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DATASHEET

RELEASED 04/23

2.5-Gigabit SDRAM MCM / 3.0-Gigabit SDRAM MCM

UT8SDMQ64M40/UT8SDMQ64M43

Features
¢ Organized as 64M x 40 (16Meg x 40 x 4 banks) and 64M x 48(16Meg x 48 x 4 banks)
¢ Single 3.3V power supply
e Maximum frequency: 100 MHz
¢ Operation -40°C to +105°C
e LVTTL compatible with multiplexed address
¢ Fully synchronous; all signals registered on positive edge of system clock
¢ Internal pipelined operation; column address can be changed every clock cycle
¢ Programmable burst lengths: 1,2,4,8, or full page
¢ Auto-precharge, includes concurrent auto precharge, and auto refresh mode
e 32ms, 8,192-cycle refresh
¢ Operational environment:
- Total dose: 50 krad (Si)
- SEL Immune 111 MeV-cm?/mg
- SEU Event Rate: 1.3E-10 events/bit-day assuming geosynchronous orbit and Adam’s 90% worst-case
environment
o Offered in Frontgrade Q and Q+ manufacturing screening flow, which includes tri-temp testing and radiation
assurance (ref ordering page)
¢ Package options:
- 128-lead Ceramic Quad Flatpack, shallow side-braze
- 128-lead Ceramic Quad Flatpack, deep side-braze

Introduction

The UT8SDMQ64M40 and UT8SDMQ64M48 are high performance, highly integrated Synchronous Dynamic Random
Access Memory (SDRAM) multi-chip modules (MCMs). Total module density is 2,684,354,560 bits for the 2.5G
device and 3,221,225,472 bits for the 3G device. Each bit bank is organized as 8192 rows by 2048 columns.

Read and write accesses to the DRAM are burst oriented; accesses start at a selected location and continue for a
programmed number of locations in a programmed sequence. The programmable READ and WRITE burst lengths
(BL) are 1, 2, 4, or 8 locations, or the full page, with a burst terminate option.

FRONTGRADE SDRAMs are designed to operate at 3.3V. An auto refresh mode is provided, along with a power-
saving, power-down mode. All inputs and outputs are LVTTL compatible. SDRAMs offer significant advances in
DRAM operating execution, including the capability to synchronously burst data at a high data rate with automatic
column-address generation, to interleave between internal banks to mask precharging time, and to randomly
change column addresses on each clock cycle during a burst access.
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Figure 2: 128-lead Package 2.5G (512Mb x 5) SDRAM Module
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2.5-Gigabit SDRAM MCM / 3.0-Gigabit SDRAM MCM

UT8SDMQ64M40/UT8SDMQ64M43

2.5G (512Mb x 5) SDRAM Module

Table 1. Pin Descriptions

Pin Numbers Symbols ‘

Description

Clock: CLK is driven by the system clock. All SDRAM input signals are sampled on
77 CLK Input | the positive edge of CLK. CLK also increments the internal burst counter and
controls the output registers.
Clock enable: CKE activates (HIGH) and deactivates (LOW) the CLK signal.
Deactivating the clock provides PRECHARGE power-down, ACTIVE power-down (row
79 CKE Inout active in any bank), or CLOCK SUSPEND operation (burst/access in progress). CKE is
P synchronous except after the device enters power-down where CKE becomes
asynchronous until after exiting the same mode. The input buffers, including CLK,
are disabled during power-down providing low standby power.
Chip select: CS# enables (registered LOW) and disables (registered HIGH) the
80 CS# Inout command decoder. All commands are masked when CS# is registered HIGH. CS#
P provides for external bank selection on systems with multiple banks. CS# is
considered part of the command code.
8. 76. 75 RAS#, Inout Input Command inputs: RAS#, CAS#, and WE# (along with CS#) define the
e CAS#, WE# PUE | command being entered.
Input/output mask: DQM is an input mask signal for write accesses and an output
112, 16, DQM(4:0) | Tnput enable signal for read accesses. Input data is masked when DQM is sampled HIGH
111, 59, 58 ) P during a WRITE cycle. The output buffers are placed in a High-Z state (two-clock
latency) when DQM is sampled HIGH during a READ cycle.
] Bank address inputs: BAO and BA1 define to which bank the ACTIVE, READ, WRITE,
84,82 BA (1:0) Input or PRECHARGE command is being applied.
Address inputs: A0-A12 are sampled during the ACTIVE command (row-address
81, 83, 86, A0-A12) and READ/WRITE command (column-address A0-A9, Al1l); with A10
85, 87, 89, defining auto precharge) to select one location out of the memory array in the
91, 93, 95, A(12:0) Input | respective bank. A10 is sampled during a PRECHARGE command to determine
94, 92, 90, whether all banks are to be precharged (A10[HIGH]) or bank selected by (A10
88 [LOW]). The address inputs also provide the opcode during a LOAD MODE REGISTER
command.
42, 46, 50, Data
54, 56, 52, DQ[7.0](0) 1/0 Data input/output
48, 44
43,47, 51, Data
55, 57, 53, DQ[7:0](1) 1/0 Data input/output
49, 45
127, 123,
119, 115, . Data .
113, 117, DQ[7:0](2) 1/0 Data input/output
121, 125
32, 28, 24, Data
20, 18, 22, DQ[7:0](3) Data input/output
26, 30 /0
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2.5-Gigabit SDRAM MCM / 3.0-Gigabit SDRAM MCM

UT8SDMQ64M40/UT8SDMQ64M43

Table 1. Pin Descriptions

Pin Numbers Symbols ‘ Type ‘Description

128, 124,
120, 116,
114, 118,
122, 126

DQ[7:0](4) Data I/O Data input/output

110 NC No connect: This pin should be left unconnected.

rRONTGRADCE

1,59 13,
15, 34, 38,
63, 66, 70,
74, 96,
100, 104,
108

VvDDQ Supply DQ power: Isolated DQ power to the die for improved noise immunity.

2, 6, 10,
14, 35, 39,
62, 64, 65,
69, 73, 97,
101,105,
109

VSSQ Supply DQ ground: Isolated DQ ground to the die for improved noise immunity.

4,8, 12,
37, 41, 60,
67, 71, 99,
103, 107

VDD Supply Power supply: +3.3V 0.3V

3,7, 11,
17, 19, 21,
23, 25, 27,
29, 31, 33, VSS Supply Ground
36, 40, 61,
68, 72, 98,

102, 106
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UT8SDMQ64M40/UT8SDMQ64M43

Package Drawing
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Figure 3: 128-lead Package 3.0G (512Mb x 6) SDRAM Module
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2.5-Gigabit SDRAM MCM / 3.0-Gigabit SDRAM MCM

UT8SDMQ64M40/UT8SDMQ64M43

3.0G (512Mb x 6) SDRAM Module

Table 2. Pin Descriptions

Pin Numbers Symbols Type Description
Clock: CLK is driven by the system clock. All SDRAM input signals are
77 CLK Input sampled on the positive edge of CLK. CLK also increments the internal
burst counter and controls the output registers.
Clock enable: CKE activates (HIGH) and deactivates (LOW) the CLK
signal. Deactivating the clock provides PRECHARGE power-down, ACTIVE
power-down (row active in any bank), or CLOCK SUSPEND operation
79 CKE Input (burst/access in progress). CKE is synchronous except after the device
enters power-down where CKE becomes asynchronous until after exiting
the same mode. The input buffers, including CLK, are disabled during
power-down providing low standby power
Chip select: CS# enables (registered LOW) and disables (registered
80 CS# Inout HIGH) the command decoder. All commands are masked when CS# is
P registered HIGH. CS# provides for external bank selection on systems
with multiple banks. CS# is considered part of the command code.
78, 76, 75 RAS#, Input Command |np.)uts: RAS#, CAS#, and WE# (along with CS#) define the
CAS#, WE# command being entered.
Input/output mask: DQM is an input mask signal for write accesses and
17,112, an output enable signal for read accesses. Input data is masked when
16,111, DQM(5:0) Input DQM is sampled HIGH during a WRITE cycle. The output buffers are
59, 58 placed in a High-Z state (two-clock latency) when DQM is sampled HIGH
during a READ cycle.
. Bank address inputs: BAO and BA1 define to which bank the ACTIVE,
82 84 BA (1:0) INPUt | READ, WRITE, or PRECHARGE command is being applied.
Address inputs: AO-A12 are sampled during the ACTIVE command (row-
81, 83, 86, address A0—-A12) and READ/WRITE command (address A0-A9, A1l with
85, 87, 89, A10 defining auto precharge) to select one location out of the memory
91, 93, 95, A(12:0) Input array in the respective bank. A10 is sampled during a PRECHARGE
94, 92, 90, command to determine whether all banks are to be precharged
88 (A10[HIGH]) or bank selected by (A10 [LOW]). The address inputs also
provide the opcode during a LOAD MODE REGISTER command.
42, 46, 50,
54, 56, 52, DQ[7:0](0) Data I/O | Data input/output
48, 44
43, 47, 51,
55, 57, 53, DQ[7:0](1) Data I/O | Data input/output
49, 45
127, 123,
119, 115, . _
113, 117, DQ[7:0](2) Data I/O | Data input/output
121, 125
32, 28, 24,
20, 18, 22, DQ[7:0](3) Data I/O | Data input/output
26, 30
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UT8SDMQ64M40/UT8SDMQ64M48

Table 2. Pin Descriptions

Pin Numbers Symbols ‘ Type Description

128, 124,
120, 116,
114, 118,
122, 126
33, 29, 25,
21, 19, 23, DQ[7:0](5) Data I/O | Data input/output
27,31
110 NC No connect: This pin should be left unconnected
1,5,9, 13,
15, 34, 38,
63, 66, 70,
74, 96,
100, 104,
108
2, 6,10,
14, 35, 39,
62, 64, 65,
69, 73, 97,
101, 105,
109
4,8, 12,
37,41, 60,
67,71, 99,
103, 107
3,7,11,
36, 40, 61,
68, 72, 98,
102, 106

DQ[7:0](4) Data I/O | Data input/output
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VvDDQ Supply DQ power: Isolated DQ power to the die for improved noise immunity.

VSSQ Supply DQ ground: Isolated DQ ground to the die for improved noise immunity.

VDD Supply Power supply: +3.3V +0.3V.

VSS Supply Ground

DATASHEET

Functional Description

The 2.5G and 3.0G SDRAMs are organized as 16M x 40 x 4 banks and 16M x 48 x 4 banks that operate on 3.3V using
a synchronous interface (signals are registered on the positive CLK edge). Read and write accesses to the SDRAM
are burst oriented. Accesses start at address locations selected and continue for programmed number of locations in
a programmed sequence. Device accesses start with the registration of the ACTIVE command followed by a READ or
WRITE command. Some address and both bank bits are registered coincident to the ACTIVE command registration
and are used to select the row and bank locations, while column location to initiate burst access address bits AQ-A9
are registered at time of READ/WRITE command.

Previous to normal operation the device must initialized properly.

