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INTEGRATED CIRCUIT HAVING AN ON-BOARD 
REFERENCE GENERATOR 

TECHNICAL FIELD 

[0001] The invention relates generally to electronic cir 
cuits, and more speci?cally to an integrated circuit (IC) 
having an on-board reference generator. For example, if the 
generator is on-board a memory circuit, one can activate the 
generator to provide an internal reference signal during a test 
mode of the memory circuit, and one can deactivate the 
generator to alloW the memory circuit to receive an external 
reference signal during normal operation. 

BACKGROUND OF THE INVENTION 

[0002] Because it is generally true that the feWer signals 
needed to test an IC the higher and more ef?cient the testing 
throughput for a batch of the ICs, IC design engineers strive 
to minimiZe the number of signals needed to test an IC. For 
example, suppose that an IC tester has sixty signal probes. 
If each of the ICs being tested requires tWenty test signals, 
then the tester can test three ICs at a time. If, hoWever, each 
of the ICs requires tWenty one test signals, then the tester can 
test only tWo ICs at a time. Thus in this example, just one 
extra test signal per IC decreases the testing throughput by 
one third. Furthermore, in the latter case, the IC tester is 
signi?cantly under utiliZed, and thus the testing is relatively 
inef?cient With respect to the tester, because eighteen signal 
probes (60-42) are unused during each test cycle. 

[0003] FIG. 1 is a schematic diagram of a portion of a 
reduced-signal-level dynamic random access memory 
(DRAM) circuit 10 such as a Direct Rambus® DRAM 
(RDRAM®) speci?ed by Rambus Inc. of Mountain VieW, 
Calif. The memory circuit 10 includes one or more terminals 

120-12n for receiving digital signals So-Sn, a reference 
terminal 14 for receiving a reference voltage Vref, and clock 
terminals 16a and 16b for receiving complimentary Clock 
From Master signals CFM and CFM, respectively. Typically, 
Vref is half Way betWeen the logic 0 and logic 1 levels of 
SO-Sn to provide symmetrical noise margins. Also, CFM and 
CFM are typically derived from the rising and falling edges, 
respectively, of a single Master Clock (MC) signal (not 
shoWn) having a 50% duty cycle and the same frequency as 
CFM and CFM. In one embodiment, the signals SO-Sn have 
logic 0=1.8 volts (V) and logic 1=1.0V, Vref=1.4V, and CFM 
and CFM each have a frequency of 400 megahertZ (MHZ). 

[0004] The memory circuit 10 also includes differential 
input buffers 100-18n and 200-20n for converting the voltage 
levels of SO-Sn into voltage levels that are compatible With 
the circuitry (not shoWn) internal to the memory circuit 10. 
These buffers are arranged in pairs [180, 200], . . . ,[18n, 20H] 
for alternately sampling the signals SO-Sn, respectively. 
Speci?cally, each buffer 18 receives a respective signal S on 
a non-inverting (+) terminal, Vref on an inverting (—) ter 
minal, and CFM on a clock terminal 22. Similarly, each 
buffer 20 receives a respective signal S on a non-inverting 
terminal, Vref on an inverting terminal, and CFM on a clock 
terminal 24. Receiving the complimentary CFM and CFM 
signals instead of the MC signal provides the memory circuit 
10 With tWo major advantages. First, although each buffer 
pair [18, 20] effectively samples a respective signal S on 
both the rising and falling edges—and thus at tWice the 
frequency—of MC, each buffer of the pair operates at only 
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half this sampling rate. Furthermore, each buffer of the pair 
is sensitive to the same clock-edge polarity, i.e., either rising 
or falling, and thus all the buffers 18 and 20 can have the 
same circuit design. Reducing the sampling rate of and using 
a single design for the buffers 18 and 20 often reduces the 
overall design and layout complexity of the memory circuit 
10. 

[0005] The memory circuit 10 also includes an IC package 
21. The terminals 120-1211, 14, and 16a and 16b are disposed 
on the outside of the package 21, and the buffers 180-11’?n and 
200-20n are disposed inside of the package 21. 

[0006] In operation, using the input-buffer pair [180, 200] 
and the signal values given above as examples, the buffer 
180 samples SO by comparing S0 to Vref in response to the 
rising edge of CFM. If SO equals logic 0, i.e., 1.8 V, then the 
buffer 180 generates a high output-voltage level, Which the 
circuitry internal to the memory circuit 10 interprets as a 
logic 0. Conversely, if So equals logic 1, ie., 1.0 V, then the 
buffer 1!’?O generates a loW output-voltage level, Which the 
circuitry internal to the memory circuit 10 interprets as a 
logic 1. The buffer 200 samples SO in response to the rising 
edge of CFM in a similar manner. The remaining input 
buffer pairs [181, 201], . . . ,[18n, 20H] respectively sample 
Sl-Sn in a similar manner. 

[0007] Speci?c examples of the memory circuit 10 are 
described in more detail in the Advance Information sheet 
for the Direct RDRAM® 128/ 144-Mbit (256 k><16/18><32 S) 
and in other Rambus® publications, Which are available 
from Rambus Incorporated of Mountain VieW, Calif. or from 
the Rambus Website at WWW.rambus.com, and Which are 
incorporated by reference herein. 

