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PRELIMINARY
2,097,152 WORD x 9-BIT RAMBUS DYNAMIC RAM

Description

The TC59R1808VK/HK Rambus Dynamic RAM (RDRAM) is a next-generation high-speed CMOS DRAM with a 2,097,152
x 9-bit organization and built-in slave logic. The 36,864 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 systemn being used for output.

The TC59R1809VK/HK uses a 32-pin plastic surface vertical mount package (SVP) enabling a high mounting density,
and uses a surface horizontal mount package (SHP). Also, the data transfer, which is synchrenized with the high-speed clock,
the self-refresh function, random access mode function, byte masking function and the address mapping function obviate the

need external contral circuits, masking this DRAM ideal for use in main memory and graphics applications where high perfor-
mance and low cost are essential.

Features Pin Connection (Top View)
» Organization:
- RAM: 2,092,152 words x 9 bits {2 banks) Plastic SVP Plastic SHP
- Cache: 2048 x 8 x 1 (number of sense amps) Post C—1: -
- Slave logic B ront
* Self-Refresh, Address mapping, and mask-write functions. : A=
Random Access Mode, Bit Mask, Serial Control Packst 3 Busbatas O 3
BusData7 H BusData7 T s
* 1K refresh cycles per/17ms = 6 =)
. BuxEnal:ile E g Businzk&ls E g
. Paokage. SVP/SHP Buspad g 8 suosat S 3
¢ 3.3V single power supply:  3.3V+0.3V BusDong g Busbong =1
*« 0 Rambus™ level Ve o Yocn &1
GND-A T GND-A 3F 14
. TClk E TxClk E :g
Pin Names BusDates BusDated O 17
GND & GND 418
Bus Data0~8 | Bus Data I/O BusCtri O BusCtrl T 19
Sin Sin 920
BusCtrl | Bus Control /O D;g:{ E et E %
BusEnable | Bus Enable Input Bus E:fg = B"’Df;ﬁg o 2a
- — BusData2 E BusData2 E 25
RxClk High-Speed Sync Clock (for Receiving Data) BusDat 5 BusDand S %
TxClk | High-Speed Sync Clock (for Sending Data) BusDotes = Buvats0 £ 29
NC NC 30
ial Si o =
Sin Serial Signal Input 5‘/"",3 = %’é‘; = g; o
SOut Serial Signal Output 3’; I Post
Vref Reference Voltage
Vdd/GND | Power Supply Terminal (+3.3V)/ground
Vdd/GND-A Power Supply Terminal (+3.3V)/ground (for
DLL}
NC No Connection
NU Not Usable Input

1. This technical data may be centrolied under U.S. Export Administration Regufations and may be subject to the approval of the U.S. Department of Commerce prior 1o expart Aty export or re-export, direclly
ar indirectly, in contravention of the U.S. Export Administration Regulations is strictly prohibited.

2. LIFE SUPPCRT POLICY

Toshiba products described in this document are not authorized for use as critical components in life support systems without the written consent of the appropriate officer of Teshiba America, Inc., Life

support systems are erther systems intended for surgical implant in the body or systems which sustain fite.

A critical component in any component of a life support system whose fallure to perform may cause a malfunction of the life support system, ¢r may affect its safety or effectiveness.

3. The information in this document has been carefully checked and is believed to be reliable; however no respongibilizy 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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TC59R1809VK/HK High-Performance DRAM RD18011195
Internal Block Diagram of RDRAM
Sin BusData [8 : 0], BusCtri BusEnable RxClk , TxClk SOut
} | ' '
Slave logic
Internal Data Bus
DRAM Cell Array Row address
512x2048x9 i Row decoder I RAO-9
Bank 0 512 5
72 %256
8x9 (= J Column address
< Sense amp/latch 256 CAD-7
column decoder =
DRAM Cell Array
512 x 2048 x 9 H Row decoder :
Bank 1 | 512 I
72x256
8x9 o=
e Sense amp/latch IH 256
column decoder 1=
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Internal Block Diagram of Slave Logic

Clock To Master

Clock From Master

Sin

SQut
=  BusDatalB:0], BusCtrl, BusEnable >
Y
TxCik W RxClk
Transmitter ] =—{__Ciock [ Generator |—> Receiver ]
A TCk RCIk
[
Y \
Request Packet | Write Data Packet
Read Data Packet| Ack Packet qRegister Register
Register Register
A Adri35:11) l *
Op x(1:0 Column Adress
Start CAD-7 (Adr [10:3])
Op3:0) AddressSelect ke
Adr[2:0)
Counti7:
SMode [1:0} Address Mapping DeviceType
SAGr(31:1110:3} Logic
sCtel {7:0) DeviceManufacture
Adrs {35:11)
J [DevicelD  ~~ }uemy
] Command State Machine
-
Deviceld
" Comparator
Frame State Machine
iDMatch
ReadOly, AckDly, WriteDly, AckWinDiy e Dela -
RE, DE, PD, CE, X2, C15:0} Mode

Rasinterval o

Mininterval

1l

Refresh State Machine

Row Address
Comparator
Row Miss State Machine l

Core Address

—— Logic [«—{RefRow ]
CoreAccess, CoreRestore

oot

Row address  Bank address
Internal Data Bus (RA0-9)
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Maximum Ratings

SYMBOL ITEM RATING UNIT NOTE
Vin Input Voltage -0.5 ~ Vpp + 0.5 Vv 1
ViN Input Voltage (TTL) -0.5~55 \ 1
Vaa, Vag-A | Power Supply Voltage -0.5~6.5 \ 1
Topr Operating Temperature 0~70 °C 1
Tste Storage Temperature -55 ~125 °C 1
Tsoper | Soldering Temperature 260 °C 1
Pp Power Dissipation 3 w 1
lout Output Short-Circuit Current 50 mA 1
DC Recommended Operating Conditions (Ta = 0 ~ 70°C) Note 13
SYMBOL PARAMETER MIN. TYP. MAX. UNIT NOTE
Vaa, Vaa-A | Power Supply Voltage 3.0 3.3 3.6 v 2
VRer Reference Voltage 1.9 2.2 2.4 \' 2
Vi High-Level Input Voltage Vref + 0.35 - Vref - 0.8 v 2,13
Vi Low-Level Input Voltage Vref + 0.8 - Vref - 0.35 v 2,13
Vin (TTL) | High-Level Input Voltage (Sin Pin Only) 2.0 - 5.5 Vv 2
V|L(TTL) | Low-Level Input Voltage (Sin Pin Only) -0.5 - 0.8 Vv 2
Capacitance (Vg = 3.3V, f = 1MHz, Ta = 25°C})
SYMBOL PARAMETER MAX. | UNIT | NOTE
c {;1put Capacity (RxClk, TxClk, Busble, ~ 5
ref)
Ci(TTL) | Input Capacity (Sin) - 10 pF
Cio Output Capacity (BusData[8:0], BusCtrl) - 1
Cio (TTL) | Output Capacity (SOut) - 15
B 9097248 0028L&5 940 W
H-176 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. PRELIMINARY



