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TC59R0808HK

PRELIMINARY
1,048,576 WORD x 8 BITS RAMBUS DYNAMIC RAM

Description

The TC59R0808HK Rambus Dynamic RAM (DRAM) is a nexi-generation high-speed CMOS DRAM with a 1 ,048,576 x 8
bits organization and built-in slave logic. The 18,384 sense amps of the DRAM core are used as cache to achieve data
transfer rates of up to 500MB/s. I/O is at the Rambus level, the open drain system being used for output.

The TC59R0808HK use a surface horizontal mount package (SHP). Also, the data transfer, which is synchronized with
the high-speed clack, the self-refresh function, random access mode function, byte masking function and the address map-
ping function obviate the need external control circuits, masking this DRAM ideal for use in main memaory and graphics appili-
cations where high performance and low cost are essential.

Features Pin Connection (Top View)
¢ Organization: Plastic SHP
- RAM: 32K words x 32 bits
- Cache: 2048 x 8 x 1 (number of sense amps) 385 pogt
- Slave logic vas 1
¢ Self-Refresh, Address mapping, and mask-write functions. =
. . =
Random Access Mode, Bit Mask, Serial Control Packet BusonD S :
* 1K refresh cycles per/32ms Bustnably O 3
vad & 8
* Package: SHP BusDatas = 9
. GND =310
* 3.3V single power supply:  3.3V+0.3V BusDatas &4 11
e /O Rambus™ level ek E I
Ves o1k
Pin Names Busoélﬁg g }g
BusCtel 319
Bus Data0~8 | Bus Data I/0 Sin 320
Vref E 21
BusCtrl Bus Control /O Busoass S a
BusEnable | Bus Enable Input au,offfS 5 §§
NU 26
RxClk High-Speed Sync Clock (for Receiving Data) BusDatal = a
TxCIk High-Speed Sync Clock (for Sending Data) Busbatad 4 23
GND &334
Sin Serial Signal Input vdd O 32 .
Post
SOut Serial Signal Output 3P

Vref Reference Voltage
Vdd/GND Power Supply Terminal (+3.3V)/ground
VAd/GND-A Power Supply Terminal (+3.3V)/ground (for

DLL)
NC No Connection
NU Not Usable Input

1. This technical data may be controlled under U.S. Export Administration Regulations and may be subject to the approval of the U.S. Depariment of Commerce prior to export. Any export or re-export, directly
or indlirectly, n contraverttion of the U.S. Export Admirustration Regulations is strictly prehibited.

2. LIFE SUPPORT POLICY

Toshiba preducts described in this document are not authorized for use as critical components in fife support systems withaut the wrtten consent of the appropriate officer of Toshiba America, Inc. Life
support systems are either systems intendad for surgical implant in the body or systems which sustain Iife.

A critical somponent in any component of a fife support system whose failure 10 perform may cause a malfunction of the life support system, or may affect ts safety or effectiveness.

3. Theinformation in this document has been carefully checked and is believed to be reliable; however no responsibility can be assumed for inaccuracies that may not have been caught. All information in this
data book is subject to change without prior notice. Furthermore, Toshiba cannot assume responsibility for the use of any license under the patent rights of Toshiba or any third parties
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TC59R0808HK High-Performance DRAM RD08010496

Internal Block Diagram of RDRAM

Sin BusData [8 : 0], BusCtri BusEnable RxClk , TxClk SOut
* J
Slave logic
Internal Data Bus
DRAM Cell Array Row Address
512x2048x8 L Row decoder RA0-9
Bank 0 512
72x256
8x9 = Column Address
Sense Amp/latch  |{H 256 CAQ-7
Column Decoder P
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RD08010496 High-Performance DRAM TC59R0808HK
Internal Block Diagram of Slave Logic
Clock To Master
Clock From Master
Sin SOut
_i& BusData(8:0], BusCirl, BusEnable ‘
TxClk A ‘( RxCik V
[ Transmitter ] =~ dock ] Generator }—> Receiver
y y TClk ¢ RClk
Y Y
Read Data Packet | Ack Packet Request_ Packet | Write Dqta Packet
. R Register Register
Register Register
A Adr(35:11)
Opx{1:0} Column Address
Start CAD-7 (Adr [10:3])
Op {3:01 AddressSelect .
Adr(2:0)
o
SMode [1:0) Address Mapping DeviceType
Sadr[31:11110:3] Logic
scut [7:0}
AdrS 135:11]
' r—{DevicelD — >
Command State Machine
=
-
Deviceld

Frame State Machine

ReadDly, AckDly, WriteDly, AckWinDly

RE, DE, PD, CE. X2, C[5:0}

iDMatch

Comparator

{ Delai N

Refresh State Machine

{ Mode >
J‘ Rasinterval -

Row Address
Comparator

Row Miss State Machine

CoreAccess. CoreRestore

Internal Data Bus

Core Address

Logic

Row Address
{RAQ-9)

Bank

Refow =~

Address

Mininterval 1
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TC59R0808HK High-Performance DRAM RD08010496

Maximum Ratings

SYMBOL ITEM RATING UNIT NOTE
Vin Input Voltage -0.5~Vpp +0.5 \ 1
Vin Input Voltage (TTL) -0.5~55 V' 1

Vg, Vaa-A | Power Supply Voltage -0.5~6.5 A 1
Torr Operating Temperature 0~70 °C 1
Tsta Storage Temperature -55 ~ 125 °C 1

Tsoper | Soldering Temperature 260 °C 1
Pp Power Dissipation 3 w 1
lout Output Short-Circuit Gurrent 50 mA 1

DC Recommended Operating Conditions (Ta = 0 ~ 70°C) Note 13

SYMBOL PARAMETER MIN. TYP. MAX. UNIT NOTE
Vad, Vag-A | Power Supply Voltage 3.0 3.3 3.6 V' 2
VREF Reference Voitage 1.9 2.2 24 v 2
V4 High-Level Input Voltage Vref + 0.35 - Vref + 0.8 \ 2,14
ViL Low-Level Input Voitage Vref + 0.8 - Vref + 0.35 A 2,14
Viy (TTL) | High-Level Input Voltage (Sin Pin Only} 2.0 - 5.5 \ 2,14
V)L (TTL) | Low-Level Input Voltage (SIn Pin Only) -0.5 - 0.8 \ 2,14

Capacitance (Vg = 3.3V, f = 1MHz, Ta = 25°C)

SYMBOL PARAMETER MAX. | UNIT | NOTE
Input Capacity (RxClk, TxCIk, Busble,
C - 2
Vref)
C,(TTL) Input Capacity (SIn) - 10 pF
Cio Qutput Capacity (BusData[8:0], BusCtrl) - 1
Cio (TTL) | Output Capacity (SOut) - 15

M 9097248 0028742 43b W
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RD08010496 High-Performance DRAM TC59R0808HK

DC Electrical Characteristics

SYMBOL ITEM MIN. MAX. UNIT NOTE
oot Operating Current - 220 3,4,5
g2 Standby Current - 65 LA 3
loc3 Refresh Current - 220 3,5
lecd Mean Operating Current (Typical) TBD 13
SYMBOL ITEM MIN. MAX. UNIT NOTE
VoH High-Level Output Voltage Vref + 0.4 -
VoL Low-Level Qutput Voitage - Vref - 0.4 y
Von (TTL) | High-Level Output Voltage (SOut only) 24 vdd
VoL (TTL) | Low-Level Output Voltage (Sin only) 0 0.4
loL Output Current (at low-level output) - 35 mA 6
lon Output Current (at high-level output) -10 10 HA
hoy Input Leak Current -10 10 LA
low Output Leak Current -10 10 uA
lon Vref Current -10 10 LA
AG Permissible Operating Conditions and Characteristics
SYMBOL ITEM MIN. MAX. UNIT | NOTE
tors tor Rise Time and Fall Time of TxClk and RxClk 0.3 0.7 7
tar: tar Rise Time and Fall Time of Output Data 0.4 0.6 ns
tevoLE TxClk and RxClk Cycle Times 4 6
trick Data Transfer Time ' 0.5 0.5 toycie| 8
tow toL High-level and low-level Time of TxClk and RxClk 45% 55% tovoLe
tR TxClk and RxClk Differential 0 0.7"teveLE
ts Data Set-up Time for RxClk 0.45 -
ty Data Hold Time for RxClk 0.45 - ns
tq Data Output Time for RxClk (1 - 0.45) {toyered) | (1 + 0.45) {toyoLe4)
trer Refresh Interval - 17 ms
tLock: tacTive | Look Time of Interval Clock Generator in ActiveMode - 750 tovote | 11
tLocks Look Time of Interval Clock Generator in Standby- B 750 t 1
tstanpey | Mode cveLe
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RDRAM Access Timing

SYMBOL ITEM MIN. MAX. UNIT NOTE
tevoLE TxClk and RxClk Cycle-Times 4 6 ns
t Time from start of request packet to start of 7 10
RESPONSE read data packet (Row hit)
i Time from start of request packet to start of 10 a1
READHIT read write packet (Row hit)
t Interval between row miss and sendirg of 4 35 s
WRITEHIT next request packet
t Start of request packet for row miss (Nack)
RETRYSENSED to start of request packet for row hit. The 21
CLEAN precious row is modified.
% Start of request packet for row miss (Nack)
RETRYSENSED to start of request packet for row hit. The 29 9
DIRTY precious row is unmodified.
; Time from start of request packet to end of 26 tovole 9
READBURST32 32-byte read data packet (Row hit).
¢ Time from start of request packet to end of 138 9
READBURST256 256-byte read data packet (Row hit).
" Time from start of request packet to end of 20 10
WRITEBURST32 32-byte write data packet (Row hit).
% Time from start of request packet to end of 132 10
WRITEBURST256 256-byte write data packet (Row hit).
i Delay from the end of the current transac- 4
POSTREGWRITEDELAY | tian to the beginning of the next transaction
t Delay from the end of the current transac- 2
POSTMEMWRITEDELAY | tion to the beginning of the next transaction
N Delay from the beginning of a serial 13 t
SERIALREADOFFSET | address subpacket or serial control packet CYCLE
Delay from the beginning of a serial
tSEFHALWRITEOFFSET address subpacket or serial control packet 5 tCYCLE
to the beginning of the read data subpacket
Row Miss and Refresh Parameters
SYMBOL ITEM MIN. MAX. UNIT NOTE
RowOQverhead | Overhead time (Standard value) 9 - toyoLe
RowPrecharge | Minimum precharge time (Standard value) 9 - toveLe
RowSense Rasinterval [1] [4 : O] register 8 - tovoLE
tras RAS pulse width 60 - ns

