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in a characteristic (e.g., of performance or operation) of a 
semiconductor device that is a function of the location of a die 
in a device. In one embodiment, a clock circuit may generate 
a clock signal having a timing that varies with the location of 
a die so that signals are coupled from the die to a Substrate at 
the same time despite differences in the signal propagation 
time between the substrate and the various die. In other 
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impedance or driver drive-strength resulting from differences 
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Other embodiments are also disclosed. 
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1. 

DE LOCATION COMPENSATION 

TECHNICAL FIELD 

Embodiments of this invention relate to devices that have a 
plurality of semiconductor die, and more particularly, in one 
or more embodiments, to stacked integrated circuit die and 
clock signals. 

BACKGROUND OF THE INVENTION 

Periodic signals are used in a variety of electronic devices. 
One type of periodic signal is a clock signal that can be used 
to establish the timing of a signal or the timing at which an 
operation is performed on a signal. For example, data signals 
are typically coupled to and from memory devices, such as 
synchronous dynamic random access memory (“SDRAM) 
devices, in synchronism with a clock signal or data strobe 
signal. More specifically, read data signals are typically 
coupled from a memory device in synchronism with either a 
clock signal or a read data strobe signal that may be synchro 
nous with a clock signal. The read data Strobe signal is nor 
mally generated by the same memory device that is outputting 
the read data signals. Write data signals are typically latched 
into a memory device in Synchronism with a clock signal or a 
write data strobe signal that may also be synchronous with a 
clock signal. Other signals generated in electronic devices, 
Such as memory devices or memory controllers, are often 
synchronized or triggered by an internal clock signal. For 
example a clock signal may be used in a memory device for 
latching write data and/or outputting read data. The clock 
signal is typically generated in the memory device from an 
internal clock signal using a delay-lock loop. 
One of the advantages of using a delay lock loop to gener 

ate an internal clock signal in an integrated circuit is that 
various delays in an integrated circuit can be modeled by 
delay model circuits and used in the feedback path of a delay 
lock loop to compensate for Such delays. For example, the 
delay in coupling a clock signal through a clock tree to a read 
data latch can be modeled by a model delay in the feedback 
path of a delay lock loop that generates the clock signal. As a 
result, read data may be latched and thus output from the 
memory device Substantially in synchronism with a clock 
signal despite a propagation delay of a clock signal through 
the clock tree. 

While various techniques such as a delay lock loop con 
taining a model delay may alleviate to Some extent problems 
resulting from propagation delays in integrated circuits, the 
problems of signal propagation delays may become more 
severe in a semiconductor device using multiple semiconduc 
tor die, such as where the multiple die are stacked. More 
specifically, even if propagation delays can be compensated 
for in each die, there may still be propagation delays in 
coupling signals between each die and external electrical 
connectors (e.g., terminals) of the integrated circuit device. 
With reference to FIG. 1, a semiconductor device 10 may 
include 4 semiconductor die 12, 14, 16, and 18, some of 
which may be identical to each other or different from each 
other. The die 12-18 may be mounted on a surface 20 of a 
substrate 24, and external terminals in the form of a ball grid 
array 28 may be mounted on an opposed surface 30 of the 
substrate 24. One of the balls 32 of the ball grid array 28 may 
receive a clock signal (CLK'), and a plurality of other balls 34 
(only one is shown) may receive and transmit data signals. 
Individual balls of the array ball grid array 28 may be coupled 
to the die 12-18 through respective internal balls 38 posi 
tioned against each surface of the die 12-18 between adjacent 
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2 
die or between the die 12 and the substrate 24. Signals may be 
coupled from one surface of the die 12-18 to an opposite 
Surface by internal electrical connectors such as through sili 
convias (“tsv') 40. 

FIG. 2 shows a semiconductor device 52 that also includes 
the stacked die 12-18. The semiconductor device 52 may be 
substantially similar to the semiconductor device 10 of FIG. 
1. Therefore, in the interest of brevity and clarity, identical 
reference numerals will be used to identify identical compo 
nents. The device 52 differs from the device 10 by using bond 
wires 62, 64, 66, 68 as internal electrical connectors to couple 
all or some signals from the substrate 24 to the die 12-18. 
However, the device 52 may also use the internal balls 38 to 
couple signals between the die 12-18. 

