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In some embodiments, built-in self-test logic is provided for 
an integrated circuit (IC) device having memory controller 
logic to generate address and command information for 
accessing a memory device. Driver circuits are on-chip With 
the memory controller logic. The driver circuits have outputs 
that are coupled to on-chip signal pads, respectively. The 
BIST logic is coupled betWeen the driver circuits and the 
controller logic. The BIST logic is to transmit, at speed, 
address and command information that has been generated 
by the controller logic using the driver circuits in a normal 
mode of operation for the device. In addition, the BIST logic 
is able to transmit, at speed, test symbols using the driver 
circuits in a test mode of operation for the IC device, during 
Which a chip-to-chip connection betWeen the IC device and 
another device is tested. Other embodiments are also 
described and claimed. 

PLACE THE VARIOUS COMPONENTS OF THE MAIN \94 
MEMORY SUBSYSTEM AND HOST IC DEVICE IN TEST MODE 

I 
THE BIST LOGIC UNITS OF THE COMPONENTS OF THE MAIN 
MEMORY SUBSYSTEM, AND OPTIONALLY THE HOST IC 

DEVICE, ARE PROGRAMMED TO ESTABLISH A TEST PATTERN 
TO USE AS WELL AS WHICH CHIP-TO-CHIP CONNECTIONS 

TO TEST 

l 
BIST LOGIC UNITS ARE INSTRUCTED TO START A TEST 
SESSION, WITH A TEST MASTER TRANSMITTING TEST 

SYMBOLS OVER A PREDEFINED CHIP-TO-CHIP 
COMMUNICATIONS CONNECTION OF THE SUBSYSTEM 

TEST SYMBOLS, THAT WERE TRANSMITTED AT SPEED, ARE 
RECEIVED AND CHECKED AGAINST A TEST SYMBOL 

PATTERN THAT IS STORED IN A FIRST MEMORY MODULE 
OF THE SYSTEM 

I 
THE LOOPED BACK TEST SYMBOLS ARE THEN RECEIVED, 

IN THE HOST IC DEVICE IN THIS CASE, AND CHECKED 
AGAINST A TEST SYMBOL PATTERN THAT IS STORED IN 

THE DEVICE 

REPEAT IF NECESSARY 

REPORT ERROR IN FORMATION AND PLACE THE 
COMPONENTS OF THE MAIN MEMORY SUBSYSTEM 

INTO NORMAL MODE 
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PLACE THE VARIOUS COMPONENTS OF THE MAIN '\/ 
MEMORY SUBSYSTEM AND HOST IC DEVICE IN TEST MODE 

I 
THE BIST LOGIC UNITS OF THE COMPONENTS OF THE MAIN 
MEMORY SUBSYSTEM, AND OPTIONALLY THE HOST IC 

DEVICE, ARE PROGRAMMED TO ESTABLISH A TEST PATTERN 408 
TO USE AS WELL AS WHICH CHIP-TO-CHIP CONNECTIONS '\/ 

TO TEST 

BIST LOGIC UNITS ARE INSTRUCTED TO START A TEST 
SESSION, WITH A TEST MASTER TRANSMITTING TEST 412 

SYMBOLS OVER A PREDEFINED CHIP-TO-CHIF' '\_/ 
COMMUNICATIONS CONNECTION OF THE SUBSYSTEM 

‘I 

TEST SYMBOLS, THAT WERE TRANSMITTED AT SPEED, ARE 
_ RECEIVED AND CHECKED AGAINST A TEST SYMBOL 416 
PATTERN THAT IS STORED IN A FIRST MEMORY MODULE "\/ 

OF THE SYSTEM 
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THE LOOPED BACK TEST SYMBOLS ARE THEN RECEIVED, 
IN THE HOST IC DEVICE IN THIS CASE, AND CHECKED 420 
AGAINST A TEST SYMBOL PATTERN THAT IS STORED IN N 
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REPEAT IF NECESSARY 

V 

REPORT ERROR IN FORMATION AND PLACE THE 
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BUILT-IN SELF TEST FOR MEMORY 
INTERCONNECT TESTING 

RELATED U.S. PATENT APPLICATIONS 

[0001] Ser. No. 10/319,517, ?led Dec. 16, 2002, entitled 
“Testing Methodology and Apparatus for Interconnects” 
(pending); Ser. No. 10/393,223, ?led Mar. 20, 2003, entitled 
“A Reusable, Built-In Self-Test Methodology For Computer 
Systems”. 

