DATASHEET BEYOND LIMITS
INTELLIGENT MEMORY
IM2516D1CA(B/T)
256Mbit DDR SDRAM
4 BANKS X 4Mbit X 16
Ordering Speed Code -5
DDR-400
Clock Cycle Time ( tckz ) 7.5ns
Clock Cycle Time ( tckes ) 6 ns
Clock Cycle Time ( tcks ) 5ns
System Frequency (fck max) 200 MHz
Features Option Marking
¢ High speed data transfer rates with system frequency up to e Configuration
200MHz - 16Mx16 (4 Banks x4Mbit x16) 2516
e Data Mask for Write Control e Package
e Four Banks controlled by BAO & BA1 - 60-ball FBGA (8mm x 13mm) B
e Programmable CAS Latency: 2, 2.5, 3 - 66-pin TSOP T
e Programmable Wrap Sequence: Sequential or Interleave e Leaded/Lead-free
e Programmable Burst Length: - Leaded <blank>
- 2, 4, 8 for Sequential Type - Lead-free/RoHS G
- 2, 4, 8 for Interleave Type e Speed/Cycle Time
e Automatic and Controlled Precharge Command - 5ns @ CL3 (DDR-400) -5
e Power Down Mode e Temperature
¢ Auto Refresh and Self Refresh - Commercial 0°C to 70°C Tambient <blank>

Refresh Interval: 8192 cycles/64 ms

Available in 60 Ball FBGA and 66 Pin TSOP I
SSTL-2 Compatible I/Os

Double Data Rate (DDR)

Bidirectional Data Strobe (DQS) for input and output data,
active on both edges

On-Chip DLL aligns DQ and DQs transitions with CK
transitions

Differential clock inputs CK and CK

Vpp = 2.5V £ 0.2V, Vppg = 2.5V £ 0.2V

tras lockout supported

Concurrent auto precharge option is supported

- Industrial -40°C to 85°C Tambient |
Example Part Number: IM2516D1CABG-5I

Description

The IM2516D1CA(B/T) is a four banks DDR DRAM organized as 4 banks x
4Mbit x 16 (2516).

The IM2516D1CA(B/T) achieves high speed data transfer rates by
employing a chip architecture that prefetches multiple bits and then
synchronizes the output data to a system clock.

All of the control, address, circuits are synchronized with the positive edge
of an externally supplied clock. I/O transactions are occurring on both edges
of DQS.

Operating the four memory banks in an interleaved fashion allows random
access operation to occur at a higher rate than is possible with standard
DRAMSs. A se- quential and gapless data rate is possible depending on burst
length, CAS latency and speed grade of the device.
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Part Number Information

IM 25 16 D1

Intelligent
Memory

IC capacity
25 = 256 Megabit

DRAM 1/0 width
16 = x16

Memory Type
D1 = DDR SDRAM

BEYOND LIMITS
INTELLIGENT MEMORY

Temperature range
Blank = Commercial Temperature 0°C to +70°C Tambient
| = Industrial Temperature -40°C to +85°C Tambient

Speed Grade
5 = DDR1-400

RoHS-compliance
G = Green / RoHS
Blank = Leaded

Voltage
C =25V

IC Revision
A = Revision A

Package
B = FBGA
T = TSOP

Datasheet Version 1.0
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Pin Configurations

60-Ball FBGA (x16 configuration)

| 1+ | 2 | 3 Jals|e]| 7 8 9
A Vssa DQ15 Vss Voo DQO Vbba A
B DQ14 Vopa DQ13 DQ2 Vssa DQ1 B
C DQ12 Vssa DQ11 DQ4 Vbpa DQ3 C
D DQ10 Vopa DQ9 DQ6 Vssa DQ5 D
E DQ8 Vssa uDQS LDQS Vooa DQ7 E
F VRer Vss UDM LDM Voo NC F
G CK CK WE CAS G
H A12 CKE RAS CS H
J A11 A9 BA1 BAO J
K A8 A7 A0 AP/A10 K
L A6 A5 A2 A1 L
M A4 Vss Voo A3 M
PIN A1 INDEX
0"/ 1 2 3 7 8 9
O O O A OO O
O O O B O O O
O O O c O O O
O O O p O O O
O O O E O O O
O O O F O O O
O O c O O
O O H O O
O O J O O
O O K O O
O O L O O
O O M O O

TOP VIEW
(See the ball through the package)
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66 Pin Plastic TSOP-II (x16 configuration)

BEYOND LIMITS
INTELLIGENT MEMORY

voo | 1 66 | | Vss
Dol | 2 65 1 DQi5
Vooa | 3 64 | ] Vssa
patl__| 4 63 || DQi4
D2l | 5 62 | ] DQi3
Vssa [ | 6 61 |1 Vooa
D3l | 7 60 [ 1 DQi2
D4l | 8 59 [ ] pQit
Vooa | 9 58 | | Vssa
D5 | 10 57 1 DpQio
Dasl | 11 56 1 DQ9
Vssa[ | 12 55 | ] Vooa
pa7[ | 13 54 ] DQ8
NC [ | 14 531 NC
Voo [ | 15 52 [ ] Vssa
tbas—| 16 51 1 upQs
NC [ | 17 50 ] NC
Voo (| 18 49 [ ] Vrer
NC [ |19 48 [ ] Vss
oML 20 47 [ ] upbm
WEL__| 2t 46 1 CK
casl_| 22 45 [ cK
Ras_]| 23 44 [ cke
cs[] 24 431 NC
NC[ | 25 2 ] A2
BAOL | 26 a1 [T A1
BAIL | 27 40 ] A9
A10/AP [ | 28 39 ] A8
A [ | 29 38 [ ] A7
A1 30 371 ps
A2 [ 31 3 1 A5
A3 | 32 35 [ 1 A4
voo | 33 34 ] vss
Pin Names
CK, CK Differential Clock Input DQ’s Data Input/Output
CKE Clock Enable DM (UDM, LDM) Data Mask
cS Chip Select Voo Power
RAS Row Address Strobe Vss Ground
CAS Column Address Strobe Vooa Power for 1/O’s
WE Write Enable Vssa Ground for 1/O’s
DQS (UDQS, LDQS) | Data Strobe (Bidirectional) NC Not connected
A0-A12 Address Inputs Vrer Reference Voltage for Inputs
BAO, BA1 Bank Select

Datasheet Version 1.0
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Block Diagram

16M x 16

Column Addresses

AO-A9, AP, BAO, BA1 |

v

Column address
counter

Column address
buffer

BEYOND LIMITS

Row Addresses

| A0-A12, BAO, BAT

v

INTELLIGENT MEMORY

Row address

A

buffer

Refresh Counter

y
Row decoder

v
Row decoder

v

| Row decoderl
\ 4

A 4

A4

Row decoder

=

Data Strobe

\ 4 A 4
Column Column Column Column
decoder decoder decoder decoder
Memory array Memory array Memory array Memory array
sense Bank 0 sense Bank 1 sense Bank 2 sense Bank 3
. 8192 x 1024 . 8192 x 1024 . 8192 x 1024 . 8192 x 1024
amplifier amplifier amplifier amplifier
&1(O) bus & 1(O) bus &1(O) bus & 1(O) bus
y K y
A
\ 4
| Input buffer | Output buffer |
T y Control logic & timing generation
— TTTTTTTT
CK CK CKE CS RAS CAS WE DM
CK, CK DLL

Datasheet Version 1.0

IM2516D1CA(B/T)



. |
DATASHEET BEYOND LIMITS

INTELLIGENT MEMORY

Absolute Maximum Ratings*

Operating temMPErature rANGE Ta.......c.ueuiiiie ittt ettt eb et ea et b et eb s es et e b b eie e 0to 70 °C forcommercial Temperature

-40 to 85 °C for Industrial Temperature
(o] To Lol (=l o1 =L E NN =T o 1= T OO U U PUSUPTPRR TP -551t0 150 °C
VoD SUPPIY VORAGE REIALIVE 10 V.. utetiriiitiiietie ittt ettt ettt b e bbbt e bt e e eh e e ne e e nb e e et e st e e e e e e e eeeeneennes -1Vto+3.6V
Vppa Supply Voltage Relative to Vss..... -~1Vtio+3.6V
I/O Pins Voltage RelativVe 10 VGG .. ov vttt e et -0.5VtoVppq +0.5V

P OWET GISSIPALION. ...ttt ettt et b e e e e e a b e b e e e a s e e a b e e e b e ek b e e e b e e b e e ae e SaE e b e e eb e e ae e eh e e b e ae e b e e e b e ae e b ee e be e s he et e et e e e e e s
Data out current (short circuit)

*Note: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage of the device. Exposure to absolute maximum rating
conditions for extended periods may affect device reliability. Exposure to absolute maximum rating conditions for extended periods may affect device reliability.

Capacitance
PARAMETER PACKAGE SYMBOL MIN | MAX | UNITS NOTES
. __ TSOP ) 2.0 3.0 a,d
Input Capacitance: CK, CK Cit pF
BGA 1.5 2.5 a,d
Input C it All other input-only pi TSOP Ci2 2 3 F a,d
nput Capacitance: other input-only pins i
P P P yp BGA 1.5 2.5 P a,d
TSOP 4.0 5.0 a,b,c,d
Input / Output Capacitance: DQ, DQS, DM Cio pF
BGA 3.5 4.5 a,b,c,d

a) These values are guaranteed by design and are tested on a sample basis only.
b) Although DM is an input-only pin, the input capacitance of this pin must model the input capacitance of the DQ and DQS pins. This
is required to match signal propagation times of DQ, DQS, and DM in the system.
¢) Unused pins are tied to ground.
d) This parameter is sampled.
For DDR400, Vopa = +2.6 V £0.1V, Vpp = +2.6 V 0.1 V.
For all devices, f = 100 MHz, ta = 25 C, Vout(dc) = Vbba/2, Vai(peak to peak) = 0.2 V. 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).

Datasheet Version 1.0 6 IM2516D1CA(B/T)
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Signal Pin Description

BEYOND LIMITS
INTELLIGENT MEMORY

Pin Type | Signal | Polarit Function
CK, Positive . . -
K Input Pulse Edge The system clock input. All inputs except DQs and DMs are sampled on the rising edge of CK.
CKE Inout Level Active Activates the CK signal when high and deactivates the CK signal when low, thereby ini- tiates
P High either the Power Down mode, or the Self Refresh mode.
Active CS enables the command decoder when low and disables the command decoder when high.
CS Input Pulse Low When the command decoder is disabled, new commands are ignored but previous operations
continue.
RAS, CAS, Inout Pulse Active When sampled at the positive rising edge of the clock, CAS, RAS, and WE define the
WE P Low command to be executed by the SDRAM.
DAS Input/ Pulse Active Active on both edges for data input and output. Center aligned to input data
Output High Edge aligned to output data
During a Bank Activate command cycle, A0-A12 defines the row address (RA0-RA12) when
sampled at the rising clock edge.
During a Read or Write command cycle, A0-An defines the column address (CA0-CAn) when
sampled at the rising clock edge.CAn depends on the SDRAM organization:
A0 —A12 Input Level — In addition to the column address, A{(=AP) is used to invoke autoprecharge operation at the
end of the burst read or write cycle. If A10 is high, autoprecharge is selected and BAO, BA1
defines the bank to be precharged. If A10 is low, autoprecharge is disabled. During a
Precharge command cycle, A10(=AP) is used in conjunction with BAO and BA1 to control
which bank(s) to precharge. If A10 is high, all four banks will be precharged simultaneously
regardless of state of BAO and BA1.
BAO, BA1 Input Level — Selects which bank is to be active.
Input/ . . .
DQx Output Level — Data Input/Output pins operate in the same manner as on conventional DRAMs.
DM. LDM Active In Write mode, DM has a latency of zero and operates as a word mask by allowing input data to
ljDM ’ Input Pulse Hiah be written if it is low but blocks the write operation if is high for x 16 LDM corresponds to data
9 on DQO-DQ7, UDM corresponds to data on DQ8-DQ15.
Voo, Vss Supply Power and ground for the input buffers and the core logic.
Vesa Supply — — Isolated power supply and ground for the output buffers to provide improved noise immunity.
Vrer Input Level — SSTL Reference Voltage for Inputs

Datasheet Version 1.0
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Functional Description

e Power-Up Sequence
The following sequence is required for POWER UP.

1. Apply power and attempt to maintain CKE at a low state (all other inputs may be undefined.)
- Apply Vpp before or at the same time as Vppq.

- Apply Vppq before or at the same time as Vi & Vger.
Start clock and maintain stable condition for a minimum of 200us.