[0008] Unfortunately, one must provide Vref to the termi 
nal 14 during testing of the memory circuit 10 so that the 
differential input buffers 18 and 20 Will function properly. 
Thus, as discussed above, providing Vref as a test signal may 
signi?cantly loWer the testing throughput and efficiency for 
a batch of the memory circuits 10. 

SUMMARY OF THE INVENTION 

[0009] In one aspect of the invention, an integrated circuit 
includes a differential ampli?er having a ?rst terminal that is 
operable to receive an input signal and having a second 
terminal. The integrated circuit also includes a reference 
circuit that generates a reference signal on the second 
terminal of the ampli?er. 

[0010] Therefore, during testing of such an IC, the tester 
can enable the on-board reference circuit to internally gen 
erate the reference signal such that the tester need not 
provide the reference signal. During normal operation, hoW 
ever, the IC can use the reference circuit to internally 
generate the reference signal or can receive the reference 
signal from an external source. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] A description of the various embodiments of the 
invention is made With reference to the folloWing draWings 
Where like reference numerals are used for like elements. 

[0012] FIG. 1 is a schematic diagram of a portion of a 
conventional memory circuit. 
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[0013] FIG. 2 is a schematic diagram of a portion of a 
memory circuit according to an embodiment of the inven 
tion. 

[0014] FIG. 3 is a schematic diagram of an embodiment 
of the reference-signal generator of FIG. 2. 

[0015] FIG. 4 is a block diagram of the memory circuit of 
FIG. 2 according to an embodiment of the invention. 

[0016] FIG. 5 is a block diagram of an electronic system 
that incorporates the memory circuit of FIGS. 2 and 4. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0017] FIG. 2 is a schematic diagram of a portion of a 
reduced-signal-level memory circuit 30 according to an 
embodiment of the invention. The memory circuit 30 is 
similar to the memory circuit 10 of FIG. 1 except that it 
includes an on-board reference-signal generator 32, Which in 
one embodiment is used to internally generate a reference 
signal Vre?nt during testing of the circuit 30. Furthermore, 
because system designers often Want the ?exibility of using 
a reference-signal value of their choice for certain other 
operational modes of the circuit 30, in one embodiment the 
circuit 30 receives an externally generated reference signal 
during operation in these other modes. Thus, in one embodi 
ment, the circuit 30 accepts an externally generated refer 
ence signal during a normal mode of operation, but inter 
nally generates a reference signal during a test mode to 
reduce the number of test signals needed from the tester. 

[0018] Like the memory circuit 10, the memory circuit 30 
includes the terminals 120-12n for respectively receiving the 
signals S0-Sn, the reference terminal 14 for receiving an 
externally generated reference signal Vrefext, the compli 
mentary clock terminals 16a and 16b for receiving CFM and 
CFIVI, the buffer pairs [180, 200], . . . ,[18n, 20H] for 
respectively sampling S0-Sn, and the package 21. The 
memory circuit 30 also includes terminals 360 and 361 for 
respectively receiving digital mode signals MO and M1. A 
mode logic circuit 34 con?gures the internal circuitry of the 
circuit 30 and controls the generator 32 according to the 
operational mode indicated by M0 and M1. In one embodi 
ment, the reference terminal 14 and the output terminal of 
the generator 32 are both directly connected to the buffers 
180-18n and 200-20n. In another embodiment, hoWever, an 
optional isolation buffer 38, Which is controlled by the mode 
logic 34, uncouples the terminal 14 from the output terminal 
of the generator 32 and from the buffers 180-18n and 20O-20n 
if the generator 32 is enabled. The generator 32, mode logic 
34, and buffer 38 are disposed inside of the package 21, and 
the terminals 360 and 361 are disposed outside of the pack 
age 21. 

[0019] In operation, the buffers 180-18n and 20O-20n 
sample SO-Sn as described above in conjunction With FIG. 1. 
Furthermore, during a ?rst mode of operation such as a 
normal mode, the system in Which the memory circuit 30 is 
installed provides Vrefext and values for M0 and M1 such 
that the mode logic circuit 34 deactivates the generator 32. 
If the buffer 38 is present, the mode circuit 34 enables it to 
couple Vrefext to the buffers 180-18n and 20O-20n. Con 
versely, during a second mode of operation such as a test 
mode, the system, Which may include a tester, does not 
provide Vrefext and provides values for M0 and M1 such that 
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the mode circuit 34 activates the generator 32 to generate 
Vre?nt. If the buffer 38 is present, the mode circuit 34 
disables it such that the terminal 14 is electrically isolated 
from the generator 32 and the buffers 180-18n and 20O-20n. 
Thus, the buffer 38 prevents damage to the generator 32 that 
otherWise might occur if the system drives a signal onto the 
terminal 14. 

[0020] In addition to the above-described embodiment, 
other embodiments of the memory circuit 30 are also 
possible. For example, SO-Sn and Vref may be coupled to the 
inverting and non-inverting terminals of the respective buff 
ers 180-18n and 20O-20n. Furthermore, although described as 
a DC voltage, the reference signal may be an AC voltage or 
an AC or DC current. Moreover, if a loWer sampling 
frequency is acceptable, then the circuit 30 can receive a 
single clock signal and include single input buffers to 
respectively sample each signal S0-Sn. Additionally, the 
circuit 30 may be designed to receive more or feWer mode 
signals M. Furthermore, the terminal 14 can be eliminated 
and the generator 32 permanently activated such that it 
generates Vref internally during all operational modes of the 
memory circuit 30. 