BACKGROUND 

[0002] Some embodiments of the invention described 
beloW are related to methodologies for testing manufactured 
computer systems, and in particular their main memory 
subsystems, to determine Whether electrical speci?cations 
for chip-to-chip connections (also referred to here as inter 
connects) have been met, as Well as Whether the integrated 
circuit (IC) devices in the main memory subsystem have 
been assembled or installed correctly. Other embodiments 
are also described and claimed. 

[0003] Industry trends for high performance computer 
systems, such as those that use a Pentium processor and 
associated system chipset by Intel Corp., Santa Clara, Calif., 
are toWards faster product cycle times (time to market) With 
sustained high quality. At the same time, chip-to-chip con 
nection or bus speeds are increasing to several hundred 
megahertZ and, in the case of serial links, beyond several 
gigahertZ (GHZ). Device pin densities are also increasing, 
again to meet the need for greater performance in the 
computer system. These demands render conventional test 
ing techniques such as oscilloscope and logic analyZer 
probing less reliable, and often impossible particularly on 
high speed interfaces, both in the high volume manufactur 
ing setting, as Well as earlier in the electrical validation and 
veri?cation stage of device and platform manufacturing. 

[0004] At the board and platform level, the system has its 
primary components, including the processor, system 
chipset, and memory, installed on a motherboard. In that 
stage of manufacturing, transaction-based tests have been 
used, in a board or platform high volume manufacturing 
setting, to verify a Wide range of storage and logic functions 
of the system. Such tests evaluate Whether the memory 
subsystem and the I/O subsystem Work according to their 
electrical speci?cations. The test is performed by the pro 
cessor executing a special test routine, during or after 
booting an operating system (OS) program, that causes test 
patterns that are part of the test routine to be Written to and 
then read from addresses that span the computer system. 
HoWever, faults of a high frequency type (such as due to 
cross talk betWeen adjacent signal lines and inter-symbol 
interference (ISI) due to transmission line effects) cannot be 
detected or isolated using such techniques, due to the coarse 
test granularity and high instruction overhead associated 
With running an OS-based test program. 

[0005] Another type of computer system test calls for the 
processor to eXecute ?rmWare/softWare that operates at a 
loWer level than an OS-based program, prior to booting the 
operating system. These include basic I/O system (BIOS) 
and eXtended ?rmWare interface (EFI) programs. Although 
these types of tests provide relatively loW-level, and hence 
more accurate, control of component functionality and inter 
connect buses, system interactions cannot be stressed to 
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their bandWidth speci?cations in such tests. In addition, the 
ability of BIOS/EFI tests to isolate a fault With suf?cient 
granularity is also limited. 

[0006] Finally, there is a loW level technique knoWn as 
boundary scan testing (or the Joint Test Access Group, 
JTAG, protocol) Which calls for on-chip circuitry used to 
control individual bits transmitted betWeen components. 
Once again, hoWever, there is no provision for testing high 
frequency faults. For eXample, a boundary scan test may 
detect “opens” and “shorts” While running at a 10 MHZ 
clock, Whereas normal signaling speed on the interconnect 
Will be in the hundreds of MHZ or even GHZ range. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] The invention is illustrated by Way of eXample and 
not by Way of limitation in the ?gures of the accompanying 
draWings in Which like references indicate similar elements. 
It should be noted that references to “an” embodiment of the 
invention in this disclosure are not necessarily to the same 
embodiment, and they mean at least one. 

[0008] FIG. 1 illustrates a block diagram of an integrated 
circuit device With memory controller logic and interconnect 
built-in self test logic. 

[0009] FIG. 2 shoWs a block diagram of a main memory 
subsystem enhanced With built-in self test capability. 

[0010] FIG. 3 depicts the control logic section for one of 
multiple lanes in a point-to-point link that can be used in the 
main memory subsystem. 

[0011] FIG. 4 shoWs a How diagram of a method for 
testing a chip-to-chip connection in a computer system. 

