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IBM0616328RL6A

16Mb Double Data Rate Synchronous Graphics RAM

Special Features
« 150MHz maximum clock frequency
» 300Mbps/pin maximum data rate

» Zero Latency operations:

- Write to Read
- Write to Precharge

+ Read with Auto Precharge Command
- Read Command to Auto Precharge delay of
only one cycle
- Requires only a minimum number of cycles
to execute next Read command

Features
* Double Data Rate (DDR)

« Bidirectional Data Strobe with 1/2 clock cycle
preamble and postamble

« On-chip DLL
» Quad bank operation
» Fully synchronous

» Programmable burst type, burst length, and
CAS latency

» Burst Read and Write operations

» Read Burst termination by command

» 16 column Block Write in 2 clock cycles

» Independent byte operations

« Auto Precharge and Auto Refresh modes
» 2K Refresh cycles/16ms

» SSTL_2 compatible inputs

« Differential clocks
« Single 3.3V + 0.3 power supply
100-pin LQFP (0.65mm lead pitch)

Timing Options Marking
100 MHz clock rate -10
125 MHz clock rate -8
150 MHz clock rate -6R7

Key Timing Parameters

Speed Grade C'°°k(,\FAr|j§;‘e”°Y DQ Bur(sl\iﬂ Erze)quency
10 100 200
8 125 250
6R7 1501 300

' Target high speed sort.

Description

The IBM 512K x 32 SGRAM is a high speed 16Mb
Double Data Rate (DDR) CMOS Synchronous
DRAM with built-in graphics features. It is internally
configured as a quad bank 128K x 32 DRAM with a
synchronous interface (all signals are registered on
the positive edge of the clock signal CLK). In addi-
tion, DQ and DQ Mask are registered at the 50%
point between two successive clocks. Quad banks
are organized as 512 rows x 256 columns x 32 bits.

Reads and Writes to the SGRAM are burst oriented;
accesses start at a selected location and continue
for a programmed number of locations. By having a
Programmable Mode Register, the system can
choose Read or Write burst lengths of 2, 4, or 8
locations. A Data Strobe (DQS) is provided to assist
in reading data on each clock edge. Likewise, a
DQS is provided by the controller during a Write,
with data centered on the edge of the DQS.

An Auto Precharge function can be enabled to pro-
vide a self-timed precharge. For Reads, this pre-

charge is initiated after the first cycle of the Read
Burst. For Writes, it is initiated at the end of the burst
sequence.

The SGRAM uses an internal pipelined architecture
to achieve high speed operation, which also allows
the column address to be changed on every clock
cycle to achieve a high-speed, fully random access.
Precharging one bank while accessing an alternate
bank will hide the precharge cycles and provide
seamless high speed random operation.

The SGRAM differs from the Synchronous DRAM
(SDRAM) by providing a 16 column Block Write
function and a Write-Per-Bit (WPB) function. The
Block Write and WPB functions may be combined
with the individual byte enables DMg-DM3.

The part is designed to operate at 3.3V only. An
Auto Refresh mode is provided along with a power
saving Power Down mode. All inputs and outputs
are SSTL_2 compatible.
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IBM0616328RL6A

16Mb Double Data Rate Synchronous Graphics RAM Advance
Pin Configuration
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Vgsq L 82 49T 1A
DQgp 183 48T 1As
DQsy T84 47T 1A,
Vsg [T 85 ) 46T 1Vss
Vppa I 86 100 pin LQFP 45 "TIRFU (Atq, BAY)
NC [ _87 20 x 14 mm 44—TINC
NC [I_ 89 (Marking side) 42T INC
NC [T 90 41T INC
NU T —91 40_T_INC
Vssq T 92 39T NG
RFU (DQS)[1T_ 93 4 Banks x 38_T_INC
DQS [T _94 512 Rows x 37_T1TINC
Vpp 1 — 95 256 Columns x 36T INC
Vpp 196 32 Bits 35T 1Vpp
DQo CT—97 34T A3
DQ; T 98 3BT 1Az
Vgsq 199 32 T 1A
- — 31 A
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Symbol Function Symbol Function
Ag-Ag Address Inputs DSF Special Function Enable
Ap-Ag Row Address Inputs MCL Must Connect Low
Ag-A; Column Address Inputs NC No Connection (Chip to pin)
BAg, BA; Bank Selects (4 Bank) NU Not Usable
Ag/AP Auto Precharge RAS Row Address Strobe
cs Chip Select Vpbp Supply Voltage
CAS Column Address Strobe Vss Ground
CKE Clock Enable Vpba Supply Voltage for DQs
CLK, CLK Differential System Clock Inputs Vssa Ground for DQs
DQy-DQ31 Data Inputs/Outputs (DDR) VREF Reference Voltage for SSTL_2
DMo-DM3 DQ Mask Enables WE Write Enable
DQS Bidirectional Data Strobe RFU Reserved for future use

©IBM Corporation. All rights reserved.
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IBM0616328RL6A
16Mb Double Data Rate Synchronous Graphics RAM

Input/Output Functional Description

Symbol Type Function
CLK CIK Inout The differential system clock inputs. All of the SGRAM inputs are sampled on the rising edge
’ P of the clock except DQs and DMs which are sampled on both edges of the DQS.
CKE Inout Activates the CLK signal when high and deactivates the CLK signal when low. By deactivat-
P ing the clock, CKE low indicates the Power Down mode or the Self Refresh mode.
CS enables the command decoder when low and disables the command decoder when high.
[ Input When the command decoder is disabled, new commands are ignored but previous opera-
tions continue.
RAS Input
e Control inputs that are issued to the command decoder. See the Operative Command Table
CAS Input L .
beginning on page 22 for details.
WE Input
DQS Input/Output Data Strobe for input and output data, active on both edges.
DMp - DM3 Input Masks Write data when high, with zero latency.
DQp - DQ31 Input/Output Data Inputs/Outputs are multiplexed on the same pins.
BAp, BA4 Input Selects which bank is to be active.
Row/Column addresses are multiplexed on the same pins.
Ag - Ag Input Row addresses: RAg-RAg; Column addresses: CAp-CA;.
Column address Ag is used for Auto Precharge.
Vpp, Vss Supply Power and ground for the input buffers and the core logic.
Vppa, Vssa Supply Isolated power supply and ground for the output buffers to provide improved noise immunity.
VREF Supply Reference voltage for inputs.
DSF. MCL Enables Block Write and Write-per-Bit Functions and must be connected low to disable these
’ special functions.
NU Must be left unconnected.

Ordering Information

Part Number Power Self Refresh | Power Supply ;| Speed Package Notes
IBM0616328RL6A-6R7 150
IBM0616328RL6A-8 SP Y 3.3V 125 LQFP 1
IBM0616328RL6A-10 100

1. SP = Standard Power
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IBM0616328RL6A

16Mb Double Data Rate Synchronous Graphics RAM Advance
Block Diagram
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IBM0616328RL6A
16Mb Double Data Rate Synchronous Graphics RAM

Functional Description

Power-Up Sequence

The following sequence is recommended for Power-Up.

1. Apply power and start clock. Attempt to maintain CKE and DM high and the other pins in a NOP condition
at the input.

2. Maintain stable powet, stable clock and NOP input condition for a minimum of 200ps.

3. Issue a Mode Register Set command for “DLL Reset”. An additional 200 cycles of clock input are required
to lock the DLL.

4. Issue a Precharge command for all banks of the device.
5. Issue two or more Self Refresh commands.
6. Issue a Mode Register Set command to initialize the mode register.

Note: Steps 5 and 6 can be reversed (their order is irrelevant).

Power-Up Sequence and Auto Refresh (CBR) Timing

| | | | | | | | | | | | | | | | | | | |
|TO |T1 |T2 |T3 |T4 |T5 |T6 |T7 |T8 |T9 |T10|T11 |T12|T13|T14 |T15|T16|T17|T18|

| | min. BOO cycles | | | | | | | | [ | [ [
—|—’|"—|—F| 2 clogk mir|.

Rl?alglét A minimum of two refresh cycles is required.

