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Abdtract : The proposed DAC condsts of a unit current-cell matrix for 8M8Bs and a binary-weighted array for

4L B, trading-off between the precison ,speed ,and size of the chip. In order to ensure the linearity of the DAC,a

double Centro symmetric current matrix is desgned by the Q? random walk strategy. To achieve better dynamic per-

formance ,a latch is added infront of the current switch to change the input signal ,such asitsoptimal crosspoint and

voltage level. For a 12hit resolution ,the converter reaches an update rate of 300M Hz.
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1 Introduction

The digital to analog converter (DAC) ,widely
used in the modern digital and analog circuits,is a
very important component of the interface. The
current steering DAC is based on an array of
matched current cells organized in unary encoded
or binary weighted elements that are steered to the
DAC output depending on the digital input code.
The segmented architecture is most frequently
used to combine high converson rate and high res
olution. In this architecture the least sgnificant
bits steer binary weighted current sources, while
the most dgnificant bits,which are thermometer
encoded ,steer a unary current source array'™. The
influence of current switches on output glitch of
the high-speed current-steering CMOS DAC is
thoroughly analyzed ,and the methods for reducing
glitch are presented'® .

The proposed DAC in this work is composed
of a unit current-cell matrix for 8M Bs and a bina
ry-weighted array for 4L Bsto obtain high lineari-
ty at 12bit level. In double centro symmetric cur-
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rent matrices,the Q° random walk strategy is a
dopted to improve the nonlinearity ,which can be
degraded by the symmetric error and two-dimen-
sonal graded error of the DAC. In order to achieve
better dynamic performance ,alatch has been added
infront of the current switch to change the input
sgnal ,such as its optimal crosspoint and voltage
level. The delay time difference of digital signalsis
minimized with the intermediate latches placed in
front of the related decoders. In addition,a clock
treeis desgned to make sure that the difference in
delay among all the branches from the source pins
to drive pins after routing is minimized.

2 DAC architecture

Conddering a N bhit current steering segmen-
ted DAC with a unit current source | :the N1 MSBs
control 2" - 1 equal current source of 2"2 | ,and
the N2 L S8Bs control Nz binary weighted current
sources multiple of I. A dmple estimation for the
integral nonlinearity (INL) isfound by adding the
variances of 2" - 1 uncorrelated current sources’' .
One sgma confidence value for the INL is given by
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N-1 O XL$ (1)

INL = |

whered/ | is the unit current source relative stand-
ard deviation. Equation (1) shows that the INL is
independent of the used segmentation and it isonly
afunction of the required accuracy. The worst dif-
ferential nonlinearity (DNL) is definedin the tran-
dtion from the binary weighted L SBs to the unity
decoded MB<'® . One sigma confidence value for
the DNL is given by

DNL = NZGTXLSB (2)

The INL related yield specification imposes a
maximum constraint on the allowed mismatch of
the unit current source. Thisconstraint resultsin a
minimum channel area dimenson for the trans stor
asis given by

I T V.\ 2
WL = Z)_Z[Aﬁ " Ve - VT)Z] (3)

where A and Avr are mismatch technology param-
etersand Ve - V1 is the gate overdrive voltage of
the current source trans stor.

To achieve good DNL and INL specification,
the number of bits implemented in the binary
weighted part of the DAC should to be small.
For every extra bit implemented in the unity deco-
ded part ,however ,the number of control lines nee-
ded to select the current sources doubles and the
decoding logic complexity increase significantly. E-
qually important ,the area used by the decoding in-
sde the matrix increases and consequently the
process and electric systematic errors become more
difficult to compensate!”’. A direct consequence is
often a reduction in the maxi mum operating speed.
In addition ,the area occupied by interconnections
insde the decoding circuit quickly increases. The
area of interconnections is obtained usng slicon
ensemble (SE) that is used to produce a layout of
the netlist generated by the synthess tool. The
12bhit DAC is implemented as a segmented current
DAC. Figure 1 gives a schematic representation of
the realized chip. The DACiscomposed of the unit

current-cell matrix for 8M s and the binary-
weighted array for 4L Bs,conddering the error of
circuit ,gpeed ,yield ,and chip area at 12bit resolu-
tion.
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Fig.1 Smplified DAC architecture with current

