|o|Ool0O|O|O|O|O| TCcoLYo | TCLS | TCAS

Read/write register.

Reset value is undefined.

TCASL..0 - Specifies the tcas ¢ core parameter in
tCYCLE units. This should be “10” (2 tCYCLE)'

TCLSL..0 - Specifiesthe t) g.¢ core parameter in
tCYCLE units. Should be “10” (2 tCYCLE)'

TCDLYO - Specifiesthe tcp, yq.c core parameter in
tcy oL UNits. This adds a programmable delay to Q
(read data) packets, permitting round trip read delay to
all devicesto be equalized. This field may be written

The equations relating the core parameters to the
datasheet parameters follow:

tcasc=2'teyeLe

telsc=2 teyeLe

tecpsc = LteycLE Not programmable

torrp = tcpsc + tcasc T tesc - 1tevelE
=4-tcycLe
trep = trep-c t 1 teycLe - teLsc
=trep-c - LtcycLE

teac = 3 tevcLe ttoisc * tepLyoc * tepLyic
(see table below for programming ranges)

TCDLYO| tepLyoc |TCDLYL tepivic tcac

V\élth the values “010” (2- tcy oL g) through “101 o o | oo | omes P
( .tCYCLE). 011 | 3tcycle 001 LteyeLe Stevole

011 | 3tcycle 010 | 2teycle 10-teyoLe

100 | 4tcycle 010 | 2teycle Wteyole

101 | Steyce | 010 | 2tevele 12-teycLe

Figure39: TPARM Register

| Control Register: TFRM | | Address: 049y | | Control Register: TCDLY1 | | Address 04ayg |

151413121110 9 8 7 6 5 4 3 2 1 0

ofojofojo|jofjojo|jO0|O|O]|O TFRM3--0|

Read/write register.

Reset value is undefined.

TFRM3..0 - Specifies the position of the framing point
intcy L units. This value must be greater than or
equal to the tpry v N Parameter. Thisis 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. Thisfield may be
written with the values “0111” (7- tcy ¢ ) through
“1010” (10 teycLg)- TFRM isusualy set to the value
which matchesthe largest trep vy Parameter (modulo
4-teycLp) that ispresent in an RDRAM in the memory
SyStem ThUS, if an RDRAM with tRCD,N”N =

11 tcy L g Were present, then TFRM would be
programmed to 7- tcy o g

Figure40: TFRM Register

1514 13121110 9 8 7 6 5 4 3 2 1 0

ofojofofofofofofOfOfO|OfO TCDLYll

Read/write register.

Reset value is undefined.

TCDLY 1 - Specifies the value of the tcp y1.c core
parameter in toy o g UNits. This adds a programmable
delay to Q (read data) packets, permitting round trip
read delay to all devicesto be equalized. Thisfield may
be written with the values “000” (0- tcy ¢ g) through
“010” (2-tcycLp)- Refer to Figure 39 for more details.

Figure4l: TRDLY Register
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Control Register: SKIP ‘ ‘ Address: 04b,4 ‘

151413121110 9 8 7 6 5 4 3 2 1 0

OOOASMSEMSOOOOOOOOOO|

Read/write register (except ASfield).

Reset valueis zero (SIO Reset).

AS - Autoskip. Read-only value determined by
autoskip circuit and stored when SETF serial command
isreceived by RDRAM during initiaization. In figure
58, AS=1 corresponds to the early Q(al) packet and
AS=0 to the Q(al) packet one tcy g later for the four
uncertain cases.

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

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

‘ Control Register: TCYCLE ‘ ‘ Address: 04cg ‘

151413121110 9 8 7 6 5 4 3 2 1 0

0|0 TCYCLE13.TCYCLEO l

Read/write register.

Reset value is undefined

TCYCLE13..0 - Specifies the value of the tcy o g
datasheet parameter in 64ps units. For the toy o g min
of 2.5ns (2500ps), this field should be written with the
value “00027,4" (39- 64ps).

Figure42: SKIP Register

Control Register: TEST77
Control Register: TEST78
Control Register: TEST79

Address: 04d g
Address: 04eq
Address: 04fg

151413121110 9 8 7 6 5 4 3 2 1 0

OOOOOOOOOOOOOOOOI

Read/write registers.

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

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

Figure43: TEST Registers

Figure44: TCYCLE Register
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Power State Management

Table 17 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 state have aratio of
about 1:110, and the relative access | atencies to get read data
have aratio of about 250:1.

PDN state is the lowest power state available. The informa-
tion in the RDRAM coreis usually maintained with self-
refresh; an internal timer automatically refreshes all rows of
all banks. PDN has arelatively long exit latency because the

TCLK/RCLK block must resynchronize itself to the external
clock signal.

NAP state is another low-power state in which either self-
refresh or REFA-refresh are used to maintain the core. See
“Refresh” on page 43 for adescription of the two refresh
mechanisms. NAP has a shorter exit latency than PDN
because the TCLK/RCLK block maintains its synchroniza-
tion state relative to the external clock signal at the time of
NAP entry. Thisimposes alimit (tn_v1) o0 how long an
RDRAM may remain in NAP state before briefly returning
to STBY or ATTN to update this synchronization state.

Table17: Power State Summary

F;):t’g Description Blocks consuming power Z{O;Ag Description Blocks consuming power
PDN Powerdown state. Self-refresh NAP Nap state. Similar to PDN Self-refresh or
except lower wake-up REFA-refresh
latency. TCLK/RCLK-Nap
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 COL TCLK/RCLK Ready for ROW and COL | TCLK/RCLK
packets. ROW demux receiver packets. ROW demux receiver
Sending Q (read data) COL demux receiver Ready for D (write data) COL demux receiver
packets. DQ mux transmitter packets. DQ demux receiver
Core power Core power

Figure 45 summarizes the transition conditions needed for
moving between the various power states. Note that NAP
and PDN have been divided into two substates (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.

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

Oncethe RDRAM isin STBY, it will moveto the
ATTN/ATTNR/ATTNW states when it receives a non-
broadcast ROWA packet or non-broadcast ROWR packet
with the ATTN command. The RDRAM returnsto STBY
from these three states when it receives a RLX command.
Alternatively, it may enter NAP or PDN state from ATTN or
STBY stateswith aNAPR or PDNR command in an ROWR
packet. The PDN or NAP exit sequence involves an optional
PDEV specification and bits on the CMD and SIOO0 pins.

The RDRAM returnsto the ATTN or STBY stateit was
originally in when it first entered NAP or PDN.

An RDRAM may only remain in NAP state for atime
tnLiviT- [t must periodically returnto ATTN or STBY.