©IBM Corporation. All rights reserved.
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IBM0616328RL6A
16Mb Double Data Rate Synchronous Graphics RAM Advance

Mode Register Set (MRS)

The mode register stores the data for controlling the various operating modes of the DDR SGRAM. It pro-
grams CAS latency, addressing mode, burst length, test mode, and various other specific options to make the
DDR SGRAM useful for a variety of applications. The default value of the mode register is not defined; there-
fore the mode register must be written after Power-Up to operate the DDR SGRAM. The mode register is
written by asserting low on CS, RAS, CAS, and WE (the DDR SGRAM should be in Active mode with CKE
already high prior to writing into the mode register). The state of address pins Ag-Ag and BAg-BA1 in the same
cycle as CS, RAS, CAS, and WE going low is written in the mode register. Two clock cycles are requested to
complete the Write operation in the mode register. The mode register contents can be changed using the
same command and clock cycle requirements during operation as long as all banks are in the idle state. The
mode register is divided into various fields depending on functionality. The burst length uses Ag-A,, address-
ing mode uses Az, and CAS latency (read latency from column address) uses A4-Ag. A7 is used for test mode
and Ag is used for DLL Reset. A7, Ag, BAg, and BA1 must be set to low for normal DDR SGRAM operation.
Refer to the Mode Register Functions table for specific codes of various burst length, addressing modes, and
CAS latencies.

Mode Register Functions

BA1 BAg: Ag A7 Ag As i A4 A3 Ao Aq Ag | Address Key
R;jﬁrr\fa;:r DLL TM CAS Latency BT Burst Length Mode Register
Ag DLL Reset A7 Mode A3 Burst Type
%] Normal %] Normal 1%} Sequential
1 Activate 1 Test 1 Interleave
CAS Latency Burst Length
Ag As Agq Latency Ao Aq Ao Sequential Interleave
%] %] Reserved %] %] Reserved
1] 1 Reserved 1] 1 2 2
1] 1 %] 2 %] 1 %] 4 4
1] 1 1 3 %] 1 1 8 8
1 %] %] Reserved 1 %] %] Reserved Reserved
1 %] 1 15 1 %] 1 Reserved Reserved
1 1 %] 25 1 1 %] Reserved Reserved
1 1 1 Reserved (3.5) 1 1 1 Reserved Reserved
(Full Page)
* RFU (Reserved for future use)
should stay “0” during MRS cycle.
©IBM Corporation. All rights reserved. 06L6370-02
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16Mb Double Data Rate Synchronous Graphics RAM
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Mode Register Set Timing

|TO ;T1 ;T2 ;TS ;T4 ;T5 ;T6 ;T7 ;TS ;
| 4..‘—1 4”‘_|\g|n|murh trp is reqdlred to issué an MRS cbmmand |
| |<—10K ClocK min | | |
CLK (_\_/_\_/_\_/(_\_/_\_/_\_/_\_/(—\_/_\_/(_\_/
| | | | | | | | |
Command X PAB X X MRS X X ANY X |

MRS can be issued only when all banks are in the precharge or idle states.

Burst Mode Operation

Burst Mode Operation is used to provide a constant flow of data to memory locations (Write cycle), or from
memorty locations (Read cycle). Two parameters define how the burst mode will operate: burst sequence and
burst length. These parameters are programmable and are determined by address bits Ag-A3 during the
Mode Register Set command. Burst type defines the sequence in which the burst data will be delivered or
stored to the SGRAM. Two types of burst sequence are supported: sequential and interleave. The burst
length controls the number of bits that will be output after a Read command, or the number of bits to be input
after a Write command. The burst length can be programmed to have values of 2, 4, or 8. See the Burst
Length and Sequence table below for programming information.

Burst Length and Sequence

Burst Length Starting Address (As, A{, Ap) Sequential Mode Interleave Mode
xx0 0,1 0,1
2
xx1 1,0 1,0
x00 0,1,2,83 0,1,2,83
x01 1,2,3,0 1,0,8,2
4 x10 2,3,0,1 2,3,0,1
x11 3,0,1,2 3,0,1,2
000 0,1,2,38,4,5,6,7 0,1,2,3,4,5,6,7
001 1,2,3,4,5,6,7,0 1,0,3,2,5,4,7,6
010 2,3,4,5,6,7,0,1 2,3,0,1,6,7,4,5
011 3,4,56,7,0,1,2 3,2,1,0,7,6,5,4
8 100 4,56,7,0,1,2,3 4,56,7,0,1,2,3
101 56,7,0,1,2,3,4 54,7,6,1,0,8,2
110 6,7,0,1,2,3,4,5 6,7,4,52,3,0,1
111 7,0,1,2,8,4,5,6 7,6,5,4,3,2,1,0
©IBM Corporation. All rights reserved.
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IBM0616328RL6A
16Mb Double Data Rate Synchronous Graphics RAM

Load Special Mode Register (LSMR)

The Load Special Mode Register command is used to load the mask and color registers, which are used in
Block Write and Masked Write cycles. The data to be written to either the color register or the mask register is
applied to the DQs and the control information is applied to the address inputs. During an LSMR cycle, if the
address bit Ag is “1” and all other address inputs are “0”, the color register will be loaded with the data on the
DQs. This color data is used for Block Write cycles. Similarly, when input As is “1” and all other address
inputs are “0” during an LSMR cycle, the mask register will be loaded with the data on the DQs.

Caution:
Never set bit Ag to “1” when Ag is set to “1” in the same Load Special Mode Register cycle to avoid
unknown operation.

Color Register

The color register is a 32-bit register that supplies the data during Block Write cycles. The Color Register is
loaded via the Load Special Mode Register command and will retain data until loaded again with new data or
until power is removed from the SGRAM.

Mask Register

The Mask Register (or the Write-per-Bit mask register) is a 32-bit register which acts as a per-bit mask during
Masked Write and Masked Block Write cycles. The Mask Register is loaded via the Load Special Mode Reg-
ister command and will retain data until loaded again or until power is removed from the SGRAM.

Special Mode Register Functions

Address Bits
Functions
BA(Ag) . Ag A7 Ag As Ag Az A2 A1 Ao
0 0 0 0 0 0 0 0 0 0 Do not load
0 0 0 0 1 0 0 0 0 0 Enable Mask
0 0 0 1 0 0 0 0 0 0 Load Color Register
©IBM Corporation. All rights reserved. 06L6370-02
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IBM0616328RL6A
16Mb Double Data Rate Synchronous Graphics RAM

Bank Activate Command

The Bank Activate command is issued by holding CAS and WE high with CS and RAS low at the rising edge
of the clock. The DDR SGRAM has four independent banks, so two Bank Select addresses (BAg and BA+)
are supported. The Bank Activate command must be applied before any Read or Write operation can be exe-
cuted. The delay from the Bank Activate command to the first Read or Write command must meet or exceed
the minimum RAS to CAS delay time (trgp min). Once a bank has been activated, it must be precharged
before another Bank Activate command can be applied to the same bank. The minimum time interval

between interleaved Bank Activate commands (Bank A to Bank B and vice versa) is the Bank to Bank delay
time (tgrp Min).

Bank Activation Timing

(CAS Latency = 2; Burst Length = Any)

[ [ [ [ [ [ [ [ [ [
|TO |T1 |T2 |T3 |T4 |T5 |T6 |T7 |T8 |
| |, g | |
| R (”‘Iln) “'—1R|T — P*trro |
| | | | | | | | | |

Address | X\ BA row( X BAcolY { X BA rowX X BB rowy |
| | | 'l' |---Begin Precharge Bapk A | |

Command X BAact{ X NOP Y X wAAP(  {§ X BA act} ¥ BB acty |

©IBM Corporation. All rights reserved.
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IBM0616328RL6A
16Mb Double Data Rate Synchronous Graphics RAM Advance

Burst Read Operation

The Burst Read command in DDR SGRAM, as in traditional SGRAMS, is issued by asserting CS and CAS
low while holding RAS and WE high at the rising edge of the clock after tggp from the Bank Activate com-

mand. The address inputs (Ag-A7) determine the starting address of the burst. The Mode Register sets the

type of burst (sequential or interleave) and the burst length (2, 4, or 8). The first output data is available after
the CAS latency from the Read command, and the consecutive data are presented on both the rising and fall-
ing edges of the Data Strobe (DQS) until the burst length is completed.