DETAILED DESCRIPTION 

[0012] Some embodiments of the invention described 
beloW are directed to techniques for enhancing some or all 
components of a main memory subsystem With built-in self 
test (BIST) logic circuitry that can test the main memory 
subsystem. Each enhanced IC component or device has 
BIST logic that is designed to communicate With other BIST 
logic, or With initialiZed components of the subsystem, to 
determine Whether an electrical speci?cation of the sub 
system is satis?ed or Whether the components of the sub 
system have been properly installed. The BIST capability 
here, Which may also be referred to as interconnect BIST 
(IBIST), is capable of testing chip-to-chip connections 
betWeen IC devices at speed, that is substantially at the same 
or higher signaling speed (or symbol rate) as that used in a 
normal mode of operation for the subsystem. The IBIST 
logic also has a transparent, or also referred to as “normal”, 
mode in Which the IC device involved can operate to 
perform its primary memory-related function, e.g., to trans 
mit address and command information and/or data that are 
typically needed for accessing the subsystem. According to 
an embodiment of the invention, the IBIST capability relies 
upon design for test (DFT) on-chip logic to establish test 
conditions and test symbols, eXecute a test of the intercon 
nect, and return results of the test to, for eXample, an 
on-board platform management system or to an eXternal 
tester. With IBIST, the memory subsystem can in effect test 
itself for defects and verify the high speed performance of 
chip-to-chip connections in the subsystem at the platform 
level, high volume manufacturing stage (for eXample, com 
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puter system printed Wiring board manufacturing). In other 
embodiments, the IBIST capability in a device can self-test 
its IC package connections to a test board, at the IC device 
validation stage or later during volume manufacturing of the 
IC package. 

[0013] Referring noW to FIG. 1, this ?gure illustrates a 
block diagram of an IC device 104. The device has been 
enhanced With IBIST logic 108 Which may be implemented 
as on-chip logic circuitry that has the ability to perform a test 
of a chip-to-chip connection for the device 104. In this 
embodiment, the chip-to-chip connection includes the ana 
log driver and receiver circuitry and transmission lines, 
betWeen the IBIST logic 108 and the interconnect pins (not 
shoWn) of an IC package containing the device 104. This 
connection includes die signal pads 112 Which are coupled 
to the outputs of driver circuits 113, and die signal pads 114 
Which are coupled to the inputs of receiver circuits 115. The 
driver and receiver circuits serve to translate betWeen sig 
naling on the transmission lines and on-chip logic signaling. 

[0014] The IBIST logic 108 is positioned betWeen the 
driver circuits 113 and receiver circuits 115 on one side and 
memory controller (MC) logic 120 on the other. The MC 
logic 120 provides address and command information for 
accessing a memory device (not shoWn), to the IBIST logic 
108. In response, the IBIST logic 108 transmits, at speed, 
this address and command information using the driver 
circuits 113, in a normal or transparent mode of operation for 
the IC device 104. In contrast, in a test mode of operation for 
the IC device 104, the IBIST logic 108 may be con?gured 
as a test master that transmits, once again at speed, test 
symbols using the driver circuits 113. The test mode of 
operation is one during Which a chip-to-chip connection 
betWeen the IC device 104 and another device is tested. 

[0015] The die signal pads 114 and receiver circuits 115 
alloW bi-directional communications With another device. 
To support that capability, the IBIST logic 108 includes 
further logic coupled betWeen the receive circuits 115 and 
the MC logic 120 to forWard data, received by the receiver 
circuits 115, to the MC logic 120 in the normal mode of 
operation for the device 104. For eXample, this data may be 
the contents of memory locations read from a memory 
device. On the other hand, in the test mode of operation, the 
IBIST logic 108 may be con?gured to act as a test slave 
Which automatically determines error in test symbols that 
have been received by the receiver circuits 115. This auto 
matic “checking” ability can be eXtended to some or all of 
the die signal pads 114 of the IC device 104 that are part of 
the chip-to-chip connection being tested. 

