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® Organization TMS626412B TMS6268128
2097152 by 4 Bits by 2 Banks DGE PACKAGE DGE PACKAGE
1048576 by 8 Bits by 2 Banks (TOP VIEW) ( TOP VIEW )
® 33-
3.3-V Power Supply (+10% Tolerance) vee [l 4P Veg vee Il asf1ves
® Two Banks for On-Chip Interleaving Ne {2 43fINC pao(]e 43 pQ7
(Gapless Accesses) Veen [13 a2hv Veea 13 s2f)
® High Bandwidth ~ Up to 100-MHz Data ssa ssQ  ¥ssa Vssa
Rates DQo [}4 41[1.DQ3 DQ1 {4 41 a DQ6
VCCQ [ 5 400 Ve Ve s 4011V
® CAS Latency (CL) Programmabile to NG s 391 NCCQ Dgg s aofl D((:)(;o
2 or 3 Cycles From Column-Address Entry Vssa 7 ®fVssq  Vssal]7 381 Vssq
® Burst Sequence Programmable to Serial or pai e a7[) pa2 pas [ls s7pas
Interleave Veea e 36flVeca  Veca 9 361 Voea
® Burst Length Programmable to 1,2,4,0r 8 NG 10 aslING ne 1o 35 [ NC
® Chip Select and Clock Enable for Enhanced NC {1 34[INC NC (Ju1 aline
System Interfacing W12 33[] DOM Wi} 33{] DM
® Cycle-by-Cycle DQ Bus Mask Capability CAS [}13 32 cLK [oX31 RE! 3z[l CLK
® Auto-Refresh and Self-Refresh Capabilities RAS [] 14 31]] CKE BAS [] 14 31l CKE
@ 4K Refresh (Total for Both Banks) [oig1 RH 30 ﬂ NC [or:31 R 30[INC
@& High-Speed, Low-Noise, Low-Voltage TTL A1 16 2911 A9 A1t {16 201 A9
(LVTTL) Interface At0l}17  28[]As At0[]17 28[lAs
® Power-Down Mode AD E 18 27[1A7 rofis  27par
® Compatible With JEDEC Standards 2; . ;‘; 22 % if; ’;; E ;3 22 % 22
. )
. :ipe:)i:;:\r;h:ef‘:se A3 [}t 2411 A4 A3 {21 2411 A4
em ure Ra h ]
) Vee )22 2311 v Vee 22 231 Voo
Operating, 0°C to 70°C ce $8 ce [ Vss
Storage, ~ 55°C to 150°C
® Performance Ranges: PIN NOMENCLATURE
SYNCHRONOUS  ACCESSTIME  REFRESH AQ-A10 Address [nputs
CLOCK (CLOCK TO TIME A0~ A10 Row Addresses
CYCLE TIME OQUTPUT) INTERVAL AQ-~ A8 Column Addresses (for TM56268128)
ICK3 toxg 1AC3 tac2 A0~A9 Column Addresses (for TMS626412B)
(cLt=3) (cL=2) (CL=3) (CL=2) A10 Automatic-Precharge Select
‘626x12B-12  12ns  15ns  8ns  9ns 64 ms Att  Bank Select j
426x12B-10  10ns  1Sns  Bns  Ans 64ms 222 gf‘”;“g“"db?'ess Strobe :
'626x12B-10A 10ns 10ns 6ns 6ns 64 ms CLK Sy(:t:em rglocek
cs Chip Select
1CL = CAS latency DQ0:3] SDRAM Data input/Output (TMS626412B)
DQ[0:7] SDRAM Data Input/Output (TMS6268128)
DOM Data-input/ Data-Output Mask Enable
NC No Extemal Connect
RAS Row-Address Strobe
veo Power Supply (3.3-V Typical)
Vocq  Power Supply for Output Drivers
(3.3-V Typical)
Vss Ground
Vgsg  Ground for Output Drivers
W Write Enable
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description

The TMS626x12B is a high-speed, 16777 216-bit synchronous dynamic random-access memory (SDRAM)
device organized as follows:

® Two banks of 2097 152 words with 4 bits per word (TMS6264128B)
® Two banks of 1048576 words with B bits per word (TMS626812B)
Al inputs and outputs of the TM5626x12B series are compatibie with the LVTTL interface.

The SDRAM employs state-of-the-art technology for high performance, reliability, and low power. All inputs and
outputs are synchronized with the CLK input to simplify system design and enhance the use with high-speed
microprocessors and caches.

The TMS826x12B SDRAM is available in a 400-mil, 44-pin surface-mount thin small-outine package (TSOP)
(DGE suffix).

functional block diagram

CLK
CKE

ry

) Array Bank T

DQoO-DQ3
(TMS626412B)

Dam
RAS Control

H_J\ DG 4
~7] Buffer =t
&  ooo-no?

(TMS626812B)

CAS

YYVYYY

iy

AO-A11 ~ > "> Array Bank B
- .

{3

Mode Register

operation

All inputs of the '626x128 SDRAM are latched on the rising edge of the system {synchronous) clock. The
outputs, DQX, also are referenced to the rising edge of CLK. The '626x12B has two banks that are accessed
independently. A bank must be activated before it can be accessed (read from or written to). Refresh cycles
refrash both banks alternately.

