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IS46R32800B m

FUNCTIONAL DESCRIPTION

ISSI's 256-Mbit DDR SDRAM  provides basic functions, bank (row) activate, burst read / write, bank (row)
precharge and auto / self refresh. Each command is defined by control signals of /RA'S, /CAS and

/WE at CLK rising edge In addition to 3 signals, /CS ,CKE and A8 are usedas chip select, refresh

option, and prechargeoption, respecively. To know the detailed definition of commands, please

see the command truth table.

AP

CLK

/CS -:- Chip Select : L =select, H=deselect
rras ] T command

/CAS -:- Command define basic commands
e T T command

CKE -:- Refresh Option @refresh command
A8 -:- Precharge Option @ precharge or readAvrite command

Activate (ACT) [/RAS =L, /CAS =/WE =H]
ACT command activates a row in an idle bank indicated by BA .

Read (READ) [/RAS =H, /CAS =L, /WE =H]

RE AD command starts burst read fromthe active bank indicated by BA . First output data appeas after
/CAS latency. When A8 =H at this command, the bank is deactivated after the burst read (auto-
precharge READ A)

Write (WRITE) [/RA S=H, /CAS =WE =L]

WR IT E command starts burst write to the active bank indicated by BA . T otal data length to be written
is set by burst length W hen A8 =H at this command, the bank is deactivated after the burst write
(auto-precharge, WRITEA )

Precharge (PRE ) [/RAS =L, /CAS=H, /WE =L]

PRE command deactivates the active bank indicated by BA . T his command also terminates burst read
/write operation. When A8 =H at this command, all banks are deactivated (prechamge all, PREA ).

Auto-Ref resh (REFA ) [/RAS =/CAS =L, /WE=CK E =H]

RE FA command starts auto-refresh cycle. R efresh address including bank address are generated
internally. A fter this command, the banks are precharged automatically.
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IS46R32800B

COMMAND TRUTH TABLE
COMMAND mNEmonic| KB | CKE | s | ras| icas| mE [Bao| A8 [AOT note
n-1 n AP | A9-11
Desdect DESEL H H X X X X X X
No Opemation NOP H X L H H H X X X
Row Address Entry & ACT H{H|L|L|H|H[V]V]YV
Bank Activate
Single Bank Precharge PRE H H H V L X
PrechargeAll Barks PREA H H H X H X
Cdumn Address Enfry WRITE H|lH| Ll H|l L]l L] V] L]V
& Write
Cdumn Address Entry
& Write with WRITEA H H L H L L \ H \
Auto-Precharge
Cdumn Address Entry READ H H L H L H Vv L Vv
& Red
Cdumn Address Entry
& Red with READA H H L H L H \ H \%
Auto-Precharge
Auto-Refresh REFA H H L L L H X X X
Self-RefreshEntry REFS H L L L L H X X X
_ L H H X X X X X X
Self-Refresh Exit REFSX L H L H H H X X X
Burst Teminate TERM H H L H H L X X X 1
Mode Register Set MRS H H L L L L L L V 2

H=High Level, L=Low Lewel, V=Valid, X=Don't Care, n=CLK cycle number

NOTE:

1. Applies only to read bursts with autoprecharge disabled; this command is undefined (and should not be used) for

read bursts with autoprecharge enabled, and for write bursts

2. BA0-BA1 seled either the Baseor the Extended Mode Register (BAO = 0, BA1 = 0 seleds Mode Register;BA0=1,
BA1 = 0 seleds Extended Mode Register; other combinations of BA0-BA 1 are reserved; A0-A11 provide the
op-code to be written to the selected Mode Register.
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IS46R32800B

FUNCTIONAL TRUTH TABLE
Current State |/CS|/RAS|/CAS|/WE |Address C ommand Action Notes
IDLE H X X X X D ES EL NOP
L H H H |X N OP NOP
L H H L |BA TERM ILLE GAL
L H L X [BA,CA, A8 RE AD / WRITE ILLEGAL
L L H H [BA,RA ACT Bank Active, Latch RA
L L H L |BA,A8 PRE /PRE A N OP 4
L L L H |X R EF A A uto-Refresh 5
Ll L | L | L |OpCodeModely o M ode Regster Set 5
Add
ROWACTIVE| H X X X X DESEL N OP
L H H H | X NOP NOP
L H H L |BA TER M ILLEGA L
L H L H [BA,CA A8 RE AD /READA Begin Read Latch CA, Determine
Auto-Precharge
L H L L [BA,CA A8 WRITE/ WRITEA Begin Write Latch CA, Determine
Auto-Precharge
L L H H [BA,RA ACT Bank Active / ILLEG AL 2
L L H L [BA,A8 PRE /PREA Precharge/ Precharge All
L L L H [X R EF A ILLE GAL
Op-Code, Mode-
N Ac';’ g MRS ILLE GAL
READ(Auto | H X X X X D ES EL NOP (ContinueBurst to END)
Precharge L H H H (X NOP NOP (Continue Burst to END)
Disabled) L | H H | L |BA TER M T erminate Burst
Terminate Burst, Latch CA, Begn
L H L H |BA,CA, A8 RE AD / REA DA New Read Determine Auto- 3
Precharge
L H L L |[BA,CA A8 WRITE/WRITEA |ILLE GAL
L L H H |BA,RA ACT Bank Active / ILLE GAL 2
L L H L [BA,AS8 PRE /PRE A T erminate Burst, Precharge
L L L H [X REF A | LLE GAL
Op-Code, Mode
I B B A('; g MRS I LLE GAL
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IS46R32800B

FUNCTIONAL TRUTH TABLE (continued)