[0016] Information regarding the determined errors, if 
any, by the IBIST logic 108 may be transferred out of the IC 
device 104 via a test access port (TAP) 124. The TAP 124 
is coupled to a separate die pad 128 used for transferring the 
results of testing performed by the IBIST logic 108. The pad 
128 may in some cases be also used for loading the IBIST 
logic 108 With a pattern of test symbols that are driven and 
checked by the IBIST logic 108 When performing an inter 
connect test of the chip-to-chip connection. The IBIST logic 
108 and the TAP 124 may be designed to have boundary 
scan chain capability, to scan in test pattern information and 
scan out the error information according to conventional 
boundary scan chain techniques used for testing multiple 
chain linked devices in a computer system board. As an 
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alternative, any error information and/or test pattern infor 
mation may be transferred to and from the IC device 104 via 
internal registers (not shoWn) that are accessible by either a 
separate loW speed test bus such as the System Management 
Bus (SMBUS) (not shoWn) or are mapped into the central 
processing unit (CPU) I/O addressing space of the computer 
system. 

[0017] Turning noW to FIG. 2, a block diagram of a main 
memory subsystem that has been enhanced With IBIST 
capability is shoWn. The subsystem has a number of memory 
IC modules 204 that are connected to each other via point 
to-point, and in this case predominantly unidirectional, links 
208, 209. In such a con?guration, the IC device 104 acts as 
a host in Which there is memory controller logic (not shoWn) 
that communicates directly With only one of the modules 
204, in this case the module 204_1; each module 204 has 
repeater capability, that is it can forWard address, command, 
and data to the neXt adjacent module. Thus, for instance, the 
module 204_1 receives address and command information 
from the host IC device 104 via an outbound link 208_1 and 
forWards the information (if necessary for use by other 
modules) via outbound link 208_2. In the reverse direction, 
the module 204_1 receives data (for instance the contents of 
a location in a memory device of the module 204_N) via an 
inbound link 209_2, and forWards the data to the host IC 
device 104 directly over an inbound link 209_1. This 
repeater capability is implemented in part in a memory 
buffer 220 to be described beloW. 

[0018] Each memory module 204 is made of a carrier 
substrate 214 (such as a separate, printed Wiring board With 
multiple signal routing layers as used for conventional dual 
in-line memory modules or DIMMs). A number of memory 
devices 222 and multiple sets of connection points 216-219 
are installed (e.g., directly soldered) on the substrate 214. 
There are in this case four sets of connection points 216-219 
that are installed on the carrier substrate 214, Where each set 
supports multiple electrical signals, and that form the trans 
mission line betWeen the modules 204 and the host IC device 
104. In a computer system embodiment, the links 208 and 
209 are formed in a mother board or system board (not 
shoWn) through Which metal traces and connector slots that 
constitute the links 208, 209 are provided. Other types of 
connections for alloWing the modules 204 to communicate 
With each other and With the host IC device 104 may be 
possible. 

[0019] Each module 204 further includes a number of 
memory devices 222 that are communicatively installed on 
the carrier substrate 214 (e.g., soldered). Each memory 
device 222 has a separate memory core array and separate 
address decoder logic (not shoWn) to store the data and 
provide access to it. These memory devices may be solid 
state, volatile or non-volatile devices such as dynamic 
random access memory (DRAM) devices. Each memory 
device may be a packaged set of one or more IC chips, Where 
each chip has a separate memory core array and separate 
address decoder logic. Other Ways of packaging a memory 
device may be used. 

[0020] The memory devices 222 are communicatively 
coupled to a memory buffer 220 that is also installed on the 
substrate. Multi-drop command/address and data buses are 
tapped into by in this case several memory devices 222_1, 
222_2, . . . 222_M to communicate With the memory buffer 
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220. Other con?gurations for connecting multiple memory 
devices to a memory buffer are also possible. 

[0021] The memory buffer 220 is to decode local memory 
command, address, and data (that is, intended for one or 
more of the memory devices 222 that are located on the 
module 204_1 rather than memory devices that are located 
on other modules). The memory buffer 220 is designed to 
improve memory operation by “re-driving” the address, 
command and data signals. The memory buffer 220 may be 
external to the module 204 or it can be located on the module 
204 as shoWn in the embodiment of FIG. 2. 

