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16M x 16 bit DDRII Synchronous DRAM (SDRAM) 
 Advanced (Rev. 1.0, Ma / 201 )
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Overview
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Table . Speed Grade Information 
Clock Frequency CAS Latency tRCD (ns) tRP (ns)

Table . Ordering Information 
Part Number Package

Commercial temperature    I: indicates Industrial temperature
N:  ROHS compliant 
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Figure 1. Ball Assignment (FBGA Top View) 
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Figure 2. Block Diagram
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Figure 3. State Diagram
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Ball Descriptions
Table 3. Ball Descriptions 

Symbol Type Description

Differential Clock:

Clock Enable:

Bank Address:

Address Inputs: 

Chip Select:

Row Address Strobe:

Column Address Strobe:

Write Enable: 

Bidirectional Data Strobe: 

Data Input Mask: 

Data I/O: 

On Die Termination: 

Power Supply: ±
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Ground

DLL Power Supply: ±

DLL Ground

DQ Power: ±

DQ Ground

Reference Voltage for Inputs:

No Connect:
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Operation Mode

Table 4. Truth Table (Note (1), (2))

Command State CKEn-1 CKEn DM BA0,1 A10 A0-9, 11-12 CS# RAS# CAS# WE# 

NOTE 1:
NOTE 2:
NOTE 3:
NOTE 4:
NOTE 5:
NOTE 6:
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Functional Description

! Power-up and Initialization 

1.

0.3V

µ

NOTE 1:
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! Mode Register Set (MRS) 

Table 5. Mode Register Bitmap 

Note 1:
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! Extended Mode Register Set (EMRS) 
EMR(1)

DLL Enable/Disable

Table 6. Extended Mode Register EMR (1) Bitmap 

NOTE 1: 
NOTE 2:
NOTE 3: 
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EMR(2)

Table 7. Extended Mode Register EMR (2) Bitmap 

NOTE 1:

NOTE 2:

NOTE 3:
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EMR(3)

Table 8. Extended Mode Register EMR (3) Bitmap 

NOTE 1:
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! Off-chip drive (OCD) impedance adjustment 

Figure 4. OCD impedance adjustment sequence 

Start

EMRS:OCD calibration mode exit

EMRS:Drive(1)
DQ &DQS HIGH;DQS# LOW

Test

EMRS:OCD calibration mode exit

EMRS:Enter Adjust Mode

BL=4 code input to  all DQs 
Inc, Dec, or NOP

EMRS:OCD calibration mode exit

EMRS:Drive(0)
DQ &DQS LOW;DQS# HIGH

Test

EMRS:OCD calibration mode exit

EMRS:Enter Adjust Mode

BL=4 code input to  all DQs 
Inc, Dec, or NOP

EMRS:OCD calibration mode exit

End

EMRS:OCD calibration mode exit

ALL OK

 Before entering OCD impedance adjustment,  all MR should be programmed and 
ODT should be carefully controlled depending on system environment

ALL OK
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Extended mode register for OCD impedance adjustment

Table 9. OCD drive mode program

A9 A8 A7 operation

OCD impedance adjust

Table 10. OCD adjust mode program 
4bit burst code inputs to all DQs Operation

DT0 DT1 DT2 DT3 Pull-up driver strength Pull-down driver strength
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! ODT (On Die Termination) 

Figure 5. Functional representation of ODT 

Table 11. ODT DC Electrical Characteristics 

Parameter/Condition Symbol Min Nom Max Unit Note

NOTE 1: 

( ) ( )!