Six basic commands or functions control most operations of the '626x12B:

Bank activate/row-address entry
Column-address entry/write operation
Column-address entry/read operation
Bank deactivate

Auto-refresh

Self-refresh
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operation (continued)

Additionally, operations can be controlled by three methods: using chip select (CS) to select/deselect the
devices, using DOM to enable/mask the DQ signals on a cycle-by-cycle basis, or using CKE to suspend the
ClLK input. The device contains a mode register that must be programmed for proper operation.

Table 1, Table 2, and Table 3 show the various operations that are available on the '626x12B. These function
tables identify the command and/or operations and their respective mnemonics. Each table is followed by a
legend that explains the abbreviated symbols. An access operation refers to any read or write command in
progress at cycle n. Access operations include the cycle upon which the read or write command is entered and
all subsequent cycles through the completion of the access burst.

Table 1. Basic Command Function Tablet

STATEOF | & NN [ —
COMMAND¥ BANK(S) cs RAS | CAS W Al At0 AD~A9 MNEMONIC
= AQ-AB =V
Mode register set T=deac | | L L L X x |a7-a8=0 MRS
B = deac
A9 =V
Bank deactivate (precharge) X L L H L BS L X DEAC
Deactivate all banks X L L H L X H X DCAB
Bank activate/row-address entry 8B = deac L L H H BS \ v ACTV
Column-address entry/write operation SB = actv L H L L BS L v WRT
Column-address entry/write operation _ g
with automatic deactivate 5B = actv L H L L 8s H v WRT-P
Column-address entry/read operation SB = actv L H L H BS L v READ
Column-address entry/read operation _ !
with automatic deactivate S8 =acty L H L H B8 H v READ-P
No operation X L H H H X X X NOCP
Controi-input inhibit / no operation X H X X X X X X DESL
T = deac
Auto-refresh§ 8 = doac L L L H X X X REFR
T For exception of these commands on cycle n, one of the following must be true:
-~ CKE(n—1) must be high.
- {cESp Mmust be satisfied for power-down exit.
- tcESP and trc must be satisfied for self-refresh exit.
~ Y and ncp £ must be satisfied for clock-suspend exit.
DQM(n) is a don’t care.
$ All other unlisted commands are considered vendor-reserved commands or illagal commands.
§ Auto-refresh or self-refresh entry requires that alt banks be deactivated or be in an idle state prior to the command entry.
Legend:
n = CLK cycle number
L = Logic low
H = Logic high
X = Don't care, either jogic low or logic high
Vv = Valid
T = BankT
8 = BankB
actv = Activated
deac = Deactivated
BS = Logic high to select bank T; logic low to select bank B
SB = Bank selected by A1t atcycien
INSTRUMENTS
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operation (continued)

Table 2. Clock-Enable (CKE) Command Function Tablet

COMMAND? STATE OF BANK(S) (g'ff') (‘;:f)a ?;‘;; i(“;)g ? (Yf) MNEMONIC
Self-refresh entry 1= geac H L L L L H SLFR
Power-down entry on cydle (n+1)§ ; = 1o access gg‘;::::‘;:% H L x X X X PDE
Self-refresh exit g : :Zg:::{::: t : L : : ;‘ :
Power-down exit? E : gzx:: :g:: L H X X X X —

CLK suspend on cycle (n+1) ; = doness ‘;’f:f;:;'ﬂ] H L X X X X HOLD
CLK suspend exit on cycle {n+1) g N :‘;Z: 22:::::2:1% L H X X x X -

1 For execution of these commands, AO—~A11(n) and DQM(n} are don't care entries.

1 All other uniisted commands are considered as vendor-reserved or ifiegal commands.

On cycle n, the device executes the respective command (listed in Table 1). On cycle (n+1), the device enters power-down mode.

9 A bank Is no longer in an access operation one cycle after the last data-out cycle of a read operation, and two cycles after the last data-in cycle
of a write operation. Neither the PDE nor the HOLD command is aliowed on the cycle immediately following the last data-in cycle of a write
operation.

#f setup fime from CKE high to the next CLK high satisfies tCEgP , the device executes the respective command (listed in Table 1). Otherwise,
either the DESL or the NOOP command must be applied before any other command.

Legend:

CLK cycle number

Logic low

Logic high

Don't care, either logic low or logic high

Bank T

Bank B

Deactivated

o8 R R

8—03-4)(1"’3
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operation (continued)

Table 3. Data-Mask (DQM) Command Function Tablet

BQOM

COMMAND¥ )

STATE OF BANK(S)

DATA IN
n)

DATA OUT
{n+2)

MNEMONIC

T =deac
— and X
B = deac

N/A

Hi-Z

T=aclv
and
B =actv
(no access operation )§

N/A

Hi-Z

T = write
Data-in enable or L
B8 = write

N/A

ENBL

T = write
Data-in mask or H
B = write

N/A

MASK

T = read
Data-out enable or L
B = read

ENBL

T = read
Data-out mask or H
B = read

N/A

Hi-Z

MASK

T For exception of these commands on cycle n, one of the following must be true:
~ CKE({n~1) must be high,
- tcEgp must be satisfied for power-down exit.
~tCcESP and tre must be satisfied for self-refresh exit.
— 1|5 and ncy £ must be satisfied for clock-suspend exit.