RD18011195

High-Performance DRAM TC59R1809VK/HK
DC Electrical Characteristics
SYMBOL ITEM MIN. MAX. UNIT NOTE
lect! Operating Current - 220 3,4, 5
leg2 Standby Current - 65 LA 3
I3 Refresh Current - 220 3,5
lecd Mean Operating Current (Typical) TBD 13
SYMBOL ITEM MIN. MAX. UNIT NOTE
Vou High-Level Output Voltage Vref + 0.4 -
VoL Low-Level Output Voltage - Vref - 0.4 v
Von (TTL) | High-Level Output Voltage (SOut only) 2.4 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
b Input Leak Current -10 10 UA
lo 1 Output Leak Current -10 10 UA
lon Vref Current -10 10 LA
AC Permissible Operating Conditions and Characteristics
SYMBOL ITEM MIN. MAX. UNIT | NOTE]
tors toF Rise Time and Fall Time of TxClk and RxClk 0.3 0.7 7
tors tor Rise Time and Fall Time of Output Data 0.4 0.6 ns
toveLe TxClk and RxClk Cycle Times 4 6
rick Data Transfer Time 0.5 0.5 tevcle| 8
tows tol High-level and low-level Time of TxClk and RxClk 45% 55% toyoLe
trr TxClk and RxClk Differential 0 toyere - 0.4
ts Data Set-up Time for RxClk 0.45 -
ty Data Hold Time for RxClk 0.45 - ne
tq Data Qutput Time for RxClk (1-0.45) {toycLe® | (1 +0.45) (teyoLe)
trer Refresh interval - 17 ms
tiocks tacTive | Look Time of Interval Clock Generator in ActiveMode - 750 tevoe | 11
tLocks Look Time of Interval Clock Generator in Standby- _ 750 t 11
tstanpay Mode CYCLE
B 9097248 0028LAL 847 WM
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TC59R1809VK/HK High-Performance DRAM RD18011185
RDRAM Access Timing
SYMBOL ITEM MIN. MAX. UNIT NOTE
tovele TxClk and RxClk Cycle-Times 4 5 ns
i Time from start of request packet to start of 7 10
RESPONSE read data packet (Row hit)
t Time from start of request packet to start of 10 41
READHIT read write packet (Row hit)
R Interval between row miss and sending of 4 35 8
WRITEHIT next request packet
% 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 toycLe °
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).
¢ Delay from the end of the current transac- 4
POSTREGWRITEDELAY | tjon to the beginning of the next transaction
¢ Delay from the end of the current transac- 2
POSTMEMWRITEDELAY | {ion to the beginning of the next transaction
t Delay from the beginning of a serial 13 t
SERIALREADOFFSET | aqdress subpacket or serial control packet CYCLE
Delay from the beginning of a serial
tseriaLWRITEOFESET | @ddress subpacket or serial control packet 5 toveLe
to the beginning of the read data subpacket
Row Miss and Refresh Parameters
SYMBOL ITEM MIN. MAX. UNIT NOTE
RowOverhead | Overhead time (Standard value) - tevoLe
RowPrecharge | Minimum precharge time (Standard value) - tovoLe
RowSense Rasinterval [1] [4 : O] register - tevoLe
tras RAS pulse width 60 - ns
B 90972486 0028LA7 713 WM
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Access Timing Chart

1. Read Timing {(Row Hit)

@w@

2.Write Timing (Row Hit)
teveee 1

sssssssss :Ak Okay

RITEHIT

sl (reaerrese YN

3.Read Timing (Row Miss)

EurDatleo ////////////////////////////////////////////////////,@@@ .

4.Write Timing (Row Miss)
tcvcml
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Access Time For Row Sense Amp Cache Hit

( BusCtri  BusData[8:0] |  BusCtr  BusData[8:0]
¥ 1 1 I 1 |
t Request packet Request packet
RESPONSE — | treapmir trespoNSE WRITERIT
WriteDelay
ReadDelay
Read data packet
N:
Read operation Write operation
Access Time For Row Sense Amp Cache Miss
(BusCtr  BusData{8:0] |  BusCtr  BusData{8:0] |
1) L} 1 1 L) hal
Request packet Request packet

tRESPONSE] tRESPONSE

TRETRYSENSEOCLEAN (Clean Miss)
LRETRYSENSEDDIRTY (Dirty Miss)

TRETRYSENSEDCLEAN {Clean Miss)
tRETRYSENSEDDIRTY {Dirty Miss}

Next request packet
tRESPONSE] tRESPONSE]

tREADHIT ] L

/

Read data packet

Read operation Write operation ‘
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Rise and Fall Timing I/0 Waveform

VRxclk, VTxcik VHMin) Vref
Vit{Max)

ter ter

Vpata, in Viu{Min) Vret
Veontrol,in ~ Vi(Max)

tor toR

VData, out  Vou(Min) Vref
Veontrol, out  Vou(Min)

tor tQr
TxClk, RxClk Timing
teveLe
VTxClk Vref o, /II/ tcH
UL tevele
VRxcik Vref h{a} ;ll/ tcH
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Write Data Set Up and Hold Timing for RxClk

VRxCik

VData, In

Vcontrol, in

Write Data Output Timing for TxClk

VTxclk

VData, Out

Veontrol, in

1s tH

VALID
Data-in

tovoLe
v trick(even) yd trick{odd)
ref /
ts tH ts tH
v >< VALID VALID
ref Data-in Data-In
tevele
Vel tnick{even) // trick(odd) \
Te
tomax toMAX
tomiN tomin

tamin

VALID

Data - Out @K

VALID
Data - Out

1
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RD18011195 High-Performance DRAM TC59R1809VK/HK
Notes: 7. Vrefis used as the reference voltage when measuring
1. Stress greater than the maximum rated value may the input signal timing.
subject the device to permanent damage. ]
8. Calculated from the following conditions: tevole =
2. Allvoltages are given with GND as the reference. 4ns, and tgp (Min.), trp (Max.), and RowOverhead =
ZtoveLe:
3. These values do not include the BusData [8 : 0] or .
BusCtrl output currents. 9. Value calculated from tpgapyyr (Min).
4. This value is valid when 16 bytes of data are written 10. Value calculated from tygren (Min).
to memory when the row sense amp cache is hit,
11. These values are 3us when toyg g = 4ns.
5. These values are valid when toye g = 4ns. They are .
strongly affected by the value of toyg e 12. These values are the average operation current for
graphics application systems.
6. The low-level output current is the current when the ) ‘ .
RDRAM outputs logical level “1”. This parameter can 13. Data input swing = Vref+ / -0.35Vmin.
be set in the Mode Register in the slave logic. Clock input swing = 1 Volt min. peak to peak, 425mv
min. from Vref,
MW 9097248 0024L92 080 WA
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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

This pin is used inputting request packets and write data ' c : € var
length of signal input (pulse width). When no signal is input,

packets, and for outputting read data packets. The signal level . 4 i r

is referenced to Vref, low-level being logical “1, high-level standby mode is automatically selected. Active mode is

being “0”. selected with a narrow signal pulse, while reset mode is
selected by a wider pulse width. The signal level is referenced

Bus Control 1/0: BusCtrl to Viref, low-level being logical “1”, high-level being logical 0",

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 1 | ...... RDRAM 31

[TxClk  RxClk RxClk  TxClk RxClk  TxCik RxClk  TxCik

] I l r Terminal resistance a
L-———] BusData [8: 0] 1

BusCtrl, Bustnable

wy
Ty

Clock From Master

I Clock To Master

Oscillator ‘é

Figure 1. Rambus System Clock

teyole

RClk, TClk — —\ M
X / )

Bus Cycle

::ig:rtl,aéi;:r]\able X Do X Dy X D2 X D3 X ........ X On X

n: Bus Cycle No.

Figure 2. Bus Cycle

B 9097248 0028693 Ti? W

H-184 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. PRELIMINARY



RD18011195 High-Performance DRAM TC59R1809VK/HK
ngh-Spegd Sync Clocks: RxCIk, TxCIk Master RORAM |
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 RxClk TxClk

the Rambus system, 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 locped as shown in Figure 1 as the ClockFrom
Master. In addition, the clock signal line and the data signal line
must be arranged in paralle! so as to have the same imped-
ance. In Figure 1, the clock traveling from the RDRAM
(RDRAMS31}) 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 ClackFromMaster
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 Output: 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 level 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
SQutlink 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 0 RDRAM 1

Sin SOut $in SOu sin 30ut

RDRAM 31

n $0ut

AAA
Yy

ARA
vy

AAA
vy

BusData [8 : 0]

BusCtrl, BusEnable

ClockFromMaster

ClockToMaster

Vref

Ve Oscillator

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, RxCIk, TxCik)
used by the RDRAM. When signal levels higher than Vief, it is
logical “0"; when lower, it is logical “1".

B 9097244 0028L94 953 WA
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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 outputs the board potential, do not connect it electrically.
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[2] RDRAM Basic Operation

RDRAM access is basically accomplished using request pack-

ets, acknowledge packets, and data packets. A packet is a
group of contiguous bits sent via the 10 /O bus lines of BusC-

irl and BusData [8 : 0]. These packets play the following roles.

