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16-Mb RADIATION-HARDENED SRAM

Check for Samples: SMV512K32-SP

FEATURES « Radiation Performance @
+ 20-ns Read, 13.8-ns Write Through Maximum — Uses Both Substrate Engineering and
Access Time Radiation Hardened by Design (HBD) @
+ Functionally Compatible With Commercial — TID Immunity > 3e5 rad (Si)
512K x 32 SRAM Devices — SER < 5e-17 Upsets/Bit-Day
« Built-In EDAC (Error Detection and Correction) (Core Using EDAC and Scrub) ©
to Mitigate Soft Errors — Latch up immunity > LET = 110 MeV
+ Built-In Scrub Engine for Autonomous (T = 398K)
Correction * Available in a 76-Lead Ceramic Quad Flatpack
*+ CMOS Compatible Input and Output Level,
Three State Bidirectional Data Bus (1) Radiation tolerance is a typical value based upon initial device
— 3.3+0.3-V /0O, 1.8 +0.15-V CORE qualification. Radiation Data and Lot Acceptance Testing is

available — contact factory for details.

(2) HardSIL™ technology and memory design under a license
agreement with Silicon Space Technology (SST).

(3) SER calculated using CREME96 for geosynchronous orbit,
solar minimum.

DESCRIPTION

The SMV512K32 is a high performance asynchronous CMOS SRAM organized as 524,288 words by 32 bits. It is
pin selectable between two modes: master or slave. The master device selection provides user defined
autonomous EDAC scrubbing options. The slave device selection employs a scrub on demand feature that can
be initiated by a master device. Three read cycles and four write cycles (described below) are available
depending on the user needs.

Table 1. ORDERING INFORMATION®

Tc PACKAGE® ORDERABLE PART NUMBER TOP-SIDE MARKING
-55°C to 125°C 76-pin HFG SMV512K32HFG SMV512K32HFG

(1) For the most current package and ordering information, see the Package Option Addendum at the end of this document, or see the Tl
Web site at www.ti.com.

(2) Package drawings, standard packing quantities, thermal data, symbolization, and PCB design guidelines are available at
www.ti.com/sc/package.

SILICON SPACE
TECHNOLOGY

HardSIL™ is a trademark of Silicon Space Technology (SST).

Q Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of Texas
Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

PRODUCTION DATA information is current as of publication date. Copyright © 2011, Texas Instruments Incorporated
Products conform to specifications per the terms of the Texas !

Instruments standard warranty. Production processing does not

necessarily include testing of all parameters.
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This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled with
appropriate precautions. Failure to observe proper handling and installation procedures can cause damage.

‘m ESD damage can range from subtle performance degradation to complete device failure. Precision integrated circuits may be more
susceptible to damage because very small parametric changes could cause the device not to meet its published specifications.
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Figure 1. SMV512K32 Block Diagram
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Figure 2. SMV512K32 Pin Out
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This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled with

A appropriate precautions. Failure to observe proper handling and installation procedures can cause damage.

‘m ESD damage can range from subtle performance degradation to complete device failure. Precision integrated circuits may be more
susceptible to damage because very small parametric changes could cause the device not to meet its published specifications.

TERMINAL FUNCTIONS

PIN NAME TYPE ACTIVE DESCRIPTION
A[18:0] Input N/A Address
DQ[31:0] Bidirectional N/A Data input/output
E1z Input Low Chip enable - 1
E2 Input High Chip enable - 2
wz Input Low Write enable
Gz Input Low Output enable for bidirectional input/output
VDD1 Power N/A Power supply (1.8 V)
VDD2 Power N/A Power supply (3.3 V)
VSS1 Power N/A Ground (core)
VSS2 Power N/A Ground (1/O)
Used for setting master/slave selection.
MSS Input N/A Connect to VSS2 for master operation and
VDD2 for slave operation.
Multiple bit or single bit error indicator
MBE Bidirectional High (output - user programmable)
EDAC function select (input)
SCRUBZ Bidirectional Low g;\if;%%%%‘;z(ig%gsuo
BUSYZ Output Low "S"IZ\S/teer( diuﬁis(g;tp”t)

ABSOLUTE MAXIMUM RATINGS
Over operating free-air temperature range (unless otherwise noted).

VALUE UNIT
Vpp1 DC supply voltage(core) -0.3t02.0 \%
Vpp2 DC supply voltage (1/0) -0.3t0 3.8 \%
Vio Voltage on any pin -0.3t0 3.8 \%
Tste Storage temperature —65 to 150 °C
Pp Maximum power dissipation 1.2 w
T, Maximum junction temperature 150 °C
0;c Thermal resistance, junction-to-case 5 °CIW
I DC input current 5 mA

(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.

Copyright © 2011, Texas Instruments Incorporated
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(1) See datasheet for absolute maximum and minimum recommended operating conditions.
(2) Mil-Prf 38535, appendix B, section B.3.4 targets a 15 year operating life at 65°C < T; < 95°C.