The minimum of 200us after stable power and clock (CLK, CLK), apply NOP & take CKE high.
Precharge all banks.
Issue EMRS to enable DLL.(To issue “DLL Enable” command, provide “Low” to A0, “High” to BAO

and “Low” to all of the rest address pins, A1~A12 and BA1)

6. Issue a mode register set command for “DLL reset”. The additional 200 cycles of clock input is
required to lock the DLL. (To issue DLL reset command, provide “High” to A8 and “Low” to BAOQ)

a0

7. Issue precharge commands for all banks of the device.
8. Issue 2 or more auto-refresh commands.
9. Issue a mode register set command to initialize device operation.

Note1 Every “DLL enable” command resets DLL. Therefore sequence 6 can be skipped during power up. Instead of it, the additional 200
cycles of clock input is required to lock the DLL after enabling DLL.

Power up Sequence & Auto Refresh(CBR)

0 1 2 11 12 13 14 15 16 17 18 19
Pl o e Vol L — oy Ty R T T T N e e

CK, CK! [\ 40 K J A b A | A o il W $ ) FF S0 A )
i R e I ST JERS 2L WO SR o e . a IR T |- . o |

‘ | 2ciodkmin. | 2Clodkmin._| | “ thi | | | 2cCiotkmin. | |

| I T T T 1 | | T T T {bid T 1 |

fprecragel, | [ Vo S wes N 1 [erechamel 1 [1a I [ Voo \

Command : ',:J.L Ea"::;- | LR | DLHL";E;@[, AL 5-"?'55;"|—'w Refrash | A aghé.:; st /l"_'\l‘:umam‘]‘.‘. i
[ E—— | [ | | | | | I [ | I | | | |

| 200 uS Power up | | | | [ | I | I I | | I | |

| 1o 1st command ' l ' ' | ' ' ' ! ' ' 1 | '

min. 200 Cycle
4 5 6 7 g

Extended Mode Register Set (EMRS)

The extended mode register stores the data for enabling or disabling DLL. The default value of the extend- ed mode register is not defined, therefore
the extended mode register must be written after power up for en- abling or disabling DLL. The extended mode register is written by asserting low
on CS, RAS, CAS, WE and high on BAO (The DDR SDRAM should be in all bank precharge with CKE already high prior to writing into the
extended mode register). The state of address pins A0 ~ A12 and BA1 in the same cycle as CS, RAS, CAS and WE low is written in the extended
mode register. Two clock cycles are required to complete the write operation in the extended mode register. The mode register contents can be
changed using the same command and clock cycle requirements during operation as long as all banks are in the idle state. AO is used for DLL enable
or disable. “High” on BAO is used for EMRS. All the other address pins except A0 and BAO must be set to low for proper EMRS operation. A1 is
used at EMRS to indicate I/O strength A1 =0 full strength, A1 = 1 half strength. Refer to the table for specific codes.

Datasheet Version 1.0 8 IM2516D1CA(B/T)
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[ BA1 | BAO | A12-A7 [ A6 [ A5 [ A [ A3 | A2 | A1 | Ao ] Address Bus
! ! ! ! ! ! ! !
[ o T 1 17 RFU [ DS‘1 [ RFU [ bso [ DLL ] Extended Mode Register
l A0 DLL
A6 A1 Drive Strength Comment 0 Enable
0 0 Full 1 Disable
0 1 Weak
BAO | Mode 1 0 RFU Reserved For Future
0 MRS 1 1 Matched impedance Output driver matches impedance
1 EMRS

*RFU/(Reserved for future use)
should stay "0" during MRS cycle.

Mode Register Set (MRS)

The mode register stores the data for controlling the various operating modes of DDR SDRAM. It programs CAS latency, addressing mode, burst
length, test mode, DLL reset and various vendor specific options to make DDR SDRAM useful for a variety of different applications. The default
value of the mode register is not defined, therefore the mode register must be written after EMRS setting for proper DDR SDRAM operation. The
mode register is written by asserting low on CS, RAS, CAS, WE and BAO (The DDR SDRAM should be in all bank precharge with CKE already high
prior to writing into the mode register). The state of address pins A0 ~ A12 in the same cycle as CS, RAS, CAS, WE and BAO low is written in the
mode register. Two clock cycles are required to meet turp spec. The mode register contents can be changed using the same com- mand and clock
cycle requirements during operation as long as all banks are in the idle state. The mode reg- ister is divided into various fields depending on functionality.
The burst length uses A0 ~ A2, addressing mode uses A3, CAS latency (read latency from column address) uses A4 ~ A6. A7 is a Intelligent Memory
specific test mode during production test. A8 is used for DLL reset. A7 must be set to low for normal MRS operation. Refer to the table for specific
codes for various burst length, addressing modes and CAS latencies.

1. MRS can be issued only at all banks precharge state.

2. Minimum tRP is required to issue MRS command.

[ BA1 | BAO | A12-A9 [ A8 | A7 | A6 [ A5 | A4 T A3 | A2 | A1 | Ao | Address Bus
I v I ! ! ! I v v
[ o [ o | RFU ] T.M. [ AS Latency | BT | Burst Length | Mode Register
A8 A7 Test Mode A3 [Burst Type
0 0 Normal mode 0 Sequential
1 0 DLL Reset 1 Interleave
X 1 Test mode
Y v
BAO Mode A6 A5 A4 | Latency
0 VRS 0 0 0 IReserve A2 A1 A0 Burst Length
1 EMRS 0 0 1 Reserve 0 0 0 Reserve
0 1 0 2 0 0 1 2
0 1 1 3 0 1 0 4
*RFU/(Reserved for future use) 1 g ? Ezzzx: ? (1) (1) Resirve
should stay "0" during MRS cycle. 1 1 0 55 1 0 1 Reserve
1 1 1 Reserve 1 1 0 Reserve
1 1 1 Reserve
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Mode Register Set

e
| |
Command | / Precharge ', ode Ay | |
_|_ All Banks "_'_' Register Set | _|_ Command f I I
Lt e . twro | | |
i i [ i T i [ I
Mode Register Set Timing
| | | I | | I | I I
|TU |T1 |T2 |T3 |T4 |T5 |T8 |T7 |T8 |T9
| I-—tcw I tap | 1rvIHD : | I I
| |
— \ g ; -
CK, CK \_IL J\_AL 2O X fﬁ he Ai S A L A L S
| | | l
Command \ Pre- Al ) ){MHS;EMHs)c \ b |

Mode Register set (MRS) or Extended Mode Register Set (EMRS) can be issued only when all banks are in the idle state.

If a MRS command is issued to reset the DLL, then an additional 200 clocks must occur prior to issuing any new command to allow time for the
DLL to lock onto the clock.

Burst Mode Operation

Burst Mode Operation is used to provide a constant flow of data to memory locations (Write cycle), or from memory locations (Read cycle). Two
parameters define how the burst mode will operate: burst sequence and burst length. These parameters are programmable and are determined by
address bits AO—AS3 during the Mode Register Set command. Burst type defines the sequence in which the burst data will be delivered or stored
to the SDRAM. Two types of burst sequence are supported: sequential and interleave. The burst length controls the number of bits that will be
output after a Read command, or the number of bits to be input after a Write command. The burst length can be programmed to values of 2, 4, or
8. See the Burst Length and Sequence table below for programming information.

Burst Length and Sequence

Burst Length Starting Length (A2, A1, A0) Sequential Mode Interleave Mode
5 xx0 0,1 0,1
xx1 1,0 1,0
x00 0,1,2,3 0,1,2,3
x01 1,2,8,0 1,0,3,2
4 x10 2,3,0,1 2,3,0,1
x11 3,0,1,2 3,2,1,0
000 0,1,2,3,4,5,6,7 0,1,2,3,4,5,6,7
001 1,2,3,4,5,6,7,0 1,0,3,2,5,4,7,6
010 2,3,4,5,6,7,0,1 2,3,0,1,6,7,4,5
011 3,4,5,6,7,0,1,2 3,2,1,0,7,6,5,4
8 100 4,5,6,7,0,1,2,83 4,5,6,7,0,1,2,83
101 56,7,0,1,2,3,4 54,7,6,1,0,3,2
110 6,7,0,1,2,3,4,5 6,7,4,5,2,3,0,1
111 7,0,1,2,8,4,5,6 7,6,5,4,3,2,1,0

Datasheet Version 1.0
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Bank Activate Command

The Bank Activate command is issued by holding CAS and WE high with CS and RAS low at the rising edge of the clock. The DDR SDRAM has
four independent banks, so two Bank Select addresses (BAO and BA1) are supported. The Bank Activate command must be applied before any
Read or Write operation can be executed. The delay from the Bank Activate command to the first Read or Write command must meet or exceed
the minimum RAS to CAS delay time (trcp min). Once a bank has been activated, it must be precharged before another Bank Activate command
can be applied to the same bank. The minimum time interval between interleaved Bank Activate commands (Bank A to Bank B and vice versa) is the
Bank to Bank delay time (trgp min).

Bank Activation Timing

(CAS Latency = 2; Burst Length = Any)
I [ I [ | I [ I I I
|TU |T1 |T2 |T3 |Tn |TI'H-1 |Tn+2 |TI'I+3 |Tn-|4 | Tn+5
| | | e | ) | |
| ~——1tgas(min) TTP{MIH}—tld—fRRF(mm)—-

. | |
-— treop(min) ——

CK, CK Ikif\;hr_h 2N i j\’___ﬂ(_ _\’_jL o ﬂL L4 m

BA/Address [ [BankmRow) | [ BakiCol ) 8 [ Bak ) |  [BankRow) | (BanWRnw) |
| | | | | | | I |
Command | | Activate/A ) { Headm b 3 L Prem ) | Activate/a ) { Activate/B | |
t
Begin Precharge Bank A
Read Operation

With the DLL enabled, all devices operating at the same frequency within a system are ensured to have the same timing relationship between DQ
and DQS relative to the CK input regardless of device density, pro- cess variation, or technology generation.

The data strobe signal (DQS) is driven off chip simultaneously with the output data (DQ) during each read cycle. The same internal clock phase is
used to drive both the output data and data strobe signal off chip to minimize skew between data strobe and output data. This internal clock phase
is nominally aligned to the input differential clock (CK, CK) by the on-chip DLL. Therefore, when the DLL is enabled and the clock fre- quency is
within the specified range for proper DLL operation, the data strobe (DQS), output data (DQ), and the system clock (CK) are all nominally aligned.
Since the data strobe and output data are tightly coupled in the system, the data strobe signal may be de- layed and used to latch the output data
into the receiving device. The tolerance for skew between DQS and DQ (tbasa) is tighter than that possible for CK to DQ (tac) or DQS to CK (tpasck)-

Datasheet Version 1.0 11 IM2516D1CA(B/T)
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Output Data (DQ) and Data Strobe (DQS) Timing Relative to the Clock (CK) During Read Cycles

(CAS Latency = 2.5; Burst Length = 4)

| TO | T | T2 | T3 | T4
I | I I
GKI ﬁ J/ \ ™S \ ™ f \.l'_ S \,.'_ .‘ Y
|'-._ L |\_ faen o |\_ i |\_ R e |
I I I I
Be— L" S —I— o [_
I I | | —_— I-—imscnimaﬁ
| I | —| — toasck(min) |
| | | — I
DQs I 'r \ I || \LI
I I I __ —h—I -—I,qcl:mﬂ)(:l
I I | —=| |«—tac(min) |
| | | | |
I I
DG | | : Dg D, Dy D >
. . | |

The minimum time during which the output data (DQ) is valid is critical for the receiving device (i.e., a mem- ory controller device). This also applies to
the data strobe during the read cycle since it is tightly coupled to the output data. The minimum data output valid time (tpv) and minimum data strobe
valid time (tpqsv) are de- rived from the minimum clock high/low time minus a margin for variation in data access and hold time due to DLL jitter and
power supply noise.

Read Preamble and Postamble Operation

Prior to a burst of read data and given that the controller is not currently in burst read mode, the data strobe signal (DQS), must transition from Hi-Z to
avalidlogic low. The is referred to as the data strobe “read pream- ble” (trpre). This transition from Hi-Z to logic low nominally happens one clock cycle
prior to the first edge of valid data.

Once the burst of read data is concluded and given that no subsequent burst read operations are initiated, the data strobe signal (DQS) transitions
from a logic low level back to Hi-Z. This is referred to as the data strobe “read postamble” (trest). This transition happens nominally one-half clock
period after the last edge of valid data.

Consecutive or “gapless” burst read operations are possible from the same DDR SDRAM device with no requirement for a data strobe “read”
preamble or postamble in between the groups of burst data. The data strobe read preamble is required before the DDR device drives the first
output data off chip. Similarly, the data strobe postamble is initiated when the device stops driving DQ data at the termination of read burst cy- cles.