NOTE 2:

1 100%
! "

# $% &
' (
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! Bank activate command 

! Read and Write access modes 

! Posted CAS# 

! Burst Mode Operation 
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Table 12. Burst Definition, Addressing Sequence of Sequential and Interleave Mode 

! Burst read command 

! Burst write operation 
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! Write data mask 

! Precharge operation 

Table 13. Bank Selection for Precharge by address bits 

A10 BA1 BA0 Precharged Bank(s)

! Burst read operation followed by precharge 

! Burst Write operation followed by precharge 

! Auto precharge operation 

256M DDR2 -AS4C16M16D2

Confidential - 21/66 - Rev.1.0 May  2015



! Burst read with auto precharge 

! Burst write with auto precharge 

Table 14. Precharge &Auto Precharge Clariification 

From Command To Command Minimum Delay between ÒFrom 
CommandÓ to ÒTo CommandÓ Unit Notes

NOTE 1: 
NOTE 2:
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! Refresh command 

! Self refresh operation 
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! Power-Down

! Asynchronous CKE LOW Event 

! Input clock frequency change during precharge power down

! No operation command 

! Deselect command 
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Table 15. Absolute Maximum DC Ratings
Symbol Parameter Values Unit Note

NOTE1:

NOTE2:
NOTE3:
NOTE4:

Table 16. Operating Temperature Condition 
Symbol Parameter Values Unit Note

NOTE1:
NOTE2:

Table 17. Recommended DC Operating Conditions (SSTL_1.8) 
Symbol Parameter Min. Typ. Max. Unit Note

NOTE1:

NOTE2:

NOTE3: 
NOTE4:
NOTE5:

256M DDR2 -AS4C16M16D2

Confidential - 25/66 - Rev.1.0 May  2015



Table 18. Input logic level

Symbol Parameter
-25/3

Unit Note
Min. Max.

NOTE1:

Table 19. AC Input test conditions

Symbol Parameter Values Unit Note

NOTE1:

NOTE2:

NOTE3:

Table 20. Differential AC output parameters

Symbol Parameter
Values

Unit Note
Min. Max.

NOTE1:

Table 21. AC overshoot/undershoot specification for address and control pins 
(A0-A12, BA0-BA1, CS#, RAS#, CAS#, WE#, CKE, ODT)

Parameter -25 -3 Unit
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Table 22. AC overshoot/undershoot specification for clock, data, strobe, and mask pins 
(DQ, UDQS, LDQS, UDQS#, LDQS#, DM, CK, CK#)

Parameter -25 -3 Unit

Table 23. Output AC test conditions 

Symbol Parameter Values Unit Note

NOTE1:

Table 24. Output DC current drive

Symbol Parameter Values Unit Note

NOTE1: 

NOTE2:
NOTE3:
NOTE4:

Table 25. Capacitance (VDD = 1.8V, f = 1MHz, TOPER = 25 ¡C)

Symbol Parameter
Values

Unit
Min. Max. 

NOTE:
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Table 26. IDD specification parameters and test conditions (VDD = 1.8V ± 0.1V, TOPER = -40~95 ¡C)

Parameter & Test Condition Symbol
-25 -3

Unit
Max. Max. 

Operating one bank active-precharge current: 

Operating one bank active-read-precharge current:

Precharge power-down current: 

Precharge quiet standby current:

Precharge standby current: 

Active power-down current: 

Active standby current:

Operating burst write current:

Operating burst read current:

Burst refresh current: 

Self refresh current:

Operating bank interleave read current: 
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(VDD = 1.8V ± 0.1V, TOPER = -40~95 ¡C) 

Symbol Parameter
-25 -3

Unit Specific
NotesMin. Max. Min. Max. 

- - 

Table 27. Electrical Characteristics and Recommended A.C. Operating Conditions 
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µ

µ
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General notes, which may apply for all AC parameters: 

NOTE 1: DDR2 SDRAM AC timing reference load

Figure 6. AC timing reference load

NOTE 2: Slew Rate Measurement Levels

NOTE 3: DDR2 SDRAM output slew rate test load

Figure 6.1 Slew rate test load
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NOTE 4: Differential data strobe

NOTE 5:

NOTE 6:

NOTE 7:

NOTE 8:
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Specific notes for dedicated AC parameters 
NOTE 1:

NOTE 2:  

NOTE 3:

NOTE 4:

NOTE 5:

NOTE 6:

NOTE 7:

NOTE 8:

Table 28. DDR2-667/800 tDS/tDH derating with differential data strobe

tDS, tDH derating values for DDR2-667, DDR2-800 (All units in ÔpsÕ; the note applies to the entire table)
DQS,DQS# Differential Slew Rate

4.0 V/ns 3.0 V/ns 2.0 V/ns 1.8 V/ns 1.6 V/ns 1.4 V/ns 1.2 V/ns 1.0 V/ns 0.8 V/ns
tDS tDH tDS tDH tDS tDH tDS tDH tDS tDH tDS tDH tDS tDH tDS tDH tDS tDH

DQ
Sle
w 

Rate
V/ns

2.0
1.5
1.0
0.9
0.8
0.7
0.6
0.5
0.4
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NOTE 9:

Table 29. Derating values for DDR2-667, DDR2-800
tIS and tIH Derating Values for DDR2-667, DDR2-800

CK,CK# Differential Slew Rate
2.0 V/ns 1.5 V/ns 1.0 V/ns

Command/
Address Slew rate 

(V/ns)

NOTE 10:

NOTE 11:

NOTE 12:

NOTE 13:

NOTE 14:

NOTE 15:

NOTE 16:
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NOTE 17:

NOTE 18:

NOTE 19:

NOTE 20:

NOTE 21:

NOTE 22:

NOTE 23:

NOTE 24:

NOTE 25:

NOTE 26:

NOTE 27:

NOTE 28:

NOTE 29:

NOTE 30:

NOTE 31:

NOTE 32:

NOTE 33:

256M DDR2 -AS4C16M16D2

Confidential - 35/66 - Rev.1.0 May 2015



Table 30. Input clock jitter spec parameter

Parameter Symbol -25 -3 Unit Note
Min. Max. Min. Max. 

Definitions:
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NOTE 34:

Table 31. Absolute clock period average values
Parameter Symbol Min. Max. Unit

NOTE 35:

NOTE 36:

NOTE 37:

NOTE 38:
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NOTE 39:

NOTE 40:

NOTE 41:

NOTE 42:

NOTE 43:
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Timing Waveforms 

Figure 7. Initialization sequence after power-up

NOTE 1: To  guarantee ODT off, VREF must be valid and a LOW level must be applied to the ODT pin.

Figure 8. OCD drive mode

NOTE : Drive mode, both Drive(1) and Drive(0), is used for controllers to measure DDR2 SDRAM Driver 
impedance.In this mode, all outputs are driven out tOIT after "enter drive mode" command and all output 
drivers are turned-off tOIT after "OCD calibration mode exit" command. 
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Figure 9. OCD adjust mode 

NOTE 1: For proper operation of adjust mode, WL = RL - 1 = AL + CL - 1tCK  and tDS /tDH should be met as shown in the figure. 
NOTE 2: For input data pattern  for adjustment, DT0-DT3 is a fixed order and is not affected by burst type        

 (i.e., sequential or interleave)

Figure 10. ODT update delay timing-tMOD 

NOTE 1: To prevent any impedance glitch on the channel, the following conditions must be met:
 - tAOFD must be met before issuing the EMRS command.
 - ODT must remain LOW for the entire duration of tMOD window, until tMOD, max is met.
 then the ODT is ready for normal operation with the new setting, and the ODT signal may be raised again to turned 
 on the ODT. 

NOTE 2: EMRS command directed to EMR(1), which updates the information in EMR(1)[A6,A2], i.e. Rtt (Nominal).
NOTE 3: "setting" in this diagram is the Register and I/O setting, not what is measured from outside.
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Figure 11. ODT update delay timing-tMOD, as measured from outside 

NOTE 1: EMRS command directed to EMR(1), which updates the information in EMR(1)[A6,A2], i.e. Rtt (Nominal).
NOTE 2: "setting" in this diagram is measured from outside.