Regardless of whether the signal coupling technique 
shown in FIG. 1 or FIG. 2 is used or some other technique is 
used, the propagation delay in coupling signals between the 
external electrical connectors 28 and the die 12-18 may differ 
from die-to-die. For example, the CLK signal will be received 
by the die 12-18 with increasingly larger delays from the die 
12 to the die 18. As a result, for example, read data may be 
output from the die 12-18 at increasing distances from the 
electrical connectors 28. Moreover, the propagation delay in 
coupling the read data from each of the die 12-18 to the 
electrical connectors 28 may increase from the die 12 to the 
die 18. Insofar as the read data from the devices 10, 50 may be 
latched by an external device in synchronism with the CLK 
signal or some other signal, the “data eye' during which the 
read data is valid may become increasingly later for die 12-18 
farther away from the electrical connectors 28. More impor 
tantly, the overlap in the respective data eyes from the die 
12-18 may set the overall data eye for the device 12-18 during 
which read data from the devices 10, 50 is valid regardless of 
which die originated the read data. The size of the data eye 
may therefore become Smaller as the common data valid time 
overlaps in the respective data eyes from the die 12-18 
become Smaller. A Smaller data eye may make it more diffi 
cult for an external device to correctly latch read data from the 
devices 10, 50. This skewed data eye problem gets worse 
when duty cycle distortion is present. Similar types of prob 
lems may exist for other types of signals, such as write data 
signals. 
The problems resulting from differences in the connections 

between the electrical connectors 28 and each of the die 12-18 
may also result in problems other than signal propagation 
problems, such as output slew rate skew, ZQ calibration ter 
mination impedance mismatch, etc. For example, the longer 
signal paths between the electrical connectors 28 and the die 
farther away from the electrical connectors 28 may increase 
the resistance between the electrical connectors 28 and the die 
12-18 farther away from the electrical connectors. As a result, 
the “drive strength of signal transmitters on the die 12-18 
may become increasing less away from the electrical connec 
tors 28. The increased resistance between the electrical con 
nectors 28 and the die 12-18 farther away from the electrical 
connectors 28 may also cause the termination impedance of 
the balls of aball grid array, for example, to be larger for die 
12-18 farther away from the ball grid array. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic cross-sectional view of a semicon 
ductor device using a plurality of Stacked die. 

FIG. 2 is a schematic cross-sectional view of another semi 
conductor device using a plurality of Stacked die. 
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FIG. 3 is a schematic diagram showing an embodiment of 
a clock circuit that may provide an internal clock signal to a 
clock tree in a semiconductor die. 

FIG. 4 is a schematic diagram showing another embodi 
ment of a clock circuit that may provide an internal clock 
signal to a clock tree in a semiconductor die. 

FIG. 5 is a schematic cross-sectional view of an embodi 
ment configured to generate signals indicative of the position 
of a die in a stack. 

FIG. 6 is a schematic diagram showing an embodiment of 
a compensation circuit that may be used to compensate for 
drive strength and termination impedance variations resulting 
from difference in the location of stacked semiconductor die. 

FIG. 7 is a block diagram of an embodiment of a memory 
die including an embodiment of a clock circuit. 

DETAILED DESCRIPTION 

A locked-loop. Such as a delay lock loop, may be used to 
compensate for disparate signal propagation delays between 
external electrical connectors (e.g., terminals, contacts, etc.), 
such as the ball grid array 28 (FIGS. 1 and 2), and a plurality 
of die. As shown in FIG.3, a clock circuit 100 may use a delay 
lock loop (“DLL) 110 receiving an input clock (“CLK') 
signal to provide an internal clock signal (“ICLK) to a clock 
tree 140. When enabled by an active CkEnsignal, the clock 
tree 140 may distribute the ICLK signal to a variety of circuits 
for a variety of uses. For example, as shown in FIG. 3, the 
ICLK signal may be used to provide a data clock (“DCLK') 
signal to an output buffer 150. The output buffer 150 may 
include a data register 154 that is clocked by the DCLK signal 
and/or its complementary signal to provide data signals 
(“Data') to an output buffer circuit 158 to output read data 
(“DQ') signals (only one is shown). As explained above with 
reference to FIGS. 1 and 2, the read DQ signals may be routed 
from each of the die 12-18 to the electrical connectors of a 
device, such as devices 10 and 52, including the clock circuit 
1OO. 
The clock circuit 100 may also include a duty cycle cor 

rection (DCC) circuit and output buffer 116 to ensure that the 
duty cycle of the ICLK signal is at substantially 50%. The 
ICLK signal may also be coupled though a feedback path, 
which may include a feedback FB Model Delay Unit 120. A 
feedback clock (“FBCLK) signal, which may be a delayed 
version of the ICLK signal, may be coupled through an input 
buffer (“IB) model delay 124 to an input of a phase detector 
128. The phase detector 128 detects a phase difference 
between the signals applied to its input and outputs a phase 
error signal indicative of the phase difference between the 
input signals. This phase error signal may be provided to shift 
logic 132 that generates a control signal based on the phase 
error signal to adjust the delay of a DLL delay line 108 to 
which the CLK signal is applied. The delay of the delay line 
108 may be increased or decreased in order to synchronize the 
inputs of the phase detector 128. When synchronized, the 
DLL 110 is said to be “locked. 
The goal of the clock circuit 100 is to output the DQ signals 