B 9097248 002874y 209 WA
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Access Timing Chart

1. Read Timing (Row Hit)

/////////////////////////////////@@@ »

2. Write Timing (Row Hit)

BusData [8: 0 //////////////////////////////////////////////////////4@@@ )

4. Write Timing (Row Miss)

M 9097244 0028745 145 M
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Access Time For Row Sense Amp Cache Hit

BusCtr]  BusData {8:0) BusCtrl,  BusData[8:0) |
I L} ¥ T 1
Request packet Request packet I
trReSPONSE tRESPONSE tWRITEHIT
tREADHIT
WriteDelay
Write data packet
ReadDelay
Read data packet
Next request packet Next request packet
Read operation Write operation
Access Time
BusCtrl  BusData [8:0) BusCtrl,  BusData [8:0] \
I Ll Ll I Ll
Request packet Request packet RETRYSENSEDCLEAN(Clean Miss)
tresPONSE treSPONSE LRETRYSENSEDDIRTY(Dirty Miss}
TRETRYSENSEDCLEAN{Clean Miss) Nack /
TRETRYSENSEDDIRTY{Dirty Miss) : Write data packet
Next request packet Next request packet A
TRESPONSE| treADHIT RESPONSE]
1 Write data packet
Read data packet
Read aperation Write operation
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Rise and Fall Timing /O Waveform

Viu(Min) A
A\ \Y;
RxClk, VTxClk Vi (Max) Vref

tcr tcr

Vbata, in  Viy(Min)
Vv, . Vref
control,in  V (Max)

tor 1oR

VDats, out  Vou(Min) v
Veontrol, out Vo {Min) ref

tqr tor
TxClk, RxClk Timing
teyeLe
Vrxcik teL L/ tcH
Vref
P4

trr

aZal:

VRxClk Vet toL l/ teH
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Write Data Set Up and Hold Timing for RxClk

tevcie

trick{even) / trick(odd)

VRxCik Vref

ts tH ts tH 5 tH !

Vbata, in . VALID VALID VALID

V, e Data-In Data-In Data-In
control, in

Write Data Output Timing for TxClk

tovcle

trick{even) yd trick(odd)

VTxcik Vref

tomax tomax
tomin tomiIN toMIN

VData, Out Viyef VALID VALID
Veontrol, in ¢ Data - Out Data - Out

]
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TC59R0808HK

Notes:

1.

Stress greater than the maximum rated value may
subject the device to permanent damage.

2. Al voltages are given with GND as the reference.

3. These values do not include the BusData [8 : 0] or
BusCtrl output currents.

4. This value is valid when 16 bytes of data are written
to memory when the row sense amp cache is hit.

5. These values are valid when toye = 4ns. They are
strongly affected by the value of toye e

6. The low-level output current is the current when the
RDRAM outputs logical level “1”, This parameter can
be set in the Mode Register in the slave logic.
I 9097248 0028749 890 WA

PRELIMINARY

7.

10.
11

12.

13.

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.

Vrref is used as the reference voltage when measuring
the input signal timing.

Caloulated from the following conditions: toyere =
4ns, and tpp (Min.), trp (Max.), and RowOverhead =
2loveLe:

Value calculated from tggapyr (Min).
Value calculated from twareyr (Min).
These values are 3us when toye g = 4ns.

These values are the average operation current for
graphics application systerns.

Data input swing = Vref+ / -0.35Vmin.
Clock input swing = 1Volt min. peak to peak, 450mV
min. from Vief.

H-241
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[1] Pin Function Bus Enable Input: BusEnable
This pin is used for selecting the Rambus DRAM (RDRAM)
Bus Data 1/0: BusData [8 : 0] operating mode (reset, active, standby, or power-down). Tran-

sition among the four modes is mainly achieved by varying the
length of signal input (pulse width). When no signal is input,
standby mode is autormatically selected. Active mode is
selected with a narrow signal pulse, while reset mode is
selected by a wider pulse width. The signal level is referenced
to Vref, low-level being logical “0”.

This pin is used inputting request packets and write data
packets, and for outputting read data packets. The signal level
is referenced to Vref, low-level being logical “1”, high-level
being “0”.

Bus Control I/0: BusCtrl

This pin is used for request packet input and acknowledge
packet output. This signal level is referenced to Vref, low-level
being logical “1”, high-level being logical “0”.

Vterm

Master ) RDRAM 0 RORAM T | ...... RDRAM 31
TxClk RxClk | [RxClk TxClk RxClk  TxClk RxClk  TxClk

l I l l Terminal resistanceSE
BusDatal8:0]

BusCtrl,BusEnable

wy

4

ClockFromMaster
ClockToMaster

Oscillator i

Figure 1. Rambus System Clock

teveLe |

RxClk, TxClk —\l V-__\__{———\
|_Bus Cycle

ualtd) e X 00 X o X b X by X X o X

n : Bus Cycle NO.

Figure 2. Bus Cycle
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RD08010496 High-Performance DRAM TC59R0808HK
ngh-Spee.d Sync Clocks: RxCIk, 1"xCIk Master RDRAN

These are high-speed sync clocks for input and output data.

RxClk is used for input data, TxClk is used for output data. In ClockToMaster AixClk TxClk

the Rambus systemn, both clock edges are used for sending ClockFromMaster TxClk RxClk

data (see Figure 2). The rate between clock edges is known as
the bus cycle, with data sent on the trailing edge being known
as even bus cycle data and data sent on the leading edge
being known as odd bus cycle data. RDRAM access is all ref-
erenced to even bus cycle (trailing edge of clock).

In Rambus systems using RDRAM, skewing between the
clock signals and data signals must be minimized in order to
achieve high-speed data transfer. For this reason, the clock
signal line is looped as shown in Figure 1 as the ClockFrom
Master. In addition, the clock signal line and the data signal line
must be arranged in parallel so as to have the same imped-
ance. In Figure 1, the clock traveling from the RDRAM
(RDRAM31) at the end of the bus toward the master is known
as the ClockToMaster, while that traveling back from the mas-
ter to the RDRAM is called the CLockFrom Master. Because
ClockToMaster is used as the sync clock when sending data
from the RDRAM to the master, ClockToMaster becomes
TxClk at the RDRAM and Rx at the master. Vice versa, when
data is sent form the master to the RDRAM ClockFromMaster
becomes the sync clock and is TxClk at the master and RxClk
at the RDRAM.

The use of this clock system means that the data and
clock are always in the same direction, minimizing any skewing
between them.

Serial Signal Input and Qutput: Sin, SOut

These signals are used to initialized the RDRAM and to create
the Rambus daisy chain. These signals are the only RDRAM
active signals that are CMOS leve! low-speed signals.

In the Rambus system, each device (RDRAM) must be ini-
tialized after powering up. The process of initialization requires
the allocation of the unique addresses (DevicelD) to each
RDRAM in the group.

This is achieved continuously using Sin and SOut. Sin and
SOutlink the whole system as a daisy chain (see Figure 3). In
addition to initialization, Sin and SOut are also used for refresh
clock input when the RDRAM are in the power-down operat-
ing mode. They are not otherwise used in normal operation.

Vierm

Master RDRAM 1

RDRAM 31

Sin 50ut

ARA
wy

AAA,
wy

AAR
Yy

BusData[8:0)

BusCtrl,BusEnable

ClockFromMaster

ClockToMaster

Vref

Ve Oscillatar

GND

Figure 3. Rambus System

Reference Voltage: Vref

This is the reference level for the high-speed small-amplitude
signals (BusData [8 : 0}, BusCtrl, BusEnable, RxClk, TxCIk)
used by the RDRAM. When signal levels higher than Viref, it is
logical “0”; when lower, it is logical “1”.

B 9097248 0028751 449 EE
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Post

These pins support the package. They are not electronically
connected to the chip.

NU (Not Usable)

This pin is connected internally to the lead frame. Because this .
pin ocutputs the board potential, do not connect it electrically.
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[2] RDRAM Basic Operation

RDRAM access is basically accomplished using request pack-

BusCycle BusCtr!
~—

ets, acknowledge packets, and data packets. A packet is a
group of contiguous bits sent via the 10 /O bus lines of BusC-
trl and BusData [8 : 0. These packets play the following roles.

BusData [8:0)

Y

0 Start Opi0] . ) Adr{9:2] \ ,

1 Op[1] Opl3] . ,  Adr[17:10] . .

2 Opx|[1] . . \ , Adr[26‘:18] \ .

3 opl2] . . Adr[35:27] X L
4 Opx[0] C?unt[6,4,l2]

5 i Count(7,5,3] Count[1:0] Adr{1:0]

Figure 4. Structure

(1) Request Packet

The request packet is the first packet sent when
accessing RDRAM. The request packet, which is
made up of 6oycles X 10bits of data, includes
RDRAM address information, the write/read data
packet size, the operation command (to select read-
ing or writing to memory or register), and the mask
command for the write data. Figure 4 shows the

* Adr[35 : 3] (= Address [35 : 3))
The address bits show the address requested by the
master. As shown in Table 1, the 33-bit address
space includes the device ID address and bank
address, and the row address and column address.

Table 1. Address Space of Request Packet

request packet structure. Memory Space Register Space

® Siart Adr[10:3] Column address Register address
The start bit shows the start of a request packet and Adr [19:11] Row address Don’t Care

is a logical low *1” (low level electrical). Thus, the Adr 120 Bank address Dont Care
RDRAM interprets the output of a “1” on the BusCtrl T [35], 7 Sovice 1D a0 Fevice 1D add
line as the start of a request packet. riss:2n evice 'L adaress gvice 1L adoress

e 9097248 0028752 385 WA
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* Op [3: Q)Op X [1 : 0] (= Operation Command)

Table 2 shows the operations for Op [3 : 0/Op X[1 : 0.
These bits select the RDRAM operation command.

Table 2. Operation Commands

Dp[3:0] OpX(1:0] Name
0000 00 Rseq Read sequential data from memory
0000 01 Rseq Read non-sequential data from memory
0100 00 WseqNpb | Write sequential data to memory space with no per-bit mask
01060 01 WsegDpb | Write sequential data to memory space with data-per-it masking
0100 10 WseqBpb | Write sequential data to memary space with both-per-bit masking
0110 11 WseqMpb | Write sequential data to memory space with mask-er-bit masking
0111 00 Rreg Read sequential data from register
1000 00 Wreg Write sequential data from register
1000 01 WnsqNpb | Write non-sequential data to memory space with data-per-bit masking
1000 10 WnsqBpb | Write non-sequential data to memory space with mask-per-bit masking
1000 11 WonsMpb | Write non-sequential data to memory space with mask-per-bit masking
1100 00 WbnsNpb  |Write non-sequential data to memory space with byte masking and no per-bit masking
1100 01 WbnsDpb | Write non-sequential data to memory space with byte masking
1100 1 WhnsMph | Write non-sequential data to memory space with byte masking and mask-per-bit masking
1111 WregB Broadcast write to register space of all responding devices with no acknowledge permitted.

s Count [7 : 3]

The count bits show the size of the write/read data

packet. The oct-byte (OB) unit is used as the unit of

the data packet size. A value between 108 (8bytes)

and 320B (256bytes) can be specified.