BusCycle BusCtr| _ BusData [8: 0]
0 Start Op 0] v : Adr(9 :12] : B |
T {opln) op 3] | AT 0] | l
2 Joex1] . . Adr[26:18] ' .
3 | opl2 l ' | 1 Adr [33' ST ’ }
4 lopx0) Count[6,4, 2] P
5

C?unt [7, Sl' 31

Cour;t[‘l 0] v Adrl[1 1 0]

Figure 4. Structure of Request Packet

(1) Request Packet

* Adr [35: 3] (= Address [35: 3))

The request packet is the first packet sent when
accessing RDRAM. The request packet, which is
made up of 6cycles X 10 bits 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
request packet structure.

* Start .

The start bit shows the start of a request packet and
is a logical low “1” (low level electrical). Thus, the
RDRAM interprets the output of a “1” on the BusCtrl
line as the start of a request packet.

B 9097248 0028695 89T M
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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

Memory Space Register Space
Adr[10:3] Column address Register address
Adr{19:11] Row address Don't Care
Adr [20] Bank address Don’t Care
Adr [35: 21] Device ID address | Device ID address

PRELIMINARY
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* Op [3:0/Op X [1: 0] (= Operation Command)

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

Table 2. Operation Commands

Opl3:0] OpX[1:0] Name
0000 00 Rseq Read sequential data from memory
0000 01 Rseq Read non-sequential data from memory
0100 00 WsegNpb | Write sequential data to memory space with no per-bit mask
0100 01 WseqDpb | Write sequential data to memory space with data-per-bit masking
0100 10 WseqBpb  |Write sequential data to memory space with both-per-bit masking
0110 11 WsegMpb | 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 WnsgNpb | Write non-sequential data to memory space with data-per-bit masking
1000 10 WnsgBph | Write non-sequential data to memary space with mask-per-hit masking
1000 A WbnsMpb | 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 WhnsDpb | Write non-sequential data to memory space with byte masking
1100 11 WhbnsMpb | 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 permittedg

e 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 10B (8bytes)
and 320B (256bytes) can be specified.

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

* Adr [2: O)/Count [2 : Q]

These bits select mask information for write data. Adr
[2: 0] and 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 a request is issued.

320B.

M 5097248 0028b9L 72L W
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TC59R1809VK/HK High-Performance DRAM RD18011195

(2) Acknowledge Packet response signal to the request packet. Table 3 shows
The acknowledge Packet (Ack [1 : ] is the RDRAM the meaning of the respective Ack [1 : Q] signals.

Table 3. Acknowledge Packet

Ack [1:0] Command Description

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

01 Okay Okay shaws the completion of receipt of the request packet.
Nack shows that the requested device cannot respond to the request. NAck is output for RDRAM in the case of a

00 Nonexistent

10 Nack row or refresh, etc. If a Nack is returned, the master waits before sending the request again.
1 Reserved  |Reserved is not currently used. RDRAM does not output Reserved.
(8) Data Packet (4) Serial Mode Packet
The data packet is a group of contiguous write or The serial mode packet (SMode {1 : O]) controls the
read data for memory or register address space. The state of the Count00 [3 : 0] and Count11 [7 : O}
data packet consists of between 10B (8byte) and counters. These counters cause operating mode
320B (256bytes). (it is always 10B when reading or transitions when they reach special values. Figure 5
writing to registers.) shows the format of the serial mode packet.
BusCycle BusEnable BusCtrl et BUSD313 [ 8 1 0] e
even SMode [0} 'S T I N N A A |
odd SMode [ 1] IS T SO TR BN N SO S

Figure 5. Serial Mode Packet Format
Table 4 shows the meaning of SMode [1 : 0] signals.

Table 4. Serial Mode Fields

SMode {1:0] Description
00 Increments Gount0 3 : 0], Clears Count1 [7: 0]
01 -
10 -
11 Increments Count11 [7 : 0], Clears Count00 {3 : 0]

B 9097248 0028L97 bk2 ME
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RD18011195 High-Performance DRAM TC59R1809VK/HK
() Serial Address Packet are transferred serially on the BusEnable pin on the
The serial address packet (SAdr [] (10 ; 3]) 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

Bus
Cycl

B
2

even

T
even

N
Q. *
a3,

cebnans

{8*n+ 1]
even

[4*n+ 1]
odd

[4*n+2)
even

[A*n+ 2]

.0
LA
‘a

[6*n+3)
even

{4*n+3)
odd

R R N O O O N OO e T R AL T N .
.
.
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BecoshuvoredasnedovvsBbosvadoosshoreshecorsdbaverssnostBosrsBacerdocsadosssBasondossohssearBaass

.
.
3

Bus
Epable BusCtrl BusData[8:0]
225 >

SAdr
[1](3]

SAdr
[1]{4]

SAdr
[1]5]

SAdr
[n]{3]

SAdr
[n}{4]
SAdr
[n}{5]
SAdr
[n]i6]
SAdr
[n]{7}
SAdr
| [nli8]
SAdr
{n]I9]

SAdr
[n]{10}

Figure 6. Serial Address Packet Format
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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.

trl pin of the device. The commands which use this

Bus B
c}u!ds EE:E!Q BusCtrl BusData[8:0] >

R = :cm) e — - -
R 10

{0 - sctri

:oodd 11

Mmoo - SCtrl

U 2]

N ) I = | scti

T odd ! (3]

[ 7 B - SCtrl

PR 4]

P 3 = § scui

I oL 151

N £ I - § sci

R {6}

SR ) - SCtrl

1 oodd {7]

Figure 7. Serial Control Packet Format
Table 6 shows the function of the bits within the serial order for framing to work properly. The other three
control fields. The SCtrl [5] bit is used to control termi- odd tick bits are unimplemented.

nation. The bits in the even bus ticks must be zero in

Table 6. Serial Control Fields

Serial Control Fields Description

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

SCtrl [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

sCtrl [5] 0 means dnn’t terminate the current access

0 means terminate the current access
SCtrl [6] This bit must be a zero due to framing requirements
SCtrl [7] unimplemented
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BusCycle BusCtrl < BusData{8:0] -
Ao [start | [opm - _Adr(9:2] . Py
Opl1] Opl3] ! , lAdr[17:;l()] , )
Request | 2 [Opx[1] ) . f\dr[26:}8] . . 1208
packet 3 | oplz2] . Adr(35:27]
4 |0Opx[0] Count[6,4,2] L 7
5 : Count(7,5,3] Count[1:0] | Adrl1:0] |y
Iy
AckDelay
ReadDelay
Acknowledge =36ns(Min)
packet
AckWinDelay Y
\ ., Datalo)jo)[s:0} , X
) . Deta[O][ﬂl[B:O] , ]
, K Deta[O]{Z]l[&O] . .
) . Data{0]{3][8:0] ) .
Data
packet
. , D.ata[Cou.nt][(J][Bl:O] .
. \ Dlata[COLllnt][H[Bl:D] ,
. , Dlata[Coulnt][Z][SI:OI \
Data[Count][3]8:0] Y
ReadPipeDelayi
0 Opl0} , ; . Adr{9:2] .
1 | opl1] Opl3] . . , Adrl[17:10]l \
e e 2 [opx(1] . . __ Adr[26:18] .
3 | Opl2} . . Adr[35:27]l .
4 |Opx{0] Cgunt[6,4[2]
5 R Cqunt[7,51,3] Cour}t[1:0] Ack|[1:0]

Figure 8. Read Operation for Memory or Register Address Space (Ack packet = Okay)
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BusCycle B(usE:l)_ -« BusData(8:0} -
A 0 { Star Opl0} . . Adr{9:2] . .
1§ opli| | opl3] , Adr(17:10] . -
Request | 2 JOpx[1] . . . Adr[%6:18] . ] ,
Packet | 3 [oplal l Ad35:27]
4 |0px{0] . Count6,4,2] | :
s [ Cour(7.53]
tRETRYSENSEDCLEAN — BN

.