(3) Above derating is based upon a worse-case power supply current condition for continuous Ipp;(OP5) write operation
at 50 MHz and may not reflect actual usage.

Figure 3. SMV512K32 Operating Life Derating Chart
(Electromigration Fail Mode)

RECOMMENDED OPERATING CONDITIONS

Over operating free-air temperature range (unless otherwise noted).

MIN TYP MAX | UNIT
Vpp1 | DC supply voltage (core) 1.7 1.8 1.9 \%
Vpp2 | DC supply voltage (I/O) 3.0 3.3 3.6 \%
Tc Case temperature range —55 125 °C
VN DC input voltage 0 Vpp2 \%
4 Copyright © 2011, Texas Instruments Incorporated
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ELECTRICAL CHARACTERISTICS
Te =-55°C to 125°C, Vpp; = 1.7V 10 1.9V, Vpp, = 3 V 1o 3.6 V (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN MAX UNIT
Viy Hlgh-level input voltage 8/'7 )2( \%
DD
Vi Low-level input voltage (\)/'3 X \%
DD2
_ _ . 0.2 x
VoL Low-level output voltage loL =4 mA, Vpp = Vppz(min) Voos Y,
DD
i — — ; 0.8 x
Vou High-level output voltage lon = -4 MA, Vppy = Vppa(Min) v \%
DD2
Cn W Input capacitance f=1MHzatoV 2 pF
Co @ Bidirectional I/O capacitance |f=1MHz at0V 25 pF
IiN Input leakage current ViN=Vpp2 and Vsg -500 500 nA
Tri-state output leakage Vo= Vppz and Vss B
loz current Vpp2 = Vppao(max), GZ=Vppy(max) 500 500 nA
N Vpp2 = Vpp2(max), Vo =V,
los @ @ | Short-circuit output current pb2 = YDD2 0~ 'Dbb2 -46 46| mA
os P Vbp = Vppa(Mmax), Vo = Vss
) —55°C to 25°C 18
Input: V). = Vgg+ 0.2V, Write N
Io51(OP2) Vpbp1 supply operating current | Vi = Vppz - 0.2V, lour = 0 A, 125°C 31 mA
POI-TL | gt 1 MHZ ¥DD1 = xom(maX). Read -55°C to 25°C 13
= max ea
pp2 = Vppz(Max) 125°C 27
) —55°C to 25°C 635
Input: V). = Vgg+ 0.2V, Write N
Io51(OP5) Vpbp1 supply operating current | Vi = Vppz - 0.2V, lour = 0 A, 125°C 460 mA
por=T2) 1at 50 MHz ¥DD1 = xbm(max): Read -55°C to 25°C 365
= max ea
pp2 = Vppz(Max) 125°C 315
) -55°C to 25°C 255
Input: V). = Vgg+ 0.2V, Write N HA
Io52(OP1) Vbp2 supply operating current | Vi = Vppz - 0.2V, lour = 0 A, 125°C 255
po2=T1 lat 1 MHz ¥DD1 = xbm(max): Read -55°C to 25°C 5.2 A
= max ea m
pp2 = Vppz(Max) 125°C 51
) —55°C to 25°C 5.9
Input: V). = Vgg+ 0.2V, Write N
Io52(OP5) Vbp2 supply operating current | Vi = Vppz - 0.2V, lour = 0 A, 125°C 12 mA
pp2i=T2) 1at 50 MHz ¥DD1 = xbm(max): Read -55°C to 25°C 275
= max ea
pp2 = Vppz(Max) 125°C 120
CMOS inputs, loyr=0 A -55°C to 25°C 0.375
Iop1(SB) @ Supply stand-by current E1Z = Vpp, - 0.2V, E2 = GND, mA
bD1 at 0 MHz Vbp1 = Vppi(max), 125°C 17
Vbp2 = Vpp2(Max)
CMOS inputs, loyr =0 A —55°C to 25°C 330
Iopa(SB) @ Supply stand-by current E1Z = Vpp, - 0.2V, E2 = GND, uA
bb2 at 0 MHz Vpp1 = Vppi(max), 125°C 330
Vbp2 = Vpp2(Max)
CMOS inputs, loyr=0 A -55°C to 25°C 4.4
Iop1(SB) @ Supply stand-by current E1Z = Vpp, - 0.2V, E2 = GND, mA
DD A[16:0] at 50 MHz Vpp1 = Vppi(max), 125°C 21
Vbp2 = Vppz(Max)
CMOS inputs, loyr =0 A —55°C to 25°C 1.6
Iopa(SB) @ Supply stand-by current E1Z = Vpp, - 0.2 V, E2 = GND, mA
bb2 A[16:0] at 50 MHz Vpp1 = Vppi(max), 125°C 0.8
Vbp2 = Vppa(max)

(1) Measured for initial qualification and after process or design changes that could affect input/output capacitance.
(2) Provided as a design limit but not guaranteed or tested.
(3) No more than one output may be shorted at a time for maximum duration of one second.
(4) Vi = Vppz(max), ViL =0V

Copyright © 2011, Texas Instruments Incorporated
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OPERATIONS

SMV512K32 has four control inputs called chip enable-1 (E1Z), chip enable-2 (E2), write enable (WZ) and output
enable (GZ); 19 address inputs A[18:0] and a 32-bit bidirectional data bus DQ[31:0]. E1Z and E2 enable control
device selection, active and stand-by modes (with and without scrub). WZ controls read and write operations.
During read operation, GZ must be asserted to enable the outputs.