Current State | /CS|/RAS|/CAS| /WE |Addres s Command Action Notes
WR IT E(Auto- X X X |X DES EL NO P (Continue Burst to END)
Precharge H H H |X NOP NOP (Continue Burst to END)
Disabled) H H L |BA TERM IL LE GAL
L H L H |BA, CA AS READ / READA Terminate Bur.st, LatchCA, Begin 3
Read, D etemine Auto-Precharge
L H | L |[L [BA CA A8 WRITE/ WRITEA | c/minate Burst LatchCA, Begin 3
Write, Determine Auto-Precharge
L L H H |BA,RA ACT Bank Active / ILLE GAL 2
L L H L |BA,AS8 PRE /PRE A T eminate Burst, Precharge
L L L H | X REF A | LL EGAL
Ll o | L | L |OpCodeMode oo ILL EGAL
Add
H X X X |X DES EL NO P (Continue Burst to END)
READ with -
L H H H |X NOP NO P (Continue Burst to END)
Auto-Precharge
L H H L |BA TERM ILLE GAL
L H L H |BA,CA, A8 READ / READA ILLE GAL
L H L L |BA,CA A8 WRITE/WRITEA |ILLEGAL
L L H H |BA,RA ACT Bank Active / ILLE GAL
L L H L |BA,AS8 PRE /PRE A P recharge/ ILLEGAL
L L L H | X REF A | LLEGAL
Op-Code Mode-
L L L L MRS | LLEGAL
Add
H X X X |X DES EL NOP (Continue Burst to END)
WRITE with -
L H H H | X NOP NOP (Continue Burst to END)
Auto-Precharge
L H H L |BA TERM ILLE GAL
L H L H |BA,CA, A8 READ /READA ILLEGAL
L H L L |BA,CA, A8 WRITE/WRITEA |ILLEGAL
L L H H |BA,RA ACT Bank Active / ILLEGAL
L L H L |BA,AS8 PRE /PRE A P recharge/ ILLEGAL
L L L H | X REF A | LLE GAL
Op-Code, Mode
L L L L Add MRS | LLE GAL
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IS46R32800B

FUNCTIONAL TRUTH TABLE (continued)

Current State [/CS|/RAS | /CAS | WE |Address Command Action Notes
PRE- H| x [ x [ x [x DES EL NOP (Idle after tRP)
CHARGING [L | H | H | H |X NOP NOP (Idle after tRP)
LlH [ H L [BA TERM IL LEG AL 2
Ll H | L |X |BACA AS READ / WRITE IL LEG AL 2
LlL | H [H [BARA ACT ILLE GAL 2
Ll L | H L [Ba Asg PRE / PRE A NOP (Idle after tRP) 4
LlL [ L [H [x REF A | LLEGAL
Op-Code M ode-
Ll | L |L Ac‘;’ g N MRS | LLEGAL
H X X X |X DES EL NOP (Row Active after tRC D)
AC'I'IT/OAV'I\'II Ne LLlH [ H [H NOP NOP (Row Active after tRC D)
LlH [ H L [BA TERM IL LEG AL 2
Ll H | L |X |BACA AS READ / WRITE IL LEG AL 2
Ll{L | H |H [BARA ACT ILLEGAL 2
Ll L | H L [BA AsS PRE / PRE A | LLEG AL 2
LlL [ L [H [x REF A | LLEG AL
Op-Code M ode-
Ll | L |L Ac‘;’ g s MRS | LLEGAL
wermer £, AL X [ X [ X [X DESEL NOP
coverme LL L H [ H [H X NOP NOP
LlH [ H L [BA TERM ILLE GAL 2
L|H | L | X |BACA AS READ / WRITE ILLEGAL 2
Ll L [ H [H [BARA ACT IL LEGA L 2
LlL | H L [Ba As PRE / PRE A | LLEGAL 2
LlL [ L [H [x REF A | LLEGAL
Op-Code M ode-
Lttt | MRS ILLEGAL
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IS46R32800B

FUNCTIONAL TRUTH TABLE (continued)

CurrentState [/CS|/RAS |[/CAS | WE|Address Command Action Notes
REFRESHING H X X X [|X DES EL NOP (Idle after tRC)
L H H H [X NOP NOP (Idle after tRC)
L H H L |BA TERM ILLE GAL
L H L X |BA,CA, A8 READ /WRITE ILLEGAL
L L H H |BA,RA ACT ILLEGAL
L L H L |[BA,AS8 PRE / PRE A ILLEG AL
L L L H | X REF A ILLEGAL
Op-Code, Mode-
L L L L A(fl)d MRS ILLEGAL
MODE H X X X | X DES EL NOP (Row Active after tRSC)
REGISTER L H H H [X NOP NOP (Row Active after tRSC)
SETTING L|H H L [BA TERM ILLEGAL
L H L X |BA,CA, A8 READ /WRITE ILLEGAL
L L H H |BA,RA ACT ILLEGAL
L L H L |[BA,AS8 PRE / PRE A ILLEGAL
L L L H | X REF A ILLEG AL
Op-Code M ode-
L L L L Add MRS ILLEG AL

ABBREVIATIONS:
H=High Level, L=Low Level, X=Don't Care
BA =Bank Address, RA=Row Address, CA =Column Address, NOP =No Operation

NOTES :

1. All entries assume that CK E was High during the preceding clock cycle and the current clock cycle.

2. ILLEGAL tobank in specified state function may belegal in the bank indicated by BA, depending on the state of

that bank.

3. Must satisfy bus contention, bus turn around, write recovery requirements.

4. NOP to bank prechargingor in idle state. May precharge bank indicated by B A.

5. ILLEGAL if any bank is not idle.

ILLEGA L = Device operation and/or data-integrity are not guaranteed.

10
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IS46R32800B

CKE TRUTH TABLE

Curert State | CKEn1| CKEn | /CS IRAS | ICAS | /WE [Addess| Aciion Notes
SELF - H X X X X X X | INVALID 1
REFRESHING L H H X X X X Exit Self-Refresh (Idle after tRC) 1
L H L H H H X Exit Self-Refresh (Idle after tRC) 1
L H L H H L X ILL EGAL 1
L H L H L X X ILL EGAL 1
L H L L X X X ILL EGAL 1
L L X X X X X NOP (Maintain Self-Refresh) 1
POWER H X X X X X X INVALID
DOWN L H X X X X X Exit Power Downto Idle
L L X X X X X NOP (Maintain Self-Refresh)
ALL BANKS H H X X X X X Refer to Function Truth Table 2
IDLE H L L L L H X Enter Self-R efresh 2
H L H X X X X Enter Power Down 2
H L L H H H X Enter Power Down 2
H L L H H L X ILL EGAL 2
H L L H L X X ILL EGAL 2
H L L L X X X ILL EGAL 2
L X X X X X X Refer to Current State =Power Down 2
H H X X X X X Refer to Function Truth Table
ANY STATE
other than listed H L X X X X X | BednCLK S uspendatNext Cycle 3
abowe
L H X X X X X | Exit CLK Suspend at Next Cycle 3
L L X X X X X Maintain CLK Suspend

ABBREVIATIONS:
H=High Level, L=Low Level, X=Don't Care

NOTES :

1. CKE L ow to High transition will re-enable CLK and other inputs asynchronously.
A minimum setup ime must be satisfied before any command other than EXIT.

