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SAMSUNG Memory

Device

Organization

Product

Density

Power & Refresh

Package Type

Revision

1. SAMSUNG Memory

2. Device
-4 : DRAM

3. Organization
- 16 : x16 bit
- 18 : x18 bit

4. Product
- RD : Direct RAMBUS DRAM

5. Density
- 2: 2M
- 4: 4M
- 8: 8M
-16: 16M

6. Revision
- Blank : 1st Gen.
-A :2nd Gen.

7. Package Type
- C: u-BGA(CSP-Forward)
- D: u-BGA(CSP-Reverse)
-W:WL-CSP
- S : u-BGA For Consumer Package

8. Power & Refresh
- Blank : Normal Power Self Refesh(32m/8K, 3.9us)

-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)

9. tRAC(Row Access Time)
- Blank : for Daisy Chain Sample

-M . 40ns
-K :45ns
-G :53.3ns

-B~D, F, J, L, N~ : Reserved

10. Speed

- DS : for Daisy Chain Sample
- 80 : 800Mbps (400MHz)
- 70 : 711Mbps (356MHz)
- 60 : 600Mbps (300MH2z)
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KM416RDSAS Direct RDRAM

Overview

The Rambus Direct RDRAM' is a general purpose high-
performance memory device suitable for use in a broad
range of applications including computer memory, graphics
video, and any other application where high bandwidth and
low latency are required. [§ SEC KOREA
KM416RD8AS-RK80
The 128Mbit Direct Rambus DRAMs (RDRAN ar S e —e o
extremely high-speed CMOS DRAMs 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. Dire
RDRAM devices are capable of sustained data transfers ai
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 Figure 1: Direct RDRAM Consumer CSP Package
addressed memory transactions. The separate control and

data buses with independent row and column control yieIKey Timing Parameters/Part Numbers
over 95% bus efficiency. The Direct RDRAM's thirty-two
banks support up to four simultaneous transactions.

—

Speed

System oriented features for mobile, graphics and large

memory systems include power management, byte masking.Organization | /O | trac (Row Part Number
Binning| Freq. | Access

MHz | Time) ns

Features 256Kx16x32s? | -RM80 | 800 40 KM416RD8AS-RPM80
. . . . - - C
+ Highest sustained bandwidth per DRAM device SM80 | 800 40 | KMA416RDBAS-S"M80
- 1.6GB/s sustained data transfer rate
- Separate control and data buses for maximized a.The*32¢'designation indicates that this RDRAM core is composed of 32
efficiency banks which use ‘split' bank architecture.
- Separate row and COlU_mn control buses for b.The“R"designation indicates that this RDRAM core uses Normal Power
easy scheduling and highest performance Self Refresh.
- 32 banks: four transactions can take place simul- c.The“S'designation indicates that this RDRAM core uses Low Power Self

taneously at full bandwidth data rates Refresh.

+ 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: 1Kbyte pages and 32 banks, x 16

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

The 128Mbit Direct RDRAMs 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.
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KM416RD8AS Direct RDRAM ™

Pinouts and Definitions (the view looking down on the package as it 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

Table 1 : Pin Assignment (Top View)

7 DQA7 DQA4 CFM CFMN RQ5 RQ3 DQBO DQB4 DQB7

6 Vss DQA5 DQA2 VDDA RQ6 RQ2 DQB1 DQB5 Vss

5 CMD VDD VSS VSSA VDD VSS VDD VDD SIo0

4

3 SCK VSS VDD VSS VSS VDD VSS VSS Slo1

2 VCMOS DQA6 DQAL 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
[ SEC_KOREA
KM416RD8AS-RK80
(] Chip A

For Consumer package, pin #1(ROW 1, COL A)
is located at the Al postion on the top side and the
A1l position is marked by the marker
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Target
Direct RDRAM

Table 2: Pin Description

Signal 110 Type # of Pins Description

S101,S100 110 CMOs? 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 | CMOS? 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 | CMOSs? 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.

Vppa 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..DQAO 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

VREr 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..COLO0 information for column accesses.

DQB7.. 110 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 a logic one and a low voltage is logic zero.
b. All RSL signals are low-true; a low voltage is a logic one and a high voltage is logic zero.
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RQ7..RQ5 or R84..RQO or
DQB7..DQBO ROW2..ROWO CTM CTMN SCK,CMD SI00,SI01 CFM CFMN COL4..COoLO DQA7..DQAO0

84 3¢ ¢¢ % 74 ¢¢ 5, 84

RCLK I R ~ RCLK

1:8 Demux | | 1:8 Demux
| |
TCLK [ [ RCLK
[ Packet Decode | _ _ Control Registers | | Packet Decode |
[ ROWR ROWA | [ COLX | COLC [ com |
114/5*54/9* 64/5%54/5*54/5*6)'/8%8,]'/
ROP DR BR R REFR | power Modes DEVID XOP DX BX COPDC BC C MB MA
AV ‘ ] L M | S
| A4
I Mux Matcl
B! Row Decod PRER I XOP Decode
ACT PREX
Sense Amp DRAM Core
32x64
32x64 512x64x128 32x64
< N, Y VVYyY < Jin Internal DQA Data Path
B\ Bank 0 A

Ve RCLK

1:8 Demux
Write Buffer

D 'I Bank 2 |‘ "
| Bank 13 |
: Bank 14 E::
R Bank 15 P
» W
: Bank 16 E
ca Bank 17 E::
c% Bank 18 E:n
| Bank 29 |
R Bank 30 P
% Bank 31 E:n
L al

wd

1ang a1Mm

xnwaq 8:T

Figure 2: 128 Mbit Direct RDRAM Block Diagram
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General Description 24-bit ROWA (row-activate) or ROWR (row-operation)
packet.
Figure 2 is a block diagram of the 128 Mbit Direct RDRAM. COL Pins: The principle use of these five pins is to

It consists of two major blocks:“aore’ block built from .
banks and sense amps similar to those found in other typesmanage the transfer of data between the DQA/DQB pins and

of DRAM, and a Direct Rambus interface block which the sense amps of the RDRAM. These pins are de-multi-

permits an external controller to access this core at up to p!exed into a'23-b|t CoLC (column-operatlon)'packet and
1 6GBs. either a 17-bit COLM (mask) packet or a 17-bit COLX

) (extended-operation) packet.
Contml Re.QISterS'The CMD, SCK, SI00, and SIO1 ACT Command: An ACT (activate) command from an
pins appear in the upper center of FggRr They are used to

. ; . ROWA packet causes one of the 512 rows of the selected
write and read a block of control registers. These registers . .
) L ) bank to be loaded to its associated sense amps (two 256 byte
supply the RDRAM configuration information to a

controller and they select the operating modes of the device ©"S€ aMps for DQA and two for DQB).

The nine bit REFR value is used for tracking the last PRER Command:A PRER (precharge) command from
refreshed row. Most importantly, the five bit DEVID speci- an ROWR packet causes the selected bank to release its two
fies the device address of the RDRAM on the Channel. associated sense amps, permitting a different row in that
Clocking: The CTM and CTMN pins (Clock-To-Master) \tl):tneliito be activated, or permitting adjacent banks to be acti-

generate TCLK (Transmit Clock), the internal clock used to

transmit read data. The CFM and CFMN pins (Clock-From-RD Command: The RD (read) command causes one of
Master) generate RCLK (Receive Clock), the internal clock the 64 dualocts of one of the sense amps to be transmitted on
signal used to receive write data and to receive the ROW anthe DQA/DQB pins of the Channel.

COL pins. WR Command: The WR (write) command causes a
DQA,DQB Pins: These 16 pins carry read (Q) and write dualoct received from the DQA/DQB data pins of the

(D) data across the Channel. They are multiplexed/de-multiChannel to be loaded into the write buffer. There is also
plexed from/to two 64-bit data paths (running at one-eighth space in the write buffer for the BC bank address and C
the data frequency) inside the RDRAM. column address information. The data in the write buffer is

Banks: The 16Mbyte core of the RDRAM is divided into automatically retired (written with optional bytemask) to one
sixteen b.SMbyte banks, each organized as 512 rows, with of the 64 dualocts of one of .the SEense amps during a subse-
each row containing 64 ’dualocts and each dualoct ' guent COP command. A retire can take place during a RD,

L . . WR, or NOCOP to another device, or during a WR or
containing 16 bytes. A dualoct is the smallest unit of data . . . .
NOCOP to the same device. The write buffer will not retire
that can be addressed.

during a RD to the same device. The write buffer reduces the
Sense AmpsThe RDRAM contains two sets of 17 sense delay needed for the internal DQA/DQB data path turn-
amps. Each sense amp consists of 512 bytes of fast storagaround.

(256 for DQA and 256 for DQB) and can hold one-half of PREC Precharge:The NOP, RDA and WRA

one row of one bank of the RDRAM. The 'sense amp may commands are similar to PREC, RD and WR, except that a
hold any of the 512 half-rows of an associated bank. L
tprecharge operation is scheduled at the end of the data

However, each sense amp is shared between two adjacen transfer. These commands provide a second mechanism for
banks of the RDRAM (except for numbers 0, 15, 16, and : P
performing precharge.

31). This introduces the restriction that adjacent banks may
not be simultaneously accessed. PREX Precharge:After a RD command, or after a WR
command with no byte masking (M=0), a COLX packet may
be used to specify an extended operation (XOP). The most
important XOP command is PREX. This command provides
a third mechanism for performing precharge.

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 pins is to
manage the transfer of data between the banks and the sense
amps of the RDRAM. These pins are de-multiplexed into a
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KM416RD8AS Direct RDRAM
Packet Format The AV (ROWA/ROWR packet selection) bit distinguishes
between the two packet types. Both the ROWA and ROWR
Figure 3 shows the formats of the ROWA and ROWR packet provide a five bit device address and a five bit bank

packets on the ROW pins. Taldl describes the fields which  address. An ROWA packet uses the remaining bits to
comprise these packets. DR4T and DRAF bits are encoded &pecify a nine bit row address, and the ROWR packet uses
contain both the DR4 device address bit and a framing bit the remaining bits for an eleven bit opcode field. Note the
which allows the ROWA or ROWR packet to be recognized use of theé’/RsvX’ notation to reserve bits for future address

by the RDRAM. field extension.
Table 4: Field Description for ROWA Packet and ROWR Packet
Field Description
DRAT,DR4F Bits for framing (recognizing) a ROWA or ROWR packet. Also encodes highest device address bit.
DR3..DRO Device address for ROWA or ROWR packet.
BR4..BRO Bank address for ROWA or ROWR packet. RsvB denotes bits ignored by the RDRAM.
AV Selects between ROWA packet (AV=1) and ROWR packet (AV=0).
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 also shows the formats of the COLC, COLM, and The remaining 17 bits are interpreted as a COLM (M=1) or
COLX packets on the COL pins. Tell describes the fields COLX (M=0) packet. A COLM packet is used for a COLC
which comprise these packets. write command which needs bytemask control. The COLM
packet is associated with the COLC packet from a tigpg t
earlier. An COLX packet may be used to specify an indepen-
dent precharge command. It contains a five bit device
address, a five bit bank address, and a five bit opcode. The
The 23 bit COLC packet has a five bit device address, a fivaCOLX packet may also be used to specify some house-

bit bank address, a six bit column address, and a four bit keeping and power management commands. The COLX
opcode. The COLC packet specifies a read or write packet is framed within a COLC packet but is not otherwise
command, as well as some power management commandsassociated with any other packet.

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

Table 5: Field Description for COLC Packet, COLM Packet, and COLX Packet

Field Description

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

DC4..DCO Device address for COLC packet.

BC4..BCO Bank address for COLC packet. RsvB denotes bits reserved for future extension (controllergjrives 0

C5..C0 Column address for COLC 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, 0=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 DQB?7..0.

DX4..DX0 Device address for COLX packet.

BX4..BX0 Bank address for COLX packet. RsvB denotes bits reserved for future extension (controller'siives 0

XOP4..XOP0O Opcode field for COLX packet. Specifies prechargg,dontrol, and power management functions.
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| To Ty T2 Tz | Tg LR Tio T
CTM/CFM q ‘ l T |_I CTMICEM |_l T T T |—|
L LT LT
1 1
T T
ROW2 |DR4T DR2|BROBR3|RsvR, R8 | R5 | R2 ROW2 |DR4T. DR2| BRO | BR3 |ROP1QROP8ROP5ROP2
| |
ROW1 |DR4F DR1|BR1 BR4|RsvR, R7 | R4 | R1 ROW1 (|DR4F DR1|BR1, BR4 |[ROP9ROP7ROP4ROPI
I I
ROWO |DR3DRO|BR2 RsvBJAV=1] R6 | R3 | RO ROWO {DR3 | DRO| BR2  RsvB|AV=0|ROP6ROP3ROP(Q
I { | | |
C ROWA Packet ) ( ROWR Packet )
| | | | |
‘ TO | Tl | TZ | T3 | To T1 Tp T3 Ty Ts T T7 T To T10T11T12T13 T1a Tis
cwerm ¢ [T [T [TY ]
\ | | | |
| .
DC4| s=1 RsvC| C4 ROW?2 actao YTV PRER co mm
coL4 : ~ROWO 141l 1111
COL3 pes 5, c3 coL4 r‘ > t'PAC!(ET IIIIIIII
-¢ L4 WR bl
: coLo | HHXH HMSK (bl)!PREX dO’
coL2 DC2 |COP]] RsvB, BC2| C2 L : R
1 1 o (R TR O TR R A S |
COL1 DC1 |COPQ BC4 BC1| C1
A I N G
COLO DCO CO;Z C;)PE BC3, BCO| CO
!
( cocpacket )
v Ts 0 Too T T v Tz 0 Tz T Tis
ctmerm ] [T ' ' [T ctmcrm ] ! ' ' [
pigrRinrBianiiy pigrBnriinniliy
l i | l |
CcoL4 | S=#| MA7 | MA5 | MA3 MAL | COoL4 | s=1°| Dx4 [xOP4 RsvB| BX1 |
[ | | [ |
CoL3 | M=1 | MA6 | MA4 | MA2 | MAO | coLs | M=0 | DX3 [xoP3 BX4 | BXO
[ T | | |
coL2 | MB7 | MB4 | MB1 | | coL2 DX2 [xoP2{ BX3 )
| | | | [ I
COL1 | MB6 | MB3 | MBO | | COoL1 DX1 [XOP1] BX2
[ [ [ [ ' |
CoLo I MBS | MB2 | | CcoLo DX0 |XOPQ
[} I
| | I | | 1

2The COLM is associated with a

previous COLC, and is aligned
with the present COLC, indicated

C C

COLM Packet

with the present COLC,

b The COLX is aligned
) indicated by the Start

COLX Packet

by the Start bit (S=1) position.

Figure 3: Packet Formats

bit (S=1) position.
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Field Encoding Summary broadcast operation is indicated when both bits are set.
Broadcast operation would typically be used for refresh and

Table 6 shows how the six device address bits are decodedpower management commands. If the device is selected, the

for the ROWA and ROWR packets. The DR4AT and DR4F DM (DeviceMatch) signal is asserted and an ACT or ROP

encoding merges a fifth device bit with a framing bit. When command is performed.

neither bit is asserted, the device is not selected. Note that a

Table 6: Device Field Encodings for ROWA Packet and ROWR Packet

DRAT DRA4F Device Selection Device Match signal (DM)

1 1 All devices (broadcast) DMis setto 1

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

Table 7 shows the encodings of the remaining fields of t 2 row address comes from an internal register REFR, and
ROWA and ROWR packets. An ROWA packet is speci d REFR is incremented at the largest bank address. The REFP
by asserting the AV bit. This causes the specified row ¢ he(refresh-precharge) command is identical to a PRER
specified bank of this device to be loaded into the assoc tedommand.

SENse amps. The NAPR, NAPRC, PDNR, ATTN, and RLXR commands

An ROWR packet is specified when AV is not asserted. An are used for managing the power dissipation of the RDRAM
11 bit opcode field encodes a command for one of the bankand are described in more detail iPbwer state manage-

of this device. The PRER command causes a bank and its ment ” on page 38. The TCEN and TCAL commands are
two associated sense amps to precharge, so another row oused to adjust the output driver slew rate and they are

an adjacent bank may be activated. The REFA (refresh-actidescribed in more detail iif€urrent and Temperature

vate) command is similar to the ACT command, except the Control’ on page 43.

Table 7: ROWA Packet and ROWR Packet Field Encodings

ROP10..ROPO Field

DM2 AV Name
1019 |8 |7 |6 |5|4]| 3|20

Command Description

0 - O N e e N O e No operation.

1 1 |Row address ACT Activate row R8..R0 of bank BR4..BRO of device and move device to ATTN
1 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 Fig50).

1 0O (1 |0 |1 |O |1 (O [O [x |000 |REFP Precharge bank BR4..BRO of this device after REFA (seed&xf)r

1 0 [x (x |0 |O |0 |[O [1 [x |0O00 |PDNR Move this device into the powerdown (PDN) power state (seed4gur
1 0 |x |x [0 |0 |0 |1 [0 |[x |000 | NAPR Move this device into the nap (NAP) power state (see ETY.

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

1 0 |x |x |x |x [x |x |x |0 |000|ATTN® |Move this device into the attention (ATTN) power state (see Eifbiy.
1 0 |x |x [x |[x |x |x [x |1 |000 |RLXR Move this device into the standby (STBY) power state (see é&#fi)r

1 0O |0|jO0O (0O ]|O 0 [x [001 [ TCAL Temperature calibrate this device (see FegR).

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

1 0 0O [(0|O0O|O|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 packetse$ee Tabl
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 inloag(RQ60@411000).