Datasheet Version 1.0 12 IM2516D1CA(B/T)
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Data Strobe Preamble and Postamble Timings for DDR Read Cycles

(GAS Latency = 2; Burst Length = 2)

|T{] |T1 |T2 |T3 IT4

CK, CK
| I | I
Command X >< READ ><_>< NOP X X NOP i b NOP >< >—
| : T
I I | “ |trpre(max) I
I I t {min) | I I_
| I APRE | trpsT{min)
DQs | I I\ ]|
| I |
| I I lDGSD{miI'I:I —| |l | lFI.F'ST(maII'
| : I | I
I Y >< \
| | |

— I -— tpasalmax)

Consecutive Burst Read Operation and Effects on the Data Strobe Preamble and Postamble
Burst Read Operation (CAS Latency = 2; Burst Length =4) . [ [ [
CK, CK II_ _:\:I'L J\:IL J\::I(L _:\I IIL _.fI_ _I/\_—_f\r _IIE\F _II:\\F _I"\TI\F _III_—_;\:
Command I )IFIee]IdAX:}I Nf:.')P }{:}{Re%dg){:}( N‘]I'I'F)(:X N-:]IT}F‘ D{ NIII)PD{ NG:DP )f:}f N(I?P )D{ N(IE}P)( |

= I I | I I I I
DQ i i (DO )D14 D24 ) D34 §DOg )D1g )iD2g ) D35 )
I

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

CK, CK I{L J‘I_ _II’\_ _.r\r _I{\_ _.r‘I_ _I1\_ _;\I Iilx_ _.f*-r _IIL _.f'I_ _I-i'\_ _.e‘-r _II'\_ }\r _IlfL _.rkr 4'1'{\_—_:\:
Command \(Read, ) ¥ NOP) X NOP Y Readg)( ¥ NOP) )\ NOP)( ) NOP ) Y NoP ) ) NOP)( |
I | | I I I I | |

l l
I I
I I
| |
| |

Das | i i | Y | \ | | \ | y ) t
I I | | | | | | | |
DQ | : : {DOA }D14 }D24 { D34 DOg ¥D1g }D2g ) D35} |
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Precharge Operation

The Precharge command is used to deactivate the open row in a particular bank or the open row in all banks. The bank (s) will be available for a
subsequent row access a specified time (tgp) after the precharge command is issued. Except in the case of concurrent auto precharge, where a
READ or WRITE command to a different bank is allowed as long as it does not interrupt the data transfer in the current bank and does not violate
any other timing parameters. Input A1 determines whether one or all banks are to be precharged, and in the case where only one bank is to be
precharged, inputs BAO, BA1 select the bank. Otherwise BAO, BA1 are treated as “Don’t Care.” Once a bank has been precharged, it is in the idle
state and must be acti- vated prior to any READ or WRITE commands being issued to that bank. A Precharge command will be treat- ed as NOP if
there is no open row in that bank (idle state), or if the previously open row is already in the process of precharging.

Auto Precharge Operation

The Auto Precharge operation can be issued by having column address A10 high when a Read or Write command is issued. If A10 is low when a
Read or Write command is issued, then normal Read or Write burst operation is executed and the bank remains active at the completion of the burst
sequence. When the Auto Precharge command is activated, the active bank automatically begins to precharge at the earliest possible moment
during the Read or Write cycle once tras(min) is satisfied. This device supports concurrent auto precharge if the command to the other bank does not
interrupt the data transfer to the current bank.

Read with Auto Precharge

If a Read with Auto Precharge command is initiated, the DDR SDRAM will enter the precharge operation N-clock cycles measured from the last data
of the burst read cycle where N is equal to the CAS latency programmed into the device. Once the autoprecharge operation has begun, the bank
cannot be reactivated until the minimum precharge time (tre) has been satisfied.

Read with Autoprecharge Timing

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

TO | ™ | T2 | T3 |T4 |T5 |TB |T'? |TB |T9
5 ! rtras(min) o = tRr(min)— g I
P o \."_ _'\.|.l ¥ SR '\l A _“-.|.l U _“\.|.' \."_ _'\l.l \‘-"_ _"-|,|' o '-\."_ _'\l-' \ _'\.|-' 'Ll _'\.l-' -,\."_ —\
CK, C K l\_ i, |1'._ _'.:\' e 1‘ \_ _’."‘u 1L _ LS ) 11 AR | 1L _.,:" 1‘ Ly _."'. {1\__ N !

Command | ) ACT XX NoP ()R APY X NoP Y NoP X Nor ) Nop XX BA Y)(NoP ¥ |
| I I I | I I

I I
i \ el A :
I I

Das

| % A . ﬂ
| Do X Dy} Dz ) Ds

I
I

Begin Autoprecharge
Earliest Bank A reactivate
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Read with Autoprecharge Timing as a Function of CAS Latency

TO

K, CK

IT'I
I
I
ntalle s ;;I_

Tras {min|I

e mY \J'_ _\I/
'-I_ - '-I_ = |\_

INTELLIGENT MEMORY

(CAS Latency = 2, 2.5 Burst Length = 4)

T7

|
s I
tap l(mln) |

T8 9

e an'dh 'l o db ap i g ¢

Command

BA )(NOP )Q{ NOP )O(HDAP }O( NOP ){:}{ NOP }D{ NOP )C( BA )D( NOP )Q( NOP‘ X |

DQs

I
I
I
|
I
DQs |
I
I
|
|
I
|
I
|

Precharge Timing During Read Operation

[«— CAS ljatency=2.51—*

I
|
I
I
I
I
I
|
T
I
I

I
|
I
I
I
I
I
|
]
I
I

For the earliest possible Precharge command without interrupting a Read burst, the Precharge command may be issued on the rising clock edge
which is CAS latency (CL) clock cycles before the end of the Read burst. A new Bank Activate (BA) command may be issued to the same bank
after the RAS precharge time (tgrp). A Precharge command can not be issued until tras(min) is satisfied.

Read with Precharge Timing as a Function of CAS Latency

CK, CK

[CAS Latency = 2, 2.5; Burst Length = 4)

Command

)D{BA)D{NOP)D(NOP}( |

DQs

(0]0]

|~— CAS Latbncy=2 —=1

DQs

(0]0]

-— CAS I_atency=2.5I —
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Burst Stop Command

The Burst Stop command is valid only during burst read cycles and is initiated by having RAS and CAS high with CS and WE low at the rising
edge of the clock. When the Burst Stop command is issued during a burst Read cycle, both the output data (DQ) and data strobe (DQS) go to a high
impedance state after a delay (Lsst) equal to the CAS latency programmed into the device. If the Burst Stop command is issued during a burst
Write cycle, the command will be treated as a NOP command.

Read Terminated by Burst Stop Command Timing
(CAS Latency = 2, 2.5; Burst Length =2)

|Tn I It It Ira

cﬁ,ﬁlf\_f_* ’__* ’_*\_};\_};\_J{__J\

Command |___J Read ) ) BST J_ X NI:]F‘ LB NGP X NDF' W) nor )0
| | | I
L

| | | | | |
_ oos | — |

CAS Latency = 2 | | I J
DQ D, )\ D, I
| | . | | | | |
I | BT | | | |

DOS w1

CAS Latency = 2.5
D
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Read Interrupted by a Precharge

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

Read Interrupted by a Precharge Timing

(CAS Latency = 2, 2.5; Burstlength= 4]

| | | | | | | |
T1 |T2 |T3 |T4 |T5 |TE~ |T]' |TE |T9

|
|
i i - tgas (min) : : tRp (min) | | |
] | | d_
2 i A j{__,'{\_ X _P\ ,F o X ,{; \ " g _‘ﬁ '

Command ;;_q;}__j{ NOP NOP ) Fiead ;O\ NOP )O(ireA ) NOP ), BA ) NOP ) NOP ¥ |

| | T [ | |

! | | | | N — | | |

P& | | | \ R S W | |

g | | | | | (5 Y 7Y 0,5 ] | l

! | | | «— CAS Lotency=2—»| | | | |

! | | | | | | | | |

Das | i i i — [ i

T e e BN C DY RS
«—— CAS Latency=25 —-

| | | T | |

Burst Write Operation

The Burst Write command is issued by having CS, CAS, and WE low while holding RAS high at the rising edge of the clock. The address inputs
determine the starting column address. The memory controller is re- quired to provide an input data strobe (DQS) to the DDR SDRAM to strobe or
latch the input data (DQ) and data mask (DM) into the device. During Write cycles, the data strobe applied to the DDR SDRAM is required to be
nominally centered within the data (DQ) and data mask (DM) valid windows. The data strobe must be driven high nominally one clock after the
write command has been registered. Timing parameters tpass(min) and tpass(max) define the allowable window when the data strobe must be
driven high.

Input data for the first Burst Write cycle must be applied one clock cycle after the Write command is

registered into the device (WL=1). The input data valid window is nominally centered around the midpoint of the data strobe signal. The data
window is defined by DQ to DQS setup time (tapass) and DQ to DQS hold time (tapast). All data inputs must be supplied on each rising and falling
edge of the data strobe until the burst length is completed. When the burst has finished, any additional data supplied to the DQ pins will be ignored.

Write Preamble and Postamble Operation

Prior to a burst of write data and given that the controller is not currently in burst write mode, the data strobe signal (DQS), must transition from Hi-Z to a
valid logic low. This is referred to as the data strobe “write preamble”. This transition from Hi-Z to logic low nominally happens on the falling edge of the
clock after the write com- mand has been registered by the device. The preamble is explicitly defined by a setup time (tweres(min)) and hold time
(tweren(min)) referenced to the first falling edge of CK after the write command.

Datasheet Version 1.0 17 IM2516D1CA(B/T)
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Burst Write Timing

i I [ I (CAS Latency = Any; Burst Length = 4)

| To | T1 | T2 | T3 | T4
|
CK, CK
|
I
I
Command |
I
I
I
DOS(nom) :
I
| I
| !
DOQ(nam) | Oz :
I ' | | E
| - | | |
: tpresimin) - I I |
DQS{min) | I \ : : :
I —n.-I TDGSS{FI'IIH:I | | i
| ' | | !
| I d I [ \ |
DO min) I { 1 Dy X D, X Dz X Dy / I
: ! | | |
| twrRES —-I — | I I
| I | | |
! | | !
DQS{max) I \ | ;W
I I
I I |
| | I | |
I |=— toass(max) — | E
I
D rrax) | I { Oq X Dy X Dz X D :}
| I ]

Once the burst of write data is concluded and given that no subsequent burst write operations are initiated, the data strobe signal (DQS) transitions
from a logic low level back to Hi-Z. This is referred to as the data strobe “write postamble”. This transition happens nominally one-half clock period
after the last data of the burst cycle is latched into the device.
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Write Interrupted by a Precharge

A Burst Write can be interrupted before completion of the burst by a Precharge command, with the only restriction being that the interval that
separates the commands be at least one clock cycle.

(CAS Latency = 2; Burst Length = 8)
i i i I

mo ™ T2 T3 T4 T8 T8 (T7 T8 T8 TI0 T11 T2
I I I | | | I | I | I I I

' ~ i~ i~ ~ =3 i~ e ! L !

| | | | | |
Command l:‘{)(wmkﬂ NI:IIPﬂMGP)[XNI:IIP}{}{ Pre, K NII:IP}{}I[ NoP )i NII;ZIP‘,:G{ NOP )X NI::}PH NOP )
| 1 | 1 t\m_r 1 | 1 | | |

|
bas Iﬂm —_— )
|

I A R T
DQ Dy }\D; AD2 D3 XDy \D5KDs I I
SRR e ot —

Om

I I | I |
| I | I |
t | t | i

| ) 1 | 1 i 1 i 1 i
| | I | 1 | I
Data is masked Data is masked

by DM input by Precharge Command
DS input ignored

Write with Auto Precharge

If A10 is high when a Write command is issued, the Write with auto Precharge function is performed. Any new command to the same bank
should not be issued until the internal precharge is completed. The internal precharge begins after keeping twr(min.).

Write with Auto Precharge Timing

(CAS Latency = Any, Burst Length = 4)

| 1 I I 1 1 I |
|Tﬂ |T"| ITE IT\E |T4 |T5 |TE |T? |Tﬂ ITE‘ |T'||:|

| | T tras(min) | I I I I | |
I | | [ | I [ — I | |
CHER F_ _:i }: J'..'_ ; J.'_ LA © _'III_ i~ - i~ _.II'_ i~ . i~
Command | BA ) NOP ()} NoOP (i wapr ) nop {T) NoP ()Y NOP (7Y NOP ()Y NoP )i NoP )} BA
I | [ [ I I I I [ I
|
I
1
]
1

| | I

| |
| [ | | bygpl PRI :
[} 1
L] ]
1 |

| |
L tppimin) +—
1

Das

=
=

=
[

Begin Autoprecharge
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Precharge Timing During Write Operation

Precharge timing for Write operations in DRAMs requires enough time to satisfy the write recovery require- ment. This is the time required by a
DRAM sense amp to fully store the voltage level. For DDR SDRAMSs, a timing parameter (twg) is used to indicate the required amount of time
between the last valid write operation and a Precharge command to the same bank.