3 Satic performance

In the unit decoded matrix ,it is difficult to
make current sources identical due to layout mis
matches,output impedance of the current source
and switch ,edge effects,voltage dropsin the sup-
ply lines,thermal gradients, doping gradient ,and
oxide thickness. The nonlinear secondary effects
cause graded ,symmetrical ,and random errors,thus
result in the reduced linearity of DACs. The pro-
posed DAC employs a novel switching scheme to
minimize the degradation of
caused by mismatches of current sources. This
switching scheme will be referred to as quad quad-
rant (Q’) , because four (quad) units in every
quadrant compose one current source'® . The switc-
hing sequence of the unit current cellsin the matrix
for BM Bsisillustrated in Fig. 2. The 256 current
surces are divided into 16 centro symmetric re-

integral linearity

gions,and then the 16 current sourcesin every re-
gion are divided into 16 centro symmetric regions.
Snce the 16 current sourcesin every region do not
have exactly the resdue ,thereis a remaining small
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secondorder resdue. By “ random walking” VDD
through the 256 current sources,the resdual error M,
is not accumulated but rather® randomized” ,hence ’_
named Q° random walk switching scheme. Only . l
Sl
255 current sources are required for the DACfunc i
tion. One of the 256 current sourcesis used as a bi- M, c, il]wp M
. . . P, s2
asng circuit. Va ___i l_ v,
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Fg.2
switching scheme

Switching sequence of the Q? random walk

4 Dynamic perfor mance

It iswell known that the dynamic performance
of a current steering DAC is limited by three fac
tors: (1) voltage fluctuation in the output nodes of
the current sources due to improper timing of the
switching OFF and ON of the transistors;(2) dig-
ital sgnal feed-through through the gate-drain car
pacitance from the current switches directly to the
output ; (3) imperfect synchronization of the con-
trol signalsof the switching transistors®®.

Figure 3 shows the figure of the unit current
cell of a current-steering DAC where the paradtic
capacitance G is indicated. The unit current cell
cong sts of the pMOS switching transstors Ms and
Ms ,the output resister R ,and the pMOS current
source trangstor Mc. To determine the dimensons
of the trangstor Ma ,M< and Mc are taken into ac-
count!”. pMOS can decrease the high frequency
noi se generated by common substrate at the n-well
process.

During the switching OFF or ON state of the
transistor ,the discharge or charge of the parastic
capacitance G, takes place,leading to a deteriora

Fig.3 Basdc current cell block

tion of the dynamic performance of the DAC. Espe
cially ,two switching trans stors can be at the OFF
state s multaneously for a short period of time. In
order to avoid this dtuation,the general way is to
adjust the crosspoint of control sgnals,and the
time of two switching trans stors being at the ON-
state must be shortened. Therefore ,the cross point
must be carefully selected.

Asshownin Fig. 3 ,at the node A :

Is = 11 + l2 + lep (4)
where Isisthe current of the cell 1. and I. are the
output current of two switching trandstors, and
lep 1S the discharge and charge current of the para-
stic capacitance G .

Provided that I = 0,the voltage variation at
the node A is minimized when the switching con-
trol sgnals change. Namely ,

Is = 11 + 12 (5)
Even as the switching control sgnals appear in the
crosspoint and the two pMOS switching tran-
sstors are at the ON-state,the current of the two
pMOS switching trandstors can be approximately
expressed as

o=t Wiy e - v (6)
I, = U_u_C\zx W(Vesz - VT) (7)

wherel, Gox i s the device-transconductance parame-
ter and VeV 1 is the gate overdrive voltage of the
trand stor. When the switching control sgnals ap-
pear in the crosspoint ,thefollowing formulaisob-
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tained.
Ver = Vez = Vaescp (8)
Combining Egs. (6) (8) ,weobtain

