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AC TIMING REQUIREMENTS
Symbol AC Characteristics Parameter N - Mo N 6 Max Nin 75 Max Unit [ Notes
tAC  |DQ Output access time from CLK//CLK -0.70 +0.70 -0.70 +0.70 -0.75 +0.75 ns
tDQSCK |DQS Output access time from CLK//CLK -0.6 +0.6 -0.60 +0.60 -0.75 +0.75 ns
tCH |CLK High level width 0.45 0.55 0.45 0.55 0.45 0.55 tCK
tCL  |CLK Low level width 0.45 0.55 0.45 0.55 0.45 0.55 tCK
CL=3.0 5 7.5 6 12 75 12 ns
tCK  |CLK cycle time CL=2.5 5 12 6 12 75 12 ns
CL=2.0 75 12 75 12 75 12 ns
tDS  |Input Setup time (DQ,DM) 0.4 0.45 0.5 ns
tDH  |Input Hold time(DQ,DM) 0.4 0.45 0.5 ns
tIPW  |Control & address input pulse width (for each input) 22 22 22 ns
tDIPW |DQ and DM input pulse width (for each input) 1.75 1.75 1.75 ns
tHZ  |Data-out-high impedance time from CLK//CLK +0.70 +0.70 +0.75 ns 14
tLZ  |Data-out-low impedance time from CLK//CLK -0.70 +0.70 -0.70 +0.70 -0.75 +0.75 ns 14
tDQSQ |DQ Valid data delay time from DQS 0.40 0.45 0.5 ns
HP  |Clock half period ttccgfmmn“: or ttCCI-I;mmlltlll or ttccémm;‘ or s | 20
tQH  |DQ output hold time from DQS (per access) tHP-tQHS tHP-tQHS tHP-tQHS ns
tQHS  [Data hold skew factor (for DQS & associated DQ signals) 0.50 0.55 0.75
tDQSS  |Write command to first DQS latching transition 0.72 1.25 0.75 1.25 0.75 1.25 tCK
tDQSH |DQS input High level width 0.35 0.35 0.35 tCK
tDQSL  [DQS input Low level width 0.35 0.35 0.35 tCK
tDSS  |DQS falling edge to CLK setup time 0.2 0.2 0.2 tCK
tDSH  |DQS falling edge hold time from CLK 0.2 0.2 0.2 tCK
tMRD |Mode Register Set command cycle time 2 2 2 tCK
tWPRES |Write preamble setup time 0 0 0 ns 16
tWPST | Write postamble 0.4 0.6 0.4 0.6 0.4 0.6 tCK 15
tWPRE |Write preamble 0.25 0.25 0.25 tCK
tIS Input Setup time (address and control) 0.6 0.75 0.9 ns 19
tTH Input Hold time (address and control) 0.6 0.75 0.9 ns 19
tRPST |Read postamble 0.4 0.6 0.4 0.6 0.4 0.6 tCK
tRPRE |[Read preamble 0.9 1.1 0.9 1.1 0.9 1.1 tCK
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AC TIMING REQUIREMENTS(Continues)

Symbol AC Characteristics Parameter N, S Max N, 6 Max N, 75 Max Unit Notes
tRAS  |Row Active time 40 120,000 42 120,000 45 120,000 ns

tRC  |[Row Cycle time(operation) 55 60 65 ns

tRFC  |Auto Ref. to Active/Auto Ref. command period 70 72 75 ns

tRCD |Row to Column Delay 15 18 20 ns

tRP  |Row Precharge time 15 18 20 ns

tRRD |Act to Act Delay time 10 12 15 ns

tWR | Write Recovery time 15 15 15 ns

tDAL | Auto Precharge write recovery + precharge time tWR+RP tWR+tRP tWR+tRP ns

tWTR |Internal Write to Read Command Delay 2 1 1 tCK
tXSNR |Exit Self Ref. to non-Read command 75 75 75 ns
tXSRD |Exit Self Ref. to -Read command 200 200 200 tCK
tXPNR |Exit Power down to command 1 1 1 tCK
tXPRD |Exit Power down to -Read command 1 1 1 tCK 18
tREFI | Average Periodic Refresh interval 7.8 7.8 7.8 s 17