C3(n), RAS(n), TAS(n), Win), and A0~A11{n) are don't care except for interrupt conditions.

$ All other unlisted commands are considered vendor-reserved commands or illegal commands.

§ A bank is no longer in an access operation one cycle after the last data-out cycle of a read operation, and two cycles after the iast data-in cycle
of a write operation. Neither the PDE nor the HOLD command is allowed on the cycle immediately following the last data-in cycie of a write

operation.

Legend:
n = CLK cycle number
L = Logic low
H = Logic high
Hi-Z = High-impedance state
X = Don't care, either logic low or logic high
v = Valid
M = Masked input data
N/A = Notapplicable
T = BankT
8 = BankB
actv = Activated
deac = Deactivated
write = Activated and accepting data inputs on cycie n
read = Activated and delivering data outputs on cycie (n + 2)
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burst sequence

Ail data for the '626x128B are written or read in a burst {ashion — that is, a single starting address is entered into
the device and the '626x12B internally accesses a sequénce of locations based on that starting address. After
the first access, some subsequent accesses can be at preceding, as well as succeeding, column addresses,
depending on the starting address entered. This sequence can be programmed to follow either a serial burst
or an interleave burst (see Table 4, Table 5, and Table 6). The length of the burst can be programmed to be 1,
2, 4, or 8 accesses (see the section on setting the mode register). After a read burst is complete (as determined
by the programmed burst length), the outputs are in the high-impedance state until the next read access is

3-168

initiated.
Table 4. 2-Bit Burst Sequences
INTERNAL COLUMN ADDRESS A0
DECIMAL BINARY
START 2ND |START 2ND
Serial 0 ! 0 !
1 ) 1 0
interleave 0 ! 0 !
1 0 1 0
Table 5. 4-Bit Burst Sequences
INTERNAL COLUMN ADDRESS A0~A1
DECIMAL BINARY
START 2ND  3RD 4TH |START 2ND  3RD ATH
0 1 2 3 00 ot 10 11
) 1 2 3 0 01 10 11 00
Serial 2 3 0 1 10 1 00 o1
3 0 1 2 1 00 o1 10
0 1 2 3 00 o1 10 11
1 0 3 2 o1 00 1 10
Interieave 2 3 0 1 10 o 00 01
3 2 1 0 11 10 01 00
TEXAS
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burst sequence (continued)

Table 6. 8-Bit Burst Sequences

INTERNAL COLUMN ADDRESS A0-A2
DECIMAL BINARY
START 2ND 3RD 4TH S5TH 6TH 7TH 8TH [START 2ND 3RD 4TH 5TH 6TH 7TH 8TH
0 1 2 3 4 5 [] 7 000 601 ot¢ o1 100 101 110 111
1 2 3 4 5 6 7 0 001 ot0 o011 100 101 110 111 000
2 3 4 5 8 7 0 1 010 0ft 100 10t 110 111 000 001
Serial 3 4 5 6 7 Q 1 2 011 100 101 110 #1117 000 001 010
4 5 8 7 0 1 2 3 100 101 10 111 000 001 010 On
5 8 7 0 1 2 3 4 101 110 111 000 001 010 01t 100
6 7 0 1 2 3 4 5 10 111 000 Q001 010 o111 100 101
7 0 1 2 3 4 5 6 111 000 001 010 011 100 101 110
0 1 2 3 4 5 6 7 000 00t 010 011 100 101 {10 111
1 [¢] 3 2 5 4 7 6 001 000 01t 010 101 100 1M1 110
2 3 ¢} 1 3 7 4 [ 010 o1 000 GOt 110 111 100 101
Interieave 3 2 1 i} 7 ] 5 4 | ont 010 00t 000 11t 110 101 100
4 5 3] 7 0 1 2 3 | 100 101 110 111 000 001 010 On
5 4 7 8 1 0 3 2 101 100 111 110 001 Q00 Q11 010
6 7 4 5 2 3 Y] 1 . 110 1 100 101 010 011 000 Q01
7 6 5 4 3 2 1 [¢] 111 110 101 100 011 Q10 001 000
latency

The beginning data-out cycle of a read burst can be programmed to occur two or three CLK cycles after the read
command (see the section on setting the mode register). This feature allows adjustment of the device so that
it operates using the capability to iatch the data output from the '626x12B. The delay betwsen the READ
command and the beginning of the output burst is known as CAS latency. After the initial output cycle begins,
the data burst occurs at the CLK frequency without any intervening gaps. Use of minimum read latencies is

restricted, based on the maximum frequency rating of the '626x12B.