RELEASED 04/23
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2.5-Gigabit SDRAM MCM / 3.0-Gigabit SDRAM MCM

UT8SDMQ64M40/UT8SDMQ64M43

Initialization

The SDRAMs must be powered up and initialized in a certain manner. Failure to initial devices may result in
unpredictable behaviour. Once stable power is applied to VDD and VDDQ (simultaneously), and the clock is running
and stable (cycling within specified parameters) the device requires a minimum 100us delay prior to issuing any
command other than NOP or COMMAND INHIBIT. At some time during this period the COMMAND INHIBIT or NOP
can be issued and should continue through the end of the 100us period. After the delay has been completed with at
least one COMMAND INHIBIT or NOP command, a PRECHARGE command should be applied. All banks must then be
precharged, thereby placing all banks in the device into the idle state. Once in the idle state, two AUTO REFRESH
cycles must be performed. After the AUTO REFRESH cycles are complete, the SDRAM is ready for mode register
programming. Because the mode register powers up in an unknown state, it should be loaded prior to applying any
operational command.

The recommended power-up sequence for SDRAMs:

1. Simultaneously apply power to VDD and VDDQ.

2. Assert and hold CKE at a LVTTL logic LOW since all inputs and outputs are LVTTL-compatible.

3. Provide stable CLOCK signal. Stable clock is defined as a signal cycling within timing constraints specified for
the clock pin.

4. Wait at least 100yus prior to issuing any command other than a COMMAND INHIBIT or NOP.

5. Starting at some point during this 100us period, bring CKE HIGH. Continuing at least through the end of this
period, one or more COMMAND INHIBIT or NOP commands must be applied.

6. Perform a PRECHARGE ALL command.

7. Wait at least 'RP time; during this time, NOPs or DESELECT commands must be given. All banks will complete
their precharge, thereby placing the device in the all banks idle state.

8. Issue an AUTO REFRESH command.

9. Wait at least RFC time, during which only NOPs or COMMAND INHIBIT commands are allowed.

10. Issue an AUTO REFRESH command.

11. Wait at least RFC time, during which only NOPs or COMMAND INHIBIT commands are allowed.

12. The SDRAM is now ready for mode register programming. Because the mode register will power up in an
unknown state, it should be loaded with desired bit values prior to applying any operational command. Using
the LMR command, program the mode register. The mode register is programmed via the MODE REGISTER
SET command with BA1 = 0, BAO = 0 and retains the stored information until it is programmed again or the
device loses power. Not programming the mode register upon initialization will result in default settings which
may not be desired. Outputs are guaranteed High-Z after the LMR command is issued. Outputs should be
High-Z already before the LMR command is issued.

13. Wait at least *™MRD time, during which only NOP or DESELECT commands are allowed.

At this point, the DRAM is ready for any valid command.

Note: If desired, more than two AUTO REFRESH commands can be issued in the sequence. After steps 9 and 10 are complete, repeat
them until the desired number of AUTO REFRESCH + 'RFC loops is achieved.
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UT8SDMQ64M40/UT8SDMQ64M48

Register Definition

Mode Register

The mode register is used to set a specific mode of operation for the SDRAM. These definitions include Burst length
(BL), the CAS latency (CL), and the write burst mode as shown in Figure 4. The mode register is programmed using
the LOAD MODE REGISTER command and retains the stored setting information until either reprogrammed or device
power is lost. Mode register bits M0-M2 specifies the BL, M3 specifies the type of burst (sequential or interleaved),
M4-M6 specify the CL, M7 and M8 specifies the operation mode, M9 specifies the write burst mode, M10 and M11 are
reserved. Address M12 is undefined, but should be driven low during mode register programming. All references to
bit(s) Mx in this document affect the mode register.

Burst Length (BL)

All read and write activity to the SDRAMs are burst oriented. The burst mode is selected by programming BL as
described above. Burst length of 1, 2, 4, and 8 locations are available for both sequential and interleaved burst types.
A full page burst is also available in sequential mode only and is used in conjunction with BURST TERMINATE
command to generate arbitrary burst lengths. Reserved states for BL should not be used as they may result in
undefined operations.

Whenever a read or write command is issued a block of columns is selected that is equal to the BL. All access for that
burst takes place within this block, meaning that the burst wraps within the block if a boundary is reached. The block
is uniquely selected by A1-A9, and Allwhen BL = 2, A2-A9, and Allwhen BL = 4, A3-A9, and Allwhen BL = 8. The
remaining least significant address bits are used to select the starting location within the block. Full-page bursts wrap
within the page if the boundary is reached.

Burst Type

Accesses within a given burst may be programmed to be either sequential or interleaved: this is referred to as the
burst type and is selected via bit M3.

The ordering of the accesses with the burst is determined by BL1, the burst type and the staring column address, as
shown in Table 3.
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2.5-Gigabit SDRAM MCM / 3.0-Gigabit SDRAM MCM

UT8SDMQ64M40/UT8SDMQ64M43

AIZ Al AW A9 AB AT A6 AS A4 A3 A2 Al A0 Address Bus
12 I n ] 0] % |8 I G L e I I [ "1 Mode Register (Mx)
Reserved' WB | OpMode | CAS Latency | BT | Burst Length
M9 Write Burst Mode Barys Lasgth
i [ Programmed burst length M2 | M1 | M0 M3i=0 M3i=1
1 Single location access 0 0 0 1 1
0 0 1 2 2
v 0 1 0 4 4
M8 M7 M6-MO Operating Mode 3 l ' 2 2
0 0| Defined | Standard Operation ‘ — —_ »
| 1 0 0 Reserved Reserved
- - - All other states reserved |
l 0 1 Reserved Reserved
' | ] 0 Reserved Reserved
M6 | M5 | M4 CAS Latency ‘ U Full Page Reserved
0 [ 0 Reserved
oo |1 Reserved | Y
o1 |o 2 i M3 Burst Type
0 1 | 3 w 0 Sequential
1 0 0 Reserved ‘ 1 Interleaved
I I Reserved ‘
i | 0 Reserved
| 1 |

Note:

Reserved J

Figure 4: Mode Register Definition

1) Program M12, M11, M10 = "0, 0, 0" to ensure compatibility with future devices.
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UT8SDMQ64M40/UT8SDMQ64M48

Table 3. Burst Definition

Order of Accesses Within a Burst

Burst Length

Starting Column Address

Type = Sequential Type = Interleaved

rRONTGRADCE
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1) For full-page accesses: y = 2,048
2) For BL = 2, A1-A9, A11 select the block-of-two burst; A0 selects the starting column within the block.

3) For BL = 4, A2-A9, A11 select the block-of-four burst; AO-A1 select the starting column within the block.
4) For BL = 8, A3-A9, A-11 select the block-of-eight burst; A0—A2 select the starting column within the block.

5) For a full-page burst, the full row is selected and A0-A9, Al1 select the starting column.
6) Whenever a boundary of the block is reached within a given sequence above, the following access wraps within the block.

2 - - 0 0-1 0-1
- - 1 1-0 1-0
- Al A0
- 0 0 0-1-2-3 0-1-2-3
4 - 0 1 1-2-3-0 1-0-3-2
- 1 0 2-3-0-1 2-3-0-1
- 1 1 3-0-1-2 3-2-1-0
A2 Al A0
0 0 0 0-1-2-3-4-5-6-7 0-1-2-3-4-5-6-7
0 0 1 1-2-3-4-5-6-7-0 1-0-3-2-5-4-7-6
0 1 0 2-3-4-5-6-7-0-1 2-3-0-1-6-7-4-5
8 0 1 1 3-4-5-6-7-0-1-2 3-2-1-0-7-6-5-4
I 1 0 0 4-5-6-7-0-1-2-3 4-5-6-7-0-1-2-3
1 0 1 5-6-7-0-1-2-3-4 5-4-7-6-1-0-3-2
L
I 1 1 0 6-7-0-1-2-3-4-5 6-7-4-5-2-3-0-1
1 1 1 7-0-1-2-3-4-5-6 7-6-5-4-3-2-1-0
)
< Cn,Cn+1,
l_ Cn+2
n = A0-A12/11/9 Cn+3
< Full page () (location 0-y) Cn+4.. Not Supported
0 .Cn-1
Cn...
Notes:

7) For BL = 1, A0-A9, A11 select the unique column to be accessed, and mode register bit M3 is ignored.
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2.5-Gigabit SDRAM MCM / 3.0-Gigabit SDRAM MCM

UT8SDMQ64M40/UT8SDMQ64M43

CAS Latency (CL)

CL is the delay, in clock cycles, between the registration of a READ command and the availability of the first piece
of output data. The latency can be set to two or three clocks.

If a READ command is registered at clock edge n and the latency is m clocks, the data will be available by clock
edge n + m. The DQs will start driving as a result of the clock edge one cycle earlier (7 + m - 1), and provided that
the relevant access times are met, the data will be valid by clock edge n + m. For example, as shown in Figure 5,
assuming that the clock cycle time is such that all relevant access times are met, if a READ command is registered
at TO and the latency is programmed to two clocks, the DQs start driving after T1 and the data will be valid by T2.
Table 4 indicates the operating frequencies at which each CL setting can be used.

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

T0 T1 T3

Moy R N N N
Command [ )} Reap X X nop (X nop XX 1 |

W2 I wc {OH !
ba om i |
CL=2 | o |

TO T1 T2 T3

S U e VD e WY s W

|

Command [ X Reap Y} ko XX Nor WX nor XX
| | |

1

| tAC | tOH
DQ ‘ l -1' Data * X
| |

|
I
le CL=3 | |
|

PEE——
:

I:I Don’t Care
|_| Undefined

Figure 5: CAS Latency

Table 4. CAS Latency
Allowable Operating Frequency (MHz)
Frequency Latency
<100 CL=2
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Operating Mode

The normal operating mode is selected by setting M7 and M8 to zero; the other combinations of values for M7 and
M8 are reserved for future use and/or test modes. The programmed burst length applies to both READ and WRITE
bursts. Test modes and reserved states should not be used because unknown operation or incompatibility with future
versions may result.

WRITE Burst Mode

When M9 = 0, BL programmed via M0O—M2 applies to both READ and WRITE bursts; when M9 = 1, the programmed
burst length applies to READ burst, but write accesses are single-location (nonburst) accesses.

rRONTGRADCE

Commands

Table 5 provides a quick reference of available commands. This is followed by a written description of each command.
Three additional Truth Tables appear in the Operations section; these tables provide current state/next state
information.

Table 5: Truth Table 1 Commands and DQM Operation

| Name (Function)  CcS# RAS# CAS# WE#  DQM Address DQs Notes
Ll COMMAND INHIBIT (NOP) H X X X X X X
Ll NO OPERATION (NOP) L H H H X X X

| ACTIVE (Select bank and activate L L H H X Bank/ X 3
V) row) row
< READ (Select bank and column, 8 Bank/
I_ and start READ burst) L H L H L/H col X 4
< WRITE (Select bank and column, 8 Bank/ .
D and start WRITE burst) L H L L L/H col valid 4

BURST TERMINATE L H H L X X Active
PRECHARGE (Deactivate row in

bank or banks) L L H L X Code X >
AUTO REFRESH L L L H X X X 6,7
LOAD MODE REGISTER L L L L X Op-code X

Write enable/output enable -- -- -- -- L - Active

Write inhibit/output High-Z - - - - H - High-Z

Notes:

1) CKE is HIGH for all commands shown.

2) A0-A11 define the op-code written to the mode register, and A12 should be driven LOW.

3) A0-A12 provide row address, and BAO, BA1 determine which bank is made active.

4) A0-A9, Al1 provide column address; A10 HIGH enables the auto precharge feature (nonpersistent), while A10 LOW
disables the auto precharge feature; BAO, BA1 determine which bank is being read from or written to.

5) A10 LOW: BAO, BA1 determine the bank being precharged. A10 HIGH: All banks precharged and BAQ, BA1 are “"Don't
Care.”

