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Semiconductor & Memory

. => (Semi-Conductor)

e Memory
« DRAM, SRAM, NVM

« Megabit, Mbit= 1024x1024 bit = 1,048,576 bit ( )
« Gigabit, Gbit= 1024x1024x1024 bit = 1,073,741,824 bit ()

« 10 Mbit: Book, 1 min CD Audio, 1/4 sec HDTV
1 Gbit: Encyclopedia, 2 hrs CD Audio, 30 sec HDTV
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Semiconductor Technolgy Trend
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MOS Memory
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MOS Memory Tree
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Random Access Read Only
Memory Memory
RAM ROM
FeRAM | | DRAM SRAM PROM MROM
., o ", o’ |
MRAM " s
PSRAM NVRAM | [EEPROM||FLASH ||EPROM
* FP, EDO
« SDRAM * Fast/Slow
« VRAM SRAM « NOR
 WRAM e SSRAM * NAND
« SGRAM « DDR-SRAM
s RDRAM
e DDR, DDR-II
« VCRAM
« FCRAM
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MOS Memory Comparison

« DRAM (Dynamic Random Access Memory)
« SRAM (Static Random Access Memory)
« NVM  (Non-Volatile Memory)

DRAM SRAM NVM
Cell Structure 1Tr.+1Cap. |6Tr.or 4Tr.+2R 1Tr.
Norm. size 1.0x 3.0x 0.6x
Power for data Required Required None
Refresh Required None None
Addressing Multiplexing Non-Mux Non-Mux
Density High Low Very high
Access speed 50ns/50ns 50ns/50ns 50ns/50
(Read/Write) (5ns/5ns)
Power(standby) ~200 10 ~10
Application Main memory, Buffer Bios, Card,
Graphics Cache File memory
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State-of-the-Art Memory
 High Density
 High Speed
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0.09um 2Gb NAND Flash (1.45Gb/cm?)
Highest Bit Density NVM

Peripheral Circuitry & Row Decoder -

Cell Array

(2Gh)

Process Technology 90nm triple-well, 1-W, 1-Al CMOS

Tunnel Oxide 7.0nm
Effective Cell Size 0.044Mm?
Chip Size 141mm?
Block Erase Time 2ms(typ.)

Page Program Time 300ms(typ.)
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0.08um 16Gbit DRAM (1.25Gb/cm2=8Gb/in2)
Highest Bit Density DRAM

CeII Storage Pol Word Line SP Contact

l!llllllnl' " RE R

SHHaARHAA

Cell Size = ~0.056rnm?
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1.57GHz 576Mb RDRAM

||||||||||||
|||||||||||||
||||||||||||

¢ 0.12mMm, Triple-metal CMOS
* Chip Size = 157.6 mm?

« \/Ccc/VccA = 2.5V/2.0V

» 4i Bank, 2KB Page

» Package: 92Ball WBGA

||||||

||||||||||
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Present Memory Trend

Memory Density Aspect
e Quadrupled in every three years (Mooré s law)

« DRAM: 512Mbit (150 mm?2) ~ 4Gbit (645 mm2)
- Bit density = 340~635 Mbit/cm?2

« SRAM: 16Mbit (128 mm2) = 12.5 Mbit/cm?2

* NVM: 1Gbit Flash (132 mm2) ~ 2Gbit (141 mm?2)
- Bit density = 776~1450 Mbit/cm?2

 FRAM: 4Mbit (118 mm?2) => 34 Mbit/cm?2

Memory Speed Aspect (Data Transfer Rate)
« DRAM: 100 ~ 800 MHz
« SRAM: 200 ~ 300 MHz
« NVM: 20 ~ 50 MHz

Memory Power Aspect
« DRAM:  0.20 ~ 1.40 W/chip
*« SRAM:  0.75 ~ 1.25 W/chip
e NVM: 0.01 ~ 0.10 W/chip
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DRAM Introduction &
Chip Operation
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Functional Block Diagram of SDRAM

E —»
g%g: Registers
WE _» & Control DC Generators | Vee
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DRAM Chip Architecture & Operation
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DRAM Sensing Operation

1/2Vcc sensing scheme

WL  SA SAP EQ CSL 1/0

N S/A VBL |
B/L 'L 1 1
e

L
B/ Vgpiﬁ D|i‘lj.l'—'l.