There is no latency for data-in cycles (write latency). The firstdata-in cycle of a write burstis entered at the same
rising edge of CLK that the WRT command is entered. The write latency is fixed and is not determined by the

contents of the mods register.

two-bank operation

The '626x128 contains two independent banks that can be accessed individually or in an interleaved fashion.
Eachbank must be activated with a row address before it can be accessed. Each bank must then be deactivated
before it can be activated again with a new row address. The bank-activate/row-address-entry command
(ACTV)is entered by holding RAS low, CAS high, W high, and At1 valid on the rising edge of CLK. A bank can
be deactivated either automatically during a READ-P or a WRT-P command or by using the bank-deactivate
command (DEAC). Both banks can be deactivated at once by using the DCAB command (see Table 1 and the

section on bank deactivation}.
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two-bank row-access operation

The two-bank feature aliows access of information on random rows at a higher rate of operation than is possible
with a standard DRAM by activating one bank with a row address and, while the data stream is being accessed
to/from that bank, activating the second bank with another row address. When the data stream to or from the
first bank is completed, the data stream to or from the second bank can begin without interruption, After the
second bank is activated, the first bank can be deactivated to allow the entry of a new row address for the next
round of accesses. In this manner, operation can continue in an interleaved fashion. Figure 24 shows an
example of two-bank row-interleaving read bursts with automatic deactivate for a CAS latency of three and a
burst length of eight.

two-bank column-access operation

The availability of two banks allows the access of data from random starting columns between banks at a higher
rate of operation. After activating each bank with a row address (ACTV command), A11.canbe used to alternate
READ or WRT commands between the banks to provide gapless accesses at the CLK frequency, provided all
specified timing requirements are met. Figure 25 is an example of two-bank column-interieaving read bursts
for a CAS latency of three and a burst length of two.

bank deactivation {precharge)

chip

data

CLK

Both banks can be simuftaneously deactivated (placed in precharge) by using the DCAB command. A single
bank can be deactivated by using the DEAC command. The DEAC command is entered identically to the DCAB
command except that A10 must be low and A1l is used to select the bank to be precharged (see Table 1).
A bank can also be deactivated automatically by using A10 during a read or write command. If A10 is held high
during the entry of a read or write command, the accessed bank (selected by A11) is automatically deactivated
upon completion of the access burst, If A10 is held low during the entry of a read or write. command, that bank
remains active following the burst, The read and write commands with automatic deactivation are signified as
READ-P and WRT-P, respectively.

select (CS)

T8 can be used to select or deselect the '626x12B for command entry, which can be required for multipte
memory-device decoding. If T8 is held high on the rising edge of CLK (DESL command), the device does not
respond to RAS, TAS, or W until the device is selected again by holding CS low on the rising edge of CLK. Any
other valid command can be entered simultaneously on the same rising CLK edge of the select operation. The
device can be selected/deselected on a cycle-by-cycle basis (see Table 1 and Table 2). The use of €8 does
not affect an access burst that is in progress; the DESL command can restrict only RAS, CAS, and W inputs
to the '626x12B.

mask

The MASK command or its opposite, the data-in enable (ENBL) command (see Table 3), is performed on a
cycle-by-cycle basis to gaie any data cycle within a read burst or a write burst. The application of DQM to a write
burst has no latency (npip =0 cycle), but the application of DQM to a read bursthas a latency of nppp = 2 cycles.
During a write burst, if DQM is held high on the rising edge of CLK, the data input is ignored on that cycle. When
DQM is heid high nppp cycles after the rising edge of the CLK during a read burst, the data output goes to the
high-impedance state. Figure 16 and Figure 28 show examples of data-mask operations.

suspend/power-down mode

For normal device operation, CKE should be held high to enable CLK. if CKE goes low during the execution
of a READ (READ-P) or WRT (WRT-P) operation, the state of the DQ bus at the immediate next rising edge
of CLK is frozen at its current state, and no further inputs are accepted until CKE returns high. This is known

3-170
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CLK suspend/power-down mode (continued)

as a CLK-suspendoperation and its execution indicates a HOLD command. The device resumes operation from
the point where it was placed in suspension, beginning with the second rising edge of CLK after CKE returns
high.

If CKE is brought low when no read or write command is in progress, the device enters power-down mode. if
both banks are deactivated when power-down mode is entered, power consumption is reduced to a minimum.
Power-down mode can be used during row-active or auto-refresh periods to reduce input buffer power. After
power-down mode is entered, no further inputs are accepted until CKE returns high. To ensure that data in the
device remains valid during the power-down mode, the self-refresh command (SLFR) must be executed
concurrently with the power-down entry (PDE) command. When exiting power-down mode, new commands
can be entered on the first CLK edge after CKE returns high, provided that the setup time (g gp) is satisfied.
Table 2 shows the command configuration for a CLK suspend/power-down operation. Figure 17, Figure 18,
and Figure 31 show examples of the procedure.

setting the mode register

The '626x12B contains a mode register that must be programmed with the CAS latency, the burst type, and the
burst length. This is accomplished by executing a mode-register set (MRS) command with the information
entered on address lines AO-~AS. A logic 0 mustbe enteredon A7 and A8, but A10.and A11 are don’t-care entries
for the '626x12B. When A9=1, the write-burst length is always 1. When A9=0, the write-burst fength is defined
by A0-A2. Figure 1 shows the valid combinations for a successful MRS command. Only valid addresses ailow
the mode register to be changed. If the addresses are not valid, the previous contents of the mode register
remain unaffected. The MRS command is executed by holding RAS, CAS, and W low, and the input-mode word
valid on AO—~AS on the rising edge of CLK (see Table 1). The MRS command can be executed only when both
banks are deactivated.

lAuTAm[AeIAs]A?lAsiAslMlAsIAzlmLAo!