6) This command is AUTO REFRESH if CKE is HIGH.

7) Internal refresh counter controls row addressing; all inputs and I/Os are “Don‘t Care” except for CKE.

8) Activates or deactivates the DQs during WRITEs (zero-clock delay) and READs (two-clock delay).

™M
N
~
<t
o
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T
1)
<
w
|
T
(-2

Frontgrade Headquarters | 4350 Centennial Blvd | Colorado Springs, CO, 80907 | (719)594-8000




rRONTGRADCE

—
L
Ll
T
Vg
<
-
<
O

RELEASED 04/23

2.5-Gigabit SDRAM MCM / 3.0-Gigabit SDRAM MCM

UT8SDMQ64M40/UT8SDMQ64M43

COMMAND INHIBIT

The COMMAND INHIBIT function prevents new commands from being executed by the SDRAM, regardless of
whether the CLK signal is enabled. The SDRAM is effectively deselected. Operations already in progress are not
affected.

NO OPERATION (NOP)

The NO OPERATION (NOP) command is used to perform a NOP to an SDRAM that is selected (CS# is LOW). This
prevents unwanted commands from being registered during idle or wait states. Operations already in progress are
not affected.

LOAD MODE REGISTER

The mode register is loaded via inputs AO-A11 (A12 should be driven LOW). See “"Mode Register” on page 8. The
LOAD MODE REGISTER command can only be issued when all banks are idle and a subsequent executable
command cannot be issued until tMRD is met.

ACTIVE

The ACTIVE command is used to open (or activate) a row in a particular bank for a subsequent access. The value
on the BAO, BAL1 inputs selects the bank and the address provided on inputs AO-A12 selects the row. This row
remains active (or open) for accesses until a PRECHARGE command is issued to that bank. A PRECHARGE
command must be issued before opening a different row in the same bank.

READ

The READ command is used to initiate a burst read access to an active row. The value on the BAO, BA1 inputs
selects the bank and the address provided on inputs; A0-A9, Al1 selects the starting column location. The value on
input A10 determines whether auto precharge is used. If auto precharge is selected, the row being accessed will be
precharged at the end of the READ burst; if auto precharge is not selected, the row remains open for subsequent
accesses. Read data appears on the DQs subject to the logic level on the DQM inputs two clocks earlier. If a given
DQM signal was registered HIGH, the corresponding DQs will be High-Z two clocks later; if the DQM signal was
registered LOW, the DQs provides valid data.

WRITE

The WRITE command is used to initiate a burst write access to an active row. The value on the BAO, BAl inputs
selects the bank, and the address provided on inputs A0—-A9, Al1 selects the starting column location. The value on
input A10 determines whether auto precharge is used. If auto precharge is selected, the row being accessed will be
precharged at the end of the WRITE burst; if auto precharge is not selected, the row remains open for subsequent
accesses. Input data appearing on the DQs is written to the memory array subject to the DQM input logic level
appearing coincident with the data. If a given DQM signal is registered LOW, the corresponding data will be written
to memory; if the DQM signal is registered HIGH, the corresponding data inputs will be ignored and a WRITE will not
be executed to that byte/column location.
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PRECHARGE

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 at a specified time (tRP) after the PRECHARGE command is
issued. Input A10 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.” After a bank
has been precharged, it is in the idle state and must be activated prior to any READ or WRITE commands being
issued to that bank.

Auto Precharge

Auto precharge is a feature that performs the same individual-bank PRECHARGE function described above, without
requiring an explicit command. This is accomplished by using A10 to enable auto precharge in conjunction with a
specific READ or WRITE command. A PRECHARGE of the bank/row that is addressed with the READ or WRITE
command is automatically performed upon completion of the READ or WRITE burst, except in the full-page burst
mode, where auto precharge does not apply. Auto precharge is non-persistent in that it is either enabled or disabled
for each individual READ or WRITE command.

Auto precharge ensures that the precharge is initiated at the earliest valid stage within a burst. The user must not
issue another command to the same bank until the precharge time (tRP) is completed. This is determined as if an
explicit PRECHARGE command was issued at the earliest possible time, as described for each burst type in the
Operations section.

BURST TERMINATE

The BURST TERMINATE command is used to truncate either fixed-length or full-page bursts. The most recently
registered READ or WRITE command prior to the BURST TERMINATE command will be truncated, as shown in the
“Operations” section on page 14. The BURST TERMINATE command does not precharge the row; the row will remain
open until a PRECHARGE command is issued.

AUTO REFRESH

AUTO REFRESH is used during normal operation of the SDRAM and is analogous to CAS#-BEFORE-RAS# (CBR)
REFRESH in conventional DRAMs. This command is nonpersistent, so it must be issued each time a refresh is
required. All active banks must be PRECHARGED prior to issuing an AUTO REFRESH command. The AUTO REFRESH
command should not be issued until the minimum tRP has been met after the PRECHARGE command as shown in
the Operations section.

The addressing is generated by the internal refresh controller. This makes the address bits “"Don’t Care” during an
AUTO REFRESH command. The 512Mb SDRAM requires 8,192 AUTO REFRESH cycles every 32ms (tREF). Providing
a distributed AUTO REFRESH command every 3.9us will meet the refresh requirement and ensure that each row is
refreshed. Alternatively, 8,192 AUTO REFRESH commands can be issued in a burst at the minimum cycle rate (tRC),
once every 32ms.
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Operations

Bank/Row Activation

Before any READ or WRITE commands can be issued to a bank within the SDRAM, a row in that bank must be
“opened.” This is accomplished via the ACTIVE command which selects both the bank and the row to be activated
(see Figure 6).

After opening a row (issuing an ACTIVE command), a READ or WRITE command may be issued to that row, subject
to the RCD specification. tRCD (MIN) should be divided by the clock period and rounded up to the next whole humber
to determine the earliest clock edge after the ACTIVE command on which a READ or WRITE command can be entered.
For example, a tRCD specification of 20ns with a 125 MHz clock (8ns period) results in 2.5 clocks, rounded to 3. This
is reflected in Figure 7, which covers any case where 2 < tRCD (MIN)/tCK < 3 (the same procedure is used to convert
other specification limits from time units to clock cycles). A subsequent ACTIVE command to a different row in the
same bank can only be issued after the previous active row has been “closed” (precharged). The minimum time
interval between successive ACTIVE commands to the same bank is defined by RC.

Data for any WRITE burst may be truncated with a subsequent READ comment, and data for a fixed-length WRITE
burst may be immediately followed by a READ command. After the READ command is registered, the data inputs will
be ignored, and WRITEs will not be executed. An example is shown. Data n+1 is either the last of a burst of two or
the latest desired of a longer burst.

WRITE with Auto Precharge

Interrupted by a READ (with or without auto precharge): A READ to bank m interrupts a WRITE on bank n7 when
registered, with the data-out appearing CL later. The PRECHARGE to bank n begins after {WR is met, where {WR
begins when the READ to bank m is registered. The last valid WRITE to bank n will be data-in registered one clock
prior to the READ to bank m (see Figure 29).

Interrupted by a WRITE (with or without auto precharge): A WRITE to bank m interrupts a WRITE on bank 7 when
registered. The PRECHARGE to bank 7 begins after tWR is met, where tWR begins when the WRITE to bank m is
registered. The last valid data WRITE to bank n will be data registered one clock prior to a WRITE to bank m (see
Figure 30).
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Table 6: Truth Table 2 - CKE
Notes 1-4 apply to entire table; Notes appear below.

u
Q
-
1 4
O
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O
44
L

CKEhq-1 (of (=% Current State ‘ Command, Action, Notes

L L Power-down X Maintain power-down
Clock suspend X Maintain clock suspend

L H Power-down COMMAND INHIBIT or NOP Exit power-down
Clock suspend X Exit clock suspend 6
All banks idle COMMAND INHIBIT or NOP Power-down entry

H L All banks idle AUTO REFRESH
Reading or writing VALID Clock suspend entry

H H See Table 7

Notes:

1) CKEn is the logic state of CKE at clock edge n; CKEn - 1 was the state of CKE at the previous clock edge.

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

3) COMMANDRN is the command registered at clock edge 77, and ACTIONn is a result of COMMANDN.

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

5) Exiting power-down at clock edge n will put the device in the all banks idle state in time for clock edge n + 1 (provided that
tCKS is met).

6) After exiting clock suspend at clock edge n, the device resumes operation and recognize the next command at clock edge n
+ 1.

DATASHEET
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n

CLK / \ / \ /
CKE

cst| \ / |

RASH | \ / |

cast | y X |

WEH | 4 \ J

Address l X Row Address X j

BA l X Bank Address X 1

Don’t Care
Figure 6: Activating a Specific Row in a Specific Bank
T‘O T1 T2 T3
aky TN N\ NS\

Command I X

|
NOP )(:}( Read or wm@CX |
I

D Don’t Care

Active D NOP §

[

|

[

le L tRCD
' .

|
]
|
!

Figure 7: Example Meeting treo (MIN) when 2 < trep (MIN)/tCK <3
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|
|
CLK / X S/ \ y
|
CKE |
: |
Csit | A | V. |
RASH| A 4 |
CASH | 7 | % |
WE# | ) : N |
A0-A9, A11 | X Column Address X |
A12 | X X |
I
Enable Au{o Precharge
A10 | A ,, X J
Disable Aulko Precharge
BA(0,1) 1 >\ Bank Address X ]

l Don’t Care

Figure 8: READ Command
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T0 T ; 3

CLK _'( %X S % / —\_/”_\_/P_

Command [ ) fREAD XX iNOP ) NOF’ X:)(__ |

1

‘ eh tAC | IOH
bQ : | 6 Data b
| \__} )
| < CL=2 |
| |
CLK | / \ / \ / —X % Vi
‘ ' ‘ ' | ‘ E '
Command|[ X Reap ¥ X NOP XX iqop \.\/:/\.\’ mp YEX l
| 'LZ-’| I+
bQ <—: b_
\ [ ]
CL=3] |

| |

Figure 9: CAS Latency

Upon completion of a burst, assuming no other commands have been initiated, the DQs will go High-Z. A full-page
burst will continue until terminated (at the end of the page, it wraps to the start address and continue). Data from
any READ burst may be truncated with a subsequent READ command, and data from a fixed-length READ burst may
be immediately followed by data from a READ command.

In either case, a continuous flow of data can be maintained. The first data element from the new burst either follows
the last element of a completed burst or the last desired data element of a longer burst that is being truncated. The
new READ command should be issued x cycles before the clock edge at which the last desired data element is valid
where x = CL - 1. This is shown in Figure 9 for CL = 2 and CL = 3; data element 17 + 3 is either the last of a burst of
four or the last desired of a longer burst.