[0022] Note that the data that arrives at the memory buffer 
220 may be synchroniZed to a system reference clock, so 
that the clock used to detect symbols is referred to as a 
derived clock. As an alternative, the buffer 220 can provide 
a reference clock along With the transmitted (or re-driven) 
data—this being referred to as a forWarded clock. Yet 
another alternative is Where the clock is embedded in the 
data signal, also knoWn as embedded clock. 

[0023] The memory buffer 220 may be built using a 
fabrication process that is different than one Which is opti 
miZed for making memory devices such as DRAM devices. 
This alloWs the memory buffer 220 to be enhanced With 
IBIST logic more cost-ef?ciently than integrating the IBIST 
logic in the memory devices 222. The IBIST logic in the 
memory buffer 220 is categoriZed as being of tWo types, 
BIST generator and BIST checker. Their capabilities Will be 
described beloW. 

[0024] Still referring to FIG. 2, the memory buffer 220 
acts as an interface to the host IC device 104; it has a number 
of driver circuits (not shoWn) Whose outputs are coupled to 
the connection points 216. The buffer 220 has circuitry 
designed to forWard read data, provided by the memory 
devices 222, at speed, that is at the nominal transmission or 
signaling rate, using the drivers in a normal mode of 
operation for the module 204_1. In addition, a BIST checker 
224 determines error in test symbols received from outside 
the module 204_1. These test symbols have been received at 
speed, that is substantially the same as the nominal trans 
mission rate Which is high enough to evaluate high fre 
quency faults that might appear in the normal mode of 
operation, using the connection points 217. The error deter 
mination is done in a test mode of operation for the module 
204_1, during Which a chip-to-chip connection betWeen the 
module 204_1 and, in this case, the host IC device 104 is 
tested. More speci?cally, the connection in this case Would 
include the outbound link 208_1 (Which may comprise metal 
traces in a printed Wiring board on Which the host IC device 
104 and memory module 204_1 are installed). 

[0025] A module’s interface With other modules of the 
memory subsystem is noW described. Using the memory 
module 204_1 as an eXample, the module is enhanced With 
further logic that is designed to test a chip-to-chip connec 
tion betWeen the module 204_1 and its adjacent module 
204_2 (not shoWn). This connection to be tested includes an 
inbound link 209_2, connection points 219, and receiver 
circuitry (not shoWn) of the memory buffer 220. To perform 
such a task, test symbols are transmitted by the memory 
buffer 220 via the connection points 218 and outbound link 
208_2. One of the memory modules that are further doWn 
stream, that is for instance module 204_2 or subsequent 
ones, is con?gured or programmed to loop these test sym 
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bols back toWards the host IC device 104 via some internal 
loop back path (shoWn as a thick dotted line in FIG. 2). 
Next, the BIST checker 228 in the module 204_1 determines 
error in such test symbols that have been received, during 
the test mode of operation for the module 204_1. 

[0026] It should be noted that in the above-described 
embodiment, the test symbols originated With a BIST gen 
erator 225 located in the host IC device 104, and Were then 
forWarded by the module 204_1. An alternative implemen 
tation is to add a BIST generator (not shoWn) to the memory 
buffer 220 of a module, to originate the test symbols. This 
alternative embodiment alloWs a module to in effect test 
itself, for eXample the connections that include the connec 
tion points 218, outbound link 208_2, inbound link 209_2 
and connection points 219. In addition, the connections 
composed of inbound link 209_1, connection points 216, 
outbound link 208_1 and connection points 217 can also be 
tested, using an additional BIST generator (not shoWn). In 
that case, the test symbols transmitted by the module 204_1 
Would need to be looped back toWards the module 204_1 
through some eXternal mechanism such as a simple Wire 
loop or a form of repeater circuitry. The module 204_1 as a 
Whole, or its memory buffer 220 by itself, may be installed 
on a test board, for either validation self-test or volume 
manufacturing self-test for Which a loop-back has been 
provided on the test board. 

[0027] The main memory subsystem depicted in FIG. 2 
can be part of a computer system in Which the host IC device 
104 is a processor device that includes a processor core (not 
shoWn) coupled to memory controller logic 120 (see FIG. 1) 
to access programs stored in the main memory modules 204. 
As an alternative, the host IC device 104 may be a system 
chip set device, or also referred to as a system interface 
device, that a processor of a computer system uses to access 
the main memory modules 204 as Well as computer system 
peripherals such as a hard disk drive, a display monitor, and 
a keyboard (not shoWn). 