}—Reserved 0+D ‘r 1' { '|

Serial
Interieave
{burst type)

iy
[}

REGISTERBIT | WRITE-BURST REGISTER 8iTst CAS REGISTER BITS§ BURST
A9 LENGTH A6 AS A4 | LATENCY# A1 A0 | LENGTH

0 A2-A0 ¢} 1 0 2
1 1 Q 1 1 3

cocol|B

P

0
1
¢]
1

[ 2 VI

1 Ali other combinations are reserved.
¥ Refer to timing requirements for minimum valid-read latencies based on maximum frequency rating.
§ All other combinations are reserved.

Figure 1. Mode-Register Programming
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refresh

The '626x12B must be refreshed such that all 4096 rows are accessed within trer (see timing requirements)
or data cannot be retained. Refresh can be accomplished by performing a series of ACTV and DEAC commands
to every row in both banks, by performing 4096 auto-refresh (REFR) commands, or by placing the device in
self-refresh mode. Regardiess of the method used, all rows must be refreshed before tger has expired.

auto-refresh (REFR)

Before performing a REFR command, both banks must be deactivated (placed in precharge). To enter a REFR
command, RAS and CAS must be low and W must be high on the rising edge of CLK (see Table 1). The refresh
addrass is generated internally such that after 4096 REFR commands, both banks of the '626x12B have been
refreshed. The external address and bank select (A11) are ignored. The execution of a REFR command
automatically deactivates both banks upon completion of the internal auto-refresh cycle, allowing consecutive
REFR-only commands to be executed, if desired, without any intervening DEAC commands. The REFR
commands do not necessarily have to be consecutive, but all 4096 must be completed before tper expires.

self refresh (SLFR)

To enter seif refresh, both banks of the '626x12B must first be deactivated and a SLFR command must be
executed (see Table 2). The SLFR command is.identical to the REFR command except that CKE is low. For
proper entry of the SLFR command, CKE is brought low for the same rising edge of CLK that RAS and CAS
are low and W is high. CKE must be held low to stay in self-refresh mode. In the self-refresh mode, all refreshing
signals are generated internally for both banks with all external signals (except CKE) being ignored. Data is
retained by the device automatically for an indefinite period when power is maintained and power consumption
is reduced to a minimum. To exit self-refresh mode, CKE must be brought high. New commands may be issued
only after tpc has expired. if CLK is made inactive during self refresh, it must be returned to an active and stable
condition before CKE is brought high to exit self refresh (see Figure 19).

Upon exiting self refresh, the device must begin the normal refresh scheme immediately. If the burst-refresh
scheme is used, 4096 REFR commands must be executed before continuing with normail device operations.
if a distributed-refresh scheme utilizing auto-refresh is used (for example, two rows every 32 us), the first set
of refreshes must be performed before continuing with normal device operation. This ensures that the SDRAM
is fully refreshed.

interrupted bursts

A read burst or write burst can be interrupted before the burst sequence has been completed with no adverse
effects to the operation, by entering certain superseding commands (see Table 7 and Table 8), provided that
all timing requirements are met. A DEAC command is considered an interrupt only if it is issued to the same
bank as the preceding READ or WRT command. The interruption of READ-P or WRT-P operations is not
supported.

3172
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interrupted bursts (continued)

Table 7. Read-Burst Interruption

INTERRUPTING
COMMAND EFFECT OR NOTE ON USE DURING READ BURST
READ, READ-P Current output cycles continue until the programmed latency from the superseding READ (READ-P) command is

met and new output cycles begin (ses Figure 2).

The WRT (WRT-P) command immediately supersedes the read burst in progress. To avoid data contention, DQM
WRT, WRT-P must be high before the WRT (WRT-P) command to mask output of the read burst on cycles (nceop—1). negp. and
{ncop+1). assuming that there is any output on these cycles (see Figure 3).

The DQ bus is in the high-impedance state when npzp cycles are satisfied or when the read burst completes,

DEAC, DCAB whichever occurs first (see Figure 4).

! !
—————P— noep =1 Cycle

| |
READ Command | | ?rl:'tput Btll:’.st ;tg‘:ge i ]
at Column Address CO l i Comm Béggins Here E :
} Interrupting | E | |
READ Command 4 n | |
| at Column Address C1 /
pa 1 { @ X c1 X Cla1 X Cl+2

NOTE A: For these examples, assume CAS latency = 3 and burst length = 4.

Figure 2. Read Burst interrupted by Read Command
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interrupted bursts (continued)

|
ngcp =5 Cycles »

Y

| |
w NSNS NSNS\
| !
READ Command i lnhmilptlng

| |
% : WRT Cﬂmmand
| |

|

|

|

{ I

{ | { |
GO~ X
| |

| !

I ]

|
I
i
!
|

|

|

I

]

]

|

DQ H
|
| Il i

o XD | e \

NOTES: A. For this example, assume CAS latency = 3 and burst length = 4.
B. DQM must be high to mask output of the read burst on cycles (nccp ~ 1), ncceD: and (ngen + 1)-

1
!
&
!
]
|
I
1
]

Figure 3. Read Burst Interrupted by Write Command

——n, =2Cycles———|_ N
| cco Y [« NHZP3 '%

READ Command DEAC/DCAB
Command

I
!
Interrupting ;
i
[
|

. X =0
NOTE A: For this example, assume CAS latency = 3 and burst length = 4.
Figure 4. Read Burst Interrupted by DEAC Command
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interrupted bursts (continued)

Table 8. Write-Burst interruption

'NEEO‘:;:‘: :;:;‘ G EFFECT OR NOTE ON USE DURING WRITE BURST
READ, READ-P Data in on the previous cycle is written; however, no further data in is accepted (see Figure 5).
WRT, WRT-P The new WRT (WRT-P) command and data in immediately supersede the write burst in progress. (see Figure 6).
DEAC. DCAB The DEAC/DCAB comn)and immediateiy_§up§rsedes thg write @urst in progress. DOM must be used to mask the
! DQ bus such that the write recovery specification (tywR ) is not violated by the interrupt (see Figure 7).