Burst Read Timings

Burst Read Operation (CAS Latency = 1.5; Burst Length = 4)
TO T T2 T3 T4 T5 T6 T7 T8

Command X Read) X NoPY X NoPY X NoPY )Y NoPY X NoPX X NoPY X NOPY X NOPY |
I I I I I I I I I

bas | | T e T e R | | | |
| | | | | | | | | |
DQ | i —( Do X _Df D3 }— i i i i

Burst Read Operation (CAS Latency 2; Burst Length = 4)

Command XRead)D( NOPX:X NOPX:X NOPX:X NOPX:X NGP NIOPX:X NIOPX:X NIOPX |

DQS | | ¥ \ ¥ \ |
I I

b —— (0)(B1 02)( 3)
| |

Burst Read Operatlon (CAS Latency 2.5; Burst Length 4)

Command | X Read) X NoPY X NOPX:X NOPX:X NOPX:X NOPX:X NOPX:X NOPX:X NOPX |
I I I
DQS | | |
DQ : : : : { Do Y D1Y D2 D3)
I I

I I I I
Burst Read dperation (@LAS LatencIy =3; BursI Length = I4) I

|
I
I
I
I
I
|
o

| L L - - ,
Command ‘ {Read) {NoP) {('Nop) (' NoP) (Nop) {NOP) (NOP) {Nop) {NOP) I
T T T T T 1 1 T T
oas | I I L | I I
I I I I I I I I I
DQ | i i i Do D3 I i i
| | | | | | | | | |
©IBM Corporation. All rights reserved. 06L6370-02
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IBM0616328RL6A
16Mb Double Data Rate Synchronous Graphics RAM

Burst Write Operation

The Burst Write command is issued by having CS, CAS, DSF, and WE low while holding RAS high at the ris-
ing edge of the clock. The address inputs determine the starting column address. Data for the first Burst Write
cycle must be applied on the DQ pins centered on the same data strobe edge after tpgg from the rising edge
of the clock on which the Write command is issued. The remaining data inputs must be supplied on each sub-
sequent falling and rising edge of Data Strobe until the burst length is completed. When the burst has fin-
ished, any additional data supplied to the DQ pins will be ignhored.

Burst Write Timing

(CAS Latency = Any; Burst Length = 4)

| | | l l | l | | l
|TO |T1 |T2 |T3 |T4 |T5 |T6 |T7 |T8 |

| | | | | | | |
Command [NOE Y Write X' X NOPY Y NOPY Y NoPY X NOPY X NoPY X NoPY ) NOPY |
T T T

| }« - | | |
pas ———+—_/ \_J/ \__J I
|

ba | (DO DT BE 5

©IBM Corporation. All rights reserved.
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IBM0616328RL6A
16Mb Double Data Rate Synchronous Graphics RAM Advance

Burst Interruption

Read Interrupted by a Read

A Burst Read can be interrupted before completion of the burst by a hew Read command of any bank. When
the previous burst is interrupted, the remaining addresses are overridden by the new address with the full
burst length. The data from the first Read command continues to appear on the outputs until the CAS latency
from the interrupting Read command is satisfied. At this point, the data from the interrupting Read command
appears. Read commands can be performed on consecutive cycles.

Read Interrupted by a Read Timing

(CAS Latency = 2; Burst Length = 4)
| I I I I I I I I I

7o T |72 E T4 & |76 7 |78 |
R O (AN (R N (R N A U S U (R N (R N S N S U
| | | | | | | |
Command X Read X Y Read}§ Y NOPY X NOPY Y NOPY ¥ NOPY X NoPX ) NOPY |
! ! ! !

[ [ [ [ [
bas | | T\ T\ T\ | | |
. 7 YT G (] (o2 (o S

Read Interrupted by a Write & Burst Stop

To interrupt a Burst Read with a Write Command, a Burst Stop command must be asserted to avoid data con-
tention on the 1/0 bus by placing the DQs (output drivers) in a high impedance state at least one clock cycle

before write data can be driven into the DQs. To insure that the DQs are tri-stated one cycle before the Write
operation begins, a Burst Stop command must be applied at least two clock cycles for CL=1.5 and CL=2, and
at least three clock cycles for CL=2.5 and CL=3, before the Write command is issued.

Read Interrupted by a Write & Burst Stop Timing

(CAS Latency = 2; Burst Length = 4)
I I I I I I I I I I
|TO |T1 |T2 |T3 |T4 |T5 |T6 |T7 |T8 |

o A/ N/ Sy

| | | | | | |
Command XRead X Y stop X_ X NopP X X write X X NoP X X NoP X X NoP X X NoP X |
| | | I |

I I I I
pas | | — f S\ | |
| | | | | |
DQ | | | Do (Do X D1} D2) D3 )} | |
©IBM Corporation. All rights reserved. 06L6370-02
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IBM0616328RL6A
16Mb Double Data Rate Synchronous Graphics RAM

Read Interrupted by a Precharge

A Burst Read operation can be interrupted by a precharge of the same bank. The Precharge command to
Output Disable latency is equivalent to the CAS latency.

Read Interrupted by a Precharge Timing

(CAS Latency = 2; Burst Length = 8)
| | | | | | | | | |

LS A N A VU A U S N (N A W (R W (R U R W

| | | | | | | |
Command :( {Read X ¥ Prehg) X NoP X Y Nop X X Nop ¥ X Nop X X Nop X X NOP ) )
| | | | | | | | |
pas | | e A | | I I I
| | | | | | | |
bQ | | | Do D1 | | | | |

Write Interrupted by a Write

A Burst Write can be interrupted before completion of the burst by a new Write command, with the only
restriction being that the interval that separates the commands be at least one clock cycle. When the previous
burst is interrupted, the remaining addresses are overridden by the new address and data will be written into
the device until the programmed burst length is satisfied.

Write Interrupted by a Write Timing

(CAS Latency = Any; Burst Length = 4)

| | | | | | | | | |
|T0 |T1 |T2 |T3 |T4 |T5 |T6 |T7 |T8 |

ok A/ N/ NS NN\

| | | | | | | |
Command Wr:te AX:Xerlte BY X N(I)P XX N(I)P XX N(I)P XX N(I)P XX N(I)P XX N(I)PX |
pas ——— /T '
I | | | | | |
oa | 5B2Y(DB3)+ |
| |

SV - D S G G S G

©IBM Corporation. All rights reserved.
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IBM0616328RL6A
16Mb Double Data Rate Synchronous Graphics RAM Advance

Write Interrupted by a Read

A Burst Write can be interrupted by a Read command of any bank. The DQs must be in a high impedance
state at least one clock cycle before interrupting read data appears on the outputs in order to avoid data con-
tention. Data that is present on the DQ pins coincident with or following the Read command will not be written
to the memory.

Write Interrupted by a Read Timing

(CAS Latency = 2; Burst Length = 8)
| | | | | | | | | | ! | |
|TO |T1 |T2 |T3 |T4 |T5 |T6 |T7 |T8 |T9 |T1O |T11 |

CLK
Command @O(W;itexx Nop XX N(I)P)O( NP XX Rclaad)O( N(I)P)O( NP XX N(I)P)O( N(I)P)O( N(I)P)O( N(I)PX
| | | | | | | | | | | |

pas ——+— S \ S S NS SN
|

|

DQ |

I
Data is masked
by Read Command

Write Interrupted by a Precharge

A Burst Write operation can be interrupted before completion of the burst by a precharge of the same bank.
Random column access is allowed. A Write Recovetry time (tgp|) is required from the Last Data to Precharge

command. Once the Precharge command is assetted, any residual data from the Burst Write cycle will not be
written to the memory.

Write Interrupted by a Precharge Timing

(CAS Latency = Any; Burst Length = 8)

| | | | | | | | | | | | |
|TO |T1 |T2 |T3 |T4 |T5 |T6 |T7 |T8 |T9 |T1O |T11 |

CLK

Command eri@@( NGB X NOM( YNGR Y PBA( Y(Wiitd ) NOB( Y Nom( X NoA X NG} NoK |
| | | | | | | | | | |

pas ——— /S SN SN

DQ

3
Data is masked
by Precharge Command

©IBM Corporation. All rights reserved. 06L6370-02
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IBM0616328RL6A
16Mb Double Data Rate Synchronous Graphics RAM

16 Column Block Write

A 16 Column Block Write can be performed by issuing the Block Write command followed by two cycles
where the column address mask is provided on the 32 DQ pins. Another Block Write or normal Write com-
mands can be issued after one NOP cycle following the Block Write command. This command wtrites up to 16
columns of data over two cycles, which is up to four times faster than a normal Write command.

The data written to the array comes from a register, known as the color register, that has one bit for each DQ.
The color register is written in a special cycle that must be issued some time prior to issuing the Block Write
command.

The two clock cycles following the Block Write command are used to enter the column mask information on

the DQs. The 32 DQs are divided into four bytes: DQg-DQ7, DQg-DQ15, DQ1-DQ23, and DQsy4- DQ34. Within
each byte, the eight DQs are used as a column address mask, replacing address bits CAqg-CA». Each DQ is
used as an address selection: DQg (and DQg, DQ1g, and DQ24) corresponds to Ag-As equal to 000; DQ4 (and
DQg, DQ17, and DQss5) corresponds to Ag-As equal to 001; etc. The DQs that are provided on the first cycle

following the Block Write command are used for CA3=0. The DQs that are provided on the second cycle fol-
lowing the Block Write command are used for CAz=1. The column address bits provided with the Block Write
command are used for CA4-CA~.

