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PROGRAMMABLE IMPEDANCE CONTROL 
CIRCUIT AND METHOD THEREOF 

BACKGROUND OF THE INVENTION 

[0001] 1. Technical Field 

[0002] The present invention relates generally to an 
impedance control circuit of a semiconductor device for 
detecting a characteristic-impedance of a transmission line 
and matching the impedance to the impedance of an output 
driver and an on chip terminator. In particular, the present 
invention is directed to a programmable impedance control 
circuit and method for controlling the impedance in a 
controlled, programmable manner, irrespective of a varia 
tion of an external impedance subsequent to a locking 
operation in Which an internal impedance of an integrated 
circuit (IC) chip is set to the external impedance, thereby 
maintaining a reliable and stable system. 

[0003] 2. Description of the Related Art 

[0004] Recently, the use of various “on-chip” termination 
techniques have been employed for use in interface circuitry 
for high-speed data transmission in digital circuit designs. 
Such termination techniques include, for example, series 
termination, source termination, and parallel termination, 
and each of these techniques has advantages and disadvan 
tages associated thereWith. For instance, one advantage of 
series termination (Which comprises a resistor betWeen the 
output of a driver and the interface line) is that its termina 
tion resistor consumes less poWer than all other resistive 
termination techniques. With parallel termination (Which 
comprises a resistor connected betWeen one end of a trans 
mission line and ground (or voltage source VCC)), one 
advantage is that good signal-integrity is maintained, 
although the sWing level of a signal may be loWered (i.e., the 
high-output level of the signal may be degraded) due to 
minor dc poWer dissipation in the termination resistor. With 
a source termination approach, the impedance of the trans 
mission line is matched by the impedance of a source driver. 

[0005] One method for employing on-chip termination 
comprises transmitting (in full sWing) data through a trans 
mission line Wherein an output driver performs source 
termination and a receiver performs parallel termination. To 
implement this method, it is desirable that the output driver 
and the on-chip termination be implemented With a resistor. 
With this approach, hoWever, because the output driver and 
the on-chip termination are preferably disposed Within a 
chip, the desired termination cannot be obtained When the 
characteristic impedance of the transmission line varies. 
Thus, the circuit should be constructed such that a desired 
value for the characteristic-impedance could be set in a 
program. For this purpose, an impedance control circuit is 
utiliZed to detect a characteristic impedance of a transmis 
sion line and transmits the result to the output driver and the 
on-chip termination. 

[0006] A programmable impedance control circuit serves 
to match an internal impedance of a chip (e.g., impedance of 
an output driver) according to a resistance value of an 
externally connected resistor, for example. In addition, the 
circuit provides a mechanism for matching an internal 
impedance to an external impedance by actively updating a 
digital code during a predetermined period in response to 
variances in voltage and temperature. 

May 2, 2002 

[0007] FIGS. 1a and 1b are diagrams that illustrate a 
conventional impedance control circuit and its operation 
characteristics, respectively. The conventional impedance 
control circuit of FIG. 1a employs a scheme (as illustrated 
in FIG. 1b) in Which a locking operation is implemented 
When an external resistance value is uniformly maintained (a 
?rst steady state occurs) and a tracking operation is imple 
mented to actively folloW variations in the external resis 
tance value after the locking operation to adjust the internal 
impedance. One problem associated With the conventional 
scheme is that the impedance may be abruptly changed even 
at the constant external resistance value When the tracking 
operation is actively performed in response to any changes 
in the external conditions (voltage, or temperature) after a 
locking operation. Such an abrupt change in impedance 
causes a failure in its entire system operation. 

[0008] During normal operation of the input termination 
and output driver, hoWever, the voltage and temperature 
typically do not abruptly vary from system condition under 
Which the input termination and output driver Were set (i.e., 
locked). Therefore, the possibility that the programmable 
impedance control circuit instantaneously may fail in its 
operation in response to an external noise is not signi?cant. 
Accordingly, a system and method for controlling the 
impedance in a programmable manner, irrespective of varia 
tions of the impedance of an external coupling (e.g., trans 
mission line) is highly desirable. Indeed, it Would be con 
sidered a safe transmission method in the entire system 
either to have the impedance code “locked” in the original 
operation and continuously maintained Without a tracking 
operation during operation of the chip, or to track a regular 
code, by one or tWo codes out of the initial locked codes, 
during a code updating after setting of codes, even if the 
tracked codes change signi?cantly. 