to respective externally accessible terminals, such as respec 
tive balls of the ball grid array 28, in synchronism with a CLK 
signal applied to an externally accessible terminal. Such a 
respective ball of the ball grid array 28. As mentioned above, 
when the DLL 110 is locked, the signals applied to the phase 
detector 128 will be synchronized with each other. However, 
the read data DQ may be output from the output buffer 150 
after a delay equal to the Sum of a propagation delay to 
through the clock tree 140 and a delay to through the output 
buffer circuit 150. The DQ signals may then be output but 
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4 
may be delayed by a propagation delay to from one of the die 
12-18 to the external terminals such as the ball grid array 28. 
Thus, the DQ signals may be output from the semiconductor 
device 10 after a delay of tre+to+t from the signal that the 
input buffer 104 applies to the delay line 108. The delay of the 
DQ signals being applied to the external terminals of the 
device 10 relative to the CLK signal applied to the external 
terminals may be further increased by the propagation delay 
t of the CLK signal from the external terminals to the die 
12-18 as well as the propagation delay to through the input 
buffer 104. The functions of the IB model delay 124 and the 
FB Model Delay Unit 120 are to compensate for these delays 
so the DQ signals at the external DQ terminals of the device 
are synchronized to the CLK signal at the external CLK 
terminal of the device, such as one of devices 10 or 52. The IB 
model delay 124 models the propagation delay of the input 
buffer 104 so that, if the signals applied to the inputs of the 
phase detector 128 are synchronized, the FBCLK signal will 
be synchronized to the CLK signal. The remaining delays 
discussed above are compensated for by the FB Model Delay 
Unit 120. Specifically, if the delay of the FB Model Delay is 
equal to t+to+t-trand the FBCLK signal is synchronized 
to the CLK signal at the input of the buffer 104, the ICLK 
signal will lag the CLK signal by t-nt-(t+to+to+ 
t), where N is the DLL total clock loop number. As a result, 
the DQ signals may be applied to the external terminals of the 
device in synchronism with the CLK signals applied to the 
external terminals of the device. 

Unfortunately, while the propagation delay to of the clock 
tree 140 and the propagation delay to of the output buffer 
150 may be substantially the same for all of the die 12-18, the 
propagation delay t, of the CLK signal from the external DQ 
terminals of the device and the propagation delay to from the 
die 12-18 to the external DQ terminals of the device may be 
different for each location of the die 12-18. Specifically, the 
propagation delay of the CLK signal for the die 12 willbet, o, 
the propagation delay for the die 14 will be t, o-t, , the 
propagation delay for the die 16 will bet, ot, +t, , and the 
propagation delay for the die 18 will be to-t, , +t, +t, . 
The propagation delay of the DQ signals for the die 12 will be 
to o, the propagation delay for the die 14 will be to o-to , 
the propagation delay for the die 16 will be to o-to +to 2. 
and the propagation delay for the die 18 will be to o 
to 1, +to 2+to s. The FB Model Delay Unit 120 may com 
pensate for all of these differences in propagation delays by 
including a FB Model circuit 160 and a plurality of switchable 
delays 164, 166, 168 that may be selectively enabled. When 
enabled, the switchable delay 164 may provide a delay of 
t, + 1, the Switchable delay 166 may provide a delay of 
tr + , and the Switchable delay 168 may provide a delay of 
t, +, s. The switchable delays 164-168 may be enabled by 
respective select signals Sel 1-Sel3 from a Multi-Stack Logic 
Control circuit 170, which, in turn, may receive a 4-bit Sel-O: 
3> Signal. Examples of techniques for generating the Selk): 
3> signal will be provided below, it being understood that 
other techniques may also be used. 
The delay of the FB Model circuit 160 may, for example, be 

equal to the sum of the propagation delay t, o of the CLK 
signal from an external terminal of the device 10, 52 to the die 
12, the propagation delay to of the DQ signals from the die 
12 to an external terminal of the device, the delay to of the 
clock tree 140, and the delay to of the output buffer 150. 

In operation, the Sel-0:3> signal may identify the location 
of the die 12-18 relative to the external electrical connector(s) 
of the device, such as one of devices 10, 52. For Example, the 
Sel-0:3> signal may be decoded as shown in Table A below. 
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TABLE A 

STACKPOSITION Sel-O:3> Se1 Sel2 Sel3 

O OOO O O O 
1 100 1 O O 5 
2 O10 1 1 O 
3 OO1 1 1 1 

As shown in Table A, none of the switchable delays are 
enabled for the die 12 in stack position 0, only the switchable 10 
delay 164 is enabled for the die 14 in stack position 1, both 
switchable delays 164 and 166 are enabled for the die 16 in 
stack position 2, and all of the switchable delays 164-168 are 
enabled for the die 18 in stack position 3. As a result, the 
delays provided by the FB Model Delay Unit 120 are as 15 
shown in Table B, below. 

