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A digital-to-analog converter (DAC) is disclosed, Which 
provides different bias voltages to the most signi?cant bits 
(MSBs) and the least signi?cant bits (LSBs) of the digital 
signal. These tWo bias voltages can be adjusted according to 
the match among the current source cells, and maintain a 
particular proportional relationship. The DAC further 
includes a bias converter for receiving the ?rst bias voltage, 
and adjusting the second bias voltage according to the match 
among the current source cells. 
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DIGITAL-TO-ANALOG CONVERTER 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application claims the priority bene?t of Tai 
Wan application serial no. 94101266, ?led on Jan. 17, 2005. 
All disclosure of the TaiWan application is incorporated 
herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] 
[0003] The present invention relates to a digital-to-analog 
converter (DAC), more particularly, to a digital-to-analog 
converter providing the MSB (most signi?cant bit) portion 
and the LSB (least signi?cant bit) portion With different bias 
voltages, Wherein these tWo bias voltages Would be adjusted 
according to the match of current source cells. 

[0004] 2. Description of the Related Art 

[0005] The digital-to-analog converter (DAC) has been 
Widely used for data transforming in electronic devices. The 
DAC mainly converts the digital signals to corresponding 
analog signals, Which are used in electronic devices. The 
application of the DACs is very Wide. The DACs With high 
resolution and high speed, for example, can be applied to 
mobile phones or base stations of communication systems, 
cordless communication networks, image processing and 
display systems, or audio/video systems, and so on. 

1. Field of the Invention 

[0006] A conventional DAC can be, for example, a binary 
Weighted DAC. Such a DAC comprises various current 
sources and the corresponding sWitches. A conventional 
binary-Weighted DAC is shoWn in FIG. 1A, a schematic 
circuit block draWing. Wherein, a 3-bit DAC is taken as an 
example. The 3-bit DAC comprises three current sources 
102, 104 and 106, and three corresponding sWitches S1, S2 
and S3. The current source 102 is connected to the sWitch S1 
via the line 112, and passes through the output line 118 for 
output. The current source 104 is connected to the sWitch S2 
via the line 114, and passes through the output line 118 for 
output. The current source 106 is connected to the sWitch S3 
via the line 116, and passes through the output line 118 for 
output. The proportion of currents provided by these three 
current sources 102, 104 and 106 is 421. That is, ifone amp 
of current is provided by the current source 106, then the 
current source 104 and 102 Would provide tWo amps and 
four amps of current, respectively. 

[0007] During the operation, an input-code IN controls the 
turning-on and tuming-olf of sWitches S1, S2 and S3 and the 
corresponding output currents Would reach the output end 
OUT via the line 118. According to such control, the 
magnitude of the output current is proportional to the value 
of input code IN. And a conventional output circuit (not 
shoWn), such as an operation ampli?er, can be connected in 
series thereto for converting the output current to a corre 
sponding voltage value, or to an output voltage With loW 
impedance. The control circuit for the kind of binary 
Weighted DAC is simpler. 

[0008] HoWever, in the above operation, there Would be 
so-called transient glitch Which may affect the accuracy of 
digital-analog conversion. When an input-code IN is 
changed from 011 (in binary system) to 100, all three 
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sWitches S1, S2 and S3 Will change their status, although 
only the “1” bit-value is changed. Therefore, the binary 
Weighted DAC is not suitable for converting the digital 
signal With large bits, and it doesn’t guarantee a non 
monotonic function. Referring to FIG. 1B, a schematic 
coordination diagram of the relationship betWeen input 
codes and so-called corresponding differential non-linearity 
(DNL) errors is shoWn. For each input-code, major DNL 
errors Would occur from time to time. That is, at tWo 
contiguous points of time to convert digital input-codes IN 
to analog signals, the actual output analog signal value is not 
an ideal value. The DNL error would affect the accuracy of 
output in the DAC. What is more, the DNL error Will lead 
to a serious non-monotonic problem. That is, the output 
analog value converted from a smaller digital input-code is 
larger than that from a larger digital input-code, leading to 
serious error. It can be seen from FIG. 1C, during data 
transformation process, an unpredictable transient glitch 
could occur. 

[0009] In other Words, if a binary-Weighted DAC has more 
bits, and each received digital bit controls 2(n_1) current 
source cells, Where n ranges from 1 to 10, then, transient 
glitch Would be more serious. The DNL error could be 
caused by characteristic discrepancy among the formed 
transistors in the array of current source cells. And, the 
characteristic discrepancy among the formed transistors can 
be traced back to the inconsistency in semiconductor manu 
facturing process, such as inconsistent thickness of oxide 
layer, poor poly-silicon etching, or shift in ion implant, and 
so on. In addition, the binary-Weighted DAC needs a sub 
stantial chip layout area as Well. 