Table 2. SRAM Device Control Operation Truth Table

E1Z E2 Gz wz MBE I/0 MODE MODE
0l 2. Standby without EDAC scrub
H X X X X DQ[31:0] 3-State enable
L L X X X DQ[31:0] 3-state Standb 1)Wlth EDAC scrub
enable
H L H X DQ[31:0] Data out Word read
H X X DQ[31:0] Data in Word write
H H H L DQ[31:0] 3-state 3-state
. . EDAC function select
L H H H H DQ[31:0] Data in/out (see Table 7)@

(1) During SCRUB mode, MBE is 3-state if GZ is high and indicates multiple or single bit error if GZ is low.
(2) Special precautions must be observed to prevent accidental over-writing of the Control Register in the memory after a bit error is
detected and the memory drives MBE high (please refer to the next section).

Procedures for Controlling the MBE Pin

A 1-kQ resistor must be attached from the MBE pin to ground to insure that MBE cannot float high during time
intervals when it is not actively driven HIGH by the memory or actively driven by the external memory control.

During normal EDAC operation, the control registers are set as shown by Sequence 1 in Table 3. Whenever the
EDAC circuit encounters either a multiple-bit error or single-bit error (depending on user configuration), the MBE
pin is driven high by the memory as shown by Sequence 2 in Table 3 . Following this the MBE will need to be
reset (low) to restore the detection circuit for the next bit error event. The MBE pin will be pulled low by the 1-kQ
resistor when GZ is switched to high state. However, to accomplish the MBE reset properly and avoid an
accidental write to the control register, the memory must first be disabled by switching either E1Z to high or E2 to
low (Sequence 3) before switching GZ from low to high (Sequence 4). Note however, that if E1Z is switched to
high this will disable scrub during the interval that GZ is being set high after the memory is disabled.

The memory must remain disabled long enough to insure that MBE is pulled low before the memory is enabled
again. During the time the memory is disabled the address at which the MBU was detected must also be
changed to access the last known error free address. After the address is changed the memory can be enabled
with GZ high. Then an Output Enable-controlled read operation can be performed using the last known error free
address. This turns off the MBE error flag in the memory and causes the memory to drive MBE low after the
GZ-controlled output data valid time, tg my-

This procedure resets the memory back into its normal EDAC read state in which the memory will drive MBE low
sequentially for each read operation until the next bit error is encountered. This avoids accidental over-writing of
the Control Register in the memory. After this procedure is completed the system protocol for responding to bit
errors can be executed.

6 Copyright © 2011, Texas Instruments Incorporated
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Table 3. Example Control Settings for Resetting MBE

SEQUENCE | E1Z | E2 Gz wz MBE /0 MODE MODE
1 L H L H L DQI31:0] Data out Normal read mode with EDAC enabled
2 L H L H H DQ[31:0] Data out %Sge%\l/r?; :rilgSng:] ggnsf:gSlrgtib(itn;)risnlilgtféfetd)itdirrrigg read
3 H L L H H DQ[31:0] Data out Memory disabled
4 H L H H H — L | DQ[31:0] Tri-state Outputs tri-stated and MBE pulled low by load R
5 L H H H L DQ[31:0] Tri-state | Read at a last known error free address®
6 L H L H L DQ[31:0] Data out | Output enable-controlled read

(1) During this operation MBE drive circuitry in the memory is tri-stated but MBE is held low by the 1-kQ resistor to ground.
(2) During this operation MBE is actively driven low by the MBE drive circuitry in the memory after a time, tg_ yv, and the memory is back to
the original state corresponding to normal read mode with EDAC enabled.

Read Operations

A combination of E1Z low, E2 high and WZ high defines a read cycle. GZ low enables the outputs to drive read
data to the DQ pins. Read access time is measured from the latter of device enable, output enable or valid
address to valid data output.

*+ SRAM read cycle 1 (Figure 4): Address controlled access is initiated by a change in address inputs while
device is selected with WZ high and GZ low. Valid data appears on DQ[31:0] after a specified tayqy iS
satisfied. Outputs remain active throughout the entire cycle. As long as the device enable and output enable
are active, the minimum time between valid address changes is specified by the read cycle time tayay-

*+ SRAM read cycle 2 (Figure 5): Chip-enable controlled access is initiated by the latter of either E1Z or E2
going active while GZ is low, WZ is high, and address remains stable for the entire cycle. After the specified
time tgrqy, the 32-bit word addressed by A[18:0] is accessed and appears at DQ[31:0].

