Radiation Hardened 4-Gb NAND Flash Module

Introduction

Radiation Hardened Non Volatile Memories for Spaceis still Reserved

[] Reserved
confined to EEPROM. Thereis no Flash memory acceptable e %O B Resaved
for Space use due mainly to available Flash die being Ressrved 3 iB g
susceptible to Single Event Effects of SEU (Upset) and SEFI Resenrg 21 i 188

. St RIE i SM 8 1/ 05
(Functional Interrupt and block errors). Bit flips (Up sets) - 1B Reserved
may be tolerable for certain types of data; but if they occur in Reserved 31 ¥E Reserved
the processing instructions, functional errors can result in el 2 SM2OFAG B Vs
corrupt data at best and lock-up of the Flash circuit at worst. Reserved 28 16RH % Reserved

ALE :é i I/ 06
Space Micro was contracted through a U.S. Air Force SBIR Reserij 3 3 i2 §§
funding to mitigate adverse radiation effects of a 2-Gb Flash Reserved 2§ iB Reserved
device. This current state-of-the-art 4-Gb product Reserved Si ip Reeved
incorporates a number of ground breaking Space Micro
radiation mitigation technologies.
Features for Space Applications
! TID:>100krad I SEU: (all single bit errors corrected)
I SEL: none>58.7MeV/ mg/ cm2) I SEFI: (No SEFI or block errors)

Space Micro selected a 73nm, 4-Gb NAND Flash device based on NASA radiation testing.
Unprotected, this Flash part exhibited SEU and SEFI deficiencies and is rated CRecommended for
usage in some NASA/ GSFC spaceflight applications, but requires extensive mitigation techniques
or hard failure recovery modeQ Our 4-Gb Flash incorporates Space Micro patent-pending
radiation mitigation technologies, solving the radiation issues seen in the commercial part.

General
¥ Single 3.3V Power Supply ¥ Fast Write Cycle Time

¥ Organization 0 Page Program time: 200us (Typical)
0o Memory Cell (512M+6M)x8 or 0 Block Erase Time: 1.5ms (Typical)

(256M +3M )x16 ¥ Command/ Address/ Data Multiplexed I/ O Port
o Data Register: (2K+64) x 8bit ¥ Hardware Data Protection
¥ Automatic Program and Erase 0 Program/ Erase lockout during pwr. transitions
o0 Page Program: (2k +64) Byte ¥ Reliable CM OSFloating-Gate Technology
0 Block Erase (128k +4k) Byte o0 Endurance: 100K Program/ Erase cycles
¥ Page Read Operation 0 (with 1 bit/ 512 Byte ECC)
0 Page Size: (2k + 64) Byte o DataRetention: 10 years
Random Read: 29us (M ax) ¥ Intelligent Copy-Back w/ intern 1 bit/ 528B EDC

o
0 Serial Access: 25ns (Min.)
0 Command Driven Operation
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Space Micro Radiation Mitigation Technologies Application

COTS Flash [ TMR Scrubbing [ EDAC [ HF CORE™ SMI RH Flash
Die Selection (SEU mitigation) (SEU mitigation) (SEFI mitigation) Module

Flash Module Stacking Design
¥ b5layer stack

o 3flash layers Layer 1 SEU & SEFI Control Logic
0 ASIC SEU-SEFI Layer Layer 2 Flash 1
o Power control switching layer Layer 3 Flash 2
¥ Sze: Layer 4 Flash 3
0 20.6x13x9.45mm (max) Layer 5 Power Control Switch

(commercial Flash IC footprint)
¥ Packageoutline:
0 48-SOPor 48-BGA/ CGA

Package
¥ 48-SOP/ BGA/ CGA, compatible with commercial Flash IC footprint. 11x 24 mm.
B

A
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Dimensions (mm)
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DC Operating Conditions And Characteristics
Parameter Symbol Min Typ Max Unit
Supply voltage Vce 2.7 3.3 3.6 V
Input high voltage Viy 0.8xVcc - Vce+0.3 V
Input low voltage, All inputs Vi -0.3 - 0.2xVcc Vv
Output high Voltage Level Vou 2.4 - - \Y
Output low voltage Level VoL - - 04 \
Operating Current Icc - 60 120 mA
Operating Temperature T -55 - +125 C

Absolute Maximum Ratings

Parameter Symbol Value Unit
Voltage on any pin relative to Vss Vio -0.6 to Vcc + 0.3 (<4.6V) | V
Storage temperature Tste -55 to +150 C
M
’ 10401 Roselle Street Phone: 858-332-0700
SPACE MICRO INC. Suite 400 Fax: 858-332-0709