2. Power-Down and Self-Refresh can be entered only from the All Banks Idle State.

3. Must belegal command
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IS46R32800B

STATE DIAGRAM

POWE R
APPLIED PRE
POWER
— oN PREA CHAR GE

ALL

MODE
REGISTER
SET

Active
Power
Down

CKEH
ROW BURST
ACTIVE STOP
WRITE RE AD
WRITE RE AD
WR IT EA READ A
FRE AD
7 e
WRIT EA

\ RE AD A
RE AD A

PRE RE ADA
PR PRE
PRE
CHARGE <
- A utomatic Sequence

—— > Command Sequence

12
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IS46R32800B

ABSOLUTE MAXIMUM RATINGS

Synbol Parameter Conditions Ratings Unit
VDD Supply V oltage with respect to Vss -0.5~37 \Y
VDDQ Supply Voltage for Output withrespect to VssQ -0.5~3.7 Vv
Vi Input Voltage with respect to Vss -0.5 ~ Vdd+0.5 v
VO Output Voltage with respect toVssQ -0.5 ~VddQ+0.5 Y
10 Output Current 5 50 mA
Pd Power Dissipation Ta =25°C 2000 mwW
Topr Operating Temperature A 0to+70 °C
A1 -40 to +85
Tstg Storage Temperature -65 ~ 150 °c
DC OPERATING CONDITIONS
Limis .
Paameter - Unit | Notes
Min. Typ. Max.
Supply Voltage 23 25 27 V | -6-75
Supply Voltage for Output 23 25 2.7 V | -6,-75
High1evel I nput Voltage VREF +0.15 Vbp+03 | V
Low-Level I nputVoltage 03 VRE-0.15 | V
InputLeakage Current
Any inputOV <VIN<VDD -2 - 2 uA
(A Il other pins not unde test =0V)
OutputLeakage CurrentDQ are 5 L 5 UA
disabled0V< Vo ut<VDDQ
OutputLe vels: 24 - - v
OutputHgh Voltage (lout=-4mA)
OutputLow V oltage(l out=4maA) — I 0.4 Vv
CAPACITANCE CHARACTERISTICS
VDD =VDDQ = 2.5V + 0.2V, Vss=VssQ = 0V, unless otherwise noted)
Synbol Paameter Test Condition -lets Detta Unit | Notes
Min.| Max. | Cap(Max)
Cl(A) I nput Capacitance, address pin VI =1.25V 1.2 | 22 0.75 pF
c(@) I npu: Capacitance, control pin f=100MHz 1.2 | 22 pF
Cl(K) I nput Capacitance, CLK pin VI=25mVrms | 1.2 | 2.2 0.25 pF
Cl/O I/0 Capacitance, I/0, DQS, DM pin 22 | 4.2 13 pF
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IS46R32800B

AVERAGE SUPPLY CURRENT FROM VDD

VoD =VbDQ = 2.5V + 0.2V, Vss=VssQ = 0V, Output Open, unless otherwise noted

Symbol Paaneer/TestConditiors ';'m'ts("h’;; Unit | Notes
OPER ATIN G CURRENT : One Bank; Active-Read-Precharge ;Burst = 2;
IDD1 |tRC=tRC MIN; t CK= t CKM IN; |OUT = OmA; Address and control 230 230
inputs changng ance per clock cycle
IDD2P PRECHA RGE P OWER- DOWN STANDB Y C URRENT : All banks idle; 35 35
power-down mode; CK E <ML (MAX);t CK =tCK MIN
IDLE STANDB Y C URRENT :/CS >V H (MIN); All banks idle;
IDD2N |CKE> VIH (MIN);t CK =tCK MIN; Address andother control inputs 65 65
changingonce per clock cycle
ACTIVE POWE R DOW N STANDB Y C URRENT : One bankactive;power
IDD3P 50 50
down modeCKE < VIL(MAX) ;t CK =tCK MIN
ACTIVE STANDB Y C URRE NT:/CS >VIH (MIN); CKE >VIH (MIN); A
IDD3N One hank; Active-Precharge; t RC = tRASMAX ;t CK = tCK MIN; 100 100 m
DQ,DM andDQS inputs changng twice per clock cycle; address and other
control inputs chanaing once per clock cycle
OPER ATIN G CURRENT : Burst =2; R ead ; Continuous burst;Al | banks
IDD4R |active; Address and control i nputs changng once per clock cyclejt CK =t 360 360
CK MIN; IOUT =0 mA
OPER ATIN G CURRENT : B urst =2; Write ; Continuous burst;Al | banks
IDD4 W |active; Address and control inputs changingonce per clock cycle;t CK= t 360 360
CK MIN; DQ andDQS inputs changing twice per clock cycle
IDD5 |AUTO REFRESH CURRENT :tRC =tRFC(MIN) 240 240
IDD6 |SELF REFRESH CURRENT :CKE < 0.2V 5 5
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IS46R32800B

