|SSI’'s 256Mb (8Mx32) DDR2 SDRAM Options

INTRODUCTION

DDR2 JEDEC standard configurations for the 256Mb DDR2 SDRAM is currently limited to three
data bus width options. As shown in Table 1, 256 Mb DDR2 SDRAM devices are available only in
x4, x8, and x16 products. Due to the demand for x32 products, ISS is offering a 256 Mb (8 Mb x
32) DDR2 SDRAM device.

Configuration 64 Mb x 4 JZMbx8 16 Mh = 16
#of banks 4 4 4
Bank Address BAD 1 BAD N BAD N
Frecharge Address A0 A10 A10
Fow Address AD-AT12 A0-A12 AO-A12
Column Address A0-A3 A11 A0-AS A0-AF

Table 1: 256Mb DDR2 JEDEC JESD79-2E Configurations

In order to support this increased data bus width, several changes are implemented in the column
and row addressing of the device. This technical note will discuss the main differences between
the column and row addressing of the JEDEC Standard 256Mb DDR2 SDRAM and 1S9’s 256 Mb
(8 Mb x 32) DDR2 SDRAM device and the effect of these changes in system design.

STANDARD OPTION (IS43DR32800A) AND REDUCED PAGE-SIZE OPTION (IS43DR32801A)

All of 256Mb DDR2 JEDEC devices have configurations that can be supported using 13 address
lines (A0-A12). Due to the 8M x 32 configuration of 1IS3’s 256 Mb DDR2 SDRAM device, the row
address width or the column address width has to be reduced by one line. In order to provide
system designers flexibility in their SDRAM controller selection, 1S9's 256Mb DDR2 SDRAM
device is available in two options: Standard Page-Size and Reduced Page-Size.

The Standard Page-Size option (IS43DR32800A) uses a smaller row address width but utilizes
the same column address width as 256Mb DDR2 JEDEC standard devices. The Reduced Page-
Size option (IS43DR32801A) has the same row address width but operates with a smaller column
address width. The row and column addressing of these two options is shown in Table 2.

Option Standard Page-Size Option Reduced Page-Size Option
(15430R32800A) (13430R3ZE01.4)
Configuration g Mb x 32
# of banks 4
Bank Address BAD BAD
Frecharge Address Al10 A0
Fow Address AlLAT AlA12
Column Address ANAR ANAT
Fackage 126-ball BGA, 126-ball BGA
Fefresh 4kBdms BkBAms

Table 2: 1S3’s 256Mb (8M x 32) DDR2 Options
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Package Pin-Out

One of the main differences between the two options is the package pin-out. As shown in Figure
1, the Reduced-Page Size option will include an A12 pin because this option has the same row
address width as the JEDEC Standard device. On the other hand, the Standard Page-Size option
has one less row address line. The K4 ball will be a No Connect (NC) pin in this option.

1 2 3 4 56T & 9 10 1 12
VoD | DOD | WSSQ | WSS VS5 | V550 | DO& | VDD [A
Da1 | vDDQ | DQ2 | YDDQ YhDa | D10 |VDDG | D09 | B
V550 | DA3 |VS5Q | Daso Dast | ¥v55a | Do |WSSG | C
Do4 | ¥DDQ | DAS0 | YDDO VYiDQ | DAS1 |YDDG | D212 | D
V550 | D5 (VS50 | DO6 Da14 | w550 | D013 | WS5Q|E
Da¥ | vDDQ |DQMO| V55 YhDa | DOM1 |YDDG | De15 | F
ME | BAS | CKE | ODT WREF |HC/EBAZ| BAD | CK |G
CAS | /OS5 | vDD | wDDL VYS50L | W550 | BA1 | /CK |H
A3 |AMAP| A1 AT A2 Al Ab LI R