Timing Diagram (for cell data = 1)

VWL = VcC +VTHa

W/L
(Row select) SAP (Cell data restoring)

Vcc
1/2Vcc= BL \/
VBL / A _ K CSL (Column select)
BL
= Vss

SAN (Cell data sensing)
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Sensing Margin of DRAM

Sensing margin: Charge conservation law
* High sensing margin (Data 1=Vcc):
* A VBL1=(VCell-VBL)/(1+CB/Cs) =(Vcc-VBL)/(1+CB/Cs)

 Low sensing margin (Data 0=GND):
* A VBLO=VBL/(1+CB/CS)

VBL Level Sensing Margin
Vcc Vcc Vcc
A VeL1 VBE—------------ A AVeL1
1/2VCC' V 1/2VCC ............... A VBLl 1/2VCC ............... A VBLO
— BLO \v/or— (oo ______X
=VBL Ve * AVBLO
GND GND GND
e VBL = 1/2VcCC e VBL < 1/2VccC e VVBL > 1/2VCC
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Chip Architecture Example: Folded BL
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Chip Architecture Example-1

1. 1M DRAM (8F% , F=0.25um)
1K BL Pair

0.5um - A\ -
—A— BLB BL - —
] WL-0 WL g
lum 2
YT [ wit U3 1M :
] BL :
CHET] [ w2 - |

| BL Sense AMP. |
= W3 [ pemoom ]

[4-CELL ] [IM DRAM ]
1) Chip Size
X Y

CELL ARRAY =0.5umx1KPair = 1.0mm

CELL ARRAY =1um x 0.5K = 0.5mm

WL Driver =50um

BL Sense AMP. =50um

Peri Circuit = 450um

Total =1.05mm

Total =1.0mm

=1.05mm x 1.0mm = 1.05mm~*2
2) Cell Efficiency

=[(2.0mm x 0.5mm) / (1.05mm x 1.0mm)] x 100 = 47.6%
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Chip Architecture Example-2

3) Word Line RC Estimation (1KCell/WL)

WL WL cap.
-1Cell WL : 15 ohm -1Cell WL CAP: 0.3fF
- WL CELL Unit 12K - WL CELL Unit 12K
- Total = 30K ohm - Total Cap =0.6pF

- WL RCtime constant (t ) = 30K ohm x 0.6pF =18ns

4) Delta VBL Estimation (512Cell/BL)

- Cell Cap(CS) : 0.03pF - ARRAY (VCCA) : 2.0V
-1Cell BL Cap : 0.5fF - BL Precharege (VvBL) : 1.0V
-BL CELL Unit : 0.5K - BL Active : 100ns

- Total BL Cap(CB) : 0.25pF

- Delta VBL (DATA’1) = (VCCA - VBL) /(1 + CB/CS)
= (2.0V —1.0V) / (1 + 0.25pF/0.03pF)
=107mV

5) BL Sensing Current Estimation

- BL Current =(CB x VBL x 1K BL Pair) / BL Active
= (0.25pF x 1.0V x 1K)/ 100ns
=2.5mA
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DRAM Technology Trend
 High Density Approach

 High Speed Approach
 Low Power Approach
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Memory Technology Innovation

Historic 3 Momentum Words for Memory:
Density, Speed, Power

High Bit Density (~1.0Gb/cm?)
- Advanced Process Technology:
- 2-D & 3-D cell approaches
- Stacking chip/package solutions

High Speed (tRC= 20~60ns, 1/0=200~1000MHz)
- Improved latency with array partitioning
- High BW with new small swing I/O interface schemes

Low Power (2.5~1.8V, Standby<0.2mW, Active <1.4W)
- Voltage reduction with device scaling
- Low standby power circuit schemes
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DRAM Bit Density Increase Trend (1)