AckDelay

Acknowledge
packet

AckWinDelay
\

ReadPipeDelay

Sta Opl0] (9: ) )
Opl1] Opl3] . ) , Adrl[17:10] ] ] .
Opx[1] Adl;[ZG:"ﬂL
Adr{35:27]

Next request
packet

Cqunt[6,4'2]
Count[7,5,3]

Bk W N = O

CountI[1:0]

Figure 9. Read Operation for Memory or Register Address Space {Ack packet = Nack or Nonexistent)
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BusCtr! BusData[8:0)

BusCycle g3 £ L
0 ] start | oplo] , , , Adr(9:2) . , A
1] opl1}] [OpI3] . ) , Adrl17:10] .
Request { 2 | Opx[1] . ] ) . Adr{35:18] \ , 12ns
packet 3 [op] ) . Adr{35:27] .
4 {opx{0]} Bie 57 2 Colunt[B,A,lZ] : e
5 PR Count[7,5,3] Count[1:0] Adr[1:0] |y
A A
AckDelay| | B Ad
, . . Da'lta[D][D]'[S:OI . , . \
Datal0][11(8:0 WriteDela
' . ) . graloljie:01 . ; = 4ns(Min
Acknowledge , X . Datal0][2]{8:0] ! ,
packet ) , , D?ta[0][3]'[830] . . .
AckWinDelay : Data
packet
Data[Coun:lt][O][&O]
Data[Count]}{1][8:0]
1 L L L 1 L 1 1
Data[Count]{2}[8:0)
L L 1
Data[Count]{3]{8:0]
tPOSTREGWRITEDELAY )
or
POSTMEMWRITEDELA
‘\ Op[O] L 1 I rl[ i ] L L 1
1 | opl1}| [op(3] ) ) . Adr'[17:10]l .
Next request | 2 | Opx[1] ) Adr{26:18]
k t 1 1 L 1 L A
packe 3 [opi2 . ) . Adr35:27]
4 St Cqunt[6,4‘2] ;
vs 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 BusCtr! < BusData[8:0] >
l} 0 | start || oplo0] , ] Adr(9:2] ] \ I

1 10pl11]] Opl3] , ) . Adr{17:10] , .

Request | 2 |Opx[1] Adr{26:18] 12ns

packet L .
3 Jopl2 , Adr[35:27]
4 | Opx[0] Count[6,4,2]
5_ Count{7,5,3] Couni[1:0]
y - e ey ——

AckDelay

LRETRYSENSEDCLEAN

Acknowledge
packet

AckWinDelay

tPOSTREGWRITEDELAY
or

Y 1POSTMEMWRITEDELAY Y

Datal0}ipl[8:0] .

\ WriteDelay
= 4ns(Min)

Data{0][7]{8:0] , .

Datal0]{2]{8:0] , ,

Data

packet
(interrupted)

3

| -t
ot §

AD

T { opl1)
Next request | 2 Opx[1]
packet

3

4

y5

Opl0]

Datal0}(3](8:0] |, ]

(9:2)

Opl3]

Aclir[17:10’]

Agir[26:1Sl]

. \ Adr{35:27]
Coynt[G,A,g]
Cox.mt[7,5,?] I Coun‘g[1 :0] Adr[;l :0]

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

1)

PRELIMINARY

Normal Read 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
the request packet from the output (Start bit) on the
BusCtri line. On completion of the request packet,
and after AckDelay, the RDRAM outputs a 2-cycle
packet.

All devices connected to the Rambus system ignore
output on the BusCtrl line for a set interval (AckWinD-
elay) after the end of the request packet. Therefore,
output of the Ack packet cannot be confused with
the Start bit of the request packet.

When the RDRAM responds with an Okay Ack
packet, the read data packet is output after a delay
(ReadDelay) after the end of the request packet. 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-
PipeDe!ay is OtCYCLE‘)

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

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 ((rowrRE-
CHARGE), Tow access (trowsenge) and RowOver-
head.

The value of trowprecHaraE @Nd 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.

Read Operation

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

Rreg:

B 9097248 0028704 L2 A
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[4] Write Operations to Memory or Registers
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Normal Write Operation

In contrast to read operations, write data packet is

sent from the master before the Ack packet is output,

as shown in Figure 10. When another operation is

performed immediately after a write operation, it

starts after a delay of tPOSTREGWRITEDELAY Qar tF’OST—

MEMWRITEDELAY TTom the end of the proceeding data

packet.

Write Operations When Nack or Nonexistent is

Returned (see Figure 11)

In a write operation, the write data packet starts to be

sent before the Ack packet is output. Therefore, if

Nack or Nonexistent Ack packet is output, the master

interrupts the output of the write data packet.

Write Operation Commands

WnsgNpb:  Executes a write operation on RDRAM
memory space.

Wreg: Executes a write operation on RDRAM
register space.
WregB: The RDRAMSs can return a Nack, the

master is able to confirm that there is a
device under internal operation and can-
not perform the write operation.
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[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
request packet specifying a non-sequential operation along
with the address of the first octbyte to be accessed.

BusEn  BusCtrl
D st

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]

Y

1SERIALREADOFFSET

|l

FETTETT P ITTT I T TI T I I T T 11711

Request

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

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

Data [n-1][7:0][8:0] = RData[n-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
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glyilc:s BusEn  BusCtrl BusData [8:0]
3 - - o
SAdr
(1] Request

Data [01[7:0][8:0) = WData[0}(7:0}[8:0)

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

{SERIALWRITEOFFSET

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]

CETTTTTTTTTTITTT ey

Figure 13. Write Transaction with Serial Address Packet
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l [6] Serial Control Packet elapsed. Figure 14 shows a memory space read transaction
3 The serial controls packet provides for the early termination of ~ for a command which uses the serial control packet, and Fig-
m amemory space read or write transaction before the specified  Ure 15 shows amemory space write transaction with serial
data count (data packet length) in the Count [7 : 3] field has control packet.
r\.
[}
r\
FS g:;lc:s BusEn BusCtrl BusData [8:0) N
o oyl - - >
= | Request
Ci) L — —
: o
[ 8] |
~ [
(apd -
= -
o -
l [— TACKWINDELAY
— Data [0]1{7:0}{8:0] = RData[0}[7:0][8:0]
— \i
: Data [n-3}[7:0][8:0] = RData[n-3][7:0][8:0]
— {SERIALREADOFFSET
: Data [n-2]{7:0][8:0] = RData[n-2][7:0][8:0]
= Data [n-1]{7:0][8:0] = RData[n][7:0](8:0]
l Y
Figure 14. Read Transaction with Serial Control Packet
g:zf; BusEn BusCtrl BusData [8:0]

tACKDELAY

Request

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

TACKWINDELAY

TSERIALWRITEOFFSET

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

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

FECTETTTET e el

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

H-198

Figure 15. Write Transaction with Serial Control Packet
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[7]1 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
001 11111110 001 00000011
010 11111100 010 00000111
01 11111000 011 00001111
100 11110000 100 00011111
101 11100000 101 00111111
110 11000000 110 01111111
1 10000000 111 11111111

The “0's” in Table 7 indicate masking. All 10Bs other than tion, as shown in Table 8. In this case, the transmitted data
the first and last are therefore “1111” (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 - usat2 >
- E 7 & 5 4 3 ! 2

Start Opl1]

opi1] | [ opf3) Adr{35:2]

Request | PpXI1]
Packet op[2]

Count {7:2] /778%7 77

=000010 Count [1:0] Adr [1:0]

ByteMaskLS[7:0]
=11111110

Data Packet

ByteMaskMS([7:0}
= 0000001

C OO OO = s att st = O

BB 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] Rdr[2:01 ByteMaskMS [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 nfa 11111110 00000010
0000 010 Q10 00000111 n/a 11111100 00000100
0000 om ot 00001111 n/a 11111000 00001000
0000 100 100 00011111 n/a 11110000 00010000
0000 101 101 00111111 n/a 11100000 00100000
0000 110 110 o111 n/a 11000000 01000000
0000 111 111 11111111 n/a 10000000 10000000