Output Load Condition
DQS
VTT=VREF
50Q
Vour

30pF —_I__ VREF

/

Output Timing
Measurement
Reference Point
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Notes

1. All voltages referenced to Vss.

2. Tests for AC timing, IDD, and electrical, AC and DC characteristics, may be conducted at nominal reference/supply
voltage levels, but the related specifications and device operation are guaranteed for the full voltage range specified.
3. AC timing and IDD tests may use a VIL to VIH swing of up to 1.5V in the test environment, but input timing is still
referenced to VREF (or to the crossing point for CK//CK), and parameter specifications are guaranteed for the
specified AC input levels under normal use conditions. The minimum slew rate for the input signals is 1V/ns in the
range between VIL(AC) and VIH(AC).

4. The AC and DC input level specifications are as defined in the SSTL_2 Standard (i.e. the receiver 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 DC input LOW (HIGH) level.

5. VREF is expected to be equal to 0.5%VddQ of the transmitting device, and to track variations in the DC level of the
same. Peak-to-peak noise on VREF may not exceed +2% of the DC value.

6. VTT is not applied directly to the device. VTIT is a system supply for signal termination resistors, is expected to be
set equal to VREF, and must track variations in the DC level of VREF.

7. VID is the magnitude of the difference between the input level on CLK and the input level on /CLK.

8. The value of VIX is expected to equal 0.5*VddQ of the transmitting device and must track variations in the DC level
of the same.

9. Enables on-chip refresh and address counters.

10. IDD specifications are tested after the device is properly initialized.

11. This parameter is sampled. VddQ =2.5V+0.2V, Vdd = 2.5V + 0.2V, f = 100 MHz, Ta = 25°C, VOUT(DC) =
VvddQ/2, VOUT(PEAK TO PEAK) = 25mV. DM inputs are grouped with I/O pins - reflecting the fact that they are
matched in loading (to facilitate trace matching at the board level).

12. The CLK//CLK input reference level (for timing referenced to CLK//CLK) is the point at which CLK and /CLK
cross; the input reference level for signals other than CLK//CLK, is VREF.

13. Inputs are not recognized as valid until VREF stabilizes. Exception: during the period before VREF 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 voltage level, but specify when the device output is no longer driving (HZ), or begins driving
(LZ).

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 requirement is that DQS be valid (HIGH, LOW, or at some point on a valid transition) on or before
this CLK edge. A valid transition is defined as monotonic, and meeting the input slew rate specifications of the device.
When no writes were previously in progress on the bus, DQS will be transitioning from High-Z to logic LOW. If a
previous write was in progress, DQS could be HIGH, LOW, or transitioning from HIGH to LOW at this time,
depending on tDQSS.

17. A maximum of eight AUTO REFRESH commands can be posted to any given DDR SDRAM device.

18. tXPRD should be 200 tCLK in the condition of the unstable CLK operation during the power down mode.

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

20. Min (tCL,tCH) refers to the 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,BL=4,tRCD=3*tCK,Read with Autoprecharge
Read:AO N A1 RO A2 R1 NR3 A0 N A1 RO - repeat the same timing with random address changing
*100% of data changing at every burst
Legend: A=Activate,R=Read,P=Precharge, N=NOP

22 Integrated Silicon Solution, Inc.
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Read Operation

- tCK tCL —
/CLK / \ \ ........... X:
CLK i i E— i S :""fi'lil'" .
Cmd &
P T e E Valid Data f - --- VREF

DQ

Write Operation / tDQSS=min.

tWPRE [« >
Integrated Silicon Solution, Inc. 23

Rev.C
03/11/09



IS43R83200B, 1S46R83200B
IS43R16160B, 1IS46R16160B

OPERATIONAL DESCRIPTION
BANK ACTIVATE

The DDR SDRAM has four independent banks. Each bank is activated by the ACT command with
the bank addresses (BAO,1). A row is indicated by the row address AO-12. The minimum activation
interval between one bank and the other bank is tRRD.