* SRAM read cycle 3 (Figure 6): Output-enable controlled access is initiated by GZ going active while E1Z and
E2 are asserted, WZ is de-asserted, and address is stable. Read access time is tg gy unless tayoy or terqy
have not been satisfied.

If EDAC is turned on during read operation:
* If MBE is low, data is valid.

« If MBE is high, data is corrupted (dependent on EDAC programming configuration on A[12], MBE can
indicate a single bit or double bit error). Single bit error is correctable by EDAC.

Table 4. AC Characteristics Read Cycle

SYMBOL PARAMETER MIN MAX UNIT FIGURE
tavavi Read cycle time 20 ns Figure 4
tavovi Address to data valid from address change 20 ns Figure 4
tAxQx Output hold time 7.5 ns Figure 4
teLoxt GZ-controlled output enable time 3.5 ns Figure 6
teLov GZ-controlled output data valid 8.6 ns Figure 6
teHQZ1 GZ-controlled output enable tri-state time 3.5 5 ns Figure 6
teTox E-controlled output enable time 3.5 ns Figure 5
teTov E-controlled access time 20 ns Figure 5
terQz E-controlled tri-state time 3.5 5 ns Figure 5
tavmv Address to error flag valid 20 ns Figure 4
tAxMX Address to error flag hold time from address change 7.5 ns Figure 4

(1) T¢=-55°Cto 125°C, Vpp1 = 1.7V to 1.9V, Vpp, =3 V to 3.6 V (unless otherwise noted).

Copyright © 2011, Texas Instruments Incorporated 7
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Table 4. AC Characteristics Read Cycle & (continued)

SYMBOL PARAMETER MIN MAX UNIT FIGURE
teLmv GZ-controlled error flag valid 8.6 ns Figure 6
teLmx GZ-controlled error flag enable time 3.5 ns Figure 6
tETMX E-controlled error flag enable time 3.5 ns Figure 5
teTmy E-controlled error flag time 20 ns Figure 5
toumz @ GZz-controlled error flag tri-state time 35 5 ns Figure 6
tepmz @ Chip enable change to MBE tri-state 35 5 ns Figure 5

(2) Parameters ensured by design and/or characterization if not production tested.

- tAVAV14’:
[
A(18:0) >|< >|<
| | .
: X | |
DQ(31:0) Previous valid data X X Valid data
T
[ [
! | |
' | |
MBE X X Valid data
[
|

T |

taxax taxmx—¢—»
| |
i tavavt tavmv—>

Assumptions: E1Z low, E2 high, WZ high, GZ low and SCRUBZ high. Reading uninitialized addresses will
cause MBE to be asserted.

Figure 4. SRAM Read Cycle 1, Address-Controlled Access

A(18:0) X X

Latter of E1Z

|
low of E2 high >i< I >I< |
:F ferav tETMV#: :H teFaz —b:
DQ(31:0) i :< , \‘I
teTax: tETMxA:—b: : : Datavalid
' I | termz H:
MBE :< X >7

| Datavalid |

Assumptions: GZ low, WZ high and SCRUBZ high. Reading uninitialized addresses will cause
MBE to be asserted.

Figure 5. Read Cycle 2, Chip Enable-Controlled Access

8 Copyright © 2011, Texas Instruments Incorporated
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A[18:0] X X
:‘_ tavav1s tavmv —HI
6z \ /

|
|
| | |
|
«—teLav—>) —>—teHaz1
|

|
|
[
' N
DQ(31:0) : X )
I -
teLax1 ﬁ : Dat:«lx valid |
Lo | |—>— tgumz
toLmx —¢—> | o toumz |
I/ '
MBE
I >,( /!
Data valid
tGLMV

Assumptions: E1Z low, E2 high, WZ high and SCRUBZ high. Reading uninitialized addresses
will cause MBE to be asserted.

Figure 6. Read Cycle 3, Output Enable-Controlled Access

Write Operation With Write-Through Support

A combination of WZ and E1Z low with E2 high defines a write cycle. The state of GZ is “don’t care” for a write
cycle although it may be necessary to set GZ high for convenient setup of new data for some system operation
modes in order to avoid data bus contention. During a write operation, data just written will be sent to the
outputs. When the write operation has been completed, the output data bus will be updated by controlling either
GZ going low or WZ goes high while GZ low. The outputs are placed in a high impedance state when GZ is high
or WZ is low during standard read and write cycles.

.

Write cycle 1 (Figure 7): Access and data write through controlled by WZ is initiated when WZ goes low and
is terminated by WZ going high while E1Z and E2 remain active. The write pulse width is determined by ty wh
and terwy. TO avoid bus contention, ty, oz must be satisfied before write data is applied to the DQ[31:0] pins.
In addition, at the end of the write operation write data must be removed from the DQ[31:0] pins after typx is
met, but before tyox. The output access time is determined by tyoy as long as GZ remains low.