TABLE B 

DIE DELAY 2O 

12 tTR + top + ti o + to o 
14 tTR +to+ty o+tt i + to oth to 1 
16 tTR + top + ti o +tt i + tit 2 + to ot to 1 +to 2 
18 tTR +to+tt o+tt i + til 2 + tit 3. + to oth to 1 + to 2 + 

to 3 25 

The variable delay of the FB Model Delay Unit 120 may 
therefore allow the DQ signals to be output from external 
terminals of the device, such as respective balls of the ball grid 
array 28, in Synchronism with the CLK signal being applied 30 
to an external terminal of the device, such as one of the balls 
of the ball grid array 28. 

In the embodiment of the clock circuit 100 shown in FIG. 
3, the switchable delays 14-18 are coupled in series with each 
other, and their delays may be substantially equal to each 35 
other since the delay from one die 12-18 to the next may be 
substantially equal. In another embodiment, the switchable 
delays 14-18 coupled in series with each other may provide 
increasingly larger delays when they are enabled. In Such an 
embodiment, if the switchable delays were not enabled, they 40 
would provide substantially no delay. Therefore, the delay of 
a first Switchable delay may be t +t, , the delay of a 
second Switchable delay may bet, 1+to +t, 2+to 2, and the 
delay of a third switchable delay may be t +to +t 2+ 
to 2+t, s+to s. For this embodiment, the Selk0:3> signal 45 
could be decoded as shown in Table C, below. 

TABLE C 

STACKPOSITION Sel-O:3> Se1 Sel2 Sel3 50 

O OOO O O O 
1 100 1 O O 
2 O10 O 1 O 
3 OO1 O O 1 

55 

The resulting delays provided by the FB Model Delay 
would therefore be the same as shown in Table B. 

Although the previously described embodiments of the FB 
Model Delay Unit 120 use switchable delays that may be 
coupled in series with each other, in another embodiment of a 60 
clock circuit 200 shown in FIG. 4 the FB Model Delay Unit 
120 may use switchable delays coupled to each other in 
parallel. The clock circuit 200 uses many of the same com 
ponents that are used in the clock circuit 100 of FIG. 3. 
Therefore, in the interests of brevity and clarity, correspond- 65 
ing components have been provided with the same references 
numerals, and descriptions of their functions and operation 

6 
will not be repeated. The clock circuit 200 differs from the 
clock circuit 100 by including a the FB Model Delay Unit 220 
that uses switchable delays 224, 226,228 that may be coupled 
in parallel with each other between the output of a FB Model 
222 and a 4-input multiplexer 230. The multiplexer 230 may 
have a 4-bit control input that receives the Sel-0:3> signal to 
select the output from either one of the FB Model 160 or one 
of the switchable delays 224, 226, 228. The delays of the 
switchable delays may be the same delays as the switchable 
delays used in the series coupled Switchable delays having 
increasingly larger delays as explained above. Specifically, 
the delay of a first Switchable delay 224 may be t +to , the 
delay of a second switchable delay 226 may be t +to + 
t, +t , and the delay of a third Switchable delay 228 may 
be t +to 1+t 2+to 2+t, st-to 3. 
The FB Model 222 may also provide the same delay as the 

FBModel 160 used in the clock circuit 100 except that the FB 
Model 160 may provide an additional delay T corre 
sponding to the propagation delay through the multiplexer 
230. The resulting delays provided by the FB Model Delay 
Unit 220 would therefore be the same as the delays provided 
by the FB Model Delay Unit 120 except for the additional 
delay Tax. 

Although the foregoing describes specific embodiments of 
locked-loops in the form of delay-lock loops, other types of 
locked-loops, such as phase-lock loops, may also be used to 
compensate for differences in signal propagation delays in 
other embodiment. 
A variety of techniques may be used to generate the Sel-O: 

3> signals to provide indications of the locations of each die 
12-18 with respect to the external electrical connectors of a 
device (e.g., to provide an indication of the position of a die 
within a stack). For example, an integrated circuit using the 
clock circuits 100, 200 or a clock circuit according to some 
other embodiment may include a programmable option, Such 
as an array of antifuses, that may be programmed when a 
semiconductor device is packaged to designate the position of 
each of the die 12-18. Other techniques may be used to 
automatically generate the Selk0:3> signals to indicate die 
position. 

For example, another technique that may be used to gen 
erate the Sel-0:3> signals is shown in FIG. 5. As shown in 
FIG. 5, a semiconductor device 300 may include 4 semicon 
ductor die 312, 314, 316, and 318 that may each include a 
clock circuit, such as the clock circuit 100 shown in FIG. 1 or 
some other embodimentofa clock circuit. The die 312 may be 
mounted on a substrate 324 that includes a plurality of elec 
trical contacts, such as contacts 338 (only 5 of which are 
shown in FIG. 5). Four of these contacts 338, i.e., 340, 342, 
344,346 may be coupled to respective contacts 350,352,354, 
356 fabricated on One Surface of the die 312. Each of the 
contacts 350-354 may be coupled to a respective tsv 360,362. 
364, which may be offset from the respective ones of the 
contacts 350-354 by respective laterally extending conduc 
tors 370,372, 374. However, the contact356 is not connected 
to any tSV. 