PRECHARGE

The PRE command deactivates the bank indicated by BAO,1. When multiple banks are active, the
precharge all command (PREA,PRE+A10=H) is available to deactivate them at the same time. After
tRP from the precharge, an ACT command to the same bank can be issued.

Bank Activation and Precharge All (BL=8, CL=2)

N S SV
CLK —k..... Ak \\_‘
2 ACT command ./ tRCmi' :
i tRCmin »
Command | : |A?T| . |A?T |RI?AD| : : : |PBE| . |/§CT| |
oA w—
sooaefl fxaf e[y [ e ]
aol Al fxefo o P e ]
O ) 0 T e e e s
DQS |
|
g ———— LT[l

4

Precharge all

A precharge command 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 READ command can be issued. 1st Output data is available
after the /CAS Latency from the READ, followed by (BL-1) consecutive data when the Burst Length
is BL. The start address is specified by A0-9(x8)/A0-8(x16), and the address sequence of burst data
is defined by the Burst Type. A READ 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 A10 is high at a READ command, the auto-precharge (READA) is performed. Any
command(READ,WRITE,PRE,ACT) to the same bank is inhibited till the internal precharge is
complete. The internal precharge starts at BL/2 after READA. The next ACT command can be
issued after (BL/2+tRP) from the previous READA.

Multi Bank Interleaving READ (BL=8, CL=2)

Command | | ACT | | |READ| ACT | | | |
+— RCD—>}\
a0zl [ xa| | v [ x| |
moll e [T o [ o] |
Bao, 1| | oio | [ 0 [ 1io | _ |
DQS m
DQ Qa0| Qal | Qa2 |Qa3 Qa4| Qa5 Qa6| Qa7 | Qb0 |le Qb2| Qb3 Qb4| Qb5 Qb7| Qbs .I—

/CAS latency

<—~<— Burst Length —>

Integrated Silicon Solution, Inc.
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READ with Auto-Precharge (BL=8, CL=2,2.5,3.0)

Commandl : |A(:3T| : |READ| :

+— (RCD —=4———— Bl/2———=i+— (RP—>

A0-9,11,12| . | Xa| . | Y |

A10|:|>fa|:|}|

BAO,1|:|0:0|:|0:0|:

CL:Z(

a3 Qad | Qa5 al

DQ

DQS
CL=2.5

[

[ L

DQ

!QaO Qal |Q32

Qa3 | Qad

DQS
CL=3.0

Qa5 | Qa6 | Qa7 !

DQ

Qa0 | Qal

Qa2 | Qa3

Qad | Qa5 | Qa6 | Qa7

?

Internal Precharge Start Timing
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WRITE

After tRCD from the bank activation, a WRITE command can be issued. 1st input data is set from
the WRITE command with data strobe input, following (BL-1) data are written into RAM, when
the Burst Length is BL. The start address is specified by A0-9(x8)/A0-8(x16), and the address
sequence of burst data is defined by the Burst Type. A WRITE command may be applied to any
active bank, so the row precharge time (tRP) can be hidden behind continuous input data by
interleaving the multiple banks. From the last data to the PRE command, the write recovery time
(tWRP) is required. When A10 is high at a WRITE command, the auto-precharge(WRITEA) is
performed. Any command(READ,WRITE,PRE,ACT) to the same bank is inhibited till the internal
precharge is complete. The next ACT command can be issued after tDAL from the last input data
cycle.