Write cycle 1a (Figure 8): WZ controlled write cycle with GZ high is similar to write cycle 1 but with GZ fixed
high so data outputs remain in high impedance state.

Write cycle 2 (Figure 9): WZ controlled write access with data write through controlled by GZ is similar to
write cycle 1 with the difference being that the output data comes out when GZ goes low with WZ high. The
output access time is determined by tg qy. The GZ high pulse is used to keep the DQ[31:0] outputs in a high
impedance state during the write operation to avoid bus contention.

Write cycle 3 (Figure 10): Chip enable controlled write access with data write through controlled by WZ is
initiated when E1Z or E2 goes active, and the data write operation is terminated by WZ going high. The write
pulse width is defined by terynz from the latter of E1Z or E2 going active to WZ high. The output access time
is determined by tynoy as long as GZ remains low. As with write cycle 1, the write data must be removed
from the DQ[31:0] pins after the input data hold time, typx, but before tyox.

Write cycle 3a (Figure 11): chip enabled controlled write cycle with GZ high is similar to write cycle3, but with
GZ fixed high so the data outputs remain in a high impedance state.

Write cycle 4 (Figure 12): Chip enable controlled write access with data write through controlled by GZ is
similar to Write cycle 3 with the difference that the data output is controlled by GZ going low. The output
access time is determined by tg oy. The GZ high pulse is used to keep the DQ[31:0] pins in a high
impedance state during the write operation to avoid bus contention.

Copyright © 2011, Texas Instruments Incorporated 9
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Table 5. AC Characteristics Write Cycle

SYMBOL PARAMETER MIN  MAX UNIT FIGURE

Figure 7
Figure 9
Figure 10
Figure 12

tavav Write-through cycle time 20 ns

Figure 8

tavavz @ Write cycle time with GZ always high 13.8 ns Figure 11

Figure 7
teTwH Device enable to end of write (WZ-controlled) 12 ns Figure 8
Figure 9

Figure 10

terwiz© Device enable to end of write (E-controlled) 11 ns Figure 12

Figure 10
tAVET Address setup time for write (E-controlled) 14 ns Figure 11
Figure 12

Figure 7
Figure 9
Figure 10
Figure 12

teroz E-controlled tri-state time 35 5 ns

Figure 7
tavwL Address setup time for write (WZ-controlled) 3.6 ns Figure 8
Figure 9

Figure 7
twLwH Write pulse width 7.9 ns Figure 8
Figure 9

Figure 7

twpax & Address hold time for write-through (WZ-controlled) 8.5 ns Figure 9

twhaxt @ Address hold time for write (WZ-controlled) with GZ always high 2.3 ns Figure 8

Figure 10
tEFAX Address hold time for device enable (E-controlled) 0.1 ns Figure 11
Figure 12

Figure 10

terer © Device enable pulse width (E-controlled) 19.5 ns Figure 12

terer @ Device enable pulse width (E-controlled) with GZ always high 12.3 ns Figure 11

Figure 7
Figure 8
tovwH Data setup time 8.2 ns Figure 9
Figure 10
Figure 12

Figure 7
Figure 8
tWHDX Data hold time 0.2 ns Figure 9
Figure 10
Figure 12

Figure 7
Figure 9
Figure 10
Figure 12

twHEE Write disable time to device disable for write-through 8.5 ns

twher, @ Write disable time to device disable with GZ always high 2.3 ns Figure 8

Figure 7

tWHWL Write disable time. Write pulse width high for write-through. 12.1 ns Figure 9

twawi @ Write disable time. Write pulse width high with GZ always high. 2.6 ns Figure 8

Figure 7

twHox WZ-controlled tri-state end time 3 ns Figure 10

Figure 7

twHQv WZ-controlled output data valid 10 ns Figure 10

twioz WZ-controlled tri-state time 2 3.3 ns Figure 7

(1) T¢=-55°Cto 125°C, Vpp; = 1.7V 1o 1.9V, Vpp, =3 V to 3.6 V (unless otherwise noted).
(2) Write-only operations with GZ fixed high (no write-through).
(3) Parameters ensured by design and/or characterization if not production tested.

10 Copyright © 2011, Texas Instruments Incorporated
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Table 5. AC Characteristics Write Cycle ¥ (continued)

SYMBOL PARAMETER MIN MAX UNIT FIGURE
teLox GZ-controlled output enable time 13 ns FFilgguurree l92
teLov GZ-controlled output data valid 8.6 ns FFiIgguurreefz
teLmx GZ-controlled error flag enable time 35 ns FFiiqguur;efz
toLmy GZ-controlled error flag valid 8.6 ns FFiIgguurreefz
twrx @ W2Z-controlled error flag enable time 4 ns FFiéguurreefo
G W2z-controlled error flag valid 8.5 ns F':ilgguur;efo

Figure 7
tepmz Chip enable change to MBE tri-state 35 5 ns FFiIgguurreefo
Figure 12
twimz @ W2Z-controlled output MBE tri-state time 2 3.3 ns Figure 7