Each of the die 314, 316, 318 may be identical to the die 
312. Each of the die 314-318 may be coupled to an underlying 
die by a respective ball grid array. However, the number of 
balls 382-386 in each of the arrays 380 that are used to couple 
the contacts 350-356 to the tsv's 360-364 of the underlying 
die 312-316, respectively, may continuously decrease from 
the die 312 to the die 316. Thus, three balls 382-386 may be 
used to couple the tsv's 360-364 of the die 312 to the respec 
tive contacts 352-356 of the die 314, but only two balls 384, 
386 may be used to couple the tsv's 362,364 of the die 314 to 
the respective contacts 354,356 of the die316. Similarly, only 
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one ball 386 may be used to couple the tsv 364 of the die 316 
to the contact 356 of the die 318. As a result, all 4 contacts 
350-356 of the die 312 are coupled to the contacts 340-346 of 
the substrate 324, only 3 contacts 352-356 of the die 314 are 
coupled to the contacts 342-346, only 2 contacts 354,356 of 
the die 316 are coupled to the contacts 342-346, and only 1 
contact356 of the die 318 is coupled to the contacts 342-346. 
If the contacts 340-346 are biased to a first voltage, such as a 
Supply Voltage V, to represent a logic “1” and a particular 
bias Voltage. Such as 0 Volts, to representalogic “0” is applied 
to each of the contacts 340-346 of the substrate 324, the 4 
voltage levels present on each of the contacts 350-356 may be 
used to provide the 4 bits of the Sel-0:3> signal (FIGS. 3 and 
4). In such case the Sel-0:3> signal for the die 312 will be 
“0000, the Selk0:3> signal for the die314 will be “1000, the 
Selk0:3> signal for the die 316 will be “1100, and the Selk0: 
3> signal for the die 318 will be “0111.” Thus, the Selk0:3> 
signal identifying the location of each die 312-318 in the stack 
may be automatically generated. However, other techniques 
may alternatively be used to generate the Sel-0:3> signal. 
The embodiments described above compensate for varia 

tions in the signal propagation time between the Substrate 24 
and the die 12-18 resulting from differences in the locations 
of the die in a device, such as a stacked device 10, 52. How 
ever, variations other than signal propagation delay variations 
may exist for different die 12-18 in the stack. Therefore, 
viewed more broadly, embodiments may compensate for 
these other variations resulting from differences in the loca 
tions of the die 12-18. More specifically, in other embodi 
ments a signal. Such as the Selk0:3> signal, may provide an 
indication of the location of a die in the stack. A compensation 
circuit, such as the clock circuits 100, 200, may receive the 
location indicating signal and may adjust a characteristic 
(e.g., of operation) of one or more circuits fabricated in the die 
to compensate for the location-induced variation. For 
example, the termination impedance of an externally acces 
sible terminal of a die may vary with different locations of the 
die in a stack because of the conductor impedance may 
increase as signal paths extending between a die and a Sub 
strate become longer for die that are farther from the sub 
strate. Similarly, the “drive strength, slew rate of an output 
driver, Such as a data output buffer, may decrease for a die that 
is farther from the substrate because of the greater conductor 
length. Various embodiments may be used to compensate for 
these termination impedance and/or drive strength variations. 
One embodiment of a compensation circuit 400 that may 

compensate for both termination impedance and drive 
strength variations resulting from differences in die location 
is shown in FIG. 6. The circuit 400 may include a plurality of 
PMOS pull-up transistors 402-410, which may have their 
respective sources coupled to a first Voltage. Such as a Supply 
voltage V, or VDDQ. The drains of the transistors 402-410 
may be coupled to an output terminal 420 through respective 
resistances 422-430. All or some of the resistances 422-430 
may have the same resistance value, although they may also 
all be different from each other. The gates of the transistors 
402, 404 may be coupled to receive respective active-low 
pull-up signals PUPEnF<0:1> while the gates of the other 
transistors 406, 408, 410 may be coupled to an output of 
respective OR-gates 436, 438, 440. The OR-gates 436, 438, 
440 may each have a first input that receives an active-low 
pull-up signal PUPEnF and a second input that receives a 
respective active-low select signal SelF<1:3>. 

In a similar manner, a plurality of NMOS pull-down tran 
sistors 452-460 may have their respective sources coupled to 
a second Voltage. Such as ground. The drains of the transistors 
452-460 may also be coupled to the output terminal 420 
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8 
through respective resistances 472-480, such as discrete 
resistors. Again, all or some of the resistances 472-480 may 
have the same or different resistance values. The gates of the 
transistors 452, 454 may be coupled to receive respective 
active-high pull-down signals PDNEng0:1> while the gates 
of the other transistors 456, 458, 460 may be coupled to an 
output of respective AND-gates 466, 468, 470. As with the 
OR-gates 436,438,440, each of the AND-gates 466,468,470 
may have a first input that may receive an active-high pull 
down signal PDNEn and a second input that may receive a 
respective active-high select signal Sel-1:3>. 

