
Arab J Sci Eng
DOI 10.1007/s13369-015-1908-2

RESEARCH ARTICLE - COMPUTER ENGINEERING AND COMPUTER SCIENCE

An 8-Bit Unified Segmented Current-Steering Digital-to-Analog
Converter

Leila Sharifi1 · Masoud Nazari1 · Meysam Akbari1 · Omid Hashemipour2

Received: 24 February 2015 / Accepted: 6 October 2015
© King Fahd University of Petroleum & Minerals 2015

Abstract In this paper, an 8-bit segmented current-steering
digital-to-analog converter (DAC) is presentedwhere the dig-
ital and analog parts are unified using current mode binary
to thermometer decoder, resulting in a smaller chip area
and simple layout scheme. In addition, the latch and driver
circuits which are the main blocks of conventional current-
steeringDACsare eliminated in this design.Thus, the number
of transistors in the digital part of DAC is reduced and higher
sampling rate is obtained. Furthermore, the proposed cur-
rent mode decoder has lower output voltage variation and
consequently lower dynamic power dissipation. Finally, the
proposed DAC is simulated in 0.18µm CMOS technology
with the 1.8V supply voltage. The post-layout simulation
results show that differential nonlinearity and integral non-
linearity errors are 0.034 and 0.024LSB, respectively. In
addition, the spurious-free dynamic range is 51dB over
94MHz output bandwidth at 500MS/s. Moreover, the total
power dissipation of the designed DAC is only 5.7mW and
the active area is small equal to 0.02mm2.
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1 Introduction

In recent years, low power and small area mixed-mode
integrated circuit design has become an important issue espe-
cially in portable devices [1–3]. Modern portable telecom-
munication systems require high speed, low power and small
area digital-to-analog converters (DACs) [4]. Among many
digital-to-analog converters, current-steering DAC has high
speed, high resolution, low power consumption and small
area [5]. Because of these advantages and compatibility of
this structure with CMOS process, the current-steering DAC
is utilized in many applications such as WLAN, UMTS and
GSMand the design of it is challenging issue nowadays [6,7].

The current-steering DAC has three main architectures;
Binary weighted, unary weighted and segmented architec-
ture. The main difference between these architectures is
weighted of current sources and how to control the switch-
ing transistors of the current cells. In binary weighted DAC,
input code switches a binary weighted current cell array. The
advantages of binaryweighted architecture are simplicity and
small chip area. But, large glitch energy and tough current
sourcesmatching are drawback of it andmonotonicity cannot
be guaranteed [4,8–10].

In unary weighted DAC, input code controls switching
of a unary current source array in contrast with the binary
weighted architecture. In this type of DAC, first, binary input
code converts to thermometer code by means of binary to
thermometer (BT) decoder and the thermometer signals con-
trol switching of current cells. Monotonicity, low integral
nonlinearity (INL) and differential nonlinearity (DNL) errors
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Fig. 1 Architectures and specifications of unary weighted, binary
weighted, and segmented current-steering DACs [9]

are the advantages of this architecture. But this type of DAC
has high digital power consumption, large area and complex
scheme because of BT decoder existence [4,8,9].

Segmented current-steering DAC combines two previous
architectures to use the advantages of both coding. By apply-
ing the most significant bits (MSBs) to binary coding, the
glitch power will be definitely increased. So, the MSBs in
this architecture are thermometer decoded to switch unary
current sources and least significant bits (LSBs) dedicate to
binary weighted architecture to save power consumption and
chip area occupation. Hence, glitch energy, INL/DNL error
and area of BT decoder are not large in segmented current-
steering DAC [4,9]. Figure 1 shows the architectures and
specifications of three types of a current-steering DAC [9].

Digital part of a conventional segmented current-steering
DAC consists of BT decoder, latch and driver circuits as
utilized in [5,11]. These blocks impose more power con-
sumption, larger chip area and lower speed on a conventional
DAC. In this paper by using current mode BT decoder
instead of its voltage mode, the latch and driver circuits are
eliminated and higher speed, lower power consumption and
smaller chip area are achieved. In addition, current spikes that
originate from switching transistors are reduced effectively
therefore the analog and digital parts can have the same sub-
strate without any guard rings. As a result, lower chip area

and simple layout scheme are obtained. Furthermore, a 2-bit
BT decoder is just used in this design to decrease power con-
sumption and chip area additionally. A conventional current
source with complementary switches that are used in [5], are
utilized in this design with more analytical reasons. Finally,
this paper is organized as follows: Sect. 2 describes segmen-
tation and construction of the proposed DAC with voltage
and current mode BT decoders. Section 3 explains current
cell of the proposed DAC. The layout of this design is shown
in Sect. 4, and post-layout simulation results are reported in
Sect. 5 followed by a conclusion in Sect. 6.