[0010] To improve the transient glitch, a DAC With so 
called thermometer-code Was introduced to control output of 
current source. Referring to FIG. 2, a schematic circuit 
draWing of an 8-bit DAC With thermometer-codes is shoWn. 
Wherein, the DAC 200 comprises tWo four-to-?fteen bit 
converters 210 and 220. The four-to-?fteen bit converter 210 
is used for converting the four MSBs (most signi?cant bits) 
in the input-code IN1, IN2, IN3 and IN4 to the correspond 
ing ?fteen pieces of data, M1, M2, M3, . . . , M15 
(M1~M15). And, the four-to-?fteen bit converter 220 is used 
for converting the four LSBs (least signi?cant bits) in the 
input-code INS, IN6, IN7 and IN8 to the corresponding 
?fteen pieces ofdata, L1, L2, L3, . . . , L15 (L1~L15). These 
converted data are referred to as thermometer-code outputs. 
When the above-mentioned input-codes are on the increase, 
these thermometer-codes can avoid the transient glitch When 
sWitching all the sWitches, and consequently, suddenly 
changing the currents. 

[0011] The DAC 200 further comprises ?fteen current 
source cells CSM1~CSM15 corresponding to MSBs and 
?fteen current source cells CSL1~CSL15 corresponding to 
LSBs. The current source cells CSM1~CSM15 are con 

nected to the outputs M1~M15 of the four-to-?fteen bit 
converter 210 via the corresponding sWitches 
SWM1~SWM15. And, the current source cells 
CSL1~CSL15 are connected to the outputs L1~L15 of the 
four-to-?fteen bit converter 220 via the corresponding 
sWitches SWL1~SWL15. The outputs M1~M15 of the four 
to-?fteen bit converter 210 are used to control the turning-on 
and tuming-olf of the sWitches SWM1~SWM15. And, the 
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outputs L1~L15 of the four-to-?fteen bit converter 220 are 
used to control the turning-on and tuming-olT of switches 
SWL1~SWL15. 

[0012] The arrangement of the current source cells 
CSL1~CSL15 corresponding to LSBs and the arrangement 
of the current source cells CSM1~CSM15 corresponding to 
MSBs in the above-described con?guration can be seen With 
reference to FIG. 3. The current source cells for LSBs and 
MSBs comprise 255 MOS transistors in an array. The array 
is formed by 16 columns and 16 roWs. Each of all transistors 
is labeled With Tij Where i and j represent the column 
number and the roW number, respectively. 

[0013] In the DAC With thermometer-codes to control the 
outputs from the current sources, the di?‘erence of the 
current source cells controlled by one thermometer-code and 
another is one cell only. Thus transient glitch can be reduced, 
but the siZe required by the current source cells is bigger, and 
the control circuit is very complicated. 

[0014] To reduce the siZe of required current source cells 
and the complexity of the control circuit, those skilled in the 
art presented a segment-type DAC combining thermometer 
code and binary-Weighted to control the outputs of the 
current sources. The con?guration thereof is schematically 
shoWn in FIG. 4. Assuming the segment-type DAC is 
capable of converting N-bits digital signal, then the M-bits, 
i.e. M MSBs, of N-bits signals are encoded to thermometer 
codes. That is, the M MSBs are encoded into 2M—l ther 
mometer-codes by a binary-to-thermometer encoder 410, 
then sent to the thermometer-code DAC 420. The rest of 
(N-M) LSBs pass through a delay device 430, and are 
directly sent to a binary-Weighted DAC 440. Considering 
the die siZe and overall conversion, the segment-type DAC 
With a con?guration combining thermometer-code and 
binary-Weighted seems to be the best option available. But 
this con?guration still has a match problem among the 
current source cells. 

[0015] In the most ideal situation, the DAC should have 
linearly increasing analog output value along With the 
increasing value of the input-code. Nevertheless, it is appar 
ent to those skilled in the art that in terms of the output from 
the DAC, the non-linearity problem still remains. In par 
ticular, as binary values are converted to thermometer-codes, 
the dilTerential non-linearity (DNL) error still remains. 

SUMMARY OF THE INVENTION 

[0016] It is an object of the present invention to provide a 
digital-to-analog converter (DAC) Which provides tWo dif 
ferent bias voltages to the most signi?cant bit (MSB) portion 
and the least signi?cant bit (LSB) portion. These tWo bias 
voltages can be adjusted according to the match among the 
current source cells. 