¢ 2 Byte Transmission

ByteMaskLS [7 : 0]

Count 12 :0] Count [7: 0] Adr [2:0] ByteMaskMS [7 : 0] | Middle ByteMask [7:01 | ByteMaskLS [7:0] and
ByteMaskMS [7 ; 0]

0000 000 000 00000001 n/a 1111111 00000011
0000 001 001 00000011 n/a 171111110 00000110
0000 010 010 00000111 n/a 11111100 00001100
0000 01 011 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 11 111 11111111 n/a 10000000 n/a

¢ 4 Byte Transmission

ByteMaskLS {7 : 0]

Count {2 : 0] Count [7: 0] Adr{2:0] ByteMaskMS {7 : 8] | Middle ByteMask [7:0] | ByteMaskLS [7: 0] and
ByteMaskMS [7 : 0]

0000 000 000 00000001 n/a ERAREARA 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 nfa 11100000 n/a
0000 110 110 01111111 n/a 11000000 n/a
0000 M 111 11111111 n/a 10000000 n/a

+ 8 Byte Transmission

ByteMaskLS [7: 01

Caount [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 11111111
0000 001 001 00000011 nfa 11111110 n/a
0000 010 010 00000111 n/a 11111100 n/a
0000 oM 011 00001111 n/a 11111000 nfa
0000 100 100 00011111 nfa 11110000 n/a
0000 101 101 00111111 n/a 11100000 n/a
0000 110 110 01111111 n/a 11000000 n/a
0000 111 111 11111111 n/a 10000000 na
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[8] Bit Masking
TCEER1809VK/HK supports three forms of bit masking that
are available for write operations. These operations are
referred to as data-per-bit (Dpb), mask-per-bit (Mbp), both-
per-bit (Bbp) masking.
(1) 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.
(2) 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 dynarmic bit masks

2]
(=3
pal
=~

BusEp
(4

la)
Iz
@

BusCtrl
~———

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

(3) 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)

tACKDELAYI

TACKWINDELAY

{SERIALREADOFFSET

R AR R ARR AR AR

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

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

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]

&

MDReg = Bit Mask Data

Figure 17. Data-per-bit (Dpb) Write Transactions
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Clock Buskn  BusCtrl BusData [8:0]

Cycles e i - o
: Request

: tackpELAY

— -

— tackwiINDELAY

[— \

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

— Data [n}{7:0][8:0] = Bit Mask[n][7:0]{8:0]
—‘ A

MDReg = Write Data
Figure 18. Mask-per-bit (Mpb) Write Transaction

Clock BusEn  BusCtrl BusData [8:0)

Cycles e ——— —
: Request

: taCKDELAY w ) ] .

— A Data [0]{7:0]{8:0] = BitMask{0]{7:0][8:0]

— TACKWINDELAY

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

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

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

— MDReg = Write Data

Figure 19. Both-per-bit (Bpb) Write Transaction

B 9097248 0028711 b WM

H-202 TOSHIBA AMERICA ELECTRONIC COMPONENTS, ING. PRELIMINARY




RD18011195

High-Performance DRAM

TC58R1809VK/HK

[9] Byte Masking (Whns)

TCH9R1809VK/HK supports non-sequernttial byte masked
writes that may include Dpb or Mpb bit masking as an option.
Bpb masking is not supported in conjunction with byte mask-
ing. In this function, the first data packing, and every ninth
thereafter, contain byte masking information that is applied to

BusEn  BusCtrl

Clock Cycles

the eight data packets that follow. This means data packet 0,
9, 18, 27, etc. are not written to memory, but are instead used
as byte masks for the eight octbytes of data that foliow.

Figures 20 and 21 show the format of the non-sequential
data write transaction with byte masking (Npb/Dpb) and
(Mpb).

BusData [8:0]

SAdr
[1]
10:3

SAdr
2
10:3

TACKDELAY

Request
TR, AN o AT R

e R

Data [0](7:0]{8:0] = ByteMask([8:1){7:0]

TACKWINDELAY Sadr

3
[1[0:]3]

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

tseriaLwriTEOFFSET

Data [10][7:01(8:0] =

WData[10]{7:0){8:0]

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

I R I U

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

e g PEETS S

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

Figure 20. Non-sequential Data Write Transaction with Byte Masking (Npb/Dbp)
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Clock Cycles Buskn BusCtri BusData [8:0] -

RN RN ERR RN ERRE RN AT AR A LR ERR LA A LA

Request

TR A BRSNS
tackoELAY e O TR Ry

Data [0](7:0][8:0] = ByteMask[8:1}[7:0}

T

TACKWINDELAY

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

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

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

YSERIALWRITEOFFSET

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]

=

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

MDReg = Write Data

Figure 21. Non-sequential Data Write Transaction with Byte Masking (Mbp)
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[10] The Cache Function
In the TCEOR1809VK/HK, the WL level selected by row
access is maintained until another row address is selected.
Therefore, the cell data in the last row address accessed is
latched into the sense amp connected to BL, thersby operat-
ing 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

B 9097248 0028714 571 WA

PRELIMINARY

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.

they match (the RDRAM sends an Okay Ack packet to the
master in the case of a row hit), the memory cellis 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 TC5AR1809VK/HK has two banks X 9bits with 2048
column per row. The cache size is therefore 2kByte.

H-205
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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 T'On‘o:; -
4, with register name [byte] [oit] format. Bytes are specified in "0%, "1 Reset value N .
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 rm  Read-only. Aways 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 Reset value

01001011

e
]

Register Name [0] [8:0) | <.|7{

Register Name [1][8:0] L4I I

XX XXXXXX

Register Name [2] [8:0] rrrrrrerr

Register Name [3] [8:0]

Read-Only bit
or
Write-Only bit

[ read-write 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 ID 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 [3:0][8:0] 10000000 Row register

B 9097248 0026715 4048 EN
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(1) Device Type Register (Al 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 TC59R1809VK/
HK has two banks, these bits are set to *0000” (0 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 TC59R1809VK/HK 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 : 0]} in RDRAM memory cells.
Because the TC59R1809VK/HK has 2048 columns
per row, bits are set to “1011" (11 bits). When
accessing memory, you cannot exceed the last col-
umn address in the currently accessed row.

* Par . .. DeviceType [0] [2]

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

8 7 6 5

DeviceType [0] [8:0]

Bit Number

10 Reset Value

-1011-1- -

DeviceType [1][8:0]

-00011001

DeviceType [2] [8:0]

DeviceType [3] [8:0]

-00000000

Adr5[20:10,9:2] =xxxxxxxxx, 00000000

M 9097248 002871b 3uy WM
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(2) Device ID Register (All Read-Wirite bits)

¢ Device ID

At initialization, the master sets a unigue 17-bit Devi-
celD for each device. The DevicelD register is used
for this purpose. The DevicelD dafa is used, as
shown below, for comparison with the request
packet address Adr [35 : 21] (swapped address). If

they match, the IDMatch signal is issued. IDMatch is

not generated by the broadcast register write instruc-

tions (Write RegB).
idField [25 : 21]
IdField [26]
IdField [34 : 27]
IdField [35]

Deviceld [0] [7 : 1]
Deviceld [1] [7]
Deviceld [2] [7 : O]
Deviceld [3] [7]

Deviceld [1] [8

Deviceld [2] [8

Deviceld [3] (8

Deviceld [0] [8:0]

:0]

:0]

:0]

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

Bit Number

8 7 6 5 4 3 2 1 0 Reset value

-00000- - -

000000001

(8) Delay Register

The Delay Register is used to select the values of the Ack-

Win, Read, Ack, Write delays, and to specify the number

Table 10. Delay Register Setting

of the bits (Read-Only bit). (See Table 10)