AC TIMING REQUIREMENTS

Symbol AC Charaderisfcs Paraneter Min. 6 Max Min. L Miax Urit | Notes
tAC  |DQ Output access time from CLK /LK -0.70 +0.70 -0.75 +0.75 ns
tDQSCK | DQS O utput access time from CLK /LK -0.60 +0.60 -0.75 +0.75 ns
tCH |CLK Highlevel width 0.45 0.55 0.45 0.55 tCK
tCL  |CLK Low level width 0.45 0.55 045 0.55 tCK
CL=30 6 12 75 12 ns
tCK  |CLK cycle time CL=25 6 12 7.5 12 ns
CL=2.0 75 12 7.5 12 s
tDS |l nputSetyp time (DQ,DM) 0.45 0.5 ns
tDH  |InputHold time(DQ,DM) 0.45 0.5 ns
tIPW | Control & addiess input puse width (for eachinput) 2.2 2.2 s
tDIPW |DQ and DM input pulse width (for each input) 175 175 ns
tHZ |Data-out-highimpedace time from CLK /LK +0.70 +0.75 ns 14
tLZ |Data-out-low impedarce time fromCL K//CLK -0.70 +0.70 -0.75 +0.75 ns 14
tDQSQ |DQ Valid data delay time from DQS 0.45 0.5 s
tHP | Clock half period tté:;;:: or tté:;:;: or ns 20
tQH |DQ outpu hold time from DQS (per access) tHP-tQHS tHP-tQHS ns
tQHS | Data hold skew factor (for DQS & a ssociated DQ sigrals) 0.55 0.75
tDQSS |W rite command to first DQS latching trarsition 0.75 1.25 0.75 1.25 tCK
tDQSH |DQS input High level width 0.35 0.35 1CK
tDQSL |D QS input Low level width 0.35 0.35 tCK
tDSS | DQS faling edge to CLK  setyp time 0.2 0.2 tCK
tDSH | DQS falling edee hold time from CLK 0.2 0.2 tCK
tMRD | Mode Register Set command cycle time 2 2 tCK
tWPRES |Write preanrble setup time 0 0 ns 16
tWPST | Write postamble 0.4 0.6 0.4 0.6 tCK 15
tWPRE |W rite preamble 0.25 0.25 tCK
tIS I nput Setyp time (addiess and control) 0.75 0.9 ns 19
tlH  |InputHold time (address and control) 0.75 0.9 ns 19
tRPST | Read postamble 0.4 0.6 0.4 0.6 tCK
tRPRE |R ead preamble 0.9 1.1 0.9 1.1 tCK
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[ ]

AC TIMING REQUIREMENTS (Continued)

Symbol AC CharactiristicsPaameter i 6 Max i, L Max Unit Notes
tRAS  |Row Active time 42 120,000 45 120,000 ns
tRC  |Row Cycle time(operation) 60 65 ns
tRFC  |Auto Ref. to Active/Auto Ref. command period 72 75 ns
tRCD  |[Row to Colurm Delay 18 20 ns
tRP |Row Precharge time 18 20 ns
tRRD  [Act to Act Delay time 12 15 ns
tWR  |W rite Recovery time 15 15 ns
tDAL  |Auto Precharge write recovery + precharge time tWR+RP tWR+tRP ns
tWTR  |Internal Write to Read Command Delay 1 1 tCK
tXSNR |E xit Self Ref. to ron-Read command 75 75 ns
tXSRD [Exit Self Ref. to -Read command 200 200 tCK
tXPNR [E xit Power down to conmmand 1 1 tCK
tXPRD |Exit Power down to -Read command 1 1 tCK 18
tREF | |A verage Periodic Refresh interval 15.6 15.6 fis 17
Output Load Condition
DQS

VTT =VREF

500

Vour

30pF T VREF

/

OutputTiming

Measurement

Reference Point

16
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IS46R32800B

Notes

1. All voltages referenced to Vss.

2. Tests for AC timing DD, and dectrical, AC and DC characteristics, may be condudted at nominal reference/supply
voltagelevels, but the related specifications and device operation are guaranteed for the full voltagerange specified.
3. AC timingand IDD tests may use aVI L to VIH swing of up to 1.5V i n thetest environment, but inputtiming is still
referenced to VR EF (or to the crossing paint for CK //CK), and parameter specifications are guaranteedfor the
specified AC input levels under normal use conditions. The minimum slew rate for theinputsignals is 1V/nsin the
rangebetween VIL (AC) and VIH (AC) .

4. The ACandDC input level specifications are as defined in the SSTL_ 2 Standard (i.e. thereceiver will effectively
switch as a result of the signal crossing the AC input level, and will remain in that state as long as the signal does not
ring back above (below) the DCinput LOW (HIGH) level.

5. VR EF is expecied to be equd to 0.5*VDDQ of the transmitting device, and to track variations in the DC |l evel of the
same Peak-to-peak noise on VR EF may not exceed +2% of the DC value.

6. VT T is notappled directly to the device. VT T is a system supply for signal termination resistors, is expected to be
set equd to VRE F, and must track variations in the DC | evel of VR EF.

7. VI D is themagnitude of the difference between the inputlevel on CLK and theinputlevel on /CL K.

8. The value of VI X i s expected to equd 0.5*V/DDQ of the transmitting device and must track variations in the DC | evel
of the same.

9. Enables on-chip refresh and address counters.

10. ID D specifications are tested after the device is properly initialized.

11. This parameter is sampled. V bbQ = 2.5V+0.2V, V DD= 2.5V + 0.2V, f =100 MHz, Ta = 25°C, VO UT (DC) =
VDDQ/2, VOUT(PEAK TO PEAK) =25mV. DM inputs are grouped with I/O pins - reflecting the fact that they are
matded in loading (to facilitatetrace matching at the baard level).

12. The CLK// CL K i nput reference level (for timing referenced to CL K//CLK ) is the paint at which CL K and/CLK
cross; the inputreference level for signals other than CLK// CLK, is VR EF.

13. Input are not recognized as valid until V RE F stabilizes. Ex ception: during the period before VRE F stabilizes,
CKE< 0.3VDDQ is recognized as LOW.

14. t HZ and tLZ transitions occur in the same access time windows as valid data transitions. These parameters are not
referenced to a specific voltagelevel, but specify when the device outputis nolonger driving (HZ), or begins driving
(L2) .

15. The maximum limit for this parameter is not a device limit. The device will operate with a greater value for this
parameter, but system performance (bus turnaround) will degrade accordingly.

16. The specific requirementis that DQS bevalid (HIGH, L OW, or at some point on a valid transition) on or before
this CL K edge A valid transition is defined as monotonic, and meeting the inputslew rate specifi cations of the device.
When no writes were previously in progress on the bus, DQS will be transitioning from High-Z tologic LOW. If a
previous write was in progress, DQS could be HIGH, LOW, or transitioningfrom HIGH to LOW at this time,
depending on tDQSS.

17. A maximum of eight AUT O REF RE SH commands can be posted to any given DDR SDRA M device.

18. tXPRD should be 200 tCLK in the condition of the unstade CL K o peration during the power down mode.

19. For command/address andCK & /CK slew rate > 1.0V/ns.

20. Min (tCL, tCH) refers tothe smaller of the actual clock low time and the actual clock high time as provided to the
device.