Count [7 : 3] = 00000 means 10B, Count [7 : 3] =
00001 means 208, Count [7 : 3] = 11111 means
320B.

B 9097248 0028753 211 EA

PRELIMINARY

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.

e Adr [2: O Count [2 : O}

These bits select mask information for write data. Adr
[2: 0land Count 2 : O] are the mask information for
the first and last OB in the write packet.

* Rsrv (Reserved)

These bits are unused. Use the master to set them to
“0” when arequest is issued.
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(2) Acknowledge Packet
The acknowledge Packet (Ack [1 : Q) is the RDRAM
response signal to the request packet. Table 3 shows

the meaning of the respective Ack [1 : 0] signals.

Table 3. Acknowledge Packet

Ack [1:0] Command Description

00 Nonexistent Nonexistent shows that no RDRAM has the requested address if no output is detected on the BusGtrl line within
a set time after the end request packet.

01 Okay Okay shows the completion of receipt of the request packet.

10 Nack Nack shows that the requested device cannot respond to the request. NAck is output for RDRAM in the case of a
row or refresh, efc. If a Nack is returned, the master waits before sending the request again.

11 Reserved  |Reserved is not currently used. RDRAM does not output Reserved.

(3) Data Packet (4) Serial Mode Packet

The data packet is a group of contiguous write or
read data for merory or register address space. The
data packet consists of between 10B (8byte) and
320B (256hytes). (It is always 10B when reading or
writing to registers.)

The serial mode packet (SMode {1 : Q]) controls the
state of the CountQ0 {3 : 0] and Count11 {7 : (]
counters. These counters cause operating mode
transitions when they reach special values. Figure 5
shows the format of the serial mode packet.

BusCycle BusEnable BusCtr! = BusData [8:0] —
even SMode [ 0] L P ST S S
odd SMode [ 1] o L

Figure 5. Serial Mode Packet Format

Table 4 shows the meaning of SMode [1 : (] signals.

Table 4. Serial Mode Fields

SMode [1:0] Description
00 Increments Count00 [3 : 0], Clears Counti1 [7: 0]
01 Z
10 -
11 Increments Count11 {7 : 0], Clears Count00 3 : 0]

I 9097248 0028754 158 mE
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RD08010496 High-Performance DRAM TC59R0808HK
(5) Serial Address Packet are transferred serially on the BusEnable pin on the
The serial address packet (SAdr 110 8] provides RDRAM, thus these are called a serial address. This
eight low-order address bits for each octbyte which is packet is used in random access mode.

accessed in memory space. These eight address bits

gyéle EE;rL:;ble BusCtri BusData[8:0]
Prrveceinny — >
. [4] : § SAdr
:even : [{1)[3]
YU FSAdr
: odd : pl1M4]
BT sAar
: even : J11]I5]
'[5]‘ SAdr
: odd : J[1il6)
Y6l [SAdr
. even ; [{1][7]
T Feaar
: odd : }F{1)i8]
D5 A
el
o SAdr
> fno]
J{avn) T [ Sadr
: even ] [n]i3]
Piain e
: odd : | In][4]
tlarnsa): | sadr |
: even ; 1n}f5) |
) Fsadr |
: odd : ]Inl(6) |
Tfana 2 | SAdr
. even : {[n][7]
a2 [SAdr
: odd : |In){8]
“lan+3): | SAdr
. even : f(n}[9]
lana3i s [SAdr
: odd : {[Inl[10]

Figure 6. Serial Address Packet Format

B 9097248 0028755 094 MR
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Table 5. Serial Address Packet

Serial Address Fields Description
SAdr [i] [10: 3] Low-order address bits for each octbyte
(6) Serial Control Packet packet are all of those which access memory space.
The serial control packet provides for the early termi- The register read and write commands do not use
nation of a memory space read or write transaction. It the serial control packet. Figure 7 shows the format of
consists of eight bits transferred serially on the BusC- the serial control packet.
1l pin of the device. The commands which use this
g;léle Eg;ble BusCtrl BusData[8:0]
. - S S
10) - SCtrl
even {0}
feesieel =
&3 &y
HON - 1 scyl
even [2]
1 : -
& SS{'
i - scul
even [a]
ez —
o[d]d S[Cst]rl
R R - sCtrl
even (6]
SRNPEELE -
& sen
Figure 7. Serial Control Packet Format
Table 6 shows the function of the bits within the serial odd tick bits are unimplemented.

controi fields. The SGirl [5] bit is used to controf termi-
nation. The bits in the even bus ticks must be zero in
order for framing to work properly. The other three

Table 6. Serial Control Fields

Serial Control Fields

Description

SCtrl [0] This bit must be a zero due to framing requirements
SCtri [1] unimplemented

SCtrl [2] This bit must be a zero due to framing requirements
SCtrl [3] unimplemented

SCtrl {4] This bit must be a zero due to framing requirements
SGirl [5] 0 means don’t terminate the current access

0 means terminate the current access

SGtr! [6] This bit must be a zero due to framing requirements
SCtrl [7] unimplemented

B S097248 002875k T20 WA
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BusCtrl BusData[8:0]
BusCycle € -€ g _
0 | Start Op[0] . ) Adr[?:Z] ) .
11 Op{1) Op(3] , . Adr['il7:10] . )
Request | 2 |Opx[1] , . _ Adr([26:18) ) . 12ns
packet 3 | opl2] . ) . Adr{35:27] , ,
4 {Opx{0] Rs.rv Colunt[6,4,I2] : . Rslrv
501 Rerv Rsrv Count{7,5,3} Count[1:0] Adr[1:0]
4 . '
AckDelay
ReadDelay
= 36ns{Min)
Acknowledge
packet
AckWinDelay ¥
1_ , ) ) Dflta[O][O].[S:DI . . , A
. , D§ta[O][1]‘[8:0] , . )
Data[0]{2]{8:0)
1 1 1 1 1 1 1 1
Data[0][3][8:0]
L L 1 1 ! 1 i 1
Data
packet
Data Cour'at][O][S'D]
L 1 1 L "y
Data[Count][1][8 0]
1 L 1 1 L
Data[Count][Z [8: O]
L 1 1 L L
Data[Count] 3j8: 0) y
ReadPipeDelay i
0 | Start Op{0) , . ; Adr[9 2] ) .
1 Op[1] Op[3} . ) . Adf[17 10] X
Next request | 2 [opx[1] . . . ) Adr[26 18] .
packet onl2] J Adr[35 27] .
i L
4 |Opx{0] -Rsrv Count(6,4,2) Rsrv v .
5 | Rery CRsrv Count[7,5,3] Count[‘l o] | Ack[1:0]

Figure 8. Read Operation for Memory or Register Address Space (Ack packet = Okay)
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Buscyde B8N BusData[8:0] .
A A0 | Star opl0] , . , Adr[9.:2] ) \
1| opl1] Opl3] . ) ; Adr[1'7:10] . )
Request | 2 | Opx{1} , ) . Adr[216:18] ,
packet L - L
3 | opl2] \ ] . Adr[35:27] ] )
4 [Cpx[0] e Cofﬂtlﬁl‘%?] RSPV e
¥ 5 [ Reri Count[7,5,3] Count[1:0] Adrl1:0]
LRETRYSENSEDCLEAN T1
AA
AckDelay
‘-
Acknowledge‘
packet
y
AckWinDelay
-‘-.
A
ReadPipeDelay
Y \
A O | Start Opl0] , . . Adrl(9:2] ] ) )
1| op(1] Opl3] . . . Adr'[17:1()]l )
Next request | 2 §Opx[1] . , . Adrl[26:18]1 ]
packet .
3 | opl2} ] ] Adr[35.27]l '
4 |0Opx[0] Count[6,4,2]
¥ 5 [4Rsr Coynt[7,5,13] Countl[1:0] Adrl[I:O]

Figure 9. Read Operation for Memory or Register Address Space (Ack packet = Nack or Nonexistent)
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BusCycle  BusCtrl BusData(8:0)
A O | Stamt Op{0] ) N Au’ri?:Z} o , . T
1| Oplil}| Opi3] . , Adr{17:10] . .
Request | 2 | Opx{1) Adr[26:18] 12ns
pa(ket 4 1 L i 3 1 L
Op[2] N , . Adr(35:27] ) )
4 | Opxl0] . 'RS.N : Count6,4,2] ‘ " Rsrv .
5 | Rstv oRsrv Count(7,5,3] Count(1:0] Adr{1:0] |y
\ A
AckDelay 1..
. ; Di;lta{OI[Oll[S:O] , . \ A
Data[0}[1][8:0} WriteDelay
1 . 3 " L L L = ans(Min)
Acknowledge Ack(D] 1 1 D?ta[O][Z]l[B:D] 1 1 i e
packet Ack{1] ) ) Datal[0](3]{8:0] , )
AckWinDelay Data
J packet
Data[Cour‘mt)[O][B'O]
Data[Count][1][8 O]
Data[Count][Z][S 0]
Data[Count][B][B 0] \
1POSTREGWRITEDELAY
lws.rmwwausoww

Next request | 2
packet

|t
w

Start Opl0] \ . Adr[9 2] . )

Opl1]| | Opl3] ) ] Adr[17 10] l
Opx[1] . Adr[26 18] .

Op[2] Adr 35:27]

Opx{0]} < RSV o Cpunt(6,4,2] v T
Rsrv Count(7,5,3] Count[1:0] | Adr[1:0]

Figure 10. Write Operation for Memory or Register Address Space (Ack packet = Okay)
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BusCycle BusCtrl BusData[8:0] -
A A0 | start{| oplo} , . Adr[?:Z] . . ] J
t [op[1]] | Opl3] , . , Adr[17:10] , )
Reaqcu_l:i;t 2 {Opx[1] . . , . Adr[216:18] , ) . 12ns
i 3 |opl2] ) . , Adr(35:27] , )
4 {opx[0] f Count[6,4,2] : :
Y 5 [:Rse Count(7,5,3] Count[1:0] Y
AWriteDelay
AckDelay = 4ns(Min)
tRETRYSENSEDCLEAN Data[0}{0}[8:0] \
1 1 L 1 1

l?ata[O][;I][S:O] .