[0017] Another object of the present invention is to pro 
vide a digital-to-analog converter (DAC) Which provides 
tWo di?cerent bias voltages to the most signi?cant bit (MSB) 
portion and the least signi?cant bit (LSB) portion. The tWo 
bias voltages are proportional, and can be synchronously 
adjusted according to the match among the current source 
cells. 

[0018] In an embodiment, the present invention is suitable 
for a segment-type DAC combining thermometer-code and 
binary-Weighted con?guration. The segment-type DAC pro 
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vides tWo di?cerent bias voltages to the thermometer-code 
portion for the MSBs and the binary-Weighted portion for 
the LSBs. And, the tWo bias voltages can be adjusted 
according to the match among the current source cells. 

[0019] In an embodiment, the present invention is suitable 
for a segment-type DAC combining thermometer-code and 
binary-Weighted con?guration. The segment-type DAC pro 
vides tWo di?cerent bias voltages to the thermometer-code 
portion for the MSBs and the binary-Weighted portion for 
the LSBs. And, the tWo bias voltages are proportional, and 
the tWo bias voltages can be synchronously adjusted accord 
ing to the match among the current source cells. 

[0020] In an embodiment, the present invention is suitable 
for a thermometer-code DAC Which provides tWo di?cerent 
bias voltages to the MSB portion and the LSB portion. And, 
the tWo bias voltages can be adjusted according to the match 
among the current source cells. 

[0021] In an embodiment, the present invention is suitable 
for a thermometer-code DAC Which provides tWo di?cerent 
bias voltages to the MSB portion and the LSB portion. And, 
the tWo bias voltages are proportional, and the tWo bias 
voltages can be synchronously adjusted according to the 
match among the current source cells. 

[0022] In an embodiment, the present invention is suitable 
for a binary-Weighted DAC Which provides tWo di?cerent 
bias voltages to the MSB portion and the LSB portion. And, 
the tWo bias voltages can be adjusted according to the match 
among the current source cells. 

[0023] In an embodiment, the present invention is suitable 
for a binary-Weighted DAC Which provides tWo di?cerent 
bias voltages to the MSB portion and the LSB portion. And, 
the tWo bias voltages are proportional, and the tWo bias 
voltages can be synchronously adjusted according to the 
match among the current source cells. 

[0024] To achieve the above-described objects, the present 
invention provides a DAC suitable for a segment-type 
con?guration combining thermometer-code portion and 
binary-Weighted portion. ThereWith, a MSB portion of an 
input-code is thermometer-encoded to generate multiple 
corresponding thermometer codes. And thereWith, a LSB 
portion of an input-code is binary-Weighted to generate a 
plurality of binary-Weighted codes. The DAC comprises a 
plurality of current source cells to provide currents. 
Wherein, a ?rst portion of the current source cells receives 
a ?rst bias voltage, and provides a current corresponding to 
the above-mentioned thermometer-code. A second portion 
of the current source cells receives a second bias voltage, 
and provides a current corresponding to the above-men 
tioned binary-Weighted code. The ?rst bias voltage and the 
second bias voltage Would be adjusted according to match 
among the current resource cells, and remain a certain 
proportion. 

[0025] In an embodiment, the above-described DAC fur 
ther comprises a bias converter for receiving the ?rst bias 
voltage, and adjusting the second bias voltage according to 
the match among the current resource cells. 

[0026] In another embodiment, the above-described DAC 
further comprises a bias converter for receiving the second 
bias voltage, and adjusting the ?rst bias voltage according to 
the match among the current resource cells. 
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[0027] In an embodiment, the above-described bias con 
verter comprises a ?rst transistor. And a gate thereof is 
coupled to the ?rst bias voltage, a drain/source thereof is 
connected to an operation voltage, and another drain/ source 
thereof is connected to a resistor element. Another end of the 
resistor element is connected to a current mirror circuit. The 
above-described bias converter further comprises a second 
transistor. A drain/ source thereof is connected to said opera 
tion voltage, another drain/source thereof is connected to a 
gate thereof and connected to the current mirror circuit. And 
the second bias voltage just applies to the gate of the second 
transistor. According to the received ?rst bias voltage, the 
second bias voltage is adjusted by the current mirror circuit 
and the resistor element. 

[0028] In an embodiment, the above-described current 
mirror circuit comprises a third transistor. Wherein, a gate 
thereof is coupled to a drain/ source thereof and connected to 
the resistor element, and another drain/ source is grounded. 
The current mirror circuit further comprises a fourth tran 
sistor. Wherein, a gate thereof is connected to the gate of the 
third transistor, a drain/source thereof is connected to 
another drain/ source of the second transistor and to the gate 
of the second transistor, and another drain/source is 
grounded. 