16 Column Block Write Timing

(CAS Latency = Any; Burst Length = 4)
| | | | | | | | | |

|TO |T1 |T2 |T3 |T4 |T5 |T6 |T7 |T8 |
ok AL\ S S L\
| | | | | | | | |
Address XCA4'7X X CA4'7X |

Gommand | X BW Y X NOP) Y BW ) Y NP Y Mo Y NorX Y RorY MoPX ]
I I I I
oas '—m |

DQ |4|—( CMO 7)CXCM8 1)5:)( CMO 7)(:)( CM8-15
| |

DM | X X:X X:X X:X

©IBM Corporation. All rights reserved.
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Burst Stop Command

The Burst Stop command is initiated by having RAS and CAS high with CS and WE low at the rising edge of
the clock. The Burst Stop command has the fewest restrictions, making it the easiest method to use when ter-
minating a burst operation before it has been completed. When the Burst Stop command is issued during a
Burst Read cycle, both the data and Data Strobe go to a high impedance state after a delay equal to the CAS
latency. The Burst Stop command, however, is not supported during a Burst Write operation.

Burst Stop Timing

(CAS Latency = 2; Burst Length = 4)

| | | | | | | |
Command XReladX:X Stop )| X NOPY Y NoPX X NoPY X NoPY X NOPY X NOPY |

[The burst nds after a Uelay equal| to the CASlatency

I I I I
pas | | —_ /  \_J | | | | |
| | | | | | | |
DQ | | | Do D1 | | | | |
©IBM Corporation. All rights reserved. 06L6370-02
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Data Mask Function

The DDR SGRAM has a Data Mask function that is used in conjunction with the Write cycle, but not the Read
cycle. When the Data Mask is activated (DM high) during a Write operation, the Write is blocked (Mask to
Data Latency = 0).

When issued, the Data Mask must be referenced to both the rising and falling edges of Data Strobe.

Data Mask Timing

(CAS Latency = Any; Burst Length = 8)

;TO ;T1 ;T2 ;TS ;T4 ;TS ;TG ;T7 ;TS |

Command N|OP XX N(!)P XX N!OP XX N!OP XX N!OP XX N!OP XX Nl)P XX NoP X |
oes L /N

pq |——{ Do) BT)(D2) D3)( D4X D5) DEX D7)

om Y aan

©IBM Corporation. All rights reserved.
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Auto Precharge Operation

The Auto Precharge operation can be issued by having column address Ag high when a Read or Write com-
mand is assetrted. If Ag is low when a Read or Write command is issued, then normal Read or Write burst

operation is executed and the bank remains active at the completion of the burst sequence. When the Auto
Precharge command is activated, the active bank automatically begins to precharge at the earliest possible
moment during the Read or Write cycle after tgrag (Min) is satisfied.

Read with Auto Precharge

If a Read with Auto Precharge command is initiated, the DDR SGRAM automatically enters the Precharge
operation one clock cycle after the Read command regardless of burst length or CAS latency. If not, the pre-
charge operation will be delayed until tgag (min) is satisfied. Once the Precharge operation has started, the

bank cannot be reactivated and the new command cannot be asserted until the precharge time (igp) has
been satisfied.

Read with Auto Precharge Timing

(CAS Latency = 2; Burst Length = 4)

| | | | | | | | |
|T0 |T1 |T2 |T3 |T4 |T5 |T6 |T7 |T8

|
|
I ’* i tre i | | |
I | | ' ' | | |
ok A\ o o o o A A S
Command X BA XX NOP )O(RV\}/AP)Q( NbP)O( N'OP)O( NIOPX:X NIOPX:X NIOPX:X NOP Y]
| | | |

---Earliest Bank A reaclivate |

DQs 1 1\

I | | | | |
[ 1 1 1 1 1
| | | | |---Begin Aqu Prechargle | |
bQ I I I I Do ' D3 I I

©IBM Corporation. All rights reserved. 06L6370-02
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Write with Auto Precharge

If Ag is high when a Write command is issued, the Write with Auto Precharge function is performed. Any new
command to the same bank should not be issued until the internal precharge is completed. The internal pre-
charge begins after keeping tgpL(min).

Write with Auto Precharge Timing

(CAS Latency = Any; Burst Length = 4)
! I I I I I I I I I I I
|TO |T1 |T2 |T3 |T4 |T5 |T6 |T7 |T8 |T9 |T1O |

| | | | | | f—tap — | | |

CLK

Command X BA X X NIOFX:XWWI/APX:X N(I)PX:X N(I)PX:X NIOPX:X N(I)PX:X N(I)PX | |
| | | | |

| | | | |

pas ——F—+—+— / \ [ \ J—F—F+—F+—F—
| | | | |---Internaf Prechargﬂe Start | | |

bQ | I I I Do @ D3 I I I I I I

©IBM Corporation. All rights reserved.
06L6370-02 Use is further subject to the provisions at the end of this document.
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Precharge Command

The Precharge command is used to precharge or close a bank that has been activated. The Precharge com-
mand is issued when CS, RAS, and WE are low and CAS is high at the rising edge of the clock. This com-
mand can be used to precharge each bank independently or all banks simultaneously. The Bank Select
addresses (BAg, BA4) are used to define which bank is precharged when the command is initiated. After tgp

from the precharge, a Bank Activate command to the same bank can be initiated.

Bank Select for Precharge by Bank Address Bits

Ag/AP BA; BAg Precharge
0 0 0 Bank A only
0 0 1 Bank B only
0 1 0 Bank C only
0 1 1 Bank D only
1 X X All banks

Auto Refresh

The Auto Refresh command is issued by having CS, RAS, and CAS held low with CKE and WE high at the
rising edge of the clock. All banks must be precharged and idle for a tgp(min) before the Auto Refresh com-
mand is applied. No control of the address pins is required once this cycle has started because of the internal
address counter. When the Auto Refresh cycle has completed, all banks will be in the idle state. A delay
between the Auto Refresh command and the next Activate command or subsequent Auto Refresh command
must be greater than or equal to the tgrg(min).

Auto Refresh Timing

| | | | | | | | | | |
TO |T1 |T2 |T3 |T4 |T5 |T6 |T7 |T8 |T9 |T10 [

| —td ——sf—— | —— | | b

Command l X@(

I
CKE  High

©IBM Corporation. All rights reserved. 06L6370-02
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Self Refresh

The Self Refresh command is defined by having CS, RAS, CAS, and CKE held low with WE high at the rising
edge of the clock. Once the Self Refresh command is initiated, CKE must be held low to keep the device in
Self Refresh mode. During the Self Refresh mode, all of the external control signals are disabled except CKE.
The DLL is internally disabled during Self Refresh operation and the clock is ighored to reduce power. To exit
the Self Refresh mode, supply stable clock input while returning CKE high, assert a deselect or NOP com-
mand, then assert CKE high for a time longer than tgrgx in order to lock DLL.

Self Refresh Timing

'To 'T1 T2 'T3 'Ta 'T5 'T6 17 'Ts 'Tg 'T10 !
I

I I I I I I I
| | Clock Igr|10red | |

QSRR SR e Waw R

I

|

|
Command l @ | |
e I4I_\ I I I “I I I W | FREX“ |

Power Down Mode

The Power Down mode is entered when CKE is low and exited when CKE is high. Once the Power Down
mode is initiated, all of the receiver circuits except CLK, CLK, CKE, and the DLL circuitty are gated off to
reduce power consumption. All banks should be in an idle state prior to entering the Precharge Power Down
Mode and CKE should be set high at least 1CLK+t,g prior to the Row Activate command. During Power Down
Mode, refresh operations cannot be performed: therefore, the device cannot remain in Power Down Mode
longer than the refresh period (trgr) of the device.