The NAPRC command causes a napdown operation if the
RDRAM’s NCBIT isset. The NCBIT isnot directly visible.
It isundefined on reset. It is set by aNAPR command to the
RDRAM, and it is cleared by an ACT command to the
RDRAM. It permits a controller to manage a set of
RDRAMSs in amixture of power states.

STBY state isthe normal idle state of the RDRAM. In this
state all banks and sense amps have usually been left
precharged and ROWA and ROWR packets on the ROW
pins are being monitored. When a non-broadcast ROWA
packet or non-broadcast ROWR packet (with the ATTN
command) packet addressed to the RDRAM s seen, the
RDRAM enters ATTN state (see theright side of Figure 46).
Thisrequires atimetgs during which the RDRAM activates
the specified row of the specified bank. A time

TFRM- tcy L g after the ROW packet, the RDRAM will be
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able to frame COL packets (TFRM isacontrol register field
- see Figure 40). Oncein ATTN state, the RDRAM will
automatically transition to the ATTNW and ATTNR states
asit receives WR and RD commands.

automatic
ATTNR . ATTNW
A automatic A
ol [e of |e
B| | B B| | B
£ £ gl | g
e e e e
dy | @ 3| |3
( atn g
AT« T4 4 tNLIMIy
-
o NAPR «RLXR [ M\
( NAP—A)
PDEV.CMD-+SIO0
NAP
NAPR*RLXR |,
3 NAP-S)
PDEV.CMD+SIO0 \ J
PDNR * RLXR [ M\
| PDN-A)
PDEV.CMD-SIO0
PDN
PDNR*RLXR |,
> PDN-S)
- o o PDEV.CMD-SIO0
= zZ o
= e <
< Z
4 4 4 SETR/CLRR
STBY

Notation:
SETR/CLRR - SETR/CLRR Reset sequence in SRQ packets
PDNR - PDNR command in ROWR packet
NAPR - NAPR command in ROWR packet
RLXR - RLX command in ROWR packet
RLX - RLX command in ROWR,COLC,COLX packets
SIO0 - SIO0 input value
PDEV.CMD - (PDEV=DEVID){CMD=01)
ATTN - ROWA packet (non-broadcast) or ROWR packet
(non-broadcast) with ATTN command

Figure45: Power State Transition Diagram

Oncethe RDRAM isin ATTN, ATTNW, or ATTNR states,
itwill remain there until it isexplicitly returned to the STBY
statewith aRLX command. A RLX command may be given
inan ROWR, COLC, or COLX packet (see the left side of
Figure 46). It isusually given after al banks of the RDRAM
have been precharged; if other banks are still activated, then
the RLX command would probably not be given.

If abroadcast ROWA packet or ROWR 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 goesto STBY.

Figure 47 shows the NAP entry sequence (left). NAP stateis
entered by sending a NAPR command in a ROW packet. A
timeta gy isrequired to enter NAP state (this specification is

provided for power calculation purposes). The clock on
CTM/CFM must remain stable for atime tcp after the
NAPR command.

The RDRAM may bein ATTN or STBY state when the
NAPR command isissued. When NAP stateis exited, the
RDRAM will return to the original starting state (ATTN or
STBY). If itisin ATTN state and a RLXR command is
specified with NAPR, then the RDRAM will returnto STBY
state when NAP is exited.

Figure 47 also shows the PDN entry sequence (right). PDN
state is entered by sending a PDNR command in a ROW
packet. A timetygpisrequired to enter PDN state (this spec-
ification is provided for power calculation purposes). The
clock on CTM/CFM must remain stable for atime tp after
the PDNR command.

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

The RDRAM's write buffer must be retired with the appro-
priate 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 thisisif NAPis entered
with the NSR bit of the INIT register cleared (disabling self-
refresh in NAP). The commands for relaxing, retiring, and
precharging may be given to the RDRAM as late as the
ROPa0, COPa0, and X OPa0 packetsin Figure 47. No broad-
cast packets nor packets directed to the RDRAM entering
Nap or PDN may overlay the quiet window. This window
extends for a time typg after the packet with the NAPR or
PDNR command.

Figure 48 shows the NAP and PDN exit sequences. These
sequences are virtually identical; the minor differences will
be highlighted in the following description.

Before NAP or PDN exit, the CTM/CFM clock must be
stable for atime tg. Then, on afalling and rising edge of
SCK, if thereisa “01” on the CMD input, NAP or PDN state
will be exited. Also, on the falling SCK edge the SIO0 input
must be at a0 for NAP exit and 1 for PDN exit.

If the PSX bit of the INIT register is 0, then adevice
PDEVS5..0is specified for NAP or PDN exit on the DQA5..0
pins. Thisvalueisdriven on therising 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
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PDEV5..0 address packet and exits NAP or PDN when the
wake-up sequence is presented on the CMD wire. The ROW
and COL pins must be quiet at atime tg,/ty, around the indi-
cated falling SCK edge (timed with the PDNX or NAPX
register fields). After that, ROW and COL packets may be
directed to the RDRAM whichisnow in ATTN or STBY
State.

ToTi T2 Ts T4 Ts Te T7 Tg To TioTuiT1pT13Tua T

DQB7.0  LAMAAMAAAMAAMAMAAMMMAN DQB7..0
¢ trs }

Power Power

State | ATTN STBY | State

Figure 49 shows the constraints for entering and exiting
NAP and PDN states. On the |eft side, an RDRAM exits
NAP state at the end of cycle T3. ThisRDRAM may not re-
enter NAP or PDN state for an interval of tyg. The
RDRAM enters NAP state at the end of cycle Tq3. This
RDRAM may not re-exit NAP state for an interval of tyy.
The equations for these two parameters depend upon a
number of factors, and are shown at the bottom of the figure.
NAPX isthevaueinthe NAPX field in the NAPX register.

ToTy Tp Tg TaTs T Ty Tg To TioT1aT12T13 Tia Tas Tae

. ROP=non-broadcast ROWA
i or ROWR/ATTN

. a0 ={d0,b0,r0}

al = {d1b1cl}

: No COL packets may be

placed in thethree

indicated positions; i.e. at
(TFRM - {1.23})tcycLE:

<-rTFRM‘tq'Y E*’

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

(TFRM)*tcycLe
or later.

t
# ‘A COL packet to another
| STBY ATTN device (d1!= d0) is okay at
(TFRM - 4)tcycLe
or earlier.