[0021] FIG. 3 is a schematic diagram of an embodiment 
of the reference-signal generator 32 of FIG. 2. The generator 
32 includes a relatively long-channel PMOS transistor 40, 
sWitching PMOS and NMOS transistors 42 and 44, and 
diode-connected NMOS transistors 46 and 48, Which are all 
connected in series betWeen a poWer-supply voltage VDD 
and ground. The gate of the transistor 40 is coupled to 
ground such that the transistor 40 acts as a high-impedance 
load to limit the current draWn by the generator 32. The gates 
of the transistors 42 and 44 respectively receive comple 
mentary enable signals ENABLE and ENABLE from the 
mode circuit 34 (FIG. 2), and turn the generator 32 on and 
off in response to these signals. The generator provides the 
reference signal Vre?nt on an output terminal 50, Which is 
at the junction of the drains of the transistors 42 and 44. 

[0022] In an operational mode during Which the memory 
circuit 30 receives an externally generated reference signal, 
the mode logic 34 generates ENABLE inactive logic 1 and 
ENABLE inactive logic 0 to deactivate the transistors 42 
and 44 and thus to put the terminal 50 in a high-impedance 
state. This prevents a signal con?ict at the inverting termi 
nals of the buffers 180-18n and 200-20n. 

[0023] In an operational mode during Which the memory 
circuit 30 internally generates a reference signal, the mode 
logic 34 generates ENEEE active logic 0 and ENABLE 
active logic 1 to activate the transistors 42 and 44 and thus 
to alloW a current to flow through the transistors 46 and 48. 
The relatively high resistance of the transistor 40 limits this 
current to a desired level. While activated, the transistor 44 
effectively acts as a short circuit such that Vre?nt at the node 
50 is approximately equal to the voltage across the transis 
tors 46 and 48. Because the transistors 46 and 48 are diode 
connected, they generate drain-to-source voltage drops 
equal to their respective threshold voltages. Therefore, Vre 
?nt approximately equals the sum of the threshold voltages 
of the transistors 46 and 48, Which can be conventionally 
constructed to generate a desired value such as 1.4 V for 
Vre?nt. 
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[0024] Although shown as a series combination of tran 
sistors, in other embodiments the generator 32 can be any 
other type of reference circuit that can generate Vre?nt 
having a desired value. 

[0025] FIG. 4 is a block diagram of an embodiment of the 
memory circuit 30 of FIG. 2. For example, the memory 
circuit 30 may be similar to a Direct RDRAM® 128/ 144 
MBIT(256K><16/18><32 S), Which is described in more detail 
in the Advanced Information sheet available from Rambus 
Incorporated of Mountain VieW, Calif. or from the Rambus 
Website at WWW.rambus.com. Because of its relatively high 
operating frequency, the memory circuit 30 uses tWo sets of 
clock signals, one set for clocking in signals received the 
receiving of data from the system in Which the circuit 30 is 
installed, and another set for clocking out signals to the 
system. For example, the set of clock signals CFM and CFM 
(FIG. 2) are used to clock in signals received from the 
system. For clarity, hoWever, these sets of clock signals have 
been omitted from FIG. 4. Furthermore, the signals received 
from and sent to the system by the memory circuit 30 have 
voltage, logic-level, and frequency characteristics that are 
similar to those describe above for SO-Sn (FIG. 2). 
[0026] The memory circuit 30 includes a roW-decoding 
circuit 60 for receiving packets of roW commands and 
addresses from a roW bus 62. The roW-decoding circuit 60 
includes a roW demultiplexer 64 for sequentially receiving 
portions of a roW-information packet from the roW bus 62 
and presenting the roW-information packet to a roW decoder 
66, Which selects an addressed roW of memory cells (not 
shoWn) in a memory array 68. 
[0027] A column-decoding circuit 70 receives packets of 
column commands and addresses from a column bus 72. The 
column-decoding circuit 70 includes a column demulti 
plexer 74 for sequentially receiving portions of a column 
information packet from the column bus 72 and presenting 
the column-information packet to a column decoder 76, 
Which selects an addressed column of memory cells (not 
shoWn) in the memory array 68. For convenience, the 
combination of the roW- and column-decoder circuits 60 and 
70 can be referred to as an address decoder. 

[0028] A control circuit 78 receives packets of control 
information from a control bus 80 and controls the roW- and 
column-decoding circuits 60 and 70. The control circuit 78 
includes control registers 82 for storing the control infor 
mation, Which includes, e.g., circuit-con?guration informa 
tion and a chip address assigned to the memory circuit 30 by 
the system in Which the circuit 30 is installed. 