Power Down Mode Timing

(CAS Latency = 2; Burst Length = 4)

| | I I I I I |
T2 (T3 T4 |75 76 | T7 T8 |, T9 ,T10

! ! ! ! I I I I
T0 | T1 T11 T12 | T13 | T14 T15 T16 T17
I T e e e I (e [ [ [ e
CLK
--Begin Precharge Powgr Do ---Begin Active Power Dpwn
: : : q ? F F PrecI|1arge | :Down| F (J Active Pow!ar Dovlvn
Command [ PCK )) X BA/X {$ X_RAX |

©IBM Corporation. All rights reserved.
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Operative Command Table (Part 1 of 6)

Current State | CS | RAS .CAS: WE | DSF .  Address Command Action Notes
H X X X X X INHBT NOP or Power Down 3
L H H X X X NOP or BST NOP or Power Down 3
Idle L H L H X BA, CA, AP :RD/RDA ILLEGAL 1
L H L L L BA, CA, AP {WR/WRA ILLEGAL 1
L H L L H BA, CA, AP {BW/BWA ILLEGAL
L L H H L BA, RA ACT Row Active: No I/O Mask
L L H H H BA, RA ACTM Row Active: 1/0O Mask
L L H L X BA, PA PRE/PREAL NOP
L L L H X X REF/SREF Refresh or Self Refresh 4
L L L L L Op-Code LMR Mode Register Access
L L L L H Op-Code LSMR Special Mode Register Access
H X X X X X INHBT NOP
L H H X X X NOP or BST NOP
Row Active i H L H X BA, CA, AP :RD/RDA Begin Read: Determine AP 9
L H L L L BA, CA, AP WR/WRA Begin Write: Determine AP 9
L H L L H BA, CA, AP BW/BWA Block Write: Determine AP
L L H H L BA, RA ACT ILLEGAL 1
L L H H H BA, RA ACTM ILLEGAL
L L H L X BA, PA PRE/PREAL Precharge 6
L L L H X X REF/SREF ILLEGAL
L L L L L Op-Code LMR ILLEGAL
L L L L H Op-Code LSMR Special Mode Register Access

ABBREVIATIONS: H = High level; L = Low level; X = Don't care (high or low); V = Valid data input
NOTE: All entries assume that CKE was active (High level) during the preceding clock cycle.
1.

llegal to bank specified states; Function may be legal in the bank indicated by Bank Address (BA), depending on the state of that
bank.

2. Must satisfy bus contention, bus turn around, and/or write recovery requirements.
3. If both banks are idle, and CKE is inactive (Low level), the device will enter Power Down Mode. All input buffers except CKE will be
disabled.
4. If both banks are idle, and CKE is inactive (Low level), the device will enter Self Refresh Mode. All input buffers except CKE will be
disabled.
5. lllegal if trrp is not satisfied.
6. lllegal if trag is not satisfied.
7. Must satisfy burst interrupt condition.
8. Must mask preceding data which don’t satisfy tpp|.
9. lllegal if trep is not satisfied.
RA = Row Address (Ag - Ag) BA = Bank Address (BAg-BA{) PA = Precharge All (Ag)
NOP = No Operation Command CA = Column Address (Ag - A7) AP = Auto Precharge (Ag)
©IBM Corporation. All rights reserved. 06L6370-02
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IBM0616328RL6A
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Operative Command Table (Part 2 of 6)

Current State | CS | RAS:CAS: WE | DSF: Address Command Action Notes
H X X X X X INHBT Continue Burst to End — Row Active
L H H X X X NOP Continue Burst to End — Row Active

Read L H H L X X BST Burst Stop — Row Active
L H L H X BA, CA, AP RD/RDA Term Burst, New Read: Determine AP 7
L H L L L BA, CA, AP WR/WRA Term Burst, Start Write: Determine AP 2,7
L H L L H BA, CA, AP BW/BWA Term Burst, Start Block Write: Determine AP: 2,7
L L H H L BA, RA ACT ILLEGAL 1
L L H H H BA, RA ACTM ILLEGAL 1
L L H L X BA, PA PRE/PREAL Term Burst, Precharging
L L L H X X REF/SREF ILLEGAL
L L L L L Op-Code LMR ILLEGAL
L L L L H Op-Code LSMR ILLEGAL
H X X X X X INHBT Continue Burst to End — Row Active

. L H H X X X NOP Continue Burst to End — Row Active

Write L H H L X X BST ILLEGAL
L H L H X BA, CA, AP RD/RDA Term Burst, New Read: Determine AP 7
L H L L L BA, CA, AP WR/WRA Term Burst, Start Write: Determine AP 2,7
L H L L H BA, CA, AP BW/BWA Term Burst, Start Block Write: Determine AP: 2,7
L L H H L BA, RA ACT ILLEGAL 1
L L H H H BA, RA ACTM ILLEGAL 1
L L H L X BA, PA PRE/PREAL Term Burst, Precharging 8
L L L H X X REF/SREF ILLEGAL
L L L L L Op-Code LMR ILLEGAL
L L L L H Op-Code LSMR ILLEGAL

ABBREVIATIONS: H = High level; L = Low level; X = Don't care (high or low); V = Valid data input
NOTE: All entries assume that CKE was active (High level) during the preceding clock cycle.

1.

2.
3.

© 00~ o O

llegal to bank specified states; Function may be legal in the bank indicated by Bank Address (BA), depending on the state of that
bank.

Must satisfy bus contention, bus turn around, and/or write recovery requirements.

If both banks are idle, and CKE is inactive (Low level), the device will enter Power Down Mode. All input buffers except CKE will be
disabled.

. If both banks are idle, and CKE is inactive (Low level), the device will enter Self Refresh Mode. All input buffers except CKE will be

disabled.

. lllegal if tgrp is not satisfied.

. lllegal if trag is not satisfied.

. Must satisfy burst interrupt condition.

. Must mask preceding data which don't satisfy tpp| .
. lllegal if tgcp is not satisfied.

RA = Row Address (Ag - Ag) BA = Bank Address (BAg-BA{) PA = Precharge All (Ag)
NOP = No Operation Command CA = Column Address (Ag - A7) AP = Auto Precharge (Ag)

©IBM Corporation. All rights reserved.
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Operative Command Table (Part 3 of 6)

Current State | CS {RAS CAS: WE | DSF |  Address Command Action Notes
H X X X X X INHBT Continue Burst to End — Precharging
L H H X X X NOP Continue Burst to End — Precharging

Read with

Auto L H H L X X BST ILLEGAL

Precharge | "W L H X BACAAP RD/RDA ILLEGAL
L H L L L BA, CA, AP iWR/WRA ILLEGAL
L H L L H BA, CA, AP iBW/BWA ILLEGAL
L L H H L BA, RA ACT ILLEGAL 1
L L H H H BA, RA ACTM ILLEGAL 1
L L H L X BA, PA PRE/PREAL ILLEGAL 1
L L L H X X REF/SREF ILLEGAL 1
L L L L L Op-Code LMR ILLEGAL
L L L L H Op-Code LSMR ILLEGAL
H X X X X X INHBT Continue Burst to End — Precharging

. L H H X X X NOP Continue Burst to End — Precharging

vv\xmeAuto L H H L X X BST ILLEGAL

Precharge | "W L H X BACAAP RD/RDA ILLEGAL
L H L L L BA, CA, AP (WR/WRA ILLEGAL
L H L L H BA, CA, AP :BW/BWA ILLEGAL
L L H H L BA, RA ACT ILLEGAL 1
L L H H H BA, RA ACTM ILLEGAL 1
L L H L X BA, PA PRE/PREAL ILLEGAL 1
L L L H X X REF/SREF ILLEGAL 1
L L L L L Op-Code LMR ILLEGAL
L L L L H Op-Code LSMR ILLEGAL

ABBREVIATIONS: H = High level; L = Low level; X = Don't care (high or low); V = Valid data input
NOTE: All entries assume that CKE was active (High level) during the preceding clock cycle.
1.

llegal to bank specified states; Function may be legal in the bank indicated by Bank Address (BA), depending on the state of that
bank.