I
! !
| | ‘
! | |
l ! '
| | | I
o — XX

——————p— ngcp =1 Cycle
] i

l
WRT READ

Command Command

| |

7N

NOTE A: For these examplas, assume CAS latency = 3 and burst length = 4.

Figure 5. Write Burst Interrupted by Read Command
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interrupted bursts (continued)

¢—— ncep = 2 Cycles ——9|
! |

I ‘ |

WRT Command Interrupting
at Column WRT Command
Address CO at Column Address C1

DQ co x Co+1 X (3] X Cl+1 X Ct+2 X Ct+3 >—

NOTE A: For this example, assume burst fength = 4.

Figure 6. Write Burst Interrupted by Write Command

j6——— nccp=3Cycles ————9

I §
cLK NW/
[ !

i i
WRT Command Interrupting
DEAC or DCAB
Command

L

1

! 1

| { i

DQ —< D X D X ignored X Ignored >
==ty

TN

| AKX AAK KX X KX A XKD
| / KRB
NOTE A: For this example, assume burst length = 4.

A TAVAVAVAVAN

Figure 7. Write Burst interrupted by DEAC/DCAB Command

power-up sequence

Deviceinitialization must be performed after a power up to the full Vo level. After power is established, a 200-us
interval is required (with no inputs other than CLK). After this interval, both banks of the device must be
deactivated. Eight REFR commands must be performed and the mode register must be set to complete the
device initialization.
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absolute maximum ratings over ambient temperature range (unless otherwise noted)t

Supply vORAGe 18MGE, VO - - vt e e -05Vto46V
Supply voltage range for output drivers, VoG -« - v v e ~-05Vto46V
Voltage range onanypin(see Note 1) ... ... i it i ~-05Vto46V
Short-CireUit OUIPUL CUITEN . 50 mA
Power dissipatiOn ... e e 1w
Ambient temperature range, Ta ... ...t i e 0°C to 70°C
Storage temperature range, Tgtg . ......ooi i ~55°C to 150°C

1 Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTE 1: All voltage values are with respect to Vgg.

recommended operating conditions (see Notes 2 and 3)

MIN  NOM MAX UNIT
Voo Supply voltage 3 3.3 36 \
Veca  Supply voltage for output drivers 3 3.3 3.6 \
Vgs Supply voltage 0 \
Vgsa  Supply voltage for output drivers 0 \4
ViH High-fevel input voltage 2 Ve +0.3 \
Vil Low-level input voltage ~0.3 0.8 v
TA Ambient temperature 0 70 °C
NOTES: 2. Vi MIN =~ 1.5V ac (pulse width < 5 ns)
3. Veog s Vog+03V
maximum ac operating conditions (see Notes 4 and 5)
MIN MAX UNIT
Vin High-ievet input voltage 2 voog + 2.0 v
Vii Low-level input voltage VggQ-2.0 0.8 \4

NOTES: 4. The overshootand undershoot voitage duration < 3 ns with no input clamp diode.

5. Tha Vooq and Vggg are the operating parameters (not absolute maximum parameters).
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capacitance over recommended ranges of supply voltage and ambient temperature,

f =1 MHz (see Note 14)

PARAMETER MIN  MAX | UNIT
Ci(s) Input capacitance, CLK 25 4 pF
Ci(ac) _Input capacitance, A0-A11, TS, DaM, RAS, CAS, W 25 5] pF
Ci(g} Input capacitance, CKE 5 pF
Co Output capacitance 4 65 pF
NOTE 14: Vo = 3.3 £ 0.3 V and bias on pins under testis O V.
ac timing requirementst#
'626x12B-10A '626x128-10 ’626x12B-12 UNIT
MIN MAX MIN  MAX MIN  MAX
tcke  Cycle time, CLK, CAS latency = 2 10 15 15 ns
tckg  Cycle time, CLK, CAS latency = 3 10 10 12 ns
(CH Pulse duration, CLK high 3 3 4 ns
oL Pulse duration, CLK low 3 4 ns
Access time, CLK high to data out, CAS latency = 2
tacz {see Note 15) 6 8 9 ne
Access time, CLK high to data out, CAS latency = 3
AC3  (s0a Note 15) 6 & 8] ns
toH Hold time, CLK high to data out with 50-pF load 3 3 3 ns
tolN  Hold time, CLK high to data out with 0-pF load 2 2 2 ns
Detlay time, CLK high to DQ in low-impedance state .
1z {see Note 16} 2 2 2 s
Delay time, CLK high to DQ in high-impedance state
Hz {see Note 17) 8 8 8 ns
1S Setup time, address, control, and data input 2 2 3 ns
H Hold time, address, control, and data input 1 1 1 ns
tcesp Power-down/self-refresh exit time {(see Note 18) 10 10 i2 ns
taag  Delay time, ACTV command to DEAC or DCAB command 50 100000 50 100000 60 100000 ns
Delay time, ACTV, REFR, or SLFR exitto ACTY, MRS, REFR, N
‘RC or SLFR command 70 80 ge e
Delay time, ACTV command to READ, READ-P, WRT, or
trRcp  WRT-P command 20 30 30 ns
(see Note 18)
Delay time, DEAC or DCAB command to ACTV, MRS, REFR, .
tRP or SLFR command 20 30 80 ns
Deiay time, ACTV command in one bank to ACTV command p .
'RRD in the other bank 20 20 24 e