Figure 12. ODT timing for active standby mode 

256M DDR2 -AS4C16M16D2

Confidential - 41/66 - Rev.1.0 May 2015



Figure 13. ODT timing for power-down mode

Figure 14. ODT timing mode switch at entering power-down mode
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Figure 16. Bank activate command cycle ( tRCD=3, AL=2, tRP=3, tRRD=2, tCCD=2)

Figure 15. ODT timing mode switch at exit power-down mode
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Figure 17.1. Posted CAS# operation: AL=2 
Read followed by a write to the same bank

Figure 17.2. Posted CAS# operation: AL=0 
 Read followed by a write to the same bank 
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Q Q Q Q

Figure 19.1. Burst read operation: RL=5 (AL=2, CL=3, BL=4) 

Figure 19.2. Burst read operation: RL=3 (AL=0 and CL=3, BL=8)

Figure 18. Data output (read) timing 
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NOTE : The minimum time from the burst read command to the burst write command is defined by a read-to-write- 
             turn-around-time, which is 4 clocks in case of BL = 4 operation, 6 clocks in case of BL = 8 operation.

Figure 21. Seamless burst read operation: RL=5, AL=2, CL=3, BL=4 

NOTE : The seamless burst read operation is supported by enabling a read command at every other clock for BL = 
4 operation, and every 4 clock for BL =8 operation. This operation is allowed regardless of same or different banks 
as long as the banks are activated. 

Figure 20. Burst read followed by burst write: RL=5, WL= (RL-1) =4, BL=4
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NOTE 1: Read burst interrupt function is only allowed on burst of 8. Burst interrupt of 4 is prohibited.
NOTE 2: Read burst of 8 can only be interrupted by another Read command. Read burst interruption by Write 
command or Precharge command is prohibited.
NOTE 3: Read burst interrupt must occur exactly two clocks after previous Read command. Any other Read burst 
interrupt timings are prohibited.
NOTE 4: Read burst interruption is allowed to any bank inside DRAM. 
NOTE 5: Read burst with Auto Precharge enabled is not allowed to interrupt.
NOTE 6: Read burst interruption is allowed by another Read with Auto Precharge command.
NOTE 7: All command timings are referenced to burst length set in the mode register. They are not referenced to 
actual burst. For example, Minimum Read to Precharge timing is AL+BL/2 where BL is the burst length set in the 
mode register and not the actual burst (which is shorter because of interrupt).

Figure 23. Data input (write) timing 

Figure 22. Read burst interrupt timing: (CL=3, AL=0, RL=3, BL=8) 
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Figure 24.1. Burst write operation: RL=5 (AL=2, CL=3), WL=4, BL=4 

Figure 24.2. Burst write operation: RL=3 (AL=0, CL=3), WL=2, BL=4 
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Figure 25. Burst write followed by burst read: 
RL=5 (AL=2, CL=3, WL=4, tWTR=2, BL=4) 

NOTE : The minimum number of clock from the burst write command to the burst read command is [CL-1 + BL/2 + tWTR].
This tWTR is not a write recovery time (tWR) but the time required to transfer the 4 bit write data from the input buffer into 
sense amplifiers in the array. tWTR is defined in the timing parameter table of this standard.

Figure 26. Seamless burst write operation RL=5, WL=4, BL=4 

NOTE : The seamless burst write operation is supported by enabling a write command every other clock for 
BL= 4 operation, every four clocks for BL = 8 operation. This operation is allowed regardless of same or 
different banks as long as the banks are activated. 
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Figure 27. Write burst interrupt timing: (CL=3, AL=0, RL=3, WL=2, BL=8) 