Page 8 Rev. 0.9 JU|y 1999

ELECTRONICS

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6150386/km416rd8as.html

Target
KM416RDSAS Direct RDRAM ™

Table 8 shows the COP field encoding. The device must be The COLC packet can also specify a PREC command,

in the ATTN power state in order to receive COLC packets.which precharges a bank and its associated sense amps. The
The COLC packet is used primarily to specify RD (read) andRDA/WRA commands are equivalent to combining RD/WR
WR (write) commands. Retire operations (moving data fromwith a PREC. RLXC (relax) performs a power mode transi-
the write buffer to a sense amp) happen automatically. Seetion. See “Power State Managemenbh page 38.

Figure 17 for a more detailed description.

Table 8: COLC Packet Field Encodings

S (Ds(;rgéth(;Sicé COP3..0| Name | Command Description

o |- |- - No operation.

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

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

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..CO0 of bank BC4..BCO of this device.

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

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

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

1 |==(DEVID4..0) 1xxX RLXC Move this device into the standby (STBY) power state (see &#f)r

a." /=" means not equaf,== " 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 specified without consuming control bandwidth on the ROW
M bit is asserted to specify a COLM packet with two 8 bit  pins. It is also used for the CAL(calibrate) and SAM
bytemask fields MA and MB. If the M bit is not assertec 1 (sample) current control commands (8€arrent and

COLX is specified. It has device and bank address fiel: Temperature Contrbbn page 8), and for the RLXX power
and an opcode field. The primary use of the COLX pac smode command (sé®ower State Managemérmn page

to permit an independent PREX (precharge) commanc )88).

Table 9: COLM Packet and COLX Packet Field Encodings

M (Ds);é;tszi(:vice) XOP4..0 Name Command Description

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

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

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

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

0 |==(DEVID4 ..0) Xx10x0 CAL Calibrate (drive)d, current for this device (see Figs1).

0 |==(DEVID4..0) x11x0 CAL/SAM Calibrate (drive) and Sample ( updaig) turrent for this device (see Figb1).
0 |==(DEVID4..0) xxx10 RLXX Move this device into the standby (STBY) power state (see &#&fi)r

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 XORL@alue (100
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Target
KM416RDSAS Direct RDRAM ™

DQ Packet Timing A WR or WRA command will receive a dualoct of write

data D a timedyyp later. This time does not need to include
Figure 4 shows the timing relationship of COLC packets  the round-trip propagation time of the Channel since the
with D and Q data packets. This document uses a specific COLC and D packets are traveling in the same direction.
convention for measuring time intervals between packets: al
packets on the ROW and COL pins (ROWA, ROWR,
COLC, COLM, COLX) use the trailing edge of the packet as
a reference point, and all packets on the DQA/DQB pins (D
and Q) use the leading edge of the packet as a reference
point.

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

An RD or RDA command will transmit a dualoct of read
data Q a timed,c later. This time includes one to five
cycles of round-trip propagation delay on the Channel. The
tcac parameter may be programmed to a one of a range of
values ( 8, 9, 10, 11, or 12\ic_ g)- The value chosen
depends upon the number of RDRAM devices on the
Channel and the RDRAM timing bin. See Fig@® for

more information.

When a D packet follows a Q packet (shown in the right half
of the figure), no gap is needed between them because the
tcwp value is less than the ¢ value. However, , a gap of
tcac -tcwp 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.

ToTy T2 Ts T4 Ts Te T7 Tg To Ti0T11T12T13T1a T1s T1eT17 Tas Tao T2oT21 T2z 24725 T26 T27T28T20 T30 Ta1 T32T33 Taa Tas T36Ts7 Tas Tao TaoT4a1 Taz TasT 44T as Tag Taz

This gap on the COL pins must be inserted by the controller
..... t -t W I A A A
v WR dl ANLTBBAVAVAS(VAT| BT WAV VA

Rone e e I e
COL4 [Wrat T roor YVIV[V TV WW# R Y Y/’
~coto TP }OOC — M e ) .“:“”:“”:““?“‘”?U“:“Y“U.”HYQYM o)
DQA?OI:::::::::D(:lé: :::::::::::'y—’!—n—

- a.
DQB7..0 {Wmm ARART Muquququu AU W:XM roTrTe ooy LA

’ p teac
Figure 4: Read (Q) and Write (D) Data Packet - Timing for gac = 8, 9, 10, 11, or 124y

COLM Packet to D Packet Mapping housekeeping command (this case is not shown). The M bit
is not asserted in an COLX packet and causes all 16 bytes of
Figure 5 shows a write operation initiated by a WR the previous WR to be written unconditionally. Note that a

command in a COLC packet. If a subset of the 16 bytes of RD command will never need a COLM packet, and will

write data are to be written, then a COLM packet is trans- always be able to use the COLX packet option (a read opera-
mitted on the COL pins a timg+g after the COLC packet  tion has no need for the byte-write-enable control bits).
containing the WR command. The M bit of the COLM
packet is set to indicate that it contains the MA and MB
mask fields. Note that this COLM packet is aligned with the
COLC packet which causes the write buffer to be retired.
See Figue 17 for more details.

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

If all 16 bytes of the D data packet are to be written, then no
further control information is required. The packet slot that
would have been used by the COLM packgtitafter the
COLC packet) is available to be used as an COLX packet.
This could be used for a PREX precharge command or for a
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Target
KM416RDSAS Direct RDRAM ™

ToT1 T2 T3 Ty Ts Te T7 Tg To T10T1aT15T13T1a Tus T16T17 T1s T1o T 20721 Taz T2s T2aTas T26 T27T 28720 T30 Ta1 T32Tas Taa Tas T36Ts7 Tas Tao TaoTar Taz TasT 44T as Tas Ta

CTM/CFM o | ' i 1 ' ARURE ' ARURE ' ARURE ' i ' 1 ARURE ' ARURE ' ARURE ' i ' ' IRORE ' i ' ' ' :
ROW?2
..ROWO0
..COLO MUUAANRAAANANR LAAAMSK (a1)
""""""'A"'/'L'
293 U
DQBT7..0 ; ; AN
[Transaction a: WR[ a0 ={4,Ba,Ra} | al={DaBaCal} I~_a3={DaBa} |
( coimpacket ) C D Packet )
| Tz T T To | T Tao T Tz
crwerm Il [T] [TL [T [Temwemi] [T] [T] [T] [T
| | | | | | | | | |
| i I l,’ . s (Y | (Y . ., \1
coLd | MA7 MA5[MA3 MA1 | DQB7 { b7 | DB15| DB23] DB31] DB39! DB47| DBSS | DB63]
1 1 1
| I | /N S Y R R R
CoL3 | M=1|MA6 |MA4 |MA2 MAO | DQB6 | DB6 | DB14] DB22| DB30} DB38| DB46} DB54 DB62 )
. 1 1 1 1 1 1 1 y
| ' | S S R R R
coL2 | MB7 /MB4|MB1 | | : I ! | ! | ! | : |
. 1 1 1 1 1
| | | | | 1 ! 1 ! 1 | 1 |
COoL1 | MB6 MB3|MBO | | DQB1 | pbs1 : DB9 : DBl7: DBZS:DB33: DB41: DB49: DB57 s
) 1 1 1 1 1 1 1 r
| | 1 1 1 1 1 1 1 |
| l 1 1 1 1 1 1 1
CcoLo | MB5 MB2 | | DQBO ¢ peo | DBs | DB16] DB24] DB32] DB40! DBA48] DBSE )
! i
i h 1 1 1
I | 1 i : : 1 1
» . MBO| MB1 MB2 | MB3 y MB4 | MBS | MBS | MB7 |
Each bit of the MB7..MBO field | NN N N
controls writing (=1) or no writing vt [ t- t- [ t- t- [ t- t-
(=0) of the indicated DB bits when | |
the M bit of the COLM packet is one. |'.- et R e eT e - L - MR - N - ~‘|
' 1 1  {
W*fle" M=1, the MA and MB DQA7 i DA7 I DA151 DA231 DA311 DA491 DA47 | DAS5 1 DAG3 !
ields control writing of i 1 1 1 1 1 1 1 |
individual data bytes. I 1 1 i 1 1 1 1 :
When M=0, all data bytes are : : : : : : : {
written unconditionally. DQAG6 | DA6 ; DA14) DA22; DA30, DA38; DA46 | DA54 | DA62 s
. 1 1 1 1 1 1 1 1
r 1 1 1 1 1 1 1 1
' 1 1 1 1 1 1 1 1
H 1 1 1 1 1 1 1 '
. I 1 1 1 1 1 1 1 1
It 1 1 1 1 1 1 1 1
. 1 1 1 1 1 1 1 |
DQAL | DAL | DAY | DA17] DA25} DA33} DA41} DA49 | DASG ;
A
. . I 1 1 1 1 1 1 1 |
Each bit of the MA7..MAQ field DQAO & DA0 I DA8 I DA161DA241 DA321 DA40 I DA48 1 DASE !
controls writing (=1) or no writing i 1 1 1 1 1 1 1 |
(=0) of the indicated DA bits when ' T I 1 I T 1 '
the M bit of the COLM packet is one. | ! : ! . ! ' ! !
» | MAO | MAL | MA2 | MA3 | MA4 { MA5 | MA6 | MA7 s

Figure 5: Mapping Between COLM Packet and D Packet for WR Command

Page 11 Rev. 0.9 JU|y 1999

ELECTRONICS

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6150386/km416rd8as.html

KM416RD8AS

Target
Direct RDRAM ™

ROW-to-ROW Packet Interaction

ToT1 T2 Ts T4 Ts Te T7 Tg To T1oT11T12T13T1a T1s T16T17 T18 T1o

CTM/CFM

TRRDELAY

ROW2
..ROWO

COL4
..COLO

DQA7..0
DQB7..0

[Transaction a: ROP4 a0 = {Da,Ba,Ra} |

[Transaction b: ROPb[ _ b0= {Db,Bb,Rb} |
Figure 6: ROW-to-ROW Packet Interaction- Timing

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
trg restriction applies to the same device with non-adjacent
banks. Cases RR3 and RR4 are illegal (as shown) since bank
Ba needs to be precharged. If a PRER to Ba, Ba+1, or Ba-1
is inserted, grpeLay IS e (tras to the PRER command,

and kpto the next ACT).

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

Cases RR9 through RR12 show a PRER command followed
by an ACT command. In cases RR9 and RR10, there are
essentially no restrictions since the commands are to
different devices or to non-adjacent banks of the same

Figure 6 shows two packets on the ROW pins separated by device. RR10a and RR10b depend upon whether a bracketed

an interval frpeLay Which depends upon the packet
contents. No other ROW packets are sent to banks
{Ba,Ba+1,Ba-1} between pack&t’ and packetb” unless

noted otherwise. TabllO summarizes thgkpg ay Values

for all possible cases.

bank (Ba+-1) is precharged or activated. In cases RR11 and
RR12, the same and adjacent banks must all wafor 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 |xxxx X. X ||tpACKET Figure 11
RR2 ACT Da [Ba |Ra |[|ACT ==Da |/={Ba,Ba+1,Ba-1} X.X [|[trr Figure 11
RR3 ACT Da |(Ba |Ra ||ACT ==Da |=={Batl,Ba-1} X..X ||trc- illegal unless PRER to Ba/Ba+1/Ba-1 Figure 10
RR4 ACT Da |(Ba |Ra ||ACT ==Da |=={Ba} X..X ||trc- illegal unless PRER to Ba/Ba+1/Ba-1 Figure 10
RR5 ||ACT Da |Ba |Ra [|[PRER [/=Da |xxxx X..X ||tpacKET Figure 11
RR6 ACT Da |Ba |Ra [|PRER |[==Da |/={BaBa+l,Ba-1} X.X ||tpaCKET Figure 11
RR7 ACT Da [Ba |Ra [[PRER |==Da |=={Ba+l,Ba-1} 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 |Xxxx X.X ||thackET Figure 12
RR10 ||PRER |Da |Ba |Ra [|ACT |==Da |/={Ba,Ba+-1,Ba+2} |x.X ||tpackeT Figure 12
RR10a||PRER (Da |Ba |Ra |[|ACT ==Da |=={Bat2} X.X |[tpackeT/trpif Bat+l is precharged/activated.

RR10b||PRER |Da |Ba |Ra [|ACT |==Da |=={Ba-2} X.X ||tpackeT/trpif Ba-1 is precharged/activated.

RR11 [|PRER |(Da |Ba |Ra |[[ACT ==Da |=={Ba+l,Ba-1} X.X ||trp Figure 10
RR12 ||PRER [Da |Ba |Ra [|ACT |==Da |=={Ba} 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 |/={Ba,Ba+1,Ba-1} X.X ||[tpp Figure 12
RR15 ||PRER [Da |Ba |Ra |[|PRER |==Da |=={Bat1,Ba-1} X.X ||tpp Figure 12
RR16 [|PRER |[Da |Ba |Ra |[PRER |==Da |==Ba X.X ||tpp Figure 12
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Target

. ™
KM416RD8AS Direct RDRAM
ROW-to-ROW Interaction - contin- Cases RC1 through RC5 summarize the rules when the
ued ROW packet has an ACT command. Figiis and

Figure 16 show examples of RC5 - an activation followed by

Cases RR13 through RR16 summarize the combinations of® read or write. RC4 is an illegal situation, since a read or
two successive PRER commands. In case RR13 there is nd'fté of a precharged banks is being attempted (remember
restriction since two devices are addressed. In RRp4,t ~ that for abank to be activated, adjacent banks must be.
applies, since the same device is addressed. In RR15 and Precharged). In cases RC1, RC2, and RC3, there is no inter-
RR16, the same bank or an adjacent bank may be given action of the ROW and COL packets.

repeated PRER commands with only therestriction.

Two adjacent banks carfe activate simultaneously. A ToTi T2 Ts TaTs To T7 TgTo TioTuT1aTas Taa Tus TagTur Tis Tro ™
precha}rge command to one bank will thus affect the stgte OfCTM/CFM
the adjacent banks (and sense amps). If bank Ba is activate

and a PRER is directed to Ba, then bank Ba will be

precharged along with sense amps Ba-1/Ba and Ba/Ba+1. ifROW2

bank Ba+1 is activate and a PRER is directed to Ba, then ROWO
bank Ba+1 will be precharged along with sense amps
Ba/Ba+1 and Ba+1/Ba+2. If bank Ba-1 is activate and a COL4
PRER is directed to Ba, then bank Ba-1 will be precharged ~COLO
along with sense amps Ba/Ba-1 and Ba-1/Ba-2.
DQA7..0
A ROW packet may contain commands other than ACT or DQB7..0 |
PRER. The REFA and REFP commands are equivalent to [ Transaction a: ROPa| a0 ={Da,Ba,Ra} |
ACT and PRER for interaction analysis purposes. The inter- [ Transaction b: COPb | b1~ {Db,Bb.Cb1} |

action rules of the NAPR, NAPRC, PDNR, RLXR, ATTN, Figure 7: ROW-to-COL Packet Interaction- Timing
TCAL, and TCEN commands are discussed in later sections

(see Tak# 7 for cross-ref). Cases RC6 through RC8 summarize the rules when the
ROW packet has a PRER command. There is either no inter-
ROW-to-COL Packet Interaction action (RC6 through RC9) or an illegal situation with a read

or write of a precharged bank (RC9).
Figure 7 shows two packets on the ROW and COL pins.
They must be separated by an intergalgg ay Which
depends upon the packet contents. &atllsummarizes the
trcpeLay Values for all possible cases. Note that if the COL
packet is earlier than the ROW packet, it is considered a
COL-to-ROW packet interaction.

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

Figure 14.

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

Case #||ROPa | Da Ba Ra COPb Db Bb Cb1 ||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 |/={Ba,Bat+l,Ba-1} |x..x ||0

RC4 ACT Da Ba Ra RD,retire ==Da |=={Batl,Ba-1} 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 |/={Ba,Ba+l,Ba-1} |x..x ||0

RC9 PRER |Da Ba Ra RD,retire ==Da |=={Batl,Ba-1} x.x |[[lllegal
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Target

. ™
KM416RD8AS Direct RDRAM
COL-to-COL Packet Interaction CC2, CC4, and CC5, there is no restrictifcfe ay IS
tco)-
In cases CC6 through CC10, COPb is a WR command and
ToTy T2 Ta Ty Ts Te T7 Tg To T1oT1T12T13T1a Tas T16T17 T1g Tao COPc is a RD command. Tr@ctDELAY value needed

between these two packets depends upon the command and
address in the packet with COPa. In particular, in case CC6
when there is WR-WR-RD command sequence directed to
the same device, a gap will be needed between the packets
" with COPb and COPc. The gap will need a COLC packet

+ CCDELAY  J————— with a NOCOP command directed to any device in order to

coL4 {COPB alx COPb bl mmjvl COPccl m}{m force an automatic retire to take place. Fegl8 (right)

provides a more detailed explanation of this case.

In case CC10, there is a RD-WR-RD sequence directed to
the same device. If a prior write to the same device is unre-

Transaction a CoPa | al= [DaBacall tired when COPa is issged, then a gap will be qeeded
Transaction b: COPb | b1 = {Db,Bb,Cb1} between the packets with COPb and COPc as in case CC6.
Transaction ¢: COPc | ¢l = {Dc.Be.Ccl} The gap will need a COLC packet with a NOCOP command
Figure 8: COL-to-COL Packet Interaction- Timing directed to any device in order to force an automatic retire to
take place.

Figure 8 shows three arbitrary packets on the COL pins.