[0028] Referring noW to FIG. 3, a miXture of IBIST logic 
and eXisting logic and driver/receiver circuitry in the physi 
cal layer of the chip-to-chip communications protocol is 
shoWn, for transmitting and receiving over one lane. There 
can be multiple lanes that may make up a given connection 
in the main memory subsystem. The grey blocks in the ?gure 
indicate on-chip, IBIST logic Whereas the clear blocks may 
be considered to be part of the pre-eXisting design of the host 
IC device or the memory buffer. In the transmit path, core 
data from the link layer of the communications protocol 
Would normally be provided directly to an encode block 320 
that may be used to balance the average signal sWing of the 
transmission line signal that is driven by the driver circuitry 
328. As an eXample, the output of the driver circuit 328, 
Which in this embodiment is a differential output, feeds a 
single link such as link 208_2 or 209-1 of the memory 
module 204 (see FIG. 2). A serialiZer 324 may also be used 
to convert parallel symbols into a serial bit stream. 

[0029] At the receiver end, receiver circuitry 360 trans 
lates the incoming transmission line signal into a serial bit 
stream that is converted into parallel symbols by a de 
serialiZer 356. The differential input to the receiver circuit 
360 may be directly connected to a single link 208_1 or 
209_2 of the module 204 (see FIG. 2). Note that the 
connection betWeen a host IC device and a memory module, 
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or between memory modules, may have more than one lane 
in each direction. An optional decoder 352 may also be 
provided if the format of the symbols had been changed to 
balance the transmission line signal. The received symbols 
may be stored in an elastic block 348 for purposes of 
buffering, prior to being forWarded to the communication 
protocol’s link layer. 

[0030] As part of the IBIST logic, multiplexers 316 and 
344 are added, to provide an additional path for test symbols 
to be received (multiplexer 344) and transmitted (multi 
plexer 316) in a test mode of operation. For multiplexer 316, 
an additional loop back path from the elastic block 348 is 
provided, so that received test symbols can be looped back, 
as Was discussed above in connection With FIG. 2. 

[0031] As shoWn in FIG. 3, the control logic section for 
one connection (Which may have multiple lanes) includes a 
test symbol register 304 that stores a pattern of test symbols 
that can be transmitted or used to check received test 
symbols. Different test symbols may be transmitted using a 
multiplexer 308, under control of a state machine 312 Which 
may be externally programmed to conduct an interconnect 
test using a desired sequence of test symbols. Similarly, a 
state machine 336 provides the desired sequence of test 
symbols, via a multiplexer 332, to comparison logic that in 
this embodiment consists of a single XOR gate 340. An 
alternative to this direct comparison is the use of a multiple 
input signature register, MISR (not shoWn), that accumu 
lates both a transmitter’s symbol stream and the receiver’s 
symbol stream (Where the transmitter and receiver may or 
may not be in the same IC die), folloWed by a comparison 
of the resulting values at regular intervals or at completion 
of a test session. In either case, a pass/fail indication by the 
comparison logic may be captured by a control register 364. 
As mentioned above, this error information may be accessed 
from outside of the device, via for example the TAP 124 (see 
FIG. 1). A global control register 368 is also provided, to 
control the start and stop of a test for this connection, that is 
accessible from some external mechanism such as onboard 
system ?rmWare (not shoWn). 

[0032] Turning noW to FIG. 4, a How diagram of a method 
for testing a chip-to-chip connection in a computer system is 
described. Although the How diagram shoWs the various 
operations being linked to each other sequentially, some or 
all of these operations may be performed out of the order 
indicated and still provide their advantageous effects in 
terms of efficiently testing the memory subsystem. It is also 
assumed for this embodiment that the computer system 
includes a main memory subsystem installed, on for 
example a system board, and Whose IBIST logic units can be 
accessed for con?guration via either an external tester or via 
platform management system ?rmWare. Operation may 
begin With placing the various components of the main 
memory subsystem and host IC device in test mode (block 
404). This test mode may be the initial mode of operation 
upon the computer system being reset or initially poWered 
on, prior to operating system boot; alternatively, it may be a 
special mode of operation that the computer system enters 
from a normal mode, via some type of platform management 
or other computer system internal management program 
(?rmware) being executed. 