[0029] In an embodiment, the above-described ?rst tran 
sistor and second transistor have the same siZe, and the 
quantity thereof is equal to that of the current source cells in 
the ?rst portion. These transistors are used for improving the 
device mismatch. 

[0030] In an embodiment, the above-described resistor 
element is designed for compensating the channel length 
modulation of the DAC. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0031] The accompanying draWings are included to pro 
vide a further understanding of the invention, and are 
incorporated in and constitute a part of this speci?cation. 
The draWings illustrate embodiments of the invention and, 
together With the description, serve for explaining the prin 
ciples of the invention. 

[0032] FIG. 1A is a schematic circuit draWing of a con 
ventional binary-Weighted DAC. 

[0033] FIG. 1B is a schematic coordination diagram 
shoWing the relationship betWeen input-codes and differen 
tial non-linearity (DNL) errors. 

[0034] FIG. 1C is a schematic diagram shoWing the 
generation of an unpredictable transient glitch in the data 
transforming process. 

[0035] FIG. 2 is a schematic circuit draWing of a conven 
tional 8-bit DAC With thermometer-codes. 

[0036] FIG. 3 is a schematic diagram shoWing an arrange 
ment of current source cells for LSBs and MSBs. 

[0037] FIG. 4 is a schematic block diagram of a segment 
type DAC circuit combining thermometer-code and binary 
Weighted con?guration. 

[0038] FIG. 5 is a schematic diagram illustrating a ?rst 
bias voltage provided to the thermometer-code portion of the 
MSBs and a second bias voltage provided to the binary 
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Weighted portion of the LSBs through a bias converter 
circuit according to an embodiment of the present invention. 

[0039] FIG. 6 is a schematic draWing of a bias generating 
circuit of the current source cells in a DAC. 

[0040] FIG. 7 is a schematic circuit draWing of a full 
current source cell in a DAC. 

[0041] FIG. 8 is a schematic diagram shoWing a con?gu 
ration of current source cells in a DAC. 

[0042] FIG. 9 is a schematic draWing of a segment-type 
DAC circuit combining thermometer-code and binary 
Weighted in an embodiment of the present invention. 

[0043] FIG. 10 is a schematic draWing of a thermometer 
code DAC in an embodiment of the present invention. 

[0044] FIG. 11 is a schematic draWing of a binary 
Weighted DAC in an embodiment of the present invention. 

DESCRIPTION OF THE EMBODIMENTS 

[0045] The present invention provides a segment-type 
digital-to-analog converter (DAC) Which provides tWo dif 
ferent bias voltages to the thermometer-code portion of the 
most signi?cant bits (MSBs) and the binary-Weighted por 
tion of the least signi?cant bits (LSBs). These tWo bias 
voltages can be adjusted according to the match among the 
current source cells. In addition, the tWo bias voltages are 
proportional, and the tWo bias voltages can be synchro 
nously adjusted according to the match among the current 
source cells. 

[0046] If a ?rst bias voltage is, for example, provided to 
the thermometer-code portion of the MSBs, then a second 
bias voltage is provided to the binary-Weighted portion of 
the LSBs. The second bias voltage is obtained by converting 
the ?rst bias voltage using a bias converter. The con?gura 
tion thereof is shoWn in FIG. 5. Referring to FIG. 5, the 
second bias voltage BIAS2 is provided to the binary 
Weighted portion of the LSBs 510 and the ?rst bias voltage 
BIAS1 is provided to the thermometer-code portion of the 
MSBs 520. And, the second bias voltage BIAS2 is obtained 
by converting the ?rst bias voltage BIAS1 using a bias 
converter 530. 

[0047] On the other hand, in an alternative embodiment, 
the ?rst bias voltage can be obtained by converting the 
second bias voltage as Well. 

[0048] Referring to FIG. 6, a schematic draWing of a bias 
generating circuit of current source cells in a DAC is shoWn. 
The bias voltage thereof is produced by a bias generating 
circuit 600. The bias generating circuit 600 comprises an 
operation ampli?er 610, a transistor 620 and a resistor 630. 
The produced current thereof is Vref/r, and the unit current 
thereof is Vref/(r*X), Where r is resistance of the resistor 
630, and X is magni?cation multiple of the transistor 620. If 
only the all transistors 640 of the current source cells in the 
thermometer-code portion of MSBs and the current source 
cells in the binary-Weighted portion of LSBs are the same 
siZe and the same type, for example, P-type metal oxide 
semiconductor (PMOS), then, a controlled PMOS quantity 
is used to give Weighting result, consequently control the 
output current. For example, if a 10-bit DAC is a binary 
Weighted DAC, the Weight for each bit is 512, 256, 128, 64, 
32, 16, 8, 4, 2 and 1, respectively. Ifa l0-bit DAC is a DAC 
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combining thermometer-code and binary-Weighted, the ther 
mometer-code portion is 64*15, and the binary-Weighted 
portion is 32, 16, 8, 4, 2 and 1. 