Al A5 |HC/A12 HC A11 AS K
0923 | vDDQ |DOM2| VS5 vDo | DOM3 (VDDQ | DO3 | L
V550 | Da21 |VS5G | Da22 Dajo | w550 | DO29 | WSSO |M
DQ20 | vDDOQ |DOS52 | wDDO YhDQ | DAS3 | WDDG | DG28 | H
V550 | D19 | V550 | Das52 DA53 | V550 | DO |WS5Q (P
Da17 | vDDQ | DA | vDDQ YDDG | D26 |VDDQ | DO25 | R
VOO | D6 |WSSQ | WSS V55 [ WS50 |DOZ24 | VDD | S

* 812 for Reduced Page device 15430R32501 &
*MC for Standard Page device 1543DR325002
= Ball not populated

Ball Marme

Cl, Sk Differential Clock Inputs
CkE Clock Enable

o5 Chip Select

00T Cn Die Termination
RAS Fow Access Strobe
CAS Column Access Strobe
WE WW'rite Enable

DhA0- D3 Input Data Mask

BAD-BA1 Bank Address Inputs

Ab-A1Z Address Inputs (Reduced Page-Size)
AD-A1 Address Inputs {(Standard Page-5Size)
DO0-D031  |Data VO

DES0-D053 |Data Strobe

MEC Mo Connect
YOO D2 Power Supply
WSSO D& Ground

WODOL DOLL Power Supply
YES0L OLL Ground

oD Power Supply
VWSS Ground

WHEF Reference “Woltage

Figure 1. 126-ball BGA package ball-out and ball list for 1ISS’s 256Mb (8M x 32) device
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Mode Register (MRS) and Extended Mode Register (EMRS) Setting

Address | Mode
Field Register
Ba2! 0
BA1 0 aq2t Active povvrer dowven exit time
Ban 1} 0 Fast exit (use t{ARD)
157 0 1 Slowy exit(use X ARDS)
Alq7 (1] SPEED BIM
A3 0 211 2410 Ag WiRCyCles) = 5B -3iC .30 |-25E,-250
a1 RO 0 a a Rezerved
0 0 1 2 o o
211 0 1 i] 3 o o
n 1 1 4 A, o o o
a10 R 1 1] ] 3 P, [, o o
1 a 1 5 ra, A, A, o
1 1 u} Reserved
A9 1 1 1 Reserved
he P NG s DLL Reset Y tode
0 Mo 0 Marmal
A7 i 1 Yes 1 Test
e LB &5 &4 CAS Latency
CAS //' 0 0 o Reserved
A5 Latency 0 0 1 Reserverd
ad ] 1 ] 2(0ptional)
0 1 1 Ji=peed bin determined) ™
1 a 0 4
A BT 1 i 1 Sizpeed hin determined)™
1 1 o Bi=peed hin determined)™
“2 1 1 1 Reserved
a1 Burst
Length A5 Burst Type a4 ad an BL
\ 0 Seguential i} 1 i} 4
Al 1 Interleave n] 1 1 a

\

MOTE 1 BAZ and A13-215 are reserved for future use and must be set to O when programming the MR,

MOTE 2 For DDR2-400/533, WR (write recovery for autoprecharge) min is determined by 1CH max and Wi max is determined
by tCH min. W in clack cycles iz calculated by dividing YR (in n=) by 12K (in ns) and rounding up to the next integer
MWR[oycles] = R tWR[n=] rtckns] b, where RU stands for round up). For DDRZ-B67 /800, Wi min iz determined by tCHawg)
max and YW max iz determined by tCHCavg) min, Wioveles] = RU tWWRIns] MCHavgiins] 3, where BU stands for round up.
The mode register must be programmed to this value, This is alzo used with tRP to determine tDaL.

MOTE 3 Speed bin determined. Mot required on all zpeed hins

HOTE 4 This feature is available in MR for the Reduced Page-Size Option only. it is moved to EMR(1) A11 bit

for the Standard Page-Size Option.