Timing patterns:

tCK=min,tRRD =2*tCK,B L=4,tRCD=3*tCK ,R ead with Autoprecharge

Read:AO N AT RO A2 R1 NR3 AO N A1 RO - repeat the sametiming with randam address changing
*100% of datachanging at every burst

Legend A =Activate,R=Read,P=PrechargeN=NOP
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IS46R32800B

FUNCTIONAL DESCRIPTION

The 1IS46R32800B is a 256Mb DDR SDRAM internally configured as a quad--bank DRAM. These 256Mb device contains
4 banks x 2,097,152 x32 bits. The DDR SDRAM uses a double--data--rate architecture to achieve high-speed operation.
The double data rate architecture is essentially a 2n prefetch architecture, with an interface designed to transfer two data
words per clock cycle at the 1/0 pins. A single read or write access for the DDR SDRAM consists of a single 2n-bit wide,
one clock cycle data transfer at the internal DRAM core and two corresponding n-bit wide, one-half clock cycle data
transfers at the 1/0O pins.

Read and write accesses to the DDR SDRAM are burst oriented; accesses start at a selected location and continue for a
programmed number of locations in a programmed sequence. Accesses begin with the registration of an ACTIVE
command, which is then followed by a READ or WRITE command. The address bits registered coincident with the
ACTIVE command are used to select the bank and row to be accessed (BAO, BA1 select the bank; A0-A11 select the
row). The address bits registered coincident with the READ or WRITE command are used to select the starting column
location for the burst access. Prior to normal operation, the DDR SDRAM must be initialized. The following sections
provide detailed information covering device initialization, register definition, command descriptions and device operation.

INITIALIZATION
DDR SDRAMs must be powered up and initialized in a predefined manner.

POWER ON SEQUENCE

Before starting normal operation, the following power on sequence is necessary to prevent a DDR SDRAM from damaged
or multi functioning.

. Apply VDD before or the same time as VDDQ

. Apply VDDQ before or at the same time as VTT & Vref

. Maintain stable condition for 200us after stable power and CLK, apply NOP or DSEL
. Issue precharge command for all banks of the device

. Issue EMRS

. Issue MRS for the Mode Register and to reset the DLL

. Issue 2 or more Auto Refresh commands

. Maintain stable condition for 200cycles

ONOOOThWN =

After these sequence, the DDR SDRAM is idle state and ready for normal operation.

18 Integrated Silicon Solution, Inc. — www.issi.com
Rev. 00A
05/13/08



IS46R32800B
REGISTER DEFINITION

MODE REGISTER

The Mode Register is used to define the specific mode of operation of the DDR SDRAM. This definition includes the
selection of a burst length, a burst type, a CAS latency, and an operating mode, as shown in Figure “MODE REGISTER
DEFINITION”. The Mode Register is programmed via the MODE REGISTER SET (MRS) command (with BAO = 0 and
BA1 = 0) and will retain stored information until it is programmed again or the device loses power.

Mode Register bits A0-A2 specify the burst length, A3 specifies the type of burst (sequential or interleaved), A4-A6 specify
the CAS latency, and A7-A11 specify the operating mode.

The Mode Register must be loaded when all banks are idle and no bursts are in progress, and the controller must wait the
specified time before initiating any subsequent operation. After tMRD from a MRS command the DDR SDRAM is ready for
a new command. Violating either of these requirements will result in unspecified operation.

cak I LITLIT1
kL
s N
ras I
cas
e N
YR B
IBA1]BAo]A11]A10l Ao [ As [ A7 [ A6 ] As [ Aa] Az A2] A1 ] A0
sa1 L
lololol o] o]br]o| LTmoDE |BT] BL | NIV BE 2 |
\
BL BT =0 BT =1
A 000 R R
CL /CAS Latency 00 1 5 5
000 R 010| 4 4
001 R Burst | 0 1 1 8 8
010 2 Lengh | 1 00 R R
Latency | 0 1 1 3 101 R R
Mode 100 R 110 R R
101 R 11 1 R R
110 2.5
111 R A
0 Sequential
! | BurstTyee Interleaved
0 NO
DLL R eset
1 Y ES R: Reserved for Future Use
MODE REGISTER DEFINITION
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Burst Length

Read and write accesses to the DDR SDRAM are burst oriented, with the burst length being programmable, as
shown in Figure “CAS LATENCY”. The burst length determines the maximum number of column locations that can
be accessed for a given READ or WRITE command. Burst lengths of 2, 4, or 8 locations are available for both the
sequential and the interleaved burst types.

Reserved states should not be used, as unknown operation or incompatibility with future versions may result. When
a READ or WRITE command is issued, a block of columns equal to the burst length is effectively selected. All
accesses for that burst take place within this block, meaning that the burst will wrap within the block if a boundary is
reached. The block is uniquely selected by A1--Ai when the burst length is set to two, by A2--Ai when the burst
length is set to four and by A3--Ai when the burst length is set to eight (where Ai is the most significant column
address bit for a given configuration). The remaining (least significant) address bit(s) is (are) used to select the
starting location within the block. The programmed burst length applies to both read and write bursts.

Burst Type

Accesses within a given burst may be programmed to be either sequential or interleaved; this

is referred to as the burst type and is selected via bit A3. The ordering of accesses within a burst is determined by
the burst length, the burst type and the starting column address, as shown in Table “BURST DEFINITION”.

Read Latency

The READ latency is the delay, in clock cycles, between the registration of a READ command and the availability of
the first piece of output data. If a READ command is registered at clock edge n, and the latency is m clocks, the
data will be available nominally coincident with clock edge n + m.

Reserved states should not be used as unknown operation, or incompatibility with future versions may result.
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[ ]

CAS LATENCY

CLK
Command | | Read | [ write | |
Address | [ v | Y | | |
pgs — 11 LI L L L—
o
-— -—
CL=2 /C:S—. Burst Burst
BL=4 Latency Length Length
BURST DEFINITION
Initial Address | BL Column Addressing
A2 [ A1 | AO Sequertial Interleaved
0 0 0 0 1 2 3 4 5 6 7 0 1 2 3 4 5 6
0 0 1 1 2 3 4 5 6 7 0 1 0 3 2 5 4 7
0 1 0 2 3 4 5 6 7 0 1 2 3 0 1 6 7 4
0 1 1 3 4 5 6 7 0 1 2 3 2 1 0 7 6 5
1 0 0 ° 4 5 6 7 0 1 2 3 4 5 6 7 0 1 2
1 0 1 5 6 7 0 1 2 3 4 5 4 7 6 1 0 3
1 1 0 6 7 0 1 2 3 4 5 6 7 4 5 2 3 0
1 1 1 7 0 1 2 3 4 5 6| 7 6 5 4 |3 2 1
- 0 0 0 1 2 3 0 1 2 3
- 0 1 1 2 3 0 1 0 3 2
4
- 1 0 2 3 0 1 2 3 0 1
- 1 1 3 0 1 2 3 2 1 0
- - 0 0 1 0 1
2
- -] 110 T10
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EXTENDED MODE REGISTER

The Extended Mode Register controls functions beyond those controlled by the Mode Register; these additional
functions include DLL enable/disable, output drive strength selection (optional). These functions are controlled via
the bits shown in Figure EXTENDED MODE REGISTER.