S — San Diego, CA 92121 www.spacemicro.com  Page 2 of 8




Flash Die Circuit Design

Vcc —»
Vss — =
4,096M + 128M Bit
Aiz-Az | X-Buffers NAND Flash
» Latches A Y
& Decoders ' RRA
Ao - A1 Y-Buffers (2,048 + 64)Byte x 262,144
———————— Latches
& Decoders Data Register & S/A
> Y-Gating
Command .
—m» Command
Register
—™ g _ﬂ I/O Buffers & Latches I Vee
F F ) r Vss
CE # Control Logic [— ¥ [ [
RE » & High Voltage o 1100
WE #+—®» Generator |———————— Global Buffers utput L4
Driver @
F Y @
107
CLE ALE WP
Flash Module Circuit Design
Pow-er Pov:er Powe

Memory Memory Memory
Unit A Unit B Unit C

Control Data Address Control Data Address Control Data Address

Vee

[
cc Address i
Cn::I_A ﬁ
1 Cntrl_B
L2 cti ¢ SEU and SEFI ]
Control Logic pataa | Power Switch_|
Data_B
/ Data_C
Logic Contains:
- SEU EDAC
- SEU Scrubbing
- SEFI HF-Core
- Power Control Logic
m—
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Pin Description

¥

K K K

m—

BALE - Address Latch Enable from Host. During thetime BALE isHIGH, address
information istransferred from BI/ O[7:0] into the controllers address register upon a LOW
to HIGH transition on BWE#. When addressinformation is not being loaded, the BALE pin
should be driven LOW.

BCE# - Chip Enable from Host. Gates transfers between the host system and the controller.
BCLE - Command Latch Enable from Host. When BCLE isHIGH, information is transferred
from BI/ O[7:0] to the controllers command register on the rising edge of BWE#. When
command information is not being loaded, the BCLE pin should be driven LOW.

BRE# - Read Enable from Host. Gatestransfers from the Controller to the host system.
BWE# - Write Enable from Host. Gates transfers from the host system to the controller.
BWP# - Write Protect from Host. Pin protects against inadvertent PROGRAM and ERASE
operations. All PROGRAM and ERASE operations are disabled when the BWP# pin is
LOW.

BlI/ O[7:0] BI/ O Line. The bidirectional Bl/ O pins transfer address, data, and instruction
information between the host and the controller. Datais output only during READ
operations; at other timesthe Bl/ O pinsareinputs.

BR/ B# - Ready/ Busy from controller. The pin isused to indicate when the controller is
processing a PROGRAM or ERASE operation. The pinisalso used during a READ
operation to indicate when data is being transferred from the memoriesinto the controllers
serial dataregister. Oncethese operations have completed, BR/ B# returnsto the high-
impedance state.

EDAC On bDeterminesif the chip will enablethe EDAC.

L
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Product Organization

The SM29F4G08RH is a 4,224M bit(4,429,185,024 bit) memory organized as 262,144 rows (pages)
by 2,112x8 columns. Spare 64x8 columns are located from column address of 2,048~2,111. A
2,112-byte data register is connected to memory cell arrays accommodating data transfer
between the |/ O buffers and memory during page read and page program operations. The
memory array ismade up of 32 cdlsthat are serially connected to form a NAND structure. Each
of the 32 cellsresidesin a different page. A block consists of two NAND structured strings. A
NAND structure consists of 32 cells. Total 1,081,344 NAND cellsresidein ablock. The program
and read operations are executed on a page basis, while the erase operation is executed on a
block basis. The memory array consists of 4,096 separately erasable 128K-byte blocks. It
indicatesthat the bit-by-bit erase operation is prohibited on the SM 29F4G08RH .

The SM29F4G08RH has addresses multiplexed into 81/ Os. This scheme dramatically reduces
pin counts and allows system upgradesto future densities by maintaining consistency in

system board design. Command, address and data are all written through I/ O's by bringing
WEto low while CEislow. Those are latched on therising edge of WE. Command Latch Enable
(CLE) and Address Latch Enable (ALE) are used to multiplex command and address
respectively, viathe I/ O pins. Some commandsrequire one buscycle. For example, Reset
Command, Status Read Command, etc require just one cycle bus. Some other commands, like
page read and block erase and page program, require two cycles: one cycle for setup and the
other cycle for execution. The 528M byte physical space requires 30 addresses, thereby requiring
five cyclesfor addressing: 2 cycles of column address, 3 cycles of row address, in that order.
Page Read and Page Program need the same five address cycles following the required
command input. In Block Erase operation, however, only thethree row address cyclesare used.
Deviceoperations are selected by writing specific commandsinto the command register.