Multi Bank Interleaving WRITE (BL=8)
/SII:IIE }'_\ﬂ}'_\}'_\ﬁ_\ ..... }

Command | . | AéTl . |WRITE| A.CT |
ie— t(RCD —» «—— (RCD
A0-9.11.12{ | Xa | | va| xv ]

VY i Y B
NN e Y T T Y e
DQ | |D1\0| Dall Di\2| D1\3|D1\4| Dﬂjl Dﬂ()l Dﬂ7|DbU| DbllDbZl Db3| Db4| Db5|Db6| Db7| |

Integrated Silicon Solution, Inc.
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WRITE with Auto-Precharge (BL=8)

0 ! 2 3 4 S 6 / 8 .
e R RERERE RSB R L4 UL
Command | | ACT| |WRT1“E|
ie— (RC —» e tDAI-
aootiel | xa [ [ v |
a0 [ e [T 1]
PR i T B T
Das —J LI LY
DQl Da0 | Dal | Da2| Da3 | Da4 | Da5 | Da6 | Da7 |

28
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BURST INTERRUPTION
[Read Interrupted by Read]

Burst read operation can be interrupted by new read of any bank. Random column access is allowed.
READ to READ interval is minimum 1CLK.

Read Interrupted by Read (BL=8, CL_2)

Command | |READ|READ| |READ| |READ| : : : . ‘ |
. . i N N\ : : : : ;
S T T T B |
A10| : | 0 | 0 | : | 0 | : : | 0 | : : : : : : |
ot w o Tl = o =77 ]
DQS \
DQ ; ; ; Qaiol Qail |.Qaj0| Qajl |. Qaj2| Qaj3 | Qak0 |Qak] |.Qak2 | Qak}l.Qak4| Qaks Qalol Qall |. QalZl Qal3| Qal4| Qal5 Qalﬁl Qal7

[Read Interrupted by precharge]

Burst read operation can be interrupted by precharge of the same bank. READ to PRE interval is
minimum 1 CLK. A PRE command to output disable latency is equivalent to the /CAS Latency.
As aresult, READ to PRE interval determines valid data length to be output. The figure below

shows examples of BL=8. Read Interrupted by Precharge (BL—8)

Command | |READ| : | PjREl
DQS N mh
DQ

Command | |READ| [ prE]

CL=2.0 DQs

b0 [ [ele

Command | | |READ| PZRE | E : |
DQS \\

Integrated Silicon Solution, Inc. 29
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Read Interrupted by Precharge (BL—8)

: : X_\ ..... i_\ﬂﬂ ..... -
[ Command | |READ| | PRE |
pos ——— = TL TN~
bo ——— elole ool
Command | | READl | PREl
CL=2.5 DQs — \Jﬁbﬁ_n
DQ Q0 Q1| Q2 Q3 |
Command | |READI Pi{E |
T~
pos ———= 1
DQ o]
/CLK
CLK . . . . .
y : : : : :
Command | | READ]| | PRE|
: : : \ : : :
DQ Q0|Q1 Q2|Q3|Q4|Q5
Command | |rReap| | PrE |
) I N
CL=3.0 Q - :
DQ Q0|Q1 Q2| ®
Command | : |READ| P:RE | . .
N
DQS ~
Vg ———————o[o
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[Read Interrupted by Burst Stop]

Burst read operation can be interrupted by a burst stop command(TERM). READ to TERM interval
is minimum 1 CLK. A TERM command to output disable latency is equivalent to the /CAS Latency.

As aresult, READ to TERM interval determines valid data length to be output. The figure below
shows examples of BL=8.

Read Interrupted by TERM (BL=8)

Command | | READ | . |TE.RM | . - T ; |
DQS
DQ QO|QI QZ|Q3 Q4|QSI
Command | | READ' : | TE.RMl : i
CL=2.0 DQS — I Qq‘
DQ : : : Qolol 02|Q3!
Command | |READ| TE.RM | |
DQS : \\
pQ —————— [
/ ; : :
Command | | READl |TERM |
DQS : ! :
DQ IQOlQllQZl Q3| Q4|05|
Command | | READ' | TE:RMl _ :
CL=2.5 DQs ——— \Bﬁt—‘
DQ Q0 Q2| Q3
Command | |READ| Tl;:RMl | | .
N~
DQS : : l&%’:’\—:
—

v e Lol

Integrated Silicon Solution, Inc.
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Read Interrupted by TERM (BL=8)

