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Large-Scale DMA-TEG
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Subthreshold characteristics
(200 transistors)




Within Wafer Variation
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Systematic and Random Components

Systematic components Random components
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1. Random variation is dominant.
2. Systematic variation is negligible in DMA-TEG.
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Vth Distribution of 1 Million Transistors

Normal Distribution
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1. Normal distribution up to +5c.

2. NFET has larger variations than PFET.
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Drain Current Variability



Drain Current Variability

|y [ X 10-°A]

O N b O X®

12
10

106 NFETs Wg/Lg =120 nm/60 nm
- ‘© I ]
Z 54 |
S D5 l
o - X |
s 20} !
‘>B QO. I
5 ®2f | /80 %
€ 4l '/ of mddian
o I |
2l €T
O 2 4 6 8 10 12

lon [% 107°A]

T. Tsunomura et al., VLSI Technology Symposium, p. 97, 2010.

7



Two Components (Vthc and gm)
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Two Transistors with same Vthc and gm

107 — 10
INFET |
10} W/L=120nm/60nm 8
Y% ds=1 .2V .
10°} —_
E 16 2
E 10 Gg‘ 1 o
_® 7 14 E
10 ] 1 3
) : ..................... . 2
1085
10-9 [ ) ﬂ/ f : .
0.0 VIHC0.4VTHEX1\XH9X-28 1 .g
Vi V] AV = Vigex — Viuc
T. Tsunomura et al., VLSI Technology “Current-Onset Voltage”

Symposium, p. 97, 2010. 9



Definition of Current Onset Voltage AV1H

The 3rd Component of Drain Current Variability
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Independent Three Components
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Contributions of Three Components
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Contributions of Three Components
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The Origin of AVTH

Source

—  Potential Divided line

V1Hc: Subthreshold region
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Average potential?
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Simulated Potential Profile
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Correlation between AVTH and V1H’s
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Reversed S/D
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Cumulative Distribution
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Dopant Density v.s. o(AVTH)
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DIBL and Potential Profile
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AVTH Variability and DIBL Variability

Source
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Correlation between AVTH and DIBL
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SRAM Variability
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SRAM
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16k SRAM DMA TEG
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Measured I-V in Individual Transistors

IVds| = 50mV

BLR

t (Experiment)

00 oi 04 06 0.8 1.0 1.2
Vg(V)

M. Suzuki et al., VLSI Technology

0.0 02 0.4 06 08 10 1.2 Symposium, p. 191, 2010.
28 ymp p 26




16k SRAM DMA TEG
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One-Side SNM
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Distribution of SNM

B —
€ 2
2 S
© e
= ©
(C -
> S
Vdd=1.2V Vdd=1.0v
(Experiment)
0.0 0.1 0.2 0.3
00 01 02 03 0.4
SNM(V) SNM(V)

M. Suzuki et al., VLSI Technology Symposium, p. 191, 2010. 29



Correlation of SNM at Different Vdd
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Correlation of SNM at Different Vdd
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Correlation of SNM at Different Vdd
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Correlation of SNM at Different Vdd
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Two Cells with the Same SNM at 1.2V
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Vdd Dependence of SNM
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Simulation Using Measured Vth
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Comparison between Sim and Meas (1k)
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Comparison between Sim and Meas (1k)

1.2 Simulation ° 03l Vdd=1.2V |
1.0} {i ="
0.8} ] €
Q
' ' 0.2 -
S 0.6} ] E
Y . ! Q
> 0.4} {1 =
| ] Wo :
0.2} / | =
3 . L Z o
0.0} Experiment 14 » Vdd=0.4V
8 2 B 2 8 a2 8 a2 8 o 8 o @ 0.0 RN o 2 o 2 o
0.0 0.2 04 06 0.8 1.0 1.2 0.0 0.1 0.2 0.3
VL(V) SNM (Simulation) (V)

M. Suzuki et al., VLSI Technology Symposium, p. 191, 2010. 38



Reasons for Disagreement
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Reasons for Disagreement

(1) gm variability? WL

BLL
(2) DIBL variability?
(3) Body factor variability?
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Summary

1. Drain current variability is caused by “Current
Onset Voltage” Variability, which originates from
potential fluctuation by RDF.

2. SNM and Vth of individual transistors are directly
measured by SRAM DMA TEG. SNM variability is
not explained by the Vth variability alone.

This work is performed in the MIRAI-Project supported by NEDO.
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