NOTE 1: Write burst interrupt function is only allowed on burst of 8. Burst interrupt of 4 is prohibited.
NOTE 2: Write burst of 8 can only be interrupted by another Write command. Write burst interruption by Read command or 
Precharge command is prohibited.
NOTE 3: Write burst interrupt must occur exactly two clocks after previous Write command. Any other Write burst interrupt 
timings are prohibited.
NOTE 4: Write burst interruption is allowed to any bank inside DRAM.
NOTE 5: Write burst with Auto Precharge enabled is not allowed to interrupt.
NOTE 6: Write burst interruption is allowed by another Write with Auto Precharge command.
NOTE 7: All command timings are referenced to burst length set in the mode register. They are not referenced to actual 
burst. For example, minimum Write to Precharge timing is WL + BL/2 + tWR where tWR starts with the rising clock after the 
uninterrupted burst end and not from the end of actual burst end. 
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Figure 28. Write data mask 
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Figure 29.1. Burst read operation followed by precharge:
(RL=4, AL=1, CL=3, BL=4, tRTP 2 clocks)

Figure 29.2.Burst read operation followed by precharge:
(RL=4, AL=1, CL=3, BL=8, tRTP 2 clocks)
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Figure 29.3. Burst read operation followed by precharge:
(RL=5, AL=2, CL=3, BL=4, tRTP 2 clocks)

Figure 29.4. Burst read operation followed by precharge:
(RL=6, AL=2, CL=4, BL=4, tRTP 2 clocks)
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Figure 29.5. Burst read operation followed by precharge:
(RL=4, AL=0, CL=4, BL=8, tRTP>2 clocks) 

Figure 30.1. Burst write operation followed by precharge: WL= (RL-1) =3 
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Figure 30.2. Burst write followed by precharge: WL= (RL-1) =4 

Figure 31.1. Burst read operation with auto precharge:
(RL=4,AL=1, CL=3, BL=8, tRTP 2 clocks)
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Figure 31.2. Burst read operation with auto precharge:
(RL=4, AL=1, CL=3, BL=4, tRTP>2 clocks) 

Figure 31.3. Burst read operation with auto precharge followed by activation to the same 
bank (tRC Limit): RL=5(AL=2, CL=3, internal tRCD=3, BL=4,tRTP 2 clocks)
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Figure 31.4. Burst read operation with auto precharge followed by an activation to the same 
bank (tRP Limit): (RL=5 (AL=2, CL=3, internal tRCD=3, BL=4, tRTP 2 clocks)

Figure 32.1. Burst write with auto-precharge (tRC Limit): WL=2, WR=2, BL=4, tRP=3
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Figure 32.2. Burst write with auto-precharge (WR+tRP): WL=4, WR=2, BL=4, tRP=3

Figure 33. Refresh command 
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Figure 34. Self refresh operation 

VIL(dc)VIL(ac)

VIH(ac) VIH(dc)

Figure 35. Basic power down entry and exit timing diagram

Don't Care

Figure 36.1.CKE intensive environment 

NOTE: DRAM guarantees all AC and DC timing & voltage specifications and proper DLL operation with intensive CKE operation
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Figure 36.2.CKE intensive environment 

NOTE: The pattern shown above can repeat over a long period of time. With this pattern, DRAM guarantees all AC and DC timing & voltage 
specifications and DLL operation with temperature and voltage drift

Figure 37. Read to power-down entry 
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Figure 38. Read with autoprecharge to power-down entry 

Figure 39. Write to power-down entry 
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Figure 40. Write with autoprecharge to power-down entry 

Figure 41. Refresh command to power-down entry 
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Figure 42. Active command to power-down entry 

Figure 43. Precharge/precharge-all command to power-down entry 

Figure 44. MRS/EMRS command to power-down entry 
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Figure 45. Asynchronous CKE LOW event 

Figure 46. Clock frequency change in precharge power down mode 
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Figure 47. 84-Ball TFBGA Package Outline Drawing Information 

PIN A1 INDEX

DETAIL : "A"

Top View Bottom View

Side View

Symbol
Dimension in inch Dimension in mm

Min Nom Max Min Nom Max
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