(4) Parameters ensured by design and/or characterization if not production tested.
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Figure 10. SRAM Write Cycle 3, Enable Controlled Write With Data Write Through Controlled by WZ
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Figure 12. SRAM Write Cycle 4, Enable Controlled Write With Data Write Through Controlled by GZ

Scrub Operation

The SMV512K32 uses embedded error detection and correction (EDAC) to correct single bit upset of each 32-bit
word. The device pins BUSYZ and SCRUBZ are used differently depending on whether the device is operated as
a slave device (MSS pin connected to VDD2) or as a master device (MSS pin connected to VSS2). The BUSYZ
pin is an output for the master device and is driven low to indicate that a scrub cycle is about to be initiated. The
BUSYZ signal can be used to generate wait states by the memory controller. The BUSYZ pin should should be
left unconnected for slave devices. The SCRUBZ pin is an output on the master device and an input on slave
devices. The master SCRUBZ pin is driven low when a scrub cycle initiates and can be used to trigger scrub
cycles for slave units by connecting their respective SCRUBZ pins to the SCRUBZ master output.

The EDAC operation truth table is shown in Table 6.
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Table 6. EDAC Control Operation Mode Truth Table

MBE (OUTPUT) SCRUBZ BUSYZ /0 MODE MODE
H H H Read Data error detected ®
L H H Read Valid data out®
X H H X Device ready
X H L X (I:D()er\r/1ii(r:1eg ready/early scrub request
X L X Not accessible Device busy (scrub in progress)

(1) MBE is only valid in EDAC operation modes (Read with EDAC enable or scrub).
MBE indicates Multiple Bit Error if A[12] bit in the control register is ‘0’.
MBE indicates Single Bit Error if A[12] bit in the control register is ‘1’.

To allow system design flexibility, the time delay between falling edges of BUSYZ and SCRUBZ as well as the
scrub rate are user programmable (see the control register programming description below). Depending on
environment and usage, some users may want a high scrub rate to minimize error rate at the sacrifice of reduced
data throughput, while others may want a lower scrub rate to increase the throughput and accept a higher error
rate.

Data errors are detected and corrected not only during scrub cycles, but also during normal read cycles.

EDAC Configuration and Scrub Address Polling (Master Device Only)

The user can program the scrub rate and the edge relationship between BUSYZ and SCRUBZ by writing
configuration data to the control register. The value recorded in the control register determines scrub rate,
SCRUBZ to BUSYZ delay, EDAC bypass selection, scrub enable/disable and single bit or multiple bit error
detection. See Table 8 for more detail.

Table 9 and Table 10 give typical timing characteristics for various configuration options. Table 11 gives the AC
characteristics for EDAC functions.

The following EDAC control operations are defined by Table 7.

« Control register write (Figure 15): This mode is used to write configuration values to the EDAC control
register.

» Control register read (Figure 16): This mode is used to read the contents of the EDAC control register.

* Scrub address counter read (Figure 17): This mode is to read out the address counter which is used as a
pointer for scrub operations. The address counter is reset to all ‘1’ when the configuration register is written. It
is then automatically incremented for each scrub cycle. In the event of a single or multiple bit error detected
during a scrub cycle, the address can be polled to determine the location of the data error. During the
address counter read, the 19 bits of the counter are output on data bits DQ[18:0]. The value of the other data
bits DQ[31:19] are ignored.

Table 7. EDAC Function Select Truth Table®

E1Z E2 Gz wz MBE A7 A8 A9 A10 MODE
L H H H H X X L L Write control register
L H H H H X X H L Read control register
L H H H H H X X H Address counter read

(1) All other combinations of A7-A10 are reserved and should be avoided.
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Table 8. EDAC Control Register Programming®®

ADDRESS BIT PARAMETER VALUE FUNCTION
As scrub rate changes from 0 to 15, then the interval between scrub cycles,
tgLgL, Will change as follows:
Scrub rate — Rates are 0=N/A 6 = 222 kHz 11 =7 kHz
approximate and will vary with 1=N/A 7 =111 kHz 12 =3.5kHz
A[3:0] temperature and voltage 0-15 2=N/A 8 = 55 kHz 13 =1.75 kHz
conditions as well as process 3=N/A 9 =28 kHz 14 = 0.875 kHz
parameters 4 = 888 kHz 10 = 14 kHz 15 =0.433 kHz
5 = 444 kHz
See Table 9.
If A[7:4] changes from O to 15, the interval tg 5, between falling edges of
BUSYZ and SCRUBZ will change as follows:
BUSYZ to SCRUBZ — Delays 0=280ns 6 =480 ns 11 =820 ns
are approximate and will vary 1=160ns 7 =560 ns 12 =880 ns
A[7:4] with temperature and voltage | 0-15 2=220ns 8 =620 ns 13 =960 ns
conditions as well as process 3=280ns 9 =680 ns 14 = 1020 ns
parameters 4 =360 ns 10 =760 ns 15 =1080 ns
5=420ns
See Table 10.
. 0: Enable EDAC
Alg] EDAC bypass bit o 1: Disable EDAC including scrub
. 0: Enable scrub
A[11] Scrub enable bit 0/1 1: Disable scrub
L . 0: MBE indicates multiple-bit error
Al12] SE/DE indication bit o 1: MBE indicates single-bit error

(1) A(10:9) must be '00' during control register programming according to Table 7.
(2) A(18:13) are don't care.