Figure46: STBY Entry (left) and STBY Exit (right)

ToTi T2 T3 T4 Ts Te T7 Tg To TioTuT1pT13Tua T

ROW?2 X ROP a0 Y restricted | ROP al
.ROWO (NAPR) iy
L e
CoL4 [ coPa0 Yresricted | COP OoL4
.COLO  lLXoPa0 oPal JijijiLi .COLO
DQB7.0  JAMWWWWAMR AW DQBY..0
[—TIasn

Power a Power
Swer | ATTN/STBY 1NAP| Qwer

ToTi T2 Ta TgTs Te T7 Tg To TioTuaT1oTis Ty

a0 = {d0,bO,r0,c0}
- al={d1,b1r1cl}

No ROW or COL packets
directed to device d0 may
overlap therestricted
interval. No broadcast ROW
packetsmay overlap thequiet
interval.

HnpoP|

restricted

P al
XOP al
- . [ R

..... PR
| arTvsTBY® 1PDN |

ROW or COL packetstoa
device other than dO may
overlap therestricted
interval.

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

@The (eventual) NAP/PDN exit will beto the same ATTN/STBY state the RDRAM wasin prior to NAP/PDN entry

Figure47: NAP Entry (left) and PDN Entry (right)

On the right side of Figure 48, an RDRAM exits PDN state
at the end of cycle T5. ThisRDRAM may not re-enter PDN
or NAP state for aninterval of tpg. The RDRAM enters
PDN state at the end of cycle T13. ThisRDRAM 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 isthevaluein
the PDNX field in the PDNX register.
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ToTi T2 T3 T4 Ts Te T7 Tg To T1oT1iT15T13T1a T1s T16Ta7 T1s Tao TooT21 T2z Toa T24Tos Tos Tor T28T29 Tao Tan

Taa Tas T36Ta7 Tas Tag TaoTar Taz Taa T 4aTas Tas Tar

erwern SYRATARAARUAAARARIAANY - AR

- If PSX=1in Init register, then . o e T e T :
ROW?2 NAP/PDN exit is broadca No ROW packetsmay ROP Y restifcted ¥ ROP .
.ROWO (no PDEV field). overlap therestricted interval AL '
L N >
Lo L tealthal
No COL packets may A g \
coL4 overlap therestricted interval m\m\cop rEstridted ‘&X}O:
.COLO t if device PDEV is exiting the X XOP |
Pl NAP-A or PDN-A states X ! L
ot B 11 e 1111 RN filidici
DQB7..0 tce .
< ;:—N DQS=0 e Dot b :
< » DQS=1
scK LT
m e\ e\ e\
CMD 01 ><:>< Effective setup becomes
| tsg=t sg+[PDNXA 64+t scycLe+tronxs Max]-[PDNX ¢ 256+ t scycLgl N
if [PDNX * 256+ t scycrg] < [PDNXA <64+t scycLettppnxemax]- |
SIO0 X
si01 X X >< X D)
< ; (NAT’X)‘t scvcll.E)/ (256~P;3NX°t SCY|CL E) R ‘
Power | X ( d |
State | NAP/PIIZ)N | | | STBIY/ATTITI | | |
DQS=0P DQs=1° ¢ The DQS field must bewritten with “1” for this RDRAM.

aUse 0 for NAP exit, 1 for PDN exit
b Device selection timing slot is selected by DQS field of NAPX register

d Exit to STBY or ATTN depends upon whether RLXR was
asserted at NAP or PDN entry time

Figure48: NAP and PDN Exit

ToTi T2 T3 TaTs Te T7 Tg To TioT1iT12T13T1a T1s T16T17 T1s Tao

To T3 T4 Ts T T7 Tg To Tao T T12T13T1a Tas T16T17 T1g Tag TooT

CTM/CFM

ROW?2
..ROWO

SCK

CMD

s — INyo 1
no entry to NAP or PDN no exit

tnuo= St cycLe + (2*NAPX)t scveLe
tnur=8%cycLe - (05t scycLE)
=234cycLE

if NSR=0
if NSR=1

no entry to NAP or PDN
tpuo=5*tcycLe + (24256 «+PDNX) * t soycLE
if PSR=0
if PSR=1

tpu1=8°tcycLe- (05 tscycLE)
=23tcycLE

Figure49: NAP Entry/Exit Windows (left) and PDN Entry/Exit Windows (right)
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Refresh

RDRAMSs, like any other DRAM technology, use volatile
storage cells which must be periodically refreshed. Thisis
accomplished with the REFA command. Figure 50 shows an
example of this.

The REFA command in the transaction is typically a broad-
cast command (DR4T and DRA4F are both set in the ROWR
packet), so that in all devices bank number Bais activated
with row number REFR, where REFR isacontrol 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 Bais equal
to its maximum value, the RDRAM automatically incre-
ments REFR for the next REFA command.

On average, these REFA commands are sent once every
tree/2BB! T*RBIT (where BBIT are the number of bank
address bitsand RBIT are the number of row address bits) so
that each row of each bank is refreshed once every tger
interval.

The REFA command is equivalent to an ACT command, in
terms of the way that it interacts with other packets (see
Table 10). In the example, an ACT command is sent after
trr to address b0, a different (non-adjacent) bank than the
REFA command.

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

ToT1 T2 Ts TgTs Ts T7 Tg To T1oT1iT12T13T1a Tas T16Ta7 Tas Tao T20T21 T22 T23 T24T25 To6 T27 T 28T 20 Tao Tar T32Tas Tas Tas Ta6Tar

Note that a broadcast REFP command is issued atime tgag
after theinitial REFA command in order to precharge the
refreshed bank in all RDRAMs. After abank isgiven a
REFA command, no other core operations (activate or
precharge) should be issued to it until it receives a REFP.

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

A second refresh mechanism isavailable for usein 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 tree/28B! T*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 addressis equal to the maximum value. This ensures
that no rows are skipped. When a controller returns an
RDRAM to REFA/REFP refresh, it should start with the
minimum bank address value (zero).

a1 Ta2 TagTaaTas Tas Tar

x; IREFAdO }O

(MXM}GD@

CTM/CFM

RORV(\S?NO I(RIEFIA;O W AC'IrbIO M{XXXMXXXMXXX REFIPal

’ !!!!155::!!!Eirtéésiiiiii""“"tRpl—b
nnAnmn

g T T

DQA7..OI i A AN

DOB7..0

i Itllq '/'ZBBIT+RBIT —— X

Transaction a: REFA a0 = {Broadcast,Ba,REFR}

al = {Broadcast,Ba} |  [BBIT =#bank address bits

Transaction b: xx

b0 = {Db, /={Ba,Ba+1,Ba-1}, Rb}

RBIT = #row address bits

Transaction ¢: xx c0={Dc, ==Ba, Rc}

REFB = REFB3..REFBO

Transaction d: REFA

REFR = REFR8..REFR0O

d0 = {Broadcast,Ba+1,REFR}

Figure50: REFA/REFP Refresh Transaction Example
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Current and Temperature Control

Figure 51 shows an example of atransaction which performs
current control calibration. It is necessary to perform this
operation once to every RDRAM in every tccrre interval in
order to keep the | o output current in its proper range.