2 Segmentation and Construction of the Proposed
DAC

Segmentation of the 8 digital input bits is specified in this
section. In conventional current-steering DACs, many ways
exist to divide the digital input bits into two groups, one for
the MSBs and another for the LSBs. As mentioned previ-
ously, binary code is used in LSBs and thermometer code
is used in MSBs [4,9]. Since the design of a small area and
low power DAC is the purpose of this paper, the number of
bits that controls unary current cells should be minimized.
Therefore, first, the 8 digital input bits are divided into 4
groups of two bits and these two binary input bits are con-
verted to thermometer codes by means of 2-bit BT decoder.
2-bit BT decoder which is shown in Fig. 2, has the low-
est power consumption and smallest area between all of
the BT decoders. Hence, the proposed DAC uses four 2-
bit BT decoders where each decoder controls three current
cells. Figure 3 shows the construction of proposed DAC in
which b7 is the MSB and b0 is the LSB of it. Each of the 2-
input bits [(b7, b6), (b5, b4), (b3, b2), (b1, b0)] is converted
to thermometer code by means of 2-3 BT decoder therefore
three outputs of each decoder can control three current cells.
It should be mentioned that current cells of each group have
different weights.

By using 2-bit BT decoder, digital part of the proposed
DAC has lower power consumption and smaller chip area
than the conventional segmented current-steering DACs.
However, the glitch energy is larger in this design compared
to the other current-steering DACs which apply more bits
to the thermometer coding. According to references [12,13],
the maximum glitch energy during time interval (Tu) is equal
to:

Fig. 2 2-Bit BT decoder along
with its truth table [4]

b0
b1

t1

t2

t3

Binary code Thermometer code
b1 b0 t3 t2 t1

0 0 0 0 0
0 1 0 0 1
1 0 0 1 1
1 1 1 1 1
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Fig. 3 Construction of the proposed 8-bit DAC

Eg,max = Ag,max · Tg = 2(N−M) · � · Tg (1)

where Ag,max is the maximum glitch amplitude, Tg is the
glitch duration, N is the resolution of aDAC,M is the number
of segmented bits and � is equal to VLSB. Therefore, the
glitch energy can be reduced by increasing the number of
segmented bits (M). In this design, the 2-bit BT decoder as
utilized in Fig. 3 will be designed in two modes of voltage
and current on continuing.

2.1 Voltage Mode Decoder

Nowadays, voltage mode logic (VML) gates have important
roles in the design of digital-to-analog converters because of
their small chip area and low static power consumption [14].
Figure 4 shows the NOR, Inverter and NAND VML gates
[15] that should be utilized in 2-3 BT decoder. A significant
limitation in the design of a DAC is noise coupling between
digital circuitry and sensitive analog blocks [16]. So, sep-
arated analog and digital supply voltages are utilized in a
conventional DAC. In other words, by changing input code,
a large current pulse flowing from the power supply to the
ground is generated in VML gates that may destroy devices

Vdd

b0

b0

b1

b1

Vdd

b1

b0

b0 b1

(c)(a)

Vdd

b1

b1

(b)

NOR

NAND
Inverter

Fig. 4 a NOR, b Inverter and c NAND voltage mode logic gates [15]

with the integrated circuit due to overheating [14,17]. But in
current mode logic (CML) gates, the much lower switching
noise is generated during switching and the typical current
spikes of CMOS logic gates can be avoided. In addition, the
same substrate can be used for both digital and analog parts
by using CML gates in DAC [18].