Figure 2. 256Mb (8M x 32) DDR2 SDRAM Mode Register Set (MRS)

As part of the initialization process of DDR2 SDRAM devices, Mode Register Set (MRS) and
Extended Mode Register Set (EMRS) commands must be issued prior to normal device
operation. These commands enable user defined variables, such as burst length and CAS
latency shown in Figures 2 and 3, to be programmed by controlling the state of the address pins.
Any changes in the addressing of the device will affect the MRS/EMRS setting and makes the
MRS/EMRS setting between the two options different.
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With the A12 pin present in the reduced-page option, the mode registers in this option has the
same address field assignments as the other 256Mb DDR2 JEDEC standard devices. In contrast,
the Standard Page-Size option does not utilize an A12 pin. Instead, the variable assigned to the
Al2 address field of the mode register (MR) is reassigned to the All address field of the
extended mode register EMR1.

Address | Mode
Field Register
BAz! ]
Bl 0 Al2E Qoff FREES Active pover down exit time
BAO 1 0 Cutput buffer enabled 0 Fast exit (use tXARD)
A157 0 1 Ouput buffer dizabled 1 Slow exit(uze tXARDS)
41477 ]
a3 0 A1172 RDQS Enable A1172 A10 Strobe Function harix
2175 o 0 Enakle [ROES) [(D0=) | RDOSDM | RDOS (e Dos
1 Dizable 0 0 Dt Hi-z Das nas
2112 PO2 A10 Dias 1] 1 ] Hi-z Das Hi-z
i} Enahle 1 i} ROGS RDGs [ale] DS
410 ooE / 1 Dizahle 1 1 ROGS Hi-z Dos Hi-z
48 29 L] AT QCD Calibration Progratm
] n] ] OCD Calibration mode exit; maintain setting
A% QD . ] i} 1 Dirived1)
Program ] 1 u] Dirive0)
a7 1 n ] Adjust mode™
1 1 1 OCD Calibration defaul™
AR it — —
o A4 a3 Additive Latency AR AR RHCWORIMALY
0 1] 0 0 0 1] QDT Disabled
A a i} 1 1 a 1 75 ohm
24 Additive a 1 a 2 1 i} 150 ohm
Latency 0 1 1 3 1 1 50 ghm
. 1 0 [ 4 +
1 i} 1 5
a2 Rit 1 1 n] Reserved
1 1 1 Reserved
Al e a1 Output Drive mpedance Control A0 DLL enahle
A0 DLL ] Full Strencgth n] Enable

1 Reduced strendgth /1 1 Dizahle

MOTE 1 BAZ and &12-815 are reserved for future use and must be set to 0 when programming the EMR().

HOTE 2 x16/%32/x64 devices do not support RDGS option. Instead, it is used as the Active power down exit time

for the Standard Page-Size Option.

MOTE 3 Wyhen Adjust mode iz issued, AL from previously set value must be applied.

MOTE 4 After setting to default, OCD calibration mode needs to be exited by sefting A3-A7 to 000,

MOTE 5 Output disabled - DGs, DOSs, DS, Thiz feature is used in conjunction with DIk IDD measzurements when IDDG iz not desired
to be included. Thiz feature iz not available in this device.

Figure 3. 256Mb (8M x 32) DDR2 SDRAM Extended Mode Register Set (EMRS) for EMR1
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SYSTEM DESIGN IMPACTS

SD CLK > cK
S0 CLEN o CK
SD_CLKE » CKE
50 _CSs0 Cs

DOR2 SD_RAS RAS

YYyYyYY

SORAM 20 CAS

D_CAS CAS 256Mb (8M x 32)
Controller —

WE DDR2Z SDRAM

SD_A[14..13] | BAD - BAT
SD_A[12..0] s AD— AT2{A11)
SD_DQ[31...0] je » DQO - DQ31
SD_DQM[3...0] e » DM0 - DM3
SD_DOS[3..0] (e » DOSO - DOS3

*A12 iz only available for the reduced page size option (1343DR32801A)

Figure 4. System Diagram of a SDRAM controller connected to 1S3’s 256Mb (8M x 32) DDR2
SDRAM

SDRAM Controllers that interface with DDR2 JEDEC Standard SDRAMs are guaranteed to
support all JEDEC standard commands for x4, x8, and x16 configurations. However, |1S3's 256
Mb (8M x 32) DDR2 SDRAM device is not available as a default option. As such, programming
SDRAM controllers that interface with either of the x32 device options must take note of several
issues.