The “write recovery” operation begins on the rising clock edge after the last DQS edge that is used to strobe in the last valid write data. “Write recovery”
is complete on the next 2nd rising clock edge that is used to strobe in the Precharge command.

Write with Precharge Timing

CK, CK

Command

DQas

DQs

(CAS Latency = Any; Burst Length = 4)

|
TO | T1

| |
| |

| i r—tras(min) f | | | [~ trp(Min) +—
| | | | | ! P | | | |
mf_ _\: _‘:'J'_ _\: _‘}F _\i _‘:."_ _\{— '_I‘\'."_ _\i _‘r\."_ _\i _:lr_ _\.: J‘l,f_ }."_

BA ) NoP () NOP Y Write ) NoP Y} NoP Y)Y NOP Y} NoP X Prea Y} NoPY X BA
| | | | [ | |

| | 1 | | | 1
T2 |T3 |T4 [TS |Tﬁ |77 |TB |T9 |T1{]

| | |
| | | |
| e | | | 1
| | { Do X Dy} Do X D3} | | | }
| | | | |
| | | |

}

| | | | I | | | | |
! Y
| | | Do §_ D1 Dz} Ds }— i i | |

| | | | | 1 | | | | |
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Data Mask Function

The DDR SDRAM has a Data Mask function that is used in conjunction with the Write cycle, but not the Read cycle. When the Data Mask is
activated (DM high) during a Write operation, the Write is blocked (Mask to Data Latency = 0).
When issued, the Data Mask must be referenced to both the rising and falling edges of Data Strobe.

Data Mask Timing
(CAS Latency = Any; Burst Length = 8)

I I | | | | | | | |
|T{] |T1 |T2 |T3 |T4 |T5 |TB |T'.-" |TB |TE|

ckok (LU 0 JU 0 DU 0 00 00 0 0 D0k S0 0 U
I I I I I I | |

Command DO( write X} NOP Y} NOP XX NOP XX NOP X NOP YTX NOP (X NOP |
! ! ! ! ! ! ! I

|
|  tog—t=] |—t | —= tos | I |
bas | | / AN y I | |
| | |——F- ‘—I— lDH .q—l— tDH | |
oQ : : {L'io} 91";5;2\;': D3 ;4I':55(|:;:'3)( Dy : : : :
I I I I I P I I I
DM | ! I ! | ! ! | |
I | | | | | | | | |
Burst Interruption

Read Interrupted by a Read

A Burst Read can be interrupted before completion of the burst by issuing a new Read command to any bank. When the previous burst is
interrupted, the remaining addresses are overridden with a full burst length starting with the new address. The data from the first Read command
continues to appear on the outputs until the CAS latency from the interrupting Read command is satisfied. At this point, the data from the interrupting
Read command appears on the bus. Read commands can be issued on each rising edge of the system clock. It is illegal to interrupt a Read with
autoprecharge command with a Read command.

Read Interrupted by a Read Command Timing

(CAS Latency = 2; Burst Length = 4)
| I [ [ I I | | | |
|T0 |T1 |T2 |T3 |T4 |TE |T6 |T? |TB |T9

< S N G G SN GID SN GI G (0 (R G G G Gl G0 G G G0 G0 Ol )
I I I | | | | | |
Command W(Reada ) Readg){ )} NOP )| Y NoP )} NoP )} NOP ) Y NOP )} ) NOP |
I I I I I I | |

I
pos [\ S\
DQ | 1 | { DAO (DA} DBO{ DB1{DB2} DB3 | | |
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Read Interrupted by a Write

To interrupt a Burst Read with a Write command, a Burst Stop command must be asserted to stop the burst read operation and 3-state the DQ bus.
Additionally, control of the DQS bus must be turned around to allow the memory controller to drive the data strobe signal (DQS) into the DDR
SDRAM for the write cycles. Once the Burst Stop command has been issued, a Write command can not be issued until a minimum delay or
latency (Lsst) has been satisfied. This latency is measured from the Burst Stop command and is equivalent to the CAS latency programmed into
the mode register. In instances where CAS latency is measured in half clock cycles, the minimum delay (Lsst) is rounded up to the next full clock
cycle (i.e., if CL=2 then Lgsr =2, if CL=2.5 then Lgsr =3). It is illegal to interrupt a Read with autoprecharge command with a Write command.

Read Interrupted by Burst Stop Command Followed by a Write Command Timing

(CAS Latency = 2; Burst Length = 4)
| I | I | | | | | |
|TD | T1 | T2 | T3 | T4 | TS |T6 |T? |TB |T9

C OO0 200 2000 JX 00 X0 o0 X0 o0 20 0 200 00 XD
CK'CK - S L S LS o S LS o S o S _

I I I I I I I I I
Command | W Read ) ) BST ) ¥ nor ) Y wiite Y NoP X X Nor )X )Y Nor X ¥ NoP ) |

| | | | I I
oas | ) { f | |

pa | I I Dy Dg /i Dy Dy

| | | ! I | I I

| [ [ LBST | | | |

Write Interrupted by a Write

A Burst Write can be interrupted before completion by a new Write command to any bank. When the pre- vious burst is interrupted, the remaining
addresses are overridden with a full burst length starting with the new address. The data from the first Write command continues to be input into
the device until the Write Latency of the interrupting Write command is satisfied (WL=1) At this point, the data from the interrupting Write com-
mand is input into the device. Write commands can be issued on each rising edge of the system clock. It is illegal to interrupt a Write with
autoprecharge command with a Write command.

Write Interrupted by a Write Command Timing

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

O |T1 T2 |T3 T4 |T5 |6 |T7 T8 | T9
ckok 00 0 OO0 X000 X0 0 S0 0 0 0 X000 000 200 X0
Command IE)Q[WrIteA}(:)(WriIteB)G( NIpP WX N:I:)P WX NCI)P X N(ij X N'I-‘IP X NIOP I
bos —— =/ /)
: {DAO)(DA1)DBO) DB1) DB2) DB3) I
| |

DQ
| ! |
YDMOYDM1)DMO)DM1){DM2) DM
T T T

I
i
|
DM I
I [ [ —— [ I I | I |
Write Latency

Datasheet Version 1.0 22 IM2516D1CA(B/T)



. |
DATASHEET BEYOND LIMITS

INTELLIGENT MEMORY

Write Interrupted by a Read

A Burst Write can be interrupted by a Read command to any bank. If a burst write operation is interrupted prior to the end of the burst operation,
then the last two pieces of input data prior to the Read command must be masked off with the data mask (DM) input pin to prevent invalid data from
being written into the memory array. Any data that is present on the DQ pins coincident with or following the Read command will be masked off by the
Read command and will not be written to the array. The memory controller must give up control of both the DQ bus and the DQS bus at least one
clock cycle before the read data appears on the outputs in order to avoid contention. In order to avoid data contention within the device, a delay is
required (twrr) from the first positive CK edge after the last desired data in the pair twrr before a Read command can be issued to the device. It is
illegal to interrupt a Write with autoprecharge command with a Read command.

Write Interrupted by a Read Command Timing

(CAS Latency = 2; Burst Length = B)
I | | | | | | | | | | | |
|TEJI |T1 |T2 |T3 |T4 |T5 |TB |T7 |T8 |T9 |T1D |T11 |T12

—_ f i i Frannl ~ T\ . A | ~ ™ [, PR ey — T\ LR T AN ¥ o
CK'CK = S o S =F = S - o ) h_ S = = h S =

Command l:){)(wma){)( NOP }{){ NOP)O(Haad}O( NOP){)( NOP)O( NOP)O( NOP){}( NOP)O( NDP}O( N{I}P}{ | |
Das '—‘—\_f \J \J \_' ,V \_}’ \_J/ \_Y \_! : :

DQ EHEDEBEBEDEBGB D | |
| |
(3] 1)
[ ] [ I I I I [
| | | | | | | |
Data i 45 maskad Data is masked
by DM input by Read command
DQS input ignored
Auto Refresh

The Auto Refresh command is issued by having CS, RAS, and CAS held low with CKE and WE high at the rising edge of the clock. All banks must
be precharged and idle for a tgp(min) before the Auto Refresh com- mand is applied. No control of the address pins is required once this cycle has
started because of the internal address counter. When the Auto Refresh cycle has completed, all banks will be in the idle state. A delay be- tween
the Auto Refresh command and the next Activate command or subsequent Auto Refresh command must be greater than or equal to the
trec(min). Commands may not be issued to the device once an Auto Refresh cycle has begun. CS input must remain high during the refresh
period or NOP commands must be registered on each rising edge of the CK input until the refresh period is satisfied.

Auto Refresh Timing

TD T1 T2 'Ts T4 Ts T8 7 : TB ' TEI : T1 0 T1 1
TRFC
cK, CK ”_\MWJE MM
Command | | Preal ) {Auto Ref ) “ § NOP ) NOP }“ NoP Y ANY Y |
| | | | | | T | A |
| : | | | | | | | | | |
CKE |H|gh i 1 | I I | | | | |
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Self Refresh

A self refresh command is defined by having CS, RAS, CAS and CKE held low with WE high at the rising edge of the clock (CK). Once the self
refresh command is initiated, CKE must be held low to keep the device in self refresh mode. During the self refresh operation, all inputs except
CKE are ignored. The clock is inter- nally disabled during self refresh operation to reduce power consumption. The self refresh is exited by
supplying stable clock input before returning CKE high, asserting deselect or NOP command and then asserting CKE high for longer than tsgex for
locking of DLL. The auto refresh is required before self refresh entry and after self refresh exit.

Sl - = --|l,—.\I - =zimly -.“‘.,— - -y .‘.I:,- 2o -‘le pm—— \‘-.lr - =k Ial— - -l ’r
oxok £ X { VI X T X T

I L | | | | el LIock, I [ Alh [
I Fsar, | | | | | [ I . (Ao |
Command — Refresti | | T | | \NOP/ 1 | Refiesh [
I | | | | | | | I | | |
— [ | | | | — } .oy : :
CKE I Vol | | I | | o I I I I
! f f f BT f f L | | | | |
] 1 1 I 1 1 1 r 1 L] tSRE)\ 1 1 1]

Power Down Mode

The power down mode is entered when CKE is low and exited when CKE is high. Once the power down mode is initiated, all of the receiver
circuits except clock, CKE and DLL circuit are gated off to reduce power consumption. All banks should be in idle state prior to entering the
precharge power down mode and CKE should be set high at least 1tck+tIS prior to row active command. During power down mode, refresh
opera- tions cannot be performed, therefore the device cannot remain in power down mode longer than the refresh period (trer) of the
device.

R e Rt B Sy ‘ - ey Ty e
Gge LA Lo ot AL At 0 A LA S N AN A A
1 | | | | I 1 | | | | I | |
I \ I \ I I I \ I \ I I I \
I | | | | I 1 pre(‘_"‘jarge | | | I | |
) ! I Precharge | 1 1 T | I | 1 | I
| 5 i 4 | ;’mﬁiWE‘Fg‘w | | | POWET \/ e Y \ | | ! i e——
Command —Precharge——— ‘qown / 7 ] T _down /i Active ) ) | =-—{ NOP } Read —
o I Entry I I I Bt (. o I [ o
I [ I [ I I I \ I [ I I I [
I \ I \ I I I \ I \ I I I \
I ! I [ I I I ! I [ I I I \
CKE i [ i \ I I 1/ [ i ! I I T [
I [ I ! I - 1 [ I ! I | I [
I [ I \ I I I [ I [ I I I [

Active Active
power down power down
Entry Exit
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TRUTH TABLE 2 - CKE

CKEn-1 CKEn CURRENT STATE COMMANDN ACTIONN NOTES

Power-Down X Maintain Power-Down

L L Self Refresh X Maintain Self Refresh
Power-Down DESELECT or NOP Exit Power-Down

L H Self Refresh DESELECT or NOP Exit Self Refresh 5
All Banks Idle DESELECT or NOP Precharge Power-Down Entry

H L Bank(s) Active DESELECT or NOP Active Power-Down Entry
All Banks Idle AUTO REFRESH Self Refresh Entry

H H See Truth Table 3

NOTE:

1. CKE, is the logic state of CKE at clock edge n; CKE,_4 was the state of CKE at the previous clock edge.

2. Current state is the state of the DDR SDRAM immediately prior to clock edge n.

3. COMMANDR is the command registered at clock edge n, and ACTIONn is a result of COMMANDN.

4. All states and sequences not shown are illegal or reserved.

5. DESELECT or NOP commands should be issued on any clock edges occurring during the txsr period. A minimum of 200 clock cycles is needed before
applying a read command, for the DLL to lock.
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DDR SDRAM SIMPLIFIED COMMAND TRUTH TABLE

CKEn- e E— — —_ A10/
Command 1 CKEn CS RAS CAS WE ADDR AP BA Note
Mode Register Set H X L L L L OP code 1,2
Extended Mode Register Set H L L L L OP code 1,2
Device Deselect H X X X
H X X 1
No Operation L H H H
Bank Active H X L L H H RA \" 1
Read L 1
H X L H L H CA \"
Read with Autoprecharge H 1,3
Write L 1
H X L H L L CA \"
Write with Autoprecharge H 1,4
Precharge All Banks H 1,5
H X L L H L X
Precharge selected Bank L \Y 1
Read Burst Stop H X L H H L X 1
Auto Refresh H H L L L H X 1
Entry H L L L L H 1
Self Refresh H X X X X
Exit L 1
H L H H H
H X X X 1
Entry H L
Precharge Power L H H H X 1
Down Mode H X X X 1
Exit L
H L H H H 1
H X X X 1
Active Power Entry H
L L Vv Vv Vv X 1
Down Mode
Exit L H X 1
( H=Logic High Level, L=Logic Low Level, X=Don't Care, V=Valid Data Input, OP Code=Operand Code, NOP=No Operation )
Note:

1. LDM/UDM states are Don’t Care. Refer to below Write Mask Truth Table.

2. OP Code(Operand Code) consists of AO~A12 and BAO~BA1 used for Mode Register setting during Extended MRS or MRS.
Before entering Mode Register Set mode, all banks must be in a precharge state and MRS command can be issued after tRP
period from Prechagre command.