The Extended Mode Register is programmed via the MODE REGISTER SET command (with BAO = 1 and BA1 =
0) and will retain the stored information until it is programmed again or the device loses power. The Extended Mode
Register must be loaded when all banks are idle and no bursts are in progress, and the controller must wait the
specified time before initiating any subsequent operation. After tMRD from a MRS command the DDR SDRAM is
ready for a new command. Violating either of these requirements will result in unspecified operation.

DLL Enable/Disable

The DLL must be enabled for normal operation. DLL enable is required during power-up initialization, and upon
returning to normal operation after having disabled the DLL for the purpose of debug or evaluation (upon exiting
Self Refresh Mode, the DLL is enabled automatically). Any time the DLL is enabled a DLL Reset must follow and
200 clock cycles must occur before any executable command can be issued.

Output Drive Strength
The normal drive strength for all outputs is specified to be SSTL_2, Class Il. The ISSI DDR SDRAM also supports a
weak driver strength option, intended for lighter load and/or point-to-point environments.

cak _J LI LIL
/CLK L L L
s 1
ras 1R
EXTENDED MODE REGISTER cas R
we  H__
[Ba 1]saola11]at0l Ao [ as a7 a6 as | as] Az a2] a1 ] Aol
sao N T
Lol 1loJoJloloJololofolofofps|oo] e N
AT1-AO
Y
DLL D isable |—2—| DLL Enake
1 DLL Disable
Y
Drive 0 Normal
Strength 1 Weak
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Read Operation

/CLK

CLK

Cmd &
Add.