In operation, one or more of the pull-up signals 
PUPEnF<0:1>, PUPENF signals may be driven low by suit 
able means Such as by a memory device to drive the output 
terminal 420 high. Alternatively, one or more of the pull 
down signals PDNEn<0:1>, PDNEN signals may be driven 
high by suitable means to drive the output terminal 420 low. 
The number of transistors 404-410 or 452-460 that are turned 
ON by the pull-up signals or pull-down signals, respectively, 
determine both the termination impedance and the drive 
strength of the transistors. If the compensation circuit 400 is 
on the die closest to the substrate, i.e., die #0, one or both of 
the pull-up signals PUPEnF<0:1> may be driven low to drive 
the output terminal 420 high, and one or both of the pull-down 
signals PDNEn<0:1> may be driven high to drive the output 
terminal 420 low. Either the PUPEnF signal or the PDNEn 
signal may also be driven low or high, respectively, but the 
Seff<1:3> signals may be inactive high and the Sef-1:3> 
signals are inactive low so that the respective transistors 406 
410 or 456-460 are not turned ON. One the other hand, if the 
compensation circuit 400 is on die #1, the Seff<1 > signal 
may below to enable the OR-gate 436 and the Sef-1> signal 
may be high to enable the AND-gate 466 so that 3 transistors 
402–406 are turned ON to drive the output terminal 420 high 
or 3 transistors 455-456 are turned ON to drive the output 
terminal 420 low. Similarly, if the compensation circuit 400 is 
on die #2, the Seff<2> signal may also be driven low (along 
with the Seff-1> signal) to enable the OR-gates 436, 438, 
and the Sef-1> and Self-2 signal may also be driven high to 
enable the AND-gates 466, 468. As a result, 4 transistors 
402-408 may be turned ON to drive the output terminal 420 
high or 4 transistors 452-458 may be turned ON to drive the 
output terminal 420 low. Finally, if the compensation circuit 
400 is on die #3, the Seff<3> signal may also be low and the 
Self-3> signal may also be high so that all 5 transistors 402 
410 are turned ON to drive the output terminal 420 high or all 
5 transistors 452-460 are turned ON to drive the output ter 
minal 420 low. In this manner, die farther away from the 
Substrate may be provided with a greater drive strength and an 
reduced termination impedance. 
The compensation circuits according to various embodi 

ments may be used in connection with a wide variety of 
semiconductor devices. For example, FIG. 7 illustrates an 
embodiment of a portion of a memory die 500. An embodi 
ment of a clock circuit 550 may be included in the memory die 
500. As with the clock circuits 100, 200, the timing of an 
internal clock signal ICLK generated by the clock circuit 550 
may be adjusted as a function of the location of the die 500 in 
a device, such as a stacked device. The memory die 500 may 
include an array 502 of memory cells, which may be, for 
example, DRAM memory cells, SRAM memory cells, flash 
memory cells, or Some other types of memory cells. The 
memory die 500 may include a command decoder 506 that 
may receive memory commands through a command bus 508 
and may generate corresponding control signals within the 
memory die 500 to carry out various memory operations. 
Row and column address signals may be applied to the 
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memory device 500 through an address bus 520 and provided 
to an address latch 510. The address latch may then output a 
separate column address and a separate row address. 
The row and column addresses may be provided by the 

address latch 510 to a row address decoder 522 and a column 
address decoder 528, respectively. The column address 
decoder 528 may select bit lines extending through the array 
502 corresponding to respective column addresses. The row 
address decoder 522 may be connected to word line driver 
524 that may activate respective rows of memory cells in the 
array 502 corresponding to received row addresses. The 
selected data line (e.g., a bit line orbit lines) corresponding to 
a received column address may be coupled to read/write 
circuitry 530 to provide read data to a data output buffer 534 
via an input-output data bus 540. The clock circuit 550 may 
provide an ICLK signal to the clock tree circuit 140. In 
response to the ICLK signal, the clock tree circuit 140 may 
provide a DCLK signal for timing, for example, to clock the 
output buffer 534. Although not specifically shown in FIG. 7, 
the DCLK signal output by the clock tree circuit 140 can be 
used for timing different components as well. Write data may 
be applied to the memory array 502 through a data input 
buffer 544 and the memory array read/write circuitry 530. 
The command decoder 506 may respond to memory com 
mands applied to the command bus 508 to perform various 
operations on the memory array 502. In particular, the com 
mand decoder 506 may be used to generate internal control 
signals to read data from and write data to the memory array 
502. Circuits that compensate for other location-induced 
variations in a characteristic (e.g., of performance) of the 
memory die 500, such as its termination impedance and/or 
drive strength, may also be used in the memory die 500. For 
example, Such circuit may providing an indication of the 
location of each of a plurality of semiconductor die. In 
response to the indication, a characteristic of a circuit of the 
die may be adjusted to compensate for a location-induced 
variation. Although specific embodiments have been dis 
closed, persons skilled in the art will recognize that changes 
may be made in form and detail without departing from the 
invention. Such modifications are well within the skill of 
those ordinarily skilled in the art. Accordingly, the invention 
is not limited except as by the appended claims. 