. Cases CC7, CC8, and CC9 have no restricti is
Packetsb” and“c’ must be separated by an interval v ictigarlELay |

. tco)-
tcepeLay Which depends upon the command and address cd
values in all three packets. Talll2 summarizes the For the purposes of analyzing COL-to-ROW interactions,
tccpeLay Values for all possible cases. the PREC, WRA, and RDA commands of the COLC packet

. ., are equivalent to the NOCOP, WR, and RD commands.
C‘?‘Ses CC1 through CC5 summarize the rules for every SltuThese commands also cause a precharge operation PREC to
ation other than the case when COPb is a WR command and

COPc is a RD command. In CC3, when a RD command is take place. This precharge may be converted to an equiva-

lent PRER command on the ROW pin ing the rul
followed by a WR command, a gap it -tcywp must be seummarizegci)n Fiau;jlz e ROW pins using the rules
inserted between the two COL packets. See Eiguor 9 ’
more explanation of why this gap is needed. For cases CC1,

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 [X.x [[NOCOP [Db |Bb |Cbl [{xxxx XXXXX | XX | XX ||tec

CC2 XXXX XXXXX [ X.X |[X.X ||[RDWR |Db [Bb |Cbl||[NOCOP |xxxxx [X.X |X.X ||tcc

CC3 XXXX XXXXX | X.X [X.X ||RD Db |Bb |[Cbl||WR XXXXX | X..X X.X |[tccttcac -tewp Figure 4
CC4  ||xxxx XXXXX | X.X [ X.X [[RD Db [Bb |Cbl||RD XXXXX | XX [ XX [|tec Figure 15
CC5 XXXX XXXXX [ X.X | X.X ||WR Db [Bb |Cbl||WR XXXXX [ XX | XX ||tee Figure 16
CC6 ||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 ||[tcc

CCs 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 |[tcc
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KM416RD8AS

Target
Direct RDRAM ™

COL-to-ROW Packet Interaction

ToTiTo T3 T4 Ts T T7 Tg To TioTuaT1oT13T1aTas T16T17 T1s Tae

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

Figure 9: COL-to-ROW Packet Interaction- Timing

Case CR4 is illegal because an already-activated bank is to
be re-activated without being precharged Case CR5 is illegal
because an adjacent bank’'the activated or precharged
until bank Ba is precharged first.

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

Likewise, in case CR7, the COLC packet causes an auto-
matic retire to take place, and the ROW packet contains a
PRER command for the same bank. Thg-tparameter
specifies the required spacing.

Case CR8 is labeleétHazardousbecause a WR command
should always be followed by an automatic retire before a
precharge is scheduled. Figur9 shows an example of what
can happen when the retire is not able to happen before the
precharge.

For the purposes of analyzing COL-to-ROW interactions,
the PREC, WRA, and RDA commands of the COLC packet

Figure 9 shows arbitrary packets on the COL and ROW pins.are equivalent to the NOCOP, WR, and RD commands.

They must be separated by an interg@ge ay Which
depends upon the command and address values in the
packets. Talel 13 summarizes thegpg ay Value for all
possible cases.

Cases CR1, CR2, CR3, and CR9 show no interaction

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

between the COL and ROW packets, either because one ofPRER. The REFA and REFP commands are equivalent to
the commands is a NOP or because the packets are directedCT and PRER for interaction analysis purposes. The inter-

to different devices or to non-adjacent banks.

action rules of the NAPR, PDNR, and RLXR commands are
discussed in a later 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.x /= Da XXXX X..X 0
CR3 RD/WR Da |[Ba [Cal |[|x..x ==Da /= {Ba,Ba+1,Ba-1} | x..x 0
CR4 RD/WR |Da |Ba |[Cal |[|ACT ==Da |=={Ba} x.x ||lllegal
CR5 RD/WR |Da |Ba |[Cal |[|ACT ==Da |=={Batl,Ba-1} X..X lllegal
CR6 RD Da |[Ba |Cal ||[PRER ==Da |=={Ba,Ba+l,Ba-1}|x..x ||trpp Figure 15
CR7 retireé® Da |[Ba |Cal ||[PRER ==Da |=={BaBatlBa-1}|x.x ||trTp Figure 16
CR8 WRP Da |Ba |Cal ||PRER ==Da |=={Ba,Bat+l,Ba-1}|x..x 0 Figure 19
CR9 XXXX Da |Ba |[Cal ||[NOROP [xxxxx XXXX X..X 0
a.This is any command which permits the write buffer of device Da to retire (se=8)atia’ 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 prechargede $8e Figur
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KM416RD8AS

Target
Direct RDRAM ™

ROW-to-ROW Examples

between ACT commands to the same bank must also satisfy
the ¢ timing parameter (RR4).

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

packet spacings from Tahl0. 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 thegas and gp timing parameters, the separation

CTM/CFM

ROW?2
..ROWO

COL4
..COLO

DQA7..0
DQB7..0

rules

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

e trag
e g — Y

T2 T3 T4 Ts T T7 Tg To Ty

a0 = {Da,Ba,Ra}

Same Device Adjacent Bank RR7 al = {Da,Ba+1}
Same Device Adjacent Bank RR3 b0 = {Da,Ba+1,Rb}
Same Device 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

-

T11T12T13 T1afT15 T16T17 T1s T1o T20T21 To2 Tos T2aTos T TorT28T4e T

sSl=E==

Figure 10: Row Packet Example

0 Ta1 T32T33 Taa Tas T36Ta7 Tas Tao 140741 Taz TazTaaTas Tag Tar

Figure 11 shows examples of the ACT-to-ACT (RR1, RR2) the same or adjacent banks or unless they are a similar

and ACT-to-PRER (RR5, RR6) command spacings from

Table 10. In general, the commands in ROW packets may besame device.
spaced an intervabicket apart unless they are directed to

ROW?2
..ROWO

COL4
..COLO

DQA7..0
DQB7..0

tpACKET |

command type (both PRER or both ACT) directed to the

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}
To .T] T2 .Ta .T4.75 Te T7 .Ta ‘T11.T12IT13 T”.Tlﬁ.qu’TU.T15.Tlg.TZ(.)Tzl.TZZ.TZB.TZf ‘T27.TZB.T29.T3°.T31.T32.T33 TaAITaslTag Tag.TA(I)TAilTAQITAalT41{745 TASITMI
g [ e T ' .
ACT a0 ACT b0 PRER c0

O<X ACT a0

PRER b0 @

i AT

' tPACKET |«

tpACKET |«

WMWWWWMW@MM@O@MMGMW

Figure 11: Row Packet Example
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Target
KM416RDSAS Direct RDRAM ™

Figure 12 shows examples of the PRER-to-PRER (RR13, spaced an intervabjcket apart unless they are directed to
RR14) and PRER-to-ACT (RR9, RR10) command spacingsthe same or adjacent banks or unless they are a similar
from Tabk 10. The RR15 and RR16 cases (PRER-to-PRERcommand type (both PRER or both ACT) directed to the
to same or adjacent banks) are not shown, but are similar teame device.

RR14. In general, the commands in ROW packets may be

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

ToTifT2 Ts T4 Ts|Te T7 Tg T11T127 1314 T1s T16T17 T1s Tio T20T21 T22 Tos Tox T27T28T20 T30 Ta1 T32T33[Ta4 Tas Tae Tao TaoTa1 Taz TaaTaaT4s|T 46 Ta7

erwer (VAR JUMMAAARRRAAAAL - JUAARRAAAY  VARRAAAY

I T T S B A R

R'(.DF\Q/\C/)%NO ( PRER a0 PRER b0 @ (M PRER a0 me PRER c0 X} O<x PRER a0 ACT bo @ (XX PRER a0f ACT cO

tpaCKET [€—Cp| 1 [ tpp == | TPACKET[€—=p|  lPACKET [

..COLO il - Al
DOB7..0 LA . | | | . W

Figure 12: Row Packet Examples

Row and Column Cycle Description and write operations are also performed during #g fn

- trep,min interval (if more than about four column opera-
Activate: A row cycle begins with the activate (ACT) opera- tions are performed, this interval must be increased). The
tion. The activation process is destructive; the act of sensingrecharge operation requires the intervglp jfyy to
the value of a bit in a baiskstorage cell transfers the bit to complete.
the sense amp, but leaves the original bit in the storage ceAI

. . djacent Banks: An RDRAM with an “s” designation
with an incorrect value.

(256Kx32sx16) indicates it contain®plit banks. This
Restore: Because the activation process is destructive, aneans the sense amps are shared between two adjacent
hidden operation called restore is automatically performedbanks. The only exception is that sense amp 0 and sense amp
The restore operation rewrites the bits in the sense amp bafk 15, 16, and 31are not shared. When a row in a bank is acti-
into the storage cells of the activated row of the bank. vated, the two adjacent sense amps are connected to (associ-

Read/Write: While the restore operation takes place, theateoI with) that bank and are not available for use by the two

sense amp may be read (RD) and written (WR) usin dJa(r;‘ent t()janlg'sl. ;Lhesel tvtvod gdja;:ent b;nks ?:l_JtSt rimelm
column operations. If new data is written into the sense am rechargea while the selected bank goes through its activate,

it is automatically forwarded to the storage cells of the bankrestore, read/write, and precharge operations.

so the data in the activated row and the data in the sense ampr example (referring to the block diagram of Fegyy, if
remain identical. 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

Precharge:When both the restore operation and the colum .
119 P r]oaded into each sense amp from the 1Kbyte row - 256 bytes
operations are completed, the sense amp and bank are

precharged (PRE). This leaves them in the proper state tt8 the DQA side gnd .256 bytes to the DQB side). While this

begin another activate operation. row from bank 5 is being accessed, no rows may be accessed
in banks 4 or 6 because of the sense amp sharing.

Intervals: The activate operation requires the interval

trcp,min to complete. The hidden restore operation requires

the interval gas min - trep,min 10 complete. Column read
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Precharge Mechanisms tras after the ACT command, and a tingg before the next
ACT command. This timing will serve as a baseline aginst

Figure 13 shows an example of precharge with the ROWR which the other precharge mechanisms can be compared.
packet mechanism. The PRER command must occur a time

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

ToTi T2 T3 Ty Ts T6 T7 Tg To T10T11T15T13T1a Tus T16T17 T1s T1o T20T21 To2 T2g T24Tos T26 T27T 28T 20 Ta0 Ta1 T32Ta3 Tas Tas TagTa7 Tas Tao TaoTar Taz TagT a4Tas Tas Ta

ctMICEM LI ELEL LD ELELLLEL R ELEL L ELELVLEL L L EL VL L L L ELEL L EL ELEL L L ELFLELEL L EL L L :

ROW?2
..ROWO

coL4 T
Tote WL
DQA7..0  {YVV
DQB7..0 Oﬂm@@@

Figure 13: Precharge via PRER Command in ROWR Packet

Figure 14 (top) shows an example of precharge with a RDAthe WR command unless the second COLC contains a RD
command. A bank is activated with an ROWA packet on theeommand to the same device. This is described in more
ROW pins. Then, a series of four dualocts are read with R@etail in Figue 17.

commands in COLC packets on the COL pins. The fourth ofzigure14 (bottom) shows an example of precharge with a

thes_e commands is a RDA, Wh'.Ch causes the pan o aUtE;REX command in an COLX packet. A bank is activated
matically precharge when the final read has finished. The

. . . . . ith an ROWA packet on the ROW pins. Then, a series of
timing of this automatic precharge is equivalent to a PRE our dualocts are read with RD commands in COLC packets
command in an ROWR packet on the ROW pins that is P

offset a time ¢grp from the COLC packet with the RDA prlIJEZsCaaLCFC);E; TahciettO:vrittE Zf Pt;TES; cc(:)glr_n(;nzaciﬁit:
command. The RDA command should be treated as a RB P )

. . causes the bank to precharge with timing equivalent to a
command in a COLC packet as well as a simultaneous (b . :
offset) PRER command in an ROWR packet when analyzinngRER command in an ROWR packet on the ROW pins that

interactions with other packets. % offset a timedgepfrom the COLX packet with the PREX
command.

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 commands is a WRA,

which causes the bank to automatically precharge when the

final write has been retired. The timing of this automatic

precharge is equivalent to a PRER command in an ROWR

packet on the ROW pins that is offset a tirgedpfrom the

COLC packet that causes the automatic retire. The WRA

command should be treated as a WR command in a COLC

packet as well as a simultaneous (but offset) PRER

command in an ROWR packet when analyzing interactions

with other packets. Note that the automatic retire is triggered

by a COLC packet a timgtr after the COLC packet with
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( COLC Packet: RDA Precharge Offset)

ToTi T2 T3 Ty Ts Te T7 Tg To T10T1aT15T13T1a Tus T16T17 T1s T1o T20T21 T2z T2s T24Tas T26 T27T 28720 T30 Ta1 T32Ta3 Taa Tas T36Ta7 Tas Tao TaoTar Taz TasT 4aTas Tas Ta7

CTM/CFM |||||||||||||||||||||||||||||||||||||||||||||||||
! The RDA precharge is equivalent to a PRER command here | ! ! ' ' ! borononn b nonbn e
ROW2 ' AR Y PRER a5
ROWO

toFFP + + v v v Vo

08 o VT ey

[Transaction a: RD] a0 = {Da,Ba,Ra} | al={Da,Ba,Cal} | a2={Da,BaCa2} |

| a3={Da,Ba,Ca3} | a4 ={Da,Ba,Ca4} | a5 = {Da,Ba} |

(COLC Packet: WDA Precharge Offset)

ToT1 T2 T3 Ty Ts To T7 Tg To T10T11T15T13T14 Tus T16T17 T1s T1o T20T21 Toz T2s T2aTas T26 T27T 287 20 T30 Ta1 T32Ts3 Taa Tas T36Ta7 Tas Tao TagTar Taz TasT44Tas Tag Ta7

ROW?2

[Transaction a: WR] a0 = {Da,Ba,Ra} | al={Da,Ba,Cal} | a2={Da,Ba,Ca2} | a5 ={Da,Ba} |

(COLX Packet: PREX Precharge Offse)

ToT1 T2 T3 T4 Ts To T7 Tg To T10T1aT15T13T1a Tus T16T17 T1s T1o T20T21 To2 T2s T2aTas To6 T27T 287 20 T30 Ta1 T32Ts3 Taa Tas T36Ta7 Tas Tao TagTar Taz TasT44Tas Tag Ta7

@ | @ | e@ mwmmm T

Transaction a: RD] a0 = {Da,Ba,Ra} | al={Da,Ba,Cal} | a2={DaBaCa2} |
a3 ={Da,Ba,Ca3} | a4={Da,BaCa4} | a5 ={Da,Ba} |

Figure 14: Offsets for Alternate Precharge Mechanisms
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Read Transaction - Examp|e includes the same device and bank address as the a0, al, and
a2 addresses. The PRER command must occur a gigae t
Figure 15 shows an example of a read transaction. It beginer more after the original ACT command (the activation
by activating a bank with an ACT a0 command in an ROWAoperation in any DRAM is destructive, and the contents of
packet. A timegcp later a RD al command is issued in athe selected row must be restored from the two associated
COLC packet. Note that the ACT command includes thesense amps of the bank during thgginterval). The PRER
device, bank, and row address (abbreviated as a0) while tl'dmmand must also occur a timggypor more after the last
RD command includes device, bank, and column addresRD command. Note that thgdp value shown is greater
(abbreviated as al). A timgdc after the RD command the than the gpp vy SPecification in Tal 22. This transaction
read data dualoct Q(al) is returned by the device. Note thaxample reads two dualocts, but there is actually enough
the packets on the ROW and COL pins use the end of théme to read three dualocts befoggpbecomes the limiting
packet as a timing reference point, while the packets on thgarameter rather thagAs If four dualocts were read, the
DQA/DQB pins use the beginning of the packet as a timingpacket with PRER would need to shift right (be delayed) by
reference point. one tyc g (note - this case is not shown).

A time icc after the first COLC packet on the COL pins a Finally, an ACT b0 command is issued in an ROWR packet
second is issued. It contains a RD a2 command. The a@ the ROW pins. The second ACT command must occur a
address has the same device and bank address as thetiade tzc or more after the first ACT command and a tige t
address (and a0 address), but a different column address.ok more after the PRER command. This ensures that the
time tcac after the second RD command a second read datsank and its associated sense amps are precharged. This
dualoct Q(a2) is returned by the device. example assumes that the second transaction has the same

Next, a PRER a3 command is issued in an ROWR packet Oglewce and bank address as the first transaction, but a

the ROW pins. This causes the bank to precharge so tha,[dlfferent row address. Transaction b may not be started until

different row may be activated in a subsequent transaction Fansactlon a has finished. However, transactions to other
so that an adjacent bank may be activated. The a3 addre gnks or other devices may be issued during transaction a.

ToTi T2 T3 Ty Ts Te T7 Tg To T10T1aT15T13T1a Tus T16T17 Tas T1o T20T21 To2 Tos T24Tas T26 T27T 28T 20 Ta0 Ta1 T32Ta3 Tas Tas TagTa7 Tas Tao TagTar Taz TasT a4Tas Tae Ta

cTMICEM UL I ELEL LD EL DL ELEL L ELELLLEL L L EL L L L L LR ELEL L L ELELELEL L EL L L :

ROW?2
..ROWO

COoL4
..COLO

DQA7..0
DQB7..0

l¢— tcac —p

[Transaction a: RD] a0 ={Da,Ba,Ra} | al={Da,Ba,Cal} | a2={Da,Ba,Ca2} | a3={Da,Ba} |
| Transaction b: xx | b0 = {Da,Ba,Rb} |

Figure 15: Read Transaction Example
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Write Transaction - Examp|e the write buffer to retire is delayed, then the COLM packet
(if used) must also be delayed.

Figure 16 shows an example of a write transaction. It begins
by activating a bank with an ACT a0 command in an ROWA
packet. A timegcp-trr later a WR al command is issued
in a COLC packet (note that thgs interval is measured to
the end of the COLC packet with the first retire command).
Note that the ACT command includes the device, bank, an .

row address (abbreviated as a0) while the WR command a2 addresses. The PRER command must occur ?FSK.QE t
includes device, bank, and column address (abbreviated as )y more after the ongma! ACT command (the activation
al). A time gyp after the WR command the write data operation in any DRAM is destructive, and the contents of

dualoct D(al) is issued. Note that the packets on the ROW ;Zen:glz(;gg (r)(:vtvhr;léztnbke dLerisntZrteﬁdgg?nTetrt\]/zl)two associated
and COL pins use the end of the packet as a timing reference '
point, while the packets on the DQA/DQB pins use the A PRER a3 command is issued in an ROWR packet on the
beginning of the packet as a timing reference point. ROW pins. The PRER command must occur a tigje or

more after the last COLC which causes an automatic retire.