Register Used Bits Description
AckWinBits  [Delay [0] [2: 0] 3 | Specifies the number of bits in AckWinDelay
ReadBits Delay {1][2:0] 2 | Specifies the number of bits in AckWinDelay
AckBits Delay [2][2: 0] 2 | Specifies the number of bits in AckWinDelay
WriteBits Delay [3 [2: 0] 2 | Specifies the number of bits in AckWinDelay
AckWinDelay {RefRow [0] [5: 3] 3 |Stipulates the delay of AckWindow from the end of a request packet. (See Table 9)
ReadDelay  {Rasinterval [1][5:3] | 5 |Stipulates the delay hetween the end of a request packet and the start of a read data packet. (See Table 10)
AckDelay Midinterval [2] [4:3] { 2 |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] 5 | Stipulates the delay between the end of a request packet and the start of a write data packet. (See Table 12)

BN 9097248 0028717 2480 A
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Delay [0}[8:0]

Delay [1] {8 :0]

Delay [2]{8:0]

Delay (3] [8:0]

Bit Number
8 7 6 5 4 3 2 1 0 Reset Value
---100011
---001011
----00010
---100011

Adr§[20:10,9:2]= x xxxxxxxx, 00000010
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Table 11. AckWinDelay

Delay [0] [5: 3) AckWinDelay Delay {0] [5: 3} AckWinDelay
101 5 toyoLe 001 9teveLe
110 6 tevele 010 10 teyeie
111 7 tovere 011 11 tevoLe
000 8 tovoLe 100 12 tovoLe J

Table 12. AckWinDelay

Delay [1][5: 3} AckWinDelay Delay [0] [5: 3} AckWinDelay
111 7 oveLe 011 M ieyeLe
000 8 tovele 100 12 tcveLe
001 9teyoLe 101 13 teveLe
010 10 toyoLe 110 14 oy oLe

Table 13. AckDelay

Delay [2] {4 : 3} AckWinDelay Delay (2] [4: 3} AckWinDelay
00 ovoie 10 B tovoLe
01 Stovele 11 3tovoLe

Table 14. WriteDelay

Delay [3] (5: 3} AckWinDelay Delay [3] [5: 3} AckWinDelay
001 TiovoLe 1071 5tovore
010 2teveLe 110 6 tovore
011 3tovoLe 111 7 tovoLe
100 4 toveLe 000 8 tovele

M 097248 0028718 117 MM
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(4) Mode Register
¢ 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.
e 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.
*Ci[5:0...Mode[3:1][7: 6]} (3X2=bits)
This bit field sets the device output current drive level
in the range 0 to 63. The RDRAM output driver uses
the open-drain system and consists of six transistors
with different current drive capacities. C [5 : 0] 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".

* 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-
fialization 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.

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

This bit is used for testing.

* SK. .. Mode [0] [3] (1 bit)

This bit is used for testing.

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

This bit is used for testing.

* PL ... Mode [0] [5] (1 bit)

This bit is used to select the PowerDown wake up

[ —
Mode [2] {8:0] o caIc1 :

Mode [3](8:0] 2c

K

o

Adrs [20:10,9:2]= x xxxxxxxx, 00000011

latency.
Bit Number
g8 7 6 5 4 3 2 1 0 Reset Value
Mode [ 0] {8:0] CE]XZIPL K]AS[DEIREI 11000100
Mode [1] (8 :0] e Q2 e 11 e

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

* Row . . . RefRow [0] [7 : 1] (9 bits)
Specifies the currently refreshed row.
* Bank . . . RefRow [0] [3] (9 bits)
Specifies the currently refreshed bank.

Bit

8 7 6 5

Number

4 3 1 0 Reset value

RefRow {0] {8:0]

RefRow [1][8 :0]
RefRow (2] [8:0]
RefRow [3] [8:0]

AdrS$[20:10,9:2] = X X X X X X X X X,

- XX XXX XX -~

000000101

B 9097248 00248719 053 A
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{6) Rasinterval Register (All write only bit)

When RDRAM access is prevented by a row-miss or
self-refresh (when the Ack packet is Nack), the mas-
ter has to wait a set interval until the next access. The

Raslinterval register determines the length that the

master waits. The Raslnterval register includes the
RowPrecharge, RowAccess, and RowDelay regis-
ters. As shown in the Figure 16, the total of these reg-

isters constitutes the row cycle time.

* RowPrecharge . . . Rasinterval [0] [0 : 4] (5 bits)
Specifies the RAS access precharge interval in the
range O to 31 tBCF‘

* RowSAccess . . . Rasinterval [1] [0 : 4] (5 bits)
Specifies the BAS access interval in the range 0 to 31
tace

* RowDelay . . . Rasinterval [2] [0 : 4] (5 bits)
Specifies the RAS access explicit in the range 0 to 31
tecp

Rasinterval {0] {8:0]
Rasinterval [1] [8:0)
Rasinterval [2][8:0]

Rasinterva! [3] [8:0)

Bit Number

1 0 Reset vaiue

-1 1111

----11111

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

----11 111

----11111

BN 9097248 0028720 8475 WM
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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 Description
MinAckDelay Minlnterval [0 ; 3] [5] 4 Stipulates the minimum AckDelay Value in {oyg, g units
MinReadDelay Minlnterval [0 : 3] {4] 4 Stipulates the minimum ReadDelay Value in {pye g units
MinWriteDelay Minlnterval [Q : 3] [3] 4 Stipulates the minimum WriteDelay Value in fyg e units
Bit Number

8 7 6 5 4 3 2 1 0 Reset value

Mininterval [0] [8:0] -000-- - - -
Minlinterval (1] [8:0] -010-- - - -
Mininterval {2} [8:0]} - 110- -« - -

-11100000

Mininterval {3] [8:0]

Adr$[20:10,9:2]= xxxxxxxxx, 00000111
(Write Only Field)

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

Table 16. WriteDelay Encoding

SpecFume [4 : 0] Description
00000 NOP
XXxx1 SetRR - RefreshRequest bit
x0x10 CIrRE - Clear the Refresh Enable hit of the Mode register

B 9097248 0028721 701 W
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{8) AddressSelect Register (Read-Write bit)
* SwapField . . . AddressSelect [0] [7 : 0] (9 bits) and
[0l
For address mapping, RDRAM allows Adr [28 : 20
and [19 : 11] to be swapped in 1-bit units. Address
swapping is executed as follows when each bit in the
Address Select register is “1”.
Adr[19: 11] -> AdrS [28 : 20], and Adr [28 : 20] ->
AdrS (19 11]

When all bits in the AddressSelect register are “0”, no
swapping is executed.
Adr[19: 11] -> AdrS (19 : 1], and Adr [28 : 20] ->
AdrS [28 : 20]
Address mapping thereby enables greater hit rates
for the rates for the row sense amp caches of each
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] | |swdpFigid | | -0000000-
S 1 1 1 ]
AddressSelect [1][8:0] [idamlannnlebonlet— 10 1 - - - . . .. 00
AddressSelect [2][8:0] PEgtegdal e T] 00
Addressselect [3][8:0] i bbb el i Bl
Adrs[20:10,9:2]= xxxxxxxxx, 00001000
\ 11 Adr(10:0] o INU A\ 11 Adrs[10:0] .
9 19:
\ Adr{19:11] °x\ 9 Adrs[19:11)
IR "
\ s Adr [28:20] x \\9 AdrS [28:20) >
\ >e2
\ 9 SwapFeild [9:1] . A
\ »
\ 7 Adr{35:29] ;I N\, \ 7 AdrS{35:29]

B 9097248 0028722 Lus W
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©) DeviceManufacture Register (all Read-Only 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
6 5 4 3

Device Manufacture [0] [8:0]

Device Manufacture [1}[8:0]

0 Reset vaiue

xmmmmmmmm

xmmmmmmmm

Device Manufacture [2] [8:0]

Device Manufacture [3] [8:0]

xrrrrrrrr

xXrrrrrrerr

AdrS[20:10,9:2)= xxxxxxxxx, 0000100
(10) DeviceManufacture Register (Read-Only bit) 3]) is accessed. If they do not match, (Row miss), the
* Sensed Row [0] ... Row [0] [7 : 1] (9 bits) and {1] cell array is refreshed by the RDRAM's internal control
[1:0] logic, and the requested row then accessed.

