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Background: two ASIC platforms 3
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Breakthrough in programmable switch
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B Negligible switch area & small logic cell
® Low chip cost, high performance




Solid electrolyte switch (“NanoBridge”)
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...based on Atomic Switch (NIMS) 6

Switch Off Switch On

)
-
~~
(qV
]
Q\
N’
)
&)
-
©
i)
&
>
©
-
@)
O

sequence

B Ag atom precipitates when positive voltage is biased on Ag.
B Formation and annihilation of atomic bridge changes
conductance in units of 2e?/h.

K.Terabe, et al., Nature 433, 47 (2005)




Features of solid-electrolyte switch

B Low ON resistance : metallic bridge
B Small : thin bridge (<30nm)
B Simple structure (4F?)
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Features of Cu,S solid-electrolyte switch
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Meet the demand for programmable logic?

Parameter

Cu,S NanoBridge

{

ON resistance
Switch size
Switching speed

Cycling endurance

Turn-on voltage
Retention
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OK
OK
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NG

Process compatible NG

Switching current

Breakthrough
iIn Material (Ta,Ox)

NG

(<100Q)
(4F?)
(<10usec)
(103-109)
(~0.2V)
(<3month)

(>3mA)
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What determines switching voltage? 10

Cu* supply and chemical reaction are involved. Which
determines switching voltage?

o
~

Cu-ilon diffusion rate with chemical reaction
vS. the rate without reaction.

diffusion rate




Diffusion coefficient (cm?/s)

T dep. of diffusion coefficient & switching voltage 11
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B Diffusion rate determines switching voltage.




Von (V)

Concept to increase switching voltage 12
0.4 ' 17
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Cu* supply . Cu* concentration X diffusion rate.

B Material with very low diffusion rate is needed.
B Ta,O; : good compatibility with LS| process
B 0.65V or larger is expected for Ta,Os.




IV characteristics 13
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Origin of current path 14
before turning ON Element analysis by EDX
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B Resistive switching is attributed to formation of Cu bridge.




Temperature dependence of OFF resistance 15
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B Before p/e, Ry exponentially increases with T (not shown).
B After p/e, Ry weakly depends on T.
B Single-electron charging effect is observed.




Current controlled by nMOSFET

controlled by FET
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mV,>0: Currentis controlled by nMOSFET.

B Switching time
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Switching time distribution
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B Switching time depends on input voltage and
distributes between 10 to 100psec for V=4, Voee=-2.5V.
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Cycling endurance
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B Cycling endurance > 104
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ON-state reliability

20

B ON state reliability of NanoBridge should be comparable
to Cu plug in LSl interconnection.

B ON state reliability could depend on :

- ON conductance (thickness of Cu bridge)

- Bias current or voltage
- Biasing polarity
- Ambient temperature.

%

Formulate ON-state duration
& Check it out!

(D
PER

757
NanoBridge Cu plug in LSI




ON-state duration (tgy) under DC current stress

ON-state duration for various Ggy, lstress » polarity
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Dependence on V, or Gy

Dependence on Ggy
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B ON-state duration depends on V; (Zlstress/Gon)-

22




Dependence on V, or G4\ (Summary)

Dose toy change with varying Ggy or V,?

oxVo| Varied fixed
ON

fixed YES NO
Varied YES NO

B ON-state duration depends on V, (Zlstress/Gon)-
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V, for 10years duration 24

Median of ON-state duration
(tso) VS. V, for different Gg,
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B ON state persists for 10years when V,<50mV.




Dependence on Temperature

Temperature dependence of
median of duration
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B Activation energy (E,) is about 0.48 eV.

10°

25




Formula of ON-state duration 26

B ON-state duration’s formula derived from toy (V) & ton(T)
ton® Vo & exp(E./kT)
_ -n A :Constant
ton = AV -eXp(E4/KT) n =12 (voltage exponent)
] E.=0.48eV
= A-(Istress/Gon) " €XP(E4/KT) = 3 °

B Comparison with formula for Cu interconnection in LSI

TTF (Time to Failure) = B-lgrress™ -€XP(E4/KT)
(Black’s law)




Relationship between maximum current and G, 27

B Consider the requirements of reliability of Cu plug in LSI;

C ON state duration : ty, > 10years
< Temperature . T=105°C
- Maximum current : lstress > 0.2mMA.

B Substitute values for A, N, and E, of tg, (99.9% of devices)

toy = 2.8X10% (Igrress/Gon) H2-€XpP(0.48/KT).

ton = 7-0X10™: (Is1ress/Gon) > 10years
lsrress = 1.4X107%-Ggy > 0.2mA
Gop > 14mS (Ryy < 71.4Q)




Trade-off between reliability and switching current 28

ON state reliability improves with Ggy.
.. But, switching current increases.

Thin Cu bridge (Low Ggy) Thick Cu bridge (High Ggy)

—

- Poorly reliable - Highly reliable
- Low switching current - Large switching current




Turn-off current versus ON conductance

-12

1 | 1 | 1
0 0.02 0.04 0.06
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(Minimum current for antifuse)

Gon < 28MS (Ryy > 41.7Q)
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Suitable G, for FPGA

30

{ lopr = 0.2 X Gy < SMA

| = 1.4x107%-Ggy > 0.2mA

Gon: 14 — 28mS
Ry 41.7 - 71.40Q




Summary of properties 31
Parameter Name Cu,S switch?) Ta,O, switch
ON resistance OK (<100Q) OK (<100Q)
Switch size OK (4F?) OK (4-8F?)
Switching speed OK (<10usec) OK (<100usec)
Cycling endurance OK (103-10°) OK (10%)
Switching voltage NG (~0.2V) OK (>1V)
ON-state duration NG (<3month) OK (>10years)
Turn-off current NG (>3mA) Allowable (~-5mA
Process Compatibility NG OK




Conclusions

B \We propose a compact and low resistive switch which
utilizes ionic conduction.

B Enhancement in switching voltage can be achieved by
lonic conductor with low diffusion rate.

B On-state reliability has been improved and its formula
IS obtained.

Novel switch improves performances of reconfigurable
LS| without scaling down.

32
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