T See Parameter Measurement information for load circuits.

1 All references are made to the rising transition of CLK, unless otherwise noted.
NOTES: 15. tac is referenced from the rising transition of CLK that precedes the data-out cycle. For example, the first data-out tag is referenced
from the rising transition of CLKO that is CAS latency minus one cycle after the READ command. Access time is measured at output

reference level 1.4 V.

16. t_zis measured from the rising transition of CLK that is CAS latenicy minus one cycle after the READ command.
17. 4z MAX defines the time at which the outputs are no longsr driven and is not referenced to output voltage levels.

18. See Figure 18 and Figure 19.

19. For read or write operations with automatic deactivate, tygp must be sat to satisfy minimum tpas,.
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ac timing requirementst?# (continued)

"626x12B-10A '626x128-10 | “826x12812 | UNIT
MIN MAX MiIN MAX MIN MAX

Delay time, MRS command to ACTV, MRS, REFR, or SLFR

nSA command 20 20 24 ns
Final data out of READ-P operation to ACTV, MRS, SLFR, or

PR REFR command tap — (CL -1) = 1ok ns
Final data in of WRT-P operation to ACTV, MRS, SLFR, or

YWPW  REFR command e tRP + 110K ns
Delay time, final data in of WRT operation to DEAC or DCAB

tWR command 10 10 12 ns

tt Transition time (ses Note 20) 1 5 1 5 1 5 ns

tRErF - Refrash interval 64 64 64 ms
Delay time, READ or WRT command to an interrupting

PCCD  command 1 1 1 cyele

ncpp  Delay time, €S low or high 1o input snabled or disabled 0 0 [} 0 o 0] cyde

ncLe  Delay time, CKE high or low to CLK enabled or disabled 1 1 1 1 1 1] cycle
Delay time, final data in of WRT operation to READ, READ-P, 1 1 1

MCWL  WRT, WRT-P cycle

DID dDelay time, ENBL. or MASK ¢command to enabled or masked o 0 0 0 0 o] cycle

ata in
DOD gelay time, ENBL or MASK command to enabled or masked 2 2 2 > 5 21 cyoe
ata out
n Delay time, DEAC or DCAB command to DQ in 2 2 2| eyote
HZP2 high-impedance state, CAS latency = 2 ¥

Delay time, DEAC or DCAB command to DQ in

PHZP3 high-impedance state, CAS latency = 3 3 3 3| cycle

nwep  Delay time, WRT command to first data in 0 0 0 0 a 0} cycle

1 See Parameter Measurement Information for load circuits.
1 All refersrices are made to the rising transition of CLK, unfess otherwise noted.
NOTE 20: Transition time, t1, is measured between Vi and V) .
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PARAMETER MEASUREMENT INFORMATION

The ac timing measurements are based on signal rise and fali times equal to 1 ns (tt = 1 ns) and a midpoint
referance level of 1.4 V for LVTTL. For signal rise and fall times greater than 1 ns, the reference level should
be changed to Vi MIN and V| MAX instead of the midpoint level. All specifications referring to READ
commands are also valid for READ-P commands unless otherwise noted. All specifications referring to WRT
commands are aiso valid for WRT-P commands unless otherwise noted. All specifications referring to
consecutive commands are specified as consecutive commands for the same bank unless otherwise noted.

14V
RL=50Q
Output
UnderTest C | 2Zp=500Q
I CL =50 pF
Figure 8. LVTTL-Load Circuit
[ tcxk —¥
tcH —'p—n }
|
| i |
| | 5 | : S
lter -e—l : I
i us — TN e
: ey
|
DG, A0~AH, C§, RAS, ' |
CAS, W, DQM, CKE | ’S‘ !
lj
L
!‘__
i

e I
D@, A0-A11, TS, RAS,
CAS, W, DQM, CKE |

ety

Figure 9. Input-Attribute Parameters
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PARAMETER MEASUREMENT INFORMATION

|
N\
| ; | Y

1
ACTV
Command

i |
TRXXTIT)
‘202020202020202020‘

>

T

—

i
READ
Command

' 4z ‘K—’i

|
tac -—'h»———ﬂ

CAS Latency ————¥

!
I
f |
{
!

thz —ﬂ——ﬂl

|
P
Pl
| M toH
|

Figure 10. Qutput Parameters

;

READ,WRT l¢——— ngcp ———» READ, READ-P, WRT, WRT-P, DEAC, DCAB
DESL l,‘e ncpp ='1 Command Disable
ACTV Iﬁ tRAS *-{ DEAC, DCAB

ACTV, REFR, SELF-REFRESH EXIT ;e tRe 9{ ACTV, MRS, REFR, SLFR

ACTV ¢ taco » READ, READ-P, WRT, WRT-P

DEAC, DCAB != trp ,: ACTV, MRS, REFR, SLFR
ACTV Iﬂ“‘—w tRRD ____.__ﬂ’ ACTV (different bank)
MRS ;4 tRSA 4,: ACTV, MRS, REFR, SLFR

Figure 11. Command-to-Command Parameters
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PARAMETER MEASUREMENT INFORMATION

| |
ba o X o X =y

NOTE A: For this example, assume CAS latency = 3 and burst length = 4.