[0049] A schematic circuit drawing of a full current source 
cell in a DAC is shoWn in FIG. 7. Wherein, a sWitch MOS 
transistor 710 is included. The gate thereof is connected to 
the bias voltage BIAS, a drain/ source thereof is connected to 
the operation voltage VDD, another drain/ source thereof is 
connected to the transistors MOSA and MOSB, and the 
transistors MOSA and MOSB are controlled by the control 
signal Q and QB, respectively. Another end of MOS tran 
sistor MOSA is grounded via a resistor element Rout. 
Another end of MOS transistor MOSB is directly grounded. 
When this transistor is selected to produce current, the 
control signal Q takes a logic-loW level, and the control 
signal QB takes a logic-high level. When the quantity of the 
current source varies, the siZes of the sWitch MOS transistor 
710, the transistor MOSA and MOSB Will accordingly be 
changed. For example, for a 10-bit DAC, the thermometer 
codes thereof and the binary Weights thereof are 64*15 and 
(32, 16, 8, 4, 2, 1), respectively. 

[0050] The con?guration of the current source cells is 
shoWn in FIG. 3. If the total current produced by all current 
source cells in the LSB portion is not 63, the linearity of 
DAC Would be ruined; that is, the above-described differ 
ential non-linearity (DNL) error occurs, or even a serious 
non-monotonic problem. With the non-monotonic problem, 
some output analog values corresponding to smaller digital 
input-codes IN are larger than those corresponding to larger 
digital input-codes, leading to serious error. 

[0051] The DNL error and/or the non-monotonic problem 
could be a matter of device mismatch; that is, the charac 
teristic discrepancy among the formed transistors in the 
array of current source cells for LSB and MSB. And, the 
characteristic discrepancy among the formed transistors 
generally can be traced back to the inconsistency in semi 
conductor manufacturing process, such as inconsistent 
thickness of oxide layer, poor poly-silicon etching, or shift 
in ion implant, and so on. To avoid the discrepancy among 
the components, appropriate con?gurations must be applied. 
The US. Pat. No. 5,568,145, for example, provides a 
solution Where the current source cells of LSB are arranged 
betWeen tWo portions of the current source cells of MSB. 
But the discrepancy still remains. The other cause for the 
problem is layout limitation. To reduce the chip siZe, the 
adopted layout is very limited, and the lines betWeen com 
ponents are also limited, and thus the discrepancy problem. 
FIG. 8 is a schematic diagram shoWing a con?guration of 
current source cells. Wherein, the dotted-line portion shoWs 
the arrangement of the current resource cells of LSB, and the 
remaining portion shoWs the arrangement of the current 
resource cells of MSB. The left arroW 810 indicates the path 
of output current llsb from the current source cell in the LSB 
portion, and the right arroW 820 indicates the path of output 
current lmsb from the current source cell in the MSB 
portion. Apparently, the serial resistor for the output current 
from the current source cells in the MSB portion is larger 
due to a longer distance. In general, the outside lines, i.e., the 
bottom portion indicated by the arroW 820, can be adjusted, 
or compensated. HoWever, the appropriate compensation 
amount is very hard to estimate and to adjust. Moreover, this 
may result in a bigger layout area and becomes a disadvan 
tage. Another potential problem is the channel length modu 

Jul. 20, 2006 

lation. A various output level (voltage) leads to a various 
operation voltage VDD, and a various, inconsistent unit 
current. 

[0052] Referring to FIG. 9, a schematic draWing of a 
segment-type DAC 900 combining thermometer-code and 
binary-Weighted con?guration is provided according to an 
embodiment of the present invention. The DAC 900 pro 
vides tWo different bias voltages to the thermometer-code 
portion of the most signi?cant bits (MSBs) and the binary 
Weighted portion of the least signi?cant bits (LSBs). These 
tWo bias voltages can be adjusted according to the match 
among the current source cells. In addition, the tWo bias 
voltages are proportional, and the tWo bias voltages can be 
synchronously adjusted according to the match among the 
current source cells. The DAC 900 is, for example but not 
limited to, a 10-bit DAC. That is, the present invention is 
suitable for all multi-bit segment-type DACs. 