/CLK
CLK

Command

DQS

DQ Q0|Q1 Q2|Q3 Q4|Q5|

Command | |READ| |TERM|

CL=3.0 DQS

DQ Q0|Q] Q2| Q3

Command | . |RE:AD|TE:RM| :

DQS

\ DQ

[Read Interrupted by Write with TERM]

Read Interrupted by TERM (BL=8)

Command [T reap] " [ rerv] " Jwrrme] ]

CL=2.0 DQS

H H Q0|Q1 Q2| Q3|—|DO|D1|D2|D3|D4| D5| D6|D7|

Command [ [ Reap]”[merv”  Twrre] ]

Cloas pos 1] | T T
bo o[ o[ [oo]o]]

Command [T rean]_Jrers]_ Jwrme] ]

CL=3.0 DQS ! P_L_I_l_;___l_l_i_T_JFW
DQ : E Q0|Q1 Q2| Q3-—|D0|D1|D2|D3|D4| D5|

/
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[Write interrupted by Write]

Burst write operation can be interrupted by write of any bank. Random column access is allowed.
WRITE to WRITE interval is minimum 1 CLK.

Write Interrupted by Write (BL=8)

Command | |WR:ITE|WI:UTE|

A0-9.11,12] . | Vi | Y; | .

L0 IS N N A T A T A —

BA0,1|:|§o|o:o|:|io|: |oo| |

Dajl Daj3 | DakO] Dak1 | Dak2 | Dak3 | Dak4 | Dak5| Dal0| Dall| Dal2| Dal3 | Dal4 | Dal5 |Dal6

Dal7 I—

0 |Dail | Dajo Daj2

[Write interrupted 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 READ command interval(tWTR) is minimum 1 CLK. The
input data on DQ at the interrupting READ cycle is "don't care". tWTR is referenced from the first
positive edge after the last data input.

Command |

A0-9,11,12|

Al0 |

BAO,1 |

DM |

ML

ai QajllQajz Qaj3|Qaj4|Qaj5 |Qaj6 Qaj7|

Integrated Silicon Solution, Inc. 33
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[Write interrupted by Precharge]

Burst write operation can be interrupted by precharge of the same or all bank. Random column
access is allowed. tWR is referenced from the first positive CLK edge after the last data input.

Write Interrupted by Precharge (BL=8, CL=2.5)

Command | |WﬁHE| . . |PRE | . . . . . |
A0-9,11,12 | Y1 | . |
s [ o] _ |
BAao || 0 | [ 00 | |
DM | [ |

QS

DQ

34
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[Initialize and Mode Register sets]
Initialize and MRS

s el T O s e e
cxe § %\\:335'\35'\'\:'\35 ’
Command [ |Nop| I BT R e T T s
o T T o o T T e T T
wlf S 0 ) (0 00 0 0 8 R
CYONY S N N I S W W T 7
) — T — — —
Y W O W —

, tMRD | tMRD | RP | (RFC | (RFC i tMRD i
Extended Mode Mode Register Set,
Register Set Reset DLL

[AUTO REFRESH]

Single cycle of auto-refresh is initiated with a REFA(/CS=/RAS=/CAS=L,/WE=CKE=H)
command. The refresh address is generated internally. 8192 REFA cycles within 64ms refresh
256Mbits memory cells. The auto-refresh is performed on 4 banks concurrently. Before performing
an auto refresh, all banks must be in the idle state. Auto-refresh to auto-refresh interval is minimum
tRFC . Any command must not be supplied to the device before tRFC from the REFA command.

Auto Refresh

CKE | | =———— mict———————>

1 t

Auto Refresh on All Banks Auto Refresh on All Banks

Integrated Silicon Solution, Inc.
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[SELF REFRESH]

Self -refresh mode is entered by issuing a REFS command (/CS=/RAS=/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, CKE is asynchronous and the only enable input, all other inputs including CLK are
disabled and ignored, so that power consumption due to synchronous inputs is saved. To exit the
self-refresh, supplying stable CLK inputs, asserting DESEL or NOP command and then asserting
CKE for longer than tXSNR/tXSRD.