Normally, DDR2 SDRAM controllers program the power down exit time by setting the Al12
address field of the mode register. Because the A12 address line is not available for the Standard
Page-Size option, the SDRAM controller cannot set the active power down exit time setting using
the standard MRS command. As shown in Figure 3, this variable must be set by the SDRAM
controller using the EMRS command and enter the desired setting in the A1l address field.

Also, controllers configured to DDR2 JEDEC Standard generally support a column address width
of 9 to 11 lines. However, the Reduced Page-Size Option has 8 address lines. This is a critical
issue because several AC timing parameters are based on the column width of the device. In
addition, assertions of certain commands, such as Precharge, also depend on the column width.
Figure 5 shows how Texas Instruments’ TMS320DM644x can be modified to support a DDR2
SDRAM device with 8 column address bits.
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Bit Field Value |Description

11-2  [CL 0-Th | CAS latency.
0-1h | Reserved
2h CAS latency of 2
3h CAS latency of 2
4h CAS latency of 4
gh CAS latency of S
Sh-7h |Reserved
&7 Reserved ] Reserved
-4 IBANK 0-Th | Internal DOR2 bank setup. Defines the number of internal banks on the axternal DOR2 memaory.
] 1 bank
1h 2 banks
Zh 4 banks
3h & banks
4h-7h | Reserved
3 Ressrved a Feserved. Always write a 0 to this bit
20 PAGESIZE 0-7h | DDRZ page size. Defines the page size of each page of the external DDRZ memorny.
0 éi&-wl: rd page reguinng 8 column address bits)
1h 512-word page requinng & column address bits.
2n 1024-word page raquiring 10 column address bits.

3h 2048-word page requiring 11 column address bits.
4h-7h |Reserved

Figure 5. Texas Instruments’ TMS320DM644x SDRAM Bank Configuration
CONCLUSION

Due to the difference in their page size and addressing, each option has its advantages and
disadvantages. The Standard Page-Size Option (IS43DR32800A) allows the use of 9 column
address lines. However, the SDRAM controller has to set the mode registers differently due to the
lack of an A12 pin. The Reduced Page-Size option (IS43DR32801A) allows the use of the A12
pin for normal setting of both the mode and extended mode registers. As a result, the designer
has to use a lower column address width of 8 lines.

Figure 6 shows a flowchart to help system engineers choose which part is more suited for their
design. If their design will incorporate an SDRAM controller that will allow them to modify the
column address size to support a 256 word page size using 8 address lines, the best option is the
Reduced Page-Size Option (IS43DR801A) because this device is MRS/EMRS JEDEC compliant.
This allows them to initialize the mode registers using the same process as other DDR2 JEDEC
Standard devices. If the design requires at least 9 column address lines, the Standard Page-Size
Option (IS43DR800A) is the correct choice.
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Does the current design
require 256Mb or 512Mb

density? (AD-AT)?

Can the MRS Setling
be modified?

SDRAM Controller support
a 256-word page setting

Standand
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Mo

Standard Page- | *Address A12 not
Size Cption supported. Only
(IS43DR3ZB00A)* AD-A11.

Figure 6. Option Selection Flowchart

[1] DDR2 SDRAM Specification, JEDEC JESD79-2E, April 2008.
[2] IS43DR800A/IS43DR801A Datasheet
[3] TMS320DM644x DMSoC DDR2 Memory Controller User's Guide, November 2007
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