The SDRAM uses a pipelined architecture and, therefore, does not require the 27 rule associated with a pre-fetch
architecture. A READ command can be initiated on any clock cycle following a previous READ command. Full-speed
random read accesses can be performed to the same bank, as shown in Figure 11, or each subsequent READ may
be performed to a different bank.
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TO0 T T2 T3 T4 15 T6 T7
| —\ l— [— l. —\ —\ —\ lf,.——\ l—
CLK \;j{ \l'-___"’l’ \".._/{ \-. _4"1 \.A_./: .\"'._“'/ \L_u"1 \\.._/1’ \\._."“
| J | | | |
Command —( READ )—{ NOP )—{ NOP )—{ NOP }{ READ)-( NOP ){ NOP )-{
| | I | | |
/BANK™_/ SBANK™,
Address —( COLn b i /. l >~ CoLb ) < -
[ [ I
moLpreE—= | l |
DQ(CL=2) I ‘ Q’: Doutn)(ix n+1 \(X n+2 X}\ n+3 ;O\ Doutbjj(
| . | | | |
| x | | [
N CL=3— = i \ o B/ \a
DQ(CL=3) - - {_X Doutn}O\ n+1 )(X n+2 IO n+3 ()’ Dout b X

l Don’t Care

‘ Transitioning Data

I Figure 10: Consecutive READ Bursts
L
Ll Note:
I 1) Each READ Command may be to any bank. DQM is Low.
I 'I:O ™ 1"2 'I|'3 T4 TS5 T6
< e = i e b - TR : _ o,
CLK ‘\-. /( ‘.\.._*"’,I l‘-\I’ﬁ’ / \‘\\ /{ “\ ‘/ \. // \\——_“,/ ".\..*
) ) | T B .
2 e i \_/ N/ \- / \_/
Command —\ IIREAD >—J NOP . NOP \—<\ NOP 7\ READH NOP )—z\ NOP ‘,.—\7
! L A i |
/ BANK \_/ BANK \__/ BANK / BANK -
Address —( 2K ) 2ola ) GoLx /< corm/) < V. > o
. cll=2 -I ' |
- I / \ A/ @\ N/ \ 2
" DQ(CL=2) | Q\ Dout n X)X Dout a{,O:(_ Dout x;,O\ Dout m,( |
N | [ I
~
< | | [
o . CL =3— =']
(uQ’J) DQ(CL=3) ! 1 < \ Dout n/O\/ Dout a ; Dout x . Dout m\
< ‘
= Don’t Care
L
re I:l Transitioning Data
Figure 11: Random READ Accesses
Note:

1) Each READ Command may be to any bank. DQM is Low.
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Data from any READ burst may be truncated with a subsequent WRITE command, and data from a fixed-length READ
burst may be immediately followed by data from a WRITE command (subject to bus turnaround limitations). The
WRITE burst may be initiated on the clock edge immediately following the last (or last desired) data element from
the READ burst, provided that I/O contention can be avoided. In a given system design, there may be a possibility
that the device driving the input data will go Low-Z before the SDRAM DQs go High-Z. In this case, at least a single-
cycle delay should occur between the last read data and the WRITE command.

The DQM input is used to avoid I/O contention, as shown in Figure 12 and Figure 13. The DQM signal must be
asserted (HIGH) at least two clocks prior to the WRITE command (DQM latency is two clocks for output buffers) to
suppress data out from the READ. After the WRITE command is registered, the DQs go High-Z (or remain High-2),
regardless of the state of the DQM signal, provided the DQM was active on the clock just prior to the WRITE command
that truncated the READ command. If not, the second WRITE will be an invalid WRITE. For example, if DQM was
LOW during T4 in Figure 13, then the WRITEs at T5 and T7 would be valid, while the WRITE at T6 would be invalid.

The DQM signal must be de-asserted prior to the WRITE command (DQM latency is zero clocks for input buffers) to
ensure that the written data is not masked. Figure 12 shows the case where the clock frequency allows for bus
contention to be avoided without adding a NOP cycle, and Figure 13 shows the case where the additional NOP is
needed.

Command — READ X NoP X NoP X NoP X WRITE ¥ |

| 1 ’ |
Address —( core X X X X__CoLs ’d

| |
! + «DS
l | l le—tHZ i} |
DQ ' | | Dout n Dinb

| l l T | |

| | | | | |
Don’t Care
Transitioning Data

Figure 12: READ-to-WRITE
Note:
1) CL = 3 is used for illustration. The READ or WRITE Command may be to any bank. If a burst of one is used, DQM is not

required.
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T

0 T |
b | |
ek N\ A A A S
| | | % |
DaM[R | /o |
| | |

|
T
|

Command — READ X Nop ) Nop ) Nop X Nop ) wrITE) |

Address —{ &8V % M X X & X
lc—[HZ - bl L ’{ T‘(DS
DQ { Doutn % X__ Dinb

| I :

| | |
D Don’t Care
D Transitioning Data

Figure 13: READ-to-WRITE with Extra Clock Cycle

|
l
l \
|
!

Note:
1) CL = 3 is used for illustration. The READ or WRITE Command may be to any bank. If a burst of one is used, DQM is not
required.

A fixed-length READ burst may be followed by, or truncated with, a PRECHARGE command to the same bank (provided
that auto precharge was not activated), and a full page burst may be truncated with a PRECHARGE command to the
same bank. The PRECHARGE command should be issued x cycles before the clock edge at which the last desired
data element is valid, where x = CL - 1. This is shown in Figure 14 for each possible CL; data element n + 3 is either
the last of a burst of four or the last desired of a longer burst. Following the PRECHARGE command, a subsequent
command to the same bank cannot be issued until tRP is met. Note: Part of the row precharge time is hidden during
the access of the last data element(s).

In the case of a fixed-length burst being executed to completion, a PRECHARGE command issued at the optimum
time (as described above) provides the same operation that would result from the same fixed-length burst with auto
precharge. The disadvantage of the PRECHARGE command is that it requires the command and address buses be
available at the appropriate time to issue the command. The advantage of the PRECHARGE command is it can be
used to truncate fixed-length or full-page bursts.

Full-page READ bursts can be truncated with the BURST TERMINATE command, and fixed-length READ bursts may
be truncated with a BURST TERMINATE command, provided that auto precharge was not activated. The BURST
TERMINATE command should be issued x cycles before the clock edge at which the last desired data element is valid,
where x = CL - 1. This is shown in Figure 15 for each possible CL; data element 7 + 3 is the last desired data element
of a longer burst.
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T0 T T2 T3 T4 15 T 17

|
| | \ | .
J e i b\ / \ ly / \ y .
CLK \ {(‘ \ ’( \\ ",1 \ "’i \ ’i \ ’,] \ /l \ 4 \‘. /
|

Command —{ READ H NOP J_, NOP '—I NOP H PﬁECHARG%— NOP ~{ NOP H ACTIVE |—__J‘
Address —{Eﬁ; a Coln H ]—v ; H 7 Hs;r((a or all}—] l ‘r—{ l Wé;rxa ROV\*—D
T ] T T

- CL|w 2 . | | ;

. ~ I P I
DQCL =2) ‘\/_)II\ Dout n X_X n+t X)( ne2 >C>< n+3 ;,(_}

|
; | l I | |
i T e I ) vl -
DQ{CL = 3) ‘ | Q/ Doutn ) ’ nel X ne2 ,Q‘( n+3 )C)
| | | | | |
D Don’t Care
" I Transitioning Data
Figure 14: READ-to-PRECHARGE
Note:
1) DQM is Low.
To ™ T2 T3 T4 TS T8
| ‘
W\ y—“\ i/ \ i/ \ / \ |{,—~.\ |/’—“\ B
CLK \ £ \ | \ '.': \ / \ p 4 \ ‘/l \ ,-I \ /"
TR ~ 0 U QR \ /BORST \ /[ L N 'I \_/
Command —{ READ }—{ NOP }—( NOP )—{ NOP )—{ rgrumiare )~ MNOP )—( NOP }—( ]

-

oy \
Address —(BANK COL n }—{

By — (e — L g VI VI VY

DQ(CL=2)

ba(cL=) | | @ omn Y B w2 B s D
, ‘

[_ Don't Care

|_| Transitioning Data
Figure 15: Terminating a READ Burst

Note:
1) DQM is Low.
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WRITES

WRITE bursts are initiated with a WRITE command, as shown in Figure 16.

The starting column and bank addresses are provided with the WRITE command, and auto precharge is either
enabled or disabled for that access. If auto precharge is enabled, the row being accessed is precharged at the

completion of the burst. For the generic WRITE commands used in the following illustrations, auto precharge is
disabled.

During WRITE bursts, the first valid data-in element will be registered coincident with the WRITE command.
Subsequent data elements will be registered on each successive positive clock edge. Upon completion of a fixed-
length burst, assuming no other commands have been initiated, the DQs remains High-Z and any additional input
data will be ignored (see Figure 17 on page 24). A full page burst will continue until terminated (at the end of the
page, it will wrap to the start address and continue). Data for any WRITE burst may be truncated with a
subsequent WRITE command, and data for a fixed-length WRITE burst may be immediately followed by data for a
WRITE command. The new WRITE command can be issued on any clock following the previous WRITE command,
and the data provided coincident with the new command applies to the new command. An example is shown in
Figure 18. Data n + 1 is either the last of a burst of two or the last desired of a longer burst. The 512Mb SDRAM
uses a pipelined architecture and, therefore, does not require the 217 rule associated with a prefetch architecture. A
WRITE command can be initiated on any clock cycle following a previous WRITE command. Full-speed random
write accesses within a page can be performed to the same bank, as shown in Figure 19, or each subsequent
WRITE may be performed to a different bank.

CLK/ X /’, \
CKE !
|
Cs# | A -
RASH# | 7 N
chst| B\ | 4
wes [ \ -
A[0-9], A11 l >( Column Address X
A12 | % Py
Enable Auto Rrecharge
|
A10 | X i X
Disable Auto #’recharge
|
BA(0,1) | X BankAdddees  {CEIEERD SR e e ]

Don't Care

Figure 16: Write Command
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TO T1 T2 T3

CLK / \\ )l/ \ I/ \ y —\\
Command —( WRITE NOP ~ NOP ‘ NOP >_<:|
A —(  BANKCOLn )~ P ' ( }G
DQ O( 'Din n X:>< Dixn n+1 >O< >O< >O

u
Q
-
1 4
O
I-
4
O
0 4
L

D Don't Care

D Transitioning Data

|_ Figure 17: WRITE Burst
(W
LIJ Note:
I 1) BL = 2. DQM is Low.
V)
< T0 T1 T2
| | |
< CLK \ '/ \ /I \ / i
() | | |
| } }
Command — < WRITE >—< NOP >~*< WRITE > fG
| I I -
Address —( BANKCOLn ) | Y BANK COL b \)—U
| | |
DQ 4@( ! Dinn ><3< Dlln n+1 >O< bin b ><:>,
| | |
m | | |
o
~
= =
a __} Don’t Care
% :I Transitioning Data
d Figure 18: WRITE-TO-WRITE
Y
Note:

1) DQM is LOW. Each WRITE command may bo to any bank.
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T2 T3

T1
By _,(l % / \ , /l/ \ / \
|
| WRITE >—< I WRITE >—< WRITE >—

A /\ éank Col.n > < éank Col. a > {\ %ank Col. x > < éank Col. m >
t
I
|
|

Din x )O\/ , Dinm >

D Transitioning Data

Figure 19: Random WRITE Cycles

Note:
1) DQM is LOW. Each WRITE command may be to any bank.