This example uses four COLX packets with a CAL
command. These cause the RDRAM to drive four calibra-
tion packets Q(a0) atime tcac later. An offset of trptocc
must be placed between the Q(a0) packet and read data
Q(al)from the same device. These calibration packets are
driven on the DQAA4..3 and DQB4..3 wires. The TSQ bit of
the INIT register is driven on the DQAS wire during same
interval as the calibration packets. The remaining DQA and
DQB wires are not used during these calibration packets.
The last COLX packet also containsa SAM command
(concatenated with the CAL command). The RDRAM

ToT1 T2 Ts T4 Ts Te T7 Tg To T10T11T12T13 T1a Tas Ta6T17 Tas Tao T20T21 T2z Tos T24Tos Tos T27T28T20 Tao Tar T32Tas Tas Tas T36Ta7 Tas Tao T

samplesthelast calibration packet and adjustsits |, 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 tcetry /N, whereN is
the number of RDRAMSs on the Channel. The devicefield
Daof the address a0 in the CAL/SAM command should be
incremented after each transaction.

Figure 52 shows an example of atemperature calibration
sequence to the RDRAM . This sequence is broadcast once
every trgpmpinterval to al the RDRAMs on the Channel.
The TCEN and TCAL are ROP commands, and cause the
slew rate of the output driversto adjust for temperature drift.
During the quiet interval trcqu et the devices being cali-
brated can't be read, but they can be written.

2 Ta3Ta4Tas Tas Tar

1 Read datafromthe samedevice 1 1

! ffromalater RD command must !

‘ ‘beat this packet position or \
|ater.
[ [N V)V

ASRSALASASASASASASASASN
Read data from a different
'device from alater RD

' DQA5 of thefirst calibrate packet hasthelnverted TSQ bit of INIT

control register; i.e. logic 0 or high voltage means hot temperature.

When used for monitoring, it should be enabled with the DQA3

CTM/CFM |||||||| ] [ of 1 e e ] [ [
: : : : : :Re&ddétaflron;thésalnel : :Ree;ddétaflron%adliffelrentI I : : : : : :

ROW?2 Wmdwicefmmme&liaRD mdevicefromanearlierRD VaTaatavataVatatatal ‘commandcanbeanywhere

command must be at this command can be anywhere &WM

..ROWO UL UL Upacket position or earlier. W/ Uprior to the Q(a0) packet. i LU LA LR L ‘aﬂertotheQ(aO) packet.
""1"':"""""""tCCTRL

coL4 T A

.COLO | cacao CAL a0 caLa0  Jcaisaniao] [\ |
et b

DQA7..0 Q (a1) Q (20)

DQB7..0
+—treapTOCC >

Transaction a0: CAL/SAM a0 ={Da, Bx}

Transaction al: RD al ={Da, Bx}
Transaction a2: CAL/SAM a2 = {Da+1, Bx}

bit (current control one value) in casethereisno RDRAM present:

HotTemp = DQA5DQA3

Figure51: Current Control CAL/SAM Transaction Example

ToT1 T2 Tg T4 Ts Te T7 Tg To T1oT1iT12T13T1a Tas T16Ta7 Tas Tao T20T21 T2z T3 ToaTos Tog Tor T2gT:

a1 Ta2 TagTaaTas Tas Tar

3 T32Tas Tas Tas TaeTar Tas

::::""‘......::::::::tTEMPw.. ——
ROW?2 TCEN TeaL TV
..ROWO ) :

Lo trcen %}i—tTCAL—PH tToQUIET ————] Lo
oo MU s W@M@O@O@M FHFFRRTN
LCOLO  JULAANMNANANN inthe gap betweenthe ROW | |\ /L )\ LA/ A AU LU T UL

packets with the TCEN and
, TCAL commands.

No read data from devices
being calibrated

Figure52: Temperature Calibration (TCEN-TCAL) Transactionsto RDRAM
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Electrical Conditions

Table 18: Electrical Conditions

Symbol Parameter and Conditions Min M ax Unit
T, Junction temperature under bias 0 920 °C
Vb, Vbpa Supply voltage 2.50 250+0.2 \%
Voo, VoDAaN Supply voltage droop (DC) during NAP interval (ty viT) - 2.0 %
VDD N, VDDA N Supply voltage ripple (AC) during NAP interval (tyy viT) -2.0 2.0 %
Vemos Supply voltage for CMOS pins (2.5V controllers) 250 250+ 0.25 \Y

Supply voltage for CMOS pins (1.8V controllers) 1.80 1.80+0.2 \Y
V1ERM Termination voltage 20-01 20+0.1 \%
VRer Reference voltage 16-0.12 1.6+0.12 \%
VoL RSL datainput - low voltage Vgee- 05 Vgee- 0.3 \%
Vpin RSL datainput - high voltage Vger+ 0.3 Vger + 0.5 \Y
Vpis RSL datainput swing: Vs =Vpy - VpiL 0.6 1.0 \Y
Api RSL dataasymmetry: Ap; = [(Vpix - VRer) + (VoiL - VrReR)Vbis -5 5 %
Vx RSL clock input - crossing point of true and complement signals 15 20 \Y
Vewm RSL clock input - common mode Ve = (VoirtVeiLy/2 16 1.9 \%
Veaisctm RSL clock input swing: Vs = Ve - Ve (CTM,CTMN pins). 0.6 0.70 \%
Vciscem RSL clock input swing: Vs = Ve - Vo (CFM,CEMN pins). 0.6 0.70 \Y
VL cmos CMOS input low voltage -03 Vemog2 - 0.25 \
ViH,cmos CMOS input high voltage Vemog/2 +0.25 Vemost0.3 \%

Timing Conditions
Table 19: Timing Conditions

Symbol Par ameter Min Max Unit Figure(s)
teveLE CTM and CFM cycle times (-800) 25 2.56 ns Figure 53
ter tep CTM and CFM input rise and fall times 0.2 0.5 ns Figure 53
tens oL CTM and CFM high and low times 40% 60% teycLe Figure 53
trr CTM-CFM differential (M SE/MS=0/0) 0.0 0.5 teycLE Figure 42
tbcw Domain crossing window -0.1 0.1 teyoLE Figure 59
tor: toF DQA/DQB/ROW/COL input riseffall times 0.2 0.65 ns Figure 54
tS, tH DQA/DQB/ROW/COL-to-CFM setup/hold @ tCY CLE=2.5ns 0.250 0.250 ns Figure 54
tpRr1, IpF1 SI00, SIO1 input rise and fall times - 50 ns Figure 56
tpRr2, tor2 CMD, SCK input rise and fall times - 2.0 ns Figure 56
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Table 19: Timing Conditions