Self-Refresh

/SII:IIE ..... ﬂﬂ ; ‘j,\ . UW} !X

es L EACTTTT L

L S N S— e—

/CASIL I \\11 Wl
we [ AT T T
S I I N N 9

AO-12|§ _ ,\,\ _ >,\ | X|

BAO, 1 | : : : \\ : : \ | | X| | |

4 {XSNR
Self Refresh Exit

36
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[Power DOWN]

The purpose of CLK suspend is power down. CKE is synchronous input except during 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 Down by CKE

Sta1.1dby P(?wer D9wn “

conmnd [T ooy T T T T T
L0 b b bbb b e tXPNRAXPRD

CKE ——v—l Asctive I:ower l?own “ I———

Command | : |A(;T |NQP | i i i i \\ i |NOP | Valid |

[DM CONTROL]

DM is defined as the data mask for writes. During writes,DM masks input data word by word. DM
to write mask latency is 0.

DM Function(BL=8,CL=2)

sERERE

Commandl . |WRTTE| :

ARSI,

masked by DM=H

Integrated Silicon Solution, Inc. 37
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ORDERING INFORMATION - Vbb = 2.5V
Commercial Range: 0°C to +70°C

Frequency Speed (ns)

Order Part No.

Organization

Package

200 MHz 5 IS43R83200B-5TL 32Mx8 66-pin TSOP-II, Lead-free
200 MHz 5 IS43R16160B-5TL 16Mx16 66-pin TSOP-II, Lead-free
200 MHz 5 IS43R16160B-5BL 16Mx16 60-ball TF-BGA, Lead-free
166 MHz 6 IS43R83200B-6TL 32Mx8 66-pin TSOP-II, Lead-free
166 MHz 6 IS43R16160B-6TL 16Mx16 66-pin TSOP-II, Lead-free
166 MHz 6 IS43R16160B-6BL 16Mx16 60-ball TF-BGA, Lead-free
133 MHz 7.5 IS43R83200B-75TL 32Mx8 66-pin TSOP-II, Lead-free
133 MHz 7.5 IS43R16160B-75TL 16Mx16 66-pin TSOP-II, Lead-free

Industrial Range: -40°C to +85°C

Frequency Speed (ns)

Order Part No.

Organization

Package

200 MHz 5 IS43R83200B-5TLI 32Mx8 66-pin TSOP-II, Lead-free
200 MHz 5 IS43R16160B-5TLI 16Mx16 66-pin TSOP-II, Lead-free
200 MHz 5 IS43R16160B-5BLI 16Mx16 60-ball TF-BGA, Lead-free
166 MHz 6 IS43R83200B-6TLI 32Mx8 66-pin TSOP-II, Lead-free
166 MHz 6 IS43R16160B-6TLI 16Mx16 66-pin TSOP-II, Lead-free
166 MHz 6 IS43R16160B-6BLI 16Mx16 60-ball TF-BGA, Lead-free
166 MHz 6 IS43R16160B-6BlI 16Mx16 60-ball TF-BGA

133 MHz 7.5 IS43R83200B-75TLI 32Mx8 66-pin TSOP-II, Lead-free
133 MHz 7.5 IS43R16160B-75TLI 16Mx16 66-pin TSOP-II, Lead-free

Automotive Range (A1): -40°C to +85°C

Frequency Speed (ns)

Order Part No.

Organization

Package

166 MHz 6 IS46R83200B-6TLA1 32Mx8 66-pin TSOP-II, Lead-free
166 MHz 6 IS46R16160B-6TLA1 16Mx16 66-pin TSOP-II, Lead-free
166 MHz 6 IS46R16160B-6BLA1 16Mx16 60-ball TF-BGA, Lead-free
133 MHz 7.5 IS46R83200B-75TLA1 32Mx8 66-pin TSOP-II, Lead-free
133 MHz 7.5 IS46R16160B-75TLA1 16Mx16 66-pin TSOP-II, Lead-free
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