I claim: 
1. A semiconductor device having: 
a plurality of semiconductor dice; 
an electrical connector coupled to each of the semiconduc 

tor dice; and 
a compensation circuit, the compensation circuit being 

configured to compensate for differences in the manner 
in which signals are coupled from each of the semicon 
ductor dice to the electrical connector. 

2. The semiconductor device of claim 1 wherein the com 
pensation circuit is configured to compensate for differences 
in the signal propagation delays from each of the semicon 
ductor dice to the electrical connector. 

3. The semiconductor device of claim 2 wherein the com 
pensation circuit comprises: 

a locked-loop receiving an input periodic signal and con 
figured to generate an output periodic signal, the looked 
loop including a phase detector and a feedback path 
configured to couple a feedback signal to the phase 
detector, and 

a delay unit coupled in the feedback path to delay the 
feedback signal by a delay, the delay unit being config 
ured to receive a select signal and to adjust the delay of 
the delay circuit as a function of the select signal. 
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10 
4. The semiconductor device of claim 3 wherein the 

locked-loop comprises a delay lock loop. 
5. The semiconductor device of claim 3 wherein the delay 

unit comprises a plurality of delay circuits coupled in series 
with each other, each of the delay circuits being enabled by a 
respective select signal to provide a respective delay. 

6. The semiconductor device of claim 5 wherein the delay 
of each of the delay units correspond to the signal propagation 
delay between a respective one of the semiconductor dice and 
the electrical connector relative to the signal propagation 
delay between an adjacent one of the semiconductor dice and 
the electrical connector. 

7. The semiconductor device of claim 3 wherein the delay 
unit comprises a plurality of delay circuits coupled in parallel 
with each other, each of the delay circuits being enabled by a 
respective select signal to provide a respective delay. 

8. The semiconductor device of claim3, further comprising 
a clock tree coupled to receive the output periodic signal from 
the locked-loop. 

9. The semiconductor device of claim 8 wherein the delay 
unit is further configured to compensate for the delay in 
coupling the output periodic signal through at least part of the 
clock tree. 

10. The semiconductor device of claim 1 wherein the com 
pensation circuit is configured to compensate for differences 
in the termination impedance or drive strength of signal driv 
ers fabricated in each of the semiconductor dice and coupled 
to the electrical connector. 

11. The semiconductor device of claim 1 wherein the com 
pensation circuit is configured to compensate for differences 
in the impedance of the electrical connector respective to each 
of the semiconductor dice. 

12. The semiconductor device of claim 1 wherein the com 
pensation circuit comprises: 

a plurality of resistances coupled to an output terminal; and 
a respective transistor having its source and drain coupled 

in series with each of the plurality of resistances between 
a first Voltage and the output terminal, each of the tran 
sistors being configured to be switched to a conductive 
state by a respective select signal. 

13. The semiconductor device of claim 12, further com 
prising a plurality of logic circuits, each of the logic circuits 
having an output coupled to a respective one of the transistors, 
a first input coupled to receive an enable signal, and a second 
input coupled to receive the respective select signal. 

14. The semiconductor device of claim 12 wherein the 
compensation circuit further comprises: 

a second plurality of resistances coupled to the output 
terminal; and 

a respective second transistor having its source and drain 
coupled in series with each of the second plurality of 
resistances between the output terminal and a second 
Voltage that is complementary to the first Voltage, each 
of the second transistors being configured to be switched 
to a conductive state by a respective select signal. 

15. The semiconductor device of claim 1 wherein the com 
pensation circuit is configured to compensate for differences 
in the manner in which signals are coupled from one of the 
semiconductor dice to the electrical connector responsive to a 
select signal that provides an indication of the location of the 
respective one of the semiconductor dice in the device. 

16. The semiconductor device of claim 15, further com 
prising a programmable option configured to generate the 
select signal. 

17. The semiconductor device of claim 15 wherein each of 
the semiconductor dice are configured to provide the select 
signal based on a combination of Voltage levels applied to 
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respective ones of a plurality of electrical contacts of the 
respective semiconductor dice, and wherein a first set of the 
electrical contacts of the respective semiconductor dice are 
located on a first Surface of the respective semiconductor dice 
and a second set of the electrical contacts of the respective 
semiconductor dice are located on a second Surface of the 
respective semiconductor dice opposite the first Surface, at 
least some of the semiconductor dice having at least one 
electrical contact in the second set connected to at least one 
electrical contact in the first set of an adjacent one of the 
semiconductor dice, the number of electrical contacts in the 
second set that are connected to respective electrical contacts 
in the first set varying as a function of the location of the 
respective semiconductor dice in a semiconductor die Stack. 