List of Commands

Operation Cycle 1 Cycle 2
Normal Page Read 00h 30h
Random Data Read 05h EOh
Read Test Mode 00h 30h
Block Erase 60h DOh
Normal Program Page 80h 10h
Random Data Input 85h
Write Test Mode 80h 10h
Reset FFh

List of commands for NAND Interface

Apart from these instructions, the following WRITE PROTECT operations can also be performed:

¥ FEraseDisable (BWP# islow)
¥ Program Disable (BWP# is low)
¥ FErase Enable (BWP# is high)
¥ Program Enable (BWP# islow)
,
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Flash Array Organization

1 Block = 64 Pages

,r” “' P40 3
Py '#,/ (128K + 4k} Byte
S ,f'
b
//{/‘ 1 Page = (2K + 64)Bylse
7 1 Block = (2K + 64)B x 64 Pages
25'3< Pages ={128K + 4K) Byies
{=4,096 Blocks) ) 1 Device = {2K+64)B x B4Pages x 4,096 Blocks
P =4,224 Mbits
8 bit
2K Bytes i 54 Bytes
e !
i
/ e A
Fage Register S -
2K Bytes 54 Bytes
oo | Vo1 | Wo2 | VO3 | W04 | OS5 | 0G| D7
15t Cycle An A Az A3 As As AE A7 Column Address
2nd Cycle Az ha A1 A L L | L1 Column Address
JrdCycle | Mz Ai3 A4 As | Al | A Az | A1z | Row Address
dCycle | fon | Ao | Am | Am | Am | A | Am | Az | RowAddress
Eth Cycle Aag Aza L g L o #_ L Row Address
MOTE : Colurnn Address © Startng Address of the Register.
*Lmust be set i "Low”
* The dewee ignores any additiona’ input of address cycles than reguired.
Mode Selection
CLE ALE CE WE RE WP
H L L ) H A _ Command Input
Rizad Mode P
L H L L H x Address InputiSclock)
H L L L H - . Command Input
Write Mods
L H L ) H H Address
L L L ¥ H H Data Input
L L L H 1 A Diata Oufput
X 4 X b4 H 4 Curing Read{Busy)
4 4 X 4 H During Program{Busy)
4 4 X 4 X H During ErazeiBusy]
X X X 4 X L Write Protect
X 4 H b4 X OvMVeo@ | Stand-by

NOTE : 1. X can be Vo or Wik

2. WF shou'd be biased o CMOS high or CMOS low for standby,

_
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Program Erase Characteristics

Parameter Symbaol Min Typ Max Unit
Program Time teroe 200 700 153
Cummy Busy Time for Two-Flane Page Program foasy 0.5 1 L
Mumber of Partial Program Cycles Mop - 4 cycles
Block Erase Time teERS 1.3 2 ma
NOTE - 1. Typical valus is measured at Veo=3.3Y, Ta=25°C Not 100% tested
2. Typical program time s defned a3 the tme withn which more than 50% of the whale pages are programmed at 3.3V Ves and 2550 temperaturs

AC Timing Characteristics for Command / Address / Data Input

Parameter Symbol Min Max Unit
CLE Setup Time tos 12 N
CLE Held Time 1CLH 3 ns
CE Setup Time cst 20 ns
CE Hold Time ik 3 ns
WE Puise Width twe 2 ns
ALE Setup Time taLsit 2 ng
ALE Hold Time gy 3 ns
Data Setup Time ost 2 ns
Cata Hold Time oK 3 ng
Write Cyele Tims twi 23 ne
WE High Hold Time Tk 0 ng
Address 1o Data Loading Time tan 70 ne

MOTES : 1. The transition of the corresponding control pins must eccur only once while WE is held low

_
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AC Timing Characteristics for Operation

Parameter Symbaol Min Max Unit
Cata Transfer from Cell 1o Register 5 23 s
ALE io RE D= &y far 0 - ns
CLEtoRE Delay CLR 0 - ns
Ready to RE Low trRA 20 - ns
RE Pulze Wicth iRP 2 - ns
WE High to Busy twa 100 ns
Read Cycle Time trz 25 - ns
RE Access Time RE& 20 ns
CE Access Time 1CEA 23 ns
%Higr to Output H-Z RHZ 100 ns
E High to Output Hi-Z oHz 30 ns
BE High to Output Hold tr=c 15 - ns
RE Low to Quiput Hold tRLOH S - ns
CE High to Output Hold oo 13 - ns
RE High Hald Time {REH 0 - ns
Outout Hi-Z to RE Low R 0 - ns
RE High to WE Low RHW 00 - ns
WE High o RE Low WHR G0 - ns
Cevice Resatting Time(ReadProgramiEraze) =T 210700 U
NOTE: 1. If reset command {FFh) is written at Ready state, the device goes into Busy for maximurn SJs.
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