[0033] Next, operation may proceed With block 408 in 
Which the IBIST logic of the components of the main 
memory subsystem, and optionally the host IC device, are 
programmed to establish a test pattern to use as Well as 
Which chip-to-chip connections to test. Thus, for example, 
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referring noW to FIG. 2, the BIST generator 222 is 
instructed to transmit its test symbols over the link 208_1, 
While the BIST checker 224 is instructed to determine errors 
in these test symbols. In addition, the memory buffer 220 of 
module 204_1 is instructed to forWard the test symbols to the 
next module, and so on until the test symbols are received 
by the module 204_N. The memory buffer in this last 
module 204_N is programmed to loop back the test symbols 
toWards the host IC device. The BIST checker 228 in the 
module 204_1, as Well as in other intermediate modules (not 
shoWn), is programmed to determine any error in the test 
symbols received. Note that all of the BIST checkers in the 
different modules and in the host IC device may have the 
same test pattern hard-Wired into their logic circuitry. Alter 
natively, the same test pattern may be programmed into all 
IBIST logic that is in the test symbol path, via, as mentioned, 
above some type of loW speed system test bus or I/ O mapped 
register access. 

[0034] Next, operation proceeds With block 412 in Which 
the IBIST logic units are instructed to start a test session, 
With a test master transmitting test symbols over a pre 
de?ned chip-to-chip communications connection of the sub 
system. In the embodiment of FIG. 2, that Would mean the 
BIST generator 225 launches its test symbols over the 
outbound link 208_1. 

[0035] Operation then proceeds With block 416 in Which 
the test symbols, that Were transmitted at speed, are received 
and checked against a test symbol pattern that is stored in a 
?rst memory module of the system. These received test 
symbols are then looped in the ?rst module, back to the host 
IC device over an inbound chip-to-chip communications 
connection of the system that is normally used by the ?rst 
module to send read data at speed to the host IC device. 
Thus, for the embodiment of FIG. 2, this connection Would 
be the inbound link 209_1. The looped back test symbols are 
then received, in the host IC device in this case, and checked 
against a test symbol pattern that is stored in the device 
(block 420). The above-described procedure in blocks 416 
and 420 may be repeated until multiple test patterns have 
been transmitted, looped back, and checked, so that an 
electrical speci?cation of one or more connections being 
tested, in this example the links 208_1 and 209_1 together 
With related analog driver and receiver circuitry as Well as 
chip and packaging connections, have been veri?ed. In 
another example, the same test pattern may be transmitted, 
looped back, and checked by the module 204_1 (see FIG. 2) 
to verify the electrical speci?cations of the interconnect 
betWeen the module 204_1 and 204_2 (not shoWn), Where 
this interconnect Would include the folloWing: analog driver 
circuitry in the memory buffer 220, chip-to-packaging con 
nections of the memory buffer 220, the connector 218, 
outbound link 208_2, inbound link 209_2, connection points 
219, connections betWeen the connection points 219 and the 
die signal pads of the memory buffer 220, and ?nally the 
analog receiver circuitry of the memory buffer 220. This 
connection is of course the same connection that Would be 
used by the memory buffer 220 during its normal mode of 
operation for repeating address, command, and/or data. 

[0036] Returning to FIG. 4 noW, any error information 
captured by the IBIST logic may be reported to, for example, 
system ?rmWare or an external tester, folloWing Which the 
different components of the memory subsystem may be 
placed back into their normal mode of operation provided 
that is the prudent thing to do in vieW of the results of the 
test (block 424). 
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[0037] To summarize, various embodiments of a built-in 
self test methodology for computer systems have been 
described. In the foregoing speci?cation, the invention has 
been described With reference to speci?c exemplary embodi 
ments thereof. It Will, hoWever, be evident that various 
modi?cations and changes may be made thereto Without 
departing from the broader spirit and scope of the invention 
as set forth in the appended claims. For example, the 
reference to a “computer system” is not intended to be 
limited to general purpose (e.g. personal) computers but 
rather encompasses any digital system board or platform that 
could bene?t from the above described main memory sub 
system test methodology. The speci?cation and draWings 
are, accordingly, to be regarded in an illustrative rather than 
a restrictive sense. 