18. The semiconductor device of claim 1 wherein the elec 
trical connector is an external electrical connector and 
wherein at least some of electrical contacts in a first set of a 
first semiconductor dice are coupled to respective electrical 
contacts on a Surface of a Substrate, and wherein an electrical 
contacts on the surface of the substrate is coupled to the 
external electrical connector. 

19. The semiconductor device of claim 17 wherein the 
electrical contacts in the second set that are connected to 
respective electrical contacts in the first set of the adjacent one 
of the semiconductor dice through a ball grid array. 

20. The semiconductor device of claim 19 wherein the ball 
grid array comprises a plurality of conductive balls, and 
wherein the number of balls in the ball grid array vary as a 
function of the location of the semiconductor dice in the 
semiconductor dice stack. 

21. A pair of Stacked first and second semiconductor dice 
comprising: 

a delay line fabricated in each of the semiconductor dice, 
each of the delay lines having an input and an output, 
each of the delay lines being configured to provide a 
respective delay magnitude; 

a first set of the electrical contacts located on a first surface 
of each of the semiconductor dice; 

a second set of the electrical contacts located on a second 
Surface of each of the semiconductor dice opposite the 
first surface of each of the semiconductor dice, the first 
and second semiconductor dice being stacked so that the 
first surface of the first semiconductor die is adjacent the 
second Surface of the second semiconductor die, at least 
one of the electrical contacts of the second set on the 
second semiconductor die being connected to at least 
one of the electrical contacts of the first set on the first 
semiconductor die, the number of electrical contacts in 
the second set of the second semiconductor die that are 
connected to respective electrical contacts in the first set 
of electrical contacts of the first semiconductor die vary 
ing as a function of the location of the second semicon 
ductor die in the semiconductor die Stack; 

a phase detector fabricated in each of the semiconductor 
dice, each of the phase detectors having first and second 
inputs, the first input being coupled to the input of the 
respective delay line, each of the phase detectors being 
operable to cause an adjustment of the delay magnitude 
of the respective delay line; and 

a delay circuit fabricated in each of the semiconductor dice, 
each of the delay circuits having an input coupled to the 
output of the respective delay line and an output coupled 
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12 
to the second input of the respective phase detector, the 
delay circuit being configured to selectively adjust the 
delay of the respective delay circuit based on a combi 
nation of Voltage levels applied to respective ones of a 
plurality of the electrical contacts of the respective semi 
conductor dice. 

22. A method of coupling signals between a plurality of 
semiconductor dice and an externally accessible electrical 
connector to which each of the semiconductor dice is con 
nected, the method comprising: 

compensating for differences in the manner in which a 
signal is coupled from each of the semiconductor dice to 
the externally accessible electrical connector So that a 
characteristic of coupling a signal from each of the semi 
conductor dice to the externally accessible electrical 
connector is substantially the same for each of the semi 
conductor dice. 

23. The method of claim 22 wherein the act of compensat 
ing for differences in the manner in which a signal is coupled 
from each of the semiconductor dice to the externally acces 
sible electrical connector comprises adjusting the timing at 
which a signal is transmitted from each of the semiconductor 
dice to the externally accessible electrical connector as a 
function of the location of the semiconductor dice with 
respect to the externally accessible electrical connector. 

24. The method of claim 22 wherein the act of compensat 
ing for differences in the manner in which a signal is coupled 
from each of the semiconductor dice to the externally acces 
sible electrical connector comprises adjusting the timing at 
which the signal received by each of the semiconductor dice 
is captured in the semiconductor dice as a function of the 
location of the semiconductor dice with respect to the exter 
nally accessible electrical connector. 

25. The method of claim 23 wherein the act of compensat 
ing for differences in the manner in which a signal is coupled 
from each of the semiconductor dice to the externally acces 
sible electrical connector comprises adjusting the drive 
strength at which the signal is transmitted from each of the 
semiconductor dice the externally accessible electrical con 
nector as a function of the location of the semiconductor dice 
with respect to the externally accessible electrical connector. 

26. The method of claim 22 wherein the act of compensat 
ing for differences in the manner in which a signal is coupled 
from each of the semiconductor dice to the externally acces 
sible electrical connector comprises adjusting the termination 
resistance of a node of each of the semiconductor dice to 
which the externally accessible electrical connector is 
coupled as a function of the location of the semiconductor 
dice with respect to the externally accessible electrical con 
nectOr. 

27. A method of coupling signals between a plurality of 
semiconductor die and an electrical connector, the method 
comprising: 

providing an indication of the location of each of the plu 
rality of semiconductor dice relative to one another, and 

responsive to the indication, adjusting a characteristic of a 
circuit of the semiconductor dice to compensate for a 
location-induced variation. 
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