Symbol Par ameter Min Max Unit Figure(s)
teycLEr SCK cycletime - Serial control register transactions 1000 - ns Figure 56

SCK cycle time - Power transitions 10 - ns Figure 56
teHw toLa SCK high and low times 425 - ns Figure 56
tgy CMD setup time to SCK rising or falling edge? 1 - ns Figure 56
tH CMD hold time to SCK rising or falling edge® 1 - ns Figure 56
ts SIO0 setup time to SCK falling edge 40 - ns Figure 56
th2 SIO0 hold time to SCK falling edge 35 - ns Figure 56
ts3 PDEV setup time on DQAS..0 to SCK rising edge. 0 - ns Figure 48,

Figure 57

ths PDEV hold time on DQAS..0 to SCK rising edge. 55 - ns
tsa ROWS2..0, COL4..0 setup time for quiet window® -1 - teyeLe Figure 48
tha ROW?2..0, COL4..0 hold time for quiet window 5 - teycLe Figure 48
ViL.cMOS CMOS input low voltage - over/undershoot voltage duration isless -0.7 Vemos/2- \Y

than or equal to 5ns 0.6
VIH.CMOS CMOS input high voltage - over/undershoot voltage duration is Vemos/2 Vemos+ \%

less than or equal to 5ns +0.6 0.7
tnpo Quiet on ROW/COL bits during NAP/PDN entry 4 - teycLE Figure 47
trReaDTOCC Offset between read data and CC packets (same device) 12 - teycLe Figure 51
tcCSAMTOREAD Offset between CC packet and read data (same device) 8 - teycLE Figure 51
tee CTM/CFM stable before NAP/PDN exit 2 - tevere Figure 48
tep CTM/CFM stable after NAP/PDN entry 100 - teyeLe Figure 47
trrMm ROW packet to COL packet ATTN framing delay 7 - teycLe Figure 46
tNLIMIT Maximum time in NAP mode 10.0 ns Figure 45
tRer Refresh interval 32 ms Figure 50
teeTrL Current control interval 3AteycLe 100ms msteycLe Figure 51
treEmp Temperature control interval 100 ms Figure 52
treen TCE command to TCAL command 150 - teycLE Figure 52
tread TCAL command to quiet window 2 2 teyeLe Figure 52
treQuiET Quiet window (no read data) 140 - teycLE Figure 52
tpaUSE RDRAM delay (no RSL operations allowed) 200.0 ns page 28

a With V| cmos=0.5V cmos 0.6V and Vy cmos=0.5V cvost0.6V
b. Effective setup becomes tsy * =tgsH{PDNXA G4t soy o) ettponxe max]-[PDNX2564 soy oy gl
if [PDNX 256t 5oy g] < [PDNXA*644 sy e+tepnxe max]- See Figure 48.
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Electrical Characteristics

Table 20: Electrical Characteristics

Symbol Parameter and Conditions Min Max Unit
Qxc Junction-to-Case thermal resistance TBD °C/Watt
IRerF VRrer current @ Vger max -10 10 m
loH RSL output high current @ (0EV oyT1EVpDp) -10 10 m
IaLL RSL I current @ Vo = 0.9V, Vpp min » Tymax? 22 50 mA
DioL RSL I current resolution step - 2.0 mA
fout Dynamic output impedance 100 - W

I cmos CMOS input leakage current @ (0EV, cmosEVemos) -10.0 10.0 m
VoL.cmos CMOS output voltage @ I cmos= 1.0mA - 0.3 \%
VoH.cmos CMOS output high voltage @ lon cmos= -0.25mA Vemos 0.3 - \%

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

Timing Characteristics

Table21: Timing Characteristics

Symbol Parameter Min Max Unit Figure(s)
tQ CTM-to-DQA/DQB output time @ tCYCLE=2.5ns -0.310 +0.310 ns Figure 55
tor toF DQA/DQB output rise and fall times 0.2 0.45 ns Figure 55
to1 SCK-t0-SIO0 delay @ C| pap max = 20pF (SD read packet). - 10 ns Figure 58
torw toFL SIOgyr riseffall @ C oap max = 20pF - 5 ns Figure 58
tprROPL SI00-to-SIO1 or SIO1-to-SIO0 delay @ C pap max = 20pF - 10 ns Figure 58
tNAPXA NAP exit delay - phase A - 50 ns Figure 48
tNAPXB NAP exit delay - phase B - 40 ns Figure 48
tPDNXA PDN exit delay - phase A - 4 ns Figure 48
tPoNXB PDN exit delay - phase B - 9000 teycLE Figure 48
tas ATTN-to-STBY power state delay - 1 teveLe Figure 46
tsa STBY-to-ATTN power state delay - 0 teycLE Figure 46
tasn ATTN/STBY -to-NAP power state delay - 8 teveLe Figure 47
tasp ATTN/STBY -to-PDN power state delay - 8 teycLE Figure 47
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RSL - Clocking
Figure 53 is atiming 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 toy g parameter is measured from the falling
CTM edgeto thefaling CTM edge. Thetg and tey param-
eters are measured from falling to rising and rising to falling
edges of CTM. Thetcg and tcg rise- and fall-time parame-
ters are measured at the 20% and 80% points.

y teycLe v
< t »ie¢ t I
ct cH 4 tcR - tcR
™
£l / \ / Ve
\\ fJ \\ fJ 80%
\ / Vy
V
o 50%
> < / \ -
/ \ / \ rJ \\ rJ \\ 20%
CTMN Ve
[ tcr P [ tcE D
| R
< (cR > < [crR >
CEM
\ / \ / o
\\ f} \\ f} 80%
\ / Vy.
Vem
¢ 50%
> < / \ -
/ \ / \ f/ \\ f/ \\ 20%
CFMN Ve
[ tcF [ tcE D
¢ toL e ten .
» teyeLe .

Figure53: RSL Timing - Clock Signals

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

The ttr parameter specifies the phase difference that may be
tolerated with respect to the CTM and CFM differential
clock inputs (the CTM pair is always earlier).
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KM416RD8AS Direct RDRAM
RSL - Receive Timin g The set/hold window of the sample pointsistg/ty The

sampl e points are centered at the 0% and 50% points of a
Figure 54 is atiming diagram which shows the detailed cycle, measured relative to the crossing points of the falling
requirements for the RSL input signals on the Channel. CFM clock edge. The set and hold parameters are measured
The DQA, DQB, ROW, and COL signals are inputs which at the V rer voltage point of the input transition.
receive information transmitted by a Direct RAC on the The tpr and tpg rise- and fall-time parameters are measured
Channel. Each signal is sampled twice per tcy g interval. at the 20% and 80% points of the input transition.

