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12-bit 500MSample/s Current-Steering CMOS D/A Converter

with Dual-Segment Thermometer-Code Architecture

Student : Wei-Shin Chang Advisor : Dr. Chung-Chih Hung

Industrial Technology R & D Master Program of

Electrical and Computer Engineering College
National Chiao Tung University

ABSTRACT
The thesis presents a 12bit 500MHz _digital-to-analog-converter (DAC) by using a

current-steering architecture. The output of the DAC does, not require an extra output buffer to
convert | to V so as to achieve lower power-consamption, and to suit for high speed and high
resolution application.

The current steering DAC needs to deal with the issue of the current source mismatch
due to process fabrication. Therefore current sources are first optimized by transistor size to
reduce no-ideal integral nonlinearity (INL) and differential nonlinearity (DNL) effects on
static performance. To reduce non-ideal glitch effects, binary order decision circuits are
implemented in the current-steering DAC to allow only one current source opened every time
for getting better performance. Combined with optimized switching sequence and symmetric
current source array arranged as a two-dimensional common centroid floor plan, gradient
effects and symmetric errors can be further decreased.

The 12bit digital-to-analog converter was fabricated in a TSMC 0.18um CMOS
technology. It is based on a current steering dual segment with both thermometer coded 4+8

architecture.
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SRS (Signal-to-Noise Ratio - SNR)
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2.3 &M AR I IR A

(Binary Weighted DAC Architecture)
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R e e e By F’*?ﬁliﬂﬁiiﬂﬁf

231R2R%mﬁﬁ@mFﬁmﬁ-

(R-2R Ladder DAC)

0 PR BRI F TP IE - LD BEDIRS Lo fF, SRR ) Re

2R, AHRIFVFRTR 1L f = oD AU, R ER T S R R, =2 2D AR BN

.
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R-ZRKETﬁJﬁ.'JHIEIUZRiL_E' [E{ﬁj T RS T[JEHFE[U% ﬁfﬂ“ﬁlﬁffﬁ‘[‘iﬁ, I R-2R™ [§if
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2.3.3 Z &M R Bl - g A
(Binary-Weighted Current-Mode DAC)
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2.4 6078 FHER S

(Thermometer Coded DAC Architecture)

S Jﬁ?“ Tj?ﬁ“@ﬁ?’?‘y

TR SRR -SRI RARE P 5% (Rt sy . [ =
R FHE, 1S AR o R, R4t Table.2, 1ﬂﬁ NG iy GBS
£ M = 2R S FHE.
R T RGP sg e fgp
X,=A, Dic (nT) (2.19)
=
C=(nT)0{0.} .k i& M [CRIVEFHEATL FUfEET
Binary ' Thermometer Code
Decimal i e
by b1 bo Cr Cs Cs Cs C3 ) ]
0 0 0 10 4 00 0 0 0 0
1 0 0 1 Ofw04w0| 0 0| oOf 1
2 0 1 0 0 0 0 0 0 1 1
3 0 1 1 0 0 0 0 1 1 1
4 1 0 0 0 0 0 1 1 1 1
5 1 0 1 0 0 1 1 1 1 1
6 1 1 0 0 1 1 1 1 1 1
7 1 1 1 1 1 1 1 1 1 1

Table 2-1-4 X200 | ZEME | VL FHARSE R
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g F%T—mﬁgﬁ (75 fLE J@gﬁ@?pﬁggfﬁj ;v;cgtﬁru%‘y‘, SRR EASA Table 4.2, 1) 7)) #F
Jm F/\ ;:l;lsc—F “E"’;IEIZ/DFIQ 4. Eq\gﬁlj

e #  Table 4.3,™

Decimalfjl B2 Bl BO D7 D6 D5 D4 D3 D2 D1
0 0 0 0 1 1 1 1 1 1 1
1 0 0 1 1 1 1 1 1 1 0
2 0 1 0 1 1 1 1 1 0 0
3 0 1 1 1 1 1 1 0 0 0
4 1 0 0 1 1 1 0 0 0 0
5 1 0 1 1 1 0 0 0 0 0
6 1 1 0 1 0 0 0 0 0 0
7 1 1 1 0 0 0 0 0 0 0
Table 4.2 3-to-8if % FHf 2! ffi %
p1| (B2+BL+B0) |p2| (B2+Bl) | | Da} (B2+BIBO) | D4 (B2)
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9V B5~B4 e fit R FHHI(BOD)FEEAF P I FHIE 120 457 Table 4.4

Wight BS B4 D4 D3 D2 D1
0 0 0 1 1 1 1
1 0 1 1 1 1 0
2 1 0 1 1 0 0
3 1 1 1 0 0 0
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Weighting: EJHE’;’%TFS'} MSB P IR L 4 Sty iR (=0 755 P et S T Ty, > Ty,
Ties, & Tyeg,,» I (A MSB PRl 4 B 6P Sl g Memories: A%F§{ 7 & MSB

P IRIRERALE]. [T Fig4.9

Thermo
Weightmg Memories
B8—»
57 Matrix3
g utt
BG Matrix2
NAND > qmio)
ﬁ
] |, Matixi
[TO1]
BOD Matrix0
o
B5—»
B4_> Wi MMy
_ W . xn xn xo{
I<—TMSB—>I ) <_TMSB_>|>

Woof W3R 22 FRE-Weight/ MR- 1]
Moof (3R ZE 3 FRE-Momery/ Mg ]

Fig.4.9 = it {|(BOD) 44 Hi

41
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Table 5. 115 N F]1 3

TSMC 0.18um CMOS

Process
Mixed-Signal
Digital supply 1.8 V
Supply Voltage
Analog supply 3.3 V
Sampling Frequency 500 MHz
DNL <0.5LSB
INL <0.7LSB

SFDR (Fin=171MHz)| 71.83dB@CLK=500 MHz

Power Dissipation 139 mwW

Active Area’ 1.8648mf
5.2 HFE FLM,(Test Circuits)
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