T0 1 T2 3 T4 5 G
4 ] |, , )8 . -, . ;
CKy__/ N/ N/ A S _d _
| | | | |
Command —( WRITE ){ NOP { READ { NoP W NoP ) NOoP W |

/ AYAY; \
Address —{ ?ankCol.n \0(1 /O\ Bank Col. b XX )O( X)f '
DQ[)  Dinn ) Dinn+t X XX X Doutd ) Doutbet )X ]
— debo . I ' ‘

} | Transitioning Data
Figure 20: WRITE-to-READ

Note:
1) The WRITE or READ command may be to any bank. DQM is LOW
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Data for a fixed-length WRITE burst may be followed by, or truncated with, a PRECHARGE command to the same
bank (provided that auto precharge was not activated), and a full-page WRITE burst may be truncated with a
PRECHARGE command to the same bank. The PRECHARGE command should be issued tWR after the clock edge at
which the last desired input data element is registered. The auto precharge mode requires a tWR of at least one clock
plus time, regardless of frequency. In addition, when truncating a WRITE burst, the DQM signal must be used to
mask input data for the clock edge prior to, and the clock edge coincident with, the PRECHARGE command. An
example is shown in Figure 21. Data n + 1 is either the last of a burst of two or the last desired of a longer burst.
Following the PRECHARGE command, a subsequent command to the same bank cannot be issued until tRP is met.
The precharge can be issued coincident with the first coincident second clock (Figure 21). In the case of a fixed-
length burst being executed to completion, a PRECHARGE command issued at the optimum time (as described above)
provides the same operation that would result from the same fixed-length burst with auto precharge. The
disadvantage of the PRECHARGE command is that it requires that the command and address buses be available at
the appropriate time to issue the command; the advantage of the PRECHARGE command is that it can be used to
truncate fixed-length or full-page bursts. Fixed-length or full-page WRITE bursts can be truncated with the BURST
TERMINATE command. When truncating a WRITE burst, the input data applied coincident with the BURST
TERMINATE command will be ignored. The last data written (provided that DQM is LOW at that time) will be the input
data applied one clock previous to the BURST TERMINATE command. This is shown in Figure 22, where data nis the
last desired data element of a longer burst.

T0 T T2 T3 T4 T5 T6

p— —
aky__ /NS N/ \
| |

|
WR = tCLK >= 15 ns | '
|

|
I |
DOM | '\ % % / \ %

COMMAND ~(  WRITE »{ NOP ) PRECHARGE}R{ NoP )»( NOP )( ACTIVE ) NOP ><_

ADDRESS —‘(’\‘v Baf:k a Coln >—<_J——>‘<- Ba-nk (aor al']))—<;—<-_——_->—< AL A_;-H'é.alhk a, ROW>‘< ____________ >‘<-m4‘
T — . =l A — » : = e
DQ D< Dinn >O< Din ne1t ><>< )O( ><>( x>< ><X ><><:

] |

pam [\ ‘

I

tWR 3 tCLK<15ns |« 1WR| >
]
|

e e

-~

COMMAND < wrme ) Nop  »{ NoP »( PRECHARGE}{ NoP )< nop ){ actvE ){ |

I | | | J _
ADDRESS ~{ Banka, Coin >< }( )*f' Bank (a or aln}-( >< >\ Bank a ROW}G
T ! l T

VT T G— SR (" G—
[:I Don't Care

D Transitioning Data

Figure 21: WRITE-to-PRECHARGE

Note:
1) DQM could remain low in this example if the write burst is a fixed length of two.
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TO T1 T2
CLK / S } \
‘ \ 7
Command —{ WRITE )-—( BURST TERMINATE }-( Next Command  )}—( |
|
A —< Bank Col. n >—< >—{ Address >—/\ .

u
Q
-
1 4
O
I-
4
O
44
L

DQ _/LX " Dinn X_X . X_X (Data) X_}
\

D Don’t Care

D Transitioning Data

Figure 22: Terminating a WRITE Burst

Note:
1) DQMs are LOW.
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Precharge

The PRECHARGE command shown in Figure 23 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 at the specified time (tRP) after the
PRECHARGE command is issued. Input A10 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. When all banks are to be
precharged, inputs BAO, BA1 are treated as “Don't Care.” After a bank has been precharged, it is in the idle state
and must be activated prior to any READ or WRITE commands being issued to that bank.

rRONTGRADCE

CKE

CS# |

RASH |

CAS# |

|
|
CLK/ \ 1 \
|
|
|
l
|
|
|
|

= N B P
P B P

WE# |

A(0-9,11,12) | |

—
L
Ll
T
Vg
<
-
<
O

All Bﬂlnks

A10 | X X |

Bank Selected
[

BA(0,1) | >f Bank Address X |

‘:' Don’t Care

Figure 23: PRECHARGE Command
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Power-Down

Power-down occurs if CKE is registered LOW coincident with a NOP or COMMAND INHIBIT when no accesses are in
progress. If power-down occurs when all banks are idle, this mode is referred to as precharge power-down; if power-
down occurs when there is a row active in any bank, this mode is referred to as active power-down. Entering power-
down deactivates the input and output buffers, excluding CKE, for maximum power savings while in standby. The
device may not remain in the power-down state longer than the refresh period (32ms) since no refresh operations
are performed in this mode.

The power-down state is exited by registering a NOP or COMMAND INHIBIT and CKE HIGH at the desired clock edge
(meeting tCKS). See Figure 24.

Command | NOP i B T X NoP XX ACTlVEfU

I «—— tRCD
All Banks Idle |« Input Buffers Gated Off - 2 {RAS
Enter Power-Down Mode Exit Power-Down Mode 2 L

D Don’t Care

Figure 24: POWER-DOWN

Clock Suspend

The clock suspend mode occurs when a column access/burst is in progress and CKE is registered LOW. In the clock
suspend mode, the internal clock is deactivated, “freezing” the synchronous logic.

For each positive clock edge on which CKE is sampled LOW, the next internal positive clock edge is suspended. Any
command or data present on the input pins at the time of a suspended internal clock edge is ignored; any data
present on the DQ pins remains driven. Burst counters are not incremented, as long as the clock is suspended (see
examples in Figures 25 and 26). Clock suspend mode is exited by registering CKE HIGH; the internal clock and related
operation resumes on the subsequent positive clock edge. The device may not remain in clock suspend state longer
than the refresh period (32ms) since no refresh operations are performed in this mode.
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i | |
CKE | \\' ] 7‘/ | |
1 | | | |
INTERNAL | / \ S\ n | y \
CLOCK | | [ | | — —
COMMAND < nop  »{ whme »{ W W nor W nop W |
| | ] |
ADDRESS ~{ BankColn ) »{ BankColb ) bR 3

g
DQ \/ Dlmn X)( Dxln n+1 >O< : )O( I ><>Q Dlou:b \)O\’ Dout b+1 \Ozj

| Don’t Care

El Transitioning Data
Figure 25: CLOCK SUSPEND During WRITE Burst

Note:
1) BL = 4 or greater. DM is LOW.

T0 T4 T.Z T3 Ta 15 16
cky /S \__/ S S S S S O\
| | 1 l
sysclky /7 N\ / N\ / ;/ \_/ o/ \
CKE ‘ \ | / : l
| | I
COMMAND { ReaD ) nop ) mnop W W owoe . nop W wop X
T T |
ADDRESS ~{ Bank Col.n ) ot W ba b hal i

- / / 1 \
DQ ' : 0\ Dout n /\O\ Dout n+1 W Ooutm?rX)(\ Dout n+3  —

D Transitioning Data
Figure 26: CLOCK SUSPEND During READ burst

Note:
1) For this example, CL = 2, BL = 4 or greater, and DQM is LOW.
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Burst READ/Single WRITE

The burst read/single write mode is entered by programming the write burst mode bit (M9) in the mode register to
a logic 1. In this mode, all WRITE commands result in the access of a single column location (burst of one), regardless
of the programmed burst length. READ commands access columns according to the programmed burst length and
sequence, just as in the normal mode of operation (M9 = 0).

Concurrent Auto Precharge

An access command to (READ or WRITE) another bank, while an access command with auto precharge enabled is
executing is not allowed by SDRAMs, unless the SDRAM supports concurrent auto precharge. SDRAMs support
concurrent auto precharge. Four cases where concurrent auto precharge occurs are defined below.

READ with Auto Precharge

Interrupted by a READ (with or without auto precharge): A READ to bank m interrupts a READ on bank 7, CL later.
The PRECHARGE to bank n begins when the READ to bank m is registered (see Figure 28).

Interrupted by a WRITE (with or without auto precharge): A WRITE to bank m interrupts a READ on bank 7 when
registered. DQM should be used two clocks prior to the WRITE command to prevent bus contention. The PRECHARGE
to bank n will begins when the WRITE to bank mis registered (see Figure 29).

To " T'Z L) Tll Y'S T6 LK
|

CLK\/\/\)’\/'\/\/\/\/\/
COMMAND—EM}—( NOP K < NOP < NOP Dot NOP Y NOP )

JIRP BANK m
_IntemnalStates | sl — i
BANKn Page Active X Read with burstof 4 Interrupt Burst, Precharge X Idie
§o \cve : o L j
BANKm ”i”é@é"A"éfi’vé" N Read with burst of 4 X Precharge

ADDRESS C—)(W—)ﬁ—)(wgzx—\ ) G

37| CL = 3 (Bank hn)

I
| e CL= 3!163« n) { |
DQ(CL= . . Dout “NDout a+1% Y Doutd Dout d+1°

Q(CL=3) i l CX out a )()f\__ou a+ )(_X oul )(xpou - X:]

| | | | |
J Don’t Care
D Transitioning Data
Figure 27: READ with Auto Precharge Interrupted by a READ
Note:
1) DQM is LOW.
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TO Tl‘i T‘2 T’3 T4 5 TlS T|7 T8
| | |
l/ / I | / | \ 7 —\ r—
CHEY { \ /ll N/ \ /]/ \ / \ / \ }I \ /il \ ,L
] T ! ! !
ceomuno —( REARAY —( nop  »—{ wNop )—{ RERRAPN—( wop »—( mop —{ Nop ) NoP )—( ]
| l i ‘ | I !
il ettt Bl R L e e Bt R

lntem:aI States

| | | | , | |
ey e —_—— — — — .
BANKn [ Aif,?g \X\ Read with burst of 4 Interrupt Burst, Precharge )" |
|5

L N — ) L L= -
BANKM [ Page Active ,K Write with burst of 4 X Wnte Back ]

ST i S T O S
woness —CEEED— NGO )R B GG )
pam —( i \ [ / ? i \ |

| | | |

|

f
l
[
|

I ]
| | l | l
I - - T fi / i \ '/ I - [ \ ( = T
pa(EL=3) | (_oouta YEX_oina Y oinder YTX omavz YT omavs )——
| | l | | |
«———————LL =3 (barkn
| I | ! | | | | |
[ Don’t Care
D Transitioning Data
Figure 28: READ with Auto Precharge Interrupted by a WRITE
Note:

1) DQM is High at T2 to prevent Dout a+1 from contending with Din d at T4.

Data for any WRITE burst may be truncated with a subsequent READ comment, and data for a fixed-length WRITE
burst may be immediately followed by a READ command. After the READ command is registered, the data inputs will
be ignored, and WRITEs will not be executed. An example is shown. Data n+1 is either the last of a burst of two or
the latest desired of a longer burst.

WRITE with Auto Precharge

Interrupted by a READ (with or without auto precharge): A READ to bank m interrupts a WRITE on bank n when
registered, with the data-out appearing CL later. The PRECHARGE to bank 7 begins after tWR is met, where tWR
begins when the READ to bank m is registered. The last valid WRITE to bank n will be data-in registered one clock
prior to the READ to bank m (see Figure 29).