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 AdrS [19 : 11]. If
they match, the requested column address (Adr [10:

* Sensed Row [1]... Row [2][7 : 1]and [3][1 : O]
(© bits)

This shows the address of the row sense amp cache
in Bank “1". This register is used when bank “1” is
accessed. Other detalls are the same as for Sensed

Row [0].

Reset value

Bit Number
g8 7 & 5 4 3 2 1
Sen

bed ﬁoﬂ[ﬂl I

Row [0] [8 :0]

- X XXX XXX

Row [1][8 :0]

Row [2] [8:0] | |serfsed [Rov{ [1] ] S XXXXXXX-
B = AR MV U B |

ROW[3] [80] ------- X X

Adr§[20:10,9:2]= xxxxxxxxx, 10000000

B 9097248 0028723 544 W
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[12] RDRAM Function

(1) Operation Mode
TCE8R1809VK/HKHK has four operation modes;
reset, active, standby, and PowerDown. Active mode
is the default, permitting a device to frame the packets
of a transaction.In reset mode, RDRAM places its con-
trol 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

increase in the RDRAM latency, because the clock
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 SMade [1 : 0] = 11 combina-
tion increments the Count11 [7 : 0] counter, and clears
the CountQ0 [3 : O] counter. if the Countt1 {7 : 0]
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 : O] counter is incre-
mented more than 15 times, it is left at its maximum

down more of the device than in standby made. This value of 15.
L A Channel Layer
Physical Interface Layer
Transmitter Receiver
1
lRCIk SMode [1:0]
Count 11[7: 0] | 5 1
Counter i N
- (1} {to]
Count00{3:0] | inc
Counter ;C'f Ct
\ 4 Y
Mode [3:0][8:0] Register
Frame . PL L i Il T
State Machine | PD Command State Machine
<
iearP
ClearPD >
Logical Interface Layer

Application Layer

Figure 23. Frame State Machine - Block Diagram

M 9097248 0028724 410 W
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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 wilt pass through active
state and settle in standby state, and remain there
until serial mode packets are recsived from the initiat-
ing RDRAM.

After power on, TC59R1809VK/HK will re-enter reset
state when the value of the Count11 [7 : O] counter is
greaier than or equal to tyopear, Min- This will hap-
pen when an SMode [1 : 0] bit of 00 is received,
causing the Count11 [7 : 0] counter to clear.
TC59R1809VK/HK will enter Standby state when the
value of the Count00 [3 : 0] counter is greater than or
equal 1o tyopear, Max- The device will leave standby
state when the value of the Count11 [7 : 0] counter is
greater than equal to tyopes, MIN-

( place device in known state) (reduced

Reset State { reset mode) Standby State (Standby state)

power dissipation)

A
y Count 11< tmopeARMIN

Count 11 2 tMODEPA[PLIMIN

Y

A

Count 00 & tMODEDELAYMAX

Count 11 2 tMODEARMIN

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

A

Count 11 2 tMODESAMIN
(Assert ClearPD)

Write SetPD
in Mininterval register

/

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

Figure 24. Frame State Machine - State Diagram

TCBIR1809VK/HK will enter power down mode counter is greater than or equal to tyopepea [PL, min-
when the PD bit is set. The RDRAM will leave power PL is a bit in the mode register.
down state when the value of the Count11 {7 : 0]

B 9097248 0028725 357 M

H-216 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. PRELIMINARY




RD18011195

High-Performance DRAM TC59R1809VK/HK

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) Deseription
tmoDEsA 1 4 Number of SMode packets to cause a transition from StandbyMode to ActiveMode
Rsrv 5 9 Reserved for future functionaity
Undef 10 15 Undefined
tmopepa [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
tvooeea [1] 208 224 Number of SMode packets to cause a transition from PowerdownMode[1] to ActiveMode
Rstv 225 253 Reserved for future functionality
Undef 254 271 Undefined
tmobear 272 - Number of SMode packets to cause a transition from ActiveMode to ActiveMode
tMODEOFFSET 4 - Offset from beginning of SMode packet ta request packet for standby to active transition
tMoDEDELAY - 10 Offset from end of SMade packet to request packet for standby to active transition

Figure 25 shows the transitions between active and
standby medes. A SMode [1 : 0] bits are shown as
“11”in BusEn column. TC59R1809VK/HK begins the
transition to active mode tyopesa, pmins after the first
serial mode packets. It reaches active mode after

tMODEOFFSET. MIN- after the start of the first serial
mode packet. If the serial mode packet to active
mode transition are not followed by tMODEOFFSET,
Max. after the last serial mode packet,
TCE9R1809VK/HK wiill return to standby mode.

B 3097248 002872k 293 M
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BusEn BusCtri BusData [8: 0]
—— —
tMODESA, MIN
11
tMODEOFFSET, MIN Standby Mode
11 {MODESA: MAX
11
YIin
tMODEDELAY, MAX
Active Mode
Y
Standby Mode

Figure 25. Basic Active Mode/Standby Mode Transitions

When TC59R1809VK/HK is given a consecutive In order to keep the RDRAMSs in active mode during
sequence of tyopepeLay, Max- Serial mode packets this synchronization, it is necessary to provide a burst
with a value of 11, reset mode is entered. The of serial mode packets every tyopepeLay, max- If the
RDRAM remains in reset mode for as long as serial RDRAM is not kept in active mode during synchroni-
mode packets with a 11 value are received. When zation cycles requires 1 ook, STANDBY, MIN-

one or more serial mode packets with a value of 00
are seen, TC59R1809VK/HK enters the active mode
state.

B 9097248 0028727 12T
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Clock
Cycles Bpsn Busqul BusData {8 : 0]

e

tMODEAR, MIN

tMoDESA, MIN =X

Active Mode
MODEOFFSET, MIN
tmopEsa, MiN == tMODEDELAY, Max  Active Mode
tMODEOFFSET, MIN I Y

tMODEDELAY, Max  Active Mode

MODESA, MIN =

tMODEOFFSET, MIN

TLOCK, ACTIVE, MIN . .

MODESA, MIN =

TMODEOFFSET, MIN

LIS EREAERL LS ALLE LIS N LRLR RS L ELARa LAEL N LAl

Figure 26. Reset Mode Transition
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Powerdown maode is controlled by the PD bit. This bit

is not directly accessible in the register space. for both banks

Instead, the “SetPD" is written to the SpecFunc field
in the Mininterval register. Figure 27 shows the active

mode to PowerDown Mode transition. When the PD BusEnable receiver

bit is done, the RDRAM performs the following opera-

tions.

FErrErTrL---11r

e Disable the clock generator
« Disable all DC current sources except for a special

« Restore and precharge the RowSenseAmp Latch

When these operations have been completed, the

RDRAM is in the Powerdown Mode.
Figure 28 shows the PowerDown Mode to Active

Mode transitions.

BusEn  BusCtri BusData [8:0)
A =Y £

IMODESAMIN
tMODEOFFSET,MIN

Transaction (Active)

Write $etPD in SpecFunc Field of Mininteval Register

Figure 27. Active Mode to Power Down Mode Transition
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o
Q
fal
=

5

Busen  BusCtrl BusData [8:0]
D e B S

Y

tMODEOFFSET.MIN

Active Mode

MODEQFFSET,MIN

tmooesamin 1

tMODEDELAY, MAX Active Mode

TMODEOFFSET,MIN

tMODESAMIN X I

tMOoDEDELAY, MAX Active Mode

LOCK ACTIVE MIN

tMODEDELAY,MAX Active Mode

TMODEOFFSET.MIN

Y

tmopEsAMIN 1

tMODEDELAY,MAX Active Mode

TMODESAMIN — 2

UMODEOFFSET, MIN

=TI == JTI T - - JTIT O e = =TT - T T T T

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 : O] See Figure 30). AdrS [35: 3]
refers to the following addresses in the RDRAM
memory cells.