Next, a PRER a3 command is issued in an ROWR packet on
the ROW pins. This causes the bank to precharge so that a
different row may be activated in a subsequent transaction or
so that an adjacent bank may be activated. The a3 address
d’ncludes the same device and bank address as the a0, a1, and

A time tcc after the first COLC packet on the COL pins a

second COLC packet is issued. It contains a WR a2 Finally, an ACT b0 command is issued in an ROWR packet
command. The a2 address has the same device and bank on the ROW pins. The second ACT command must occur a
address as the al address (and a0 address), but a differenttime iz or more after the first ACT command and a tige t
column address. A time\jp after the second WR or more after the PRER command. This ensures that the
command a second write data dualoct D(a2) is issued. 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
ebanks or other devices may be issued during transaction a.

A time fgTR after each WR command an optional COLM
packet MSK (al) is issued, and at the same time a COLC
packet is issued causing the write buffer to automatically
retire. See Figw17 for more detail on the write/retire
mechanism. If a COLM packet is not used, all data bytes ar
unconditionally written. If the COLC packet which causes

ToTi T2 T3 T4 Ts Te T7 Tg To T10T1aT12T13T1a Tus T16T17 T1s T1o T20T21 To2 T2s T24Tas T26 T27T 28T 20 T30 Ta1 T32Ts3 Tas Tas T36Ta7 Tas Tao Ta0Tar Taz TagT44Tas Tas Ta7

cTM/ICEM L[

..ROWO |

COL4 {X:mem retire (al) [retire (a2) t

.coLo  UUNAANAAANN A MSK (al) A MSK (a2)
T e )

oo A= =i

DQB7..0 AN ! ! A AN A
""""""" <¢lccpe=tewpp|

<—tcwo—>|

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

Figure 16: Write Transaction Example
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Write/Retire - Examp|es packet which follows a timexirg later will retire the write
buffer. The retire will happen automatically unless (1) a
The process of writing a dualoct into a sense amp of a€OLC packet is not framed (no COLC packet is present and
RDRAM bank occurs in two steps. The first step consists othe S bit is zero), or (2) the COLC packet contains a RD
transporting the write command, write address, and writeommand to the same device. If the retire does not take place
data into the write buffer. The second step happens when tla& time kg after the original WR command, then the device
RDRAM automatically retires the write buffer (with an continues to frame COLC packets, looking for the first that
optional bytemask) into the sense amp. This two-step writés not a RD directed to itself. A bytemask MSK(al) may be
process reduces the natural turn-around delay due to thmupplied in a COLM packet aligned with the COLC that
internal bidirectional data pins. retires the write buffer at timgtg after the WR command.

Figure 17 (left) shows an example of this two step processThe memory controller must be aware of this two-step
The first COLC packet contains the WR command and anvrite/retire process. Controller performance can be
address specifying device, bank and column. The write datmproved, but only if the controller design accounts for
dualoct follows a timedyyp later. This information is loaded several side effects.

into the write buffer of the specified device. The COLC

ToT1 T2 T3 Ty Ts Te T7 Tg To T1oT1aT1oT13T1a T To Ty T2 T3 T4 Ts Te T7 Tg To T10T11T12T13T1a Tas T16T17 T18 T1o T20T21 T22 T2s

CTMICFM LI 7= A A

' Retire is automatic here unless: | This RD gets the old data !

1 (1) No COLC packet (S=0) or iy T T 2T, AT PR e
ROW?2 (2) COLC packet is/RD to de\}ir(\:%ﬂq% ROW?2 1
. ROWO  JUUU i U A AU, .ROWO N M UHUUUNU U

e R N e
COL4 [WRaL YV V| Tretre D) W COL4 T"WRal Y' Rb bl Yretre (a1)
.coo | LN AMSK @1) g LML coLo | MSK (al)

SRR el 11 i I L e RR T
DQB?..Oj‘f“: ....... DQB7“0:.....:...\.1

<_tCWD_’ <_tCWD_’

Transaction b: RD bl={Da,Ba,Cal}
Transaction ¢: RD cl={Da,Ba,Cal}

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

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

Figure 17 (right) shows the first of these side effects. The retire operation and MSK(al) will be delayed by a time

first COLC packet has a WR command which loads the  tppckgeTas a result. If the RD command used the same bank
address and data into the write buffer. The third COLC and column address as the WR command, the old data from
causes an automatic retire of the write buffer to the sense the sense amp would be returned. If many RD commands to
amp. The second and fourth COLC packets (which bracket the same device were issued instead of the single one that is
the retire packet) contain RD commands with the same shown, then the retire operation would be held off an arbi-
device, bank and column address as the original WR trarily long time. However, once a RD to another device or a
command. In other words, the same dualoct address that iSWR or NOCOP to any device is issued, the retire will take
written is read both before and after it is actually retired. Theplace. Figue 18 (right) illustrates a situation in which the

first RD returns the old dualoct value from the sense amp controller wants to issue a WR-WR-RD COLC packet

before it is overwritten. The second RD returns the new  sequence, with all commands addressed to the same device,
dualoct value that was just written. but addressed to any combination of banks and columns.

Figure 18 (left) shows the result of performing a RD
command to the same device in the same COLC packet slot
that would normally be used for the retire operation. The
read may be to any bank and column address; all that matters
is that it is to the same device as the WR command. The
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Write/Retire Examples - continued Therefore, it is required in this situation that the controller
issue a NOCOP command in the third COLC packet,

The RD will prevent a retire of the first WR from automati- delaying the RD command by a time phtkgT- This situa-

cally happening. But the first dualoct D(al) in the write tion is explicitly shown in Talel12 for the cases in which

buffer will be overwritten by the second WR dualoct D(b1) tccpgay IS equal to grr.

if the RD command is issued in the third COLC packet.

ToTi T2 T3 TgTs Te T7 Tg To T10T1aT15T13T14 T1s T16T17 T1s Tao T2oT ToTi T2 Ta TaTs Te T7 TgTe TioT1aT12T13T1a Tas T16T17 Tag Tao T

L b et

CcoL4 [TWrat VTV RO b1 Yretre @) 1 COL4 WR b1 | retire (al) HMM
.coLo | AL MSK (a1) .coLo 1 LMK (1) UL
L [ tRTR Hpacker — 5 L e lRR T
DQB7..0 . ! A DQB7..0 | ! A
[ tcwp P [ towp P
[ Transactiona:WR | al={Da,Ba,Cal} | Transaction a: WR al= {Da,Ba,Cal}
[ Transactionb:RD | bi1={Da,Bb,Ch1} | Transaction b: WR b1={Da,Bb,Cb1}
Transaction ¢: RD cl={Da,Bc,Ccl}

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

Figure 19 shows a possible result when a retire is held off fobuffer only contains the bank and column address, not the
a long time (an extended version of FiglB-left). After a  row address. The controller can insure that this dbesn
WR command, a series of six RD commands are issued teappen by never precharging a bank with an unretired write
the same device (but to any combination of bank and columhbuffer. Note that in a system with more than one RDRAM,
addresses). In the meantime, the bank Ba to which the WBiere will never be more than two RDRAMSs with unretired
command was originally directed is precharged, and avrite buffers. This is because a WR command issued to one
different row Rc is activated. When the retire is automati-device automatically retires the write buffers of all other
cally performed, it is made to this new row, since the writedevices written a timezirg before or earlier.

ToTi T2 T3 Ty Ts Te T7 Tg To T10T1aT15T13T1a Tus T16T17 T1s T1o T20T21 T2z T2s T24Tas T26 T27T 28T 20 Ta0 Ta1 T32Ta3 Tas Tas TagTar Tas Tao TaoTar Taz TasT 44Tas Tae Ta

g 10770 Y A ;

L L ' ' . .y The retire 6pérét|dn puts the

wnted ta in the new row

ROW2 A A

.ROWO o<
COL4 mﬂm‘, wral YV /[ Rob: Y Rob2 | RDb3 J_RDb4s | RDb5 | RDb6 \retre (1)

.COLO ULl U UUANA L1 | I IMsKED |

L1 e taep e tryR T .

DQAT7..0 NN

[ tcwp tcac =P
ransaction a: WR a0 = {Da,Ba,Ra} al = {Da,Ba,Cal} a2 = {Da,Ba} ) WARNING
Transaction b: RD| bl ={Da,Bb,Cb1} b2 = {Da,Bb,Ch2} b3={Da,Bb,Cb3} This sequence is hazardous
b4 = {Da,Bb,Cb4} b5 = {Da,Bb,Cb5} b6 = {Da,Bb,Cb6} and must be used with caution
[Transaction c: WR c0 = {Da,Ba,Rc}

Figure 19: Retire Held Off by Reads to Same Device, Write Buffer Retired to New Row
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KM416RDSAS Direct RDRAM ™

Interleaved Write - Examp|e using the WRA autoprecharge option rather than the PRER

command in an ROWR packet on the ROW pins.
Figure 20 shows an example of an interleaved write transac-

tion. Transactions similar to the one presented in EigjGr
are directed to non-adjacent banks of a single RDRAM. This
allows a new transaction to be issued once eygyjnterval
rather than once evergd interval (four times more often).
The DQ data pin efficiency is 100% with this sequence.

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
With two dualocts of data written per transaction, the COL completed by then g has elapsed). Each transaction may
DQA, and DQB pins are fully utilized. Banks are prechargeduse any value of row address (Ra, Rb, ..) and column address
(Cal, Ca2, Cb1i, Cb2, ...).

ToT1 T2 T3 Ty Ts Te T7 Tg To T10T1aT15T13T14 Tus T16T17 Tus T1o T20T21 Toz T2s T2aTas T26 T27T 28720 T30 Ta1 T32Ts3 Taa Tas T36Ta7 Tas Tao TagTar Taz TasT 44T as Tas Ta7

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
o ey Transacion € can use the
oo Lo e RC —————— c o ' 71 same bank as transaction a
ROW?2 XACTaO mmx ACT b0 XWX ACT c0 XWX ACT dO mﬂx ACV0 mx ACT 10 XW
ROWO [ L UL A
Lo e—trep P L E——tgr
COL4 I wrRz1 YwrRAz2 | wWRa1 fwrRAa2 Y wrRbl YWRAb2 { WRc1 YWRAc2 Y wWRdl ¥ wRd2 ¥ wRel | WRe:
COLO [ MSK (y1) [MSK (y2) f MSK (zl) MSK (z2) | MSK (al) [ MSK (a2) | MSK (b1) | MSK (b2) f MSK (c1) | MSK (c2) [MSK (d1) AMSK (d
L etowp R
DQA7..0 D(x2) D (y1) D (y2) D (z1) D (z2) D (al) D (a2) D (b1) D (b2) D(c1) X D (c2) x D (d1) x
DQB7..0

Transaction y: WR

y0 = {Da,Ba+4, Ry}

yl = {Da,Ba+4,Cy1}

y2= {Da,Ba+4,Cy2}

y3 = {Da,Ba+4}

Transaction z: WR

z0 = {Da,Ba+6,Rz}

71 = {Da,Ba+6,Cz1}

z2= {Da,Ba+6,Cz2}

z3 = {Da,Ba+6}

Transaction a: WR a0 = {Da,Ba,Ra} al = {Da,Ba,Cal} a2= {Da,Ba,Ca2} a3 ={Da,Ba}
Transaction b: WR b0 = {Da,Ba+2,Rb bl ={Da,Ba+2,Cbl} | b2={Da,Ba+2,Cb2 b3 = {Da,Ba+2
Transaction c: WR c0 = {Da,Ba+4,Rc cl ={Da,Ba+4,Ccl}| c2={Da,Ba+4,Cc2 c3 ={Da,Ba+4
Transaction d: WR do = {Da,Ba+6,Rd dl ={Da,Ba+6,Cd1} [ d2={Da,Ba+6,Cd2 d3 = {Da,Ba+6
Transaction e: WR e0 = {Da,Ba,Re} el ={Da,Ba,Cel} e2={Da,Ba,Ce2} e3 ={Da,Ba}

Transaction f: WR

f0 = {Da,Ba+2,R1}

1 = {Da,Ba+2,Ci1}

2= {Da,Ba+2,Ci2}

f3 = {Da,Ba+2}

Figure 20: Interleaved Write Transaction with Two Dualoct Data Length

Interleaved Read - Examp|e that bubble cycles need to be inserted by the controller at
read/write boundaries. The DQ data pin efficiency for the
Figure 21 shows an example of interleaved read transacexample in Figug22 is 32/42 or 76%. If there were more
tions. Transactions similar to the one presented in Eifoir RDRAMs on the Channel, the DQ pin efficiency would
are directed to non-adjacent banks of a single RDRAM. Thapproach 32/34 or 94% for the two-dualoct RRWW
address sequence is identical to the one used in the previosequence (this case is not shown).
write example. The DQ data pins efficiency is also 100%. _. ) .
In Figure 22, the first bubble type-gyg1 is inserted by the
The only difference with the write example (aside from the
controller between a RD and WR command on the COL
use of the RD command rather than the WR command) is
pins. This bubble accounts for the round-trip propagation
the use of the PREX command in a COLX packet to
. delay that is seen by read data, and is explained in detail in
precharge the banks rather than the RDA command. This |'§
ure 4. This bubble appears on the DQA and DQB pins as
done because the PREX is available for a readtransaction bu\g
tpgupy between a write data dualoct D and read data dualoct
is not available for a masked write transaction.

Q. This bubble also appears on the ROW pingasgi-
Interleaved RRWW - Example

Figure22 shows a steady-state sequence of 2-dualoct
RD/RD/WR/WR.. transactions directed to non-adjacent

banks of a single RDRAM. This is similar to the interleaved

write and read examples in Figt#0 and Figue 21 except
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Target

KM416RDSAS Direct RDRAM ™

ToTi T2 T3 Ty Ts Te T7 Tg To T10T1aT15T13T1a Tus T16T17 T1s T1o T20T21 To2 T2s T24T2s T26 T27T 28720 T30 Ta1 T32Ta3 Tas Tas T36Ta7 Tas Tao TaoTar Taz TasT 44T as Tas Ta7

CTM/CFMwwwwww|w|||w||||||||||||||||||||||||||||||||||||:
G et Transaction e can use the
oo a0 ST o o o 0 0 \RC T v v 7 3 v 7 7 7 7 7 ®same bank as transaction a
111 i1 ) 1)1 111 (1 G 1
..ROWO I U
Lo e—tgep— L =R
COL4 ] Rbzi { RDz2 | RDal Y RDa2 | RDbl ¥ RDb2 § RDci § RDc2 | RDdl | RDd2 | RDel | RDe.
..COLO -1 N PREX y3 ]l PREX z3 | N PREX a3 ]l N PREX b3 ] N PREX c3 ] | PREX ¢
Lo Metoac R
DQAT7..0 Qe Y Qo Y Qo2 ¥ Q@) ¥ Q@ T Q@) [ @) Y ety Y a®) ¥ Q) ¥ Q2 ¥ Q@t
DQB7..0
Transaction y: RD y0 = {Da,Ba+4,Ry} | y1 ={Da,Ba+4,Cyl} | y2={Da,Ba+4,Cy2} y3 = {Da,Ba+4}
Transaction z: RD z0 = {Da,Ba+6,Rz} | z1 ={Da,Ba+6,Cz1}| z2={Da,Ba+6,Cz2} z3 = {Da,Ba+6}
Transaction a: RD a0 = {Da,Ba,Ra} al = {Da,Ba,Cal} a2={Da,Ba,Ca2} a3 ={Da,Ba}
Transaction b: RD b0 = {Da,Ba+2,Rb} [ bl ={Da,Ba+2,Cbl} | b2={Da,Ba+2,Cbh2 b3 = {Da,Ba+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} [ d1 ={Da,Ba+6,Cd1} [ d2={Da,Ba+6,Cd2 d3 = {Da,Ba+6}
Transaction e: RD e0 = {Da,Ba,Re} el ={Da,Ba,Cel e2={Da,Ba,Ce2} e3 ={Da,Ba}
Transaction f: RD f0O = {Da,Ba+2,Rf} f1 = {Da,Ba+2,Cfl f2= {Da,Ba+2,Cf2} f3 = {Da,Ba+2}

Figure 21: Interleaved Read Transaction with Two Dualoct Data Length

The second bubble typegdygo is inserted (as a NOCOP explained in detail in Figerl8. There would be no bubble if
command) by the controller between a WR and RDaddress cO and address dO were directed to different devices.
command on the COL pins when there is a WR-WR-RDThis bubble appears on the DQA and DQB pinspag;o
sequence to the same device. This bubble enables write ddiatween a write data dualoct D and read data dualoct Q. This
to be retired from the write buffer without being lost, and isbubble also appears on the ROW pinsgag;ko-

ToTi T2 T3 T4 Ts Te T7 Tg To Tio TuaT12T13T1a T1s T16T17 T18 T1o T20T21 T2z T23 T24T2s To6 T27T28T20 Ts0 Ta1 T32T33 Taa Tas T36T 37 Tas Tso Ta0Ta1 Taz TasT 44T as Tag Taz

CTM/CFM ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' 0 ' ' 0 0 ' 0 0 ' ' 0 ' ' ' ' ' 0 ' 0 0 0 ' 0 0 0 ' 0 0 0 ' '
L 0 la o tomiimo . el o+« Transaction e can use the
I T tRBUBZ‘ g 'same b‘an‘k as\transaction a
ROW?2 ACT dO XWX A\%Teo X)C
..ROWO /LN ) ) LU
P tonss it e s L feTosuee 1
coL4 RDzl1 | RDz2 | RDal | RDa2 WR b1 WRADb2 { WRcl Y WRAc2 J NOCOP J NOCOP Y RDdO__ Y
.COLO L PREX z3 | || | | AMSK (y2) f PREX a3 MSK (b1) JMSK (b2) f MSK (c1) A MSK (c2) |
topyy P TDBUB b 1Ll topum [l
DQA7..0 D2 mm Q@) Y Q@ Y Q@) ¥ Q@) Y D1 Y D(b2) D (c1) X D (c2) D@
DOB7.0 ___} A A

Transaction y: WR y0 = {Da,Ba+4,Ry} | y1 ={Da,Ba+4,Cyl} | y2={Da,Ba+4,Cy2} y3 = {Da,Ba+4}

Transaction z: RD

z0 = {Da,Ba+6,Rz}

z1 = {Da,Ba+6,Cz1}

z2={Da,Ba+6,Cz2}

z3 = {Da,Ba+6}

Transaction a: RD

a0 = {Da,Ba,Ra}

al = {Da,Ba,Cal}

a2={Da,Ba,Ca2}

a3 ={Da,Ba}

Transaction b: WR

b0 = {Da,Ba+2,Rb

bl = {Da,Ba+2,Cbl

b2= {Da,Ba+2,Cb2]

b3 = {Da,Ba+2}

Transaction c: WR

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

d1 = {Da,Ba+6,Cd1

d2= {Da,Ba+6,Cd2}

d3 = {Da,Ba+6}

Transaction e: RD

e0 = {Da,Ba,Re}

el ={Da,Ba,Cel}

e2={Da,Ba,Ce2}

e3 ={Da,Ba}

Transaction f: WR

f0 = {Da,Ba+2,Rf}

f1 = {Da,Ba+2,Cf1}

f2= {Da,Ba+2,Cf2}

f3 = {Da,Ba+2}

Figure 22: Interleaved RRWW Sequence with Two Dualoct Data Length
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Target
KM416RDSAS Direct RDRAM ™

Control Register Transactions SCK (serial clock) and CMD (command) are driven by the
controller to all RDRAMSs in parallel. SIO0 and SIO1 are

The RDRAM has two CMOS input pins SCK and CMD and connected (in a daisy chain fashion) from one RDRAM to

two CMOS input/output pins SIO0 and SIO1. These providethe next. In normal operation, the data on SIOQ is repeated

serial access to a set of control registers in the RDRAMon SI01, which connects to SIO0 of the next RDRAM (the

These control registers provide configuration information todata is repeated from SIO1 to SIOO0 for a read data packet).

the controller during the initialization process. They alsoThe controller connects to SIO0 of the first RDRAM.

allow an application to select the appropriate operating mode

of the RDRAM.