NOTE

During power up, states of all registers are random so it is imperative that the user
execute Write Control Register and preferably Read Control Register to affirm desired
operations. The following values are recommended to set for initial use:

1.

a s~ LN

Scrub rate is 111 kHz.
tzLsL is 760 ns.
EDAC bit is 0 (enabled).

Scrub enable bit is 0 (enabled).
SE/DE indication bit is O (multiple bit).

16
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Table 9. Scrub Rate Variation
(Voltage = 1.8 V, Temperature = —55°C to 125°C)

VALUE MAX (ns)
0000 N/A
0001 N/A
0010 N/A
0011 N/A
0100 1,500
0101 3,100
0110 6,100
0111 12,200
1000 24,200
1001 48,300
1010 96,400
1011 192,500
1100 384,500
1101 770,000
1110 1,500,00
1111 3,200,00

Table 10. BUSYZ Low to SCRUBZ Low Delay Variation
(Voltage = 1.8 V, Temperature = -55°C to 125°C)

VALUE MAX (ns)
0000 80
0001 180
0010 270
0011 370
0100 460
0101 600
0110 650
0111 800
1000 900
1001 1000
1010 1200
1011 1300
1100 1400
1101 1500
1110 1600
1111 1600

Copyright © 2011, Texas Instruments Incorporated
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Table 11. AC Characteristics for EDAC Function @

SYMBOL PARAMETER MIN MAX UNIT FIGURE
teLsL User programmable, BUSYZ low to SCRUBZ low See Table 10 ns F!gure 13
Figure 14

teLBL User programmable, BUSYZ low to BUSYZ low See Table 9 ns Figure 14
. Figure 13

tsish SCRUBZ low to SCRUBZ high 200 504 ns Figure 14
t SCRUBZ high to BUSYZ high 50 120|  ns Figure 13
SHBH Figure 14
Figure 15

tETMH Device enable to MBE high 5.5 ns Figure 16
Figure 17

Figure 15

tGHMH GZ high to MBE high 6.5 ns Figure 16
Figure 17

Figure 15

tAVMH Address valid to MBE high 0.9 ns Figure 16
Figure 17

Figure 15

tMHML MBE high to MBE low 12.8 ns Figure 16
Figure 17

Figure 15

tMLEE MBE low to device disable 0.4 ns Figure 16
Figure 17

Figure 15

tMLGL MBE low to GZ low 1.8 ns Figure 16
Figure 17

Figure 15

tMLAX MBE low to address change 0.1 ns Figure 16
Figure 17

. Figure 16

tmMHQX MBE high to data change 4.5 ns Figure 17
. . Figure 16

tmMHQV MBE high to data valid 8.2 ns Figure 17
t Memory enable change to output data tri-state 3.5 5 ns Figure 16
EFQz : Figure 17
tepmz @ Memory enable change to MBE tri-state 35 5 ns Figure 14
teLmx GZ-controlled error flag enable time 35 ns Figure 13
tETMX E-controlled error flag enable time 3.5 ns Figure 14
tniT E E1Z low to BUSYZ low 160 ns Figure 14
tiniT_mBE MBE low to BUSYZ low 160 ns Figure 13
. Figure 13

tsLmv SCRUBZ low to MBE valid 146 ns Figure 14
tE1ZHSH E1Z high to SCRUBZ high 20 ns Figure 14
tE1zHBH E1Z high to BUSYZ high 20 ns Figure 14
tMHBH MBE high to BUSYZ high 20 ns Figure 15

(1) Tc=-55°Cto 125°C, Vpp; =1.7V 10 1.9V, Vppo, =3V to 3.6 V (unless otherwise noted).
(2) Parameters ensured by design and/or characterization if not production tested.

18
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PACKAGE OPTION ADDENDUM

PACKAGING INFORMATION

Orderable Device status (¥ Package Type Package Pins Package Qty Eco Plan @ Lead/ MSL Peak Temp (©) Samples

Drawing Ball Finish (Requires Login)

SMV512K32HFG ACTIVE CFP HFG 76 1 TBD Call TI Call TI

® The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sh/Br) - please check http://www.ti.com/productcontent for the latest availability
information and additional product content details.

TBD: The Pb-Free/Green conversion plan has not been defined.

Pb-Free (RoHS): TlI's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements for all 6 substances, including the requirement that
lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, Tl Pb-Free products are suitable for use in specified lead-free processes.
Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and package, or 2) lead-based die adhesive used between
the die and leadframe. The component is otherwise considered Pb-Free (RoHS compatible) as defined above.