[0053] First of all, the bias generating circuit 910 of the 
DAC 900 comprises an operation ampli?er OP, a transistor 
A5 and a resistor R1. One input end of the operation 
ampli?er OP is connected to a reference voltage Vref. 
Another input end thereof is connected to the connecting 
point N1 of the transistor A5 and the resistor R1. The output 
from the operation ampli?er OP, or a generated bias voltage 
is BIASl, and is connected to the gate of the transistor A5. 
One drain/source of the transistor A5 is connected to an 
operation voltage VDD, and another drain/ source thereof is 
grounded via the resistor R1. For each segment in the 10-bit 
DAC 900, the thermometer-code portion is 64*15, and the 
binary-Weighted portion is 32, 16, 8, 4, 2 and 1. Thus, 
referring to FIG. 9, the arrangement of the current source 
cells in the DAC 900 is formed by the thermometer-code 
portion of MSBs and the binary-Weighted portion of LSBs. 

[0054] Assuming the total output current from the DAC 
900 is 1 mini ampere (mA), and the required unit current is 
1 HA. In the bias generating circuit 910 of the current source 
cells, the generated current thereof is Vref/r, and the unit 
current thereof is Vref/(r*X), Where r is resistance of the 
resistor R1, and X is the magni?cation multiple of the 
transistor A5. Thus, When the reference voltage Vref is 1.2 
volt (V), by using 10 as the magni?cation multiple in the 
transistor A5, and 120 kilo ohm (KQ) as the resistance of 
R1, then the unit current is Vref/(r*X)=1.2/(120*10)=1 
micro ampere (uA). 

[0055] In the segment-type DAC 900 combining ther 
mometer-code and binary-Weighted in an embodiment of the 
present invention, each segment comprises a thermometer 
code portion and a binary-Weighted portion. A bias converter 
920 is disposed betWeen the above-mentioned tWo portions. 
The bias converter 920 is used to adjust another bias voltage 
BIAS2 for generating the binary-Weighted portion according 
to both the bias voltage BIASl from the bias generating 
circuit 910 and the match among the current source cells. In 
addition, these tWo bias voltages BIASl and BIAS2 are 
proportional, and the tWo bias voltages can be synchro 
nously adjusted according to the match among the current 
source cells. Any circuit capable of adjusting these tWo bias 
voltages is applicable to the present invention. For a clear 
description, only one embodiment is described as folloWs, 
but the present invention is not limited thereto. The sche 
matic circuit draWing from the embodiment is shoWn in 
FIG. 9. 
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[0056] The bias converter 920 comprises a transistor A1, 
a transistor A2, transistors A3 and A4, and a resistor R2. The 
gate of the transistors A1 is coupled to the bias voltage 
BIAS1 generated by the bias generating circuit 910, a 
drain/source thereof is connected to an operation voltage 
VDD, and another drain/ source thereof is connected to the 
resistor element R2. Another end of the resistor element R2 
is connected to a current mirror circuit formed by the 
transistors A3 and A4. A drain/ source of the transistor A2 is 
connected to an operation voltage VDD, and another drain/ 
source thereof is connected to the gate thereof and connected 
to the current mirror circuit formed by the transistors A3 and 
A4. In an alternative embodiment, the resistor element is not 
required depending on the layout of the transistorA1, A2, A3 
and A4. 

[0057] If both the transistor A1 and A2 have the same siZe 
and the same quantity of 64 pieces, then the total sum in the 
binary-Weighted portion is 63. And, both the transistor A3 
and A4 in the current mirror circuit have the same quantity 
as Well. The resistor element R2 is used for compensating 
the channel length modulation. In an embodiment, this 
resistance should be 32 times of the external resistor. Cer 
tainly, the compensation value can be adjusted according to 
the transistor A3 and the resistor R2. 

[0058] Since the amount of the components in the ther 
mometer-code segment is close to the amount of the tran 
sistor A1, and the both layouts are similar, the device 
mismatch is relatively reduced. But, in terms of the quantity 
and the arrangement of components, there is a big difference 
betWeen the thermometer-code segment and the binary 
Weighted portion, leading to serious device mismatch. 
Referring to FIG. 9, by means of an appropriate disposition 
of the bias converter 920, the current match in both the 
thermometer-code segment portion and the binary-Weighted 
portion can be improved. In particular, in the embodiment of 
the present invention, a current driving mode is used, not a 
conventional voltage compensation mode, so the improve 
ment is more obvious. The transistors Al in the bias con 
verter 920 can be arranged in parallel to the components in 
the thermometer-code segment to increase the matching 
degree. In comparison, the transistor A2 in the bias converter 
920 can be arranged With the components in the binary 
Weighted portion to be close to the average. 