SCK T4 Tao T3e Ts2 Tes

AR R R R AR R AR AR

I:E:
 m—
) —
| I—
:l
 —
—
—
) —
—
 —
 m—
o

CMD next transaction —
| R T T 1

IR ‘
({111*0001! 00000000...00000000 l 00000000...00000000 l 00000000...00000000 l 00000000...00000000 111, o
LR L
1 1 ]
soo | [ [ I [ I LI LTI IIT Il IIIII]]]]

1

SRQ-SV‘VRcommand l ‘SA l ‘SD l S‘INT
0

! Each packet is repeated |
from SIO0 to SIO1

1
QOQ@ SRQ - SWR command l SA l SD l SINT
0
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Figure 23: Serial Write (SWR) Transaction to Control Register

Write and read transactions are each composed of foyracket contains a 12 bit address for selecting a control
packets, as shown in Fige23 and Figue 24. Each packet register.

consists of 16. bits, as summarized in . and Tal 17, write transaction has a SD (Serial Data) packet next. This
The packet bits are sampled on the falling edge of SCK. . . . . .
A ; ) . contains 16 bits of data that is written into the selected
transaction begins with a SRQ (Serial Request) packet. This - . :
. . "~ control register. A SINT (Serial Interval) packet is last,
packet is framed with a 11110000 pattern on the CMD input = . . .
roviding some delay for any side-effects to take place. A

(note that the CMD bits are sampled on both the falling edgg

ion h INT ket, th D ket. Thi
and the rising edge of SCK). The SRQ packet contains thEeead transaction has a S packet, then a SD packet 'S

SOP3..S0P0 (Serial Opcode) field, which selects the trand0V1deS delay for the selected RDRAM to access the
; . : control register. The SD read data packet travels in the oppo-

action type. The SDEVS..SDEVO (Serial Device address)site direction (towards the controller) from the other packet

selects one of the 32 RDRAMs. If SBC (Serial Broadcast) i b

set, then all RDRAMs are selected. The SA (Serial Address pes. The SCK cycle time will accomodate the total delay.

sck  Ta T20 Tss Ts2 Tes
A AR A AR A ARARARA AR
CMD\ ‘ e‘xttr‘ans‘acti?n 1—1
({1 1\*3&0(! 00000000...00000000 l 00000000...00000000 l 00000000...00000000 l 00000000...00000000 ” 111

T T . [ : addressed RDRAM drives controller drives 0
soo [ [T [[TTITTT]1]] “wewmren [T ["moar L]

W SRQ - SI?D command l ‘SA l S‘INT SD 0)
A

! First 3 packets are repeated non:addressed-RDRAMs pass
SIo1 from SIO0 to SIO1 0/SD153SD0/0 frgm SHO1 to SI00 1
S

i 1
QOCX] SRQ - SRD command l SA l SINT X(:x N D T 0
—

1 1 1 1 1 1 1 1 1 1 1 1 | 1 1 1 1 1 1 I 1 I 1 1 0

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

Target
Direct RDRAM ™

Control Register Packets

Table 14 summarizes the formats of the four packet types for
control register transactions. Table 15 summarizes the fields
that are used within the packets.

SCK

Figure 25 shows the transaction format for the SETR, CMD

CLRR, and SETF commands. These transactions consist of a
single SRQ packet, rather than four packets like the SWR

and SRD commands. The same framing sequence on the SI00
CMD input is used, however. These commands are used
during initialization prior to any control register read or sio1

write transactions.

1113000

00000000...00000000

[ LT ]]

S‘RQ packet - SETR/CLRR/SET

I

The packet is repeated
from SIO0 to SI01

SRQ packet - SETR/CLRR/SET

Figure 25: SETR, CLRR,SETF Transaction

Table 14: Control Register Packet Formats

SCK SIO0 or SIO0 or SIO0 or SIOO0 or SCK SIO0 or SIO0 or SIO0 or SIO0 or
Cycle Slo1 Slo1 Slo1 SIo1 Cycle SIo1 Slo1 Slo1 Slo1
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 SD14 9 SOPO SA6 0 SD6
2 rsrv rsrv 0 SD13 10 SBC SA5 0 SD5
3 rsrv rsrv 0 SD12 11 SDEV4 SA4 0 SD4
4 rsrv SA11 0 SD11 12 SDEV3 SA3 0 SD3
5 SDEVS SA10 0 SD10 13 SDEV2 SA2 0 SD2
6 SOP3 SA9 0 SD9 14 SDEV1 SA1 0 SD1
7 SOP2 SA8 0 SD8 15 SDEVO SA0 0 SDO

Table 15: Field Description for Control Register Packets

Field Description
rsrv Reserved. Should be driven“@8 by controller.
SOP3..SOP0O 0000 - SRD. Serial read of control register {SA11..SA0} of RDRAM {SDEV5..SDEVO0}.

0001 - SWR. Serial write of control register {SA11..SA0} of RDRAM {SDEV5..SDEVO0}.

0010 - SETR. Set Reset bit, all control registers assume their resetdafiggsyc g delay until CLRR command.

0100 - SETF. Set fast (normal) clock modesdyic g delay until next command.

1011 - CLRR. Clear Reset bit, all control registers retain their reset faluggy ¢ g delay until next command.

1111 - NOP. No serial 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 t
tion is directed.

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

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

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

a. The SETR and CLRR commands must always be applied in two successive transactions to RDRAMs; i.e. they may not beatised Thisds calledSETR/CLRR Resét
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Target
KM416RDSAS Direct RDRAM ™

Initialization At this point, Algorithm InitDev is complete and all
RDRAMs have a unique device address SDEVID5..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 as the DEVID register which is used for memory

‘{A'Iffl

sec |1AOIITAITAIA I AITpIAgeIe

1 transactions. The next steps taken by the controller will vary
CMD 110 00000000...00000000 ] depending upon the application, so only a rough outline can
‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ 0 be given here.
1
SI00 0000000000000000 . . . .
] 0 Algorithm InitDev: Assign SDEVID Device Addresses
The packet is repeated
K from SIO0 to SIO1 1 1. Issue SIO Reset sequence (see Eig6).
sio1 N
0000000000000000 0 2. Issue one SETR transaction:
| | | | | | | |

*SOP3..SOP0 = 0010 (SETR command)
*SBC =1 (Broadcast)
*SDEV5..SDEVO = 000000 (ddrcare).

Wait 16 SCK cycles.

Figure 26: SIO Reset Sequence

Initialization refers to the process that a controller must gc?‘
through after power is applied to the system or the system {5  Issue one CLRR transaction:

reset. The controller prepares the RDRAM sub-system for :ggg%'f?;g;dggslé (CLRR command)
normal Channel operation by using a sequence of control  .spevs..SDEVO = 000000 (ddrcare).

register transactions on the serial CMOS pins. 5. Wait4 SCK cycles.

The first step in this sequence is to assign unique serigl |ssue one SETF transaction:

device addresses to all the RDRAMSs. This is done with  +SOP3..SOP0 = 0100 (SETF command)
Algorithm InitDev, shown in the opposite column. The :ggg\/:sléBDrg{a/%cfsc%oooo (darsare)
controller assumes that there are no more“tiaRDRAMs " '
on the Channel (the Channel maximum is 32, but somé Wait4 SCKcycles.

applications may have a lower limit). 8.  Issue one register write transaction:
. o . o . *SOP3..SOP0 = 0001 (SWR command)
First, the SIO0 and SIO1 pin directionality is established  .sBc =1 (broadcast)

with the sequence in step 1. The controller then resets all *SDEV5..SDEVO = 000000 (ddrcare).
: *SA11..SA0 = 0234 (INIT control register).
RDRAMSs, using .broadcast SETR and CL.RF.Q commands -SD15..SD0 = 4014; (SRP<=0, SDEVID<=3f).
(steps 2,3,4,5) with a delay in between (this is also called ) )
SIO Reset). In step 6, a SETF command establishs th% Set INDX5..INDXO to 0000009 INDX is a counter in the
’ . Controller which acts as a loop index.
normal clock frequency. See Fig5 for the format of ( )
; _+~L0. Issue one register write transaction (SRP<=1, SDEVID<=INDX):
SETR,. CL_RR, and SETF transactions. In step 7 the $IOO tor -SOP3.S0P0 = 0001 (SWR command)
SI01 link is brpken in all RDRAMS, so the cont'rolle'r is only +SBC = 0 (non-broadcast)
talking to the first RDRAM. Also, the SDEVID field is set to «SDEV5..SDEVO = 111111.
its maximum value. Next, the loop index INDX is initialized *SA11..SA0 = 021 (INIT control register).
(step 8). In step 9, the SDEVID field is loaded with the  *SP15-SD0={G, INDX5, 00000106, INDX4..INDXO}.
INDX value, and the SRP bit is set so the next RDRAM11. Increment INDXS5..INDXO.
becomes accessible. In step 10, the INDX value is incret2. Repeat Steps (8) and (9) an additional (N-1) times.
mentgq, and in step 11, steps 8 and 9 are repeated for the tpause delay, thendpnxat tronxe delay (to allow DLLS to lock),
remaining RDRAMs. 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
Finally, it will be necessary for the controller to force a RDRAMS:

20Qus pause interval to allow the RDRAM core timing a. REFA/REFP, REFA/REFP, REFA/REFP or
circuits to stabilize. All banks of all RDRAMs must also be @ REFP, REFAIREFP, REFA/REFP
accessed twice. An access is an activate (ACT) and a

precharge (PRE) command. This may be accomplished with

the refresh commands.
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KM416RDSAS Direct RDRAM ™

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 RDRAMs 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 théS28IECO bit in the SPD. The behavior of
the RDRAM at initialization is slightly different for the two
types:

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

S28IECO=1: Upon 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 this in 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 final time), a
single final memory read transaction should be made to each
RDRAM in order to ensure that the output pipeline stages
have been cleared.
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Target
KM416RD8AS

Direct RDRAM ™

Control Register Summary

SPD Application Note describes additional

configuration registers which are present on Direct RIMMs.

Table 16 summarizes the RDRAM control registers. Detall
is provided for each control register in Fig@7 through

Figure 43. Read-only bits which are shaded gray are unuse
and return zero. Read-write bits which are shaded gray ar
reserved and should always be written with zero. The RIMM

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

Table 16: Control Register Summary

SA11..SA0 |Register Field read-write/ read-only | Description
0214 INIT SDEVID read-write, 6 bits Serial device ID. Device address for control register read/write.
PSX read-write, 1 bit Power select exit. PDN/NAP exit with device addr on DQAS5..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.
0224 TEST34 TEST34 read-write, 16 bits Test register. Do not read or write after SIO reset.
0235 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.
0246 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 is an 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.
040, DEVID DEVID read-write, 5 bits Device ID. Device address for memory read/write.
0416 REFB REFB read-write, 4 bits Refresh bank. Next bank to be refreshed by self-refresh.
042 REFR REFR read-write, 9 bits Refresh row. Next row to be refreshed by REFA, self-refresh.
043¢ CCA CCA read-write, 7 bits Current control A. Controlsy, output current for DQA.
ASYMA read-write, 2 bits Asymmetry control. Controls asymmetry opMV oy swing for DQA.
0444 ccB ccB read-write, 7 bits Current control B. Controlg,} output current for DQB.
ASYMB read-write, 2 bits Asymmetry control. Controls asymmetry oMV oy swing for DQB.
045, NAPX NAPXA read-write, 5 bits NAP exit. Specifies length 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.
046, PDNXA PDNXA read-write, 13 bits PDN exit. Specifies length of PDN exit phase A.
04716 PDNX PDNX read-write, 13 bits PDN exit. Specifies length of PDN exit phase A + phase B.
048, TPARM TCAS read-write, 2 bits tcas.c core parameter. Determinegspdatasheet parameter.
TCLS read-write, 2 bits tcLs.c core parameter. Determingst and prpp 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..SAO0 |Register Field read-write/ read-only | Description
049,¢ TFRM TFRM read-write, 4 bits term-c COre parameter. Determines ROW-COL packet framing interval.
04ayg TCDLY1 TCDLY1 read-write, 3 bits tcpLy1.c core parameter. Programmable delay for read data.
04by g SKIP AS read, 1 bit Auto Skip.
MSE read-write, 1 bit Manual Skip Enable.
MS read-write, 1 bit Manual Skip.
04cyg TCYCLE TCYCLE read-write, 14 bits tcycLe datasheet parameter. Specifies cycle time in 64ps units.
04dyg TEST77 TEST77 read-write, 16 bits Test register. Write with zero after SIO reset.
04deg TEST78 TEST78 read-write, 16 bits Test register. Do not read or write after SIO reset.
04f1¢ TEST79 TEST79 read-write, 16 bits Test register. Do not read or write after SIO reset.
080y¢ - Off¢ | reserved reserved vendor-specific Vendor-specific test registers. Do not read or write after SIO reset.
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. . . Read/write register.
Control Register: INIT Address: 02k¢ 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 O

SD SDEVIDS..0 - Serial Device Identification. Compared to SDEV5..0
; VID [DISTSQITEN|LSRIPS jNSR SRAPSX| O | SDEVID4..SDEVIDO I serial address field of serial request packet for register read/write trangac-
tions. This determines which RDRAM is selected for the register read pr

' L L—» write operationSDEVID resets to 3{g

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

—» SRP - SIO Repeater. Controls value on SIO1; SIO1=SIO0 if SRP=1, SI01=1 if SRRRBesets
to 1.

L » NAP Self-Refresh. NSR=1 enables self-refresh in NAP mode. NSRbeaset while in NAP
mode.NSR resets to 0.

PDN Self-Refresh. PSR=1 enables self-refresh in PDN mode. P$Recant while in PDN mode.
PSR resets to 0.

L » Low Power Self-Refresh. LSR=1 enables longer self-refresh interval. The self-refresh supply
current is reduced.SR resets to 0.

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

Temperature Sensing Output. TSQ=1 when a temperature trip point has been exceeded, TSQFO0
when it has not. TSQ is available during a current control operation (see Figur

v

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

Figure 27: INIT Register

Address: 023 ‘ Read-only register.
151413121110 9 8 7 6 5 4 3 2 1 0 REFBIT2..0 - Refresh Bank Bits. Specifies the number qf

Control Register: CNFGA ‘

PVERS. 0 MVERS..0 PBL| REFBIT2..0 bank address bits used by REFA and REFP commands

= 000001 = mmmmmm

Permits multi-bank refresh in future RDRAMSs.

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

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

v

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

0 - Compliant with version 0.62 and ECO1-ECO18.
1 - Compliant with version 0.7 and ECO1-ECO38.
210 63 - Reserved.

v

Note: In RDRAMs with protocol version 1 PVER[5:0] = 000001, the
range of the PDNX field (PDNX[2:0] in the PDNX register) may not
be large enough to specify the location of the restricted interval in
Figure47. In this case, the effectivesy parameter must increase and
no row or column packets may overlap the restricted interval. See
Figure 47 and Tabk 19.

Figure 28: CNFGA Register
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’ Control Register: CNFGB ‘ ’ Address: 0244 ‘ Read-only register.

1514183121110 9 8 7 6 5 4 8 2 1 0 BYT - Byte width. B=1 means the device reads and
SVERS..0 CORG4..0 SPT| DEVTYP2..0 BYT . . .
= ssssss = 000K 1| =o0 |B writes 9-bit memory bytes. B=0 means 8 bits.