Ve = V1 + VI 2K

K = Mp CoxW/ 2L

(9)

when one pMOS switching trangstor isin the ON-
state and the other isin the OFF-state ,the voltage
is given by

Vesony =Vt + Vel K (10)

Combining Egs. (9) and (10) ,the optimal cross
point voltage is calculated by the following formu-
la.

a
Veep = Veson - Vesicp = [1' »/éJ Visl K

(11)
For the nMOS transistor ,the optimal crosspoint
voltage is higher than Vecp ,namely Voo - Voep .
This project isto minimize the feedthrough to
the output lines. The drain of the switching tran-
sstorsisisolated from the output lines by adding
two cascaded transistors (with the same dimen-
sons as the switching transistors) ,as shown in
Fig.4"® .

Fig.4 Current cell with cascaded transistors

The proposed DAC employs extra digital lat-
chesjust in front of the unit current cells to syn-
chronize the digital inputs as well as employ the
cascaded current sources to minimize the current
variation effect. This is to overcome the skew be
tween the row and the column select signalsin the

local decoder.

5 DAC implementation

The chip photograph is shown in Fig. 5. The
chip has been implemented in a 2-poly and 4-metal
0. 33 m CMOS process of Chartered Foundry and
occupies the active die area of L Omm x 1L 6mm.
The digital encoder is placed on the top of the
chip ,far away and well shielded form the senstive
analog parts. During the layout of the current
sources matrix ,cadence Skill language is used to
help the sorting and routing of the unit current
sources ,which greatly improvesthe design eficien-
cy and guarantees the success of the tape out. Dif-
ferent power supply lines have been used for differ-
ent parts of the circuit to reduce the noise coupling
to the senstive analog blocks® . Finaly,in the
very few exception where digital signals cross sen-
sitive analog lines,a cleanly biased metal line is
used as a shield. The clock driver which drives the
digital encoder and analog latchesin the switch ar-
ray has been added to the chip. The clock is distrib-
uted through a tree to ensure low skew between
the different analog latches (see Fig.5) . The clock
tree is routed on the top level metal layer (lowest
red stance) .

FHg.5 Chip photograph of the D/ A converter

6 Experiment results

The DAC is measured at 3 3V and the maxi-
mum output current for the 502 termination ress
ter is 20mA to obtain the maximum s ngle-ended
analog output voltage of 1V.As show in Fig.6 ,the
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measured DNL and INL of the prototype DAC are
within £1 1L B and +1 6L B ,respectively. Fig-
ure 7 shows the output spectrum of the DAC with
a9M Hz input sgnal at a 300M Hz update rate. The
measured spuriousfree dynamic range (SFDR) is

66dB. Figure 8 shows the measured SFDR of the
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Fig.6 DNL (a and INL (b) measurement
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prototype DA C with different input sgnal frequen-
cies at 300M Hz. Table 1 summarizes the perform-
ance of the DAC and the AD9753 of the analog de-
vice. Their performances are very smilar.

Table 1 Comparison of performance of 12bit DACs

Parameter This paper AD9753!°]
Resolution 12bit 12bit
Update rate 300M Hz 300M Hz
DNL 11LB 1 0LB
INL 1 6LB 15.3B
66dB 69dB
SFDR
(9M Hz @BOOM SPS) | (26M Hz @B0OM SPS)
Power voltage 3.3V 3.3V
o 150mwW 155mwW
Power disspation
@300M Hz ,3 3V @B00M Hz ,3 3V
Process 0.331m 0.3 m

7 Conclusion

In this paper a 3 3V 12hit 300M Hz CMOS
DACfor a high-speed direct digital frequency syn-
theszer is desgned and implemented. The DAC
employs a novel switching scheme called Q* ran-
dom walk. In order to achieve better dynamic per-
formance ,a latch has been added in front of the
current switch to change the input sgnal ,such as
its optimal cross-point and voltage level. The DAC
consumes 150mW in the total power consumption
with a 3 3V supply at 300M Hz. The measured
DNL and INL are within + 11 SB and
+1 6L B ,respectively ,and the SFDR is 66dB for a
9M Hz input at an update rate of 300M Hz.
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