1-4. (canceled) 
5. A memory integrated circuit (IC) module, comprising: 

a carrier substrate; 

a plurality of ?rst and second signal connection points 
being installed on the substrate; 

a plurality of memory devices installed on the substrate, 
each of Which has a separate memory core array and 
separate address decoder logic; and 

a memory buffer installed on the substrate and commu 
nicatively coupled betWeen the plurality of ?rst and 
second signal connection points and the plurality of 
memory devices, 

the buffer having a plurality of driver circuits Whose 
outputs are coupled to the plurality of ?rst signal 
connection points, respectively, and logic to a) forWard 
read data, provided by the plurality of memory devices, 
at speed using the plurality of drivers in a normal mode 
of operation for the module and b) determine error in 
test symbols received from outside the module at speed 
using the plurality of second signal connection points in 
a test mode of operation for the module during Which 
a chip-to-chip connection betWeen the module and 
another device is tested. 

6. The module of claim 5 Wherein the carrier substrate is 
a printed Wiring board and the plurality of memory devices 
are dynamic random access memory (DRAM) devices. 

7. The module of claim 5 further comprising: 

a plurality of third and fourth signal connection points 
being installed on the substrate; and 

Wherein the buffer device includes a further plurality of 
driver circuits Whose outputs are coupled to the plu 
rality of third signal connection points, respectively, 
and further logic to a) forWard address and command 
information, that has been received from outside the 
module, at speed using the further plurality of driver 
circuits and b) determine error in test symbols, that 
have been received from outside the module at speed 
via the plurality of fourth signal connection points, in 
a test mode of operation for the module during Which 
a chip-to-chip connection betWeen the module and 
another device is tested. 

8. The module of claim 7 Wherein the buffer device is to 
decode local memory command, address and data, received 
at speed via the plurality of second signal connection points, 
and send them to some of the plurality of memory devices. 
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9. Asystem of integrated circuit (IC) devices, comprising: 

a carrier substrate; 

a host IC device having memory controller logic and 
being installed on the substrate, 

the host IC device having built-in self test (BIST) gen 
erator logic coupled betWeen a plurality of driver 
circuits and the memory controller logic, to a) transmit, 
at speed, address and command information generated 
by the controller logic, using the plurality of driver 
circuits in a normal mode of operation for the IC device 
and b) transmit, at speed, test symbols, using the 
plurality of driver circuits in a test mode of operation 
for the IC device during Which an interconnect betWeen 
the IC device and another device is tested, 

the host IC device having BIST checker logic coupled 
betWeen a plurality of receiver circuits and the memory 
controller logic, to a) forWard data, received by the 
plurality of receiver circuits, to the memory controller 
logic in said normal mode of operation for the IC 
device and b) determine error in test symbols received 
by the plurality of receiver circuits in a test mode of 
operation for the IC device during Which an intercon 
nect betWeen the IC device and another device is tested; 
and 

a ?rst main memory module being installed on the sub 
strate to communicate With the host IC device, 

the ?rst module having a memory buffer circuit With 
repeater capability to a) forWard address and command 
information from the memory controller logic to a 
second main memory module, and b) forWard read data 
from the second main memory module to the memory 
controller logic, 

the ?rst module having ?rst BIST checker logic to deter 
mine error in the test symbols transmitted by the BIST 
generator logic of the host IC device. 

10. The system of claim 9 further comprising the second 
main memory module installed on the substrate to commu 
nicate With the host IC device through the ?rst main memory 
module, 

the second module to re-transmit the test symbols trans 
mitted by the host IC device and forWarded by the ?rst 
module, back to the ?rst module. 

11. The system of claim 10 Wherein the ?rst module 
further comprises second BIST checker logic to determine 
error in the re-transmitted test symbols received from the 
second module. 

12. The system of claim 9 Wherein the host IC device is 
a processor device that includes a processor core coupled to 
the memory controller logic to access the main memory 
modules. 

13. The system of claim 9 Wherein the host IC device is 
a system chipset device that a processor of the system uses 
to access the main memory modules and computer system 
peripherals. 

14-21. (canceled). 