Data[0]]2](8:0] Data
L . L packet

Acknowledge

|<—>-|<——————>|

ket -
P 1 s L ll)ata[()][l3][8.0] 1 1 N (interrupted)
AckWinDelay :
\ Y
1Posmssvg§nwnm
‘ tPOSTMEMWRITEDELAY
A O [ Start || Opl[0] } ] ; Aclir[9:2] . ) .
1 [Op[1]| | opl3] , . . Aclir[17:10l] . )
Next request -
packet 2 jopx[1] ) , . Azrizs.;z;] ) .
3 | Op(2) . ) . Al‘r[35. ] .
4 | Countl6,4,2] :
1 i L
5

Count[7,5,3] ] Count(1:0

Y Adr[1l:0]

G

Figure 11. Write Operation for Memory or Register Address Space (Ackpacket = Nack or Nonexistent)
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[3] Read Operation From Memory or Register

[4] Write Operations to Memory or Registers
(1) Normal Read Operation

(1) Normal Write Operation

Actual memory or register access using each of the
packets is following. Figure 8 shows the process
when a read operation is executed on the RDRAM
memory or register space and the RDRAM sends an
Okay Ack package.

RDRAM access starts a 6-cycle request packet
transmission from the master. The RDRAM detects

In contrast to read operations, write data packet is
sent from the master before the Ack packet is cutput,
as shown in Figure 10. When another operation is
performed immediately after a write operation, it
starts after a delay of tPOSTREGWRITEDELAY or tPOS‘F
MEMWRITEDELAY from the end of the proceeding data
packet.

the request packet from the output (Start bit) on the (2) Write Operations When Nack or Nonexistent is
BusCitrl line. On completion of the request packet, Returned (see Figure 11)

and after AckDelay, the RDRAM outputs a 2-cycle In a write operation, the write data packet starts to be
packet. sent before the Ack packet is output. Therefore, if

All devices connected to the Rambus system ignore Nack or Nonexistent Ack packet is output, the master
output on the BusCtrl line for a set interval (AckWinD- interrupts the output of the write data packet.

elay) after the end of the request packet. Therefore, (3) Write Operation Commands

output of the Ack packet cannot be confused with
the Start bit of the request packet.

WnsgNpb:  Executes a write operation on RDRAM
memory space.

When the RDRAM responds with an Okay Ack Wreg: Executes a write operation on RDRAM
packet, the read data packet is output after a delay register space.
(ReadDelay) after the end of the request packet. The WregB: The RDRAMSs can return a Nack, the

read operation ends at whichever is last, the end of
the AckWindow (AckWinDelay delay after the end of
the request packet) or the end of the data packet.
Next, if another operation is to be executed, it starts
after a delay of ReadPipeDelay from the end of the
preceding data packet. (The standard value of Read-
PipeDelay is tCYCLE.)

The values of AckWinDelay, AckDelay, ReadDelay,
and WriteDelay can be programmed by accessing
the Delay register in the slave logic.

(2) Nack or Nonexistent

As Figure 9 shows, no read data packet is output
when the RDRAM returns a nack or Nonexistent Ack
packet in read operation. When the Ack packet is
NAck, the RDRAM prepares for another request
packet to be sent. The time it takes to prepare
depends on the cause of the Nack {row miss or
refresh). In the case of a row miss, the preparation
time is the time for row precharging (tsowere-
CHARGE) TOW access (trowsense) and RowOver-
head.

The value of taowprecHARGE @9 tRowsEnsE Can
programmed by accessing the Rasinterval register in
the slave logic. In the case of a refresh, an additional
four row cycles are added. During this preparation
interval, the RDRAM must wait for the master to out-
put the next request packet.

(3) Read Operation

Resq:  Executes a read operation on the RDRAM
memory space. The RDRAM configures a
read data packet to send to the master

Rreg:  Executes a read operation on RDRAM regis-

ter space. The RDRAM configures a read
data packet to send to the master

H 9097248 002871 394 W
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master is able to confirm that there is a
device under interal operation and can-
not perform the write operation.

H-253



TCS59R0808HK

High-Performance DRAM

RD08010496

[5] Random Access Mode

In this mode, non-contiguous blocks of memory can be
accessed through the use of the read and write non-sequential
operations. Using these commands, multiple eight-byte blocks
(octbytes) of data within a cache line can be accessed in a
non-sequential mode. To do this, the master device sends a
reguest packet specifying a non-sequential operation along
with the address of the first octbyte to be accessed.

BusEn BusCtrl

The master device also generates a serial address packet
on the BusEnable signal that specifies that specifies the
address of the next octbyte. Successive serial address pack-
ets continue to specify new addresses in the cache line while
data is continuously transferred until the access is complete.

Figure 12 shows a memory space read transaction for a
transaction for a command which uses the serial address
packet. Figure 13 shows a memory space write transaction
with the serial address packet.

BusData [8:0}

tSERIALREADOFFSET

IIIIIIHIIIIIIIIIIHIIIIIIHHIIIf:?

Request

Data [0][7:0][8:0] = RData[0][7:0]{8:0]

Data [n-1][7:0}{8:0] =RData[n-1][7:01{8:0)

Data [1]){7:0][8:0] = RData[1][7:0][8:0]

Data [n]{7:0]{8:0] = RData[n][7:0][8:0]

Figure 12. Read Transaction with Serial Address Packet

0028762 224
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Clock BusEn  BusCtrl BusData [8:0]
Cycles e e >
SAdr
{1 Request
{10:3)
tACKDELAYl

Data [0}{7:0]{8:0] = WData[0][7:0][8:0]

Data [1][7:0](8:0] = WDatal[1][7:0][8:0]

LSERIALWRITEOFFSET

CTTTTTTTITTTTITTIT T TITTTTTTTTd

Figure 13. Write Transaction with Serial Address Packet
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[6] Serial Control Packet elapsed. Figure 14 shows a memory space read transaction
The serial controls packet provides for the early termination of ~ for @ command which uses the serial control packet, and Fig-
a memory space read or write transaction before the specified ure 15 shows a memory space write transaction with serial
data count (data packet length) in the Count [7 : 3] field has control packet.

Clock BusEn  BusCtri BusData [8:0]

Cycles T I - -

Request

TACKWINDELAY

Data [n-3][7:0][8:0] = RData[n-3][7:0}{8:0]

Data [n-2]{7:0][8:0] =RData[n-2][7:0](8:0}

1SERIALREADOFFSET
Data [n-1]{7:0]{8:0] = RData{n][7:0]{8:0]}

-t

Figure 14. Read Transaction with Serial Control Packet

BusEn  BusCtri BusData (8:0]
o i SO oo

-

Y

Request

tACKDELAY—I.
- Data [0]{7:0][8:0] = WData[0][7:0][8:0]

Data [1][7:0]{8:0] = WData[1}{7:0](8:0]

TACKWINDELAY

Data [n-2][7:0][8:0] = WData[n-2][7:0][8:0]

tSERIALWRITEOFFSET
Data [n-1)[{7:0}[8:0] = WData[n-1]{7:0][8:0]

Figure 15. Write Transaction with Serial Control Packet
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[7] The Mask Function be selected using Count [2 : 0] and Adr [2 : 0], as shown in
The RDRAM mask function is valid for the first and last 10B of ~ Table 5.
the write data packets. The mask information for each OB can

Table 7. Mask Selection Bits

Mask information for 1st QB Mask information for 1st QB
Adr [2:0] ByteMaskLS [7 : 0} Count [2: 0] ByteMaskMS [7 : 0]
000 11111111 000 00000001
00t 11111110 001 00000011
010 11111100 010 00000111
o 11111000 o 00001111
100 11110000 100 00011111
101 11100000 101 00111111
110 11000000 110 01111111
111 10000000 111 1111111

The “0%s” in Table 7 indicate masking. Al 10Bs other than tion, as shown in Table 8. In this case, the transmitted data
the first and last are therefore “11117 (all are written). If the data can be controlled in 1-byte units. Figure 16 shows a masked
packet is only 10B (Count [7 : 3} = 00000, the logical “AND” write operation when sending 8 bytes.
of Mask [7 : 4] and Mask (3 : 0] becomes the mask informa-

BusCtrl - BusData
_ 8 7 6 5 4 3 2 1 0"
Start Op(1]
Opl1] | {Opl3]
Request | [OpX[1] Adr[35:2]
packet
Count [7:2]
=000010 Count [1:0} Adr [1:0]

1 [ByteMaskls[7:0]
9 =11111110

1
1
Data packet 1
1
0
Q

o |ByteMaskMs(7:0]

0 = 0000001
0
1o
A\ & 0
- shows Don't Care status

Figure 16. Mask Function
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Table 8. Mask Selection bits and Size of Transmitted Data Packet
¢ 1 Byte Transmission

ByteMaskLS [7 : 0]

Count [2: 0] Count [7: 0] Adr{2:0] ByleMaskMS [7:0] | Middle ByteMask [7:01 | ByteMaskLS [7:0] and
ByteMaskMS [7 : 0]
0000 000 000 00000001 n/a 11111111 00000001
0000 001 001 00000011 n/a 11111110 00000010
0000 010 010 00000111 n/a 11111100 00000100
0000 011 011 00001111 n/a 11111000 00001000
0000 100 100 00011111 n/a 11110000 00010000
0000 101 101 00111111 n/a 11100000 00100000
0000 110 110 01111111 n/a 11000000 01000000
0000 111 111 11111111 n/a 10000000 10000000

* 2 Byte Transmission

ByteMaskLS [7 : 0]

Count [2 : 0] Count [7 : 01 Adr [2:0] ByteMaskMS [7: 0] | Middle ByteMask [7 : 0] ByteMaskLS [7 : 0] and
ByteMaskMS [7 : 0]

0000 000 000 00000001 n/a 11111111 00000011
0000 001 001 00000011 n/a 11111110 00000110
0000 010 010 00000111 n/a 11111100 00001100
0000 ot 011 00001111 n/a 11111000 00011000
0000 100 100 00011111 n/a 11110000 00110000
0000 101 101 00111111 n/a 11100000 01100000
0000 110 110 01111111 n/a 11000000 11000000
0000 111 111 11111111 n/a 10000000 n/a

¢ 4 Byte Transmission

ByteMaskLS [7 : 0]

Count [2: 0] Count [7: 0] Adr[2:0] ByteMaskM$ [7:0] | Middle ByteMask [7:0] | ByteMaskLS [7:0] and
ByteMaskMS [7 : 0]