Switching power is dominant power dissipation in many
digital-analog systems that it can be given by [2,3]:

Pswitching = fswitching · Vdd · Vswing · CL (2)

where fswitching is clock frequency, Vswing is the output volt-
age swing andCL is load capacitor. According to Eq. (2), the
switching power dissipation can be increased by higher clock
frequency. In addition, low value of power supply reduces the
switching power dissipation, but it also degrades the perfor-
mance. Therefore, reducing output swing is the best solution
to decrease switching power dissipation [2,3]. According to
Fig. 4, the transistors of each VML gate operate in triode or
cutoff region therefore output voltage fluctuates from 0 to
Vdd and it is so high. In the next section, it can be seen that
if the transistors of logic gates operate in saturation region
when they are on, the output voltage swing and dynamic
power dissipation can be reduced effectively. Thus, CML
gates for designing the BT decoder of this proposed DAC is
suggested.

2.2 Current Mode Decoder

Figure 5 shows current mode NOR/OR gate as presented in
[14]. By using PMOS transistors instead of resistors [16,18]
in this figure, NOR/OR gate is changed to Fig. 6a. More-
over, current mode Inverter/Buffer and NAND/AND gates
are designed as shown in Fig. 6 and the transistors of these
CML gates are biased in saturation region when they are on
[19]. The Inverter/Buffer logic gate operates as follows: If
b1 is equal to logic “0”, the current of transistor M3, which
acts as current source will flow into transistor M2 as shown
in Eq. (3):
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Vdd

b1b0 M0 M1

M4 M3

M2 Vref

NOR OR

Fig. 5 Current mode NOR/OR gate [14]

if b1 = “0” ⇒ Iref = IM2 = Kn · (Vgs,M2 − Vth,M2)
2 (3)

where Kn = μn ·COX·W/L ,μn ismobility ofNMOS transis-
tor, COX is Gate oxide capacitance,W and L are dimensions
of transistor M2 and Vth,M2 is threshold voltage of M2. In the
other state, if b1 is equal to logic “1”, the current of transistor
M3 will flow into transistor M1 as follows:

if b1 = “1” ⇒
{
Iref = IM1 = Kn · (Vgs,M1 − Vth,M1)

2

Vgs,M2 < Vth,M2

(4)

By substituting Vgs,M1 = Vb1 −Vs and Vgs,M2 = Vref−Vs in
Eq. (4), the maximum value of Vref is obtained from Eq. (5):

Vs = Vb1 − Vth,M1 −
√

Iref
Kn

Vs > Vref − Vth,M2

⎫⎬
⎭

⇒ Vref < Vb1 −
√

Iref
Kn

+ Vth,M2 − Vth,M1 (5)

As Vth,M1 is almost equal to Vth,M2 , the Eq. (5) is summarized
to:

Vref < Vb1 −
√

Iref
Kn

(6)

It can be seen that Vref is smaller than Vb1 and it is equal
to 0.8V in this design. In addition, outputs voltage swing of
Fig. 5b can be derived from Eq. (7):

if b1 = “1” ⇒⎧⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎩

M1 : Saturation ⇒ Vout-inverter > Vb1 − Vth,M1

M4 : Saturation ⇒ Vout-inverter < Vbias2 + ∣∣Vth,M4

∣∣
M2 : Cutoff
M5 : Linear

}
⇒ Vout-buffer = Vdd

if b1 = “0” ⇒⎧⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎩

M1 : Cutoff
M4 : Linear

}
⇒ Vout-inverter = Vdd

M2 : Saturation ⇒ Vout-buffer > Vref − Vth,M2

M5 : Saturation ⇒ Vout-buffer < Vbias3 + ∣∣Vth,M5

∣∣

(7)

Thus, the upper limit of Vout-inverter and Vout-buffer is
Vdd, and the lower limit of them are equal to constant val-
ues, K1 and K2, (Vb1 − Vth,M1 < K1 < Vbias2 + |Vth,M4 |
and Vref − Vth,M2 < K2 < Vbias3 + |Vth,M5 |), respec-
tively. Therefore, the variation of output voltage swing in
CML gates is decreased effectively in contrast with VML
gates and less dynamic power dissipation is obtained con-
sequently according to Eq. (2). However, it has been known
that the CML gates consume a little more static power than
the VML gates [16,18]. Finally, these CML gates are used
in the decoder of the proposed 8-bit current-steering DAC.
As Vbias1 determines the current value of CML gate, higher
speed and more power consumption are obtained with larger
value of Vbias1 which is set to 0.65V in this design. The

Vdd

b1b0 M0 M1
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M2 Vref

M4 M5

Vbias1

Vbias2 Vbias3

Vdd

b1 M1
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M2 Vref

M4 M5
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Vdd
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M2 Vref