SUMMARY OF THE INVENTION 

[0009] Accordingly, in order to solve the aforementioned 
problems, an object of the present invention is to provide a 
programmable impedance control circuit by Which a locking 
operation is ?rst implemented to set an internal impedance 
(e.g., impedance of an output driver) to match an external 
impedance (e.g., characteristic impedance of a transmission 
line) during a ?rst mode of operation in the system envi 
ronment and Wherein a programmable tracking operation is 
performed to adjust the internal impedance to the external 
impedance according to a preprogrammed protocol. 

[0010] Another object of the present invention is to pro 
vide a programmable impedance control circuit by Which a 
preprogrammed protocol for tracking comprises continu 
ously maintaining a locked code value after the locking 
operation irrespective of detected changes in the external 
impedance, or by Which tracking is performed subsequent to 
the locking operation by adjusting the internal impedance by 
no more than a predetermined number of code values from 
the initial locked code value in response to changes in the 
external impedance during operation of the chip. 

[0011] Still another object of the present invention is to 
provide a programmable impedance control circuit in Which 
the impedance of transmission line is controlled in a pro 
grammable Way by separating a locking operation and a 
tracking operation using digital code or time. 
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[0012] In one aspect of the present invention, a method for 
providing impedance control to match an external imped 
ance to an internal impedance of an integrated circuit chip 
comprises the steps of: 

[0013] detecting an impedance control signal indica 
tive of an external impedance value; 

[0014] performing a locking operation to detect a 
locked state and output a corresponding locked code 
value to set an initial internal impedance, upon 
detecting a ?rst occurrence of a steady code 
sequence in the impedance control signal for a ?rst 
predetermined cycle; and 

[0015] performing a preprogrammed tracking opera 
tion in response to a variation of an external imped 
ance subsequent to the locking operation. 

[0016] In another aspect, a preprogrammed tracking 
operation comprises maintaining the locked code value 
irrespective of variations of the external impedance subse 
quent to the locking operation. 

[0017] In yet another aspect, the preprogrammed tracking 
operation comprises adjusting the value of the initially set 
internal impedance by no more than a prede?ned number of 
code values from the locked code value. 

[0018] In another aspect, the preprogrammed tracking 
operation comprises performing the tracking operation at a 
clock frequency that is loWer than a clock frequency at 
Which the locking operation is performed. 

[0019] In yet another aspect, the preprogrammed tracking 
operation comprises maintaining the locked code value and 
then changing the locked code value to an updated code 
value after detecting an occurrence of a steady code 
sequence in the impedance control signal for a second 
predetermined cycle subsequent to the locking operation. 

[0020] In another aspect, the impedance control method is 
preferably implemented for matching the characteristic 
impedance of a transmission line to the impedance of an 
output driver. 

[0021] In still another aspect of the present invention, a 
programmable impedance control circuit comprises: 

[0022] a ?rst circuit for processing a plurality of 
reference voltages to generate an impedance control 
signal and for performing a locking operation to 
detect a locked state and output a corresponding 
locked code value upon detecting a ?rst occurrence 
of a steady code sequence in the impedance control 
signal for a ?rst predetermined cycle; and 

[0023] a second circuit for storing the locked code 
value output from the ?rst circuit and for performing 
a preprogrammed tracking operation in response to a 
variation in an external impedance subsequent to the 
locking operation. 