0000 000 000 00000001 n/a 11111111 00001111
0000 001 001 00000011 n/a 11111110 00011110
0000 010 010 00000111 n/a 11111100 00111100
0000 011 011 00001111 n/a 11111000 01111000
0000 100 100 00011111 n/a 11110000 11110000
0000 101 101 00111111 n/a 11100000 nfa
0000 110 110 01111111 n/a 11000000 n/a
0000 mn 111 11111111 n/a 10000000 n/a

¢ 8 Byte Transmission

ByteMaskLS [7 : 0]

Count [2: 0] Count [7: 0] Adr[2:0] ByteMaskMS (7 : 0] | Middle ByteMask [7:0} | ByteMaskLS [7 : 0] and
ByteMaskM$ [7: 0]
0000 000 000 00000001 n/a 11111111 11111111
0000 001 00t 00000011 n/a 11111110 n/a
0000 010 010 00000111 n/a 11111100 n/a
0000 011 011 00001111 n/a 11111000 n/a
0000 100 100 00011111 n/a 11110000 n/a
0000 101 101 00111111 n/a 11100000 n/a
0000 110 110 01111111 n/a 11000000 n/a
0000 Il 111 11111111 n/a 10000000 n/a
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H-258 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. PRELIMINARY




RD08010496

High-Performance DRAM

TC59R0808HK

[8] Bit Masking
TCHE8R0808HK supports three forms of bit masking that are
available for write operations. These operations are refsrred to
as data-per-bit (Dpb), mask-per-bit (Mbp), both-per-bit
Bbp)masking.
* Data-per-bit (Dpb) mode
In the Dpb operation, the MDReg is used to hold a static
mask that is applied to all octbytes of data written to the
RDRAM core.
* Mask-per-bit (Mpb) mode
In the Mpb operation, the MDReg is used to hold an oct-
byte of static data that is masked by dynamic bit masks

Clock BusEn  BusCtr!
B e

supplied in the data packets before being written to
RDRAM. Figure 18 shows the format of the Both-per-bit
(Bpb) write transactions.

* Both-per-bit (Mpb} mode

The Bpb operation requires data packets to alternate
between mask and data octbytes. The even data packets
carry bit masking information which is placed in the
MDReg while the odd data packets carry bit masking
information which is placed in the MDReg while the odd
data packets carry the data to be masked by the latest
contents on the MDReg. Figure 19 shows the format for
the Both-per-bit (Bpb) write transactions.

BusData [8:0]

tACKDELAY

tACKWINDELAY

tSERIALREADOFFSET

RERRREARRRERRRRRRRR RN AR

Data [0][7:0][8:0] = WData[0][7:0][8:0]

Request

Data [1]{7:0][8:0] = WData[1}[7:0]{8:0)

SCtrl
[7:0]

Data [n-1][7:0}{8:0} = WData[n-1][7:0](8:0]

Data [n][7:0][8:0] = WData[n][7:0][8:0]

Figure 17. Data-per-bit (Dpb) Write Transactions
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Clock BusEn  BusCtri BusData [8:0}
Cycles ~a—— - - -
E Request
[ tACKDELAYl—
— TACKWINDELAY
— Data [n-1}{7:0}(8:0] = Bit Mask[n-1]{7:0](8:0}
- tSERIALREADOFFSET
— 4 Data [n][7:0][8:0] = Bit Mask[n]{7:0][8:0]
T MDReg = Write Data
Figure 18. Mask-per-bit (Mpb) Write Transactions
Clock BusEn  BusCtr! BusData [8:0]

T i

Request

tACKWINDELAY

Data [n-1]{7:0][8:0} = BitMask{(n-1)/2][7:0][8:0]

tSERIALREADOFFSET

Data [n][7:0]{8:0]) = WData[(n-1)/2][7:0][8:0]

ERRRRRRARRRRRERRRRRRER BRRRES

MDReqg = Write Data

Figure 19. Both-per-bit (Bpb) Write Transactions
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[9] Byte Masking (Wbns) data packets that follow. This means data packet 0, 9, 18, 27,
TC59R0808HK supports non-sequential byte masked writes etc. are not written to memory, but are instead used as byte
that may include Dpb or Mpb bit masking as an option. Bpb masks for the eight octbytes of data that follow. .
masking is not supported in conjunction with byte masking. In Figures 20 and 21 show the format of the non-sequential
this function, the first data packing, and every ninth thereafter, ~ data write transaction with byte masking (Npb/Dpb) and
contain byte masking information that is applied to the sight (Mpb).

BusEn ¢ BusCtrl BusData {8:0]

)ﬁ[l” Request

N U B D E LAY

i (10:3]
tACKDELAYI <har
Data [0][7:0]{8:0] =ByteMask[8:1]{7:0]

- (2}

TACKWINDELAY SAGr

v [10:]3] Data [1][7:0][8:0] = WData{1}{7:0](8:0]

Data [2}{7:0][8:0} = WData[2][7:0]{8:0]

Data [3](7:0][8:0] = WData(3][7:0](8:0]

Data [4][7:0]{8:0) = wData[4]{7:0][8:0]

Data [5])[7:0)[8:0] = WData[5][7:0](8:0]

Data [6]{7:0](8:0] = WData[6][7:0}(8:0]

Data [7])[7:0}{8:0] = WData[7][7:0]{8:0]

Data [8][7:0)[8:0] = WData[8][7:0](8:0]

Data [9][7:0][{8:0] = ByteMask[17:10][7:0]

Data {10]{7:0}(8:0] = WData[10][7:0](8:0]

S

Data [n-1]{7:0}{8:0] = WData[n-1}{7:0][8:0]

USERIALWRITEOFFSET

Data [n}{7:0][8:0] = WData[n}{7:0]{8:0]

IIIIIHHIHIHHIIHHIIHIIIHIHIHHHHIIHIHIHllllll|§§

MDReg = NOP (Npb) / Bit Mask Data (Dpb)

Figure 20. Non-sequential Data Write Transaction with Byte Masking (Npb/Dbp)
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tock BusEn  BusCtri BusData [8:0]
goc «— > e & -
SAdr

{10:3] T R R RN TS SRR

tackpeLay EEE T
=ByteMask[8:1][7:0}

tacewmeLaY | [ SAdr Data [1][7:0}(8:0] = Bit Mask[1][7:0](8:0]

Data [2]{7:0](8:0] = Bit Mask[2}{7:0}{8:0]

Data [3][7:0]{8:0] = Bit Mask[3][7:0][8:0]

Data {4](7:0]{8:0] = Bit Mask{4]{7:0][8:0)

Data {5){7:0](8:0] = Bit Mask[5}(7:0][8:0]

Data [6][7:0]{8:0] = Bit Mask[6][7:0][8:0]

Data [71[7:0](8:0] = Bit Mask[7][7:0][8:0]

Data [8][7:0][8:0} =Bit Mask(8}{7:0){8:0]

R A s

Data [9]{7:0][8:0] = ByteMask{17:10]{7:0}

Data [10][7:0][8:0] = Bit Mask[10][7:0]{8:0]

Data [n-1]{7:0]{8:0] = Bit Mask[n-1][7:0][8:0]

tSERIALWRITEOFFSET
Bit Mask(n]{7:0][8:0]

| Data [n][7:0][8:0} =

M Re =Write Data

CETTRCETTT TR T T

Figure 21. Non-sequential Data Write Transaction with Byte Masking (Mbp)

- MR 9097248 0028770 370 MW
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[10] The Cache Function
In the TCE5OR0808HK, the WL level selected by row access is
maintained untit another row address is selected. Therefore,
the cell data in the last row address accessed is latched into
the sense amp connected to BL, thereby operating as a cache
for high-speed data transfer.

The row address used as the cache address is written to
the Row register in the slave logic and is compared against the
row address for the request packet sent from the master. If

they match (the RDRAM sends an Okay Ack packet 1o the
master in the case of a row hit), the memory cell is accessed. if
the master selects a different row address {the RDRAM sends
a Nack Ack packet to the master in the case of a row miss),
the current WL is closed (row precharging) and the requested
row address is accessed.

The TC59R0808HK has one bank X 8bits with 2048 col-
umn per row. The cache size is therefore 2kByte.

EE 9097248 0028771 237 1N
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[11] Operation of Registers in Slave Logic operations, while undefined data is output during read opera-
As shown in Figure 22, all registers have a standard group of tions.
4, with register name [oyte] [bit] format. Bytes are specified in ‘07, "17: Reset value
the range [3 : 0], bits are specified in the range [8 : 0]. The bit X" Not changed a at reset (or bit is retained)
wright within the bit field is indicated by arrows from the least “ Read-only. Always the same value. .
significant bit (LSB) to the most significant bit (MSB). The mas- Each register is selected, as shown in Table 9, according
ter output “0” for the “reserved” bit in Figure 22 during write to the value of AdrS [9 : 2] in the request packet.

Bit Number

8 7 6 5 4 3 2 1 0 Uty bME

Register Name [0] [8:0] l :{ SO N A =

] 01001011
| S I I | | |

RegisterName[?][8:O]l4{ { } 1 1 \ ! XX XXXXXX

Register Name [2] [8:0] rrrrrrrr

Register Name [3] [8:0] XXX XXXXX

[ read-write bit [} Read-Only bit LSB —> MsB

or
write-Only bit

Figure 22. Register Format

Table 7. Register Types and Selection Addresses

Register Name AdrS[9:2] Comment
DeviceType [3: 0] [8: 0] 00000000 Device type register
Deviceld [3:0] [8:0] 00000001 Device 1D register
Delay [3:0][8:0] 00000010 Delay register
Mode[3: 0] [8: 0] 00000011 Mode register
RefRow [3:0] [8: 0] 00000101 Refresh row register
Rasinterval [3:0] [8:0] 00000110 RAS interval register
Midinterval [3:0] [8:0] 00000111 Minimum interval register
AddressSelect [3: 0] [8: 0] 00001000 Address select register
DeviceManufacture [3: 0] [8: 0] 00001001 Manufacturer setting register
Row [3:071[8:0] 10000000 Row register

B q0972ué 0D2s??2 173 MW
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(1) Device Type Register (All Read-Only bits)

¢ Version . . . DeviceType [3] [7 : 4]

These bits show the RDRAM version.

¢ Type . .. DeviceType [3] [3: 0]

These bits show the device type. “0 0 0 0” shows that
the device is RDRAM.

* BankBits . . . DeviceType [1] [7 : 4]

These bits show the number of bank addresses in
RDRAM memory cells. Because the TC59R0808HK
has two banks, these bits are set to “0000” (O bit).

¢ RowBits. . . DeviceType [1] [3 : O]

These bits show the number of row address bits
(number of rows) per RDRAM memory cell bank.