DQS A* >
Q'\P \

DQ

~~~-VREF

e

Write O peration /tDQSS=max.

CL K tDQS S a-.; .........................................................................
|~ tWPRES 1 \—WPST
DQS ——— | —
e l.tDasL | wask
tDS tDH

oo ( I )

Write Operation /tDQSS=min.

>
—*W tDQSH
tWPR E - ®L, 1 >

o —{ L I I )
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OPERATIONAL DESCRIPTION
BANK ACTIVATE

The DDR SDRAM has four independent banks. E ach bank is activated by the ACT command with
the bank addresses (BA 0,1). A row is indicated by the row address A0-11. The minimum activation
interval betweenone bank and the other bank is tRRD .

PRECHARGCE

The PRE command deactivates the bank indicated by BA 0,1. When multiple banks are active, the
prechargeall command (PRE A, PRE+ A8=H) is available to deactivate them at the same time. A fter
tRP from the precharge, an ACT command to the same bank can beissued

Bank Activation and PrechargeAll (BL=8, CL=2)

2 ACT command/ tRCmi n :
- : : tRCmin >

Command | : |A:CT| |A:CT |RE:AD| . | PRE | : |ACT| . |
o —aww———
AOC7O-T | xaf x|y [ DY
e e
i [T Txefo] S B N Y
prot [T ol To [l = 7 T e[ ]
DQS !
v
DQ § § é § é § QaOl Qal | Qa2| Qa3| Qa4| Qa5 Qa6| Qa7

A

Precharge all

A prechargecommand can be issued at BL/2 from a read command without data loss.
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READ

After tRCD from the bank activation, a REA D command can be issued. 1st Output data is available
after the /CAS Latency from the RE AD, followed by (BL-1) consecutive data when the Burst Length
is BL . T he start addres is specified by A0-7,9, and the addres sequence of burst data is defined by
the Burst Type A RE AD command may be applied to any active bank, so the row precharge time
(tRP) can be hidden behind continuous output data by interleaving the multiple banks. When A8 is
highata REA D command, the auto-precharge (READA) is performed. A ny

command(RE AD ,WRI TE,P RE ,ACT) to the same bank is inhibited till the internal precharge is
complete. T he internal precharge starts at BL/2 after RE AD A. The next ACT command can be
issued after (BL/2+tRP) from the previous RE AD A.

Mu Iti B ank I nterleaving REA D (BL =8, CL=2)

JCLK = N S
Command | | | acT | | |RE.AD| AcT | —
— RCD >\
a7 I xal | v | x|
o e T o] x]
BAO,1| : | (5o| : [ o0 | 1:o|
DQS
DQ 2 g 2 E 2 QaOlQa'I QaZlQa3 Qa4|QaS QaélQa7.Qb0 |Qb'| Qb2|0b3 Qb4|Qb5 Qb7|Qb8 .I—
: : : : S > Burst Length — :
 /CAS latency .
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/CLK
CLK

READ with Auto-Precharge(BL=8, CL=2,2.5,3.0)

0 1 2 3 4 5 & 7 8 9 0 1 1

REREREREREATREATREREREREREN

- BL/2+ tRP >

Command |

[act|  [renD]| |

i«— tRCD —>ie————BL/2——>i+—tRP —>!

A0-7,9-11 |

H | Xal H | Y | H H H : H H H : H : |

A8|

|Xa||1| H H H H H H H T ;|

BAO,1 |

|00||00| H H H H T T T H |

DQS
CL=2 (
DQ

Qa0 | Qal | Qa2 | Qa3 Qa4| Qas Qa6| Qa7 |

DQS
CL=25
DQ

DQS
CL=3.0

DQ

Internal Precharge Start Timing

26

Integrated Silicon Solution, Inc. — www.issi.com
Rev. 00A
05/13/08



IS46R32800B

WRITE

After tRCD fromthe bank activation, a WRITE command can be issued. 1st inputdata is set from
the WRITE command with data strobe input, following (BL- 1) data are writteninto RA M, when
the Burst Lengthis BL . T he start addres is specified by A0-7,9, and the addres sequence of burst
datais defined by the Burst Type. AW RITE command may be applied to any active bank, so the
row prechargetime (tRP) can be hidden behind continuous inputdata by interleaving the multiple
banks. From the last data to the PRE command, the write recovery time (tWR P) is required. W hen
A8 is highata WRI TE command, the auto-precharge(WRI TE A) is performed. Any

command(RE AD ,WRI TE,P RE ,ACT) to the same bank is inhibited till the internal precharge is
complete. T he next ACT command can be issued after tDAL fromthe last inputdata cycle.

Multi B ank I nterleaving WRITE (B L=8)

/gII:KK }'_\ﬂ}'_\}'_\ﬁ_\ ..... }_\}

Command | . |AéT| . |WRI.TE| AC.T| . . |WR.ITE| . | P.RE| . . ’ | PF:{EI
ie— tRCD —» e - tRCD’ >

AOC7ON] f xa| | val x| | b | |

o x| Jofw] o] Jol 7 Jol

8401 [T o] T ol o[ " Tl Tol " " Tw]

pos ————— [ 111U —r

DQ | | Da0| Da1| Da2| Da3| Da4| Da5| Da6| Da7| Db0| Db1| Db2| Db3| Db4| Db5| Db6| Db7| . |
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WRITE with Auto-Precharge (B L=8)
0 1 2 3 4 5 6 7 8 9 10 11 12

ik LU UM NIV

Command | | ACT| |WR ITE|

+— tRC —» -

no7ol[ ] xa [ ] v |

e[ % [ T 1]

snon [ o0 | ] oo [

DS — ] L[ LI L

DQ | | Da0| Da1| Da2| Da3
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BURST INTERRUPTION

Read Interru pted by Read

Burst read operaion can be interrupted by new read of any bank. Random column access is allowed.
RE AD toRE AD interval is minimum 1CL K.

Read Interrupted by Read (B L= 8 CL= 2)

& OO

Command| |READ|READ| |READ| |READ| : : : : ‘ |
pors I v [ W L] w O [ w L T
el | oo T of o | | |
— 1 Y _ \ %\ 1 1 Y | 1 1
saonl Jofoo | fwf ol ]
DQS
DQ QaiOl Qail | QajOl Qaj1| QajZl Qaj3 |Qako |Qak1 |Qak2 | Qak3| Qak4| Qak5 QalOl Qal1 |. Qal2| Qal3| Qal4| Qal5 Qal6| Qal7

R ead Interru pted by precharge

Burst read operaion can be interrupted by precharge of the same bank. REA D to PRE interval is
minimum 1 CL K. A PRE command to output disable latency is equivalent tothe /CA S L atency.
As a result, RE AD to PRE interval determines valid data length to be output. T he figure below
shows examples of B L=8.

Read Interr upted by Precharge(B L 8)

Commmdl |READ| . |PRE| |

/

DQS

DQ

Command | . |RE.AD| . | PrE |

CL=2.0 DQs : : : | | j
DQ QO|Q1 QZ|Q3

Command | : |RE:AD| P:RE| :

DQS

\ DQ Bl py
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Read Int err upted by Prech arge(B L= 8)

ﬂ ..... i_\ }(—\ﬂ ..... :
| PRE | |

SIS

— {oo]ar [ o] o]
DQ ! IQO Q1] Q2| Q3| Q4 QSI

Command | | RE: | || P:RE |

CL=2.5 DQs

DQ : { o0 for [ a2 s}

Command | |RE.AD| P.RE |

2 m‘;"::ﬁ

DQ it ao

Read Interrupted by Precharge (B L=8)

JCLK e seeeend ._4.....,. : %
CLK ﬂ ﬂ ..

Command | |RE.AD| . . | P.RE| . . |

DQS —————y —
N

DQ oo|o1 02|03|o4|05

Command | [reap| | pre |

CL=3.0 DQs \m

DQ ool a1 ozl 03

Command | : |RE:AD| P:REl :

\ DQ Q| a1
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Read Interrupted by Burst Stop

Burst read operation can be interrupted by a burst stop command(TE RM). RE AD to TE RM interval
is minimum 1 CLK. ATER M command to output disable latency is equivalent to the /CA S L atency.
As a result, RE AD to TE RM interval determines valid data length to be output. The figure below