20~30
3000 3D Evolutionary Ways:>10x Gb/em?
« 4F2 cell (~2x) v €
« Multi-bit cell (2~3x) 16G
 Chip stacking (2~3x) = )
—~ 1000 « u-machining & thinning (~2x) T 3‘ ....................................
% - - ~1.2xlyear
S Process &
= Device
> World First Limitations
= Introduction:
S ~1.41x/year
A 100
5 0 W v M. Y S S
64M// MaSS productlon .......................
~1.6X/year .......................
M am16M / 01 6M
1.3~22 4.0~4.7 o
10 ' : —
1985 1990 1995 2000 2005 2010
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Trend of DRAM Cell Structure

1Mb 4Mb 16Mb 64Mb 256Mb >512Mb
OB

|
Cap. Material

Improvement
/ cuB & Changes
Planar e SiO2 (e=4)

Bit Line ° NO (626)
Gate Plate « HfO> (6215)
Move e Ta20s5 (e=25)

\Trench % * (Ba,Sr)TiOs3
Y (€=300)

10 . .

Ly sio, R\ Etching profile
< sl 9 ALO, . » Stack: ~2um
Q, e Trench: ~8um
o B
S ! HfO, g
_g 6 | °° Zro2 ....................................................................................... ..............................
8 5o Cell architecture

i STO
4| StNa @ Ta0s o, e changes
3 : 8F2 => 6F2 => 4F2

0 20 40 60 80 100
Dielectric Constant
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DRAM Technology Trend (2)

High Speed Aspect (Latency)
« Array-Partitioning (& Multi-Stage) Methods

tRC : Random Cycle Time

100ns
N Stage /O
Input g Array Data | gy
modity
Buffer
60ns -
For Fast Cycle Time =
e D
N 40ns /erformance
-------------------- . I
»> PRI D LTI . g D{’;I?a ~25ns
Input 20ns
‘::} ~16I’IS\:|\
\D
Cell Array Buffer ~10ns
on :

1998 2000 2002 2004 2006
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Trend of Memory Data Transfer Rate

10000= ’—
— HSDRAM: B
- RDRAM, - &
I B XHSDRAM -~
s [ _ SRAM
()
© 1000
0 ~~
< DDR-1/11/11
®©
O
o
: SDRAM
3
= 100
=
&)
s ty DRAM
O
10
1990 1995 2000 2005 2010
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Achievement Ways

» Advanced process
Technology

* High speed logic

* New I/O schemes
- DDR, QDR, ODR
- Sim. Bidirectional

* Robust signaling

» Small channel skew
e Tight pin parasitic

BECTRONICS



System Signaling Trend (Skew, 3D)

© o | DQ ©
s [ 2 = > s [ 2] 3
o B o =k
c c c
SIS Y L= 15 3 80
@) @) @)
f oo '
CLK
SDR CLK DDR CLK RDRAM
Large CLK-DQ Skew Small CLK-DQ Skew “Zero” CLK-DQ Skew
with strobe scheme with synchronization
2-D Data Transfer 3-D Data Transfer
« SBT (Single-Bit data Transfer) « MBT (Multi-Bit Transfer: PAM)

SDR => DDR => QDR =>0ODR « SBDT (Sim. Bi-Directional)

2bit case

11
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Reduction of Power Consumption

Power Consumption Reduction Ways

» Use of Advanced Process Technology
e Shrinkage: 0.72x ~0.84x/Year

e Adoption of Lower Operating Voltage
e3.3V=>25V=>18V=>15V=>12V=>1.0V
» Sensitivity: ~85mA/0.5V (RDRAM)

e Use of Several Power-Efficient Circuit Technigques
 Low power DLL and optimized clock tree
e Shared circuit/logic scheme

« Small swing I/O scheme
 GTL (Open-Drain) type: Reduced loading

« Power-Efficient logic:
« CPTL: complementary pass transistor logic
« DSCVSL.: differ. split level cascode voltage switch logic