[0024] These and other objects, features and advantages of 
the invention Will become more apparent from the folloWing 
detailed description of the preferred embodiment made With 
reference to the accompanying draWings: 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0025] FIGS. 1a and 1b are block diagrams illustrating a 
conventional impedance control circuit and its operation 
characteristics; 
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[0026] FIG. 2a is high-level block diagram of an imped 
ance control circuit according to an embodiment of the 

present invention; 

[0027] FIG. 2b is a diagram illustrating an operational 
mode of an impedance control circuit according to one 
aspect of the present invention; 

[0028] FIG. 3 is a diagram illustrating an operational 
mode of an impedance control circuit according to another 
aspect of the present invention; 

[0029] FIGS. 4a and 4b are diagrams illustrating opera 
tional modes of an impedance control circuit according to 
other aspects of the present invention; 

[0030] FIGS. 5a and 5b are diagrams illustrating opera 
tional modes of an impedance control circuit according to 
yet other aspects of the present invention; 

[0031] FIG. 6 is a diagram illustrating an operational 
mode of an impedance control circuit according to another 
aspect of the present invention; 

[0032] FIG. 7 is a diagram illustrating an operational 
mode of an impedance control circuit according to yet 
another aspect of the present invention; 

[0033] FIG. 8 is a block diagram illustrating a program 
mable impedance control circuit according to an embodi 
ment of the present invention; 

[0034] FIG. 9 is a diagram illustrating a mode of operation 
of the programmable impedance control circuit of FIG. 8; 

[0035] FIG. 10 is a block diagram of a programmable 
impedance control circuit according to another embodiment 
of the present invention; 

[0036] FIG. 11 is a diagram illustrating an operational 
mode of the programmable impedance control circuit of 
FIG. 10; 

[0037] FIG. 12 is a diagram illustrating another opera 
tional mode of the programmable impedance control circuit 
of FIG. 10; 

[0038] FIG. 13 is a diagram illustrating a programmable 
impedance control circuit according to yet another embodi 
ment of the present invention; 

[0039] FIG. 14 is a timing diagram illustrating a clocking 
mechanism that is implemented in the circuit of FIG. 13; 

[0040] FIG. 15 is a diagram illustrating an operational 
mode of the programmable impedance control circuit of 
FIG. 13; 

[0041] FIG. 16 is a diagram of a programmable imped 
ance control circuit according to another embodiment of the 
present invention; 

[0042] FIG. 17 is a diagram illustrating an operational 
mode of the programmable impedance control circuit of 
FIG. 16; 

[0043] FIG. 18 is a diagram of a programmable imped 
ance control circuit according to yet another embodiment of 
the present invention; 

[0044] FIG. 19 is a diagram illustrating an operational 
mode of the programmable impedance control circuit of 
FIG. 18; and 
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[0045] FIG. 20 is a diagram of a programmable imped 
ance control circuit according to another embodiment of the 
present invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0046] In the following description of preferred embodi 
ments, the term “locking” refers to a state When a program 
mable impedance control circuit initially detects a steady 
state external resistance value (e.g., an initial state When an 
internal driver impedance is determined to be substantially 
equal to an external resistance). Further, the term “tracking” 
refers to the process of actively folloWing an external 
resistance value in response to an external change after the 
“locking” state (e.g., after locking, an internal driver imped 
ance is adjusted to substantially match an external resis 

tance.) 
[0047] Technical features of a programmable impedance 
control circuit according to the present invention Will be 
explained in general With reference to FIGS. 2 to 7. FIG. 2a 
is a high-level diagram illustrating an impedance control 
circuit according to an embodiment of the present invention. 
In general, the programmable impedance control circuit 
transfers an impedance of transmission line to an output 
device to match an external impedance to an internal imped 
ance. 

[0048] The control circuit comprises a ?rst block 100 for 
comparing the reference voltage Vref With a voltage on pad 
5. An external impedance, e.g., resistor RQ, and an imped 
ance of a MOS array 3 establish the voltage on pad 5. The 
MOS array comprises a plurality of transistors that are 
enabled/disabled by a feedback control signal from block 
100 Wherein combinations of such transistors are selectively 
enabled by the feedback control signal to change the effec 
tive resistance of the MOS array 3 and make the pad voltage 
substantially equal to the reference voltage. The pad voltage 
passes through a ?rst loW pass ?lter 7 to the ?rst block 100 
and the reference voltage Vref passes through a second loW 
pass ?lter 9 to the ?rst block 100. The pad voltage is 
determined based on the combination of the MOS array 3 
and the external resistance RQ. In response to the compari 
son, the ?rst block 100 outputs a resultant signal that is 
provided to the MOS array 3 via a feedback loop 3. In 
addition, the block 100 performs a counting up/doWn opera 
tion in response to the resultant signal. The ?rst block 100 
detects a code signal resulting from the counting, to detect 
a locked state and output the locked code value upon the ?rst 
occurrence of a constant code signal for a predetermined 
sequencing cycle. 