Interrupted by a WRITE (with or without auto precharge): A WRITE to bank m interrupts a WRITE on bank 77 when
registered. The PRECHARGE to bank 77 begins after tWR is met, where tWR begins when the WRITE to bank m is
registered. The last valid data WRITE to bank n will be data registered one clock prior to a WRITE to bank m (see
Figure 30).
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TP T|1 T2 T3 T4 T5 T8 T7
I |

CLK ;) \__)/ \ / \ / \ / \_/I/_\_/ —\_/ —\_/
COMMAND _< Noé [_jwmrr; AP>__/ nor /RE’)(OA:‘ \f_{ o >_\*"N‘6;, ‘\r_(*;“‘),;* \_< T NOP \ /*[

| . |
Intﬁmal States P IRP BANK 0
| —— WR BANK n ———» «—'WR BANK m
BANKn [ Page Active X Read with burst of 4 X Interruct Burst, write-back \( Precharge
J J /
| | [ !
BANKm [ Page Active }( Read with burst of 4 X ]
T T b 7 '
SN I [ [N R I | S

ADDRESS <_J—_><_°—°?‘;‘-"~°—°‘} < > {"a,"k"““’f”(_ . >< i > < : >_< 2 > ﬁ

T
DQ(CL=3) —i—{ Dins ,‘< >< a+1 >< Xﬁout dx x d+1
| | ‘

D Don’t Care
D Transitioning Data
Figure 29: WRITE with Auto Precharge Interrupted by a READ

Note:
1) DQM is LOW.

T0 1
| I l |
aky_ f N_A4 \_A \ / A _/ N SN S N
| | | l i
omano —(  wop  —{ WRIEARS 1 nop \.'—/\‘ nor  —( WRIEARS ( wop < mnor < mor |

c— et ——— e ——— e ——— - —— 4 ——— o — — — - ———-
lnﬁemal States , ‘ 1RP BANK n

| | | <—— HWR BANK h : R BAK

HAm(nI Page Active }\K Virite with burst of 4 x Interrupt Burst, wnte-back i Precharge |
| | | | | |

BANKm | Page Active X Write with burst of 4 X wirite-Back |

M- I fosit | ' [ ===
wosss (ETID—( W DDl C @

T

2UCL=2) | \ Dina )( X a1 x )/ a+2 \;( )/mrax X a+1 x X_ ) >/ Iy ————

I

| | |
:l Don’t Care
[:I Transitioning Data

Figure 30: WRITE with Auto Precharge Interrupted by a WRITE
Note:
1) DQM is LOW.
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Table 7: Truth Table 3 - Current State Bank 7, Command to Bank n

rRONTGRADCE

Current State CS# RAS# ‘ CAS# WE# ‘ Command (Action) Notes
Any H X X X COMMAND INHIBIT (NOP/continue previous operation)
L H H H NO OPERATION (NOP/continue previous operation)
L L H H ACTIVE (Select and activiate row)
L L L H AUTO REFRESH
dle L L L L LOAD MODE REGISTER
L L H L PRECHARGE 11
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 (auto L H L L | WRITE (Select column and start WRITE burst) 10
F:jriznggg)e L L H L PRECHARGE (Truncate READ burst, start PRECHARGE)
I— L H H L BURST TERMINATE
L L H L H READ (Select column and start READ burst) 10
L Write (auto L H L L WRITE (Select column and start new WRITE burst) 10
I precharge PRECHARGE (Truncate WRITE burst, start
V) disabled) L L H L | pRECHARGE) 8
< L H H L BURST TERMINATE 9
E Notes:
1) This table applies when CKEn - 1 was HIGH and CKEn is HIGH (see Table 7) and after tXSR has been met.
D 2) This table is bank-specific (except where noted) 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 tRCD 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.
4) The following states must not be interrupted by a command issued to the same bank. COMMAND INHIBIT or NOP
commands or allowable commands to the 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 Table 7 and according to Table 8.
- Precharging: Starts with registration of a PRECHARGE command and ends when tRP is met. After tRP is met, the bank
will be in the idle state.
- Row activating: Starts with registration of an ACTIVE command and ends when tRCD is met. After tRCD is met, the
bank will be in the row active state.
- Read with auto Starts with registration of a READ command with auto precharge enabled and ends when tRP has been
met. After tRP is met, the bank precharge enabled: will be in the idle state.
- Write w/auto: Starts with registration of a WRITE command with auto precharge enabled and ends when tRP has been
met. After tRP is met, the bank
- precharge enabled: will be in the idle state.
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5) The following states must not be interrupted by any executable command; COMMAND INHIBIT 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. After tRC is met, the
SDRAM will be in the al banks idle state.
- Accessing mode Starts with registration of a LOAD MODE REGISTER command and ends when tMRD has been met.
After tMRD is met, the SDRAM
- register: will be in the all-banks idle state.
- Precharging all: Starts with registration of a PRECHARGE ALL command and ends when tRP is met. After tRP is met, all
banks will be in the idle state.
6) All states and sequences not shown are illegal or reserved.
7)  Not bank-specific; requires that all banks are idle.
8) May or may not be bank-specific; if all banks are to be precharged, all must be in a valid state for precharging.
9) Not bank-specific; BURST TERMINATE affects the most recent READ or WRITE burst, regardless of bank.
10) 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) Does not affect the state of the bank and acts as a NOP to that bank.
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Table 8: Truth Table 4 - Current State Bank 7, Command to Bank m

Current State CS# RAS# ‘ CAS# ‘ WE# Command (Action) Notes

rRONTGRADCE

Any H X X X COMMAND INHIBIT (NOP/continue previous operation)
L 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)
ROV;’Ci‘iCVt;"aOt‘rngf L H L H | READ (Select column and start READ burst)
prechar’ging L H L L WRITE (Select column and start WRITE burst)
L L H L PRECHARGE
L L H H ACTIVE (Select and activate row)
Read(auto L H L H READ (Select column and start new READ burst) 7,10
Zﬁiggﬁg; L H L L WRITE (Select column and start WRITE burst) 7,11
L L H L PRECHARGE 9
L L H H ACTIVE (Select and activate row)
I— Write(auto L H L H READ (Select column and start READ burst) 7,12
L Zﬁ:ﬁ:ﬁ; L H L L WRITE (Select column and start new WRITE burst) 7,13
L L L H L PRECHARGE 9
I L L H H ACTIVE (Select and activate row)
) Read (with auto L H L H READ (Select column and start new READ burst) 7,8, 14
< precharge) L H L L WRITE (Select column and start WRITE burst) 7,8, 15
I_ L L H L PRECHARGE 9
< L L H H ACTIVE (Select and activate row)
D Write (with auto L H L H READ (Select column and start READ burst) 7,8, 16
precharge) L H L L WRITE (Select column and start new WRITE burst) 7,8,17
L L H L PRECHARGE 9
Notes:

1) This table applies when CKEn - 1 was HIGH and CKEn is HIGH (see Table 6) and after tXSR has been met.

2) This table describes alternate bank operation, except where noted; that is, the current state is for bank 7 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 tRP has been met.
- active: A row in the bank has been activated, and tRCD 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 terminate

- Read with auto Starts with registration of a READ command with auto precharge enabled, and ends when tRP has been
met. After tRP is met, the precharge enabled: bank will be in the idle state.

- Write with autoStarts with registration of a WRITE command with auto precharge enabled, and ends when tRP has
been met. After tRP is met, the precharge enabled: bank will be in the idle state

4) AUTO REFRESH and LOAD MODE REGISTER 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.

™M
N
~
<
(=
(a]
Ll
7))
<
LLI
|
Ll
(-2

Frontgrade Headquarters | 4350 Centennial Blvd | Colorado Springs, CO, 80907 | (719)594-8000




2.5-Gigabit SDRAM MCM / 3.0-Gigabit SDRAM MCM

UT8SDMQ64M40/UT8SDMQ64M43

6) All states and sequences not shown are illegal or reserved.

7) READs or WRITEs to bank m listed in the Command (Action) column include READs or WRITEs with auto precharge
enabled and READs or WRITEs with auto precharge disabled.

8) Concurrent auto precharge: Bank 7 initiates the auto precharge command when its burst has been interrupted by bank
m's burst.

9) Burst in bank n continues as initiated.

10) For a READ without auto precharge interrupted by a READ (with or without auto precharge), the READ to bank m
interrupts the READ on bank n, CL later (Figure 10)

11) For a READ without auto precharge interrupted by a WRITE (with or without auto precharge), the WRITE to bank m
interrupts the READ on bank 7 when registered (Figure 12 and Figure 13). DQM should be used one clock prior to the
WRITE command to prevent bus contention.

12) For a WRITE without auto precharge interrupted by a READ (with or without auto precharge), the READ to bank m
interrupst the WRITE on bank n when registered (Figure 20), with the data-out appearing CL later. The last valid WRITE
to bank n will be data-in registered one clock prior to the READ to bank m.

13) For a WRITE without auto precharge interrupted by a WRITE (with or without auto precharge), the WRITE to bank m
interrupts the WRITE on bank 7 when registered (Figure 18). The last valid WRITE to bank » will be data-in registered
one clock prior to the READ to bank m.

14) For a READ with auto precharge interrupted by a READ (with or without auto precharge), the READ to bank m interrupts
the READ on bank n, CL later. The PRECHARGE to bank n will begin when the READ to bank m is registered (Figure 27).

15) For a READ with auto precharge interrupted by a WRITE (with or without auto precharge), the WRITE to bank m
interrupts the READ on bank 7 when registered. DQM should be used two clocks prior to the WRITE command to prevent
bus contention. The PRECHARGE to bank n will begin when the WRITE to bank m is registered (Figure 28).

16) For a WRITE with auto precharge interrupted by a READ (with or without auto precharge), the READ to bank m interrupts
the WRITE on bank n when registered, with the data-out appearing CL later. The PRECHARGE to bank n will begin after
tWR is met, where tWR begins when the READ to bank m is registered. The last valid WRITE to bank n will be datain
registered one clock prior to the READ to bank m (Figure 29).

17) For a WRITE with auto precharge interrupted by a WRITE (with or without auto precharge), the WRITE to bank m
interrups the WRITE on bank 7 when registered. The PRECHARGE to bank 7 begins after tWR is met, where tWR begins
when the WRITE to bank m is registered. The last valid WRITE to bank n will be data registered one clock prior to the
WRITE to bank m (Figure30).
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Electrical Specifications

DATASHEET

Absolute Maximum Ratings !
(Referenced to Vss)

Symbol ‘ Parameter Limits

Vpp and Vopg DC supply voltage -1.0 to +4.3V
. Vin, Vout Voltage on any pin relative to Vss -0.3 to Vpp +0.3V
Q TG Storage temperature -65 to +150°C
g Po Maximum power dissipation 4w
E T, Maximum junction temperature +125°C
(2 ®1c Thermal resistance, junction-to-case 5°C/wW
1 7]
d Note:
o’ 1) Stresses outside the listed absolute maximum ratings may cause permanent damage to the device. This is a stress rating

only, and functional operation of the device at these or any other conditions beyond limits indicated in the operational
sections of this specification is not recommended. Exposure to absolute maximum rating conditions for extended periods
may affect device reliability and performance.
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Recommended Operating Conditions
(Referenced to Vss)

Symbol ‘ Parameter Limits
Vpp and Vopg Positive supply voltage 3.0to 3.6V
Tc Case temperature range -40 to 105°C
Vi DC input voltage 0V to Vbpg

rRONTGRADCE

Operational Environment Specifications

Parameters Limit Units
Total Ionizing Dose (TID) ! 50 krad(Si)
Single Event Latch up (SEL) 2 111 MeV-cm?/mg
Single Event Upset 3 1.3E-10 Events/Bit-Day
Notes:

1) Irradiated per MIL-STD-883 Method 1019 Condition A, and is guaranteed to a maximum total dose specified.
2) The UT8SDMQ64M40/48 will not latch up during radiation exposure under recommended operating conditions.
3) 90% worst case particle environments, geosynchronous orbit, 100 Mils of aluminium.