» Adiabatic circuit techniques
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Operating Voltage Migration Trend

Lower Voltage for Low Power Consumption
« Max. power consumption for HSDRAM (< ~1.0W)

e Low standby current (<100uA)
- Reliability: Hot-carrier stress & max. oxide field

DRAM
Year 2002 2004 2006 2008 2010 >
DR ~0.13um ~0.10um ~0.08um ~0.07um ~0.055um >
Density 256M 512M~1Gb 1~2Gb 2~4Gb 4~8Gb
Voltage -~2.5V ~1.8V 1.5~1.35V 1.2~1.35V 1.0~0.9V
(Intro.)
Logic (CPU+ASIC)
Year 2002 2004 2006 2008 2010 >
DR (L) ~0.13um ~0.09um ~0.07um ~0.06um ~0.045um >
Voltage 1.2~1.5V  0.9~1.2V  0.7~1.0V  0.6~0.9V 0.5~0.6V
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Challenges for
High Performance DRAM
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I\/Iemorv System Overview & Challenges

Internal Chip External Chip
Input buffer/DLL Package channel

Y

Module
Chip Package Channel
High speed, Low latency Low Parasitic | High Bandwidth
Goals Low power, High density High Thermal | Low power
dissipation Good signal integrity
High speed circuits (DLL, I/O buffer) | RLC Parasitics | Skew reduction
Challenges| Low voltage design, Low jitter/skew | Reliability PCB channel design
PVT variation, Tester calibration Impedance matching
PVT insensitive design U-BGA Low swing &
: Multi-array partitioning & WL BGA High speed signaling:
Solutions Multi-;tage I/O arch_itectu_re . EC BGA SSgTL, FF)QSL, HgTL J
Adaptive I/O, On chip-calibration MOST P2P communication
Advanced Technology (<0.1 )
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Design Methodology: Process Variations

A DLL

% . ,
M_AJ ﬁ = e ol 1 YT | vopy 065
= lown | WO Vth mismatching of
wOwE i g.
e 1T ] Paired PMOS Transistor
""""""""""" N I
Statistical Analysis ]
| . [ ] B Measure
- Mont-e-C-arIo Slmul-atlon T _ Simulation
- Sensitivity Analysis | ] o
CAD Tool Development L] S
[}
- Statistical parameter generation %% I
- OPC Technique ]

-120 0 120
Duty skew [ps]
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High Speed Approach-Package

Pin Parasitic Modeling and Optimization

Leke  Rpke Rver Rver Pad & ESD
OUWP- W — W WH—1— O
Pin Coce | Como 1 Cuer T Comel Ceso | Crev @ LeLad R —L_c
Rpab RprvS RespS Resp Frame CAI\IFCJ[:X?S
\%

 Pin Parasitics:
- RLC affects signal loss, input signal ringing,
voltage & timing margins, impedance, & propagation delay

Parasitic SDRAM DDR RDRAM HSDRAM
ltems (100~150MH2z) (200~400MHz) | (800~1000MH2z) (2~4GHz)
CLK~DQ CLK~DQ CLK~DQ CLK~DQ
Rin (Q) 14~17 14~19 8~9 4~7
Lin (nH) 3~4.5 2.4~4.0 1.0~2.5 1.0~2.0
Cin (pF) 3.7~5.6 2.9~4.4 ~2.2 ~1.5
A Cin (pF) 1.9 1.5 < 0.06 <0.04
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/O Interface Schemes

Requirements for Future High Speed Interface:
* High Speed Data Transfer Rate: >200Mbps

e Good Signal Integrity
« Small swing scheme: 2.0V - 1.0V
e Low Power Consumption: Low Vbbg from 3.3V -t0-1.8V

>
- VDDQ}
Con-1-9
1
: Con-2 —]

: Driver
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/O Interface Schemes-2

High Speed 1/O Interface Implementation for Good Signal Integrity

Volts[v]  LVCMOS SSTL RSL

5010101010 1~1 0011 000111 O]

2.5 3 1-8-3 HH — 1.8
HHAE a
| i _;
]