[0029] The memory array 68 includes one or more 
memory banks 840-8411, Which each include one or more 
roWs of memory cells, and includes a set of sense-ampli?ers 
860-86y, Which Write data to and read data from the respec 
tive banks 840-8411. The sense ampli?ers 86 receive Write 
data from and provide read data to internal data busses 
DQAint and DQBint. In one embodiment, each sense ampli 
?er 86 can read or Write up to half a roW at one time. Thus, 
tWo sense ampli?ers 86 are respectively coupled to each 
bank 84 so that together these tWo sense ampli?ers can Write 
or read an entire roW at one time. To reduce the number of 
sense ampli?ers 86, the memory banks 84 share them. For 
example, the banks 840 and 841 share the sense ampli?er 
861. 
[0030] A read/Write circuit 88a transfers data betWeen the 
internal data bus DQAint and an external data bus DQAext, 
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and another read/Write circuit 88b transfers data betWeen the 
internal data bus DQBint and an external data bus DQBext. 
Both DQAext and DQBext communicate With the data bus 
of the system in Which the memory circuit 30 is installed. 
The read/Write circuit 88a includes a Write demultiplexer 
90a for serially receiving groups of Write-data bits from 
DQAext and converting these groups into parallel data. A 
Write buffer 92a receives the parallel Write data from the 
demultiplexer 90a and provides it to DQAint. The read/Write 
circuit 88a also includes a read multiplexer 94a, Which 
receives read data from DQAint, converts the read data into 
groups of read-data bits, and sequentially provides these 
groups of read-data bits to DQAext. LikeWise, the read/Write 
circuit 88b includes a Write demultiplexer 90b, a Write buffer 
92b, and a read multiplexer 94b. 

[0031] Typically, some or all of the folloWing above 
described circuits include input buffers like the input buffers 
18 and 20 of FIG. 2: the roW-decoding circuit 60, the 
column-decoding circuit 70, the control circuit 78, and the 
read/Write circuits 88a and 88b. Each of these circuits may 
include its oWn reference generator 32 and optional isolation 
buffer 38, or the memory circuit 30 may include one 
generator 32 and one optional isolator 38 for all of these 
circuits. For example, the control circuit 78 may include the 
generator 32 and optional isolator 38 for use by the entire 
memory circuit 30, and may receive CFM and CFM from 
the control bus 80. 

[0032] In operation during an initialiZation cycle of the 
memory circuit 30, the control circuit 78 receives one or 
more control packets from the bus 80, stores the correspond 
ing control information in the control registers 82, and 
con?gures the internal circuitry, operating mode(s), and chip 
address of the memory circuit 30. 

[0033] During a read or Write operation, the roW-decoding 
circuit 60 sequentially receives portions of the roW packet 
from the bus 62, each portion including one or more 
roW-packet bits. For example, in one embodiment, the roW 
bus 62 is three bits Wide, and a roW packet includes tWenty 
four bits. Therefore, the decoding circuit 60 receives the roW 
packet as eight sequential packet portions of three bits each. 
The roW demultiplexer 64 sequentially receives these packet 
portions and arranges the packet bits in a parallel format. 
The roW decoder 66 receives the roW packet from the 
demultiplexer 64 in this parallel format and enables the bank 
84 and the roW Within this bank that are speci?ed by the roW 
packet. The roW decoder 66 also controls the memory array 
68 to implement the roW-transfer mode speci?ed by the roW 
packet. Generally, the roW-transfer mode indicates hoW the 
selected bank and roW transfer data from or to the respective 
sense ampli?ers 86. Similarly, the column-decoding circuit 
70 sequentially receives portions of the column packet from 
the bus 72, each portion including one or more column 
packet bits. For example, in one embodiment, the column 
bus 72 is ?ve bits Wide and the column packet includes forty 
bits. Therefore, the decoding circuit 70 receives the column 
packet as eight sequential packet portions of ?ve bits each. 
The column demultiplexer 74 sequentially receives these 
packet portions and arranges the packet bits in a parallel 
format. The column decoder 76 receives the column packet 
from the demultiplexer 74 in this parallel format and enables 
the column or columns that are speci?ed by the column 
packet. The column decoder 76 also controls the memory 
array 68 to implement the column-transfer mode speci?ed 
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by the column packet. Generally, the column-transfer mode 
speci?es hoW the sense ampli?ers 86 transfer data to or from 
the busses DQAint and DQBint. 

[0034] In operation during a read cycle, the respective 
sense ampli?ers 86 provide half the data stored in the 
memory cells of the speci?ed roW and column or columns to 
the read multiplexer 94a and half to the read multiplexer 94b 
via DQAint and DQBint, respectively. The multiplexers 94a 
and 94b receive their respective data portions in parallel 
format, convert this parallel data into respective groups of 
bits, and sequentially provide these groups of bits to 
DQAext and DQBext, respectively. For example, in one 
embodiment, the busses DQAint and DQBint are both 
seventy tWo bits Wide, and the busses DQAext and DQBext 
are both nine bits Wide. Therefore, the read multiplexer 94a 
receives the seventy tWo read bits in parallel via DQAint and 
provides the read bits to DQAext as a sequence of eight 
groups of nine data bits each. Likewise, the read multiplexer 
94b receives the seventy tWo read bits in parallel via DQBint 
and provides the read bits to DQBext as a sequence of eight 
groups of nine data bits each. 