Cw 7 :01(AdrS [10: 3] Column address (in QB)

Ry [8: 0] (AdrS[19: 11]): Row address

Dy [15: Q(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 : Q). In Figure 29, AddressSelect [0] [7 : 1]
and [1][1: 0)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 9Adr [3]) to the
MSB (Adr [358]). When the master performs such
access without address mapping, we get the following:

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

Adr[19: 11]-AdrS [19: 11]
In this case, each time of the value of Dg [7 : Q] in the
request packet changes, the row address Ry, [8 : O]
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 Dg [8
0] from the master changes, Ry [8 : O] 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] 353433323130292827 262524 2322212019 181716151413 1211 109876543
Request packet address I Dr[15:9] I Rr[8:0] l Dr[8:0] I Cr(7:0} '
7 ol r)—g lg 8
AddressSelect [0] [7:11[1]1{1:0]| 9
‘ =111111111 —H0 1 M1 O
mux mux
AdIS [35 : 3) - - + +
RDRAM memory space address [ Dmi{15:9] I Dmi8: 0] ] Rmi8 : 0] l Cml7:0] I

35343332313029282726252423222120191817161514131211 109876543

Figure 29. Address Mapping (System with 128 RDRAMs)
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In Figure 29, AddressSelect [0] [7 : 1] [1][1: 0] = swapped. In a system such as the 24 RDRAM sys-
“111111111”. There, we are assuming address map- tem, in wh|ch the number of RDRAMSs is expressed
ping in a 2566 RDRAM (256 bank) system (currently, asPr2@ (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 DRAMS is expressed as 2N, N bits of and P = 3 and each block is selected by D [5 : 4].
the 9 bits of AddressSelect [0] [7 : 11 [1] [1 : O] are

Adl’[35'3] 35343332313029282726252423222120191817161514131211109876543
: : D[8:4 R[3:0 R[8:4 D[3:0 Cc{7:0
Request packet address L D[15:9] [ ! I [ ) I L ! l [ ]l [ ! l
8
AddressSelect [0] [7 : 1), {1] [1:0] 7
= 000001111
. h 4 -
Adr$ [35: 3] B[15:3] 4T T B5. O REal TTREOI | ol ]
RDRAM memory cell address
3534333231302 282726252423 222120191817161514131211109876543

(a)_8-RDRAM System

Adr[35'3] 35343332313029282726252423222120191817161514131211109876543
. | o059] |D[8-5] [ Ri4:01 | RI8:5) | D{4:0] [ Ci7:0]
Request packet address

7 8
AddressSelect [0] [7: 1), {1][1:0]
= 000011111
h 4
Adrs [35 : 3] X 5

D[15:9] D[8:5] D{4:0] R[8 R{4:0] C[7:0] I
3534 333231 30 29 282726252423 222120191817161514131211 109876543
{b) 16-RDRAM System

RDRAM memory cell address

Adr[35 . 3] 35343332313029282726252423222120191817161514131211109876543
' D[15:9] | D[8:4] l R[3'0] [ R[8:4] D[3 0] | C[7:0] I
Request packet address

7 8
AddressSeiect (0] [7: 1}, {1){1:0]
= 000001111
AdrS [35 : 3] 4 s 4

D{15:9] D[8: 41 D[3:0] RI8 l] R[3: 0] C[7:0] I
3534333231302 282726252423 22 21 20 191817 16151413 1211 109876543
(c)_24-RDRAM System

RDRAM memory cell address

Adr[35: 3] 35343332313029282726252423222120191817161514131211109876543
) l D[15:9] ] D{8:6] I R{5~0] l R[8:6] [ D[5:0] l C[7:0] I
Request packet address
7 3 ¥6 8
AddressSelect [01{7 : 1}, {1][1:0}
=000111113
AdrS[35:3] X 4 X ¥
: =[8: R[5: :
RDRAM memory cell address | DI15:9] P7 18 G]I R[>:0] R18 6] [>:01 I <l7:0f I
35343332313029282726252423 222120191817 61514131211109876543

(d) 32-RDRAM System

Figure 30. Address Mapping (8, 16, 24 and 32 RDRAM Systems)

M 90972u8 0026732 5497 W

PRELIMINARY TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. H-223

e




TC59R1809VK/HK High-Performance DRAM RD18011195

As an example, let’s take a system consisting of 8 mapping to contiguously access the 16 cache lines of
RDRAMSs. 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

C*'ﬁgg D[15:9] DI[8:4) D[3:0] RI8:4] RI3:0] c[7:0]
No. Ix ~~~~~ x |x~~~-x]0 00 le X X xIO 00 0|x~---x‘
%))
Ix ~~~~~ X lx-~~-x|00 00[x X x x|0 00 le”-'xJ
lx ~~~~~ xlx xlOOOlexxx|0001|x d
2
() h 4 . >::< h 4
Ix ----- xlx xlOOO‘llxxxxlOOOOIx x]
lx ----- x]x x]OOOO]xxxx|0010|x d
3
e |
Ix ----- xlx xl0010|xxxx|0000|x x|
Ix ----- xIx xIOOOlexxxI0011lx xJ
(4)
h 4 h. 4 ?r—< ‘L
[x ''''' xlx x|0011|xxxx|0000|x xJ
[x ----- x‘x xlOODOIxxxxl1110|x xI
(15)
[x ----- x’x xl1110|xxxxlODDDlx x|
Ix ----- xIx x|0000|xxxxl111‘llx xl
(16)
lx ----- xlx xl1111[xxxx]0000|x x|

"X" : Don't Care

Figure 31. Address Swapping Using Address Mapping (8-RDRAM System)
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(3) RDRAM Hitialization 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 s0 on through each bus device in daisy chain fashion.
device connected to the Rambus system. The Device SOut 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 circuit.

Primary Channel

4 A
b § L4
Master
Sin M .
Resetin
Applicati
-Bpication | SOut >
1711 1] + 1T 4
c -~ < -~ < + c - c -
- > —_ 2 -— p=1 —_ 3 - 2
w [e] v (=} ) o w o v (o]
. . v Vi v v vy
Configuration o

Master

Slave(Nuanices—1)
Slave(Nuani ces—z)
Siave (1)
slave(0)

Slave (NumOvices—

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', RirAaa’, 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 IdMatch. This path permits the
assignment of unique DevicelD Values. The broad-
cast write command, WRregB’, which is always
enabled.

4 Primary Channel .
A | 4
Sin SOut )
b, A, 4 b, 4
Mode [0] [1] = (=
Device Enable L)
P
Adr[35:18] R N
?| Compare |__ldMatch (
Deviceld | i
[3:0] [8:0]
<
< ‘:>_ Wreg
Wreg' 4 r
WregB’ >
Op[3:0
P ]; ) \ Rreg R
Rreg’ ‘..._/
M\ Wmem .
Wmem’ » / i
Command
State ¥ ) Rmem N
Machine Rmem’ M/ i
Slave Device

Figure 33. RDRAM Slave Device Logic
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{4) o Calibration

The following formula stands for Vg and V5.

Vor = Vrerm —lon " Ro

VoL =Vieam —loL " Ro

Where Ry is the resistance of the channel termination
register which matches the effective impedance of
the channel. The Vo voltage level is essentially
equivalent to the Vterm voltage because of the small
value of the | output current, The Vi level is a
function of Vterm, loand Rg. The CE bit of the Made
Register is set to a one. lg_is programmable over the
range from zero to |, max according to the follow-
ing formula.

loL = lov: wax "1 712 18 14) + (Ao, v A lors max)
f1=863-C[5:0)/863

2=(1+X2)

f3 =tovcie mn/ tovoLe

f = Vrer / Vrer max

B 90597248 002873k 132 W
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Where C [5 : 0] is aa unsigned, 8bit, binary number in
the Mode Register, X2 is a 1bit field in the Mode reg-
ister. The F1 factor is adjusted by placing the appro-
priate 6 bit value into the C [5 : 0] field. The resulting
lol will then generate a V| that is lower than the V ,
max by the appropriate margin.

The f2 factor is normally one (the X2 field is zero).
However, if the 3 and 4 factors limit the upper pro-
grammable limit of I, then X2 may be set to one.
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Outline Drawings Unit in mm
(SVP32-P-1125A)
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Outline Drawings Unit in mm
(SHP36-P-1125)
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