Manufacturing/Screening Flows

Orders procured to Frontgrade’s Q and Q+ flow are based on MIL-PRF-38535 Class Q screening flow with
the following notes:
e Q
o Dynamic burn-in for 260 hours @ 110°C and maximum operating voltage
o Combined PDA = 15% (including deltas, Functional, and DC tests)

e Q+

—
L
Ll
T
Vg
<
—
<
O

100% internal visual, MIL-STD-883 TM2010, Condition A

100% PIND (Single Pass)

Serialization

100% X-ray (Top view only)

Group A electrical testing

Dynamic burn-in for 397 hours @ 110C and maximum operating voltage o Combined PDA 15%
(including deltas, Functional, and DC Tests)

O O O O O o

Lifetest and radiation are performed per wafer lot.

Note: Devices being shipped will contain zero bit errors.

Note: Post 1000 hours life test allows for 64 bits maximum with a refresh rate of 13.9 ms (see Tech-
Note-UT8SDMQ64M4x-Bit-Errors-Due-to-Aging for details).
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DC Electrical Characteristics and Operating Conditions (Pre/Post-Radiation)*
Notes 1, 4, and 5 apply to entire table. (Vop, Voog = +3.3V +/-0.3V; Unless otherwise noted, Tc is per temperature
range ordered.)

u
Q
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L

Parameter/Condition Symbol MIN MAX Units Notes
Input high voltage: Logic 1; All inputs ViH 2.2 \"
Input low voltage: Logic 0; All inputs Vi 0.6 \"
Input leakage current: Any input OV< Viy < Vpp (All other pins I 5 5 WA
not under test = 0V) !
Output leakage current: DQs are disabled;

I -
0V < Vour < Vbpo 0z > > hA
Output levels:

Vv . -
Output high voltage (IOUT = -4mA) oH 24 v
Output low voltage (IOUT = 4mA) Vou -- 0.4 \"

Ipp Specifications and Conditions (Pre/Post-Radiation)*
Notes 1, 4, 5, 9, and 11 apply to entire table. (Vop, Voog = +3.6V; Unless otherwise noted, Tc is per temperature
range ordered.)

- MAX .
Parameter/Condition Notes
40 4

Operating current: active mode; CK = 100MHz 3,12, 13,
Burst = 2; READ or WRITE; tac = tac (MIN) ool 375 | 450 | mA 15

Standby current: power-down mode; CK = 100 MHz

DATASHEET

CKE = LOW; All banks idle o2 | 1251 15 | mA 15
Standby current: active mode; CS# = HIGH CKE = HIGH; All banks active Ino3 138 165 mA 3, 10,13,
after trep met; No accesses in progress; CK = 100 MHz oo 15
Opgratlng current: Burst mode; Page burst; READ or WRITE; All banks - 375 450 mA 3,12, 13,
active 15
Auto refresh current: trrc = trrc (MIN) Iop5 960 | 1150 | mA 3,12, 13,
CS# = HIGH; CKE = HIGH trrc =3.9 us Iop6 125 | 150 | mA 15, 16
Capacitance
n Notes 2 apply to entire table
~
q - MAX -
= Parameter Condition Symbol Units
(=] x40 x48
(uf) Input capacitance: All other input-only pins | f=1MHz @ 0V Ciy Civ 65 75 pF
ﬁ Input/output capacitance: DQs f=1MHz @ OV Cio Cio 25 25 pF
|
TT]
(-2
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AC Characteristics and Recommended Operating Conditions (Pre/Post-Radiation) *
Notes 4, 5, 6, 7, 8 and 9 apply to entire table. (Vop, Voog = +3.3V +/-0.3V; Unless otherwise noted, Tc is per
temperature range ordered.)
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Parameter
tacz) Access time from CLK (positive edge) CL=3 7.5 ns
tac2) Access time from CLK (positive edge) CL=2 7.5 ns
tan Address hold time 1.5 ns
tas Address setup time 1.5 ns
ten CLK high-level width 4 ns
ta CLK low-level width 4 ns
teks Clock cycle time CL=3 10 ns 20
tekz Clock cycle time CL = 2 10 ns 14, 20
texn CKE hold time 2 ns
teks CKE setup time 1.5 ns
CS# hold time 2.0 ns
E temn RS#, CAS#, WE# hold time 1.5 ns
LLJ DQM hold time 2.5 ns
I CS# setup time 2.5 ns
W tems RS#, CAS#, WE# setup time 1.5 ns
< DQM setup time 1.5 ns
I_ ton Data-in hold time 2.5 ns
< tos Data-in setup time 1.5 ns
D thzz Data-out High-Z time CL = 3 9 ns
thzz Data-out High-Z time CL = 2 9 ns
tiz Data-out Low-Z time 1 ns
ton Data-out Hold time (load) 2.7 ns
toun Data-out hold time (no load) 1.8 ns 17
tras ACTIVE-to-PRECHARGE command 44 60,000 ns 17
tre ACTIVE-to-ACTIVE command period 66 ns
trep ACTIVE-to-READ or WRITE delay 20 ns
n trer Refresh period (8,192 rows) 32 ms 18
; trec AUTO REFRESH period 66 ns
g tep PRECHARGE command period 20 ns
% trrD ACTIVE bank a-to-ACTIVE bank b command 15 ns
5 tr Transition time 0.3 1.2 ns 6
T twr WRITE recovery time 20 ns
(-2
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AC Functional Characteristics (Pre/Post-Radiation) *
Notes 4, 5, 6, 7, 9, and 19 apply to entire table. (Voo, Vooq = +3.3V +/-0.3V; Unless otherwise noted, Tc is per
temperature range ordered.)

u
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Parameter - Symbol x40  x48 Units  Notes
READ/WRITE command-to-READ/WRITE command teep 1 1 tex
CKE to clock disable or power-down entry mode tekep 1 1 tex
CKE to clock enable or power-down exit setup mode trep 1 1 tex
DQM input data delay toop 0 0 tex
DQM to data mask during WRITES toqm 0 0 tex
DQM to data High-Z during READs toqz 2 2 tex
WRITE command to input data delay towp 0 0 tex
Data-in to ACTIVE command toaL 5 5 tex
Data-in to PRECHARGE command torL 2 2 tex
Last data-in to burst STOP command teoL 1 1 tex
Last data-in to new READ/WRITE command teoL 1 1 tex
Last data-in to PRECHARGE command troL 2 2 tex
LOAD MODE REGISTER command to ACTIVE or REFRESH
command turo 2 2 tex
Data out to High-Z form PRECHARGE command fror) > > fox
troH(2) 2 2 tex

Notes:
* For devices procured with a total ionizing dose tolerance guarantee, the post-irradiation performance is guaranteed at 25°C per MIL-
STD-883 Method 1019, Condition A up to the maximum TID level procured.

1) All voltages referenced to Vss.

2) Measured only for initial qualification and after process or design change that could affect this parameter.

3) IDD is dependent on output loading and cycle rates. Specified values are obtained with minimum cycle time and the
outputs open.

4) The minimum specifications are used only to indicate cycle time at which proper operation over the full temperature
range (—40°C < TC < 105°C) is ensured.

5) Aninitial pause of 100us is required after power-up, followed by two AUTO REFRESH commands, before proper device
operation is ensured. (VDD and VDDQ must be powered up simultaneously. VSS and VSSQ must be at same potential.)
The two AUTO REFRESH command wake-ups should be repeated any time the tREF refresh requirement is exceeded.

6) AC characteristics assume tr = 1ns, supplied as a design limit, neither tested nor guaranteed.

7) In addition to meeting the transition rate specification, the clock and CKE must transit between VIH and VIL (or between
VIL and VIH) in @ monotonic manner

8) Outputs measured at 1.5V with equivalent load:

9) ACtiming and IDD tests are set with timing referenced to a 1.5 crossover point.

10) Other input signals are allowed to transition no more than once every two clocks and are otherwise at valid VIH or VIL
levels.

11) IDD specifications are tested after the device is properly initialized

12) The IDD current will increase or decrease in a proportional amount by the amount the frequency is altered for the test
condition.

13) Address transitions average one transition every two clocks.

14) The clock frequency must remain constant (stable clock is defined as a signal cycling within timing constraints specified
for the clock pin) during access or precharge states (READ, WRITE, including tWR, and PRECHARGE commands). CKE
may be used to reduce the data rate.

15) CL =2, tCK = 10ns

DATASHEET
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16) CKE is HIGH during refresh command period tRFC (MIN) else CKE is LOW. The IDD6 limit is actually a nominal value and
does not result in a fail value.

17) Guaranteed by design.

18) Guaranteed by characterization

19) Functionally tested only.

20) -40°C and +105°C tested to max frequency of 80MHz (tCK2 and tCK3 = 12.5ns).

rRONTGRADCE
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Timing Diagrams
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A(0:9,11:12) X ROW X |
l | | * *tAH
ALL BANKS - ; i -
A(10) e Y@y 1y )y * CODEX, W ROW X E
SINGLE|BANK | [ | ‘»
| . | o | o | !
BA(0.1) | DALL BANKS) Y Iy Wh W BANK Y, I
T T T T T
I_ | | | |
Li] High Z | @ f 1
DQ | Py J dz'f [ i:s | }
Ll " tRP. A!‘ tRFC———ie ~1RFC e - {MRD— .
T y L ' ' w
m Power-up Precharge T s T 2
< Vdd and all banks AUTO REFRESH AUTO REFRESH Program made register % 3 4
CLK stable
l— I Don’t Care
< Figure 31: Initialize and Load Mode Register
Notes:

1) If CS is HIGH at clock HIGH time, all commands applied are NOP.

2) The Mode Register may be loaded prior to the AUTO REFRESH cycles if desired.
3) JEDEC and PC100 specify three clocks.

4) Outputs are guaranteed High-Z after command is issued.