CEM

N/ N/ \ / \ /[
\/ X \/. X
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/ |\ / \_
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ROW /_\ /_\ /_\
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CcoL
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<
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¢ tpF P

Figure54: RSL Timing - Data Signalsfor Receive
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RSL - Transmit Timing

Figure 55 is atiming diagram which shows the detailed
reguirements for the RSL output signals on the Channel.

The DQA and DQB signals are outputs to transmit informa-
tion that is received by a Direct RAC on the Channel. Each
signal is driven twice per tcy g interval. The beginning

and end of the even transmit window is at the 75% point of
the previous cycle and at the 25% point of the current cycle.
The beginning and end of the odd transmit window is at the

CTM

25% point and at the 75% point of the current cycle. These
transmit points are measured relative to the crossing points
of thefalling CTM clock edge. The size of the actual
transmit window isless than theideal tcy o g/2, asindicated
by the non-zero values of tq \n and tgmax- The tg param-
eters are measured at the V ger voltage point of the output
transition.

Thetgr and tor rise- and fall-time parameters are measured
at the 20% and 80% points of the output transition.

\

\ / Ve
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\ /
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Figure55: RSL Timing - Data Signalsfor Transmit
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CMOS - Receive Timing

Figure 56 is atiming diagram which shows the detailed
requirements for the CMOS input signals .

The CMD and SIOO0 signals are inputs which receive infor-

mation transmitted by a controller (or by another RDRAM'’s
SIO1 output. SCK isthe 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 areteycy g1, teqp @nd tep 1, @l measured at the

50% level. Therise and fall times of SCK, CMD, and SIO0
are tpry and tpgq, measured at the 20% and 80% levels.

The CMD signal is sampled twice per tcyc g1 interval, on
therising edge (odd data) and the falling edge (even data).
The set/hold window of the sample pointsistg;/ty; The
SCK and CMD timing points are measured at the 50% level.

The SIO0 signal is sampled once per tcy cp gq interval onthe
falling edge. The set/hold window of the sample pointsis
tsolto. The SCK and SIO0 timing points are measured at the
50% level.

¢ tpR2 p|
ViH,cmos
ScK \ f
4y, oD 80%
fJ \\ fJ 50%
D ) \ / 20%
—1lcveler \ YA
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Figure56: CMOSTiming - Data Signalsfor Receive
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The SCK clock isalso used for sampling dataon RSL inputs only one RDRAM that isin PDN or NAP will perform the
in one situation. Figure 48 shows the PDN and NAP exit exit sequence.

sequences. If the PSX field of the INIT register is one (see
Figure 27), then the PDN and NAP exit sequences are broad-
cast; i.e. dl RDRAMsthat arein PDN or NAP will perform
the exit sequence. If the PSX field of the INIT register is
zero, then the PDN and NAP exit sequences are directed; i.e.

The address of that RDRAM s specified on the DQA[5:0]
busin the set hold window tss/ty3 around the rising edge of
SCK. Thisis shown in Figure 57. The SCK timing point is
measured at the 50% level, and the DQA[5:0] bussignalsare
measured at the V ggp level.

ViH,cMos
sck\ / \ /
80%

\ / N\ /.
N/ N /.

\ / \ /

ls3-Pre-Ty3-p)

bOAE:0) /\ /\ o

7\
\ /
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L

VREF

\_/ \_/ 20%

Vi

Figure57: CMOSTiming - Device Addressfor NAP or PDN Exit
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CMOS - Transmit Timin g clock-to-output window istgoy min/to1,max. The SCK and
SIO0 timing points are measured at the 50% level. Therise
and fall times of SO0 are tory and tory, Measured at the

20% and 80% levels.

Figure 58 is atiming diagram which shows the detailed
reguirements for the CMOS output signals. The SIO0 signal
is driven once per tcy g1 interval on the falling edge. The
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Figure58: CMOSTiming - Data Signalsfor Transmit
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Figure 58 also shows the combinational path connecting
SIO0 to SIO1 and the path connecting SIO1 to SIO0 (read
data only). The tprop; parameter specified this propagation
delay. The rise and fall times of SIO0 and SIO1 inputs must
be tpr; and tpgq, Measured at the 20% and 80% levels. The
rise and fall times of SIO0 and SIO1 outputs are tor; and
tor1, Measured at the 20% and 80% levels.

RSL - Domain Crossing Window

When read data is returned by the RDRAM, imformation
must cross from the receive clock domain (CFM) to the
transmit clock domain (CTM). The tyg 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 tpcyy is needed in order to describe how

coL C XX XRatX X X

CTM _v \ 4 \ 4 \ 4 _v_

the delay between a RD command packet and read data
packet varies as a function of the ttg vaue.

Figure 59 shows this timing for five distinct values of trg.
Case A (ttr=0) is what has been used throughout this docu-
ment. The delay between the RD command and read data is
tcac: As trr varies from zero to toyc g (Cases A through
E), the command to data delay is (tcac-ttr). When the ttg
value is in the range O to tpcw max, the command to data
delay can also be (tcac-trr-tcycLe)- Thisis shown as cases
A’and B’ (the gray packets). Similarly, when the t g value
isin the range (tcy o e+tocw min) 1O teyer g the command
to data delay can also be (tcac-ttrttcycLe). Thisis shown
as cases D' and E’ (the gray packets). The RDRAM will
work reliably with either the white or gray packet timing.
The delay value is selected at initialization, and remains
fixed thereafter.
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Figure59: RSL Transmit - Crossing Read Domains
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Timing Parameters

Table 22: Timing Parameter Summary

Min
Parameter | Description -40 Max Units Figure(s)
-800

tre Row Cycletime of RDRAM banks -theinterval between ROWA packetswith | 28 - teycLe | Figure 15
ACT commands to the same bank. Figure 16

tras RAS-asserted time of RDRAM bank - the interval between ROWA packet 20 64ns? tcycLe | Figure 15
with ACT command and next ROWR packet with PRER? command to the Figure 16
same bank.

trp Row Precharge time of RDRAM banks - the interval between ROWR packet | 8 - tcycLe | Figure 15
with PRER? command and next ROWA packet with ACT command to the Figure 16
same bank.

tpp Precharge-to-precharge time of RDRAM device - the interval between succes- | 8 - tcycLe | Figure 12
sive ROWR packets with PRER? commands to any banks of the same device.

tRR RAS-to-RAS time of RDRAM device - the interval between successive 8 - tcycLe | Figure 13
ROWA packets with ACT commands to any banks of the same device.