shows examples of B L=8.

CL=2.0

CL=2.5

Read Interrupted by TERM (BL =8)

QZ| Q3 Q4|QSI

Command |

]

[resol T

N

DQS

]

DQ

Command |

|RE:AD | TE:RM |

DQS

DQ

/
Command |

m

DQS

~_

L

LFng

DQ

IQO Q1|QZ Q3|Q4 QSI

Command |

[reao] Tremn]

DQS

DQ

NEEE

Command |

[Re AD [ TERM |

DQS

loolm! o
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Read Interrupted by TERM (BL =8)
DQ Q0|Q1 Q2|Q3 Q4|QS]—.—§
Command | | READ] ] tERm] .
H \
CL=3.0 DQS —

DQ

QO|Q1 QZ| Q3

Command |

DQS

R ead Interru pted by Wr ite with TERM

Read Interrupted by TERM (BL =8)

'_.‘ ..... {_\_] Y '_.‘ ..... :" Y ;

|RE.AD| : |TEBM| : |WBITE|. : |

QO| Q1 Q2| Q3|—|D0 |D1 | D2| D3| D4| D5| D6| D7|

|RE.AD| . |TE§M| — |WR.ITE|. . |

!Qo Q1| Q Q3|—3—| D0|D1 |D2|D3|D4|D5 |

ol Jmernl . Jwemel |

JEpEENpNpNy

/CLK
_ CLK —

Command |
CL=2.0 DQs
< DQ

Commeand |
CL=2.5 bQs
\ DQ

Command |
CL=3.0 Das
< DQ

Q0| Q1 Q2| Q3-—|D0|D1 | D2| D3| D4| D5|
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Write interruptedby Write

Burst write operation can be interrupted by write of any bank. Random column access is allowed.

WRIT E to WR

I TE interval is minimum 1 CL K.

Wr ite Interrupted by Wr ite (BL=8)

Command | |WR?TE|WRf me | |WR§ITE| .
A0-7,9-11] : | Y| [ Y, | E [ Yk | E | YI | |
e LT ol o T oL T o] |
BA O, | |00|00||10| |(;0| |
DQs :

Write interr upted by Read

Burst write operation can be interrupted by read of the same or the other bank. Random column
access is allowed. Internal WRITE to RE AD command interval(tWT R) is minimum 1 CL K. The

inputdataon DQ at the interrupting REA D cycle is "don't care". tWTR is referenced from the first

positive edgeafter the last data input

Wr ite Interrupted by Read (BL=8, C

e X_\ ...... . BuBGE 1_\ ..... aun
Command | |WR;ITE| |RE;AD|
Ao-7,9-11 | Y| | [ y, |
pe [T o] [ ]
01 [L] ] [ ]
DM | ' | m

DQ

ajf Qaj1| Qaj2

Qaj3 | Qaj4 | Qaj5 |QaJ6

Qaj7 I
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Writeinterrupted by Precharge

Burst write operation can be interrupted by precharge of the same or all bank. Random column
access is allowed. tWR is referenced fromthe first positive CL K e dgeafter the last data input

Wr ite Interrupted by Precharge (B L=8, CL=2 .5)

......

Command | JwRTE]  |ere |

A0-7,9-11 : | v |

e [ 1 o]

BAO,1|.|90|. | oo |

] e B
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I nitialize and Mode Registersets
Initialize and MRS

B e
S VA AR A A A RN
Command [ |Nop| e s e e T T ] |m| |
REPRY  e— ) I S’\_ —— .-
I 2 I W W 2 P
s I I I W ) I B 0
oos [T T
Y — e — — ——

Z2e s 2

: tMRD | tMRD i tRP | tRFC | tRFC i tMRD i
Ex tended Mode Mode Register Set,
Register Set Reset DLL

AUTO REFRESH

Single cycle of auto-refresh is initiated with a REF A(/CS=/RAS =/CA S=L, /WE=CK E=H)
command. The refresh address is generated internally. 4096 RE FA cycles within 64ms refresh
256Mbits memory cells. The auto-refresh is performed on 4 banks concurrently. B efore performing
an auto refresh, all banks must be in the idle state. A uto-refresh to auto-refresh interval is minimum
tRFC . Any command must not be suppied to the device before tRF C from the RE FA command.

Auto Ref resh

m
0
-

_] '<— NOP or DESEL ECT — L_]
/RAS | | | |
/CAS | - |
/WE | | | |
CKE t.RFC >
AO-11 | |
BAO,1 | |
i 4
Auto Refreshon All B anks Auto Refresh on All Banks
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SELF REFRESH

Self -refresh mode is entered by issuinga REF S command (/CS=/RA S=/CAS =L,/WE =H,CKE =L).

Once the self-refresh is initiated, it is maintained as long as CKE is kept low. During the self-
refresh mode, CK E is asynchronous and the only enable input all other inputs includingCL K are
disabled and ignored, so that power consumption dueto synchronous input is saved. T o exit the
self-refresh, supdying stable CLK inputs, asserting DESEL or NOP command and then asserting
CK E for longer than tXSNR/ tXSRD.

Self-R efresh

/gll_'ﬁ ..... ﬂﬂ ; ‘j,\ x ..... {_X_gwi

/CS

e B i

(] s e ——

we ] AT S

R S——

wor [ T A T T )

f

Self Refresh Exit
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P ower DOWN

The purpase of CL K s uspend is power down. CK E is synchronous input exceptduring the self-
refresh mode. A command at cycle is ignored. From CKE =H to normal function, DLL recovery time
is NOT required in the condition of the stable CLK operation during the power down mode.

Power D own by CKE

Star.1dlc;/ P(?wo_;r D(l)wr.1 “

77

Command | |PR:E |N0:P | \\ |NO@> |Vaiid |
bbb E b et (XPNR/IXPRD

CKE ——'—I A;ctive P;ower [%own “ I———

Command [_Jact Inor |\ Twop ] vad]

DM C ONTROL
DM is defined as the data mask for writes. During writes,D M masks inputdata word by word. DM
to write mask latency is O.

DM Function(B L=8,CL=2)

ik 0

DQs —

H H Do | b1 3 | pa | s [ps | D7 f— ; ; ; 1 4| as
i : ! H H : Qo |a1 |2 | a3 |a4a|as|as

Command | |WR:ITE|: |RE:AD| . |

masked by DM=H
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ORDERING INFORMATION - Vpp = 2.5V

Automotive Grade Range, A: 0°C to +70°C

Frequency Speed | Order Part No. Organization | Package

(ns)
166 MHz 6 IS46R32800B-6BLA 8Mx32 144-ball fBGA, Lead-free
133 MHz 7.5 IS46R32800B-75BLA 8Mx32 144-ball BGA, Lead-free

Automotive Grade Range, A1: -40°C to +85°C

Frequency Speed | Order Part No. Organization | Package

(ns)
166 MHz 6 IS46R32800B-6BLA1 8Mx32 144-ball fBGA, Lead-free
133 MHz 7.5 IS46R32800B-75BLA1 8Mx32 144-ball BGA, Lead-free

Please contact the Product Manager for leaded part support.
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ISSI)

Mini Ball Grid Array

Package Code: B (144-Ball)

0 0.45 +/— 0.05 (144X)

12 3 456 7 8 91011 12 121110 9 8 7 6 5 4 3 2 1
Nid 00000000000 0Y A
B O00O0OO0OO0OO0OO0OOOO | B
C O0OO0OO0O0O0O0OOOO0OO | ¢
D 000000000000 | D
E TTO000000000O00 |E
F el 000000000000 | F
G O0O0OO0O0OO0OOOO0O0OO |6
H D11 OO0OO0OO0OO0OO0O0O0OOO0O0O0 | H
J ONONONOXOXNONOXNOXOXOXOXO NN I
K D O0OO0OO0O0OO0OOO0OO0OOO0O | K
L O00OO00O0O0O0O0OO0O0 | L
M 4+ 1000000000 Q00 |M
E1 ° _.I L_
E

N ol

! SEOEVICIVEVNOICIONOEORO IR Notes:

T SEATING PLANE 1. Controlling dimensions are in millimeters.

2. 0.8 mm Ball Pitch
mBGA - 12mm x 12mm
MILLIMETERS INCHES

Sym. Min. Typ. Max. Min. Typ. Max.

NO.

Leads 144

A 1.17 1.25 1.40 0.046 0.049 0.055

Al 0.32 0.35 0.38 0.013 0.014 0.015

D 11.95 12.00 12.05 0.470 0.472 0.474

D1 — 8.80 — — 0.346 —

E 11.95 12.00 12.05 0.470 0.472 0.474

El — 8.80 — — 0.346 —

e — 0.80 — — 0.031 —
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