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Introduction
CS(current source) is an essential function in analog circuit.
Tasl: its characteristic variation degrades the accuracy performance.

we do ..

» propose a hew evaluation methodology

for analyzing the variation of CS transistor.

» implement | 12-kind current-driven DACs

to investigate the dependency of CS upon the relative accuracy and A .
» evaluate and analyze the layout-dependent variation

we find ..

diffusion-sharing and gate-folding significantly
influence to the variation of A and relative accuracy
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Evaluation Methodology
-- 4-bit current-driven DAC

vDD
- : Switch
D : Reference Current

- : Current Source R

: the number of CS transistors switched on
=VDD—-N_ %I, x R "

: the current value from drain to source



Evaluation Methodology
-- Operating modes of DAC

» Our DACs operate in 2 modes by control signals.
Accumulating mode: accumulating CS transistor switched on in (a).

| -bit mode: just one CS transistor turns on in (b).

< Current Source Transisitors >
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(a) Accumulating mode (b) 1-bit mode

Fig. Operating modes of a 4-bit DAC




Evaluation Methodology
--Variation Definition based on DNL

Fig. DNL in 3-bit D-A
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Evaluation Methodology
--Relative Variation

» Evaluating relative variation based on |-bit mode
<1-bit select mode >
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All transistors are switched OFF

F The minimum Vout within [1,15]

DNL1=|AV;;SB |
V2 ISR (Relative Variation) =| DNL1— DNL?2 |
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Evaluation Methodology
-- A -Dependent Variation

» Alarge A worsens DC characteristics of a Tr in saturation area.
» Evaluating A based on |-bit and accumulating mode.

< Qutput of 1-bit select mode >
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Analysis of Layout Structure Dependent Variation

--8 Layout Structures of CS
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Fig. 8 layout structures of current source transistors




Analysis of Layout Structure Dependent Variation

(D)
(2)

--Discussion of the Analysis Results
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Fig. 8 layout structures of current source transistors
TABLE . Comprehensive Results of (1)Relative-Variation (2) 1 -Dependent-

(L, W) Y3piatiePn1 | pattern2 | pattern3 | pattern4 | pattern5 | pattern6é | pattern7 | pattern8
ave(%) 1 1 4 +15.2% f  -1.4% & +8.9% E -92.4% + +9.9% f -1.9%  +23.6%
ave(%) 1 +16.0% +4.5% +19.2% +49.1% +16.3% +55.4% +7.8%

[ | ] Comparison of patterns with/without diffusion-sharing:

(1) Without diffusion-sharing(patternl, 3, 5, 7) becomes predominant to relative-variation .

(2) Patternl and 3 have better capability to suppress A -dependent-variation.

[ I ] Comparison of patterns with/without gate-folding (to non-cascode pattern|-4):

(1) Pattern 3 and 4 have better relative accuracy than without gate-folding structure.

(2) Pattern | and 2 have better capability to suppress A -dependent-variation.
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Fig. 8 layout structures of current source transistors
TABLE . Comprehensive Results of (1)Relative-Variation (2) 1 -Dependent-

L w) \raﬁ%@f’nl pattern2 | pattern3 | pattern4 | pattern5 | pattern6 | pattern7 | pattern8

ave(%) 1 +15.2% -1.4% +8.9% -22.4% +9.9% -1.9% +23.6%

ave(%) 1 +16.0% +4.5% % +19.2% +49.1% | +16.3% +55.4% +7.8%
 mmmmwwowmowm  mmmmwwowmowm

[ | ] Comparison of patterns with/without diffusion-sharing:

(1) Without diffusion-sharing(patternl, 3, 5, 7) becomes predominant to relative-variation .

(2) Patternl and 3 have better capability to suppress A -dependent-variation.

[ I ] Comparison of patterns with/without gate-folding (to non-cascode pattern|-4):

(1) Pattern 3 and 4 have better relative accuracy than without gate-folding structure.

(2) Pattern | and 2 have better capability to suppress A -dependent-variation.
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Fig. 8 layout structures of current source transistors
TABLE . Comprehensive Results of (1)Relative-Variation (2) 1 -Dependent-

L w) \Faﬁ.@&@f’nl pattern2 | pattern3 | pattern4 | pattern5 | pattern6 | pattern7 | pattern8
ave(%) 1 +15.2% -22.4% +9.9% -1.9% +23.6%
ave(%) 1 +16.0% +49.1% | +16.3% | +55.4% +7.8%

[ I ] Comparison of patterns with/without diffusion-sharing:

(1) Without diffusion-sharing(patternl, 3, 5, 7) becomes predominant to relative-variation .

(2) Patternl and 3 have better capability to suppress A -dependent-variation.

[ Il ] Comparison of patterns with/without gate-folding (to non-cascode pattern|-4):

(1) Pattern 3 and 4 have better relative accuracy than without gate-folding structure.

(2) Pattern | and 2 have better capability to suppress A -dependent-variation.
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Fig. 8 layout structures of current source transistors
TABLE . Comprehensive Results of (1)Relative-Variation (2) 1 -Dependent-

L w) \raﬁ%@f’nl pattern2 | pattern3 | pattern4 | pattern5 | pattern6 | pattern7 | pattern8
ave(%) 1 +15.2% -1.4% +8.9% -22.4% +9.9% -1.9% +23.6%
ave(%) 1 +16.0% 1 +4.5% | +19.2% | +49.1% | +16.3% | +554% | +7.8%

[ I ] Comparison of patterns with/without diffusion-sharing:

(1) Without diffusion-sharing(patternl, 3, 5, 7) becomes predominant to relative-variation .

(2) Patternl and 3 have better capability to suppress A -dependent-variation.

[ Il ] Comparison of patterns with/without gate-folding (to non-cascode pattern|-4):

(1) Pattern 3 and 4 have better relative accuracy than without gate-folding structure.

(2) Pattern | and 2 have better capability to suppress A -dependent-variation.




Analysis of Layout Structure Dependent Variation

--Trade-off Between Variation and Area Efficiency
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Fig. 8 layout structures of current source transistors

TABLE Il. Comprehensive Results of (1)Relative-Variation (2) 1 -Dependent-Variation (3)Layout Area

Non-cascode structure(patternl, 2, 3,
4):

good variation relevance : Pattern |

»

»

good area efficiency : Pattern 4

14

(L,W) | patternl | pattern2 | pattern3 | pattern4 | pattern5 | pattern6 | pattern7 | pattern8

ave(%) 1 +15.2% -1.4% +8.9% -92.4% +9.9% -1.9% +23.6% *1

ave(%) 1 +16.0% +4.5% +19.2% +49.1% +16.3% +55.4% +7.8%

ave(%) 1 +4.2% +2.7% -23.9% *2 +85% +64.9% +84.3% +18.2%
Guideline

Cascode structure(pattern5, 6, 7, 8):

» good relative accuracy : Pattern 5

» good A characteristic + area efficiency : Pattern 8

*1, *2 : 2 mistaken data in TABLE | and TABLE Il of paper




Conclusion

» We presented a new methodology to evaluate layout-dependent variation.

» We implemented |12 DACs into a TEG chip along with 8 layout-structures
of the CS transistors to collect variation data.

» We evaluated and analyzed the layout-structure-dependency of relative-
variation and A -dependent-variation.

As the result, we ..

|) observed the layout-structure-dependent variations with respect
to the diffusion-sharing and gate-folding.

2) showed a guideline to meet the analog design requirement by
making choice of variant layout-structure.
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