trep RAS-to-CAS Delay - theinterval from ROWA packet with ACT commandto | 8 - tcycLe | Figure 15
COL C packet with RD or WR command). Note - the RAS-to-CAS delay seen Figure 16
by the RDRAM core (trcp.c) isequal to tgep.c = 1 + trep because of differ-
encesin the row and column paths through the RDRAM interface.

tcac CAS Access delay - the interval from RD command to Q read data. The equa- | 8 12 tcycLe | Figure4
tion for tcac isgiven in the TPARM register in Figure 39. Figure 39

tcwp CAS Write Delay (interval from WR command to D write data. 6 6 tcycLe | Figure4

tee CAS-to-CAS time of RDRAM bank - the interval between successive COLC |4 - tcycLe | Figure 15
commands). Figure 16

tpACKET Length of ROWA, ROWR, COLC, COLM or COLX packet. 4 4 tcycLe | Figure3

tRTR Interval from COL C packet with WR command to COL C packet which causes | 8 - tcycLe | Figure 17
retire, and to COLM packet with bytemask.

torrp Theinterval (offset) from COLC packet with RDA command, or from COLC | 4 4 tcycLe | Figure 14
packet with retire command (after WRA automatic precharge), or from COLC Figure 39
packet with PREC command, or from COLX packet with PREX command to
the equivalent ROWR packet with PRER. The equation for toepisgivenin
the TPARM register in Figure 39.

trop Interval from last COL C packet with RD command to ROWR packet with 4 - tcycLe | Figure 15
PRER.

trRTP Interval from last COL C packet with automatic retire command to ROWR 4 - tcycLe | Figure 16
packet with PRER.

a. Or equivalent PREC or PREX command. See Figure 14.

b. Thisisaconstraint imposed by the core, and is therefore in units of ms rather than tcy ¢
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Absolute Maximum Ratings

Table 23: Absolute Maximum Ratings

Symbol Parameter Min Max Unit
V) aBs Voltage applied to any RSL or CMOS pin with respect to Gnd -03 Vppt0.3 \Y
VppaBs VDDA ABS Voltage on VDD and VDDA with respect to Gnd -05 Vpp*+1.0 \Y
Tsrore Storage temperature -50 100 °C

lpp - Supply Current Profile

Table 24: Supply Current Profile

I pp value RDRAM blocks consuming power @ toyc g=2.5ns% Min Max Unit
IpD,PON Self-refresh only for INIT.LSR=0 TBD 300 m
IbD,PONL Self-refresh only for INIT.LSR=1 TBD 4.0 mA
IpbNAP T/RCLK-Nap TBD 6.0 mA
Ipp.sTBY T/RCLK, ROW-demux TBD 120 mA
DD ATTN T/RCLK, ROW-demux, COL-demux TBD 180 mA
IDD,ATTN-W T/RCLK, ROW-demux,COL -demux,DQ-demux,1- WR-SenseAmp,4+- ACT-Bank TBD 575 mA
IDD,ATTN-R T/RCLK, ROW-demux,COL -demux,DQ-mux,1- RD-SenseAmp,4- ACT-Bank b TBD 490 mA

a The CMOS interface consumes power in all power states.
b. This does not include the IOL sink current. The RDRAM dissipates IOL «VOL in each output driver when alogic one is driven.
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Capacitance and Inductance

Figure 60 shows the equivalent load circuit of the RSL and
CMOS pins. The circuit models the load that the device

presents to the Channel.
Pad L
X a1 DQA,DQB,RQ Pin
G
;I R,
Gnd Pin
Pad L,
< N CTM,CTMN,
CFM,CFMN Pin
G
;{ R
Gnd Pin
Pad L cmos
xl SCK,CMD Pin
—— Cicmos
Gnd Pin
Pad Licmos
(] M S100,S101 Pin
—— Cicmossio
Gnd Pin

Figure 60: 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 L, and
capacitance C;, afunction of neighboring pins, these param-
eters are intrinsically data-dependent. For purposes of speci-
fying the device electrical loading on the Channel, the
effective L and C; are defined as the worst-case values over
all specified operating conditions.

L, isdefined as the effective pin inductance based on the
device pin assignment. Because the pad assignment places

each RSL signal adjacent to an AC ground (aGnd or Vdd
pin), the effective inductance must be defined based on this
configuration. Therefore, L, assumes aloop with the RSL
pin adjacent to an AC ground.

C, 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 1O pad capacitance.

Table25: RSL Pin Parasitics

Symbol Parameter and Conditions - RSL pins Min Max Unit
L, RSL effective input inductance - 45 nH
Lo Mutual inductance between any DQA or DQB RSL signals. - 0.2 nH
Mutual inductance between any ROW or COL RSL signals. - 0.6 nH
DL, Differencein L, value between average of CTM/CFM and any - 2.0 nH
RSL pins of asingle device.
C RSL effective input capacitance® 2.0 2.6 pF
Cyo Mutual capacitance between any RSL signals. - 0.1 pF
DC, Differencein C; value between average of CTM/CFM and any - 0.12 pF
RSL pins of asingle device.
R, RSL effective input resistance 4 18 W
a. Thisvalueisacombination of the device 1O circuitry and package capacitances.
Table26: CMOS Pin Parasitics
Symbol Parameter and Conditions- CMOS pins Min M ax Unit
L| cmos CMOS effective input inductance 8.0 nH
Ci cmos CMOS effective input capacitance (SCK,CMD)? 17 21 pF
C| cM0SSIO CMOS effective input capacitance (SIO1, SI00)? - 7.0 pF

a. Thisvalueisacombination of the device 1O circuitry and package capacitances.
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Center-Bonded uBGA Package

Figure 61 shows the form and dimensions of the recom-

mended package for the center-bonded CSP device class.

D R
A B C D E F G H Top -
» T Top Bottom
7 000000000 N DS
5] 000000000 )
s\ 000000000
4 A
s3] 00000000 D
2l 00000000 0O D
1| 00 0000 D
e _
il —a
T o o oo O o o ad J

Figure61: Center-Bonded uBGA Package

‘B\otlom

Table 27 lists the numerical values corresponding to dimen-
sions shown in Figure 61.