Because the TC59R0808HK has 512 rows per bank,
bits are set to “1000” (9 bits),

¢ ColumnBits . . . DeviceType [1][7 : 4]

These bits specify the number of column address bits
(including Adr [1 : Q]) in RDRAM memory cells.
Because the TC59R0808HK has 2048 columns per
row, bits are set to “1011” (11 bits). When accessing
memory, you cannot exceed the last column address
in the currently accessed row.

s Par . . . DeviceType [0] [2]

indicates whether the RDRAM has a X9 structure. “1”
indicates X9 structure; “0” indicated X8 structure.

8 7 € 5

DeviceType [0] [8:0]
DeviceType [1] [8:0]
DeviceType [2] {8:0]

DeviceType (3] [8:0]

Bit Number

AdrS{20:10,9:2] =xxxxxxxxx, 00000000

1 0 Reset value

-1t011-0- -

-000601001

-00010000

B 9097248 0024773 0OT MM
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(2) Device ID Register (All Read-Write bit) they match, the IDMatch signal is issued. IDMatch is
* Device ID not generated by the broadcast register write instruc-
Al initialization, the master sets a unique 17-bit Devi- tions (Write RegB).
celD for each device. The DevicelD register is used IdField [26 : 21] . Deviceld [0] [7 : 1]
for this purpose. The DevicelD data is used, as |dField [26] . Deviceld [1] [7]
shown below, for comparison with the request |dField [34 : 27] e Deviceld [2] [7 : O}
packet address Adr [35 : 21] (swapped address). If IdField [35] . Deviceld [3] [7]

Bit Number

8 7 6 5 4 3 2 1 0 Reset Value

| I Idgeld,SS:lZO)[

Deviceld [0] [8:0] -000000- -

Deviceld [1][8 :0]

Deviceid [2] [8:0]

Deviceld [3] {8:0] SRy TP

AdrS{20:10, 9:2] =x x x x x x xxx, 00000000 1
(3) Delay Register Win, Read, Ack, Write delays, and to specify the number
The Delay Register is used to select the values of the Ack- of the bits (Read-Only bit). (See Table 10)

Table 10. Delay Register Setting

Register Used Bits Description

AckWinBits | Delay [0] [2: 0] 3 [Specifies the number of bits in AckWinDelay

ReadBits Delay [1] [2: 0] Specifies the number of bits in AckWinDelay

AckBits Delay [2] [2: 0] Specifies the number of bits in AckWinDelay

WriteBits Delay [3[2: 0] Specifies the number of bits in AckWinDelay

AckWinDelay |RefRow [0][5: 3] Stipulates the delay of AckWindow from the end of a request packet. (See Table 9)

ReadDelay  {Rasinterval [1] [5: 3] Stipulates the delay between the end of a request packet and the start of a read data packet. (See Table 10)
AckDelay Midtnterval [2] [4 : 3] Stipulates the delay between the end of a request packet and the start of an Ack packet. (See Table 11)
WriteDelay | Delay {3] {5 : 3] Stipulates the delay between the end of a request packet and the start of a write data packet. (See Table 12)

O N2 1| W] N} N Mo

Bit Number
8 7 6 5 4 3 2 1 0 Reset Vaiue

Delay [0] [8:0] - --100011
Delay [1}[8:0] --~-~001011
Delay [2][8:0] ----00010
Delay [3][8:0] ---100011

AdrS{20:10,9:2]= xxxxxxxxx, 00000010

N 9097244 0028774 T4t WE
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Table 11. AckWinDelay

Delay [0] [5: 3) AckWinDelay Delay [0] [5: 3} AckWinDelay
101 S toveLe 001 9tovoe
110 6 tovele 010 10 toveLe
111 7 oyoLEe oM 11 feveLe
000 8 toyoLe 100 12 toyeLE

Table 12. AckWinDelay

Delay [0] {5 : 3} AckWinDelay Delay [0] [5 : 3} AckWinDelay
11 7 oyeLe o1 1 teveLe
000 8 teveLe 100 12 toyveee
001 9tevoLe 101 13 tovoLe
010 10 toyoLe 110 14 tovoe

Table 13. AckDelay

Delay [0]1[5: 3} AckWinDelay Delay [0 [5: 3} AckWinDelay
00 4 tovoLe 10 B tovoLe
01 5 tovoLe 1 3tevoLe

Table 14. WriteDelay

Delay [0] [5: 3} AckWinDelay Delay [0] [5: 3} AckWinDelay
001 TovoLe 101 5tovore
010 2 toyoLe 110 6 tovoLe
011 3tevele 111 7 tovoLe
100 4evele 000 8 tovole

B 9097248 0028775 S42 M
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(4) Mode Register
o CE ... Mode [0] 7] (1 bit)
This bit selects automatic thermal compensation for
the output driver drive current. When set to “1”, fluc-
tuations in the output current level due to temperature
change are automatically corrected.
® X2 ... Mode [0] [6] (1 bit)
This bit selects whether register X1 or X2 is used for
the current control counter. “0” selects register X1:
“1" selects register X2.
e C[5:0]..Mode[3:11[7:6](83X2 =nhits)
This bit field sets the device output current drive level
in the range O to 63. The RDRAM output driver uses
the open-drain system and consists of six transistors
with different current drive capacities. C [5 : Q] speci-
fies the combination in which these six drivers are
used. Each bit sets a transistor ON when set to “0” or
OFF when set to “1”.

e DE. .. Mode [0] [1] (1 bit)

This sets the RDRAM operation mode to Power-
Down. When DE = “0”, operations other than broad-
cast register write cannot be executed. Also, when
DE = “0”, SOut is not output. See the section on ini-
tialization for more details.

* RE ... Mode [0]{0] (1 bit)

This bit sets the RDRAM operation mode Power-
Down. Setting this bit to “1” selects PowerDown
mode, enabling considerable energy savings.

e AS ... Mode [0] [2] (1 bit)

This bit is used for testing.

e SK. .. Mode [O] [3] (1 bit)

This bit is used for testing.

e SV. .. Mode [0] 4] (1 bit)

This bit is used for testing.

s PL. .. Mode [0] [B] (1 bit)

This bit is used to select the PowerDown wake up

Adrs {20:10,9:2]= x x x xxxxxx, 000000 11

latency.
Bit Number
8 7 6 5 4 3 2 1 0 Reset Value
Mode [ 0] [8:0] -110---0-
Mode [1] (8 :0] 11 = - - .-
Mode [2] [8:0] I T TP
Mode [3][8:0] R I [P

(6) RefRow Register (Read-Write bit)
The refRow register is used to store the bank address
and row address for refreshing.

* RowField . . . RefRow [0] [7 : 1]
RefRow [1: 0] (9 bit))
Specifies the currently refreshed bank.

5

Bit Number

4 3 2 1 0 Reset Value

RefRow [0] [8:0]

[RowField [ - X XXX XXX -
| | ) }

RefRow [1] {8 :0]

RefRow [2] [8:0]

RefRow [3] [8:0]

Adrs{20:10,9:2] = xxxxxxxxx, 000000101

BN 9097248 002877k 819 ME
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(6) Rasinterval Register (All write only bit) * RowPrecharge . . . Rasinterval [0] [0 : 4] (5 bits)
When RDRAM accass is prevented by a row-miss or Specifies the RAS access precharge interval in the
self-refresh (when the Ack packet is Nack), the mas- range 010 31 toyeLe.
ter has to wait a sat interval until the next access. The * RowSense . . . Rasinterval [1] [0 : 4] (5 bits)
Rasinterval register determines the length that the Specifies the RAS access interval in the range 0 to 31
master waits. The RasInterval register includes the tovoLe:
RowPrecharge, RowSense, RowlmpRestore and * RowlmpRestore . . . Raslnterval [2] [0 : 4] (5 bits)
RowExpRestore resgisters. As shown in the Figure Specifies the RAS access implicit in the range 0 to 31
16, the total of these registers constitutes the row tevole
cycle time. * RowExpRestore . . . Rasinterval [3] [0 : 4] (5 bits)
Specifies the RAS access explicit in the range 0 to 31
tevoLe:
Bit-Number

8 7 6 5 4 3 2 1 0 Reset value

Rasinterval [0] [8:0] ----11111

Rasinterval [1] [8:0] —---11111

Rasinterval [2] [8:0] e --11111

Rasinterval [3] [8:0] e 11111

Adrs[20:10,9:2]= x x x xxxxxx, 00000110

BN 9097244 0028777 755 H
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(7) Mininterval Register (All Read-Only bits) values for the three delays (Ack, Read and Write
This register specifies, in tCYCLE units, the minimum Delay) in the Delay register.

Table 15. Mininterval Register

Register Bits Deseription
MinAckDelay Minlnterval [0 : 3] [5] 4 Stipulates the minimum AckDelay Valug in {oyg g units
MinReadDelay Mininterval [0 ; 3] [4] 4 Stiputates the minimum ReadDelay Value in tpyg g units
MinWriteDelay MinInterval [0 : 3] [3] 4 Stiputates the minimum WriteDelay Value in fygy g units

Bit Number
8 7 6 5 4 3 2 1 0 Reset Value
Minlnterval [0] [8:0]} -000--- - -
Mininterval [1] [8:0] -D10--- - -
Mininterval [2] [8:0] - 110--- - -
-11100000

Mininterval [3] [8:0]

' I SdecFan' I

AdrS[20:10,9:2}= xxxxxxxxx, 00000111
{Write Only Fieid)

SpecFumc [4 : 0] is a write-only field which affects control bit which are otherwise not directly accessible.

Table 16. WriteDelay Encoding

SpecFumg [4: 0] Deseription
00000 NOP
xxxxt SetRR - RefreshRequest bit
X01xx SetPD - PD bit

B 9097248 0028778 L91 WM
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(8) AddressSelect Register (Read-Write bit) Adr[19: 11] - >

* SwapField . . . AddressSelect [0] [7 : 0] and [1] [1:Q]
(9 bits)

For address mapping, RDRAM allows Adr [28 : 20)
and [19: 11] to be swapped in 1-bit units. Address

When all bits in the AddressSelect register are *0”, no
swapping is executed.

Adr[19:11]->

Address mapping thereby enables greater hit rates

swapping is executed as follows when each bit in the

for the rates for the row sense amp caches of each
Address Select register is “1”,

bank. See the section on address mapping details.