[0035] In operation during a Write cycle, the Write demul 
tiplexers 90a and 90b sequentially receive respective groups 
of Write data bits from DQAext and DQBext, respectively, 
and arrange these groups of data bits in a parallel format. For 
example, in the embodiment described above Where 
DGAext and DQBext include nine bits each and DQAint 
and DQBint include seventy tWo bits each, the demultiplex 
ers 90a and 90b each receive eight respective groups of data 
bits and convert then into respective seventy-two bit Words. 
The Write buffers 92a and 92b receive these Words of Write 
data from the demultiplexers 90a and 90b and provide them 
to DQAint and DQBint, respectively. The respective sense 
ampli?ers 86 then Write the data from DQAint and DQBint 
into the speci?ed roW and column or columns of memory 
cells in the array 68. 

[0036] FIG. 5 is a block diagram of an electronic system 
100, such as a computer system, that incorporates the 
memory circuit 30 of FIGS. 2 and 4. The system 100 
includes computer circuitry 102 for performing computer 
functions such as executing softWare to perform desired 
calculations and tasks. The circuitry 102 typically includes 
a processor 104 and the memory circuit 30, Which is coupled 
to the processor 104. One or more input devices 106, such 
as a keyboard, mouse, or microphone, are coupled to the 
computer circuitry 102 and alloW an operator (not shoWn) to 
input data thereto. One or more output devices 108 are 
coupled to the computer circuitry 102 to provide to the 
operator data generated by the computer circuitry 102. 
Examples of such output devices 108 include a printer and 
a video display unit. One or more data-storage devices 110 
are coupled to the computer circuitry 102 to store data on or 
to retrieve data from external storage media (not shoWn). 
Examples of such storage devices 110 and the corresponding 
storage media include drives that accept hard and ?oppy 
disks, tape cassettes, and compact disk read-only memories 
(CD ROMS). Typically, the computer circuitry 102 includes 
roW, column, control, and data busses that are respectively 
coupled to the roW bus 62, column bus 72, control bus 80, 
and data busses DQAext and DQBext of the memory device 
30. 

[0037] From the foregoing it Will be appreciated that, 
although speci?c embodiments of the invention have been 
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described herein for purposes of illustration, various modi 
?cations may be made Without deviating from the spirit and 
scope of the invention. 

What is claimed: 
1. An integrated circuit, comprising: 

a differential ampli?er having a ?rst terminal operable to 
receive an input signal and having a second terminal; 
and 

a reference circuit coupled to the ampli?er and operable 
to generate a ?rst reference signal on the second 
terminal. 

2. The integrated circuit of claim 1, further comprising an 
integrated-circuit terminal coupled to the second terminal of 
the ampli?er and operable to receive a second reference 
signal. 

3. The integrated circuit of claim 1 Wherein the reference 
circuit is operable to generate the ?rst reference signal 
during a test mode of operation. 

4. The integrated circuit of claim 1 Wherein the ?rst 
reference signal comprises a reference voltage. 

5. The integrated circuit of claim 1, further comprising: 

an integrated-circuit terminal operable to receive a second 
reference signal; and 

a buffer circuit coupled to the integrated-circuit terminal, 
the ampli?er, and the reference circuit, the buffer circuit 
operable to couple the integrated-circuit terminal to the 
second terminal of the ampli?er during a ?rst mode of 
operation and to uncouple the integrated-circuit termi 
nal from the second terminal of the ampli?er during a 
second mode of operation. 

6. The integrated circuit of claim 1, further comprising: 

an integrated-circuit terminal operable to receive a second 
reference signal; and 

a buffer circuit coupled to the integrated-circuit terminal, 
the ampli?er, and the reference circuit, the buffer circuit 
operable to uncouple the integrated-circuit terminal 
from the second terminal of the ampli?er during a test 
mode of operation and to couple the integrated-circuit 
terminal to the second terminal of the ampli?er during 
a nontest mode of operation. 

7. The integrated circuit of claim 1, further comprising: 

Wherein the ?rst reference signal has a ?rst magnitude; 

an integrated-circuit terminal operable to receive a second 
reference signal having a second magnitude that 
approximately equals the ?rst magnitude; and 

a buffer circuit coupled to the integrated-circuit terminal, 
the ampli?er, and the reference circuit, the buffer circuit 
operable to couple the integrated-circuit terminal to the 
second terminal of the ampli?er during a ?rst mode of 
operation and to uncouple the integrated-circuit termi 
nal from the second terminal of the ampli?er during a 
second mode of operation. 

8. The integrated circuit of claim 1, further comprising: 

?rst and second poWer-supply terminals; and 

Wherein the reference circuit comprises: 

a load coupled to the ?rst supply terminal; 
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a switch serially coupled to the load and operable to 
enable the reference circuit When closed and disable the 
reference circuit When open; and 

a diode serially coupled betWeen the sWitch and the 
second supply terminal. 

9. An integrated circuit, comprising: 

a differential arnpli?er having ?rst and second input 
terminals; and 

a reference-signal generator having a reference-signal 
output terminal coupled to the second input terminal of 
the arnpli?er. 

10. The integrated circuit of claim 9, further comprising 
a reference-signal terrninal coupled to the second input 
terminal of the arnpli?er. 

11. The integrated circuit of claim 9, further comprising: 

a reference-signal terminal; and 

a buffer having a ?rst input terminal coupled to the 
reference-signal terminal and an output terminal 
coupled to the second terminal of the arnpli?er. 

12. An integrated circuit, comprising: 

a conductive reference pad operable to receive a ?rst 
reference signal; 

a circuit having a ?rst input terminal coupled to the 
reference pad; and 

a reference circuit coupled to the circuit and operable to 
generate a second reference signal on the ?rst input 
terminal. 