Table 27: Center-Bonded uBGA Package Dimensions

Symbol Parameter Min Max Unit

el Ball pitch (x-axis) 1.27 1.27 mm

e2 Ball pitch (y-axis) 1.27 1.27 mm

A Package body length 11.9 12.1 mm
Package body width 11.7 11.9 mm

E Package total thickness - 1.25 mm

E1l Ball height 0.45 0.55 mm

d Ball diameter 0.55 0.65 mm

ELECTRONICS
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| r f Term controller A logic-device which drives the
Glossa yo e S ROW/COL /DQ wires for a Channel of
ACT Activate command from AV field. RDRAMs.
activate To access a row and place in sense amp. CoP Column opcode field in COLC packet.
adjacent Two RDRAM banks which share sense core The banks and sense amps of an RDRAM.
amps (also called doubled banks). CTM,CTMN  Clock pins for transmitting packets.
ASYM CCA register field for RSL Vo /V op. current control Periodic operations to update the proper
ATTN Power state - ready for ROW/COL lou value of RSL output drivers.
packets. D Write data packet on DQ pins.
ATTNR Power state - transmitting Q packets. DBL CNFGB register field - doubled-bank.
ATTNW Power state - receiving D packets. DC Device address field in COLC packet.
AV Opcode field in ROW packets. device An RDRAM on a Channel.
bank A block of 2RBIT2 CBlITgtorage cellsinthe  peviD Control register with device address that is
core of the RDRAM. matched against DR, DC, and DX fields.
BC Bank address field in COLC packet. DM Device match for ROW packet decode.
BBIT glt\lFGA register field - # bank address doubled-bank RDRAM with shared sense amp.
its.
) DQ DQA and DQB pins.
broadcast An operation executed by all RDRAMs. )
o DQA Pins for data byte A.
BR Bank address field in ROW packets. )
) DQB Pins for data byte B.
bubble Idle cycle(s) on RDRAM pins needed ) ) .
because of a resource constraint. DQS NAPX register field - PDN/NAP exit.
BYT CNFGB register field - 8/9 bits per byte. DR,DR4T,DR4F Device address field and packet framing
o fields in ROWA and ROWR packets.
BX Bank address field in COLX packet.
o dualoct 16 bytes - the smallest addressable datum.
c Column address field in COLC packet. ) o
) ) ) DX Device address field in COLX packet.
CAL Calibrate (I, ) command in XOP field. i .
- i field A collection of bits in a packet.
CBIT CNFGB register field - # column address . o
bits. INIT Control register with initialization fields.
CCA Control register - current control A. initialization ~ Configuring a Channel of RDRAMS so
. they are ready to respond to transactions.
ccB Control register - current control B. . .
. . LSR CNFGA register field - low-power self-
CFM,CFMN  Clock pins for receiving packets. refresh.
Channel ROWY/COL/DQ pins and external wires. M Mask opcode field (COLM/COLX packet).
CLRR Clear reset command from SOP field. MA Field in COLM packet for masking byte A.
CMD CMOS pin for initialization/power control. MB Field in COLM packet for masking byte B.
CNFGA Control register with configuration fields. MSK Mask command in M field.
CNFGB Control register with configuration fields. MVER Control register - manufacturer ID.
coL Pins for column-access control. NAP Power state - needs SCK/CMD wakeup.
CcoL COLC,COLM,COLX packet on COL pins. NAPR Nap command in ROP field.
coLc Column operation packet on COL pins. NAPRC Conditional nap command in ROP field.
COLM Write mask packet on COL pins. NAPXA NAPX register field - NAP exit delay A.
column Rows in a bank or activated row in sense NAPXB NAPX register field - NAP exit delay B.
amps have 2CBIT qualocts column storage. i ) )
) o ) NOCOP No-operation command in COP field.
command A decoded bit-combination from a field. ) ) )
] . NOROP No-operation command in ROP field.
COLX Extended operation packet on COL pins.
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NOXOP No-operation command in XOP field. ROWR Row operation packet on ROW pins.

NSR INIT register field- NAP self-refresh. RQ Alternate name for ROW/COL pins.

packet A collection of hits carried on the Channel. RSL Rambus Signaling Levels.

PDN Power state - needs SCK/CMD wakeup. SAM Sample (I ) command in XOP field.

PDNR Powerdown command in ROP field. SA Serial address packet for control register

PDNXA Control register - PDN exit delay A. transactions w/ SA address field.

PDNXB Control register - PDN exit delay B. SBC Serial broadcast field in SRQ.

pin efficiency The fraction of non-idle cycles on a pin. ScK CMOS clock pin.. ‘

PRE PREC,PRER PREX precharge commands. > sorial data packet for Cnlrol register

PREC Precharge command in COP field. SDEV Serial device address in SRQ packet.

precharge  Prepares sense amp and bark for activate.  gpevip INIT register field - Serial device ID.

PRER Precharge command in ROP field. self-refresh  Refresh mode for PDN and NAP.

PREX Precharge command in XOP field. sense amp  Fast storage that holds copy of bank’s row.

PSX INIT register field - PDN/NAP exit. SETF Set fast clock command from SOP field.

PSR INIT register field - PDN self-refresh. SETR Set reset command from SOP field.

PVER CNFGB register field - protocol version. SINT Serial interval packet for control register

Q Read data packet on DQ pins. read/write transactions.

R Row address field of ROWA packet. SI100,S101 CMOS seria pins for control registers.

RBIT CNFGB register field - # row address bits. sop Serial opcode field in SRQ.

RD/RDA Read (/precharge) command in COP field. SRD Serial read opcode command from SOP.

read Operation of accesssing sense amp data. SRP INIT register field - Serial repeat bit.

receive Moving information from the Channel into ~ SRQ Serial request packet for control register
the RDRAM (a serial stream is demuxed). read/write transactions.

REFA Refresh-activate command in ROP field. STBY Power state - ready for ROW packets.

REFB Control register - next bank (self-refresh). SVER Control register - stepping version.

REFBIT CNFGA register field - ignore bank bits SWR Serial write opcode command from SOP.
(for REFA and self-refresh). TCAS TCLSCAS register field - tcag core delay.

REFP Refresh-precharge command in ROP field. TCLS TCLSCAS register field - te 5 core delay.

REFR Control register - next row for REFA. TCLSCAS Control register - tcas and te, s delays.

refresh Periodic operations to restore storage cells. TCYCLE Control register - toyc g delay.

RLX RLXC,RLXRRLXX relax commands. TEST77 Control register - for test purposes.

RLXC Relax command in COP field. TEST78 Control register - for test purposes.

RLXR Relax command in ROP field. TRDLY Control register - trp,y delay.

RLXX Relax command in XOP fidld. transaction aRC(geVgS,FZOL,DQ packets for memory

ROP Row-opcode field in ROWR packet. transmit Moving information from the RDRAM

row 2CBIT dualocts of cells (bank/sense amp). onto the Channel (parallel word is muxed).

ROW Pins for row-access control WR/WRA Write (/precharge) command in COP field.

ROW ROWA or ROWR packets on ROW pins. write Operation of modifying sense amp data.

ROWA Activate packet on ROW pins. XOP Extended opcode field in COLX packet
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