* nHzP3 »
! |
| I
w NN\ NS\ S
1 | | |
DEAC or | I
omma Command
b e ¥
|

Figure 12. Read Followed by Deactivate

—— tapg —

! |
S SN SN SN/
| | |
| ACTV, MRS
c:EnAn?a-:d Final Data Out REFR, or SLFR
| Command
J /_H |
DQ L Q ]
N/
NOTE A: For this example, assume CAS latency = 3 and burst length = 1.
Figure 13. Read With Auto-Deactivate
newL —r—ﬂ
I Y tWR g
oK /_\—/_\-/-\—6(’_/ A
| { !
DEAC or DCAB
WRT WRT Command

Command Command ,

' l z,
o —( o X 5 ) |

NOTE A: For this example, assume burst length = 1.

Figure 14, Write Followed By Deactivate
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PARAMETER MEASUREMENT INFORMATION
ncwL. —e——»l
a /NS N\ A\
IR !
WRT WRT-P ACTV, MRS,
Command Command } RE::&?;.S,;FR

! !
e — 5 X o H—I n

Figure 15. Write With Auto-Deactivate

H nooD —" e twpg —
“—l npop *—’3{ ! { :
i
St A B Bl M B Pt
WRT DEAC or |
READ | 1 | | Command | DCAB |
Command | | i | | | Com?nand |
{ | | I | i
DO e | } Q D ignored X Ignored . X Ignored
— CO——C X X X
{

| ) ! i
| ENBL MASK MASK MASK ENBL MASK MASK :
| Command Comt'nand Command Command Command Command Command |

i ; lL | |
mum | /

NOTE A: For this sxample, assume CAS latency = 3 and burst length = 4.

R
LRI

Figure 16. DQ Masking
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PARAMETER MEASUREMENT INFORMATION

[€—ncLE —¥
4 nCLE [ f
|
!

Figure 17. CLK-Suspend Operation
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PARAMETER MEASUREMENT INFORMATION

oLK , TR
! l f RGN/ '
Las:N L:;a—ln I { : ; 1 Exit
X X Power-Down
O(WHT-;) | | j : ! Mode ftcesp
peration | | ! ! | Is Satistled
i } | I ! CLKIs | (New
| | | ! ! Don’t Care, f Command)
[ Last | | j¢—- But Must Be —» '
| Date-Out | | Stable *
| READ | | Before CKE ‘
f (READ-P) i Enter High |
[ Operation ! Power-Down ‘
CKE - i | M?de E
T S S S A
YH —e—> I tcESP e
—>-Ys
CLK XXX RX XXX
[ | l RN,/ ' ,
Last Data-in ' ' . ’ DESL or |
WRT 1 ‘ o ! NOOP |
(WRT-P) ! l i ! | Command [
Operation | | i | | Only If tceESP |
! | | | | CLK s | Is Not i
’ | | ' 1 Domtcare, | Satistied |
' Last i | le— But MustBe —! ! |
| Data-Out | ! Stable | |
| READ i | Before CKE ! Exit Power-Down
! (READ-P) | Enter High | Mode (New
{ Operation ; Power-Down : Command)
| L
CKE | l ! M?de / | |
“H : l (/ () ‘ ’
[ [¢—— ICESP —

—>-ts
Figure 18. Power-Down Operation
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CLK

CKE

CLK

CKE

PARAMETER MEASUREMENT INFORMATION

|
| stbr | i Exit SLFR ACTV,
! Command | | tcespis MRS, or
| ! | CLKls | Satisfied DESL or REFR
Both Banks [ I DontCare, | | NOOP Command
Deactivated | ! ::t ?‘:'t __;{ ¢————— Command -———pi
| | 3’ o | Only Untit g 1
| | Before | is Satistied |
| CKE High ‘ . 1
Y 'Y t
" A I
| I ! l) (7— f — tpe ]
ti —‘{‘“—“H [ | |
[ s ! |
tCESP

f I
] sLtFR | | NOOP or Exit SLFR ACTV, MRS, or
| Command | | DESL if ; REFR Command
‘ ‘ : DO:LKCh ' tcesp Not | DESL or !
Both 't Care, [ Yet |
vated | lq_. ButMust | Satisfied S NooP ‘
Deactivated | [ Bestable | ’ - Command -
! { Before ! | OnlyUntiltge |
| | CKE High | i Is Satisfi:d !
| : -+ (-
X yan | |
[ t : hane | [ i tRC ]
tiH ——»i ! | f
—p g I i
f¢——— tcESP ——¥

Figure 19. Self-Refresh Operation
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