3. If a Read with Autoprecharge command is detected by memory component in CK(n), then there will be no command presented to activated bank until
CK(n+BL/2+trp).

4. If a Write with Autoprecharge command is detected by memory component in CK(n), then there will be no command presented to activated bank until
CK(n+BL/2+1+torL+trp). Last Data-In to Prechage delay(tDPL) which is also called Write Recovery Time (twr) is needed to guarantee that the last data has
been completely written.

5. If A1 0/AP is High when Precharge command being issued, BAO/BA1 are ignored and all banks are selected to be precharged.
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TRUTH TABLE 3 — Current State Bank n - Command to Bank n

CURRENT STATE | CS | RAS | CAS | WE COMMAND/ACTION NOTES
H X X X DESELECT (NOP/continue previous operation)
Ans L H H H NO OPERATION (NOP/continue previous operation)
L L H H ACTIVE (select and activate row)
Idle L L L H AUTO REFRESH 7
L L L L MODE REGISTER SET 7
L H L H READ (select column and start READ burst) 10
Row Active L H L L WRITE (select column and start WRITE burst) 10
L L H L PRECHARGE (deactivate row in bank or banks) 8
L H L H READ (select column and start new READ burst) 10
Read (giZ:bZS; harge [ L H L PRECHARGE (truncate READ burst, start PRECHARGE) 8
L H H L BURST TERMINATE 9
L H L H READ (select column and start READ burst) 10, 11
Write (ggt;’bfzj)c harge | H L L WRITE (select column and start new WRITE burst) 10
L L H L PRECHARGE (truncate WRITE burst, start PRECHARGE) 8, 11

NOTE:

1. This table applies when CKE,,_{ was HIGH and CKE,, is HIGH (see Truth Table 2) and after txsr
has been met (if the previous state was self refresh).
2. This table is bank-specific, except where noted, i.e., the current state is for a specific bank and the commands shown are those allowed to be issued to that
bank when in that state. Exceptions are covered in the notes below.
3. Current state definitions:

Idle: The bank has been precharged, and trp has been met.

Row Active: A row in the bank has been activated, and trco has been met.

No data bursts/accesses and no register accesses are in progress.

Read: A READ burst has been initiated, with AUTO PRECHARGE disabled, and has not yet terminated or been terminated.

Write: A WRITE burst has been initiated, with AUTO PRECHARGE disabled, and has not yet terminated or been terminated.
. The following states must not be interrupted by a command issued to the same bank. DESELECT or NOP com- mands, or allowable commands to the

I

other bank should be issued on any clock edge occurring during these states. Allowable commands to the other bank are determined by its current state and
Truth Table 3, and according to Truth Table 4.
Precharging: Starts with registration of a PRECHARGE command and ends when tre is met. Once trp is met, the bank will be in the idle state.
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NOTE: (continued)

Row Activating: Starts with registration of an ACTIVE command and ends when trco is met. Once treo is met, the bank will be in the “row active” state.
Read w/Auto-Precharge Enabled: Starts with registration of a READ command with AUTO PRECHARGE enabled and ends when trp has been met. Once trp
is met, the bank will be in the idle state.
Write w/Auto-Precharge Enabled: Starts with registration of a WRITE command with AUTO PRECHARGE enabled and ends when trp has been met. Once trp
is met, the bank will be in the idle state.
5. The following states must not be interrupted by any executable command; DESELECT or NOP commands must be applied on each positive clock edge
during these states.

Refreshing: Starts with registration of an AUTO REFRESH command and ends when trc is met. Once trrc is met, the DDR SDRAM will be in the “all banks

idle” state.

Accessing Mode Register: Starts with registration of a MODE REGISTER SET command and ends when turp has been met. Once turo is met, the DDR
SDRAM will be in the “all banks idle” state.

Precharging All: Starts with registration of a PRECHARGE ALL command and ends when trp is met. Once tre is met, all banks will be in the idle state.

All states and sequences not shown are illegal or reserved.

Not bank-specific; requires that all banks are idle and no bursts are in progress.

May or may not be bank-specific; if multiple banks are to be precharged, each must be in a valid state for precharging.

Not bank-specific; BURST TERMINATE affects the most recent READ burst, regardless of bank.

0. READs or WRITEs listed in the Command/Action column include READs or WRITEs with AUTO PRECHARGE enabled and READs or WRITEs with AUTO
PRECHARGE disabled.

11. Requires appropriate DM masking

6
7
8
9
1
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CURRENT STATE | /CS | /RAS | /CAS /WE COMMAND/ACTION NOTES
H X X X DESELECT (NOP/continue previous operation)
Any
L H H H NO OPERATION (NOP/continue previous operation)
Idle X X X X Any Command Otherwise Allowed to Bank m
L L H H ACTIVE (select and activate row)
Row Activating, L H L H READ (select column and start READ burst) 7
Active, or
Precharging L H L L WRITE (select column and start WRITE burst) 7
L L H L PRECHARGE
L L H H ACTIVE (select and activate row)
Read
(Auto-Precharge L H L H READ (select column and start new READ burst) 7
Disabled) L L H L PRECHARGE
L L H H ACTIVE (select and activate row)
Write L H L H READ (select column and start READ burst) 7,8
(Auto- Precharge
Disabled) L H L L WRITE (select column and start new WRITE burst) 7
L L H L PRECHARGE
L L H H ACTIVE (select and activate row)
Read L H L H READ (select column and start new READ burst) 3a, 7
(With Auto-
Precharge) L H L L WRITE (select column and start WRITE burst) 3a,7,9
L L H L PRECHARGE
L L H H ACTIVE (select and activate row)
Write H L H READ (select column and start READ burst) 3a,7
(With Auto-
Precharge) H L L WRITE (select column and start new WRITE burst) 3a,7
L L H L PRECHARGE

NOTE:

1. This table applies when CKE,.1 was HIGH and CKE, is HIGH (see Truth Table 2) and after txss has been met (if the previous state was self refresh).

2. This table describes alternate bank operation, except where noted, i.e., the current state is for bank n and the commands shown are those allowed to be issued

to bank m (assuming that bank m is in such a state that the given command is allowable). Exceptions are covered in the notes below.

3. Current state definitions:

Idle: The bank has been precharged, and tre has been met.

Row Active: A row in the bank has been activated, and trco has been met. No data bursts/accesses and no register accesses are in progress.

Read: A READ burst has been initiated, with AUTO PRECHARGE disabled, and has not yet terminated or been terminated.
Write: A WRITE burst has been initiated, with AUTO PRECHARGE disabled, and has not yet terminated or been terminated.
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NOTE: (continued)

Read with Auto Precharge Enabled: See following text

Write with Auto Precharge Enabled: See following text

3a. The Read with Auto Precharge Enabled or Write with Auto Precharge Enabled states can each be broken into two parts: the access period and the precharge period.
For Read with Auto Precharge, the precharge period is defined as if the same burst was executed with Auto Precharge disabled and then followed with the earliest
possible PRECHARGE command that still accesses all of the data in the burst. For Write with Auto Precharge, the precharge period begins when twr ends, with twr
measured as if Auto Precharge was disabled. The access period starts with registration of the command and ends where the precharge period (or tre) begins.
During the precharge period of the Read with Auto Precharge Enabled or Write with Auto Precharge Enabled states, ACTIVE, PRECHARGE, READ and WRITE
commands to the other bank may be applied; All other related limitations apply (e.g. contention between READ data and WRITE data must be avoided).

3b. This device supports “concurrent auto precharge”. This feature allows a read with auto precharge enabled, or a write with auto precharge enabled, to be followed by
any command to the other banks, as long as that command does not interrrupt the read or write data transfer, and all other related limitations apply (e.g. contention
between READ data and WRITE data must be avoided.)

3c. The minimum delay from a read or write command with auto precharge enable, to a command to a different bank, is sumarized below, for both cases of “concurrent
auto precharge,” supported or not:

Minimum Delay with . .
From To Command u elay without Minimum Delay with Concurrent .
. Concurrent Auto Precharge Units
Command (different bank) Auto Precharge Support
Support
Read or 1+(BL/2)+(tWRACK) (rounded up) 1+(BL/2)+WTR tCK
Read W/AP HEHE P HEHE
Write w/AP Wite or 1+(BL/2)+(tWR/CK) (rounded BL/2 1CK
Write w/AP +BL2)+ ) (rounded up)
Prech.arge or 1 (CK
Activate
Read or
BL/2 K
Read w/AP / 1©
Write or
Read w/AP Write W/AP CL(rounded up) + (BL/2) tCK
P
rech.arge or 1 tCcK
Activate

4. AUTO REFRESH and MODE REGISTER SET commands may only be issued when all banks are idle.
5. A BURST TERMINATE command cannot be issued to another bank; it applies to the bank represented by the current state only.
6. All states and sequences not shown are illegal or reserved.
7. READs or WRITEs listed in the Command/Action column include READs or WRITEs with AUTO PRECHARGE
enabled and READs or WRITEs with AUTO PRECHARGE disabled.
8. Requires appropriate DM masking.
9. A WRITE command may be applied after the completion of data output.
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Simplified State Diagram

Power
Applied
Self
Refresh
Auta
Relrash
A Pracharge
Power
Dawn
CKEH
Wrile
Read
Wirite A
Precharge
PRE o
PREALL
—
I Autematic Sequence
Command Sequence
PREALL = Precharge All Banks CKEL = Enter Power Down
MRS = Mode Register Set CKEH = Exit Power Down
EMRS = Extended Mode Register Set ACT = Active
REFS = Enter Self Refresh Write A = Write with Autoprecharge
REFSX = Exit Self Refresh Read A = Read with Autoprecharge
REFA = Auto Refresh PRE = Precharge
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Parameter Symbol Min Max Unit Note
Supply voltage ( for device with a nominal Vpp of 2.5V ) Voo 2.3 2.7
/0 Supply voltage Voba 2.3 27 %
I/O Reference voltage Vrer 0.49*Vppa 0.51*Vppa \ 1
I/O Termination voltage(system) Vrr Vger-0.04 Vger+0.04 Vv 2
Input logic high voltage Viu(DC) Vger+0.15 Vopa+0.3 \
Input logic low voltage V,(DC) -0.3 Vger-0.15 \
Input Voltage Level, CK and CK inputs Vin(DC) -0.3 Vopa+0.3 \
Input Differential Voltage, CK and CK inputs Vip(DC) 0.36 Vopa+0.6 \" 3
Input leakage current Iy -2 2 uA
Output leakage current loz -5 5 uA
Output High Current (VouT = 1.95V) low -16.2 mA
Output Low Current (VouT = 0.35V) lov 16.2 mA

Notes:

1. Vrer is expected to be equal to 0.5*Vppa of the transmitting device, and to track variations in the DC level of the same. Peak- to-peak noise on Vrer may not exceed

2% of the DC value

2.V17 is not applied directly to the device. V1t is a system supply for signal termination resistors, is expected to be set equal to Ve, and must track variations in the DC

level of Vger

3. Vip is the magnitude of the difference between the input level on CK and the input level on CK.
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Iop Max Specifications and Conditions

( Vopa=2.5V+ 0.2V, Vpp=2.5 +0.2V)

Version

Conditions
Symbol -5 Unit

Operating current - One bank Active-Precharge; trc=trcmin; tck=tckmin;
DQ, DM and DQS inputs changing twice per clock cycle; address and control inputs changing once lopo 65 mA
per clock cycle