2. Must satisfy bus contention, bus turn around, and/or write recovery requirements.
3. If both banks are idle, and CKE is inactive (Low level), the device will enter Power Down Mode. All input buffers except CKE will be
disabled.
4. If both banks are idle, and CKE is inactive (Low level), the device will enter Self Refresh Mode. All input buffers except CKE will be
disabled.
5. lllegal if trrp is not satisfied.
6. lllegal if trag is not satisfied.
7. Must satisfy burst interrupt condition.
8. Must mask preceding data which don’t satisfy tpp|.
9. lllegal if trcp is not satisfied.
RA = Row Address (Ag - Ag) BA = Bank Address (BAg-BA{) PA = Precharge All (Ag)
NOP = No Operation Command CA = Column Address (Ag - A7) AP = Auto Precharge (Ag)
©IBM Corporation. All rights reserved. 06L6370-02
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Operative Command Table (Part 4 of 6)

Current State | CS | RAS:CAS: WE | DSF: Address Command Action Notes
H X X X X X INHBT NOP — Enter idle after tgp
L H H X X X NOP NOP — Enter idle after tgrp

Precharging || ‘H W L X X BST NOP —s Enter idle after tgp
L H L H X BA, CA, AP |RD/RDA ILLEGAL 1
L H L L L BA, CA, AP \WR/WRA ILLEGAL 1
L H L L H BA, CA, AP BW/BWA ILLEGAL 1
L L H H L BA, RA ACT ILLEGAL 1
L L H H H BA, RA ACTM ILLEGAL 1
L L H L X BA, PA PRE/PREAL NOP — Enter Idle after trp 1
L L L H X X REF/SREF ILLEGAL
L L L L L Op-Code LMR ILLEGAL
L L L L H Op-Code LSMR Load Special Mode Register
H X X X X X INHBT NOP — Enter Row Active after tggp
L H H X X X NOP NOP — Enter Row Active after tgop

,F:gﬁ\\',aﬁng L H H L X X BST NOP — Enter Row Active after tgcp
L H L H X BA, CA, AP RD/RDA ILLEGAL 1
L H L L L BA, CA, AP \WR/WRA ILLEGAL 1
L H L L H BA, CA, AP BW/BWA ILLEGAL 1
L L H H L BA, RA ACT ILLEGAL 1,5
L L H H H BA, RA ACTM ILLEGAL 1,5
L L H L X BA, PA PRE/PREAL ILLEGAL 1
L L L H X X REF/SREF ILLEGAL
L L L L L Op-Code LMR ILLEGAL
L L L L H Op-Code LSMR Load Special Mode Register

ABBREVIATIONS: H = High level; L = Low level; X = Don't care (high or low); V = Valid data input
NOTE: All entries assume that CKE was active (High level) during the preceding clock cycle.

1. llegal to bank specified states; Function may be legal in the bank indicated by Bank Address (BA), depending on the state of that
bank.

2. Must satisfy bus contention, bus turn around, and/or write recovery requirements.

3. If both banks are idle, and CKE is inactive (Low level), the device will enter Power Down Mode. All input buffers except CKE will be
disabled.

4. If both banks are idle, and CKE is inactive (Low level), the device will enter Self Refresh Mode. All input buffers except CKE will be

disabled.

. lllegal if tgrp is not satisfied.

. lllegal if trag is not satisfied.

. Must satisfy burst interrupt condition.

. Must mask preceding data which don't satisfy tpp| .

. lllegal if tgcp is not satisfied.

© 00~ o O

RA = Row Address (Ag - Ag) BA = Bank Address (BAg-BA{) PA = Precharge All (Ag)
NOP = No Operation Command CA = Column Address (Ag - A7) AP = Auto Precharge (Ag)

©IBM Corporation. All rights reserved.
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Operative Command Table (Part 5 of 6)
Current State | CS {RAS CAS: WE | DSF |  Address Command Action Notes
H X X X X X INHBT NOP — Enter Row Active after tyr
L H H X X X NOP NOP — Enter Row Active after twg
Write L iH H L X X BST NOP —> Enter Row Active after tyg
Recovering
L H L H X BA, CA, AP :RD/RDA Start Read, Determine AP 2
L H L L L BA, CA, AP WR/WRA New Write, Determine AP
L H L L H BA, CA, AP BW/BWA New Block Write, Determine AP
L L H H L BA, RA ACT ILLEGAL 1
L L H H H BA, RA ACTM ILLEGAL 1
L L H L X BA, PA PRE/PREAL ILLEGAL 1
L L L H X X REF/SREF ILLEGAL
L L L L L Op-Code LMR ILLEGAL
L L L L H Op-Code LSMR Load Special Mask Register
H X X X X X INHBT NOP — Enter Precharge after tywr
L H H X X X NOP NOP — Enter Precharge after twr
Write L iH H L X X BST NOP —> Enter Precharge after tyg
Recovering
with Auto L H L H X BA, CA, AP {RD/RDA ILLEGAL 1,2
Precharge
L H L L L BA, CA, AP {WR/WRA ILLEGAL 1
L H L L H BA, CA, AP |BW/BWA ILLEGAL 1
L L H H L BA, RA ACT ILLEGAL 1
L L H H H BA, RA ACTM ILLEGAL 1
L L H L X BA, PA PRE/PREAL ILLEGAL 1
L L L H X X REF/SREF ILLEGAL
L L L L L Op-Code LMR ILLEGAL
L L L L H Op-Code LSMR ILLEGAL

bank.

disabled.

disabled.
. lllegal if tgrp is not satisfied.
. lllegal if trag is not satisfied.

© 00~ o O

. lllegal if tgcp is not satisfied.

RA = Row Address (Ag - Ag)
NOP = No Operation Command

. Must satisfy burst interrupt condition.
. Must mask preceding data which don't satisfy tpp| .

BA = Bank Address (BAg-BA{)
CA = Column Address (Ag - A7)

ABBREVIATIONS: H = High level; L = Low level; X = Don't care (high or low); V = Valid data input
NOTE: All entries assume that CKE was active (High level) during the preceding clock cycle.

2. Must satisfy bus contention, bus turn around, and/or write recovery requirements.
3. If both banks are idle, and CKE is inactive (Low level), the device will enter Power Down Mode. All input buffers except CKE will be

PA = Precharge All (Ag)
AP = Auto Precharge (Ag)

1. llegal to bank specified states; Function may be legal in the bank indicated by Bank Address (BA), depending on the state of that

4. If both banks are idle, and CKE is inactive (Low level), the device will enter Self Refresh Mode. All input buffers except CKE will be

©IBM Corporation. All rights reserved.

Use is further subject to the provisions at the end of this document.

Page 26 of 53

06L6370-02
12/97



IBM0616328RL6A
16Mb Double Data Rate Synchronous Graphics RAM

>
o
<
o
3
Q
o

Operative Command Table (Part 6 of 6)

Current State | CS | RAS:CAS: WE | DSF: Address Command Action Notes
H X X X X X INHBT NOP — Enter idle after tgg
L H H X X X NOP NOP — Enter idle after tgg
L H H L X X BST NOP — Enter idle after tgg
L H L H X BA, CA, AP RD/RDA ILLEGAL
Refreshing. | 'y L L L BACA AP WRWRA ILLEGAL
L H L L H BA, CA, AP BW/BWA ILLEGAL
L L H H L BA, RA ACT ILLEGAL
L L H H H BA, RA ACTM ILLEGAL
L L H L X BA, PA PRE/PREAL ILLEGAL
L L L H X X REF/SREF ILLEGAL
L L L L L Op-Code LMR ILLEGAL
L L L L H OP-CODE LSMR ILLEGAL
H X X X X X INHBT NOP — Enter idle after two clocks
L H H X X X NOP NOP — Enter idle after two clocks
L H H L X X BST NOP — Enter idle after two clocks
L H L H X BA, CA, AP RD/RDA ILLEGAL
E";’jiiter L H L L L BACAAP WRWRA ILLEGAL
Accessing | "L L H BACAAP BWBWA ILLEGAL
L L H H L BA, RA ACT ILLEGAL
L L H H H BA, RA ACTM ILLEGAL
L L H L X BA, PA PRE/PREAL ILLEGAL
L L L H X X REF/SREF ILLEGAL
L L L L L Op-Code LMR ILLEGAL
L L L L H Op-Code LSMR ILLEGAL

ABBREVIATIONS: H = High level; L = Low level; X = Don't care (high or low); V = Valid data input
NOTE: All entries assume that CKE was active (High level) during the preceding clock cycle.

1. llegal to bank specified states; Function may be legal in the bank indicated by Bank Address (BA), depending on the state of that
bank.

2. Must satisfy bus contention, bus turn around, and/or write recovery requirements.

3. If both banks are idle, and CKE is inactive (Low level), the device will enter Power Down Mode. All input buffers except CKE will be
disabled.

4. If both banks are idle, and CKE is inactive (Low level), the device will enter Self Refresh Mode. All input buffers except CKE will be

disabled.

. lllegal if tgrp is not satisfied.

. lllegal if trag is not satisfied.

. Must satisfy burst interrupt condition.

. Must mask preceding data which don't satisfy tpp| .

. lllegal if tgcp is not satisfied.

© 00~ o O

RA = Row Address (Ag - Ag) BA = Bank Address (BAg-BA{) PA = Precharge All (Ag)
NOP = No Operation Command CA = Column Address (Ag - A7) AP = Auto Precharge (Ag)
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Function Truth Table

All inputs are latched on the rising edge of the clock, except the DQs and DMs which are latched at rising and
falling edges of DQS.