Bit Number

8 7 6 5 4 3 2 1 0

Reset Value

AddressSelect [0] [8:0] -0000000 -

AddressSe_Iect [1](8:0]

AddressSelect [2] [8:0]

AddressSelect {3] [8:0]

Adr$[20:10,9:2]= x X x X X X X X X,

00001000

\ 11 Adr[10:0] N |\ \ 11 AdrS [10:0] R
\ V—V \ 1 4
\\ 2 Adr19:11] Mo <[\ 9 AdrS[19:11]
Nl o
T
— - .
\ 9 Adr (28:20] |z \\9 Adrs[28:20]
\ 9 SwapFeild [9:1) . T
\ 18
\ 7 Adr [35:29] JN A7 AdrS[35:29]
\ 7 "

B 9097248 0028779 526 M
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(9) DeviceManufacture Register (Read-Write bits)
This register stipulates manufacturing specifications
such as the manufacturer and revision No.

& Manufacture: This field specifies the device
manufacturer.

* Manufacture Code:  Manufacturer’s code

Bit Number
8 7 6 5 4 3

Reset Value

Device Manufacture [0] [8:0]

X mmmmmmmm

Device Manufacture [1][8:0]

X mmmmmmmm

Device Manufacture [2] (8:0]

xrrrrrrrr

Device Manufacture [3] [8:0]

xrrrorrrorr

0000100

Adr5[20:10,9:2]= x X X X X X X X X,

1

(10) DeviceManufacture Register (Read-Only bif)
* Sensed Row [0] ... Row [0][7 : 1]and [1][1: O]
(9 bits)
These bits show the address of the previously
accessed row in bank “0”. That is, they show the
address of the row’s sense amp cache. When bank

“0” (AdrS [20] = “0") is accessed, the content of this
register is compared against that of AdeS [19 : 11]. If
they match, the requested column address (Adr [10:
3)) is accessed. If they do not match, (Row miss), the
cell array is refreshed by the RDRAM's internal control
logic, and the requested row then accessed.

Bit Number
8 7 6 S5 4 3 2 1 0 UtyhiE
Row [0] [8:0] | |senped Rowjlo] | XXX XX XX -
B e 0 } § I
Row([1}[8:0) = |lmedkeead bkt ~t | - - --- - - X X
Row [2] {8:0] S XXX XXX X -
Row[3][8:01 = bkl bhnbadaaiadoaday] - - - - - - - X X
AdrS[20:10,9:2]= xxxxxxxxx, 10000000
M 9097248 0028780 24T WA
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[12] RDRAM Function
(1) Operation Mode

TC59R0808HK

increase in the RDRAM latency, because the clock

TCRO808HK have four operation modes; reset,
active, standby, and PowerDown, Active mode is the
default, permitting a device to frame the packets of
transaction.In reset mode, RDRAM places its control
registers into a known state. In standby mode, the
RDRAM dissipates less power than in active mode. In
this mode, the RDRAM watches the BusEnable pin
but does not sample the BusCtrl or BusData [8 : 0
Pins]. PowerDown mode saves more power, shutting
down more of the device than in standby mode. This

generator is one of the functions which is shut down,
Figure 23 shows the block diagram of the Frame
state machine. A serial packet SMode [1: 0] is
received in every clock cycle. The SMods [1: 0] = 11
combination increments the Count1 [7 : O] counter,
and clears the Count00 [3 : 0] counter. If the Count 1
[7 : O] counter is incremented more than 255 times, it
is left at its maximum value of 255. In a clears the
Count11 [7 : 0] counter. If the Count00 [3 : 0] counter
is incremented more than 15 times, it is left at its
maximum value of 15.

[ T Channel Layer
Physical Interface Layer
Transmitter Receiver
Y
Mode [1:
lRClk SMode {1: 0]
Count 11[7:0] |, inc 1
Counter , dir Nt
N (1] [1o}
Count00[3:0] {, Inc
hl
Counter ¢ Clr G——
w h 4

Mode [3:0][8:0] Register

Frame N I R A PN B |
State Machine PL

»> Ar

Command State Machine

Logicat Interface Layer

PD

-

ClearPD

Application Layer

Figure 23. Frame State Machine - Block Diagram
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Figure 24 shows the Frame State Machine - State
Diagram. The RDRAM will enter reset mode when
power is initially applied. In reset state, the RDRAM
will be in the reset operating mode, in which all con-
trol registers assume a known state. If the power has
been applied, the RDRAM will pass through active
state and settle in standby state, and remain there
until serial mode packets are received from the initiat-

After power on, TC59R0808HK will re-enter reset
state when the value of the Counti1 [7 : O] counter is
greater than or equal 10 tyopear, Min- This will hap-
pen when an SMode [1 : 0] bit of 00 is received,
causing the Count11 [7 : 0] counter to clear.
TC59R0808HK will enter Standby state when the
value of the Count00 [3 : 0} counter is greater than or
equal 10 tyopear, max- The device wil leave standby

ing RDRAM. state when the value of the Count11 [7 : 0] counter is
greater than equal to tyopes, mine

Reset State (reset mode)
(place device in known state)

Standby State ( Standby state)
(reduced power dissipation)

_— >~
Count 11< tMODEARMIN

w

Count 11 & HMODEPAIPLIMIN Count 00 2 tMODEDELAYMAX

h 4

h 4

Active State (active mode)
(ready to receive request)

-,

Count 11 Z tMODEARMIN

rFy

Count 11 2 tmopesamin Write SetPD

(Assert ClearPD) in Mininterval register

h .4

Power Down State ( Powerdown mode)
( minimum power dissipation)

Figure 24. Frame State Machine - State Diagram

TC59R0808HK will enter PowerDown mode when greater than or equal to fyopepa [PL, miv- PL is @ bit
the PD bit is set. The RDRAM will ieave PowerDown in the mode.
state when the value of the Count11 {7 : O] count is

B 9097248 0028782 012 MW
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Table 17 shows the Responding Device Parameters for Operating Mode Transitions.

Table 17. Responding Device Parameters for Operating Mode Transitions

Min (clock cycles) | Max (clock cycles) Description
tMoDEsA 1 4 Number of SMode packets to cause a transition from StandbyMode to ActiveMode
Rsrv 5 9 Reserved for future functionality
Undef 10 15 Undefined
tmonera [0] 16 20 Number of SMode packets to cause a transition from PowerdownMode([1] to ActiveMode
Rsrv 21 189 Reserved for future functionality
Undef 190 207 Undefined
tmonera [1] 208 224 Number of SMode packets to cause a transition from PowerdownMode[1] to ActiveMode
Rsrv 225 253 Reserved for future functionality
Undef 254 271 Undefined
tMODEAR 272 - Number of SMode packets to cause a transition from ActiveMode to ActiveMode
tMODEQFFSET 4 - Offset from beginning of SMode packet to request packet for standby to active transition
tMODEDELAY - 10 Offset from end of SMode packet to request packet Tor standby 1o active transition
Figure 25 shows the transitions between active and mode after tyopeorrseT, Min: after the start of the first
standby modes. A SMode [1 : 0] bits are shown as serial mode packet. If the serial mode packet to
11" in BusEn column. TC59R0808HK begins the active mode transition are not followed by tyopeore.
transition to active modes. A SMode [1 : 0] bits are SET, max- after the last serial mode packet,
shown as “11” in BusEn column. It reaches active TC59R0808HK will return to standby mode.

B 9097248 0028783 T59 WA
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BusEn BusCtrl BusData [8: 0]
B o B o -
tmoDEsA, MINT
1
tMODEOFFSET, MIN » MODESA, MAX Standby Mode
11
Y[
tMODEDELAY, MAX
Active Mode

Standby Mode

When TC59R0808HK is given a consecutive
sequence of fyopepeLay, Max. Serial mode packets
with a value of 11, reset mode is entered. The
RDRAM remains in reset mode for as long as serial
mode packets with a 11 value are received. When
one or more serial mode packets with a value of 00
are seen, TC59R0808HK enters the active mode
state.

B 9097248 0028784 995 W
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In order to keep the RDRAMSs in active mode during
this synchronization, it is necessary to provide a burst
of serial mode packets every tyopepeLay, max- If the
RDRAM is not kept in active mode during synchroni-
zation cycles requires tLOCK, STANDBY, MIN:
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Clock BusEn BusCtrl BusData [8: Q]
Cycles - I
:E tmopear, min | 177 i
L
— tmooesa, MiN T Active Mode
- IMODEOFFSET. MIN
- : tMODEDELAY, MAX  Active Mode )
— mooEsa, min T
— tMODEOFFSET, MIN {
R ' tMODEDELAY, MAX ~ Active Mode :
| tock, active; min 7
L_‘ I 1
- tmoDEsA, MIN T T IMODEDELAY, MAX  Active Mode

IMODEOFFSET, MIN Y

1

| IMODEDELAY, MAX  Active Mode

IMODFOFESET. MIN

S —
MODESA, MIN = I

Frre

Figure 26. Reset Mode Transition
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Powerdown mode is controlled by the PD bit. This bit * Restore and precharge the RowSenseAmp Latch
is not directly accessible in the register space. for both banks

Instead, the “SetPD” is written to the SpecFunc field * Disable the clock generator

in the Mininterval register. Figure 27 shows the active * Disable all DC current sources except for a special
mode to PowerDown Mode transition. When the PD BusEnable receiver

bit is done, the RDRAM performs the following opera-~ When these operations have been completed, the
tions. RDRAM is in the Powerdown Mode.

Figure 28 shows the PowerDown Mode to Active
Mode transitions.

Clock BusEn BusCtrl BusData [8:0)
3 - -

tMODESA,MIN i

tMODEOFFSET,MIN

Transaction (Active)
Write SetPD in SpecFunc Field ofMininteval Register

Figure 27. Active Mode to Power Down Mode Transition

B 90972484 002878k 7:L4 W

H-278 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. PRELIMINARY




NS,

RD08010496 High-Performance DRAM TC59R0808HK
Clock BusEn  BusCtrl BusData (8:0]
Cycles I - -
— woosorpss'r,mwl

IMODEOFFSET,MIN

I

tMODESAMIN T I - Active Mode

tMODEDELAY,MAX Active Mode .

MODEOFFSET.MIN

tMODES A MIN z I
\

TMODEDELAY,MAX Active Mode
TLOCK ACTIVE, MIN

tmooesa.mvin
IMODEQFFSET,MIN

I IMODEDELAY,MAX Active Mode

Y

y IMODEDELAY,MAX Active Mode .

tmopesa MmN F
TMODEQFFSET,MIN

. . Transaction {Active Mode) .

Figure 28. PowerDown Mode to Active Mode Transition
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(2) Address Mapping

Address mapping is a function for improving the hit
rate for the sense amp cache in the RDRAM memory
cells. In concrete terms address AdrS [35 : 3] for the
RDRAM memory space is formed by changing the
combination of RDRAM of the request packet
address Adr [35 : 3] according to the setting of
AddressSelect [0] [7 : 0] See Figure 30). AdrS [35: 3]
refers to the following addresses in the RDRAM
memory cells.