[0049] A second block 200 is provided for storing the 
locked code output from the ?rst block 100 and transferring 
such code to the output driver. Further, the second block 200 
performs a tracking operation of the locked code (Which 
differs from the tracking operation performed by the ?rst 
block 100) in response to changes in the external environ 
ment (voltage, temperature, etc.) after the locking operation. 
The tracking in the second block 200 differs from the 
tracking in the ?rst block 100 in that the tracking is per 
formed With a frequency that is different from that of the ?rst 
block 100 after locking, or that a digital code value of the 
second block 200 is different from that of the ?rst block 100 
after the initial locking. 
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[0050] Block 100 receives an output signal from the pad 5 
disposed betWeen the MOS array 3 and the external resistor 
RQ connected to the ground. Block 200 and the MOS Array 
3 receive an n-bit output signal from the block 100. The 
MOS array continues to receive an n-bit output signal from 
the block A 100 to adjust the effective resistance of the MOS 
array and change the pad voltage. The block 100 receives an 
output signal that is output from the pad 5 and passes 
through the loW pass ?lter LPF 7 and an output signal of the 
reference voltage Vref of a chip that passes through the loW 
pass ?lter 9. 

[0051] The impedance control circuit of FIG. 2 performs 
impedance matching via operation of block 100 and block 
200. FIG. 2b is a diagram illustrating an operational mode 
of the impedance control circuit of FIG. 2a according to one 
aspect of the present invention. A locking is implemented at 
point “A” When a steady code is ?rst detected. After locking, 
tracking is performed beyond point “A”. With a conven 
tional method, block 200 Would actively perform a tracking 
operation after locking When any changes in block 100 are 
generated due to changes in the external environment such 
as voltage or temperature (i.e., a tracking operation is 
performed even When an undesirable change is generated). 
In contrast, in accordance With a tracking operation accord 
ing to the present invention, block 200 maintains the locked 
code value or alloWs the locked code value to vary by one 
or several code values from the initial locked code value, 
irrespective of any changes in block 100. In other Words, the 
locking operation performed by block 100 and the tracking 
operation performed by block 200 in the programmable 
control circuit are separate operations. As explained beloW, 
the separation of operation of blocks 100 and 200 are 
preferably based on digital codes or time. 

[0052] Referring noW to FIG. 3, a diagram illustrates an 
impedance control operation of the programmable imped 
ance control circuit according to one aspect of the present 
invention. In particular, FIG. 3 illustrates an example of one 
mode of operation Wherein no tracking is performed after 
locking. As the code value “C” (associated With an external 
resistance value) in latch A increases, a locked state is 
entered at point AWhen a steady code value is detected for 
a predetermined number of cycles (i.e., N cycles). Once the 
code is locked, code “B” is set to indicate an impedance 
value and this code is locked and invariable. Thus, in the 
embodiment of FIG. 3, there is no tracking operation. 

[0053] Referring noW to the diagrams of FIGS. 4a and 4b, 
an impedance control operation of the programmable control 
circuit according to another aspect of the present invention 
is shoWn. In particular, FIGS. 4a and 4b illustrate methods 
for performing minimal tracking Wherein after a locking 
operation, the value of the locked code varies in a program 
mable controlled manner based on an external environment 

change. For instance, FIG. 4a illustrates a tracking opera 
tion Wherein the impedance is adjusted by no more than +/— 
one code value from the locked code value. Further, FIG. 4b 
illustrates a tracking operation Wherein an impedance is 
adjusted by a limited, predetermined number of code values 
from the locked code. (i.e., tracking is bounded Within 
limited code values). For example, as shoWn in FIG. 4b, 
tracking is limited to three codes. It is to be understood that 
FIGS. 3 and 4 illustrate impedance control operations using 
a digital code. 
