CKE _ — BAg Ag-
Operation CS | RAS i CAS . WE { DSF i DM BA Ay Ag A MNE Notes
n-1 n 1 0
H X H X X X X X X X X X
Device Deselect INHBT
H X H X X X X X X X X X
No Operation H X L H H H X X X X X X NOP
Load Mode Register H X L L L L L X OP CODE LMR 1
Load Special Mode Register H X L L L L H X OP CODE LSMR 1,5,6
Row Activate H X L L H H L X BS Row Address ACT 2
Row Activate w/WPB H X L L H H H X BS Row Address ACTM 2
Read H X L H L H X X BS X L Col. RD 3
Read w/ Auto Precharge H X L H L H X X BS X H Col. RDA 3
Write Command H X L H L L L X BS X L Col. WR 3,7
Write w/ Auto Precharge H X L H L L L X BS X H Col. WRA 3,7
Block Write H X L H L L H X BS X L Col. BW 4,7,8
Block Write w/ Auto Precharge: H X L H L L H X BS X H Col. BWA 4,7,8
Burst Termination H X L H H L X X X X X X BST
Precharge Single Bank H X L L H L X X BS X L X PRE
Precharge All Banks H X L L H L X X X X H X PREAL
Auto Refresh H H L L L H X X X X X X REF 1
Self Refresh Entry H L L L L H X X X X X X SREF(EN) 1
L H H X X X X X X X X X
Self Refresh Exit SREF(EX) 1
L H L H H H X X X X X X
H L H X X X X X X X X X
Power Down Mode (entry) PDN-(EN)
H L L H H H X X X X X X
Power Down Mode (exit) L H X X X X X X X X X X PDN-(EX)

GO~ ON =

. Should be issued only after both banks are deactivated (PREAL command).

. Should be issued only after the corresponding bank has been deactivated (PRE command).

. Should be issued after the corresponding bank has been activated (ACT command).

. Use Mask Register data only after ACTM command. DM byte masking is active regardless of WPB mask.

. Loading Mask Register: Initiate an LSMR cycle with address pin As=1 to load the Mask Register with the mask data present on the

DQ pins on the following cycle. All other address pins must be “0”.

. Loading Color Register: Initiate an LSMR cycle with address pin Ag=1 to load the Color Register with the color input data on the

DQ pins on the following cycle. All other address pins must be “0”.

. Any Write or Block Write cycles given to the selected bank/row while active will be masked according to the contents of the mask

register, in addition to the DM signals and the column/byte mask information (the latter for Block Writes only).

. Block Writes are not burst oriented and always apply to the 16 column locations selected by A7-A4.

©IBM Corporation. All rights reserved. 06L6370-02
Use is further subject to the provisions at the end of this document.
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IBM0616328RL6A

16Mb Double Data Rate Synchronous Graphics RAM

Function Truth Table for CKE

H=High Level; L=Low Level; X=Don’t Care
NOTES:

commands other than EXIT are executed.
2. Power Down and Self Refresh can be entered only from the All Bank Idle state.

Current State CKE (n-1);CKE(n): TS RAS @ CAS WE  Address Action Notes

H X X X X X X INVALID 1
L H H X X X X Exit Self Refresh (idle after tsgex) 1
L H L H H H X Exit Self Refresh (idle after tgrex) 1

Self Refreshing L H L H H L X  ILLEGAL 1
L H L H L X X ILLEGAL 1
L H L L X X X ILLEGAL 1
L L X X X X X NOP (maintain Self Refresh) 1
H X X X X X X INVALID

Power Down L H X X X X X Exit power down (idle after tppgx)
L L X X X X X NOP (maintain power down)
H H X X X X X ?ﬁfs;é: 12hse Function Truth Table >
H L L L L H X Enter Self Refresh 2
H L H X X X X Exit Power Down 2

All Banks Idle H L L H H H X Exit Power Down 2
H L L H H L X ILLEGAL 2
H L L H L X X ILLEGAL 2
H L L L X X X ILLEGAL 2
L X X X X X X Refer to Power Down in this table 2

gtrr?: 1ﬁaen listed above H H X X X X X ?f?f:;;!g 12'189 runeton Truin Table

ABBREVIATIONS:

1. CKE low-to-high transition re-enables CLK and other inputs asynchronously. A minimum setup time must be satisfied before any

©IBM Corporation. All rights reserved.
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Simplified State Diagram
ST
Mode Auto
Register Refresh
Set
Row
Active Read
Write A Read A
Power
Applied
PP \Precharge «
\I/ — Automatic Sequence
Command Sequence
©IBM Corporation. All rights reserved. 06L6370-02
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Absolute Maximum Ratings

Symbol Parameter Rating Units
Vin, VouT Voltage on any pin relative to Vgg -1.0t0 4.6 \Y
Vpp, Vbopa Voltage on Vpp supply relative to Vgg -1.0t0 4.6 \Y
Tsta Storage Temperature -55 to +150 °C
Pp Power Dissipation 13.2 w
louT Short Circuit Current 50 mA
Note: Permanent device damage may occur if Absolute Maximum Ratings are exceeded. Functional operation should be restricted to
Recommended Operating Conditions. Exposure to higher than recommended voltage for extended periods of time could affect
device reliability.

©IBM Corporation. All rights reserved.
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Stub Series Terminated Logic (SSTL_2)

DC Input Levels

SSTL_2 DC input levels reduce the effects of ringing and define the final logic state unambiguously. Once a
receiver input has crossed a DC level, it will change and maintain the new state.

AC Input Levels

SSTL_2 AC input levels must be met for the receiver to meet the timing specifications.

SSTL_2 Input Levels (Vppq=2.5V)

Vppg = 2.5+ 0.32V

_:.: — — Vi4(AC) = VRgr + .35V
—’ — — Vj(DC)= Vger + 0.18V
VREF= 125+ 0.1V

— — — — V) (DC) = VRgr - 0.18V
_______ — — — — V(AC) = VRgr - .35V

Vgs =0V
SSTL_2 Supply Voltage Levels
Symbol Parameter Min Nom Max Units Notes
Vbp Device Supply Voltage Vbpa No Requirement \
Vbopo  {Output Supply Voltage 2.3 25 2.7 \Y 1
VRer Input Reference Voltage 1.15 1.25 1.35 \Y 2
V1 Termination Voltage VRges-0.04 VRer VRee+0.04 \Y 3
1. Under all conditions Vppq must be less than or equal to Vpp.
2. Peak to peak AC noise on Vger may not exceed £2% Vger (DC). Vrer is also expected to track noise variations in Vppq.
3. V7 of the transmitting device must track Vger of the receiving device.
©IBM Corporation. All rights reserved. 06L6370-02
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SSTL_2 Input AC/DC Logic Levels

Symbol Parameter Min Max Units Notes
Vi (DC) :DC Input Logic High Vger+0.18 Vppa+0.3 \ 1
Vi (AC) {AC Input Logic High VRger+0.35 — \Y

Vi (DC) :DC Input Logic Low -0.30 Vger-0.18 \%

ViL(AC) (AC Input Logic Low — Vger-0.35 \Y

1. The relationship of the Vppq of the driving device and the Vrer of the receiving device is what determines noise margins. How-
ever, in the case of V| (max) (input overdrive), it is the Vppq of the receiving device that is referenced. In the case where a device
is implemented such that it supports SSTL_2 inputs but has no SSTL_2 outputs (e.g., a translator), and therefore no Vppq supply
voltage connection, inputs must tolerate input overdrive to 3.0V (High corner Vppa+300mV).

SSTL 2 AC Test Conditions

Symbol Parameter Value Units Notes
VRer Input Reference Voltage 0.5"Vppq \Y 1
Vswing (max) Input Signal Maximum Peak to Peak Swing 15 \Y 1,2
SLEW Input Signal Minimum Slew Rate 1.0 Vins 3

1. Input waveform timing is referenced to the input signal crossing the Vier level applied to the device.
2. Compliant devices must still meet the V|4 (AC) and V,_ (AC) specifications under actual use conditions.
3. The 1V/ns input signal minimum slew rate is to be maintained in the V| max (AC) to V|_ min (AC) range of the input signal swing.

SSTL_2 Output Buffers

The input voltage provided to the receiver depends on three parameters:
* Vppq and current drive capabilities of the output buffer
» Termination voltage
» Termination resistance

Class I1 SSTL_2 Output Buffer (Driver)

Vbbpa V1

—

OQutput
Buffer

—

Note:

VN must be at least 380mV above or below Vier as a result of
Vour attaining its maximum low or its minimum high value.