13. The integrated circuit of claim 12 Wherein: 

the ?rst reference signal has a ?rst magnitude; and 

the second reference signal has a second magnitude that 
is approximately equal to the ?rst rnagnitude. 

14. The integrated circuit of claim 12, further comprising: 

a conductive input pad operable to receive an input signal; 
and 

Wherein the circuit has a second input terminal coupled to 
the input pad. 

15. The integrated circuit of claim 12 Wherein the circuit 
further comprises: 

a second input terminal operable to receive an input 
signal; and 

a differential arnpli?er having ?rst and second input 
terminals respectively coupled to the ?rst and second 
input terminals of the circuit. 

16. The integrated circuit of claim 12, further comprising: 

a logic circuit operable to receive a mode input signal, to 
generate a mode output signal having a ?rst value if the 
mode input signal identi?es a ?rst mode of operation, 
and to generate the mode output signal having a second 
value if the mode input signal identi?es a second mode 
of operation; and 

a buffer circuit coupled to the logic circuit and betWeen 
the reference pad and the circuit, the buffer circuit 
operable to couple the ?rst reference signal to the ?rst 
input terminal of the circuit if the mode output signal 
has the ?rst value and to uncouple the ?rst reference 
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signal from the ?rst input terminal of the circuit if the 
mode output signal has the second value. 

17. The integrated circuit of claim 12, further comprising: 

a conductive rnode pad operable to receive a mode input 
signal; 

a logic circuit coupled to the mode pad and operable to 
generate a mode output signal having a ?rst value if the 
mode input signal indicates a ?rst mode of operation 
and to generate the mode output signal having a second 
value if the mode input signal indicates a second mode 
of operation; and 

a buffer circuit coupled to the logic circuit and betWeen 
the reference pad and the circuit, the buffer circuit 
operable to couple the ?rst reference signal to the ?rst 
input terminal of the circuit if the mode output signal 
has the ?rst value and to uncoupled the ?rst reference 
signal from the ?rst input terminal of the circuit if the 
mode output signal has the second value. 

18. The integrated circuit of claim 12 Wherein the circuit 
comprises a clock input terminal operable to receive a clock 
signal. 

19. An integrated circuit, comprising: 

a conductive reference pad; 

a circuit having a ?rst input terminal coupled to the 
reference pad; and 

a reference-signal generator having an output terminal 
coupled to the ?rst input terminal of the circuit. 

20. The integrated circuit of claim 19, further comprising: 

a conductive input pad; and 

Wherein the circuit has a second input terminal coupled to 
the conductive input pad. 

21. The integrated circuit of claim 19, further comprising: 

a rnode-selection circuit having a mode output terminal; 
and 

a buffer coupled betWeen the reference pad and the circuit, 
the buffer having a control terrninal coupled to the 
mode output terminal, a ?rst input terminal coupled to 
the reference pad, and an output terminal coupled to the 
?rst input terminal of the circuit. 

22. The integrated circuit of claim 19, further comprising: 

a conductive rnode pad; 

a rnode-selection circuit having an input terminal coupled 
to the mode pad and having a mode output terminal; 
and 

a buffer coupled betWeen the reference pad and the circuit, 
the buffer having a control terrninal coupled to the 
mode output terminal, an input terminal coupled to the 
reference pad, and an output terminal coupled to the 
?rst input terminal of the circuit. 

23. The integrated circuit of claim 19 Wherein the circuit 
further comprises: 

a second input terminal; and 

a differential arnpli?er having a ?rst and second input 
terminals respectively coupled to the ?rst and second 
input terminals of the circuit. 
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24. An integrated circuit, comprising: 

a package; 

a reference-signal terminal accessible from outside of the 
package and operable to receive a ?rst reference signal; 

a circuit disposed inside of the package and having a ?rst 
input terminal coupled to the reference-signal terminal; 
and 

a reference circuit disposed inside of the package, coupled 
to the circuit, and operable to generate a second refer 
ence signal on the ?rst input terminal of the circuit. 

25. The integrated circuit of claim 24 Wherein the circuit 
comprises: 

a second input terminal operable to receive an input 
signal; and 

a differential ampli?er having ?rst and second input 
terminals respectively coupled to the ?rst and second 
input terminals of the circuit. 

26. The integrated circuit of claim 24, further comprising: 

an input-signal terminal accessible from outside of the 
package and operable to receive an input signal; and 

Wherein the circuit comprises a second input terminal 
coupled to the input-signal terminal. 

27. The integrated circuit of claim 24, further comprising: 

a conductive mode terminal accessible from outside the 
package and operable to receive a mode input signal; 

a logic circuit disposed Within the package, coupled to the 
mode terminal, and operable to generate a mode output 
signal having a ?rst value if the mode input signal 
indicates a ?rst mode of operation and to generate the 
mode output signal having a second value if the mode 
input signal indicates a second mode of operation; and 

a buffer circuit disposed Within the package, coupled to 
the logic circuit, coupled betWeen the reference-signal 
terminal and the circuit, and operable to couple the 
reference-signal terminal to the ?rst input terminal of 
the circuit if the mode output signal has the ?rst value 
and to uncouple the reference-signal terminal from the 
?rst input terminal of the circuit if the mode output 
signal has the second value. 