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

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

===

L » CORGA4..0 - Core organization. This field specifies the number of bank| (3,
4, 5, or 6 bits), row (9, 10, 11, or 12 bits), and column (5, 6, or 7 bits)
address bits. The encoding of this field will be specified in a later versiop of
this document.

SVERS5..0 - Stepping version. Specifies the mask version number of thjs
device.

v

Figure 29: CNFGB Register

’ Control Register: TEST34 ‘ ‘ Address: 022 ‘ ‘ Control Register: DEVID ‘ ‘ Address: 04Q4 ‘
151413121110 9 8 7 6 5 4 3 2 1 0 151413121110 9 8 7 6 5 4 3 2 1 0
ooooooooooojjjool 00000000000DEVIDA..DEWDOI
Read/write register. Read/write register.
Reset value of TEST34 is zero (from SIO Reset) Reset value is undefined.
This register are used for testing purposes. It must|not Device Identification register.
be read or written after SIO Reset. DEVID4..DEVIDO is compared to DR4..DRO,

DC4..DCO, and DX4..DXO 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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KM416RD8AS Direct RDRAM
| Control Register: REFB ‘ ‘ Address: 0444 ‘ ‘ Control Register: REFR ‘ ‘ Address: 0424 ‘
151413121110 9 8 7 6 5 4 3 2 1 0 1514 13121110 9 8 7 6 5 4 3 2 1 0
O|0O| Of O]l Ol O] o/l of O o :1 REFB3..REFBO I O|lO|lOf O] Ol O] O REFR8..REFRO I
Read/write register. Read/write register.
Reset value is zero (from SETR/CLRR). Reset value is zero (from SETR/CLRR).
Refresh Bank register. Refresh Row register.

REFB3..REFBO is the bank that will be refreshed next REFRS8..REFRO is the row that will be refreshed next
during self-refresh. REFB3..0 is incremented after each by the REFP command or by self-refresh. REFR8..D is
self-refresh activate and precharge operation pair. incremented when BR3..0=1111 for the REFA
command. REFR8..0 is incremented when
REFB3..0=1111 for self-refresh.

Figure 32: REFB Register Figure 34: REFR Register
’ Control Register: CCA ‘ ’ Address: 043¢ ‘ ‘ Control Register: CCB ‘ ‘ Address: 044¢ ‘
151413121110 9 8 7 6 5 4 3 2 1 0 1514 13121110 9 8 7 6 5 4 3 2 1 0
o|o|o|o|o|ofo olfYOMI CeAs..CoAD l o|ofo|ofo|ofo O:YOME ceBe. coBo l
Read/write register. Read/write register.
Reset value is zero (SETR/CLRR or SIO Reset). Reset value is zero (SETR/CLRR or SIO Reset).
CCAG..CCAO - Current Control A. Controls thg| CCB6..CCBO - Current Control B. Controls thg |
output current for the DQA7..DQAO pins. output current for the DQB7..DQBO pins.
ASYMAQO control the asymmetry of thed{/Von ASYMBO control the asymmetry of thegy/V oy
voltage swing about thepigreference voltage for the voltage swing about thepigreference voltage for the
DQA?7..0 pins. DQB?7..0 pins.
Figure 33: CCA Register Figure 35: CCB Register
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’ Control Register: NAPX ‘ ’ Address: 0454 ‘ Read/write register.
Reset value is undefined

Note - ECYCLE is tCYCLEl (SCK CyCle tlme)
NAPXAA4..0 - Nap Exit Phase A. This field specifies

| | | the number of SCK cycles during the first phase for
> exiting NAP mode. It must satisfy:

NAPXA4 scycLE 2 tnapxa,MAX
Do not set this field to zero.

151413121110 9 8 7 6 5 4 3 2 1 0

0|0| 0| Of OfpQ NAPX4..0 NAPXA4..0

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

NAPX4 scycLe= NAPXA4 scycLEttNAPXB, MAX
Do not set this field to zero.

DQS - DQ Select. This field specifies the number of SCK cycles (0 =>0.5
—— > cycles, 1 => 1.5 cycles) between the CMD pin framing sequence and the device
selection on DQ5..0. See Figu#t8 - This field must be written with"d" for
this RDRAM.

Figure 36: NAPX Register

’ Control Register: PDNXA ‘ ’ Address: 0464 ‘ ‘ Control Register: PDNX ‘ ‘ Address: 0474 ‘
151413121110 9 8 7 6 5 4 3 2 1 0 151413121110 9 8 7 6 5 4 3 2 1 0
0|l0|O0 PDNXA12..0 I olofo PDNX12..0 l
Read/write register. Read/write register.
Reset value is undefined Reset value is undefined
PDNXA4..0 - PDN Exit Phase A. This field specifies PDNX4..0 - PDN Exit Phase A plus B. This field spec-
the number of (6&CK cycle) units during the first ifies the number of (256CK cycle) units during the
phase for exiting PDN mode. It must satisfy: first plus second phases for exiting PDN mode. It must
PDNXA%44 scycLE2 tPpnxa, MAX satisfy:
Do not set this field to zero. PDNX256t¢ SCYCLEZ PDNXA6G4¢ scycLEtr
Note - only PDNXA5..0 are implemented. tPDNXB,MAX
Note - cycLgiS toycLgr (SCK cycle time). Do not set this field to zero.
Note - only PDNX2..0 are implemented.
Note - §cyeLeis teycLe: (SCK cycle time).

Figure 37: PDNXA Register Figure 38: PDNX Register
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’ Control Register: TPARM ‘ ’ Address: 0484 ‘ The equations relating the core parameters to the
datasheet parameters follow:

tcas-c= 2teveLe

151413121110 9 8 7 6 5 4 3 2 1 0

olo| o] ol ol ofl o] of of TcoLyo | TcLs | Tcas tols.c= 2tevele

. . teps.c= I*teycLE Not programmable
Read/write register.
Reset value is undefined. torrp= Ieps.ct feas-c * feis-c- Itevele
TCASL1..0 - Specifies the ks.c core parameter in = 4tcyeLe

tcycLe units. This should b&.0" (2'tCYCLE)' trep = trep-c + l'tCYCLE -telsc

TCLSL1..0 - Specifies thets.c core parameter in =trep-c - Itevele
tCYCLE units. Should b&10” (2°tCYCLE)'

TCDLYO - Specifies thedp, yo.c core parameter in
tcycLg Units. This adds a programmable delay to Q
(read data) packets, permitting round trip read delay to

tcac = 3teyele *tousct tepLvoc t tepLyic
(see table below for programming ranges)

all devices to be equalized. This field may be written TCOLYO | teorvac JTCOLYL| topivac oo

with the value$010’ (2-tcycp) through“1071” oIl | otes | 000 | orer P

(5tCYCLE)' 011 | 3tcycie | 001 | leteycie >tovole
011 3teyele 010 2+tevele 10tevele
100 | 4toycie | 010 | 2teycie 1l teyele
101 | Stoycie | 010 | 2tevcle 12teycle

Figure 39: TPARM Register

’ Control Register: TFRM ‘ ’ Address: 0494 ‘ ‘ Control Register: TCDLY1 ‘ ‘ Address: 0434 ‘
151413121110 9 8 7 6 5 4 3 2 1 0 1514 13121110 9 8 7 6 5 4 3 2 1 0
oooooooooojjTFRMs..O| oooooooooojjchnLnl
Read/write register. Read/write register.
Reset value is undefined. Reset value is undefined.
TFRMS3..0 - Specifies the position of the framing pojnt TCDLY1 - Specifies the value of thgg y,.c core
in tcycLg units. This value must be greater than or parameter indyc g units. This adds a programmable
equal to thedgy vy Parameter. This is the minimum delay to Q (read data) packets, permitting round trip
offset between a ROW packet (which places a device read delay to all devices to be equalized. This field may
at ATTN) and the first COL packet (directed to that be written with the value®00’ (O-tcyc g) through
device) which must be framed. This field may be “010” (2-tcycLp). Refer to Figue 39 for more details.

written with the value$0111' (7-tcyc ) through
“1010 (10tcycLe). TFRM is usually set to the value
which matches the largegldp vy Parameter (modulg
4eteyeLp) that is present in an RDRAM in the memory
system. Thus, if an RDRAM withkkp pin =
11stcyc g Were present, then TFRM would be
programmed to<tcyc| g

Figure 40: TFRM Register Figure 41: TRDLY Register
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Control Register: SKIP ‘ ‘ Address: 04bg ‘

151413121110 9 8 7 6 5 4 3 2 1 O

OOOASMSEMSOOOOOOOOOOI

Read/write register (except AS field).

Reset value is zero (SIO Reset).

AS - Autoskip. Read-only value determined by
autoskip circuit and stored when SETF serial comm

is received by RDRAM during initialization. In figure

58, AS=1 corresponds to the early Q(al) packet an
AS=0 to the Q(al) packet ongs g later for the four
uncertain cases.

MSE - Manual skip enable (O=auto, 1=manual).
MS - Manual skip (MS must be 1 when MSE=1).>
During initialization, the RDRAMs at the furthest poi

in the fifth read domain may have selected the AS=0

and

o

nt

value, placing them at the closest point in a sixth rgad

domain. Setting the MSE/MS fields to 1/1 overrideg
the autoskip value and returns them to the furthest
point of the fifth read domain.

‘ Control Register: TCYCLE ‘ ‘ Address: 04Gg ‘

151413121110 9 8 7 6 5 4 3 2 1 O

0|0 TCYCLE13..TCYCLEO l

Read/write register.

Reset value is undefined

TCYCLE13..0 - Specifies the value of the/t| g
datasheet parameter in 64ps units. Forghete min
of 2.5ns (2500ps), this field should be written with
value“00027¢" (39-64ps).

he

Figure 42: SKIP Register

Control Register: TEST77 Address: 04dg

Control Register: TEST78 Address: 04g¢

Control Register: TEST79 Address: 04f ¢

151413121110 9 8 7 6 5 4 3 2 1 O

OOOOOOOOOOjjﬁiii

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 purpg

Figure 43: TEST Registers

Ses.

Figure 44: TCYCLE Register
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Power State Management TCLK/RCLK block must resynchronize itself to the external
clock signal.
Table 17 summarizes the power states available to a Direct

RDRAM. In general, the lowest power states have the NAP state is another low-power state in which either self-

refresh or REFA-refresh are used to maintain the core. See

longest operational latencies. For example, the relative L
ovger IevF;Is of PDN state and STBY stgte have a ratio of "Refresh on page 43 for a description of the two refresh
P mechanisms. NAP has a shorter exit latency than PDN

1:11 he relati | i
about .0’ and the re atllve access latencies to get read dab%cause the TCLK/RCLK block maintains its synchroniza-
have a ratio of about 250:1.

tion state relative to the external clock signal at the time of
PDN state is the lowest power state available. The informa-NAP entry. This imposes a limity{t;u 1) on how long an
tion in the RDRAM core is usually maintained with self- RDRAM may remain in NAP state before briefly returning
refresh; an internal timer automatically refreshes all rows ofto STBY or ATTN to update this synchronization state.
all banks. PDN has a relatively long exit latency because the

Table 17: Power State Summary

Z?;’::r Description Blocks consuming power Z?;::r 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 The RDRAM returns to the ATTN or STBY state it was
moving between the various power states. Note that NAP originally in when it first entered NAP or PDN.

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. The NAPRC command causes a napdown operation if the
RDRAM'’s NCBIT is set. The NCBIT is not directly visible.

It is undefined on reset. It is set by a NAPR command to the
RDRAM, and it is cleared by an ACT command to the
RDRAM. It permits a controller to manage a set of
RDRAMs in a mixture of power states.

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

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

Once the RDRAM is in STBY, it will move to the
ATTN/ATTNR/ATTNW states when it receives a non-
broadcast ROWA packet or non-broadcast ROWR packet
with the ATTN command. The RDRAM returns to STBY
from these three states when it receives a RLX comman
Alternatively, it may enter NAP or PDN state from ATTN or
STBY states with a NAPR or PDNR command in an ROWR
packet. The PDN or NAP exit sequence involves an optional
PDEV specification and bits on the CMD and SIOO0 pins.

STBY state is the normal idle state of the RDRAM. In this
state all banks and sense amps have usually been left
precharged and ROWA and ROWR packets on the ROW
d pins are being monitored. When a non-broadcast ROWA
" packet or non-broadcast ROWR packet (with the ATTN
command) packet addressed to the RDRAM is seen, the
DRAM enters ATTN state (see the right side of F&i6).
his requires a timesj, during which the RDRAM activates
the specified row of the specified bank. A time
TFRMetcyc g after the ROW packet, the RDRAM will be
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able to frame COL packets (TFRM is a control register field provided for power calculation purposes). The clock on
- see Figue 40). Once in ATTN state, the RDRAM will CTM/CFM must remain stable for a timgdafter the
automatically transition to the ATTNW and ATTNR states NAPR command.

as it receives WR and RD commands. The RDRAM may be in ATTN or STBY state when the
NAPR command is issued. When NAP state is exited, the

automatic RDRAM will return to the original starting state (ATTN or
ATTNR q ATTNW L .
4 automatic. > STBY). Ifitis in ATTN state and a RLXR command is
% .% % % specified with NAPR, then the RDRAM will return to STBY
5| |5 5| | & state when NAP is exited.
3y | 3 EIRE]
Y Figure 47 also shows the PDN entry sequence (right). PDN
( ATTN J« (\ state is entered by sending a PDNR command in a ROW
= 1 tNL'M'T,Z packet. A time fspis required to enter PDN state (this spec-
T NAPR « RLXR /;( ) \ ification is provided for power calculation purposes). The
NAP-A . :
PDEV CMD-SI00 clock on CTM/CFM must remain stable for a tingg, aifter
NAP the PDNR command.
NAPR+RLXR |
—» NAP-S) The RDRAM may be in ATTN or STBY state when the
PDEV.CMD-SIO0 \_——— J PDNR command is issued. When PDN state is exited, the
RDRAM will return to the original starting state (ATTN or
PDNR-RLXR [, ) STBY). Ifitis in ATTN state and a RLXR command is
PDEV.CMD-SI00 \_PON-A specified with PDNR, then the RDRAM will return to STBY
PDN state when PDN is exited. The current- and slew-rate-control
PDNR-RLXR 1, levels are re-established.
> PDN-S)
z g|| g PDEV.CMD-S100 The RDRAMs write buffer must be retired with the appro-
b 2 s priate COP command before NAP or PDN are entered. Also,
v r v SETR/CLRR all the RDRAMs banks must be precharged before NAP or
( STBY ) PDN are entered. The exception to this is if NAP is entered
Notation: . . . o
SE$S}E’ERR _ SETRICLRR Reset sequence in SRQ packets with the. NSR bit of the INIT register cleargd (dlsgpllng self-
PDNR - PDNR command in ROWR packet refresh in NAP). The commands for relaxing, retiring, and
R Ry e ROWR meor precharging may be given to the RDRAM as late as the
ggo-_%é g?r:“maysdg ROWR,COLC,COLX packets ROPa0, COPa0, and XOPa0 packets in Figir No broad-
PDEV.CMD - (EDE\/:DEWD)(CMD:M) cast packets nor packets directed to the RDRAM entering
ATTN - ?n%‘r’]‘f’;‘rggg'ég‘sg‘fl’v?t'hbf?g;asgn?r’ﬂE%WR packet Nap or PDN may overlay the quiet window. This window
extends for a time\jpg after the packet with the NAPR or
Figure 45: Power State Transition Diagram PDNR command.

Once the RDRAM is in ATTN. ATTNW. or ATTNR states. F19ure48 shows the NAP and PDN exit sequences. These
it will remain there until it is explicitly returned to the STBY Seduences are virtually identical; the minor differences will

state with a RLX command. A RLX command may be given P& highlighted in the following description.

in an ROWR, COLC , or COLX packet (see the left side of Before NAP or PDN exit, the CTM/CFM clock must be
Figure 46). It is usually given after all banks of the RDRAM stable for a timedg. Then, on a falling and rising edge of
have been precharged; if other banks are still activated, thegCK, if there is &01” on the CMD input, NAP or PDN state

the RLX command would probably not be given. will be exited. Also, on the falling SCK edge the SIO0 input
If a broadcast ROWA packet or ROWR packet (with the ~ Must be ata 0 for NAP exit and 1 for PDN exit.