M4 M5
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Vbias2 Vbias3

(c)(b)(a)

NOR OR Inverter Buffer
NAND

AND

Fig. 6 a NOR/OR, b Inverter/Buffer and c NAND/AND current mode logic gates
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Fig. 7 Block diagram of the conventional DAC which uses VML gates for 2-LSBs

Fig. 8 Block diagram of the
proposed DAC which uses CML
gates for 2-LSBs

Current Mode Binary to
Thermometer Decoder
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Current Mode
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Current Mode
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Current Mode
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Current Mode
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CLK Vdd

load transistors are off or when being on, operate in satura-
tion region. According to relations: Vbias2,3 > Vout−|Vthp|
and Vbias2,3 < Vdd−|Vthp|, Vbias2 and Vbias3 are equal to
0.9 and 1V, respectively.

Current sources in conventional current-steering DAC are
controlled by means of complementary switches so each
current cell needs control signal and complement of it. There-
fore, the outputs of voltage mode BT decoders which control
the switches of current cells, should convert to two comple-
mentary signals. The crossing point of these signals is very
important to get the best performance from a DAC means
that the connection of a current generator will be not left

open by adjusting this point. If this connection is left open
even for a short-time, the transistors of current source would
go into the triode regionwith a long recovery time. Therefore,
non-adjusting of the crossing point causes the nonlinearity
and harmonic distortion [20]. In a conventional DAC with
voltage mode BT decoder, the latch circuit has been used
to generate complementary switching signals with the cor-
rect crossing point as shown in Fig. 7. But according to
Fig. 6, the current mode gates have complementary output
signals so the latch circuit of a conventional DAC can be
eliminated by using current mode BT decoder as shown in
Fig. 8.
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Table 1 Comparison of CML and VML for using in the digital part of
a DAC

Specifications Logic

CML VML

Static power dissipation High Low

Dynamic power dissipation Low High

Needed driver (Latch and SRD) No Yes

Same substrate for analog and digital parts Yes No

The outputs of the voltage mode BT decoder vary from
0 to Vdd. So, gate voltage variations of the current source
switches are very large which cause the clock feed-through
effect. By using swing-reduced-device (SRD) circuits in a
DAC with voltage mode decoder, the clock feed-through
effect has been reduced [5]. These SRDs or driver circuits
which are used in Fig. 7 consume more power and impose
an extra chip area. But in the proposed DAC with the current
mode BT decoder, the output voltage variation is low and
driver circuit is also eliminated. Finally, the chip area and
power dissipation can be reduced and the speed of proposed
DAC can be increased by eliminating both of the latch and
driver circuits as shown in Fig. 8. Table 1 compares voltage
and current mode logic gates that they can be utilized in the
digital part of a DAC.

3 Current Cell

Non-ideal operation of a current cell causes nonlinearity
in the whole of digital-to-analog converter. So, the current
cell should be designed accurately in a DAC. In this design,
NMOS transistors are used for designing current cell because
this type of transistors has smaller dimensions than PMOS
transistors to produce same current. The complementary
switches are also used to direct the current to the outputs
and if a single switch for each current cell is used, the drain
node of current cell will be discharged quickly during chang-
ing input code and low spurious-free dynamic range (SFDR)
will be obtained consequently [20]. Therefore, the cascode
structure is utilized in the design of current sources to achieve
high output impedance. In fact, high output impedance of the
current sources secure linearity [20]. So, the current cell with
cascode structure and complementary switches is shown in
Fig. 9 and Eq. (8) describes the output impedance of it in low
frequency:

Ro ≈ rds,cs · gmcas · rds,cas (8)

where rds,cs is drain-source resistance of transistor Mcs,
rds,cas is drain-source resistance of transistor Mcas and
gmcas is transconductance of transistor Mcas. To achieve

MCS

MCAS

Vdd Vdd

MSW+ MSW-SW+ SW-

VCS

VCAS

CS

CAS

OUT-OUT+

Fig. 9 A unit current cell circuit

linearity operation and better matching of current sources,
the INL error should be smaller than 0.5LSB. Therefore, the
relative standard deviation of a unit current source is equal
to [21,22]:

σ(I )

I
≤ 1√

2N
× 0.5

C
(9)

where N is the resolution of D/A converter and coefficient C
is defined in [21]. By assuming C = 3.1 for a 99.7% yield
specification, σ(I )/I for an 8-bit DAC is given by:

σ(I )

I
≤ 1√

28
× 0.5

3.1
⇒ σ(I )

I
≤ 1% (10)

Moreover, σ(I )/I of saturation current is also obtained from
Pelgrom’s paper [23]:

σ 2(I )

I 2
= A2

β

WL
+ 4A2

Vth

WL
(
Vgs − Vth

)2 (11)

where Aβ and AVth are technology-dependentmatching con-
stants; W · L represents area of the matched current source
transistors, Vgs and Vth are their gate voltage and threshold
voltage, respectively. According to this equation, the mis-
match between the current sources will be decreased with
high overdrive voltage (Vgs − Vth) or high W · L . In more
details from Eq. (11), the minimum (WL)min of transistor
Mcs is equal to [21,23]:

(WL)min = 1

2

(
A2

β + 4A2
Vth(

Vgs − Vth
)2

)
/

(
σ(I )

I

)2

(12)

Therefore, high current source overdrive voltage (Vgs −Vth)
causes small width and length and the chip area will be
reduced consequently. To have a better view of how the cur-
rent cell of a DAC should be designed, the Eq. (11) can be
rewritten as follows [24]:
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σ 2(I )

I 2
= σ 2(β)

β2 +
(
gm

ID

)2

σ 2(Vth) (13)

where σ(β) and σ(Vth) are also technology-dependent
matching constants. Therefore, it can be concluded that the
gm/ID of transistor Mcs should be as small as possible to
secure linearity operation of a DAC. Furthermore, thermal
noise of transistor Mcs is dominant compared to the noise of
other transistors and it is given by [25]:

I
2
n,cs−out = 4KT γ gmcs (14)

where K is Boltzmann constant in joules per Kelvin, T is the
absolute temperature inKelvin and the coefficient γ is depen-
dent to channel length. Therefore, the transconductance of
transistor Mcs should be small enough to achieve good lin-
earity and decrease output noise.

To calculate the dimensions and bias voltage of other tran-
sistors, it should be considered the power consumption of the
switch drivers at first, which it is equal to [26]:

P ≈ 2
n

μ
Itotal

fclk
2

(
Lsw

Vdrv
Vov,sw

)2

(15)

where n is the ideality factor varies from 1 to 2, μ is mobil-
ity of NMOS transistor, Itotal is the total output current
of whole DAC, fclk is the frequency of the clock signal,
LSW is the switch length, Vdrv is the output swing of the
diver and Vov,SW is the overdrive voltage of switch transis-
tors. By using the proposed current mode decoder, Vdrv is
reduced, therefore power consumption of the switch drivers
and the spikes of output voltage are decreased consequently.
High speed switching and low switching power consump-
tion are achieved in this design by setting the width and
length of switch transistors to 0.5 and 0.18µm, respec-
tively. According to Eq. (15), If Vov,sw is chosen high
enough, the power consumption will be decreased. Further-
more, the relation between Vov,sw and Lcas is given by
[26]:

Lcas ≤ 4
Vov,cas
Vov,sw

Lmin (16)

By setting Lcas = Lmin, the maximum Vov,sw is obtained
according to Eq. (16). In addition, the relation between BW,
SFDR and Lcas is expressed as [26]:

BW = 6μV 3
E

πn

1

V 2
out

1

SFDR2 Lcas (17)

Therefore, the higher SFDR-bandwidth is obtainable with
larger Lcas if cascode parasitics capacitance can be
neglected. According to Eqs. (15), (16) and (17), it can be

Table 2 Width and length of all transistors of the unit current cell

Transistor W(µm) L(µm)

Mcs 2 4.5

Mcas 2 0.54

MSW+,− 0.5 0.18

concluded that the SFDR-BW can be traded off with the
switching power consumption for a given Lcas and it has
been set to 0.54µm in this design.

According to Eqs. (12), (15) and Fig. 9, increasing
Vcs causes higher drain-source voltage of transistor Mcs,
lower Vov,sw and higher power consumption of the switch
drivers. Therefore, the power consumption of current cells
and switch drivers, matching of current cells and chip
area can be traded off against each other by choosing dif-
ferent values of Wcs, Lcs and Vcs. In this design, Vcs,
Wcs and Lcs are set to 0.8V, 2 and 4.5µm, respec-
tively, resulting in ILSB = 10µA. In addition, Wcas =
Wcs is set to 2µm to avoid using contact in the drain
node of Mcs as this technique is utilized in [5] and also
Vcas is equal to 1.1V in this design. Finally, dimensions
of all transistors for a unit current cell are reported in
Table 2.

