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Segmented DAC Linearity Improvement With Layout Technique Using Magic Square
Masashi Higashino®, Haruo Kobayashi, (Gunma University)

his paper proposes using magic square layout techniques to improve the linearity of a
segmented DAC to cancel systematic mismatch effects among unit current (or capacitor) cells.
Simulation results and discussions are shown for comparison among magic square, random walk
and regular layout techniques.
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Fig. 4. Linear Error
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Fig. 7. Equivalent constant sum characteristics.
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Fig. 11. Eighth-order concentric magic square
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Fig. 13. Layout Algorithm using 8-bit eight-order
concentric magic square
(5-2) FRATHER & E5%
1) —ROEFELHE
WRMEIE, #1125 KHICREL. AE 0 OLEE(LE
BT, 20 L&D INL (BEOIEERME) OZ(LZH~T,

® 0=30°
45.00
BKE
35.00 BB 2.10
25.00 #RAIr:42.11
RandomWalk:3.31
15.00
, 5.00 ~ FIDE I
2 -5.00 ~ A
-—RandomWalk
-15.00
-25.00
-35.00
-45.00

Din

X 14 6 =30°DKD INL ¥ 3 = L—3 3 UiER
Fig. 14. Simulated INL (8 = 30°)
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Fig. 15. Simulated INL (8 = 45°)
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Fig. 16. Simulated INL(® = 60°)

—RDITH2% T, Random Walk X ¥ & &0 J5 i %

HWET AT XLOFNR, E6 22\ T2 &M

DT,

2) —WDIEHHox

15.00 ey
B EER 1 3.02
1000 #R889:9.74
5.00 | RandomWalk:0.88 |
= RN &
= 0% ~#88
-5.00 ——RandomWalk
-10.00
-15.00
Din

17 “kOESSEXDVI 2 b—va UEER
Fig. 17. Simulated INLin case
quadratic gradient error
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Fig. 18.Error distribution when linear gradient

error is bigger than quadratic gradient error.
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Fig. 19. Simulated INL when linear gradient

error is bigger than quadratic gradient error.
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Fig. 20.Error distribution when quadratic gradient

error is bigger than linear gradient error.
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Fig. 21. Simulated INL when quadratic gradient

error is bigger than linear gradient error.
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Fig. 22. Algorithm using 8bit eighth-order symmetric
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Fig. 24. Simulated INL in case quadratic gradient error
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Fig. 26. Current cell array layout w/o 4 corner areas.
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Fig. 28. Simulated INL in case quadratic gradient error
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Fig. 31. DAC layout using dice magic square.
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Fig. 33. Franklin constant sum characteristics.
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Fig. 37. Twelfth-order prime numbers magic square.
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