5) A12 should be a LOW at Tp+1.
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o 8l i Tnet Tn+2
| | | |
e ‘CK tCH ' ﬁ ‘ \Jﬁ
‘ i R .
Ck /N / | B = § | X | \
*  [*CKH ' =tCKS
{CKS»| Lo r I le tICKS ’] | I
c«eF}'\/\ﬁLl ) § My
- tCMH | l ‘ l
ICMSH { | ) i \ 1
COMMAND [ Yo iifae NoP X} X NOP X% }S ﬂ ‘ X NOP XD(AC‘TNE)D(_
DaM| §§ §§ @
N - A L
A0:9,11:12) 5 3% i ; Y ROW X :
T 1
‘ | |
ALL BANKS :
Ao X X § $ XRow X ]
SINGLE BANK :
> tAH | | |
WSs | ki Iy - | |
BA(0.1) | Y Bankis §§ § X BANK )
] T I T
[ |
High-Z
DQ — 2 : ! s : l
Two clock cycles |‘ Input buffers gated off while in power-down mode : fsll banks idse’|
N | E | |
* f +
:’;s:xgnm:;ll Sgwb:pwmivg:r Exit power-down mode ‘:I Don’t Care

Figure 32: Power-Down Mode

Note:
1) Violating refresh requirements during power down may result in a loss of data.
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Don't Care

D Undefined

Figure 33: Clock Suspend Mode

DATASHEET

Notes:
1) For this example, BL=2, CL=3 and auto precharge is disabled.
2) A12 = "Dont Care."
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Figure 34: Auto-Refresh Mode

—
L
Ll
T
Vg
<
—
<
O

RELEASED 04/23

Frontgrade Headquarters | 4350 Centennial Blvd | Colorado Springs, CO, 80907 | (719)594-8000




u
Q
-
1 4
O
I-
4
O
0 4
L

DATASHEET

RELEASED 04/23

2.5-Gigabit SDRAM MCM / 3.0-Gigabit SDRAM MCM

UT8SDMQ64M40/UT8SDMQ64M43

TO T1 T2 T3 T4 T5 T6 T7 T8
| ] | | | | 1 ]
h_ _K:K .| - tCH tCL s \ —s [ b
CLK / N N Y { /( X N N A A X
lCKH | |
CKE / \ & | a7 | K'"/ T r\—-] l 7 | | \'ff/ \_'7 \
+  @tCMHI
~CMS
COMMAND k N(ﬁ}(—)’ NOPY( )(READ)( X Nopx X NOP)(_X NOP Y WoanceX. ) NOP ,(_)Q\ TIVEX
| | TR -l | |
DaMm | | | R | R\ | A
o et | v : | ‘ '
,(Aq( | | [ | )
A0:9,11:12) X Teom XTT A W ROWY
. A l | ' \ ' ‘
letAg | | | | ALL BANKS '
A10) X row X D, XX X ROWKC ]
= | DNSABLE AUTO PRECHARGE | SINGLE BANK |
» - IAH ! | [
| 1 1
BA(0.1) i(em KX : XBANKY XBANKY )(BANKX
o i e A e T 5] T aC T__tAC _ we . ' mz
| - . ' H OH g | tOH
i ' 1 l4IAC ) J | |
DaQ T t i s XDOUI m) m+1 . D—
e L rep N cad Latmcy—J : i Lo l .
e } }—RAS —+ . : i
- + T t tRC—¢ + v + -

o | - o
i Don’t Care

D Undelined

Figure 35: READ - Without Auto Precharge
Notes:

1) For this example, BL = 4, CL = 2, and the read burst is followed by a “manual” PRECHARGE
2) A12 ="Don't Care”
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< - i 1 4 4 RC i I 1 »
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E] Undefined

Figure 36: READ - With Auto Precharge

Notes:
1) For this example, BL=4, and CL = 2.
2) A12 = "Dont Care."
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TO Tl T.-‘I T3 T-4 T5 T6 T7 T8 T9
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" T t —WRAS— 1 f * | I
< " t t 1 tRC 1 t 1 »
D [] Don't Care
l:l Transitioning Data
Figure 37: Single READ - Without Auto Precharge
Notes:

1) For this example, BL = 1, CL = 2, and the READ burst is followed by a manual PRECHARGE.
2) A12 = "Dont Care."
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Figure 38: Single READ - With Auto Precharge
Notes:

1) For this example, BL = 1, CL = 2, and the READ burst is followed by a manual PRECHARGE.
2) A12 = "Dont Care."
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Figure 39: Alternating Bank Read Accesses
Notes:

1) For this example, BL=4, CL = 2.
2) A12 = "Don't Care."
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Undefined
Figure 40: READ - Full-Page Burst

Notes:
1) For this example, BL=4, CL = 2.
2) A12 = "Don't Care."
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Figure 41: READ DQM Operation

Notes:
1) For this example, BL=4, and CL = 2
2) A12 = "Don't Care"
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D Figure 42: WRITE - Without Auto Precharge

Notes:
1) For this example, BL= 4, and the WRITE burst is followed by a manual PRECHARGE.
2) 14ns to 15 ns is required between <Din m+3 > and the PRECHARGE command, regardless of frequency.
3) A12 = "Don't Care."
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Figure 43: WRITE - With Auto Precharge

DATASHEET

Notes:
1) For this example, BL= 4.
2) A12 = "Don't Care."
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Figure 44: Single WRITE - Without Auto Precharge

Notes:
1) For this example, BL= 1, and the WRITE burst is followed by a manual PRECHARGE.
2) 14ns to 15ns is required between <Din m> and the PRECHARGE command, regardless of frequency.
3) A12 = "Don't Care.
4) PRECHARGE command not allowed else tras would be violated.
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Figure 45: Single WRITE - With Auto Precharge

Notes:
1) For this example, BL = 1, and the WRITE burst is followed by a manual PRECHARGE.
2) 14 to 15 ns is required between <Din m> and the PRECHARGE command, regardless of the frequency
3) A12 = "Don't Care."
4) PRECHARGE command not allowed (would violate tRAS).
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Figure 46: Alternating Bank WRITE Accesses

Notes:
1) For this example, BL=4, CL=2.
2) Requires one clock plus time (10ns) with auto precharge or 20ns with PRECHARGE.
3) A12 = "Dont Care."

Frontgrade Headquarters | 4350 Centennial Blvd | Colorado Springs, CO, 80907 | (719)594-8000



u
Q
-
1 4
O
I-
4
O
0 4
L

DATASHEET

RELEASED 04/23

2.5-Gigabit SDRAM MCM / 3.0-Gigabit SDRAM MCM

UT85DMQ64M40/ UT8SDMQ64M438

imo 5 e Tn+t Tne2 Tne3

| tCH tCL! I - |
cm_L\/y4L/ l\_/L,l(ﬂJ\J:\/

KH
5 I | I

l
CKEIJ{l\J \J‘\ / \_/IL/ L/'\ﬂ/ | |
|

tCMH |

«{CMS |
COMMAND [.)kchve NOP )CXNOP XX wmmex_ X NOP X XNoP )(:)(Nop )@(NOP W
I T T i T i
I 2 ’ﬁlé‘h:gMH

I | * | |
DaM[ | AL )r b | A B | £\ &S | 4 ]
» tAH | | | I |
+ 1 | | Ll > |
A(0:9,11:12) Rcbw Ddar, ) ]
I | I | '
| | | | |
A(10) wa 3) |
l | I ' ‘
~ | ! 7
BA(D,1) BANK : WBANK X J
! > « \DH ! l :
| » DS | | 4
N XBnm XX XXz XX XD Emm XX X
| | 2048 locznonslvnmm same robv :'::?':,:‘:‘:,?“ .
)- IRCO—; - | N T . Canuse BURST TERMINATE |

command to stop

Full page completed Don’t Care
Figure 47: WRITE Full-Page Burst

Notes:
1) A12 = "Don't Care."
2) tWR must be satisfied prior to PRECHARGE command.
3) Page left open; no tRP.
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Figure 48: WRITE - DQM Operation

Notes:
1) For this example, BL=4.
2) A12 = "Dont Care."
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Figure 49: 128-lead Ceramic, Shallow Side-Braze, Dual Sided Quad Flatpack

Notes:
1) Package material: Opaque 90% minimum alumina ceramic.
2) All exposed metal areas must be gold plated 100 to 255 microinches thick over electroplated nickel undercoating 100 to 350
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microinches thick per MIL-PRF-38535.
3) The seal ring is electrically connected to VSS.
4) Dogleg geometries optional within dimension shown.
5) Tiebar may have excise slots of various configurations
6) Packages may be shipped with repaired leads as show coplanarity requirements do not apply in repaired areas.
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Figure 50: 128-lead Ceramic, Deep Side-Braze, Dual Sided Quad Flatpack
(Datasheet Case Outline: Z / SMD Case Outline: Y)

Notes:
1) Gold plate 2.5 to 5.7um over 2.5 to 8.9um nickel
2) Lids are connected to VSS.
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Ordering Information

64Meg x 40 SDRAM
64Meg x 48 SDRAM

UTHRoRkk K0k k%

| %
1%

X kX

-L Lead Finish: (Note 1)

(C) = Gold

rRONTGRADCE

Screening Level: (Notes 2, 3, 4, and 5)

(E) = HiRel Flow (Temp range: -40°C to +105°C)

(P) = Proto Flow (Temp range: +25°C only)

(Q) = Frontgrade Q Manufacturing Flow (-40°C to +105°C)
(H) = Frontgrade Q+ Manufacturing Flow (-40°C to +105°C)

Package Type:
(Y) = 128-lead ceramic, shallow side-brazed, dual sided, quad flatpack

(Z) = 128-lead ceramic, deep side-brazed, dual sided, quad flatpack

Access Time:
(75) = 10ns cycle time

Total Dose:

() = No Radiation Assurance
(D) = 10 krads (Si)

(P) = 30 krads (Si)

(L) = 50 krads (Si)
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Device Type:
(8SDMQ64M40) = 64M x 40

(8SDMQ64M48) = 64M x 48

Notes:

1) Lead finish is "C" (Gold) only, and must be specified.

2) Prototype Flow per Frontgrade Manufacturing Flows Document. Devices are tested at 25°C only. Radiation is neither tested
nor guaranteed.

3) HiRel flow per Frontgrade Manufacturing Flows Document. Radiation is neither tested nor guaranteed.

4) See paragraph Manufacturing /Screening Flows for details.

5) Screening Level (E) and (P), Total Dose option (-) only. Screening Level (Q) and (H), Total Dose options (D), (P) and (L)
only.
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Datasheet Revision History

Revision

Date Description Of Change Page(S)

11/17 | Initial version used for Datasheet revision history All

Removed device type 02 and added device type 03. Additionally removed note to contact factory for
8/21 100krad offering. Changed Aeroflex to FRONTGRADE on this page only. Removed “dual sided” from | 68
package reference.
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Updated format to Frontgrade. Changed all references from 100krad to 50krad. Removed ref to SMD
and QML. Removed SMD ordering page. Added Offering of Q and Q+ manufacturing screening flow |1, 40, 42,
2/23 to features page 1. Corrected Single Event Upset rate on Op Envr table to 1.3E-10. Added 44, 66 and
Manufacturing and Screening flows para to page 40. Added note 20 to AC characteristics page 42 68

and 44. Added options Q and H to UT part number ordering page.

4/23 Added TID ordering option (-) for Proto and HiRel. Added note 5. 66

Datasheet Definitions

DEFINITION

Advanced Datasheet FRONTGRADE reserves the right to make changes to any products and
services described herein at any time without notice. The product is still in
the development stage and the datasheet is subject to change.
Specifications can be TBD and the part package and pinout are not final.

Preliminary Datasheet FRONTGRADE reserves the right to make changes to any products and
services described herein at any time without notice. The product is in the
characterization stage and prototypes are available.

DATASHEET

Datasheet Product is in production and any changes to the product and services
described herein will follow a formal customer notification process for
form, fit or function changes.

The following United States (U.S.) Department of Commerce statement shall be applicable if these commaodities,
technology, or software are exported from the U.S.: These commodities, technology, or software were exported
from the United States in accordance with the Export Administration Regulations. Diversion contrary to U.S. law is
prohibited.

Frontgrade Colorado Springs LLC (Frontgrade) reserves the right to make changes to any products and services described herein at any time
without notice. Consult an authorized sales representative to verify that the information in this data sheet is current before using this product.
The company does not assume any responsibility or liability arising out of the application or use of any product or service described herein,
except as expressly agreed to in writing; nor does the purchase, lease, or use of a product or service convey a license under any patent rights,
copyrights, trademark rights, or any other of the intellectual rights of the company or of third parties.
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