Operating current - One bank operation; One bank open, BL=2 lop1 70 mA

Precharge power-down standby current; All banks idle; power - down mode; CKE = <V (max);

| 4 mA
tex=texmin; Vin = Vet for DQ,DQS and DM poze

Precharge Floating standby current; CS# > =V,y(min); All banks idle;
CKE > = Viu(min); tek=tckmin; Address and other control inputs changing once per clock cycle; Vi, = lop2r 30 mA
Vit for DQ, DQS and DM

Precharge Quiet standby current; CS# > = V\y(min); All banks idle;

CKE > = V\y(min); tck=tckmin; Address and other control inputs stable with keeping lob2a 25 mA
>= Viy(min) or =<V (max); Vin = Vs for DQ, DQS and DM

Active power - down standby current; one bank active; power-down mode; CKE=< VIL (max);

| 20 A
tex=texmin; Vin = Vref for DQ, DQS and DM pose m

Active standby current; CS# >= V,y(min); CKE>=V4(min); one bank active; active - precharge;
tro=trasmax; tek=tckmin; DQ, DQS and DM inputs changing twice per clock cycle; address and oth- er Ippan 55 mA
control inputs changing once per clock cycle

Operating current - burst read; Burst length = 2; reads; continuous burst; One bank active;
address and control inputs changing once per clock cycle; tck=tckmin; 50% of data changing at every Ippar 100 mA
burst; lout=0m A

Operating current - burst write; Burst length = 2; writes; continuous burst; One bank active
address and control inputs changing once per clock cycle; tck=tckmin; DQ, DM and DQS lopaw 100 mA
inputs changing twice per clock cycle, 50% of input data changing at every burst

Auto refresh current; trc = trrcmin; tok=tckmin; burst refresh; address and con- trerc=trrc I 100 mA
trol inputs changing once per clock cycle; data bus inputs are stable (MIN) pos

Self refresh current; CKE =< 0.2V; External clock should be on; tek=tckmin. loos 2 mA
Operating current - Four bank operation; Four bank interleaving with BL=4 lop7 140 mA
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DETAILED TEST CONDITIONS FOR DDR SDRAM IDD1 & IDD7
Iop1: Operating current : One bank operation

1. Typical Case: Vpp = 2.5V, T=25 °C
2. Worst Case: Vpp = 2.7V, T=0 °C
3. Only one bank is accessed with trg(min), Burst Mode, Address and Control inputs on NOP edge are changing once per clock cycle. lout = 0mA
4. Timing patterns
- DDR400 (200Mhz, CL= 3) : tck = 5ns, CL= 3, BL= 4, trcp = 3™tck, the = 11*tck, tras = 8"tck Read : AONN RONNNNPONN - repeat the
same timing with random address changing
50% of data changing at every burst
A= Activate, R= Read, W= Write, P= Precharge, N= NOP

Iop7: Operating current : Four bank operation

1. Typical Case: Vpp = 2.5V, T=25 °C
2. Worst Case: Vpp = 2.7V, T=0 °C
3. Four banks are being interleaved with tRC(min), Burst Mode, Address and Control inputs on NOP edge are not changing. lout = 0OmA
4. Timing patterns
- DDR400 (200Mhz, CL= 3) : tck = 5ns, CL= 3, BL= 4, trrp = 2"tck, trep = 3*tck, Read with autoprecharge

Read : AON A1 RO A2 R1 ABR2 N R3 N - repeat the same timing with random address changing

50% of data changing at every burst

A= Activate, R= Read, W= Write, P= Precharge, N= NOP
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Parameter/Condition Symbol Min Max Unit Note
Input High (Logic 1) Voltage, DQ, DQS and DM signals Viu(AC) Vger + 0.31 Vv 1
Input Low (Logic 0) Voltage, DQ, DQS and DM signals. V. (AC) Vger - 0.31 \Y 2
Input Differential Voltage, CK and CK inputs Vip(AC) 0.7 Vopa+0.6 Vv 3
Input Crossing Point Voltage, CK and CK inputs Vix(AC) 0.5*Vppa-0.2 0.5"Vppa+0.2 Vv 4

Note:

1.Vin(max) = 4.2V. The overshoot voltage duration is < 3ns at Vop.

2. Vi(min) = -1.5V. The undershoot voltage duration is < 3ns at Vss.

3. Vip is the magnitude of the difference between the input level on CK and the input on CK.

4. The value of Vix is expected to equal 0.5*Vopa of the transmitting device and must track variations in the DC level of the same.

ELECTRICAL CHARACTERISTICS AND AC TIMING -Absolute Specifications

( Vppag =+2.5V 0.2V, Vpp = +2.5V £0.2V )

AC CHARACTERISTICS -5
PARAMETER SYMBOL MIN MAX UNITS NOTES
Access window of DQs from CK/CK tac -0.7 0.7 ns
CK high-level width ton 0.45 0.55 tox 30
CK low-level width to, 0.45 0.55 tox 30
CL=3 tex (3) 5 12 ns 52
Clock cycle time CL=25 tok (2.5) 6 12 ns 52
CL=2 tex (2) 75 12 ns 52
DQ and DM input hold time relative to DQS ton 0.40 - ns 26,31
DQ and DM input setup time relative to DQS tos 0.40 - ns 26,31
AUTO Precharge write recovery toaL twr i ns 54
+ precharge time +trp
DQ and DM input pulse width (for each input) torew 1.75 - ns 31
Access window of DQS from CK/CK toasck -0.6 0.6 ns
DQS input high pulse width toas 0.35 - tok
DQS input low pulse width toast 0.35 - tox
ngSa-CDCCe)SsSkeW, DQS to last DQ valid, per group, thasa ) 0.40 ns 25,26
Write command to first DQS latching transition toass 0.72 1.25 tex
DQS falling edge to CK rising - setup time toss 0.2 - tex
DQS falling edge from CK rising - hold time tosn 0.2 - tox
(tcH,
Half clock period the tCL) - ns 34
min
Datasheet Version 1.0 35 IM2516D1CA(B/T)



DATASHEET BEYOND LIMITS
INTELLIGENT MEMORY
AC CHARACTERISTICS -5
PARAMETER SYMBOL MIN MAX UNITS NOTES
Data-out high-impedance window from CK/CK thz - 0.7 ns 18
Data-out low-impedance window from CK/CK tiz -0.7 0.7 ns 18
Control & Address input width (for each input) tipw 2.2 - ns 53
LOAD MODE REGISTER command cycle time turD 10 - ns
DQ-DQS hold, DQS to first DQ to go non-valid, per tom tup-toms i ns 25 26
access
Data hold skew factor tans - 0.50 ns
ACTIVE to PRECHARGE command tras 40 70,000 ns 35
ACTIVE to READ with Auto precharge command trap tRCD or tRASmin - ns 46
ACTIVE to ACTIVE/AUTO REFRESH tre
command period % i ns
AUTO REFRESH command period tarc 70 - ns 50
ACTIVE to READ or WRITE delay trco 15 - ns
PRECHARGE command period tre 15 - ns
DQS read preamble trpre 0.9 1.1 tox 42
DQS read postamble trpsT 0.4 0.6 tox
ACTIVE bank a to ACTIVE bank b command tRrp 10 - ns
DQS write preamble twere 0.25 - tox
DQS write preamble setup time tweres 0 - ns 20, 21
DQS write postamble twest 0.4 0.6 tex 19
Write recovery time twr 15 - ns
Internal WRITE to READ command delay twrr 2 - tox
Average periodic refresh interval trer 7.8 us
Terminating voltage delay to VDD tvro 0 - ns
Exit SELF REFRESH to non-READ command txsnm 75 - ns
Exit SELF REFRESH to READ command txsrp 200 - tox
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SLEW RATE DERATING VALUES

( Vppa= +2.5V #0.2V, Vpp = +2.5V +£0.2V )

ADDRESS / COMMAND
SLEW RATE Atis At UNITS NOTES
0.500V/ ns 0 0 ps 14
0.400V/ ns +50 +50 ps 14
0.300V/ ns +100 +100 ps 14
0.200V / ns +150 +150 ps 14

SLEW RATE DERATING VALUES

( Vppa= +2.5V #0.2V, Vpp = +2.5V +£0.2V )

Date, DQS, DM
SLEW RATE Atps AtpH UNITS NOTES
0.500V/ ns 0 0 ps 31
0.400V/ ns +75 +75 ps 31
0.300V/ ns +150 +150 ps 31
0.200V/ ns +225 +225 ps 31

NOTES:

1. All voltages referenced to Vss.

2. Tests for AC timing, lop, 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. Outputs measured with equivalent load:

V7
50Q
Outp FI?e‘fe'[rence
Vour) oin
30pF

4. AC timing and Ipp tests may use a Vi.-to-Vin swing of up to 1.5V in the test environment, but input timing is still referenced to Vrer (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 used to test
the device is 1V/ns in the range between Vi (AC) and Vin(AC).

5. 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).

6. Vrer is expected to equal Vppa/2 of the transmit-ting device and to track variations in the DC level of thesame.

Peak-to-peak noise (non-common mode) on Vrer may not exceed +2 percent of the DC value. Thus, from Vboa/2, Vrer is allowed +25mV for DC error and an
additional #25mV for AC noise.
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7. V1t is not applied directly to the device. V1t is a system supply for signal termination resistors, is expected to be set equal to Vrer and must track variations in the DC

level of Vrer.

8. Vip is the magnitude of the difference between the input level on CK and the input level on CK.

9. The value of Vix is expected to equal Vbpa/2 of the transmitting device and must track variations in the DC level of the same.

10. IDD is dependent on output loading and cycle rates. Specified values are obtained with minimum cycle time at BL = 2 for -5, -6, and -75 with the outputs open.

11. Enables on-chip refresh and address counters.

12. Iop specifications are tested after the device is properly initialized, and is averaged at the defined cycle rate.

13. This parameter is sampled. Vop = +2.5V 0.2V, Vppa = +2.5V #0.2V, VRrer = Vss, f = 100 MHz, T A = 25°C, Vout(DC) = Vboa/2, Vour (peak to peak) = 0.2V. DM
input is grouped with 1/0 pins, reflecting the fact that they are matched in loading.

14. Command/Address input slew rate = 0.5V/ns. For -5, -6, and -75 with slew rates 1V/ns and faster, tsand tn are reduced to 900ps. If the slew rate is less than 0.5V/ns,
timing must be derated: ts and tn has an additional 50ps per each 100mV/ns reduction in slew rate from the 500mV/ns. If the slew rate exceeds 4.5V/ns, functionality
is uncertain.

15. The CK/CK input reference level (for timing referenced to CK/CK) is the point at which CK and CK cross; the input reference level for signals other than CK/CK is
VRer.

16. Inputs are not recognized as valid until Vrer stabilizes. Exception: during the period before Vrer stabilizes, CKE 0.3 x V is recognized as LOW.

17. The output timing reference level, as measured at the timing reference point indicated in Note 3, is Vrr.

18. tuz and t.z 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).

19. 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.

2

2

o

. This is not a device limit. The device will operate with a negative value, but system performance could be degraded due to bus turnaround.

—

. Itis recommended that DQS be valid (HIGH or LOW) on or before the WRITE command. The case shown (DQS going from High-Z to logic LOW) applies when no
WRITEs were previously in progress on the bus. If a previous WRITE was in progress, DQS could be HIGH during this time, depending on toass.
2

N

. MIN (trc or trrc) for Ioo measurements is the smallest multiple of tck that meets the minimum absolute value for the respective parameter. tras (MAX) for Iop
measurements is the largest multiple of tck that meets the maximum absolute value for tras.

2

24. The /O capacitance per DQS and DQ byte/group will not differ by more than this maximum amount for any given device.

2

w

. The refresh period 64ms. This equates to an average refresh rate of 7.8us.

(&)

. The valid data window is derived by achieving other specifications - tup (tck/2), toasa, and tau (tar = the - tans). The data valid window derates directly proportional
with the clock duty cycle and a practical data valid window can be derived. The clock is allowed a maximum duty cycle variation of 45/55. Functionality is uncertain
when operating beyond a 45/55 ratio. The data valid window derating curves are provided below for duty cycles ranging between 50/50 and 45/55.

. Referenced to each output group: x4 = DQS with DQ0-DQ3; x8 = DQS with DQ0-DQ7; x16 = LDQS with

DQO0-DQ7; and UDQS with DQ8-DQ15.

. This limit is actually a nominal value and does not result in a fail value. CKE is HIGH during REFRESH command period (trrc [MIN]) else CKE is LOW (i.e., during

standby).

28. To maintain a valid level, the transitioning edge of the input must:

2

o

2

~

a) Sustain a constant slew rate from the current AC level through to the target AC level, ViL(AC) or ViH(AC).

b) Reach at least the target AC level.

c) After the AC target level is reached, continue to maintain at least the target DC level, Vi.(DC) or Vin(DC).
29. The Input capacitance per pin group will not differ by more than this maximum amount for any given device..
30. CK and CK input slew rate must be «1V/ns.