4 Layout

As mentioned in Sect. 2, the proposed DAC consists of
threemain blocks; BT decoder, switches and current sources.
According to Fig. 3, 12 current sources with four differ-
ent weighted (1Iu, 4Iu, 16Iu, 64Iu) should be placed in the
layout of the proposed DAC. 64, 16 and 4 unary current
cells have been used for designing the current sources with
the value of 64Iu, 16Iu and 4Iu, respectively. The place-
ment of unary current sources is depicted in Fig. 10 and
they are placed common centroid to reduce the effects of
gradients. To reduce the influence of edge effects, some
dummy transistors also have been placed around the cur-
rent sources. The layout of Fig. 10 has been repeated three
times because each of current sources 64Iu, 16Iu, 4Iu,
and 1Iu are also repeated three times according to Fig. 3.
In addition, 12 pairs of switches have been divided into
3 subgroups, and each group has been connected to one
of the current source groups. These switches also have
been placed symmetrical beside each other. Finally, four
current mode NOR/OR, Inverter/Buffer and NAND/AND
logic gates have been placed to control the switches of
current cells. The final layout of proposed DAC is shown
in Fig. 11. According to this figure, active area of it is
108µm × 193µm.
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Fig. 10 Placement of unary current sources includes 1Iu, 4Iu, 16Iu
and 64Iu

5 Simulation Results

The proposed DAC (Fig. 3) is simulated in 0.18µm CMOS
technology at the sample rate of 500MS/s. All the width and
length of transistors in the currentmode decoder (Fig. 8) have
minimum sizes equal to 0.5 and 0.18µm, respectively. But
the widths of PMOS transistors in the voltage mode decoder
(Fig. 7) are approximately twice or thrice the width of min-

imum size; however, the current mode BT decoder needs
extra bias circuits for its reference voltages. Finally, Table 3
shows the number of transistors that is used in the digital
part of DAC along with the summation of their width in both
current and voltage mode logics.

Figure 12 shows the output signals of the Inverter/Buffer
CMLgate. It can be seen that the two complementary outputs
vary from 1.35 to 1.8V. Therefore, output voltage variation
has been reduced from 1.8 to 0.45V.

Table 3 The number of transistors in digital part of DAC along with
the summation of their width for voltage and current mode BT decoders

Specifications CML VML

Transistor count 227 309

Width of all transistors 241 × Wmin 513 × Wmin

Fig. 12 Inverter/Buffer outputs in the current mode BT decoder

Fig. 11 Layout of the proposed DAC
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The total current flowing from the power supply to the
ground for 8-bit voltage and current mode BT decoders are
shown in Fig. 13. According to this figure, the static value of
the total current flowing from the power supply in the current
mode decoder is about 593µA, but this value in the voltage
mode decoder is 493µA. Therefore, static power dissipation
of the current mode decoder is a little more than this para-
meter in the voltage mode decoder, but the dynamic power
dissipation is larger in voltage mode decoder compared to
the current mode decoder because of large current pulses as
shown in Fig. 13. Finally, the power consumption of pro-
posed DAC at the sample rate of 500MS/s is 5.7mW and the
differential output current swing in this design is 2.54mA.

The post-layout simulation results also show that the
DNL and INL errors are equal to 0.034 and 0.024LSB,

Fig. 13 The total current flowing from the power supply to the ground
for 8-bit voltage and current mode BT decoders
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Fig. 14 DNL and INL versus digital input code
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respectively. The DAC DNL/INL characteristics are shown
in Fig. 14, and the maximum glitch energy is obtained equal
to 11pVs.