[0059] In the segment-type DAC 900 combining ther 
mometer-code and binary-Weighted of another embodiment 
of the present invention, each segment comprises a ther 
mometer-code portion and a binary-Weighted portion. A bias 
converter 920 is disposed betWeen the above-mentioned tWo 
portions. The bias converter 920 can generate the bias 
voltage BIAS1 of the thermometer-code portion according 
to another bias voltage BIAS2 of the binary-Weighted por 
tion and the match among the current source cells. These tWo 
bias voltages BIAS1 and BIAS2 are proportional, and the 
tWo bias voltages can be synchronously adjusted according 
to the match among the current source cells. 

[0060] In an alternative embodiment of the present inven 
tion, such design of the current driving mode to improve the 
match state is applicable in a thermometer-code DAC. As 
shoWn in FIG. 10, a schematic draWing of a thermometer 
code DAC 1000 is shoWn. Wherein, a bias converter 1020 
is disposed betWeen tWo thermometer-code portions I and II. 
The thermometer-code portion I is coupled to the bias 
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voltage BIAS 1 generated by the bias generating circuit 
1010. The bias converter 1020 Would adjust another bias 
voltage BIAS 2 of the thermometer-code portion II accord 
ing to the bias voltage BIAS 1 generated by the bias 
generating circuit 1010 and the match among the current 
source cells. These tWo bias voltages BIAS1 and BIAS2 are 
proportional, and can be synchronously adjusted according 
to the match among the current source cells. 

[0061] In one alternative embodiment of the present 
invention, such design of the current driving mode to 
improve the match state is applicable in a thermometer-code 
DAC. As shoWn in FIG. 11, a schematic draWing of a 
binary-Weighted DAC 1100 is shoWn. Wherein, a bias 
converter 1120 is disposed betWeen tWo binary-Weighted 
portions I and II. The binary-Weighted portion I is coupled 
to the bias voltage BIAS 1 generated by the bias generating 
circuit 1110. The bias converter 1120 Would adjust another 
bias voltage BIAS 2 of the binary-Weighted portion II 
according to the bias voltage BIAS 1 generated by the bias 
generating circuit 1110 and the match among the current 
source cells. These tWo bias voltages BIAS1 and BIAS2 are 
proportional, and can be synchronously adjusted according 
to the match among the current source cells. 

[0062] It Will be apparent to those skilled in the art that 
various modi?cations and variations can be made to the 
structure of the present invention Without departing from the 
scope or spirit of the invention. In vieW of the foregoing, it 
is intended that the speci?cation and examples to be con 
sidered as exemplary only, With a true scope and spirit of the 
invention being indicated by the folloWing claims and their 
equivalents. 

1. A digital-to-analog converter (DAC) suitable for a 
segment type combining a thermometer-code portion and a 
binary-Weighted portion, used for thermometer-encoding a 
MSB portion of an input-code and generating multiple 
corresponding thermometer-codes, and binary-Weighting a 
LSB portion of said input-code and generating a plurality of 
binary-Weighted codes, Wherein said DAC comprises: 

a plurality of current source cells for providing currents, 
Wherein a ?rst portion of said current source cells 
receives a ?rst bias voltage and provides a current 
corresponding to said thermometer-codes, and a second 
portion of said current source cells receives a second 
bias voltage and provides a current corresponding to 
said binary-Weighted codes, Wherein said ?rst bias 
voltage and said second bias voltage are adjusted 
according to the match among said current source cells, 
and keep a particular proportional relationship. 

2. The DAC as recited in claim 1, Wherein the DAC 
further comprises a bias converter for receiving said ?rst 
bias voltage and adjusting said second bias voltage accord 
ing to the match among said current source cells. 

3. The DAC as recited in claim 1, Wherein said bias 
converter comprises: 

a ?rst transistor, Wherein a gate thereof is coupled to said 
?rst bias voltage, a drain/ source thereof is connected to 
an operation voltage, and another drain/ source thereof 
is connected to a resistor element, and another end of 
said resistor element is connected to a current mirror 

circuit; and 

a second transistor, Wherein a drain/source thereof is 
connected to said operation voltage, another drain/ 
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source thereof is connected to a gate thereof and to said 
current mirror circuit, and the gate of said second 
transistor is applied by said second bias voltage Which 
can be adjusted by said current mirror circuit and said 
resistor element according to received said ?rst bias 
voltage. 

4. The DAC as recited in claim 3, Wherein said current 
mirror circuit comprises: 

a third transistor, Wherein a gate thereof is coupled to a 
drain/source thereof and to said resistor element, and 
another drain/ source is grounded; and 

a fourth transistor, Wherein a gate thereof is connected to 
the gate of said third transistor, a drain/source thereof 
is connected to another drain/source of said second 
transistor and said gate of said second transistor, and 
another drain/ source thereof is grounded. 