Cum (7 : 0] (AdrS [10: 3)):  Column address (in QB)

Ry [8: 0] (AdrS[19: 1]  Row address

Dy [15: 0 (AdrS [35: 29 Device ID address (Deviceld)
Of the Adr [35 : 3], only Adr {28 : 20] and Adr [19: 11]
are swapped by address mapping. Each address is
swapped for AdrS [28 : 20] and AdrS [19: 11]
according to the 9-bit data of the AddressSelect reg-
ister [0] [7 : O1. In Figure 29, AddressSelect [0] [7 : 1]
and [1}1[1: Q)is “111111111", and all Adr [28 : 20]
and Adr [19 : 11] bits are therefore swapped.
Address swapping is valuable when the master

accesses contiguous address space. That is, when
Adr [35 : 3] is accessed from ALSB SAdr [3]) to the
MSB (Adr [35]). When the master performs such
access without address mapping, we get the following:

Adr [28: 20] - AdrS [28 : 20]

Adr[19: 111 - AdrS[19: 11]
In this case, each time of the value of Dg [7 : O] in the
request packet changes, the row address Ry 18 : 0]
also changes, resulting in a cache miss. Even if sev-
eral RDRAMs are connected to increase the number
of cache lines, there will be no improvement in the
cache hit rate. In contrast, if address mapping is
used, we get:

Adr 28 20] - AdrS [19 : 11]

Adr[19:11] - AdrS [28 : 20]
in this case, even if the value of request address Dr [8 :
0] from the master changes, Ry, [8 : 0] remains con-
stant and the device ID address DM [8 : ] changes.
This enables cache line of different devices to be
accessed continuously, improving the cache hit rate.

Adr{35:3} 35343332313029282726252423222120191817161514131211 109876543

Request packet address r Dr{15:9] l Rr(8:0] | Dri8:0] l Cp{7:0}
T T

7 o0 8
AddressSelect {0][7: 1)[1][1: 0]} 9 R 1 » 1 0
=1T11111111 7l mux mux

AdrS {35 3] - - < . <
RDRAM memory space address Dm{15: 9] I Dpl8: 0] I Rwi8: 0] ‘ Cml7:0]

35343332313029282726252423222120191817161514131211 109876543

Figure 29. Address Mapping (System with 128 RDRAMSs)
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In Figure 29, AddressSelect [0] [7 : 1] [1][1 : 0] = swapped. In a system such as the 24 RDRAM sys-
“1T11111111”. There, we are assuming address map- tern, in which the number of RDRAMS is expressed
ping in a 266 RDRAM (256 bank) system (currently, as P e 2 9 where P is an odd number), Q bits are
address mapping is only available for a maximum of swapped, and the system consists of P RDRAM
256 DRAMS). in contrast, Figure 30 shows address blocks (2Q). This is to prevent the creation of blanks
mapping for a more realistic RDRAM system. From in the address space as a result of address mapping.
the top, we have 8, 16, 24 and 32-RDRAM systems. In 24 RDRAM system in Figure 30, N=3and N = 3
If the number of DRAMSs is expressed as 2N, N bits of and P = 8 and each block is selected by D [5 : 4).

the 9 bits of AddressSelect [0] [7 : 1] [1][1 : O] are

Adr[35: 3] 35343332313029282726252423222120191817161514131211109876543
] D[15:9] [ D[8:4] ] R{3:0] ] R[8'4] |D[3-01 [ c(7:0] T
Request packet address 8

7 5 4
AddressSelect [0} [7: 1], [1][1:0]
= 000001111 b 4 Y

h 4
Adrsizs:3) | DI15:9] | ois:a] | piz:0) ] R4 [ rRB:01 ] cr7:01 ]
RDRAM memory ceil address 35343332313029282726252423 222120191817 1615 14 131211109876543
{a) 8-RDRAM System

353433323130292827262524232221201918171615141312 11 109876543

adeiss:3l [ piisig] [ois:51 [ R0 [Ris:5] | Dia) c(r:0p |
Reguest packet address 7 4 [ 8
ljidressSelect [0J17 3L T 0] >‘<
=000011111 A h 4 h 4
aass.3 | Dl15:9] | o18:5) | Dia:0) T ris:5] | R[4:0) c7:0] |
RDRAM memory cell address 35343332313029282726252423 222120191817 161514131211 109876543

(b) 16-RDRAM System

Adr[35 - 3) 35343332313029282726252423222120191817161514131211109876543
r M

[ D[15:9] - [ D[8:4]I R{3:0] [ R[8~4] [D[3-o]| €(7:0] |
Request packet address

7 5 4 8
AddressSelect {0] [7: 1], [1] [1:0] ]
=00000%111 R 4 w h 4

Adrs(3s:3] [ D[15:9] [ Dis:4] [ D30 | RiB:4] | R3:0] [ <701 ]
RDRAM memory cell address 35343332313029282726252423 222120191817 161514 1312 11 109876543
(c) 24-RDRAM System

35343332313029282726252423222120191817161514131211 109876543

Adr{35:3]

Request packet address I DI15:9] ] O{8:6] [ RI5:0] 1 Ri8:6] l D[S 0] ci7:0l I
7 3 [ 8
AddressSelect [0] [7 : 1], [1][1:0]
=000111111 < < <
AdrS [35: 3] [ DI15:9] p7=[a;sj R[5:0} [ RIS e] ] R(5:0] Cl7:0] |

RDRAM memory celi address 35343332313029282726252423 222120191817 1615141312 11 109876543

(d) 32-RDRAM System

Figure 30. Address Mapping (8, 16, 24 and 32 Systems)
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As an example, let’s take a system consisting of 8 mapping to contiguously access the 16 cache lines of
RDRAMS, If we say that each RDRAM’s cache line the 8 RDRAMS, as shown in Figure 31.
address is R [3 : 0} = “0000”, we can use address

Cache
L&':f D[15:9] DI8:4] Di3:0] R(8:4] R[3:0] " C[7:0)
[x ----- xlx-“-xlOOOolxxxxlOOOOIx-'-‘x]
(1) h 4 h 4 >:< b 4
Ix ~~~~~ xlx xlOOOlexxxlOOOle x]
lx ~~~~~ xlx xlOOOlexxx[OOO‘le xl
@ ! —T !
[x ----- xlx x|0001[xxxxl(7000]x Ll
[x ----- xlx x!OOOO[xxxxIOOTOIx xl
(3) i i >::< J
Lx ----- x]x xIOO1OIxxxxl0000lx XJ
[x--- x | x xJooo0oo|x xx x[00 11 {x x |
@ ! — I
[x----- x | x xJo o1 1]xxxx]0000]x x |
EREEE x | x x]OOOlexxx|111le x |
(15) I l ><; l
Ix ----- xlx xl1110|xxxxlOOOle x|
Ix ~~~~~ xlx x]OOOlexxx[1111|x x]
vo | ! —T !

>
x
-
b3
x
—
oy
—
jury
 —
»®
>
>
b3
[=]
o
(=)
o
=
>

X" :Don't Care

Figure 31. Address Swapping Using Address Mapping (RDRAM System)
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(3) RDRAM Initiafization Figure 32 shows a Rambus system with a single
RDRAM must be initialized be the master before master, a single primary channel. SOut of the configu-
starting normal operations. The main function of ini- ration master connects to SIn of the first device and
tialization is the allocation of device IDs for each of the 80 on through each bus device in daisy chain fashion.
device connected to the Rambus system. The Device SCut of the last device connects to Sin of the config-
allows the master to select any device, without the uration master.

need to use an external control unit,

Primary Channel

d iy

Al L4
Master p
“Resetn P Sin ¢

licatio
&‘%us—r} SOut j

n

SOuth—>

w
SIn(—J
SOu t
S| {4

SQu t p~—

S
SOut

Sinl¢e—
2)

SOu t P

S| nj¢—
3)

Configuration
Master

SIave(Nun—Dvicesn‘l)
Slave (1)
slave(0)

Slave(Nuervnces—
Slave (NumDvi(es——

Figure 32. Shows a Rambus System with a Single Configuration Wafer Device a Single Primary Channel
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Figure 33 shows the RDRAM Slave Device Logic.
DeviceEnable is a bit Mode Register. The reset pulse
on the BusEnable pin sets-all control registers to
default values. Most commands are gated by
ldMatch, which is formed by comparing Adr [35 : 18]
in the request packet with the address in the Deviceld
Register. In addition, Device Enable gates the Www-

wBbbAaa', RrrAaa’, Wreg', and Rreg' commands. At
Initialization time when DeviceEnable = 0 most com-
mands are disable. What remains is the Wreg’ path
dated by SIn and ldMaich. This path permits the
assignment of unique DevicelD Values. The broad-
cast write command, WRregB’, which is always
enabled.

é Primary Channel N
at L 4
Sin ] SQut
y h 4 h
.
M\
F
Mode [0} [1] = "/
Device Enable ) 1
—
Adr [35:18] >
3| Compare | |dMatch .
Deviceid v
[3:0] {8:0]
Wreg’ » Wreg
—
WregB'’ —
Qp [3:0]; ) j Rreg
Rreg’ » _j
- —\ Wmem N
L4
Wmem’ ) /
Command - _\ Rmem )
State Rmem’ » __/
Machine
Slave Device

Figure 33. RDRAM Siave Device Logic
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(4) o Calibration Where C {5 : 0] is a unsigned, 6bit, binary number in
The following formula stands for Vi and V. the Mode Register, X2 is a 1bit field in the Mode Reg-
Von = Vrerm = lon * Ro ister. The F1 factor is adjusted by placing the appro-
oL=Vrerv— loL *Ro priate 6 bit value into the C [5 : 0] field. The resulting
Where Ry is the resistance of the channel termination lol will then generate a Vi that is lower than the V,
register which matches the sffective impedance of max by the appropriate margin.
the channel. The Vo voltage level is essentially The 2 factor is normally one (the X2 field is zero).
equivalent to the Vierm voltage because of the small However, if the f3 and 4 factors limit the upper pro-
value of the Iy output current. The Vg level is a grammable limit of I, then X2 may be set to one.

function of Vterm, 15, and Rg. The CE bit of the Mode
Register is set to a ane. Ig|_is programmable over the
range from zero to I, max according to the follow-
ing formula.

lor = lou max ™ 1 1213 14) + (A loL, e A loLs max)
f1=©B3-C{5:0))/63

f2=(1+X2)

13 = toyele MmN/ tovele

f4 = Vier / Vegs max
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