3

parg

. DQ and DM input slew rates must not deviate from DQS by more than 10%. If the DQ/DM/DQS slew rate is less than 0.5V/ns, timing must be derated: 50ps must be
added to tps and ton for each 100mv/ns reduction in slew rate. If slew rate exceeds 4V/ns, functionality is uncertain.
32. Voo must not vary more than 4% if CKE is not active while any bank is active.
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33. The clock is allowed up to +150ps of jitter. Each timing parameter is allowed to vary by the same amount.
34. twp min is the lesser of tc. minimum and tch minimum actually applied to the device CK and CK/ inputs, collectively during bank active.
35. READs and WRITEs with auto precharge are not allowed to be issued until tras(MIN) can be satisfied prior to the internal precharge command being issued.
36. Applies to x16 only. First DQS (LDQS or UDQS) to transition to last DQ (DQ0-DQ15) to transition valid.
Initial JEDEC specifications suggested this to be same as toasa.
37.Normal Output Drive Curves:
a) The full variation in driver pull-down current from minimum to maximum process, temperature and voltage will lie within the outer bounding lines of the V-I curve of
Figure A.
b) The variation in driver pull-down current within nominal limits of voltage and temperature is expected, but no guaranteed, to lie within the inner bounding lines of
the V-I curve of Figure A.
c) The full variation in driver pull-up current from minimum to maximum process, temperature and voltage will lie within the outer bounding lines of the V-I curve of
Figure B.
d) The variation in driver pull-up current within nominal limits of voltage and temperature is expected, but not guaranteed, to lie within the inner bounding lines of the
V-I curve of Figure B.
e) The full variation in the ratio of the maximum to minimum pull-up and pull-down current should be between .71 and 1.4, for device drain-to-source voltages from
0.1V to 1.0 Volt, and at the same voltage and temperature.
f) The full variation in the ratio of the nominal pull-up to pull-down current should be unity £10%, for device drain-to-source voltages from 0.1V to 1.0 Volt.
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. Reduced Output Drive Curves:
a) The full variation in driver pull-down current from minimum to maximum process, temperature and voltage will lie within the outer bounding lines of the V-I curve of
Figure C.
b) The variation in driver pull-down current within nominal limits of voltage and temperature is expected, but not guaranteed, to lie within the inner bounding lines of
the V-I curve of Figure C.
c) The full variation in driver pull-up current from minimum to maximum process, temperature and voltage will lie within the outer bounding lines of the V-I curve of
Figure D.
d) The variation in driver pull-up current within nominal limits of voltage and temperature is expected, but not guaranteed, to lie within the inner bounding lines of the
V-l curve of Figure D.
e) The full variation in the ratio of the maximum to minimum pull-up and pull-down current should be between
.71 and 1.4, for device drain-to-source voltages from 0.1V to 1.0 V, and at the same voltage.
f) The full variation in the ratio of the nominal pull-up to pull-down current should be unity £10%, for device drain-to-source voltages from 0.1V to 1.0 V.
. The voltage levels used are derived from the referenced test load. In practice, the voltage levels obtained from a properly terminated bus will provide significantly
different voltage values.
. VIH overshoot: Vii(MAX) = Vopa+1.5V for a pulse width «3ns and the pulse width can not be greater than 1/3 of the cycle rate. VIL undershoot: ViL(MIN) = -1.5V for a
pulse width «3ns and the pulse width can not be greater than 1/3 of the cycle rate.
. Vop and Vopa must track each other.
Note 42 is not used.
Note 43 is not used.

. During initialization, Vopa, V11, and Vrer must be equal to or less than Vop + 0.3V. Alternatively, Vit may be
1.35V maximum during power up, even if Voo /Vopq are 0 volts, provided a minimum of 42 ohms of series

resistance is used between the V17 supply and the input pin.

Note 45 is not used.

traP * tReD.

Note 47 is not used.

Random addressing changing 50% of data changing at every transfer.

Random addressing changing 100% of data changing at every transfer.

CKE must be active (high) during the entire time a refresh command is executed. That is, from the time the
AUTO REFRESH command is registered, CKE must be active at each rising clock edge, until trer later.
. lopzn specifies the DQ, DQS, and DM to be driven to a valid high or low logic level. lopza is similar to Ioozr except Iopza specifies the address and control inputs to remain
stable. Although Ippzr, Ibp2n, and Iop2q are similar, IDD2F is “worst case.”
. Whenever the operating frequency is altered, not including jitter, the DLL is required to be reset. This is followed by 200 clock cycles.
. These parameters guarantee device timing, but they are not necessarily tested on each device. They may be guaranteed by device design or tester correlation.
. toaL =(twr/ tck) + (tre/ tck)

For each of the terms above, if not already an integer, round to the next highest integer. For example: For DDR266B at CL=2.5 and lok=7.5ns

toaL=((15ns /7.5ns) + (20ns/ 7.5ns)) clocks=((2)+(3)) clocks=5 clocks

| Minimum 0

Nominal low &0

44

304

204

oo

20 T T T [} + ¥ ¥ 1
0.0 0.5 1.0 1.5 2.0 2.5 0.0 0.5 1.0 1.5 2.0 2.5

D
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IBIS: IV Characteristics for Input and Output Buffers

Normal strength driver

1. The nominal pulldown V-I curve for DDR SDRAM devices will be within the inner bounding lines of the V-I curve of Figure a.

2. The full variation in driver pulldown current from minimum to maximum process, temperature and voltage will lie within the outer bounding lines
the of the V-I curve of Figure a.

. Maximum

Typical High

Typical Low

Minimum

a0

Vout(V)

3. The nominal pullup V-I curve for DDR SDRAM devices will be within the inner bounding lines of the V-I curve of below Figure b.

4. The Full variation in driver pullup current from minimum to maximum process, temperature and voltage will lie within the outer bounding lines of
the V-I curve of Figure b.

0 Xn L L L L L L L L L L L L L L L L L Minumum
=20 [

0 e TR e, e Typical Low

lout(mA)

Typical High

Maximum

VDDQ < VOUt(V)

5. The full variation in the ratio of the maximum to minimum pullup and pulldown current will not exceed 1.7, for device drain to source voltage from
Oto VDDQ/2

6. The Full variation in the ratio of the nominal pullup to pulldown current should be unity +10%, for device drain to source voltages from
0to VDDQ/2
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Pull down and pull up current values

Pulldown Current (mA) Pullup Current (mA)

Voltage (V) Typical Low | Typical High Minimum Maximum Typical Low | Typical High Minimum Maximum
0.1 6.0 6.8 4.6 9.6 -6.1 -7.6 -4.6 -10.0
0.2 12.2 13.5 9.2 18.2 -12.2 -14.5 -9.2 -20.0
0.3 18.1 20.1 13.8 26.0 -18.1 -21.2 -13.8 -29.8
0.4 241 26.6 18.4 33.9 -24.0 -27.7 -18.4 -38.8
0.5 29.8 33.0 23.0 41.8 -29.8 -34.1 -23.0 -46.8
0.6 34.6 39.1 27.7 49.4 -34.3 -40.5 -27.7 -54.4
0.7 39.4 44.2 32.2 56.8 -38.1 -46.9 -32.2 -61.8
0.8 43.7 49.8 36.8 63.2 411 -53.1 -36.0 -69.5
0.9 47.5 55.2 39.6 69.9 -41.8 -59.4 -38.2 -77.3
1.0 51.3 60.3 42.6 76.3 -46.0 -65.5 -38.7 -85.2
1.1 54.1 65.2 44.8 82.5 -47.8 -71.6 -39.0 -93.0
1.2 56.2 69.9 46.2 88.3 -49.2 -77.6 -39.2 -100.6
1.3 57.9 74.2 471 93.8 -50.0 -83.6 -39.4 -108.1
1.4 59.3 78.4 47.4 99.1 -50.5 -89.7 -39.6 -115.5
1.5 60.1 82.3 47.7 103.8 -50.7 -95.5 -39.9 -123.0
1.6 60.5 85.9 48.0 108.4 -51.0 -101.3 -40.1 -130.4
1.7 61.0 89.1 48.4 112.1 -51.1 -107.1 -40.2 -136.7
1.8 61.5 92.2 48.9 115.9 -51.3 -112.4 -40.3 -144.2
1.9 62.0 95.3 491 119.6 -51.5 -118.7 -40.4 -150.5
2.0 62.5 97.2 49.4 123.3 -51.6 -124.0 -40.5 -156.9
2.1 62.9 99.1 49.6 126.5 -51.8 -129.3 -40.6 -163.2
2.2 63.3 100.9 49.8 129.5 -52.0 -134.6 -40.7 -169.6
2.3 63.8 101.9 49.9 132.4 -52.2 -139.9 -40.8 -176.0
2.4 64.1 102.8 50.0 135.0 -52.3 -145.2 -40.9 -181.3
25 64.6 103.8 50.2 137.3 -52.5 -150.5 -41.0 -187.6
2.6 64.8 104.6 50.4 139.2 -52.7 -155.3 -41.4 -192.9
2.7 65.0 105.4 50.5 140.8 -52.8 -160.1 -41.2 -198.2

Temperature (Tambient)

Typical 25°C

Minimum  0°C for normal, -40°C for Industrial

Maximum  70°C for normal, 85°C for Industrial

Vdd/Vddq

Typical 2.5V

Minimum 2.3V

Maximum 2.7V

The above characteristics are specified under best, worst and normal process variation/conditions
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Half strength driver

1. The nominal pulldown V-I curve for DDR SDRAM devices will be within the inner bounding lines of the V-I curve of Figure a.
2. The full variation in driver pulldown current from minimum to maximum process, temperature and voltage will lie within the outer bounding lines the
of the V-I curve of Figure a.

a0 Maximum

Typical High
< | *°
S 20 .
= ; Typical Low
2 | =8 Minimum

Vout(V)

3. The nominal pullup V-I curve for DDR SDRAM devices will be within the inner bounding lines of the V-I curve of below Figure b.
4. The Full variation in driver pullup current from minimum to maximum process, temperature and voltage will lie within the outer bounding lines of the
V-I curve of Figure b.

Minumum
Typical Low
< |
E
S 52
ke
Typical High
49 Maximum

VDDQ < VOUT(V)

5. The full variation in the ratio of the maximum to minimum pullup and pulldown current will not exceed 1.7, for device drain to source voltage from 0
to VDDQ/2
6. The Full variation in the ratio of the nominal pullup to pulldown current should be unity £10%, for device drain to source voltages from 0 to Vppa/2
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Pulldown Current (mA) Pullup Current (mA)

Voltage (V) Typical Low | Typical High Minimum Maximum Typical Low | Typical High Minimum Maximum
0.1 3.4 3.8 2.6 5.0 -3.5 -4.3 -2.6 -5.0
0.2 6.9 7.6 5.2 9.9 -6.9 -8.2 5.2 -9.9
0.3 10.3 11.4 7.8 14.6 -10.3 -12.0 -7.8 -14.6
0.4 13.6 15.1 10.4 19.2 -13.6 -15.7 -10.4 -19.2
0.5 16.9 18.7 13.0 23.6 -16.9 -19.3 -13.0 -23.6
0.6 19.6 22.1 15.7 28.0 -19.4 -22.9 -15.7 -28.0
0.7 223 25.0 18.2 32.2 -21.5 -26.5 -18.2 -32.2
0.8 24.7 28.2 20.8 35.8 -23.3 -30.1 -20.4 -35.8
0.9 26.9 31.3 22.4 39.5 -24.8 -33.6 -21.6 -39.5
1.0 29.0 34.1 241 43.2 -26.0 -37.1 -21.9 -43.2
1.1 30.6 36.9 25.4 46.7 -271 -40.3 -22.1 -46.7
1.2 31.8 39.5 26.2 50.0 -27.8 -43.1 -22.2 -50.0
1.3 32.8 42.0 26.6 53.1 -28.3 -45.8 -22.3 -53.1
1.4 33.5 44.4 26.8 56.1 -28.6 -48.4 -22.4 -56.1
1.5 34.0 46.6 27.0 58.7 -28.7 -50.7 -22.6 -58.7
1.6 34.3 48.6 27.2 61.4 -28.9 -52.9 -22.7 -61.4
1.7 34.5 50.5 27.4 63.5 -28.9 -55.0 -22.7 -63.5
1.8 34.8 52.2 27.7 65.6 -29.0 -56.8 -22.8 -65.6
1.9 35.1 53.9 27.8 67.7 -29.2 -58.7 -22.9 -67.7
2.0 35.4 55.0 28.0 69.8 -29.2 -60.0 -22.9 -69.8
21 35.6 56.1 28.1 71.6 -29.3 -61.2 -23.0 -71.6
2.2 35.8 57.1 28.2 73.3 -29.5 -62.4 -23.0 -73.3
2.3 36.1 57.7 28.3 74.9 -29.5 -63.1 -23.1 -74.9
24 36.3 58.2 28.3 76.4 -29.6 -63.8 -23.2 -76.4
25 36.5 58.7 28.4 77.7 -29.7 -64.4 -23.2 -77.7
2.6 36.7 59.2 28.5 78.8 -29.8 -65.1 -23.3 -78.8
2.7 36.8 59.6 28.6 79.7 -29.9 -65.8 -23.3 -79.7

Temperature (Tambient)

Typical
Minimum

Vdd/Vddq
Typical
Minimum
Maximum

The above characteristics are specified under best, worst and normal process variation/conditions

25°C

0°C for normal, -40°C for Industrial
Maximum  70°C for normal, 85°C for Industrial

2.5V
2.3V
2.7V
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DATA INPUT (WRITE) TIMING

tDSL tDSH
Y/ /N
DQS // %IL X 7 X

00 IRXO XD XD X

DM

F

DON'T CARE

DI n = Data In for column n

Burst Length = 4 in the case shown

3 subsequent elements of Data In are applied in the programmed
order following DI n

DATA OUTPUT (READ) TIMING

tDoso
Iposa
ipasa max et
May == (-— | |—
Das Y| i I
Y A T 7N
DQ |\\ M A )H )x

basa Ipasa
min min

1. tbasq max occurs when DQS is the earliest among DQS and DQ signals to transition.
2. tbasa Min occurs when DQS is the latest among DQS and DQ signals to transition.