Green (RoHS & no Sh/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame retardants (Br or Sb do not exceed 0.1% by weight
in homogeneous material)

® MSL, Peak Temp. -- The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.

Important Information and Disclaimer: The information provided on this page represents TI's knowledge and belief as of the date that it is provided. TI bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.

Addendum-Page 1


http://www.ti.com/productcontent

MECHANICAL DATA

HFG (S—CQFP—F76)

CERAMIC QUAD FLATPACK WITH NCTB

45.72040.080 "

e

[1.800£0.003]

20.462+0.200
[0.806+0.008]

11.430 [0.450]
LEAD CENTERS 4X

51.31 [2.02] MAX —mm

OVER LID

‘6 o 0 o

N

LEAD No. INDEX

25.312+0.250
[0.997+0.010]

51.31 [2.02] MAX

~

5, 0.2 ('% )

01
0,15 (.006)

L

=

DETAIL "A"

BRAZE

v
J Lo,ea (.036)

0,51 (.020) MAX

A

DETAIL "B"

2,283 (,090) MAX

0,2 (0.008)
0,10 (0.004)

DETAIL "C”

LEAD MATERAL/

Fe-Ni-Co ALLOY

—>

f

R

"B”

| 0,36 (0.014)
0,05 (0.002)

2,67 (0.105) MAX

4040231-5/P 04/10

NOTES: All linear dimensions are in millimeters (inches).

This drawing is subject to change without notice.

This package is hermetically sealed with a metal lid.
The leads are gold plated and can be solderdipped.
Lid is connected to GND leads (see data sheet).

A
B
C. Ceramic quad flatpack with flat leads brazed to non—conductive tie bar carrier.
D
E
F

{? TEXAS

INSTRUMENTS

www.ti.com



IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications, enhancements, improvements,
and other changes to its products and services at any time and to discontinue any product or service without notice. Customers should
obtain the latest relevant information before placing orders and should verify that such information is current and complete. All products are
sold subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its hardware products to the specifications applicable at the time of sale in accordance with TI's standard
warranty. Testing and other quality control techniques are used to the extent Tl deems necessary to support this warranty. Except where
mandated by government requirements, testing of all parameters of each product is not necessarily performed.

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for their products and
applications using TI components. To minimize the risks associated with customer products and applications, customers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any Tl patent right, copyright, mask work right,
or other Tl intellectual property right relating to any combination, machine, or process in which Tl products or services are used. Information
published by TI regarding third-party products or services does not constitute a license from Tl to use such products or services or a
warranty or endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual
property of the third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration and is accompanied
by all associated warranties, conditions, limitations, and notices. Reproduction of this information with alteration is an unfair and deceptive
business practice. Tl is not responsible or liable for such altered documentation. Information of third parties may be subject to additional
restrictions.

Resale of Tl products or services with statements different from or beyond the parameters stated by TI for that product or service voids all
express and any implied warranties for the associated Tl product or service and is an unfair and deceptive business practice. Tl is not
responsible or liable for any such statements.

Tl products are not authorized for use in safety-critical applications (such as life support) where a failure of the Tl product would reasonably
be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement specifically governing
such use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications of their applications, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products
and any use of Tl products in such safety-critical applications, notwithstanding any applications-related information or support that may be
provided by TI. Further, Buyers must fully indemnify Tl and its representatives against any damages arising out of the use of Tl products in
such safety-critical applications.

Tl products are neither designed nor intended for use in military/aerospace applications or environments unless the TI products are
specifically designated by Tl as military-grade or "enhanced plastic." Only products designated by TI as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of Tl products which Tl has not designated as military-grade is solely at
the Buyer's risk, and that they are solely responsible for compliance with all legal and regulatory requirements in connection with such use.

Tl products are neither designed nor intended for use in automotive applications or environments unless the specific Tl products are
designated by Tl as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any non-designated
products in automotive applications, TI will not be responsible for any failure to meet such requirements.

Following are URLs where you can obtain information on other Texas Instruments products and application solutions:

Products Applications

Audio www.ti.com/audio Communications and Telecom www.ti.com/communications

Amplifiers amplifier.ti.com Computers and Peripherals www.ti.com/computers

Data Converters dataconverter.ti.com Consumer Electronics Wwww.ti.com/consumer-apps

DLP® Products www.dlp.com Energy and Lighting www.ti.com/energy

DSP dsp.ti.com Industrial www.ti.com/industrial

Clocks and Timers www.ti.com/clocks Medical www.ti.com/medical

Interface interface.ti.com Security www.ti.com/security

Logic logic.ti.com Space, Avionics and Defense  www.ti.com/space-avionics-defense

Power Mgmt power.ti.com Transportation and www.ti.com/automotive
Automotive

Microcontrollers microcontroller.ti.com Video and Imaging www.ti.com/video

RFID www.ti-rfid.com Wireless www.ti.com/wireless-apps

RF/IF and ZigBee® Solutions  www.ti.com/Iprf
TI E2E Community Home Page e2e.ti.com
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