In the post-layout simulation, SFDR of the proposed DAC
at the sample rate of 500MHz is 64dB for low input fre-
quency, 51.09dB for 94MHz and 45dB for 241MHz analog
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Fig. 18 Monte Carlo simulation results of the SFDR for a 854KHz and b 249MHz input signals at 500MHz sampling frequency with Gaussian
distribution and iteration= 100

Table 4 Comparison with
previously published literatures

Specifications This work [7] [30] [10] [11]

Post-layout Post-layout Post-layout Post-layout Simulation
Simulation Simulation Simulation Simulation

CMOS technology (nm) 180 180 350 350 180

Resolution (bit) 8 8 10 10 10

Power supply (V) 1.8 1.8 3.3/2.4 3.3 1.8

Sample rate (MS/s) 500 100 1200 200 1000

Output current (mA) 2.54 2.3 10 – 4.9

RLoad(�) 50 50 50 – 50

Swing (diff) (V) 0.254 0.23 1 – 0.49

Power consumption (mW) 5.7 20.74 149 7.9 78.21

INL (LSB) 0.024 0.33 <0.37 0.04 0.5

DNL (LSB) 0.034 0.14 <0.19 0.06 0.18

SFDRLf (dB) 64 66.68 – 65 71

SFDRNyquist (dB) 45 – 65 – 71

Core area (mm2) 0.021 3 × 2mm2 1.9795 0.0378 –

FOM1 (GHz/µW) 16.98 – – – 108.34

FOM2 (GHz/mW) 22.45 1.23 8.25 25.92 13.1

FOM3 (GHz/(mW.mm2)) 1069 0.21 4.17 685.8 –

Table 5 Definitions of DAC FOMs

FOM FOM1(GHz/µW) FOM2(GHz/mW) FOM3(GHz/(mW.mm2))

Formula
2
ENOBLf ·2ENOBNyquist · fclk

Ptotal− 1
2 I

2
L ·RL

⎧⎨
⎩
ENOBLf = SFDRLf−1.76

6.02

ENOBNyquist = SFDRNyquist−1.76

6.02

2N · fclk
Ptotal

2N · fclk
Ptotal·Area
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input signal. The differential output spectrum of DAC for
94MHz analog input signal is shown in Fig. 15. In addition,
SFDR variation versus frequency of analog input signal is
shown in Fig. 16. It can be seen that SFDR of the proposed
DAC has normal degradation.

In software radio, the converter has modulated digital
input signals which the capability of it can be better under-
stood with a two-tone test [7,27]. Therefore, the two-tone
output spectrum of 92.89 and 94.36MHz analog input sig-
nals at 500MS/s is shown in Fig. 17. It can be understood
that the third-order intermodulation spur lies 54.82dB below
the converted tones.

Circuit level Monte Carlo simulations are necessary to
show insensitive of the designed DAC to the current sources
mismatches. Hence, Fig. 18 shows the distributions of the
SFDR for low and high frequency input signals over process
variations. Therefore, it can be seen that the SFDR is not
changed significantly over 100 iterations.

The specifications of proposed DAC and other works are
reported in Table 4. This design has low power consumption
and small active area. To assist comparison, different figures-
of-merit (FOMs) are utilized in Table 5. FOM1 [28] consists
of power efficiency, sample rate and SFDR for both of low
and Nyquist input frequency, but the number of bits and chip
area are not considered in this FOM. Hence, FOM2 [29] and
FOM3 are used.

6 Conclusion

In this paper, an 8-bit segmented current-steering DAC
is designed which uses only four 2-bit current mode BT
decoders. Therefore, the driver and latch circuits which are
utilized in conventional current-steering DACs are elimi-
nated in this design. In addition, digital and analog parts of
the proposed DAC are unified without any guard ring usage.
As a result, the proposed DAC has small chip area and low
power consumption. Furthermore, dynamic power dissipa-
tion and the number of transistors are reduced effectively
and high speed operation is obtained.

This DAC is simulated in 0.18µm CMOS technology
with the 1.8V supply voltage and two 50� resistors for
each output. Simulation results show that the current mode
BT decoder has lower output voltage variation and smaller
current spikes than voltage mode BT decoder. In addition,
the SFDR of proposed DAC at the sample rate of 500MHz
obtained from post-layout simulation has normal degrada-
tion versus analog input signal. Moreover, the DNL and INL
errors are obtained equal to 0.034 and 0.024LSB, respec-
tively, and they show good static characteristic of the DAC.
Total power dissipation of the proposed DAC is only 5.7mW
and active area of it becomes small equal to 0.02mm2 by
using the current mode BT decoder. Furthermore, Monte

Carlo simulation results show that the value of SFDR is
become insensitive to current sourcemismatches by selecting
proper dimensions for current cell transistors.
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