ATTN command) is received, the RDRAS/power state If the PSX bit of the INIT register is 0, then a device

doesrt change. If a broadcast ROWR packet with RLXR  PDEV5..0 is specified for NAP or PDN exit on the DQAS..0
command is received, the RDRAM goes to STBY. pins. This value is driven on the rising SCK edge 0.5 or 1.5

Figure 47 shows the NAP entry sequence (left). NAP state isSCK cycles after the original falling edge, depending upon
entered by sending a NAPR command in a ROW packet. athe value of the DQS bit of the NAPX register. If the PSX bit

time fasy is required to enter NAP state (this specification is Of the INIT register is 1, then the RDRAM ignores the
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PDEVS5..0 address packet and exits NAP or PDN when the Figure 49 shows the constraints for entering and exiting
wake-up sequence is presented on the CMD wire. The ROWNAP and PDN states. On the left side, an RDRAM exits

and COL pins must be quiet at a tirgg'tiy4 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 which is now in ATTN or STBY

NAP state at the end of cyclg.TThis RDRAM may not re-
enter NAP or PDN state for an interval gfjt. The
RDRAM enters NAP state at the end of cyclg. Trhis
RDRAM may not re-exit NAP state for an interval Qf)i.

state. The equations for these two parameters depend upon a
number of factors, and are shown at the bottom of the figure.
NAPX is the value in the NAPX field in the NAPX register.
ToTy T2 T3 T4 Ts Te T7 Tg To TioT1aT1oT13Tea T ToTy T T3 T4 Ts Te T7 Tg To T1oT1iT12T13T1a Tas T1e
CTM/CFM ‘
ROP = non-broadcast ROWA
i or ROWR/ATTN
" a0 = {d0,b0,r0}
ROW2 al = {d1,bl,c1}
..ROWO
., No COL packets may be
i placed in the three
| indicated positions; i.e. at
CO(|:_(‘)1LO (TFRM - {1,238}t cycLe-
v e v e M “ PN . A COL packet to device dO
DQA7 o VI [ R R R S R S DQA7 o e D rGYCh = 14 (orany other device) is okay
. . Y at
s 1111111001110 st 111111
..... oo oo oo o0 Ny orlater.
¢ tas tsa
Power Power A COL packet to another
ATTN TBY | | TBY ATTN device (d1!= d0) is okay at
State | S State S (TFRM - 4)t cyoLe
or earlier.
Figure 46: STBY Entry (left) and STBY Exit (right)
ToTy T2 Ts T4 Ts Te T7 Tg To TioT1aT1oTiaTea T ToTi To Tg T4 Ts Tg T7 Tg To TooTuiT1oTisT:
CTM/CFM a0 = {d0,b0,0,c0}
al={d1,blrl,cl}
y No ROW or COL packets
ROW?2 ROP a0 | restricted directed to device d0 may
(NAPR) overlap the restricted
.ROWO |
.......... interval. No broadcast ROW
: toror <-tNF’Q'» <"’:NF’Q'> [N : packets may overlap the quiet
COoL4 [ cop a0 Yrestricted restricted |_COP al l interval.
COLO L A XOP a0 hLl L XQR /Al M ROW or COL packets to a
: : : : : : : : : : : : : : : : : device other than dO0 may
..... D R P L T T N O S N S overlap therestricted
DQB7..0 il ! ! DQB7..0 . ! !
“““ N e o ' ROW or COL packets
<_tAS tAS directed to device dO after the
Power | a | Power | 2 | restrited interval will be
State ATTN/STBY NAP State ATTN/STBY PDN | ignored.

2The (eventual) NAP/PDN exit will be to the same ATTN/STBY state the RDRAM was in prior to NAP/PDN entry

Figure 47: NAP Entry (left) and PDN Entry (right)

On the right side of Figer48, an RDRAM exits PDN state
at the end of cycle i This RDRAM may not re-enter PDN
or NAP state for an interval ofo The RDRAM enters

PDN state at the end of cyclgsI This RDRAM may not re-

exit PDN state for an interval of,. The equations for

these two parameters depend upon a number of factors, and
are shown at the bottom of the figure. PDNX is the value in
the PDNX field in the PDNX register
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KM416RD8AS

Target
Direct RDRAM ™

To Ti T2 Ts T4 Ts Te Tz T8 To Tio T11T12T 1371415 T16T17 Tis Tio Tonz1 Ta2 Tz T24725 T2 T27T25729 Ta0Ta1

Taa Tas T36T37 Tas Tao T407A1 Taz TA3T44745 TasTa7

CTMICFM L__u :
o If PSX=1 in Init register, then ' '
ROW2 NAP/PDN exit is broadcagt No ROW packets may ROP restrjcted ROP :
..ROWO (no PDEV field). overlap the restricted interval '
ol 'Y
v "o ""'S4tH4"""
No COL packets may A '
coL4 M overlap the restricted interval W\W\COP resticted &m}:
..COLO t53 tH3 tSS tHS if device PDEYV is exiting the X9 ——— ROk '
UL O EES  veaorronasmes 1 /0 OER
23575 I oo g
BRI S e - obeT—
» DQS—lb
SCK
CMD ><:>< Effective setup becomes
ts4=t s4t[PDNXA « 64 * tscycLe +tppnxe,Max ]-[PDNX « 256 « tscyci el
if [PDNX * 256 * t scycLe] < [PDNXA «64 * tscyce+tppnxs,max - |
SI00 < X o )< X
‘ | | |
sio1 Wl X X XL D
< (NAPX)et SCYCI‘_E)/ (255'F"DNX'1 SCY‘CLE) ‘ R ‘
Power | d |
State | NAP/PDN | ‘ ST?Y/ATTN’ | | |
DQS=0° DQS=P ¢ The DQS field must be written with“ 1" for this RDRAM.

2Use 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

Figure 48: NAP and PDN Exit

ToTi T2 T3 Ty Ts Te T7 Tg To T10T1aT15T13T1a T1s T16T17 T Tao

CTM/CFM

ROW?2
..ROWO

SCK

CMD

Y —=lyyo =
no entry to NAP or PDN
tnuo= St eveLe + (2+NAPX)t seyvele

[ tnug
no exit

CTM/CFM

CMD

NAP or PDN entry time

T2 T3 T4 Ts Te T7 Tg To T1oT11T12T13T1a T1s T16T17 T1s Tao TooT

no exit

no entry to NAP or PDN

tpyo=5*tcycLe + (2+256°PDNX) * t scycLe

tnu1 = 84 cveLe - (0.5tscveLe) if NSR=0 tpu1= 8 tcycie - (0.5°tscycLe) if PSR=0
= 23 cyoLe if NSR=1 = 23+t eyeLe if PSR=1
Figure 49: NAP Entry/Exit Windows (left) and PDN Entry/Exit Windows (right)
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KM416RDSAS Direct RDRAM ™

Refresh Note that a broadcast REFP command is issued a gigae t
after the initial REFA command in order to precharge the
RDRAMs, like any other DRAM technology, use volatile  refreshed bank in all RDRAMs. After a bank is given a
storage cells which must be periodically refreshed. Thisis REFA command, no other core operations (activate or
accomplished with the REFA command. Figif shows an  precharge) should be issued to it until it receives a REFP.

example of this. Itis also possible to interleave refresh transactions (not

The REFA command in the transaction is typically a broad-shown). In the figure, the ACT b0 command would be

cast command (DR4T and DR4F are both set in the ROWRreplaced by a REFA b0 command. The b0 address would be
packet), so that in all devices bank number Ba is activated broadcast to all devices, and would be {Broadcast, Ba+2,
with row number REFR, where REFR is a control register nREFR}. Note that the bank address should skip by two to
the RDRAM. When the command is broadcast and ATTN isavoid adjacent bank interference. A possible bank incre-
set, the power state of the RDRAMs (ATTN or STBY) will menting pattern would be: {13, 11, 9, 7, 5, 3, 1, 8, 10, 12, 14,
remain unchanged. The controller increments the bank 0, 2,4,6, 15, 29, 27, 25, 23, 21, 19, 17, 24, 26, 28, 30, 16,
address Ba for the next REFA command. When Ba is equall8, 20, 22, 31}. Every time bank 31 is reached, the REFA

to its maximum value, the RDRAM automatically incre- command would automatically increment the REFR register.

ments REFR for the next REFA command. A second refresh mechanism is available for use in PDN and

On average, these REFA commands are sent once every NAP power states. This mechanism is called self-refresh

tred2BBT*RBIT (where BBIT are the number of bank mode. When the PDN power state is entered, or when NAP
address bits and RBIT are the number of row address bits) spower state is entered with the NSR control register bit set,
that each row of each bank is refreshed once egegry then self-refresh is automatically started for the RDRAM.
interval.

Self-refresh uses an internal time base reference in the
The REFA command is equivalent to an ACT command, in RDRAM. This causes an activate and precharge to be
terms of the way that it interacts with other packets (see  carried out once in evetyed28BT*RBIT interval. The

Table 10). In the example, an ACT command is sent after REFB and REFR control registers are used to keep track of
trr to address b0, a different (non-adjacent) bank than the the bank and row being refreshed.

REFA command. Before a controller places an RDRAM into self-refresh

A second ACT command can be sent after a tigago mode, it should perform REFA/REFP refreshes until the
address c0, the same bank (or an adjacent bank) as the REBAnk address is equal to the maximum value. This ensures
command. 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).

ToTi T2 T3 Ty Ts Te T7 Tg To T10T1aT15T13T1a Tas T16T17 T1s T1o T20T21 T2z T2 T24T2s T26 T27T 28720 Ta0 Tar T32Ta3 Taa Tas TaeTar a1 T2 TagT 44T a5 Tas Ta

CTM/CFM

ROW2 ( REFA a0
..ROWO0

"o O{X}OOOOGBG%%@@E
..COLO WAL uuLFrﬁJu.u /L
DQA7..0
DQB7..0
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 c: xx c0 = {Dc, ==Ba, Rc} REFB = REFB3..REFB0O
Transaction d: REFA| dO = {Broadcast,Ba+1,REFR} REFR = REFR8..REFRO

Figure 50: REFA/REFP Refresh Transaction Example
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KM416RDSAS Direct RDRAM ™

Current and Temperature Control samples the last calibration packet and adjustgjtsiirrent
value.

Figure 51 shows an example of a transaction which performsU like REF commands, CAL and SAM commands cannot

current control calibration. It is necessary to perform this
operation once to every RDRAM in eve ytr plnterval in be broadcast. This is because the calibration packets from
P y BChRL different devices would interfere. Therefore, a current

order to keep theyy output current in its proper range. . .
P thepl outp prop 9 control transaction must be sent evesytz /N, where N is

This example uses four COLX packets with a CAL the number of RDRAMSs on the Channel. The device field
command. These cause the RDRAM to drive four calibra- Da of the address a0 in the CAL/SAM command should be
tion packets Q(a0) a timgA¢ later. An offset of gptocc incremented after each transaction.

must be placed between the Q(a0) packet and read data
Q(al)from the same device. These calibration packets are
driven on the DQA4..3 and DQBA4..3 wires. The TSQ bit of
the INIT register is driven on the DQA5 wire during same
interval as the calibration packets. The remaining DQA and
DQB wires are not used during these calibration packets.
The last COLX packet also contains a SAM command
(concatenated with the CAL command). The RDRAM

Figure 52 shows an example of a temperature calibration
sequence to the RDRAM. This sequence is broadcast once
every tgpp interval to all the RDRAMSs on the Channel.

The TCEN and TCAL are ROP commands, and cause the
slew rate of the output drivers to adjust for temperature drift.
During the quiet intervakquetthe devices being cali-
brated calt be read, but they can be written

To Ty T2 Ts T4 Ts Te T7 Tg To TioTuaT12T13T1a T1s T16T17 T1s T1o T20T21 T22 Toa T24T2s Tas T27T 26720 Ta0 T T32Tas Taa Tas TaeTar Tas Tao T 12TaaTaaTas Tas Tar

CTM/CFM

'

[ S N S N I L S S S S S S B | wRead data fromadlfferent\ wRead datafromthesame devige 1

1 Read data from the same , Read data from adifferent + . . . |
y

o . Lo " ! ! o' ' device from a later RD : “from a later RD command musll :
ROW2 device from an earlier RD device from an earlier RD command can be anywher be at this packet position or
command must be at this command can be anywhere after to the Q(a0) packet ater
.ROWO UG, packet posltlon or earlier. prior to the Q(a0) packet. . ht LA LA LA LU ALY ¥ S R —— )
L ' — — —
coL4 I ' My n
..COLO | caLao |\_cALa2 «
(- ..tpA.C...I... T .1f‘IIIIII'tCCSAOREAD o
boBr.0 | o — R il 1Y AT
DQB7..0 | | .
<_tREADTOC'C —Pp DQAGS of the first calibrate packet has the inverted TSQ bit of INIT
. - control register; i.e. logic 0 or high voltage means hot temperature.
Transaction a0: CAL/SAM a0 = {Da, Bx} When used for monitoring, it should be enabled with the DQA3
Transaction al: RD al = {Da, Bx} bit (current control one value) in case there is no RDRAM present:
Transaction a2: CAL/SAM a2 = {Da+1, Bx} HotTemp = DQA5DQA3
Figure 51: Current Control CAL/SAM Transaction Example
ToTu T2 Ta TaTs To T7 Tg To TioT11T12T1a 1 Tas T16T17 Tas Tao T20T21 T2z T23 T24Tos Tos Tor T 26T: 3 T32T53 Taa Tas TagTar Tas e Taz TaaT aaTas Tas Tar,
CTM/CFM
ROW?2
..ROWO

—

— Pl tTGAL—»' — I | .
' mn - - P
CoL4 Anyw packemm% iy

..COLO LU in the gap between the ROW ) AU R AL ) AL AL\
' packets with the TCEN and
TCAL commands.

oseor I T g

Figure 52: Temperature Calibration (TCEN-TCAL) Transactions to RDRAM

! No read data from devices
being calibrated
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Target

Direct RDRAM ™

Electrical Conditions

Table 18: Electrical Conditions

Symbol Parameter and Conditions Min Max Unit
T, Junction temperature under bias 0 90 °C
Vop, Vopa Supply voltage 2.50 2.50+0.2 \%
Voo.n, Vopan Supply voltage droop (DC) during NAP interva (i) - 2.0 %
VDD,N, VDDAN Supply voltage ripple (AC) during NAP intervag(imt) -2.0 2.0 %
Vemos Supply voltage for CMOS pins (2.5V controllers) 2.50 2.50 +0.25 \Y

Supply voltage for CMOS pins (1.8V controllers) 1.80 1.80+0.2 \%
V1ERM Termination voltage 20-0.1 20+0.1 \
VREF Reference voltage 1.6-0.12 1.6+0.12 \%
Vo RSL data input - low voltage Vger- 0.5 Vger- 0.3 \%
VpiH RSL data input - high voltage Vgept 0.3 Vgeet+ 0.5 \%
Vpis RSL data input swing: Ms = Vpiy - VpiL 0.6 1.0 \
Ap RSL data asymmetry:@\ = [(Vpi - Vrep) * (VoiL - VReR)Vbis -5 5 %
Vy RSL clock input - crossing point of true and complement signals 1.5 2.0 \%
Vem RSL clock input - common modegy = (Vciu+Veiy)/2 1.6 1.9 \%
Veais,ctm RSL clock input swing: ¥ s = Ve - Ve (CTM,CTMN pins). 0.6 0.70 \
Veis,crm RSL clock input swing: ¥s = Vg4 - Ve (CFM,CFMN pins). 0.6 0.70 \%
ViLcmos CMOS input low voltage -0.3 Vemod? - 0.25 \
ViH,cmos CMOS input high voltage Vemod?2 +0.25 Vemost0.3 \%

Timing Conditions
Table 19: Timing Conditions

Symbol Parameter Min Max Unit Figure(s)
teycLe CTM and CFM cycle times (-800) 25 2.56 ns Figure 53
tcr tcr CTM and CFM input rise and fall times 0.2 0.5 ns Figure 53
tem oL CTM and CFM high and low times 40% 60% teycLe Figure 53
trr CTM-CFM differential (MSE/MS=0/0) 0.0 0.5 teveLe Figure 42
tbcw Domain crossing window -0.1 0.1 teveLe Figure 59
tors tor DQA/DQB/ROW/COL input rise/fall times 0.2 0.65 ns Figure 54
tS, tH DQA/DQB/ROW/COL-to-CFM setup/hol@ tCYCLE=2.5ns 0.250 0.250 ns Figure 54
tpr1, IoF1 SIOO0, SIO1 input rise and fall times - 5.0 ns Figure 56
tor2,tor2 CMD, SCK input rise and fall times - 2.0 ns Figure 56
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Target
KM416RDSAS Direct RDRAM ™

Table 19: Timing Conditions

Symbol Parameter Min Max Unit Figure(s)
teycLel SCK cycle time - Serial control register transactions 1000 - ns Figure 56

SCK cycle time - Power transitions 10 - ns Figure 56
tcHy tolr SCK high and low times 4.25 - ns Figure 56
tsy CMD setup time to SCK rising or falling edye 1 - ns Figure 56
the CMD hold time to SCK rising or falling edge 1 - ns Figure 56
tso SIO0 setup time to SCK falling edge 40 - ns Figure 56
tho SIO0 hold time to SCK falling edge 35 - ns Figure 56
tss PDEYV setup time on DQAS5..0 to SCK rising edge. 0 - ns Figure 48,

Figure 57

ths PDEV hold time on DQA5..0 to SCK rising edge. 55 - ns
tsa ROWS2..0, COL4..0 setup time for quiet window -1 - teycLe Figure 48
tha ROW2..0, COL4..0 hold time for quiet window 5 - teycLe Figure 48
ViL,cMos CMOS input low voltage - over/undershoot voltage duration is Iess - 0.7 Vemod?2 - \%

than or equal to 5ns 0.6
ViH,CMOS CMOS input high voltage - over/undershoot voltage duration i$ Vcpod2 Vemost \Y

less than or equal to 5ns +0.6 0.7
tnPQ 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
tce CTM/CFM stable before NAP/PDN exit 2 - teycLe Figure 48
teo CTM/CFM stable after NAP/PDN entry 100 - teycLe Figure 47
terMm ROW packet to COL packet ATTN framing delay 7 - teycLe Figure 46
tNLIMIT Maximum time in NAP mode 10.0 us Figure 45
tRer Refresh interval 32 ms Figure 50
teeTrL Current control interval 34 tcycLe 100ms mslicycLe Figure 51
tremp Temperature control interval 100 ms Figure 52
trcen TCE command to TCAL command 150 - teycLe Figure 52
treaL TCAL command to quiet window 2 2 teycLe Figure 52
trcQUIET Quiet window (no read data) 140 - teycLe Figure 52
tpAUSE RDRAM delay (no RSL operations allowed) 200.0 us page 28

a. With Vi cmos=0-5Vemos0-6V and iy cmos=0-5Vemost0-6V
b. Effective setup becomegyt =tgs-[PDNXAB4«t 5oy eHppnxe, max]-[PDNX256¢ scyci d
if [PDNX 256+t scyci g < [PDNXA*64¢ scycLettppnxe max]- SeeFigure 48.
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KM416RDSAS Direct RDRAM ™

Electrical Characteristics

Table 20: Electrical Characteristics

Symbol Parameter and Conditions Min Max Unit
Q3¢ Junction-to-Case thermal resistance TBD °C/Watt
IREE Vgeecurrent @ Yaee max -10 10 WA
loH RSL output high current @ £¥ oy1<Vpp) -10 10 HA
IALL RSL Ip, current @ b, = 0.9V, Vop min + Ty max® 22 50 mA
Al RSL Ip, current resolution step - 2.0 mA
fout Dynamic output impedance 100 - Q
Ii,cmos CMOS input leakage current @0, cmossVcemos) -10.0 10.0 HA
VoL cmos CMOS output voltage @y cmos= 1.0mA - 0.3 \Y
Vown,cmos CMOS output high voltage @, cmos= -0.25mA Vemos0.3 - \%

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

Timing Characteristics

Table 21: 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 loF DQA/DQB output rise and fall times 0.2 0.45 ns Figure 55
to1 SCK-t0-SI00 delay @ pap,max = 20pF (SD read packet). - 10 ns Figure 58
tor loF1 SIOpyr riseffall @ G oapmax = 20pF - 5 ns Figure 58
tprOP1 SI00-t0-SI01 or SIO1-to-SI00 delay @ &ap max = 20pF - 10 ns Figure 58
INAPXA 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 us Figure 48
tppNXB PDN exit delay - phase B - 9000 tevele Figure 48
tas ATTN-to-STBY power state delay - 1 toveLe Figure 46
tsa STBY-to-ATTN power state delay - 0 tevele Figure 46
tasn ATTN/STBY-to-NAP power state delay - 8 toveLe Figure 47
tasp ATTN/STBY-to-PDN power state delay - 8 tevele Figure 47
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RSL - Clocking Most timing is measured relative to the points where they
cross. Thedyc g parameter is measured from the falling

Figure 53 is a timing diagram which shows the detailed CTM edge to the falling CTM edge. Thg tand t param-

requirements for the RSL clock signals on the Channel.  eters are measured from falling to rising and rising to falling

The CTM and CTMN are differential clock inputs used for tedges of CTM. Tr:ied?tﬁndzgg/nse;ja8r(1)do/fall-ynt1e parame-
transmitting information on the DQA and DQB, outputs. €rs are measured at the oan o points.