M, P IMm P hH] Tr

. 1.0
Time [ns] 100MHz
3 | l R o B I e dn 4
251 '| 1.8 i 1.8 37§ |
5 .‘iﬁir i h JH‘I :;i
; ) I|I JIF T. Iy |
Q] ol 2 PR I . ; - | L
0.0 A tes il i o b 10. 10I
] B 300MHz
2.5; : 'Illl 1.8-; 17l i 1.8 N Py
= ' | o _; 1
i i ;
1LY | .
3 L) =
001 .1.'”.'.' 103 SEa ST oo i s s
h - 500MHz
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Package: Technology Trend

Future Trend: High Density & High Speed

e High Density (Large memory size/volume) & SIP
- Vertical stacking: PKG Stack, DDP
- Horizontal placing: MCP
e High Speed (Small dimension & low parasitic)
- Chip scale package: BGA, FBGA
- Low parasitic package: u-BGA, WLCSP

BGA/CSP

* Low speed * High speed
* Low packing density * High packing density
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System Trend: Reduction of Skew & Pin-Counts

Present Future

Clock (CLK) | Large A Cin & skew! Clock (CLK)

—

[TTTTTI
} Socket

—O—C0—>
Socket ‘
Data (DQ) Data (DQ)

s,

* Loading Difference
e Large No. of pins
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Conclusions
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Future Memory Performance Projection

>

« Density 350Mbit/cm?2 20~30Gbit/cm?2
e Clock Frequency 0.1~0.4GHz 1~1.5GHz
« Data Transfer Rate 0.1~0.8Gbps 8~12Gbps
(per pin)
* Power per Chip 0.2~1.4W 0.5~1.0W
 Module Bandwidth 0.8~1.6GB/s 16~48GB/s
: : >
2000 2010 Year

DRAM will continuously evolved to realize high performance
GigaHz memory systems with improved existing technologies
(for density, speed, and power) and application-specific memories
to closely meet the customers’ demand.
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Emerqging Memory for Year of 2005+

Total

Each specific Solution

application requires
special memory Fusion

: solution
One commodity Memory

memory is widel (DRAM + SRAM +
used ¥0r most y ~2005 \\ FLASH + Logic)

major systems System

Solution
~2000 ‘ Memory
Universal

Standard
Memory
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Conclusions

In the future, more evolutionary and/or revolutionary technical
approaches will actively take place to overcome several
challenging issues in high performance memory operations.

For successful integration of high performance memory
systems, aspects of off-chip as well as on-chip technologies
such as the package and moduleissues must be addressed
to achieve the requirements for low parasitics, good signal
Integrity, and high bandwidth with small form factor.

Many technical approaches can be employed for the realization
of diversified high performance memories for total solutions:
* High density approaches
* High speed I/O interface schemes
* Low power consumption ways
 New material memory development
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Homework (DRAM Design)

1. Vee=2.5V NMOS Transistor Gate (a) Vg=2.5V,
(b) Vg=4.5V : Vout maximum
voltage

)—l T
(a) 2.5V Parameters:
(b) 45V Vout | V.4 (= 1V@Vg;=0V), 2F =0.8V, g (body effect )=0.7 V12
T Cloap Ves="1V, VT=VT0+9(\/|VESI +2F '\/ﬁ)
2. 1 Ghit (x1) Cell Array DRAM :
(@) Row(X), Column(Y) Address X,(Y) address pin ?
(b) ,Cell Ileakagecurrent 1pA/cell , Sense Amplifier offset voltage
(threshold voltage =0.1V) Cell Refresh
: Vcc=2.5V, Cs (Cell cap.) = 20fF, Cb (bit line cap.) = 180fF
1/2 Vcc Bitline sensing scheme, Q (charge)=CxV =1Ixt
3. Conventional N-MOS type Negative voltage generator
VBB level ?
: NMOS Vth =0.7V (Body Effect )

Cpump
Oscillator | |£
(0 to 2.5V) I _TE J VBe=?
GND
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