3. tbasa nom, shown for reference, occurs when DQS transitions in the center among DQ signal transitions.

bas, bQ XX K )

[0}

Burst Length = 4 in the case shown

BEYOND LIMITS

INTELLIGENT MEMORY
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INITIALIZE AND MODE REGISTER SETS

VoD k W
Y -
T LI

AT, .-.-!f.'.a‘IL

CKE LVCMOS LOW LEVE

e AT m| % - w m Rl -
ow VT T W#’W/Mﬁ/iﬂﬁmmw/ﬂff T
‘MM/W/MW/ m>|6@< = MWWVWWWM o K
TR ,WFHWM o @riﬁﬁ%ﬁ/mmw@ Y&
o o W/@/m/ﬁwﬁwﬁﬁ@% L3 WMMWMM -
e —— .
L o

" = VTT is not applied directly to the device, however tWTD must be greater than or equal to zero to avoid device lateh-up.
™ =tMRD is required before any command can be applied, and 200 cydles of CK are required before 3 READ command can be applied.
The two Aute Refresh commands may be moved to follow the first MRE. but precede the second PRECHARGE ALL command.
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POWER-DOWN MODE

| J s
ce [ | B\ 4D\ M.\ M T
COMMAND vaup* M/ wop %@WM NOP vaup Y/

{

= WWWWW’WWWWWMM

e

o T

)]

o T T,

2]

Enter Exit
Power-Down Power-Down
Mode Mode

/| DON'T CARE

Mo column accesses are allowed to be in progress at the time Power-Down is entered

* = If this command is a PRECHARGE (or if the device is already in the idle state) then the Power-Down
mode shown is Precharge Power Down. If this command is an ACTIVE (or if at least one row is already
active) then the Power-Down mode shown is Active Power Down.
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AUTO REFRESH MODE

CKE

s | AT
COMMANDhBi._ NOP Wi PRE WU NOP

AQ-A8

A, A11, At2 [

A

BAOD,BA1

[elets)

DQ

DM

{{ |
dpcdy
|

|
(L ‘

+ | ™ R
{{Jf‘{?;: VALD :_\{:;j,}r'}
T T

h ] e
AU, NOP I AR

il |
7
s | b

ERPET Ry
f

R

RA Rl

H

-

*Bank(s)

ig

-—r

RP RC tRC
I

V7] ponT caRe

* = "Don't Care”, if A10 is HIGH at this point; A10 must be HIGH if more than one bank is active {i.e. must precharge all
active banks)

PRE= PRECHARGE, ACT= ACTIVE, RA= Row Address, BA= Bank Address, AR= AUTOREFRESH, NOP commands are
shown for ease of illustration; other valid commands may be passible at these times, DM, DQ and DQS signals are all
"Don't Care"/High-Z for operations shown
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SELF REFRESH MODE

t t clock must be stable before
CH CL exiting Self Refresh mode

(o] G— ] (.
X

CKE Al?‘::r t::;&% .t'S (}(}
comns I o D DU DT T A

) tis| tiH
( ( - | -

oo TR =

oas i I I

()()
((

pDQ

DM 4

. tXSNR/
tRP Enter tXSRD**
Self Refresh Exit
Mode Self Refresh

Mode

7/ DON'T CARE

* = Device must be in the "All banks idle" state prior to entering Self Refresh mode
** = tXSNR is required before any non-READ command can be applied, and tXSRD (200 cycles of CLK) are required

before a READ command can be applied.
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Sta 'Aut#prec arge

| -~
CKE ﬁ/
tigl K
COMMAND @1( NOP

NOP

ACT

|
cspto /////l//////{ﬁk

Y | | |
S /////////////////////|//////|//////|///// =Y

|
I

ez T ///////////// I/// /////////I// W /////// I S ///////////////////////////////// /

x16:A11, A12

w0 TN

|
S

Jy/////////////%m S,

sro,ea1 77777

I

SN

K=

XU

CL=2

ow

T

),

Case 1:
tACDQSCK = min

DQs

{RPRE]|

T ///|////////////////////

Lz

tHz
min

DQ

Case 2:
tACADQSCK = max

DQs

iz
max

DQ

tHz
max
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READ - WITH AUTO PRECHARGE

| |
hig b
COMMAND % NOP READ NGP PRE NOP NOP
i, ! | | |
ﬂﬂ B

xB:AD-AS, Al1 Coln
X16:A0-A9
| N I T [ N O D
xBA12
x16:A11, Af2 | ‘

sl ] | ] e L ]
- S
7 M ,

A10 % o W
DIS AP OMNE BANK
td 4
| ] |
BAO, BAI Bank x %‘Bankx W Bank x W
|
cL-2 tRp
|
oM A
Case 1:
1ACHDQASCK = min
tDQSCK
min
tRPRA ‘ | |- — | RPST
plek:) | I[ N, L o
¥ L ==
s . e
o0 {7 Y
— ) P
tL_Z tAG
nin min
Case 2:
TACADAQSCK = max
IDQSCK
IRPRH = [ E- IRpsT
Dos id ,
hz Hz
max
e max DnO
| [ P i
tz tac
max max
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ts| 1 o
2l | R I Y S N O O EO N
cke 7 v
Y| tin
COMMAND HOP ACT NOP NOP NOP READ NOP FRE NOP NOP ACT
| L | | | | | | |
XBAD-AD, Al &k RA Goln RA
N I Y o e o
xGA12 % RA % RA
x16:A11, A12
L] ] ] I 0 N N v v I
A10 % RA RA j
4 DIS AP ONE BANK
g uH
BAQ, BA1 Bank x % Bank x *Bank x >< Bank x W
tRC
tRAS
tRCO Ch=2 tRp
DM A
Case 1:
1ACADQSCK = min
tbasck
min
tRPST
tRPRH e I el
DQS N\
— - = | s
Iz ‘ He
min DO
DG X X}(
—| [ ‘——\ —
Iz AC
min min
Case 2
1ACADQSCK = max
tDGSCK
m:
IRFRE B e || tRPST
DQs 4 N
N
|04 tHz
DG max Dno <>< max
Iz tag
max max

DO n = Data Qut from columnn

Burst Length = 4 in the case shown
3 subseguent elements of Data Out are provided in the programmed order following DO n

DIS AP = Disable Autoprecharge

*="Don't Care", if A10is HIGH at this point

PRE = PRECHARGE, ACT = ACTIVE, RA = Row Address, BA = Bank Address

NOP commands are shown for ease of illustration; other commands may be valid at these times
Note that tRGD = tRCD MIN so that the same timing applies if Autoprecharge is enabled {in which case tRAS would be limiting)

W7 DonTcaRE
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WRITE - WITHOUT AUTO PRECHARGE
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| | \
PN Pl
GCOMMAND NOP WRITE NOP
‘ s | UH |
/* >k//

NOP
*x8:AQ-A9, Al1 Coln RA
S I O
x8A12 RA
x16:A11, Al2 %
S O N N e v O I v
ALL BANKS
A10 RA _é
DIS AP ONE BANK
s [UH
BAD, BA1 Bank x ¥ ani BA W
trp
Case 1: tosH | tpsH |
tDQSS =min B e s I t
DasH | | W
pass| et . twpsT
D Y ‘ i ‘ ]@
s TS A |5 LA X /
‘WPREls — F: :?__._. i
: pasL
WPRE —~| |
[al#]
DM
Case 2! Dss
DQSS =max -
pass ST
DQs Jy A
WPRES —
WPRE —=|
DQ
o 0O
7] DONT care
DI n = Data In for column n
Burst Length = 4 in the case shown
3 subsequent elements of Data In are applied in the programmed order following DI n
DIS AP = Disable Autoprecharge
* = "Don't Care", if A10 is HIGH at this point
PRE = PRECHARGE, ACT = ACTIVE, RA = Row Address, BA = Bank Address
NOP commands are shown for ease of illustration; other valid commands may be possible at these times
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WRITE - WITH AUTO PRECHARGE

g8

CKE

CONRMAND

xAAD-A0, A1
sifAD-AG

xHA1Z
EfEALY, AN

Al

Ban, BAl

Lo 1

1D0ES = min

s

530]

Cilisay 3

10355 = max

005

s11]

s
-

IH

BEYOND LIMITS . "

INTELLIGENT MEMORY

Y

DOS5

Ihespres @

1
IWPRE — =

DOEE

Dl = Dala in e column n

Bursd Lengh = 4 in The case shown
3 subsaquen slamans of Daa b ane applied in the programmed oder Telowing D n
EH &P = Engble Avicpmchorgs
ACT = ACTIVE, AA = Row Address, B = Bark Address
MOPF commands e shown Tor aase of ilekaion; ohar vald commands may be poasibla & Tasa Tmes
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R

DAL
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I
]
R

DONT CARE
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INTELLIGENT MEMORY

BANK WRITE ACCESS

| | | | | | | | |
oxe K%
Yg| tH
COMMAND %( NOP ACT NOP NOP WRITE NOP NOP NOP NOP PRE
| L AL | | | | | | |
-]
*B:AD-A9, Al ﬁk RA ﬂ/( CO'HW
| | | ] ] | | | |
x8:A12 RA
x16:A11, AlZ
F W g v
|t ALL BANKS
A10 R ) X A
DIS AP DONE BANK
1\4 1) ‘
BAO, BA1 Bank x Bank XW “Bank x%
RAS
el Wwr
Case 1: IDsH| DSH|
1DQSS = min T N
! IbasH |
'DOSY et | wipsT
pas j ; ; ] JV
. AT
WPRES—| || [ !
| 1 [ H ;
! ! posL! !
WPRE —™| =] Q: !
0 3 O
N N D (T D Y I
DM <:>
Gase 2: | . Ipss tnss
tDQASS = max - -— - -—
Dassy
DGS
WPRES—= ‘*
WPRE—
DQ

D DONT CARE

DI n = Data In for column n

Burst Length = 4 in the case shown

3 subsequent elements of Data In are applied in the pregrammed order following DI n

DIS AP = Disable Autoprecharge

*="Dont Gare", it A10 I8 HIGH at this point

PRE = PRECHARGE. ACT = ACTIVE, RA = Row Address

NOP commands are shown for ease of illustration; other valid commands may be possible at these times
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Package Diagram
60-Ball FBGA

BOTTOM VIEW

6.40 BSC
0.80 BSC
<
00O 000
— 000 000
2 000 000
- 000 000
O 2 000 000
m 00O 000
= 00 00
- 00 0
0o oi\\
00 00
00 00
00 00
8.00%0.10

NOTE: ALL DIMENSIONS ARE IN MILLIMETERS

Max 1.20
0.35+0.05

71—
d
d
d
d
d =
v <
q 3
d7
d

60 x 2b a

0.45+0.05 a
d
L
[>Max 010

BEYOND LIMITS . "

INTELLIGENT MEMORY

TP VIEW

PIN Al INDEX
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Package Diagram
66-Pin Plastic TSOP-II

| oSl
2222%013

HHHHHHHAHHABHHAAHAEHAHAEEHAAAHEAAA

O S

EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE —

‘ 0.71 BSC ‘ ‘ 0.65 BSC H MMAWX %i% gi = ;

|| || | =2 |2 N
| Min 0°
~_Max 8°

NOTE: ALL DIMENSIONS ARE IN MILLIMETERS
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Rev History Release Date Remark
0.1 Initial release Dec. 2019
10 1. Formal release Dec. 2019
2. Revise IC datasheet format
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