M teveLe >
< t ><¢ t »
ct cH 4 tcr <+ tcr
M
€1 / \ / Ve
k\ f_/ k\ fj 80%
Vy.
V,
M 50%
/ \ VX+
\ / \ PR 2 ¥ 20%
CTMN Ve
[ tcr > [+ tcr >
[ trr
[« tcR -] [« tcR -]
Q_‘\FM / \ / Ve
\\ fj \\ fj 80%
Vy.
Vem
50%
> < / \ b
) ) 7} ) 20%

CFMN Ve
[ tcr > [ tcr >
< toL e ten 5
e levcle 5

Figure 53: RSL Timing - Clock Signals

The CFM and CFMN are differential clock outputs used forThe tr parameter specifies the phase difference that may be
receiving information on the DQA, DQB, ROW and COL tolerated with respect to the CTM and CFM differential
outputs. Most timing is measured relative to the pointsclock inputs (the CTM pair is always earlier).

where they cross. The\c g parameter is measured from

the falling CFM edge to the falling CFM edge. The¢ ind

tcy parameters are measured from falling to rising and rising

to falling edges of CFM. The:k and ¢ rise- and fall-time

parameters are measured at the 20% and 80% points.
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Target
KM416RDSAS Direct RDRAM ™

RSL - Receive Timing The set/hold window of the sample pointsg#$t The
sample points are centered at the 0% and 50% points of a

Figure 54 is a timing 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 atthe \ger voltage point of the input transition.

receive information transmitted by a Direct RAC on the The pRr and b rise- and fall-time parameters are measured
Channel. Each signal is sampled twice peid g interval. at the 20% and 80% points of the input transition.

CEM

N/ N/ \ / \ /[
\/ X \/. X ©
X /N X /N

CFMN Ve

DQA ¢ tpR — O0.5¢cycLe

DOB [ ts ity -» [« ts tH >

ow /™ \ N\ VAN

D Q) 80%
CcoL
even odd
VRer
/ \
/ \
20%

VoI

Fany
"y
A
"

C
C
<

[ tpF P

Figure 54: RSL Timing - Data Signals for Receive
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RSL - Transmit Timing 25% point and at the 75% point of the current cycle. These
transmit points are measured relative to the crossing points

Figure 55 is a timing diagram which shows the detailed of the falling CTM clock edge. The size of the actual

requirements for the RSL output signals on the Channel.  transmit window is less than the ideg} | /2, as indicated

by the non-zero values of yyn and g yax- The | param-

eters are measured at thgg¢ voltage point of the output

transition.

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 pegtc g interval. The beginning

and end of the even transmit window is at the 75% point of The g and b rise- and fall-time parameters are measured
the previous cycle and at the 25% point of the current cycleat the 20% and 80% points of the output transition.

The beginning and end of the odd transmit window is at the

CT™M

A\ / : \\// \ / \ /o
\/ = X \/. X =
JANES G AN,

/ \ / \_

\ / |\

CTMN Ve
le—— 0754 cycle ——» [——————0.754cycLe ————
&:25%cvelE
t t
DQA [« QR - <Q'MA‘ < il <
DQB to,MIN to,MIN
/\ /\ A VaH
D—R 80%
even odd
d P S P 50%
/ \
/ \
D & 20%
\ / ; \ \ / \ /
VoL
[ toF >
Figure 55: RSL Timing - Data Signals for Transmit
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CMOS - Receive Timing 50% level. The rise and fall times of SCK, CMD, and SIO0
are priand pgp, measured at the 20% and 80% levels.
Figure 56 is a timing diagram which shows the detailed

requirements for the CMOS input signals . The CMD signal is sampled twice pegxt g, interval, on

the rising edge (odd data) and the falling edge (even data).
The CMD and SIOO signals are inputs which receive infor- The set/hold window of the sample pointsggtfy; The

mation transmitted by a controller (or by another RDR&M  SCK and CMD timing points are measured at the 50% level.
SIO1 output. SCK is the CMOS clock signal driven by the

controller. Al signals are high true. The SIOO0 signal is sampled once pgfd, g4 interval on the

falling edge. The set/hold window of the sample points is
The cycle time, high phase time, and low phase time of the tgjt,, The SCK and SIO0 timing points are measured at the
SCK clock aredycLg1 tcqiand £, all measured atthe  50% level.

¢ tor2 »]
ViH,cmos
SCK \ f

xR 5] 80%

fJ k\ fJ 50%

D &b \ / 20%

< teveLer \ />
. —¥L,cMOS
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l¢tDRr2-»] [ ts1 Pre-tH1 P [ ts1 Pre-ty >
Vin,cMos
CcMD /_\ /_\
D—W 80%
even odd
4 D 4 D 50%
/ \
/ \
/7 i AR
/ \
ViLcmos
[« (DF2p|
[€tpr1¥, [ tso it

100 A ViH.cMos
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/ \
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| | \/
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Figure 56: CMOS Timing - Data Signals for Receive
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The SCK clock is also used for sampling data on RSL inputonly one RDRAM that is in PDN or NAP will perform the
in one situation. Figer48 shows the PDN and NAP exit exit sequence.

sequences. If the PSX field of the INIT register is one (see The address of that RDRAM is specified on the DQA[5:0]
Figure 27), then the PDN and NAP exit sequences are broaqd- . . -
us in the set hold window 4tz around the rising edge of

cast; i.e. all RDRAMs that are in PDN or NAP will perform SCK. This is shown in Figer57. The SCK timing point is

the exit sequence. If the PSX f'e.ld of the INIT reglgter 1S . measured at the 50% level, and the DQA[5:0] bus signals are
zero, then the PDN and NAP exit sequences are directed; i.e,
measured at thepLg level.

&\ f \ f Vin,cMos

80%

@ 50%

\ / \ / -

—VL cMos
4 ts3Pre-t3 P
VpiH
DQA[5:0] A /\
80%
PDEV
d D VREF

\_/ \_/ 20%

\

Figure 57: CMOS Timing - Device Address for NAP or PDN Exit
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CMOS - Transmit Timing clock-to-output window isd min'tg1,max. The SCK and
SI00 timing points are measured at the 50% level. The rise

Figure 58 is a timing diagram which shows the detailed and fall times of SIOQ argyki and brq, measured at the

requirements for the CMOS output signals. The SIO0 signal20% and 80% levels.

is driven once pert,c g1 interval on the falling edge. The
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\ / \ / -

—¥,cMos
[——1tQ1,MAx —P] [ to1,MIN P
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Figure 58: CMOS Timing - Data Signals for Transmit
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Figure 58 also shows the combinational path connectinghe delay between a RD command packet and read data
SIOO0 to SIO1 and the path connecting SIO1 to SIO0 (reagiacket varies as a function of thg tvalue.

data only). Thegrop;parameter specified this propagation Figure 59 shows this timing for five distinct values gkt

delay. The rise and fall times of SIO0 and SIO1 inputs mus&ase A (#r=0) is what has been used throughout this docu-

be priand gy, measured at the 20% and 80% levels. The .
fise and fall times of SI00 and SIO1 outputs asg;&nd ment. The delay between the RD command and read data is

tor1, Measured at the 20% and 80% levels. tEc)ﬁlh:iotmn:/;rrmgStofrggt]azgg?a)t/og{,%ltigé?;zeﬁ mreo:sh

. . . value is in the range 0 t , the command to data
RSL - Domain Crossmg Window delay can also be((AC—tTR([bti\:(Vé\:g This is shown as cases
When read data is returned by the RDRAM, imformation”A’ @nd B (the gray packets). Similarly, when theg value
must cross from the receive clock domain (CFM) to the!S in the range gycie+tocw,min) 1O fevere the command
transmit clock domain (CTM). The4 parameter permits [0 data delay can also beAe-trr*tcycLe)- This is shown
the CFM to CTM phase to vary through an entire cycle; i.e@S cases Dand E (the gray packets). The RDRAM will
there is no restriction on the alignment of these two clocksWork reliably with either the white or gray packet timing.

A second parameteg,y is needed in order to describe how The delay value is selected at initialization, and remains
fixed thereafter.

oo (X X XX X X doxas)

y [y I
XK X
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.
.
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Figure 59: 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
trc Row Cycle time of RDRAM banks -the interval between ROWA packets ph - tcycLe | Figure 15
ACT commands to the same bank. Figure 16
tras RAS-asserted time of RDRAM bank - the interval between ROWA packe20 64us° tcycLe | Figure 15
with ACT command and next ROWR packet with PREBmmand to the Figure 16
same bank.
trp Row Precharge time of RDRAM banks - the interval between ROWR padket - 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 spi8ces- | - tcycLe | Figure12

sive ROWR packets with PRERommands to any banks of the same devjice.

trr RAS-to-RAS time of RDRAM device - the interval between successive |8 - tcycle | Figure13
ROWA packets with ACT commands to any banks of the same device.

trep RAS-to-CAS Delay - the interval from ROWA packet with ACT commang 8o - tcycLe | Figure 15
COLC packet with RD or WR command). Note - the RAS-to-CAS delay seen Figure 16
by the RDRAM core ficp.o) is equal togcp.c = 1 + kepbecause of differ:
ences in the row and column paths through the RDRAM interface.

tcac CAS Access delay - the interval from RD command to Q read data. The|@&jua- | 12 tcycLe | Figure4d
tion for fcac is given in the TPARM register in Fige89. Figure 39

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

tcc CAS-to-CAS time of RDRAM bank - the interval between successive CO4C - tcycLe | Figure 15
commands). Figure 16

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

tRTR Interval from COLC packet with WR command to COLC packet which cauBes | - tcycLe | Figure 17
retire, and to COLM packet with bytemask.

torrp The interval (offset) from COLC packet with RDA command, or from CQl4C 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 commard to
the equivalent ROWR packet with PRER. The equationfgfdis given in
the TPARM register in Figer39.

trRoP Interval from last COLC packet with RD command to ROWR packet with4 - tcycLe | Figure 15
PRER.
trTp Interval from last COLC packet with automatic retire command to ROWR4 - tcycLe | Figure 16

packet with PRER.

a. Or equivalent PREC or PREX command. See Eitydir
b. This is a constraint imposed by the core, and is therefore in upgsrather thandyc .
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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 -0.3 Vpp+0.3 \
Vop,ABS VDDA ABS Voltage on VDD and VDDA with respect to Gnd -05 Vpp+1.0 \
TsToRE Storage temperature -50 100 °C

Ipp - Supply Current Profil e

Table 24: Supply Current Profile

Ipp value RDRAM blocks consuming power @ gy g=2.5n$ Min Max Unit
IpD,PDN Self-refresh only for INIT.LSR=0 TBD 300 HA
Ibp,PONLL Self-refresh only for INIT.LSR=1 TBD 4.0 mA
IDD.NAP T/RCLK-Nap TBD 6.0 mA
Ipp,sTBY T/RCLK, ROW-demux TBD 120 mA
IbD,ATTN T/RCLK, ROW-demux, COL-demux TBD 180 mA
IDD,ATTN-W T/RCLK, ROW-demux,COL-demux,DQ-demuxWR-SenseAmp 4ACT-Bank TBD 575 mA
IDD,ATTN-R T/RCLK, ROW—demux,COL—demux,DQ-mu>e,IRD—SenseAmp,-zlACT—Bankb TBD 490 mA

a. The CMOS interface consumes power in all power states.
b. This does not include the IOL sink current. The RDRAM dissipate3 Y@L in each output driver when a logic 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 I DQA,DQB,RQ Pin
G
!{ R
Gnd Pin
Pad L,
X a1 CTM,CTMN,
CFM,CFMN Pin
G
% Ry
Gnd Pin
Pad Licmos
X SCK,CMD Pin
<‘> Ci.cmos
Gnd Pin
Pad Licmos
X SI100,SI01 Pin
<‘>Ccmosso
Gnd Pin
Figure 60: Equivalent Load Circuit for RSL Pins
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This circuit does not include pin coupling effects that are  each RSL signal adjacent to an AC ground (a Gnd or Vdd
often present in the packaged device. Because coupling  pin), the effective inductance must be defined based on this
effects make the effective single-pin inductangeahd configuration. Therefore,|lassumes a loop with the RSL
capacitance a function of neighboring pins, these param- pin adjacent to an AC ground.

eters are intrinsically data-dependent. For purposes of spec&
fying the device electrical loading on the Channel, the
effective L and G are defined as the worst-case values over
all specified operating conditions.

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

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

Table 25: RSL Pin Parasitics

Symbol Parameter and Conditions - RSL pins Min Max Unit
L, RSL effective input inductance - 4.5 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
AL, Difference in L4 value between average of CTM/CFM and any| - 2.0 nH
RSL pins of a single device.
C RSL effective input capacitante 2.0 2.6 pF
Cio Mutual capacitance between any RSL signals. - 0.1 pF
AC, Difference in G value between average of CTM/CFM and any| - 0.12 pF
RSL pins of a single device.
R, RSL effective input resistance 4 18 Q
a. This value is a combination of the device IO circuitry and package capacitances.
Table 26: CMOS Pin Parasitics
Symbol Parameter and Conditions - CMOS pins Min Max Unit
L|.cmos CMOS effective input inductance 8.0 nH
C| cmos CMOS effective input capacitance (SCK,CMD) 1.7 21 pF
Ci cMos,sio CMOS effective input capacitance (SI01, SI®0) - 7.0 pF
a. This value is a combination of the device IO 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 Y

A B C D E F G H 13 Top

L Top Bottom

71 000000000 D
5] 000000000 D
s 000000000 D

3l OO0OO0O000O0O0 D
2/ OO0 000000 05 D

1 OO@(B;E])OOOO D

El E
_levvvuuuvuli

T vﬁtom

Figure 61: Center-Bonded uBGA Package Table 27 lists the numerical values corresponding to dimen-
sions shown in Figer61.

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 11.9 121 mm
D Package body width 11.7 11.9 mm
E Package total thickness - 1.25 mm
El Ball height 0.45 0.55 mm
d Ball diameter 0.55 0.65 mm
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| r f Term controller A logic-device which drives the
Glossa y ot terms ROWY/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 ~ ¢°™® 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 ¥ /V op. current control Periodic operations to update the proper
ATTN Power state - ready for ROW/COL loL 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 XB'T2CBlTstorage cells in the  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 E,:-tNFGA register field - # bank address doubled-bank RDRAM with shared sense amp.
its.
. DQ DQA and DQB pins.
broadcast An operation executed by all RDRAMs. .
. . 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 (b ) command in XOP field. . o
) ) 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 ROW/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. g 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 1D.
coL Pins for column-access control. NAP Power state - needs SCK/CMD wakeup.
COL 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 dualocts column storage. ) ) )
. 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 bits carried on the Channel. RSL Rambus Signaling Levels.
PDN Power state - needs SCK/CMD wakeup.  SAM Sample () 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 CM_OS clock pin.. _
PRE PREC,PRER,PREX precharge commands. sP tSrg:]lsa;gt?ct)%Sp\:;lvc/:kgltjfg;tc:gglodl. register
PREC Precharge command in COP field. SDEV Serial device address in SRQ packet.
precharge Prepares sense amp and bank for activate. gngyip 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 baniow.
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. g\t Serial interval packet for control register
Q Read data packet on DQ pins. read/write transactions.
R Row address field of ROWA packet. S100,S101 CMOS serial 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 -dag core delay.
REFP Refresh-precharge command in ROP field. ¢ g TCLSCAS register field - 5 core delay.
REFR Control register - next row for REFA. TCLSCAS Control register -das and g s delays.
refresh Periodic operations to restore storage cells. cyc Control register -y, g delay.
e Tes ey TOAC  Conrlrgiter i dly.
RLX RLXC,RLXR,RLXX 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 -gp,y delay.
RLXX Relax command in XOP field. transaction Eg:\é\égOL,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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