28. The integrated circuit of claim 24, further comprising: 

a clock-signal terminal accessible from outside of the 
package and operable to receive a clock signal; 

an input-signal terminal accessible from outside of the 
package and operable to receive an input signal; and 
Wherein 

the circuit comprises: 

a second input terminal coupled to the input-signal 
terminal; 

a clock input terminal coupled to the clock-signal 
terminal; and 

a differential ampli?er having a ?rst, second, and clock 
input terminals respectively coupled to the ?rst, 
second, and clock input terminals of the circuit. 

Oct. 4, 2001 

29. An integrated circuit, comprising: 

a package; 

a reference-signal terminal accessible from outside of the 
package; 

a circuit disposed inside of the package and having a ?rst 
input terminal coupled to the reference-signal terminal; 
and 

a reference-signal generator disposed inside of the pack 
age and having an output terminal coupled to the ?rst 
input terminal of the circuit. 

30. The integrated circuit of claim 29, further comprising: 

an input-signal terminal accessible from outside of the 
package; and 

Wherein the circuit comprises a second input terminal 
coupled to the input-signal terminal. 

31. The integrated circuit of claim 29, further comprising: 

a conductive mode terminal accessible from outside the 
package; 

a mode-select circuit disposed Within the package and 
having an output terminal; and 

a buffer disposed Within the package, coupled betWeen the 
reference-signal terminal and the circuit, and having a 
control terminal coupled to the output terminal of the 
mode-select circuit, an input terminal coupled to the 
reference-signal terminal, and an output terminal 
coupled to the ?rst input terminal of the circuit. 

32. The integrated circuit of claim 29, further comprising: 

a clock-signal terminal accessible from outside of the 
package; 

an input-signal terminal accessible from outside of the 
package; and 

Wherein the circuit comprises: 

a second input terminal coupled to the input-signal 
terminal; 

a clock input terminal coupled to the clock-signal 
terminal; and 

a differential ampli?er having a ?rst, second, and clock 
input terminals respectively coupled to the ?rst, 
second, and clock input terminals of the circuit. 

33. A memory circuit, comprising: 

a conductive reference-signal pad; 

a conductive address-signal pad; 

a conductive data-signal pad; 

an address decoder that includes a differential ampli?er 
having a ?rst input terminal coupled to the reference 
signal pad and having a second input terminal coupled 
to the address-signal pad; 

a reference-signal generator having an output terminal 
coupled to the ?rst input terminal of the ampli?er; 

a memory array coupled to the address decoder; and 

a read/Write circuit coupled to the data-signal pad and to 
the memory array. 
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34. A memory circuit, comprising: 

a conductive reference-signal pad; 

a conductive data-signal pad; 

a conductive address-signal pad; 

an address decoder coupled to the address-signal pad; 

a memory array coupled to the address decoder; 

a read/Write circuit coupled to the memory array and 
including a differential ampli?er having a ?rst input 
terminal coupled to the reference-signal pad and having 
a second terminal coupled to the data-signal pad; and 

a reference-signal generator having an output terminal 
coupled to the ?rst input terminal of the ampli?er. 

35. A memory circuit, comprising: 

a conductive reference-signal pad; 

a conductive address-signal pad; 

a conductive data-signal pad; 

a conductive control-signal pad; 

an address decoder coupled to the address-signal pad; 

a memory array coupled to the address decoder; 

a read/Write circuit coupled to the data-signal pad and to 
the memory array; 

a control circuit coupled to the address decoder, the 
control circuit including a differential ampli?er having 
a ?rst input terminal coupled to the reference-signal 
pad and having a second terminal coupled to the 
control-signal pad; and 

a reference-signal generator having an output terminal 
coupled to the ?rst terminal of the ampli?er. 

36. A memory circuit, comprising: 

a package; 

a reference-signal terminal accessible from outside of the 
package; 

an address-signal terminal accessible from outside of the 
package; 

a data-signal terminal accessible from outside of the 
package; 

an address decoder disposed Within the package and 
including a differential ampli?er having a ?rst input 
terminal coupled to the reference-signal terminal and 
having a second input terminal coupled to the address 
signal terminal; 

a reference-signal generator disposed Within the package 
and having an output terminal coupled to the ?rst input 
terminal of the ampli?er; 

a memory array disposed Within the package and coupled 
to the address decoder; and 

a read/Write circuit disposed Within the package and 
coupled to the data-signal terminal and to the memory 
array. 

37. A memory circuit, comprising: 

a package; 

a reference-signal terminal accessible from outside of the 
package; 
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an address-signal terminal accessible from outside of the 
package; 

a data-signal terminal accessible from outside of the 
package; 

an address decoder disposed Within the package and 
coupled to the address-signal terminal; 

a memory array disposed Within the package and coupled 
to the address decoder; 

a read/Write circuit disposed Within the package, coupled 
to the memory array, and including a differential ampli 
?er having a ?rst input terminal coupled to the refer 
ence-signal terminal and having a second terminal 
coupled to the data-signal terminal; and 

a reference-signal generator disposed Within the package 
and having an output terminal coupled to the ?rst input 
terminal of the ampli?er. 