5. The DAC as recited in claim 3, Wherein said ?rst 
transistor and said second transistor have the same siZe, and 
the quantity thereof is equal to the quantity of said current 
source cells in said ?rst portion, to improve the device 
mismatch among the components. 

6. The DAC as recited in claim 3, Wherein the resistance 
of said resistor element is designed to compensate the 
channel length modulation in said DAC. 

7. The DAC as recited in claim 6, Wherein the resistance 
of said resistor element can be 32 times of an external 
resistor. 

8. The DAC as recited in claim 1, Wherein the DAC 
further comprises a bias converter for receiving said second 
bias voltage, and adjusting said ?rst bias voltage according 
to the match among said current source cells. 

9. The DAC as recited in claim 1, Wherein said bias 
converter comprises: 

a ?rst transistor, Wherein a gate thereof is coupled to said 
?rst bias voltage, a drain/ source thereof is connected to 
an operation voltage, another drain/ source thereof is 
connected to a resistor element, and another end of said 
resistor element is connected to a current mirror circuit; 
and 

a second transistor, Wherein a drain/source thereof is 
connected to said operation voltage, another drain/ 
source thereof is connected to a gate thereof and to said 
current mirror circuit, the gate of said second transistor 
is applied by said second bias voltage, and said ?rst 
bias voltage can be adjusted by said current mirror 
circuit and said resistor element according to the 
received said second bias voltage. 

10. The DAC as recited in claim 9, Wherein said current 
mirror circuit comprises: 

a third transistor, Wherein a gate thereof is coupled to a 
drain/source thereof and to said resistor element, and 
another drain/ source thereof is grounded; and 

a fourth transistor, Wherein a gate thereof is connected to 
the gate of said third transistor, a drain/source thereof 
is connected to another drain/source of said second 
transistor and said gate of said second transistor, and 
another drain/ source thereof is grounded. 

11. The DAC as recited in claim 9, Wherein said ?rst 
transistor and said second transistor have the same siZe, and 
the quantity thereof is equal to the quantity of said current 
source cells in said ?rst portion, to improve the device 
mismatch among the components. 
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12. The DAC as recited in claim 9, Wherein the resistance 
of said resistor element is designed to compensate the 
channel length modulation in said DAC. 

13. The DAC as recited in claim 12, Wherein the resis 
tance of said resistor element can be 32 times of an external 
resistor. 

14. A DAC, comprising: 

a ?rst set of current source cells Which comprise a 
plurality of the ?rst current source cells to receive a ?rst 
bias voltage and to provide a current according to a ?rst 
code; 

a second set of current source cells Which comprise a 
plurality of the second current source cells to receive a 
second bias voltage and to provide a current according 
to a second code; and 

a bias converter, disposed betWeen said ?rst set of current 
source cells and the second set of current source cells, 
for adjusting both said ?rst bias voltage and said second 
bias voltage and maintaining a particular proportional 
relationship therebetWeen according to the match 
betWeen said ?rst current source cells and said second 
current source cells. 

15. The DAC as recited in claim 14, Wherein said bias 
converter comprises: 

a ?rst transistor, Wherein a gate thereof is coupled to said 
?rst bias voltage, a drain/ source thereof is connected to 
an operation voltage, another drain/ source thereof is 
connected to a resistor element, and another end of said 
resistor element is connected to a current mirror circuit; 
and 

a second transistor, Wherein a drain/ source thereof is 
connected to said operation voltage, another drain/ 
source thereof is connected to a gate thereof and to said 
current mirror circuit, the gate thereof is applied by said 
second bias voltage Which can be adjusted by said 
current mirror circuit and said resistor element accord 
ing to the received said ?rst bias voltage. 

16. The DAC as recited in claim 15, Wherein said current 
mirror circuit comprises: 

a third transistor, Wherein a gate thereof is coupled to a 
drain/source thereof and to said resistor element, and 
another drain/ source thereof is grounded; and 

a fourth transistor, Wherein a gate thereof is connected to 
the gate of said third transistor, a drain/source thereof 
is connected to another drain/source of said second 
transistor and said gate of said second transistor, and 
another drain/ source thereof is grounded. 

17. The DAC as recited in claim 16, Wherein the resis 
tance of said resistor element is designed to compensate the 
channel length modulation in said DAC. 

18. The DAC as recited in claim 14, Wherein said ?rst 
code is a thermometer-code, and said second code is a 
binary-Weighted code. 

19. The DAC as recited in claim 14, Wherein both said 
?rst code and said second code are thermometer-codes. 

20. The DAC as recited in claim 14, Wherein both said 
?rst code and said second code are binary-Weighted codes. 