IRT =15.2mA (fOI’ VREF +.38)

Receiver
VREF—]

Vss

©IBM Corporation. All rights reserved.
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SSTL_2 Output Buffer Characteristics
Symbol Parameter Class 1T Units Notes
Vo Minimum Required Output Pull-up under AC Test Load Vi1 + 0.76 \
VoL Maximum Required Output Pull-down under AC Test Load V7 -0.76 \Y
Vorr Input Signal Minimum Slew Rate 0.5"Vppq \Y 2
lon Output Minimum Source DC Current -15.2 mA 3,4
loL Output Minimum Sink DC Current 15.2 mA 4,5
RT Termination Resistor 25 Q
RS Series Resistor 25 Q

—_

oA wWN

. Since V|y must be at least 0.38V above or below Vier as a result of VgouT, using a series resistor of 25Q for a Class 11 output driver
results in a minimum requirement of a 0.76V swing relative to V.

. The Vppq of the device under test is referenced.

. VDDQ = 23V, VOUT = VDDQ — 43V.

The DC value of Vger applied to the receiving device is expected to be set to V.

. VDDQ = 2.3V; VOUT =0.35V.

SSTL_2 Class II Push-Pull Output Buffer
Designed for symmetrically double parallel terminated loads with series resistor for DQs.

Vbba— Vbba
VRrer—0.5"Vppa

RT1 = 50Q

V11=0.5"Vppq V11=0.5*

Vbba

| Output RT2 = 50Q
Buffer RS = 25Q
Vout RLOAD = 50Q

CLOAD = 30pF _

FT_
Vss

Input
Buffer

0.5*Vppa

©IBM Corporation.
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AC Characteristics (Ta=0to +70°C, Vcc=3.3 £0.3V)

Symbol Parameter - 8R7 - 8 - 10 Unit
Min. Max. Min. Max. Min. Max.
CL=15 134 16 20
tck  Clock Period o=z 10 12 1
CL=25 84 10 128
CL=3 6.7 8 10
tre Operation 60 70 20 ns
trrc Row Cycle Time Auto Refresh 60 80 20 ns
tras Row Active Time 40 100K 48 100K 60 100K ns
trep  {RAS to CAS Delay 20 24 30 ns
trp Row Precharge Time 20 24 30 ns
trrp  Row Activate to Row Activate Delay 1 1 1 CLK
twr  |Last Data in to Row Precharge 5 5 5 CLK
tcoLr | Last Data in to Read Command Delay 5 1 5 1 5 1 CLK
tccp i Col. Address to Col. Address Delay 1 1 1 CLK
fch  iCLK High Level Width 04 0.6 0.4 0.6 0.4 0.6 CLK
oL  CLK Low Level Width 04 0.6 0.4 0.6 0.4 0.6 CLK
tback i Output Data Edge to Clock Edge 0.7 +0.7 -0.8 +0.8 -1 +1 ns
tbasck i Data Strobe Edge to Clock Edge 0.7 +0.7 -0.8 +0.8 -1 +1 ns
tbaso :Data Strobe Edge to Output Data Edge -05 +0.5 -0.6 +0.6 -0.75 +0.75 ns
tbqsi ;Data Strobe Edge to Input Data Edge -0.1 +0.1 -0.1 +0.1 -0.1 +0.1 CLK
tom Data Strobe Edge to Data Mask Edge -0.1 +0.1 -0.1 +0.1 -0.1 +0.1 CLK
tbqv Input Data Valid time 0.25 — 0.25 — 0.25 — CLK
tomv i Data Mask Valid time 0.25 — 0.25 — 0.25 — CLK
ts1 7z DQS Low-Z to Valid DQS Delay tCK/2-1ns i tCK/2+1ns | tCK/2-1ns | tCK/2+1ns | tCK/2-1ns : tCK/2+1ns ns
tshz | Valid DQS to DQS High-Z Delay tCK/2-1ns i tCK/2+1ns : tCK/2-1ns | tCK/2+1ns | tCK/2-1ns : {CK/2+1ns ns
thzq iData Out Active to High-Z 3 3 3 ns
tbss ;CLK to Valid DQS-In .75 1.25 .75 1.25 .75 1.25 CLK
tsy | DQS-In High Level Width 04 0.6 0.4 0.6 0.4 0.6 CLK
tsi  ;DQS-In Low Level Width 04 0.6 0.4 0.6 0.4 0.6 CLK
tsic DQS-In Cycle Time 1 1 1 CLK
tis Input Setup Time 15 15 15 CLK
tiH Input Hold Time 15 15 15 CLK
tvro i Mode Register Set Cycle Time 2 2 2 CLK
tepex § Power Down Exit Time 10 10 10 ns
tsrex i Self Refresh Exit Time 200 200 200 Cycles
tewc i Block Write Cycle Time 2 2 2 CLK
tr CLK Transition Time 05 0.5 05 ns
t.z Clock to Output in Low-Z TBD TBD TBD TBD TBD TBD
thz Clock to Output in High-Z 3 — 4 — 5 —

©IBM Corporation. All rights reserved.
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DC Electrical Characteristics (T4 = 0 to +70°C)
Symbol Parameter CAS Version | Rating | Units Notes
Latency
15 -6R7 TBD
| Operating Current (One Bank Active) 2 -8 TBD mA 1
GGt Burst length=4; tgc = trg(min); lo.=0mA 55 8 TBD
3 -10 125
-6R7 TBD
Precharge Standby Current in Power Down Mode -
lccaP | oKE < Vi (max): tox=tok(min) 8 TBD mA
-10 20
Precharge Standby Current in Non Power Down Mode -6R7 TBD
lereoN CKE 2 Viy(min); CS 2 Viy(min); tck=tck(min) -8 TBD mA
GGz Input signals are changed once per three clock cycles
- -10 45
-6R7 TBD
Active Standby Current in Power Down Mode
lccaP | CKE < Vi (max); tox=tok(min) 8 TBD mA
-10 30
. ) -6R7 TBD
Active Standby Current in Non Power Down Mode
lccaN CKE = Viy(min); CS = Vy(min); tck=tck(min) -8 TBD mA
Input signals are changed once per three clock cycles
-10 60
-6R7 TBD
15 -8 TBD
-10 180
-6R7 TBD
| Operating Current (Burst Mode) 2 8 TBD mA 13
GG4 All Banks Activated; Io =0mA; tccp=2CLKs -10 TBD :
-6R7 TBD
25 -8 TBD
-10 TBD
-6R7 TBD
3 -8 TBD
-10 TBD
-6R7 TBD
Refresh Current
ICCS tre > 1RC(min) - -8 TBD mA 2
-10 210
-6R7 2
Self-Refresh Current
loce  cKkE<0.2v - 8 2 mA 2
-10 2
Operating Current (Block Write) -6R7 TBD
lccy tok = tok(min) -- -8 TBD mA 4,5
tewe = tewe(min) -10 TBD
1. Measured with outputs open.
2. Refresh period is 16ms.
3. Addresses are changed only one time during tck(min).
4. Addresses are changed only one time during tgwc(min).
5. Specified for SGRAMSs only.
©IBM Corporation. All rights reserved. 06L6370-02
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AC Operating Test Conditions (vpp=3.3V £ 0.3V, Tp = 0 to +70°C)

Parameter Value Units
Input Reference Voltage for CLK 0.5*Vppq Y,
CLK Signal Maximum Peak Swing 2.0 \
CLK Signal Minimum Slew Rate 1.0 Vins
CLK Input Levels (V|H/V||_) VREF+O-4 / VREF'O-4 \Y
QOutput Timing Measurement Reference Level V1T \Y)
-, See AC Output Load Circuit

Output Load Condition figure below

Input level (V\y/V, ) — SSTL_2 24/04 \Y
Input Timing Measurement Reference Level — Vger 1.5 \Y
AC Output Load Circuit

V'|—|'=0.5*VDDQ
050 25Q
Output O—\/\/\/\f——lb—
—_ 30pF
7777
Capacitance (vpp=3.3V £ 0.3V, Tp = 0 to +70°C)
Parameter Symbol Min. Max. Units

Input Capacitance (Ag-Ag. BAg-BA1) CiNng 25 5 pF
Input Capacitance (CLK, CKE, CS, RAS, CAS, WE) Cinz 25 4 pF
Data & DQs Input/Output Capacitance Cout 6.5 pF
Input Capacitance (DM) Cins 6.5 pF

06L6370-02
12/97
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Setup, Hold, and Access Times
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Basic Timing
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Advance

Auto Precharge After Read Burst
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Auto Precharge After Write Burst
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Data Mask Function Only for Write

2; Burst Length =8
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Multibank Interleaving Read
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Multibank Interleaving Write
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Mode Register Set
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Power Up Sequence and Auto Refresh (CBR)
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Read Interrupted by a Precharge
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Read Interrupted by a Write and Burst Stop
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Package Diagram (LQFP)
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