38. A memory circuit, comprising: 

a package; 

a reference-signal terminal accessible from outside of the 
package; 

an address-signal terminal accessible from outside of the 
package; 

a data-signal terminal accessible from outside of the 
package; 

a control-signal terminal accessible from outside of the 
package; 

an address decoder disposed Within the package and 
coupled to the address-signal terminal; 

a memory array disposed Within the package and coupled 
to the address decoder; 

a read/Write circuit disposed Within the package and 
coupled to the data-signal terminal and to the memory 
array; 

a control circuit disposed Within the package and coupled 
to the address decoder, the control circuit including a 
differential ampli?er having a ?rst input terminal 
coupled to the reference-signal terminal and having a 
second terminal coupled to the control-signal terminal; 
and 

a reference-signal generator disposed Within the package 
and having an output terminal coupled to the ?rst 
terminal of the ampli?er. 

39. An electronic system, comprising: 

a data input device; 

a data output device; and 

a computer circuit coupled to the data input and output 
devices and including a processor and a memory circuit 
coupled to the processor, the memory circuit including: 

a package; 

a reference-signal terminal accessible from outside of 
the package; 

an address-signal terminal accessible from outside of 
the package; 

a data-signal terminal accessible from outside of the 
package; 
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an address decoder disposed Within the package and 
including a differential ampli?er having a ?rst input 
terminal coupled to the reference-signal terminal and 
having a second input terminal coupled to the 
address-signal terminal; 

a reference-signal generator disposed Within the pack 
age and having an output terminal coupled to the ?rst 
input terminal of the ampli?er; 

a memory array disposed Within the package and 
coupled to the address decoder; and 

a read/Write circuit disposed Within the package and 
coupled to the data-signal terminal and to the 
memory array. 

40. An electronic system, comprising: 

a data input device; 

a data output device; and 

a computer circuit coupled to the data input and output 
devices and including a processor and a memory circuit 
coupled to the processor, the memory circuit including: 

a package; 

a reference-signal terminal accessible from outside of 
the package; 

an address-signal terminal accessible from outside of 
the package; 

a data-signal terminal accessible from outside of the 
package; 

an address decoder disposed Within the package and 
coupled to the address-signal terminal; 

a memory array disposed Within the package and 
coupled to the address decoder; 

a read/Write circuit disposed Within the package, 
coupled to the memory array, and including a dif 
ferential ampli?er having a ?rst input terminal 
coupled to the reference-signal terminal and having 
a second terminal coupled to the data-signal termi 
nal; and 

a reference-signal generator disposed Within the pack 
age and having an output terminal coupled to the ?rst 
input terminal of the ampli?er. 

41. An electronic system, comprising: 

a data input device; 

a data output device; and 

a computer circuit coupled to the data input and output 
devices and including a processor and a memory circuit 
coupled to the processor, the memory circuit including: 

a package; 

a reference-signal terminal accessible from outside of 
the package; 

an address-signal terminal accessible from outside of 
the package; 

a data-signal terminal accessible from outside of the 
package; 

a control-signal terminal accessible from outside of the 
package; 
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an address decoder disposed Within the package and 
coupled to the address-signal terminal; 

a memory array disposed Within the package and 
coupled to the address decoder; 

a read/Write circuit disposed Within the package and 
coupled to the data-signal terminal and to the 
memory array; 

a control circuit disposed Within the package and 
coupled to the address decoder, the control circuit 
including a differential ampli?er having a ?rst input 
terminal coupled to the reference-signal terminal and 
having a second terminal coupled to the control 
signal terminal; and 

a reference-signal generator disposed Within the pack 
age and having an output terminal coupled to the ?rst 
terminal of the ampli?er. 

42. A method, comprising: 

internally generating a ?rst reference signal on a ?rst 
terminal of a differential ampli?er disposed in an 
integrated circuit; and 

coupling an input signal to a second terminal of the 
differential ampli?er. 

43. The method of claim 42 Wherein the generating 
comprises internally generating the ?rst reference signal 
during a test mode of the integrated circuit. 

44. The method of claim 42, further comprising: 

Wherein the generating comprises coupling the ?rst ref 
erence signal to the ?rst terminal of the ampli?er during 
a ?rst operational mode of the integrated circuit; and 

coupling a second reference signal to the ?rst terminal of 
the ampli?er during a second operational mode of the 
integrated circuit. 

45. A method, comprising: 

during a ?rst time period, providing an externally gener 
ated reference signal to a terminal of a circuit disposed 
in an integrated circuit; and 

during a second time period, providing an internally 
generated reference signal to the terminal of the circuit. 

46. The method of claim 45 Wherein the circuit comprises 
a differential ampli?er having an input terminal coupled to 
the terminal of the circuit. 

47. The method of claim 45, further comprising generat 
ing the internally generated reference signal With a reference 
circuit disposed in the integrated circuit. 

48. The method of claim 45, further comprising: 

operating the integrated circuit in a ?rst mode during the 
?rst time period; and 

operating the integrated circuit in a second mode during 
the second time period. 

49. The method of claim 45, further comprising: 

operating the integrated circuit in a nontest mode during 
the ?rst time period; and 

operating the integrated circuit in a test mode during the 
second time period. 

50. The method of claim 45 Wherein the ?rst time period 
does not overlap the second time period. 


